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LICENCIATURA EN INGENIERÍA EN ENERGÍA Y SUSTENTABILIDAD 

MATERIA: ELECTRICIDAD Y MAGNETISMO. 

1. CARGA ELÉCTRICA (6)

   1.1 Carga Eléctrica.

   1.2 Conductores y Aislantes.

   1.3 Ley de coulomb.

2.   CAMPO ELÉCTRICO (10)

   2.1 El Campo Eléctrico.

   2.2 Líneas de Campo.

   2.3 El Campo Eléctrico Debido a Cargas 
Puntuales.

   2.4 El Campo Eléctrico Debido a Distribuciones     

         Continuas de Carga.

   2.5 La Carga Eléctrica en un Campo Eléctrico.

3.   LEY DE GAUSS (8)

   3.1 Flujo Eléctrico.

   3.2 La Ley de Gauss.

   3.3 Aplicaciones de la Ley de Gaus.

4.   POTENCIAL ELÉCTRICO (4)

   4.1 Energía Potencial Eléctrica.

   4.2 Potencial Eléctrico.

   4.3 Superficies Equipotenciales.

   4.4 Determinación del Potencial Eléctrico.

   4.5 Relaciones del Campo Eléctrico y el Potencial 

         Eléctrico.

   4.6 Energía Potencial Eléctrica de un Sistema de 

         Cargas.
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TEMA 1 CARGA ELÉCTRICA.

	 1.1 Carga eléctrica.

	 1.2 Conductores y Aislantes.

	 1.3 Ley de Coulomb.


1.0 Introducción.


	 Existen diversos tipos de experimentos o inclusive condiciones naturales en las que es posible observar 
la presencia de una carga eléctrica de los efectos que está produce; si pasamos la mano sobre una superficie 
de material aislante es probable que al poner las misma mano sobre una hoja de papel esta se adhiera, si 
caminamos sobre un alfombra o nos sentamos en un sillón sintético en los días secos, es posible que en la 
oscuridad se pueda apreciar una chispa de descarga. Cada uno de estos sencillos experimentos representa un 
pequeño vistazo a la gran cantidad de carga eléctrica que esta almacena en los objetos que nos rodean.


1.1 Carga Eléctrica.

	 

	 La Carga eléctrica es una característica inherente o intrínseca de las partículas fundamentales que 
conforman cada uno de los objetos que están a nuestro alrededor. Dependiendo de la naturaleza de la materia 
que compone los objetos se pueden encontrar con carga positiva, negativa o neutra (sin carga neta). Cuando 
existe un equilibrio de carga se dice que la carga neta es igual a cero, por lo tanto al estar indicando que un 
objeto esta cargado (positiva o negativamente) significa que tiene un desequilibrio de carga. El desequilibrio 
siempre es muy pequeño en comparación a la cantidad de carga total que tiene el objeto. 
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	 Los objetos cargados ejercen fuerzas entre sí, estas fuerzas permiten que exista un interacción entre 
ellos. Cuando dos objetos se encuentran con la misma carga, ya sea positiva o negativa ejercerán una fuerza 
de repulsión y cuando la carga entre los objetos es de signos contrarios (uno positivo y otro negativo existe un 
fuerza de atracción), esto anteriormente descrito queda de manifiesto en la Fig. 1.1 a) Fuerza de Atracción y en 
b) Fuerza de repulsión.




Fig. 1.1 Interacción entre objetos cargados. a) Atracción; b) Repulsión.


Objetos con cargas de signos contrarios —> Atracción

Objetos con cargas de signos iguales —> Repulsión


La carga se conserva

La carga es cuantificable.
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Another important aspect of Franklin’s model of electricity is the implication
that electric charge is always conserved. That is, when one object is rubbed
against another, charge is not created in the process. The electrified state is due to
a transfer of charge from one object to the other. One object gains some amount of
negative charge while the other gains an equal amount of positive charge. For ex-
ample, when a glass rod is rubbed with silk, the silk obtains a negative charge that
is equal in magnitude to the positive charge on the glass rod. We now know from
our understanding of atomic structure that negatively charged electrons are trans-
ferred from the glass to the silk in the rubbing process. Similarly, when rubber is
rubbed with fur, electrons are transferred from the fur to the rubber, giving the
rubber a net negative charge and the fur a net positive charge. This process is con-
sistent with the fact that neutral, uncharged matter contains as many positive
charges (protons within atomic nuclei) as negative charges (electrons).

If you rub an inflated balloon against your hair, the two materials attract each other, as
shown in Figure 23.2. Is the amount of charge present in the balloon and your hair after
rubbing (a) less than, (b) the same as, or (c) more than the amount of charge present be-
fore rubbing?

In 1909, Robert Millikan (1868–1953) discovered that electric charge always
occurs as some integral multiple of a fundamental amount of charge e. In modern
terms, the electric charge q is said to be quantized, where q is the standard symbol
used for charge. That is, electric charge exists as discrete “packets,” and we can
write where N is some integer. Other experiments in the same period
showed that the electron has a charge !e and the proton has a charge of equal
magnitude but opposite sign "e. Some particles, such as the neutron, have no
charge. A neutral atom must contain as many protons as electrons.

Because charge is a conserved quantity, the net charge in a closed region re-
mains the same. If charged particles are created in some process, they are always
created in pairs whose members have equal-magnitude charges of opposite sign.

q # Ne,

Quick Quiz 23.1

Rubber
Rubber

(a)

F F

(b)

F

F

Rubber

– – – – –

– – – – –
––

– – – –

+ + + +
+ +

Glass

–

+

Figure 23.1 (a) A negatively charged rubber rod suspended by a thread is attracted to a posi-
tively charged glass rod. (b) A negatively charged rubber rod is repelled by another negatively
charged rubber rod.

Figure 23.2 Rubbing a balloon
against your hair on a dry day
causes the balloon and your hair 
to become charged.

Charge is conserved

Charge is quantized
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	 La atracción y repulsión de cuerpos cargados tiene diversas aplicaciones como la aplicación de pintura y 
polvo electrostático, recolectores de polvo de ceniza, impresión de inyección de tinta, fotocopiado.


1.2 Conductores y Aislantes.


	 Existen algunos materiales en los cuales la carga negativa puede fluir de manera libre con una mínima 
oposición, a este tipo de materiales se les conoce como conductores, son materiales como metales, agua (no 
químicamente pura) el cuerpo humano, etc.

	 A los materiales que no permiten la libre circulación de la carga negativa se les denomina aislantes o no 
conductores, entre ellos se puede encontrar a la cerámica, el vidrio, el plástico, el agua químicamente pura. 
Como la carga negativa en los materiales aislantes no puede moverse libremente, estos pueden cargarse y 
producir moviendo de cargas en materiales conductores por el fenómeno de inducción. 
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Figure 23.3 Charging a metallic object by induction (that is, the two objects never touch each
other). (a) A neutral metallic sphere, with equal numbers of positive and negative charges. 
(b) The charge on the neutral sphere is redistributed when a charged rubber rod is placed near
the sphere. (c) When the sphere is grounded, some of its electrons leave through the ground
wire. (d) When the ground connection is removed, the sphere has excess positive charge that is
nonuniformly distributed. (e) When the rod is removed, the excess positive charge becomes uni-
formly distributed over the surface of the sphere.
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Fig. 1.2 Fenomeno de Inducción.


	 El experimento de la Fig. 1.2 Demuestra la movilidad de la carga en un material conductor. Para que el 
material conductor no vuelva al equilibrio se tiene que mantener aislado, en caso de que tuviese contacto con 
otro material conductor la movilidad de la carga ocasionaría que carga negativa circulara hacia el y el material 
conductor volviera a tener carga neutra.





Solo los electrones de conducción con sus cargas 

negativas se pueden mover.


Los iones positivos permanecen en su lugar


	 Existen otros materiales que se pueden comportar como materiales intermedios, son denominados 
semiconductores como el Silicio y el Germanio.
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Figure 23.3 Charging a metallic object by induction (that is, the two objects never touch each
other). (a) A neutral metallic sphere, with equal numbers of positive and negative charges. 
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	 También se pueden producir a temperaturas muy bajas materiales Superconductores que no presentan 
ninguna oposición al paso de la carga eléctrica a través de ellos.


1.3 Ley de Coulomb.


	 La fuerza de atracción o de repulsión que se produce cuando interactúan dos cuerpos cargados con 
cargas q1 y q2 respectivamente que se encuentran separadas por una distancia r se denomina Fuerza 
Electrostática y la ecuación que permite determinar su magnitud se denomina como Ley de Coulomb.


	 	 	 	 	 	 	 ec. (1.1)


	 Donde: k es la constante electrostática =  


	 La variable  es la constante de permitividad.


F = k
|q1 | |q2 |

r2

1
4πϵ0

= 8.99x109N
m2

C2

ϵ0 = 8.85x10−12 C2

Nm2
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	 Como en las ecuaciones de fuerzas gravitacionales la ecuación de la Ley de Coulomb obedecen al 
principio de superposición cuando se encuentran interactuando mas de dos cargas, lo anterior puede ser 
expresado mediante la ec. (1.2).


   	 	 	 	 ec. (1.2)


	 




La Ley de Coulomb no indica si la fuerza resultante es

de atracción o de repulsión, solo indica la magnitud de    


la fuerza electrostática.


F1,neta = F1,2 + F1,3 + F1,4 + . . . + F1,n

M.C. Jorge A. Huerta  de 8 54
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	 Ejemplo 1.1.


	 En el átomo de hidrogeno el electrón y el protón están separados en promedio por una distancia de       
5.3 x 10-11m. Encuentra la magnitud de la fuerza electrostática y su dirección entre las dos partículas. Observar 
la aplicación en el IPad.

 


	 	 


Tabla 1.1 Carga y masa de electrón, protón neutrón.

Particula Carga (Couloms C) Masa (kg)

Electrón (e) -1.6021917 x 10 -19 9.1095 x 10-31

Protón (p) 1.6021917 x 10 -19 1.67261 x 10-27

Neutrón (n) 0 1.67492 x 10-27

M.C. Jorge A. Huerta  de 9 54
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equal in magnitude to the force exerted by q1 on q2 and in the opposite direction;
that is, Finally, from Equation 23.2, we see that if q1 and q2 have the
same sign, as in Figure 23.6a, the product q1q2 is positive and the force is repulsive.
If q1 and q2 are of opposite sign, as shown in Figure 23.6b, the product q1q2 is neg-
ative and the force is attractive. Noting the sign of the product q1q2 is an easy way
of determining the direction of forces acting on the charges.

Object A has a charge of ! 2 "C, and object B has a charge of ! 6 "C. Which statement is
true?

(a) . (b) . (c) .

When more than two charges are present, the force between any pair of them
is given by Equation 23.2. Therefore, the resultant force on any one of them
equals the vector sum of the forces exerted by the various individual charges. For
example, if four charges are present, then the resultant force exerted by particles
2, 3, and 4 on particle 1 is

F1 # F21 ! F31 ! F41

3FAB # $FBAFAB # $FBAFAB # $3FBA

Quick Quiz 23.3

F21 # $ F12 .

–

+
r

(a)F21

F12

q1

q2

(b)

F21

F12

q1

q2

r̂

+

+

Figure 23.6 Two point charges separated by a distance r ex-
ert a force on each other that is given by Coulomb’s law. The
force F21 exerted by q2 on q1 is equal in magnitude and oppo-
site in direction to the force F12 exerted by q1 on q2 . (a) When
the charges are of the same sign, the force is repulsive. 
(b) When the charges are of opposite signs, the force is
attractive.

Find the Resultant ForceEXAMPLE 23.2
The magnitude of F23 is

Note that because q3 and q2 have opposite signs, F23 is to the
left, as shown in Figure 23.7.

 # 9.0 N 

 # !8.99 % 109 
N&m2

C2 " 
(2.0 % 10$6 C)(5.0 % 10$6 C)

(0.10 m)2

F23 # ke 
# q2 ## q3 #

a2  

Consider three point charges located at the corners of a right
triangle as shown in Figure 23.7, where 

and Find the resultant force ex-
erted on q3 .

Solution First, note the direction of the individual forces
exerted by q1 and q2 on q3 . The force F23 exerted by q2 on q3
is attractive because q2 and q3 have opposite signs. The force
F13 exerted by q1 on q3 is repulsive because both charges are
positive.

a # 0.10 m. q2 # $2.0 "C,
q1 # q3 # 5.0 "C,
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	 Ejemplo 1.2.

	 Considere tres cargas puntuales localizadas en las esquinas de un triangulo rectángulo como el 
mostrando en la Fig. 1.4; donde las q1 = q3 = 5.0 μC, q2 = -2.0 μC y a = 0.10m. Encuentre la fuerza neta 
(resultante) ejercida en q3.


Fig. 1.4. Ejemplo 1.2


	 Ejemplo 1.3.

	 Tres cargas puntuales están colocadas a los largo del eje x como se muestra en la Fig. 1.5; los valores de 
las cargas son q1 = 15.0 μC, q2 = 6.0 μC y la resultante de q3 es igual a cero. Cuál es la posición de la carga q3? 
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F13

q3

q1

q2

a

a

y

x

–

+

+
F23

2a√

The magnitude of the force exerted by q1 on q3 is

F13 ! ke 
! q1 !! q3 !
(!2a)2  

The force F13 is repulsive and makes an angle of 45° with the
x axis. Therefore, the x and y components of F13 are equal,
with magnitude given by F13 cos 45° ! 7.9 N.

The force F23 is in the negative x direction. Hence, the x
and y components of the resultant force acting on q3 are

We can also express the resultant force acting on q3 in unit -
vector form as

Exercise Find the magnitude and direction of the resultant
force F3 .

Answer 8.0 N at an angle of 98° with the x axis.

("1.1i # 7.9j) NF3 !

F3y ! F13y ! 7.9 N 

F3x ! F13x # F23 ! 7.9 N " 9.0 N ! "1.1 N

 ! 11 N 

 ! "8.99 $ 109 
N%m2

C2 # 
(5.0 $ 10"6 C)(5.0 $ 10"6 C)

2(0.10 m)2

Figure 23.7 The force exerted by q1 on q3 is F13 . The force ex-
erted by q2 on q3 is F23 . The resultant force F3 exerted on q3 is the
vector sum F13 # F23 .

Where Is the Resultant Force Zero?EXAMPLE 23.3

Solving this quadratic equation for x, we find that 

Why is the negative root not acceptable?x ! 0.775 m.

(4.00 " 4.00x # x2)(6.00 $ 10"6 C) ! x2(15.0 $ 10"6 C)

 (2.00 " x)2! q2 ! ! x2! q1 ! Three point charges lie along the x axis as shown in Figure
23.8. The positive charge q1 ! 15.0 &C is at x ! 2.00 m, the
positive charge q2 ! 6.00 &C is at the origin, and the resul-
tant force acting on q3 is zero. What is the x coordinate of q3?

Solution Because q3 is negative and q1 and q2 are positive,
the forces F13 and F23 are both attractive, as indicated in Fig-
ure 23.8. From Coulomb’s law, F13 and F23 have magnitudes

For the resultant force on q3 to be zero, F23 must be equal in
magnitude and opposite in direction to F13 , or

Noting that ke and q3 are common to both sides and so can be
dropped, we solve for x and find that

ke 
! q2 !! q3 !

x2 ! ke 
! q1 !! q3 !

(2.00 " x)2

F13 ! ke 
! q1 !! q3 !

(2.00 " x)2   F23 ! ke 
! q2 !! q3 !

x2

2.00 m

x

q1

x
q3

–
q2 F13F23

2.00 – x

+ +

Figure 23.8 Three point charges are placed along the x axis. If
the net force acting on q3 is zero, then the force F13 exerted by q1 on
q3 must be equal in magnitude and opposite in direction to the force
F23 exerted by q2 on q3 .

Find the Charge on the SpheresEXAMPLE 23.4
we see that sin ' ! a/L . Therefore,

The separation of the spheres is 
The forces acting on the left sphere are shown in Figure

23.9b. Because the sphere is in equilibrium, the forces in the

2a ! 0.026 m.

a ! L sin ' ! (0.15 m)sin 5.0( ! 0.013 m

Two identical small charged spheres, each having a mass of
3.0 $ 10"2 kg, hang in equilibrium as shown in Figure 23.9a.
The length of each string is 0.15 m, and the angle ' is 5.0°.
Find the magnitude of the charge on each sphere.

Solution From the right triangle shown in Figure 23.9a,
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+

+
F23
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The magnitude of the force exerted by q1 on q3 is

F13 ! ke 
! q1 !! q3 !
(!2a)2  

The force F13 is repulsive and makes an angle of 45° with the
x axis. Therefore, the x and y components of F13 are equal,
with magnitude given by F13 cos 45° ! 7.9 N.

The force F23 is in the negative x direction. Hence, the x
and y components of the resultant force acting on q3 are

We can also express the resultant force acting on q3 in unit -
vector form as

Exercise Find the magnitude and direction of the resultant
force F3 .

Answer 8.0 N at an angle of 98° with the x axis.

("1.1i # 7.9j) NF3 !

F3y ! F13y ! 7.9 N 

F3x ! F13x # F23 ! 7.9 N " 9.0 N ! "1.1 N

 ! 11 N 
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2(0.10 m)2

Figure 23.7 The force exerted by q1 on q3 is F13 . The force ex-
erted by q2 on q3 is F23 . The resultant force F3 exerted on q3 is the
vector sum F13 # F23 .

Where Is the Resultant Force Zero?EXAMPLE 23.3

Solving this quadratic equation for x, we find that 

Why is the negative root not acceptable?x ! 0.775 m.

(4.00 " 4.00x # x2)(6.00 $ 10"6 C) ! x2(15.0 $ 10"6 C)

 (2.00 " x)2! q2 ! ! x2! q1 ! Three point charges lie along the x axis as shown in Figure
23.8. The positive charge q1 ! 15.0 &C is at x ! 2.00 m, the
positive charge q2 ! 6.00 &C is at the origin, and the resul-
tant force acting on q3 is zero. What is the x coordinate of q3?

Solution Because q3 is negative and q1 and q2 are positive,
the forces F13 and F23 are both attractive, as indicated in Fig-
ure 23.8. From Coulomb’s law, F13 and F23 have magnitudes

For the resultant force on q3 to be zero, F23 must be equal in
magnitude and opposite in direction to F13 , or

Noting that ke and q3 are common to both sides and so can be
dropped, we solve for x and find that

ke 
! q2 !! q3 !

x2 ! ke 
! q1 !! q3 !

(2.00 " x)2

F13 ! ke 
! q1 !! q3 !

(2.00 " x)2   F23 ! ke 
! q2 !! q3 !
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Figure 23.8 Three point charges are placed along the x axis. If
the net force acting on q3 is zero, then the force F13 exerted by q1 on
q3 must be equal in magnitude and opposite in direction to the force
F23 exerted by q2 on q3 .

Find the Charge on the SpheresEXAMPLE 23.4
we see that sin ' ! a/L . Therefore,

The separation of the spheres is 
The forces acting on the left sphere are shown in Figure

23.9b. Because the sphere is in equilibrium, the forces in the

2a ! 0.026 m.

a ! L sin ' ! (0.15 m)sin 5.0( ! 0.013 m

Two identical small charged spheres, each having a mass of
3.0 $ 10"2 kg, hang in equilibrium as shown in Figure 23.9a.
The length of each string is 0.15 m, and the angle ' is 5.0°.
Find the magnitude of the charge on each sphere.

Solution From the right triangle shown in Figure 23.9a,
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	 Ejemplo 1.4.

	 Dos pequeñas esferas de cargas idénticas, que cada una tiene un masa de 3.0 x 10-2 kg, se encuentran 
en equilibrio como se muestra en la Fig. 1.6. El largo de los cordones que las sostienen es de 0.15m y el ángulo 
en el que se mantienen en equilibrio es θ = 5º. Encuentre la Fuerza electrostática que mantiene a las esferas en 
equilibrio.


Fig. 1.6. Ejemplo 1.4.
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QuickLab
For this experiment you need two 20-cm strips of transparent tape (mass of each ! 65 mg). Fold about
1 cm of tape over at one end of each strip to create a handle. Press both pieces of tape side by side onto
a table top, rubbing your finger back and forth across the strips. Quickly pull the strips off the surface
so that they become charged. Hold the tape handles together and the strips will repel each other, form-
ing an inverted “V” shape. Measure the angle between the pieces, and estimate the excess charge on
each strip. Assume that the charges act as if they were located at the center of mass of each strip.

Figure 23.9 (a) Two identical spheres, each carrying the same
charge q , suspended in equilibrium. (b) The free-body diagram for
the sphere on the left.

(a) (b)

mg

LL

θ θ

L = 0.15 m
θ = 5.0°

q a q

θT
T cos θ

T sin θ

θ

Fe

θ

θ

θ

THE ELECTRIC FIELD
Two field forces have been introduced into our discussions so far—the gravita-
tional force and the electric force. As pointed out earlier, field forces can act
through space, producing an effect even when no physical contact between the ob-
jects occurs. The gravitational field g at a point in space was defined in Section
14.6 to be equal to the gravitational force Fg acting on a test particle of mass m di-
vided by that mass: A similar approach to electric forces was developed
by Michael Faraday and is of such practical value that we shall devote much atten-
tion to it in the next several chapters. In this approach, an electric field is said to
exist in the region of space around a charged object. When another charged ob-
ject enters this electric field, an electric force acts on it. As an example, consider
Figure 23.10, which shows a small positive test charge q0 placed near a second ob-
ject carrying a much greater positive charge Q. We define the strength (in other
words, the magnitude) of the electric field at the location of the test charge to be
the electric force per unit charge, or to be more specific

g " Fg/m .

23.4

horizontal and vertical directions must separately add up to
zero:

(1)

(2)

From Equation (2), we see that !; thus, T can beT " mg /cos

#Fy " T cos ! $ mg " 0

#Fx " T sin ! $ Fe " 0

eliminated from Equation (1) if we make this substitution.
This gives a value for the magnitude of the electric force Fe :

(3)

From Coulomb’s law (Eq. 23.1), the magnitude of the elec-
tric force is

where r " 2a " 0.026 m and is the magnitude of the
charge on each sphere. (Note that the term arises here
because the charge is the same on both spheres.) This equa-
tion can be solved for to give

Exercise If the charge on the spheres were negative, how
many electrons would have to be added to them to yield a net
charge of $ 4.4 % 10$8 C?

Answer 2.7 % 1011 electrons.

4.4 % 10$8 C # q # "

# q #2 "
Fe r 2

ke
"

(2.6 % 10$2 N)(0.026 m)2

8.99 % 109 N&m2/C2

# q #2

# q #2
# q #

Fe " ke 
# q #2

r 2

 " 2.6 % 10$2 N 

 " (3.0 % 10$2 kg)(9.80 m/s2)tan 5.0'

Fe " mg tan ! 

+

+ +
+ +
+ +
+ +

+ +
+

++

+

Q

q0

E

Figure 23.10 A small positive
test charge q0 placed near an object
carrying a much larger positive
charge Q experiences an electric
field E directed as shown. 

11.5
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Actividad de Tarea 1


a) En equipo de 4 personas realicen un video donde demuestren la existencia de carga eléctrica en por lo 
menos tres manera diferentes. Subir el video a alguna plataforma y entregar solamente un QR para poder 
verlo.


b) Resuelva los siguiente ejercicios:


 
1.- ¿Cuál debe ser la distancia entre la carga puntual q1 = 26.0 
μC y la carga q2 = -47.0 μC para que la fuerza electrostática 
entre ellas tenga una magnitud de 5.7N?

2.- Dos partículas de igual carga, sostenidas a 3.2 x 10-3 m de 
separación , se sueltan desde el reposo. Se observa que la 
aceleración inicial de la primera partícula es de 7.0 m/s2 y la de 
la segunda es de 9.0 m/s2. Si la masa de la primera es de 6.3 x 
10-7 kg ¿Cuales son a) La masa de la segunda y b) La 
magnitud de la carga de cada una?

3.- ¿Cuál es la carga total en Coulombs de 75kg de electrones? 4.- Dos gotas de agua esféricas con cargas idénticas de -1.0 x 
10-16 C tienen una separación de 1.0 cm de centro a centro. a) 
¿Cuál es la magnitud de la fuerza electrostática entre ellas? b) 
¿Cuántos electrones en exceso hay en cada gota, lo que le da 
su desequilibrio de carga?

5.- Dos partículas fijas, de carga q1 = 1.0 μC y q2 = —3.0 μC 
están a 10 cm de separación ¿A qué distancia de cada carga 
debe colocarse una tercera carga, de modo que sobre ella no 
actué una fuerza electrostática neta? 

6.- Dos esferas conductoras idénticas, fijas en un lugar, se 
atraen entre sí con una fuerza electrostática de 0.108 N 
cuando están separadas por 50.0 cm de centro a centro. Las 
esferas se conectan entonces por un pequeño alambre 
conductor. Cuando esté se retira, las esferas se repelen entre 
sí con una fuerza electrostática de 0.1360 N. ¿Cuáles fueron 
las cargas iniciales de la esferas?
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TEMA 2 CAMPO ELÉCTRICO.

	 2.1 El Campo Eléctrico.

	 2.2 Líneas de Campo.

	 2.3 El Campo Eléctrico debido a Cargas Puntuales.

	 2.4 El Campo Eléctrico debido a distribuciones Continuas de Carga.

	 2.5 La carga Eléctrica en un campo Eléctrico.
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2.1 El campo eléctrico. 

	 El concepto de campo se utiliza de manera indistinta para definir a una región (superficie plana o 
volumétrica) en la cual se presenta un fenómeno de características similares. La Fig. 2.1 muestra la imagen 
térmica de un globo aerostático donde existen zonas con distintas 
temperaturas, sin embargo están todas contenidas en un campo de 
temperatura. Si se imaginan las diferentes zonas de presión en la atmósfera 
terrestre, se estaría pensando en un campo de presión. Estos dos campos 
anteriores son campos escalares, ya que temperatura y presión son 
unidades escalares.


	 El campo eléctrico es un campo vectorial, está formado por una 
distribución de vectores, uno por cada punto de la región que rodea un 
objeto cargado.


Fig. 2.1 Campo de temperatura.


	 Para comenzar con el análisis, se puede definir el campo eléctrico en algún punto cerca de un objeto 
cargado, para ello se coloca una carga de prueba q0 en el punto en que se desea determinar la magnitud del 
campo. Se determina la magnitud de la fuerza electrostática que actúa sobre la partícula de prueba debido al 
campo eléctrico y se calcula en campo utilizando la ec. (2.1)
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QuickLab
For this experiment you need two 20-cm strips of transparent tape (mass of each ! 65 mg). Fold about
1 cm of tape over at one end of each strip to create a handle. Press both pieces of tape side by side onto
a table top, rubbing your finger back and forth across the strips. Quickly pull the strips off the surface
so that they become charged. Hold the tape handles together and the strips will repel each other, form-
ing an inverted “V” shape. Measure the angle between the pieces, and estimate the excess charge on
each strip. Assume that the charges act as if they were located at the center of mass of each strip.

Figure 23.9 (a) Two identical spheres, each carrying the same
charge q , suspended in equilibrium. (b) The free-body diagram for
the sphere on the left.

(a) (b)

mg

LL

θ θ

L = 0.15 m
θ = 5.0°

q a q

θT
T cos θ

T sin θ

θ

Fe

θ

θ

θ

THE ELECTRIC FIELD
Two field forces have been introduced into our discussions so far—the gravita-
tional force and the electric force. As pointed out earlier, field forces can act
through space, producing an effect even when no physical contact between the ob-
jects occurs. The gravitational field g at a point in space was defined in Section
14.6 to be equal to the gravitational force Fg acting on a test particle of mass m di-
vided by that mass: A similar approach to electric forces was developed
by Michael Faraday and is of such practical value that we shall devote much atten-
tion to it in the next several chapters. In this approach, an electric field is said to
exist in the region of space around a charged object. When another charged ob-
ject enters this electric field, an electric force acts on it. As an example, consider
Figure 23.10, which shows a small positive test charge q0 placed near a second ob-
ject carrying a much greater positive charge Q. We define the strength (in other
words, the magnitude) of the electric field at the location of the test charge to be
the electric force per unit charge, or to be more specific

g " Fg/m .

23.4

horizontal and vertical directions must separately add up to
zero:

(1)

(2)

From Equation (2), we see that !; thus, T can beT " mg /cos

#Fy " T cos ! $ mg " 0

#Fx " T sin ! $ Fe " 0

eliminated from Equation (1) if we make this substitution.
This gives a value for the magnitude of the electric force Fe :

(3)

From Coulomb’s law (Eq. 23.1), the magnitude of the elec-
tric force is

where r " 2a " 0.026 m and is the magnitude of the
charge on each sphere. (Note that the term arises here
because the charge is the same on both spheres.) This equa-
tion can be solved for to give

Exercise If the charge on the spheres were negative, how
many electrons would have to be added to them to yield a net
charge of $ 4.4 % 10$8 C?

Answer 2.7 % 1011 electrons.

4.4 % 10$8 C # q # "

# q #2 "
Fe r 2

ke
"

(2.6 % 10$2 N)(0.026 m)2

8.99 % 109 N&m2/C2

# q #2

# q #2
# q #

Fe " ke 
# q #2

r 2

 " 2.6 % 10$2 N 

 " (3.0 % 10$2 kg)(9.80 m/s2)tan 5.0'

Fe " mg tan ! 

+

+ +
+ +
+ +
+ +

+ +
+

++

+

Q

q0

E

Figure 23.10 A small positive
test charge q0 placed near an object
carrying a much larger positive
charge Q experiences an electric
field E directed as shown. 
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	 	 	 	 	 	 	 	 	  	 	 	 	 	 	 ec. (2.1)


	     Fig. 2.2 Campo Eléctrico 	 	 	 	 donde E esta dado en   en el SI


	 Entonces la magnitud del campo eléctrico  en el punto de prueba es E = F/q0 y la dirección de  es la 
de la fuerza  que actúa sobre la carga de prueba positiva; cómo se ilustra en la Fig. 2.2 se representa el 
campo eléctrico con un vector cuyo inicio está en q0. Para definir el campo eléctrico en una región, se debe 
definir en todos los puntos de la región. 


	 Cuando se utiliza la ecuación 2.1, se tiene que asumir que la magnitud de la carga de prueba q0 es tan 
pequeña que no ocasiona alteraciones en el campo eléctrico que se intenta determinar. Entonces la magnitud 
del campo se puede determinar como:


	 	 	 	 	 	   	 	 	 	 	 	 	 ec. (2.2)





E =
F
q0

E
N
C

E E
F

E = k
Q
r2
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Si Q es positiva, la dirección radial del campo será hacia afuera.  
Si Q es negativa, la dirección radial del campo será hacia adentro.

A tener en 
cuenta
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Fig. 2.3 Líneas de campo para, a) Carga positiva y b) Carga negativa.


	 La Tabla 2.1 muestra las magnitudes típicas de algunos de los campos eléctricos que comúnmente se 
pueden observar.
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ELECTRIC FIELD LINES
A convenient way of visualizing electric field patterns is to draw lines that follow
the same direction as the electric field vector at any point. These lines, called elec-
tric field lines, are related to the electric field in any region of space in the fol-
lowing manner:

• The electric field vector E is tangent to the electric field line at each point.
• The number of lines per unit area through a surface perpendicular to the lines

is proportional to the magnitude of the electric field in that region. Thus, E is
great when the field lines are close together and small when they are far apart.

These properties are illustrated in Figure 23.19. The density of lines through
surface A is greater than the density of lines through surface B. Therefore, the
electric field is more intense on surface A than on surface B. Furthermore, the fact
that the lines at different locations point in different directions indicates that the
field is nonuniform.

Representative electric field lines for the field due to a single positive point
charge are shown in Figure 23.20a. Note that in this two-dimensional drawing we
show only the field lines that lie in the plane containing the point charge. The
lines are actually directed radially outward from the charge in all directions; thus,
instead of the flat “wheel” of lines shown, you should picture an entire sphere of
lines. Because a positive test charge placed in this field would be repelled by the
positive point charge, the lines are directed radially away from the positive point

23.6

11.5

This result is valid for all values of x. We can calculate the
field close to the disk along the axis by assuming that ;
thus, the expression in parentheses reduces to unity:

!

2" 0
E ! 2#ke ! $

R W x
where is the permittivity of free space. As we
shall find in the next chapter, we obtain the same result for
the field created by a uniformly charged infinite sheet.

" 0 $ 1/(4#ke)

B
A

Figure 23.19 Electric field lines
penetrating two surfaces. The mag-
nitude of the field is greater on sur-
face A than on surface B.

Figure 23.20 The electric field lines for a point charge. (a) For a positive point charge, the
lines are directed radially outward. (b) For a negative point charge, the lines are directed radially
inward. Note that the figures show only those field lines that lie in the plane containing the
charge. (c) The dark areas are small pieces of thread suspended in oil, which align with the elec-
tric field produced by a small charged conductor at the center.

(a)

+
q

(b)

–
–q

(c)
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2.2 Líneas de campo.


	 La relación que existe entre vectores de campo y las líneas de campo se puede definir en dos puntos:


1) En cualquier punto, la dirección de una línea de campo o de la tangente a una línea de campo curva, da la 
dirección de  en ese punto.
E

M.C. Jorge A. Huerta  de 17 54

Tabla 2.1 Valores típicos de algunos campos eléctricos.

Fuente E (N/C)

Tubo de luz fluorescente 10
Atmosfera (buen tiempo) 100

Globo frotado en el cabello 1000
Atmosfera (En una tormenta) 10,000

Focopiadora 100,000
Chispa en el aire > 3,000,000

Cerca de electron en atomo de hidrogeno 5 x 1011
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2) Las líneas de campo se trazan de modo que el numero de líneas por unidad de área medido en un plano 
perpendicular a las líneas es proporcional a la magnitud de . Esto último significa que donde las líneas de 
campo este mas cercanas (mayor concentración de líneas) E es más grande y donde estén más alejadas 
será menor.


Actividad: Observar las aplicaciones de iPad.


2.3 El campo eléctrico debido a cargas puntuales. 

	 Para encontrar el campo eléctrico debido a una carga puntual Q (partícula cargada)  en cualquier punto 
ubicado a una distancia r de la carga puntual se aplica la ecuación 2.2 que vuelta a expresar queda como:


		 	 	 	 	 ec. (2.3)


	 Y la Dirección de E será la misma de la fuerza electrostática F.


	 En el caso de que se tenga mas de una carga actuando sobre el punto de prueba donde se quiere 
determinar la intensidad del campo eléctrico (campo eléctrico neto) se logra como:


	 	 	 	 	 ec (2.4)


E

E =
F
q0

=
1

4πϵ0

|Q |
r2

Eneto =
F0

q0
+

F01

q01
+

F02

q02
+ . . . +

F0n

q0n
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Ejemplo 2.1.

	 

	 Una carga q1 = 7.0 μC esta localizada en el origen y una segunda carga q2 = —5.0 μC está localizada a 
0.30m del origen; encontrar el campo eléctrico en el punto P que se encuentra en las coordenadas (0, 0.40) m.





Ejemplo 2.2.


	 El dipolo eléctrico se define como un par de cargas de la misma magnitud, una 
positiva q y una negativa -q separadas por una distancia. Para el dipolo de la Fig. 2.4 

encontrar la magnitud y dirección del campo eléctrico E en p, debido al dipolo, donde p está a una distancia tal 
que y >> a    


M.C. Jorge A. Huerta  de 19 54

23.4 The Electric Field 721

be expressed as

(23.5)

where ri is the distance from the ith charge qi to the point P (the location of the
test charge) and is a unit vector directed from qi toward P.

A charge of ! 3 "C is at a point P where the electric field is directed to the right and has a
magnitude of 4 # 106 N/C. If the charge is replaced with a $ 3-"C charge, what happens to
the electric field at P ?

Quick Quiz 23.4

r̂i

E % ke !
i

 
qi

ri 

2  r̂i

This metallic sphere is charged by a
generator so that it carries a net elec-
tric charge. The high concentration of
charge on the sphere creates a strong
electric field around the sphere. The
charges then leak through the gas sur-
rounding the sphere, producing a
pink glow.

Electric Field Due to Two ChargesEXAMPLE 23.5
A charge q1 % 7.0 "C is located at the origin, and a second
charge q2 % $ 5.0 "C is located on the x axis, 0.30 m from
the origin (Fig. 23.13). Find the electric field at the point P,
which has coordinates (0, 0.40) m.

Solution First, let us find the magnitude of the electric
field at P due to each charge. The fields E1 due to the 7.0-"C
charge and E2 due to the $ 5.0-"C charge are shown in Fig-
ure 23.13. Their magnitudes are

The vector E1 has only a y component. The vector E2 has an
x component given by and a negative y compo-
nent given by Hence, we can express the
vectors as

$E2 sin & % $4
5E2 .

E2 cos & % 3
5E2

 % 1.8 # 105 N/C

E2 % ke 
" q2 "
r2 

2 % #8.99 # 109 
N'm2

C2 $ 
(5.0 # 10$6 C)

(0.50 m)2

 % 3.9 # 105 N/C

E1 % ke 
" q1 "
r1 

2 % #8.99 # 109 
N'm2

C2 $ 
(7.0 # 10$6 C)

(0.40 m)2
0.40 m

P
θ

E

E2

0.50 m

E1

y

θ
x

q2q1
0.30 m

–

φ

+

Figure 23.13 The total electric field E at P equals the vector sum
where E1 is the field due to the positive charge q 1 and E2 is

the field due to the negative charge q 2 .
E1 ! E2 ,
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	 Del ejemplo anterior se desprende la ecuación 2.5
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722 C H A P T E R  2 3 Electric Fields

Electric Field of a DipoleEXAMPLE 23.6
variation in E for the dipole also is obtained for a distant
point along the x axis (see Problem 21) and for any general
distant point.

The electric dipole is a good model of many molecules,
such as hydrochloric acid (HCl). As we shall see in later
chapters, neutral atoms and molecules behave as dipoles
when placed in an external electric field. Furthermore, many
molecules, such as HCl, are permanent dipoles. The effect of
such dipoles on the behavior of materials subjected to elec-
tric fields is discussed in Chapter 26.

An electric dipole is defined as a positive charge q and a
negative charge ! q separated by some distance. For the di-
pole shown in Figure 23.14, find the electric field E at P due
to the charges, where P is a distance from the origin.

Solution At P, the fields E1 and E2 due to the two charges
are equal in magnitude because P is equidistant from the
charges. The total field is where

The y components of E1 and E2 cancel each other, and the 
x components add because they are both in the positive 
x direction. Therefore, E is parallel to the x axis and has a
magnitude equal to 2E1 cos ". From Figure 23.14 we see that 
cos Therefore,

Because we can neglect a2 and write

Thus, we see that, at distances far from a dipole but along the
perpendicular bisector of the line joining the two charges,
the magnitude of the electric field created by the dipole
varies as 1/r 3, whereas the more slowly varying field of a
point charge varies as 1/r 2 (see Eq. 23.4). This is because at
distant points, the fields of the two charges of equal magni-
tude and opposite sign almost cancel each other. The 1/r 3

E ! ke 
2qa
y3

y W a,

 # ke 
2qa

(y2 $ a2)3/2  

E # 2E1 cos " # 2ke 
q

(y2 $ a2)
 

a
(y2 $ a2)1/2

" # a/r # a/(y2 $ a2)1/2.

E1 # E2 # ke 
q
r 2 # ke 

q
y2 $ a2

E # E1 $ E2 ,

y W a

The resultant field E at P is the superposition of E1 and E2 :

(1.1 % 105 i $ 2.5 % 105 j) N/CE # E1 $ E2 #

E2 # (1.1 % 105 i ! 1.4 % 105 j) N/C

E1 # 3.9 % 105 j N/C From this result, we find that E has a magnitude of 2.7 %
105 N/C and makes an angle & of 66° with the positive x axis.

Exercise Find the electric force exerted on a charge of 
2.0 % 10!8 C located at P.

Answer 5.4 % 10!3 N in the same direction as E.

P E
θ

θ

y

E1

E2
y

r

θ

a
q

θ

a
–q
– x+

Figure 23.14 The total electric field E at P due to two charges of
equal magnitude and opposite sign (an electric dipole) equals the
vector sum The field E1 is due to the positive charge q ,
and E2 is the field due to the negative charge !q .

E1 $ E2 .

ELECTRIC FIELD OF A CONTINUOUS
CHARGE DISTRIBUTION

Very often the distances between charges in a group of charges are much smaller
than the distance from the group to some point of interest (for example, a point
where the electric field is to be calculated). In such situations, the system of

23.5
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	 	 	 	 	 	 	 	 ec. (2.5)


	 donde: 

	 	 2a es la distancia entre los centros de las dos cargas que generan el dipolo.

	 	 el producto q2a, se le conoce como el momento de dipolo y se denota como P 

	 Si a la ecuación 2.5 le sustituimos la variable de momento del dipolo y se sustituye la variable y para para 
evitar confusiones con el eje y, se tiene la ecuación 2.6


	 	 	 	 	 	 	 	 ec. (2.6)


	 donde: 	 P momento del dipolo

	 	 	 s distancia del centro del dipolo al punto de prueba.


2.4 El campo eléctrico debido a distribuciones de carga continuas. 

	 Caso 1	 El campo eléctrico debido a una línea de carga.


E =
1

2πϵ0

q2a
y3

E =
1

2πϵ0

P
s3
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	 Hasta el momento se ha considerado el campo debido a una o varias cargas puntuales, ahora se 
considerará el efecto de miles o millones de cargas puntuales confinadas en un mismo objeto y separadas por 
una distancia muy pequeña entre si, dispersas a lo largo de una superficie o dentro de un volumen; a este tipo 
de distribuciones se les llama continuas. 


	 En un objeto con una distribución de carga continua las cargas estarán separadas entre si por una 
distancia que dependerá del número de cargas, es decir que es necesario poner en perspectiva la necesidad 
de definir cuantas cargas por unidad de área están contenidas. Este concepto es la Densidad de Carga ( λ ) 
cuya unidad en el SI es el C/m (Coulomb por metro).



	 Así se pueden encontrar formulas generales para distintos tipos de líneas de carga, anillo:

	 	 	 	 	 	 	 	 


	 	 	    ec. (2.7)


	 	 	 	 	 	 ec. (2.8)


	 En el caso de que el anillo se encuentre a una distancia muy grande de x >> a, la ec (2.9) se puede sobre 
escribir como:


E = ∫ dEcosθ =
xλ

4πϵ0(x2 + a2)3/2 ∫
2πa

0
ds =

2λ(2πa)
4πϵ0(x2 + a2)3/2

E =
qx

4πϵ0(x2 + a2)3/2
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23.5 Electric Field of a Continuous Charge Distribution 725

The Electric Field of a Uniformly Charged DiskEXAMPLE 23.9
butions of all rings making up the disk. By symmetry, the field
at an axial point must be along the central axis.

The ring of radius r and width dr shown in Figure 23.18
has a surface area equal to 2!r dr. The charge dq on this ring
is equal to the area of the ring multiplied by the surface
charge density: Using this result in the equa-
tion given for Ex in Example 23.8 (with a replaced by r), we
have for the field due to the ring

To obtain the total field at P, we integrate this expression
over the limits r " 0 to r " R, noting that x is a constant. This
gives

 " 2!ke # ! x
" x "

$
x

(x2 % R2)1/2 #
 " kex!# $ (x2 % r 2)$1/2

$1/2 %R

0
 

 " kex!# &R

0
 (x2 % r 2)$3/2 d(r 2)

E " kex!# &R

0
 

2r dr
(x2 % r 2)3/2  

dE "
kex

(x2 % r 2)3/2  (2!#r dr)

dq " 2!#r dr.

A disk of radius R has a uniform surface charge density #.
Calculate the electric field at a point P that lies along the cen-
tral perpendicular axis of the disk and a distance x from the
center of the disk (Fig. 23.18).

Solution If we consider the disk as a set of concentric
rings, we can use our result from Example 23.8—which gives
the field created by a ring of radius a—and sum the contri-

various charge segments sum to zero. That is, the perpen-
dicular component of the field created by any charge ele-
ment is canceled by the perpendicular component created by
an element on the opposite side of the ring. Because

and cos & " x/r, we find that

All segments of the ring make the same contribution to the
field at P because they are all equidistant from this point.
Thus, we can integrate to obtain the total field at P :

dEx " dE cos & " !ke 
dq
r 2 # x

r
"

kex
(x2 % a2)3/2  dq

r " (x2 % a2)1/2

This result shows that the field is zero at x " 0. Does this find-
ing surprise you?

Exercise Show that at great distances from the ring 
the electric field along the axis shown in Figure 23.17 ap-
proaches that of a point charge of magnitude Q .

(x W a)

kex
(x2 % a2)3/2  Q"

Ex " & 
kex

(x2 % a2)3/2  dq "
kex

(x2 % a2)3/2  & dq

(a)

+ +

+

+

+
+

+

+
+ +

++
++

++

θ P dEx

dEdE⊥

x

r

dq

a

(b)

+ +

+

+

+
+

+

+
+

+

++

+
+ +

+

θ

dE2

1

dE1

2

Figure 23.17 A uniformly charged ring of radius a. (a) The field at P on the x axis due to an ele-
ment of charge dq. (b) The total electric field at P is along the x axis. The perpendicular component of
the field at P due to segment 1 is canceled by the perpendicular component due to segment 2.

Figure 23.18 A uniformly charged disk of radius R . The electric
field at an axial point P is directed along the central axis, perpendic-
ular to the plane of the disk.

P
x

r

R

dq

dr
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	 	 	 	 	 	 	 	 ec. (2.10)


	 Campo en una barra cargada:




	 	 	 	 	 	 ec. (2.11)


	 	 	 	 	 ec. (2.12)


              Fig. 2.7 Barra Cargada




	 Campo en un disco uniformemente cargado:


E =
q

4πϵ0

E = ∫
l+a

a
ke

keλ
x2

dx

E =
keQ

a(l + a)
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724 C H A P T E R  2 3 Electric Fields

• If the charge is nonuniformly distributed over a volume, surface, or line, we
have to express the charge densities as

where dQ is the amount of charge in a small volume, surface, or length element.

! "
dQ
dV

  # "
dQ
dA

  $ "
dQ
d!

The Electric Field Due to a Charged RodEXAMPLE 23.7

where we have used the fact that the total charge Q " $ .
If P is far from the rod then the in the denomi-

nator can be neglected, and This is just the form
you would expect for a point charge. Therefore, at large val-
ues of a/ , the charge distribution appears to be a point
charge of magnitude Q . The use of the limiting technique

often is a good method for checking a theoretical
formula.
(a/! : %)

!

E ! keQ /a2.
!(a W !),

!

keQ
a(! & a)

 " ke $ " 1
a

'
1

! & a # "

E " ke $ $!&a

a
 
dx
x2 " ke $%'

1
x &

!&a

a
 

A rod of length " has a uniform positive charge per unit
length $ and a total charge Q . Calculate the electric field at a
point P that is located along the long axis of the rod and a
distance a from one end (Fig. 23.16).

Solution Let us assume that the rod is lying along the x
axis, that dx is the length of one small segment, and that dq is
the charge on that segment. Because the rod has a charge
per unit length $, the charge dq on the small segment is

The field d E due to this segment at P is in the negative x
direction (because the source of the field carries a positive
charge Q ), and its magnitude is

Because every other element also produces a field in the neg-
ative x direction, the problem of summing their contribu-
tions is particularly simple in this case. The total field at P
due to all segments of the rod, which are at different dis-
tances from P, is given by Equation 23.6, which in this case
becomes3

where the limits on the integral extend from one end of the
rod to the other The constants ke and $
can be removed from the integral to yield

(x " ! & a).(x " a)

E " $!&a

a
k e $ 

dx
x2

dE " ke 
dq
x2 " ke $ 

 dx
x2

dq " $ dx.

The Electric Field of a Uniform Ring of ChargeEXAMPLE 23.8

This field has an x component cos ( along the axis
and a component dE! perpendicular to the axis. As we see in
Figure 23.17b, however, the resultant field at P must lie along
the x axis because the perpendicular components of all the

dEx " dE

dE " ke 
dq
r 2

A ring of radius a carries a uniformly distributed positive total
charge Q . Calculate the electric field due to the ring at a
point P lying a distance x from its center along the central
axis perpendicular to the plane of the ring (Fig. 23.17a).

Solution The magnitude of the electric field at P due to
the segment of charge dq is

3 It is important that you understand how to carry out integrations such as this. First, express the
charge element dq in terms of the other variables in the integral (in this example, there is one variable,
x, and so we made the change The integral must be over scalar quantities; therefore, you
must express the electric field in terms of components, if necessary. (In this example the field has only
an x component, so we do not bother with this detail.) Then, reduce your expression to an integral
over a single variable (or to multiple integrals, each over a single variable). In examples that have
spherical or cylindrical symmetry, the single variable will be a radial coordinate.

dq " $ dx).

x

y

!
a

P
x

dx
dq = λdx

dE

λ

Figure 23.16 The electric field at P due to a uniformly charged
rod lying along the x axis. The magnitude of the field at P due to the
segment of charge dq is kedq/x2. The total field at P is the vector sum
over all segments of the rod.
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	 	 	 	 	 	 	 	 	 	 	 	 ec. (2.13)


		 	 	 	 	 	 	 ec. (2.14)


Fig. 2. 8. Disco Cargado		 	 	 Donde  es la densidad de carga.


2.5 La Carga Eléctrica en un Campo Eléctrico.


	 Cuando se coloca una carga puntual cargada dentro de un campo eléctrico estático o que se mueve 
muy lentamente se produce un efecto de atracción o repulsión electrostático donde la magnitud de esta fuerza 
de determina con la ecuación (2.13) la cual se puede igualar a la fuerza de gravedad y de esa expresión 
obtener la ecuación de aceleración de la partícula debido al campo eléctrico externo:


 	 	 	 	 	 	 	 	 ec. (2.13)


	 Como F = ma, la aceleración de la partícula en el campo es:


E = k xπλ∫
R

0

2r
(x2 + r2)3/2

dr

E ≃ 2πkλ ≃
λ

2ϵ0

λ

F = qE
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23.5 Electric Field of a Continuous Charge Distribution 725

The Electric Field of a Uniformly Charged DiskEXAMPLE 23.9
butions of all rings making up the disk. By symmetry, the field
at an axial point must be along the central axis.

The ring of radius r and width dr shown in Figure 23.18
has a surface area equal to 2!r dr. The charge dq on this ring
is equal to the area of the ring multiplied by the surface
charge density: Using this result in the equa-
tion given for Ex in Example 23.8 (with a replaced by r), we
have for the field due to the ring

To obtain the total field at P, we integrate this expression
over the limits r " 0 to r " R, noting that x is a constant. This
gives

 " 2!ke # ! x
" x "

$
x

(x2 % R2)1/2 #
 " kex!# $ (x2 % r 2)$1/2

$1/2 %R

0
 

 " kex!# &R

0
 (x2 % r 2)$3/2 d(r 2)

E " kex!# &R

0
 

2r dr
(x2 % r 2)3/2  

dE "
kex

(x2 % r 2)3/2  (2!#r dr)

dq " 2!#r dr.

A disk of radius R has a uniform surface charge density #.
Calculate the electric field at a point P that lies along the cen-
tral perpendicular axis of the disk and a distance x from the
center of the disk (Fig. 23.18).

Solution If we consider the disk as a set of concentric
rings, we can use our result from Example 23.8—which gives
the field created by a ring of radius a—and sum the contri-

various charge segments sum to zero. That is, the perpen-
dicular component of the field created by any charge ele-
ment is canceled by the perpendicular component created by
an element on the opposite side of the ring. Because

and cos & " x/r, we find that

All segments of the ring make the same contribution to the
field at P because they are all equidistant from this point.
Thus, we can integrate to obtain the total field at P :

dEx " dE cos & " !ke 
dq
r 2 # x

r
"

kex
(x2 % a2)3/2  dq

r " (x2 % a2)1/2

This result shows that the field is zero at x " 0. Does this find-
ing surprise you?

Exercise Show that at great distances from the ring 
the electric field along the axis shown in Figure 23.17 ap-
proaches that of a point charge of magnitude Q .

(x W a)

kex
(x2 % a2)3/2  Q"

Ex " & 
kex

(x2 % a2)3/2  dq "
kex

(x2 % a2)3/2  & dq

(a)

+ +

+

+

+
+

+

+
+ +

++
++

++

θ P dEx

dEdE⊥

x

r

dq

a

(b)

+ +

+

+

+
+

+

+
+

+

++

+
+ +

+

θ

dE2

1

dE1

2

Figure 23.17 A uniformly charged ring of radius a. (a) The field at P on the x axis due to an ele-
ment of charge dq. (b) The total electric field at P is along the x axis. The perpendicular component of
the field at P due to segment 1 is canceled by the perpendicular component due to segment 2.

Figure 23.18 A uniformly charged disk of radius R . The electric
field at an axial point P is directed along the central axis, perpendic-
ular to the plane of the disk.

P
x

r

R

dq

dr
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	 	 	 	 	 	 	 	 	 ec. (2.14)




Ejemplo (conceptual) 2.3.    





	 	 	 	 	 	 	 	 	 	 	           Fig. 2.9 Carga en un campo     		 	
	 	 	 	 	 	 	 	 	 	 	 	 	 eléctrico uniforme

Fig. 2.8


Ejemplo 2.4.


a =
qE
m

M.C. Jorge A. Huerta  de 25 54

23.7 Motion of Charged Particles in a Uniform Electric Field 729

The electric field in the region between two oppositely charged flat metallic
plates is approximately uniform (Fig. 23.25). Suppose an electron of charge !e is
projected horizontally into this field with an initial velocity vi i. Because the electric
field E in Figure 23.25 is in the positive y direction, the acceleration of the elec-
tron is in the negative y direction. That is,

(23.8)

Because the acceleration is constant, we can apply the equations of kinematics in
two dimensions (see Chapter 4) with and After the electron has
been in the electric field for a time t, the components of its velocity are

(23.9)

(23.10)vy " ayt " !
eE
m

 t

vx " vi " constant

vyi " 0.vxi " vi

a " !
eE
m

 j

–

–

–

–

–

–

+

+

+

+

+

+

E

vv = 0

q

x

+ +

Figure 23.24 A positive point charge q in a uniform electric field
E undergoes constant acceleration in the direction of the field.

(0, 0)

!

E

–

(x, y)

–
v

x

y– – – – – – – – – – – –

+ + + + + + + + + + + +

vi i

Figure 23.25 An electron is pro-
jected horizontally into a uniform
electric field produced by two
charged plates. The electron under-
goes a downward acceleration (op-
posite E), and its motion is para-
bolic while it is between the plates.

theorem because the work done by the electric force is
and W " #K .Fex " qEx

dimension (see Chapter 2):

Taking and , we have

The kinetic energy of the charge after it has moved a distance
is

We can also obtain this result from the work–kinetic energy

K " 1
2mv2 " 1

2m ! 2qE
m "x " qEx

x " x f ! x i

vx f 

2 " 2axx f " ! 2qE
m "x f

 vx f " axt "
qE
m

 t 

 x f " 1
2axt2 "

qE
2m

 t2 

vx i " 0x i " 0

vx f 

2
 " vxi 

2 $ 2ax(x f ! x i)

 vx f " vxi $ axt 

 x f " x i $ vxit $ 1
2axt2 

http://librosysolucionarios.net

23.7 Motion of Charged Particles in a Uniform Electric Field 729

The electric field in the region between two oppositely charged flat metallic
plates is approximately uniform (Fig. 23.25). Suppose an electron of charge !e is
projected horizontally into this field with an initial velocity vi i. Because the electric
field E in Figure 23.25 is in the positive y direction, the acceleration of the elec-
tron is in the negative y direction. That is,

(23.8)

Because the acceleration is constant, we can apply the equations of kinematics in
two dimensions (see Chapter 4) with and After the electron has
been in the electric field for a time t, the components of its velocity are

(23.9)

(23.10)vy " ayt " !
eE
m
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Figure 23.24 A positive point charge q in a uniform electric field
E undergoes constant acceleration in the direction of the field.
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electric field produced by two
charged plates. The electron under-
goes a downward acceleration (op-
posite E), and its motion is para-
bolic while it is between the plates.

theorem because the work done by the electric force is
and W " #K .Fex " qEx

dimension (see Chapter 2):

Taking and , we have

The kinetic energy of the charge after it has moved a distance
is

We can also obtain this result from the work–kinetic energy

K " 1
2mv2 " 1

2m ! 2qE
m "x " qEx

x " x f ! x i

vx f 

2 " 2axx f " ! 2qE
m "x f

 vx f " axt "
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	 Un electrón entra en una región de un campo eléctrico uniforme como el que se muestra en la Fig 2.9 
con una velocidad inicial de 3.0 x 106 m/s y la intensidad del campo es de E = 200 N/C. La distancia horizontal 
es l = 0.1m. Encontrar la aceleración del electrón mientras este se encuentra en el campo eléctrico.


Actividad de Tarea 2
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a) Investigue 3 procesos de aplicación que involucren el movimiento de partículas cargadas dentro de un 
campo eléctrico.


b) Resuelva los siguiente ejercicios:


 
2.1.- ¿Cuál es la magnitud de una carga puntual que crearía un 
campo eléctrico de 1.0 N/C en los puntos situados a 1.0 m de 
distancia?

2.2.- Un isotopo de plutonio 239 tiene un radio nuclear de 6.64 
fm y un número atómico Z = 94. Si se supone que la carga 
positiva está distribuida de manera uniforme dentro del núcleo, 
¿Cuales son las magnitud y dirección del campo eléctrico en la 
superficie del núcleo debido a las cargas positivas?
2.4.- Cuatro cargas puntuales se encuentran en las esquinas 
de un cuadrado de lado a, como se muestra en la Fig 2.11. a) 
Determinar la magnitud y dirección del campo en la ubicación 
de la carga q b) ¿Cuál es la resultante de fuerza en q?




Fig. 2.11 Problema 2.4.

Problems 735

15. Three charges are at the corners of an equilateral trian-
gle, as shown in Figure P23.7. (a) Calculate the electric
field at the position of the 2.00-!C charge due to the
7.00-!C and " 4.00-!C charges. (b) Use your answer to
part (a) to determine the force on the 2.00-!C charge.

16. Three point charges are arranged as shown in Figure
P23.16. (a) Find the vector electric field that the 
6.00-nC and " 3.00-nC charges together create at the
origin. (b) Find the vector force on the 5.00-nC charge.

22. Consider n equal positive point charges each of magni-
tude Q /n placed symmetrically around a circle of ra-
dius R . (a) Calculate the magnitude of the electric field
E at a point a distance x on the line passing through the
center of the circle and perpendicular to the plane of
the circle. (b) Explain why this result is identical to the
one obtained in Example 23.8.

23. Consider an infinite number of identical charges (each
of charge q) placed along the x axis at distances a, 2a,
3a, 4a, . . . from the origin. What is the electric field
at the origin due to this distribution? Hint: Use the fact
that

Section 23.5 Electric Field of a Continuous 
Charge Distribution

24. A rod 14.0 cm long is uniformly charged and has a total
charge of " 22.0 !C. Determine the magnitude and di-
rection of the electric field along the axis of the rod at a
point 36.0 cm from its center.

1 #
1
22 #

1
32 #

1
42 # $$$ %

&2

6

nents of the electric field at point (x, y) due to this
charge q are

21. Consider the electric dipole shown in Figure P23.21.
Show that the electric field at a distant point along the 
x axis is Ex ! 4keqa/x3.

Ey %
keq(y " y0)

[(x " x0)2 # (y " y0)2]3/2

Ex %
keq(x " x0)

[(x " x0)2 # (y " y0)2]3/2

18. Two 2.00-!C point charges are located on the x axis.
One is at x % 1.00 m, and the other is at x % " 1.00 m.
(a) Determine the electric field on the y axis at y %
0.500 m. (b) Calculate the electric force on a " 3.00-!C
charge placed on the y axis at y % 0.500 m.

19. Four point charges are at the corners of a square of side
a, as shown in Figure P23.19. (a) Determine the magni-
tude and direction of the electric field at the location of
charge q. (b) What is the resultant force on q?

20. A point particle having charge q is located at point 
(x0 , y0) in the xy plane. Show that the x and y compo-

17. Three equal positive charges q are at the corners of an
equilateral triangle of side a, as shown in Figure P23.17.
(a) Assume that the three charges together create an
electric field. Find the location of a point (other than
') where the electric field is zero. (Hint: Sketch the
field lines in the plane of the charges.) (b) What are
the magnitude and direction of the electric field at P
due to the two charges at the base?

Figure P23.17

Figure P23.19

Figure P23.21

Figure P23.16

0.100 m

x

–3.00 nC

5.00 nC 0.300 m 6.00 nC

y

qq
a

q

a a

P +

+ +

a a

a

a

q

3q 4q

2q

2a

x
–q q

yWEB
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2.3.- Tres cargas puntuales están localizadas en la esquinas de 
un triangulo equilátero como se muestra en la Fig. 2.10. 
Calcular la fuerza eléctrica neta en la partícula de carga 7.0 μC.




Fig. 2.10 Problema 2.3.

734 C H A P T E R  2 3 Electric Fields

trons in one sphere that must be transferred to the
other to produce an attractive force of 1.00 ! 104 N
(about 1 ton) between the spheres. (The number of
electrons per atom of silver is 47, and the number of
atoms per gram is Avogadro’s number divided by the
molar mass of silver, 107.87 g/mol.)

5. Suppose that 1.00 g of hydrogen is separated into elec-
trons and protons. Suppose also that the protons are
placed at the Earth’s north pole and the electrons are
placed at the south pole. What is the resulting compres-
sional force on the Earth?

6. Two identical conducting small spheres are placed
with their centers 0.300 m apart. One is given a 
charge of 12.0 nC, and the other is given a charge of
" 18.0 nC. (a) Find the electric force exerted on one
sphere by the other. (b) The spheres are connected by
a conducting wire. Find the electric force between the
two after equilibrium has occurred.

7. Three point charges are located at the corners of an
equilateral triangle, as shown in Figure P23.7. Calculate
the net electric force on the 7.00-#C charge.

14. An airplane is flying through a thundercloud at a
height of 2 000 m. (This is a very dangerous thing to do
because of updrafts, turbulence, and the possibility of
electric discharge.) If there are charge concentrations
of $ 40.0 C at a height of 3 000 m within the cloud and
of " 40.0 C at a height of 1 000 m, what is the electric
field E at the aircraft?

Section 23.4 The Electric Field
11. What are the magnitude and direction of the electric

field that will balance the weight of (a) an electron and
(b) a proton? (Use the data in Table 23.1.)

12. An object having a net charge of 24.0 #C is placed in a
uniform electric field of 610 N/C that is directed verti-
cally. What is the mass of this object if it “floats” in the
field?

13. In Figure P23.13, determine the point (other than in-
finity) at which the electric field is zero.

10. Review Problem. Two identical point charges each
having charge $q are fixed in space and separated by a
distance d. A third point charge "Q of mass m is free to
move and lies initially at rest on a perpendicular bisec-
tor of the two fixed charges a distance x from the mid-
point of the two fixed charges (Fig. P23.10). (a) Show
that if x is small compared with d, the motion of "Q is
simple harmonic along the perpendicular bisector. De-
termine the period of that motion. (b) How fast will the
charge "Q be moving when it is at the midpoint be-
tween the two fixed charges, if initially it is released at a
distance from the midpoint?x % a V d

9. Review Problem. In the Bohr theory of the hydrogen
atom, an electron moves in a circular orbit about a pro-
ton, where the radius of the orbit is 0.529 ! 10"10 m.
(a) Find the electric force between the two. (b) If this
force causes the centripetal acceleration of the electron,
what is the speed of the electron?

8. Two small beads having positive charges 3q and q are
fixed at the opposite ends of a horizontal insulating rod
extending from the origin to the point x % d. As shown
in Figure P23.8, a third small charged bead is free to
slide on the rod. At what position is the third bead in
equilibrium? Can it be in stable equilibrium?

0.500 m

7.00 µC

2.00 µC –4.00 µC

60.0°
x

y µ

µµ

–+

+

Figure P23.7 Problems 7 and 15.

Figure P23.8

Figure P23.10

d

+3q +q

+q

+q

–Q
x

y

d/2

d/2
x

1.00 m

–2.50 µC 6.00 µCµ µ

Figure P23.13
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2.6.- Un disco de 2.5cm de radio tiene una densidad de carga 
superficial de 5.3 μC/m2 sobre su cara superior. ¿Cuál es la 
magnitud el campo eléctrico producido por el disco en el 
punto sobre su eje central a una distancia de 12 cm del disco?

2.7.- Un electrón se suelta desde el reposo en un campo en 
eléctrico uniforme de magnitud igual a 2.0 x 104 N/C. Calcule la 
aceleración del electrón (desprecie la fuerza de gravedad).

2.8 Calcule la magnitud de la fuerza debida a un dipolo 
eléctrico de momento de dipolo de 3.6 x 10-29 C·m sobre un 
electrón situado a 25 nm del centro del dipolo a lo largo del eje 
del dipolo. Suponga que la distancia es grande en 
comparación con la separación de la carga del dipolo.

2.5.- Considere el dipolo mostrando en la Fig. 2.12 y muestre 
que el campo eléctrico debido al dipolo en un punto P ubicado  

a lo largo del el eje x es .




Fig. 2.12 Problema 2.5

Ex ≃
4kqa

x3

Problems 735

15. Three charges are at the corners of an equilateral trian-
gle, as shown in Figure P23.7. (a) Calculate the electric
field at the position of the 2.00-!C charge due to the
7.00-!C and " 4.00-!C charges. (b) Use your answer to
part (a) to determine the force on the 2.00-!C charge.

16. Three point charges are arranged as shown in Figure
P23.16. (a) Find the vector electric field that the 
6.00-nC and " 3.00-nC charges together create at the
origin. (b) Find the vector force on the 5.00-nC charge.

22. Consider n equal positive point charges each of magni-
tude Q /n placed symmetrically around a circle of ra-
dius R . (a) Calculate the magnitude of the electric field
E at a point a distance x on the line passing through the
center of the circle and perpendicular to the plane of
the circle. (b) Explain why this result is identical to the
one obtained in Example 23.8.

23. Consider an infinite number of identical charges (each
of charge q) placed along the x axis at distances a, 2a,
3a, 4a, . . . from the origin. What is the electric field
at the origin due to this distribution? Hint: Use the fact
that

Section 23.5 Electric Field of a Continuous 
Charge Distribution

24. A rod 14.0 cm long is uniformly charged and has a total
charge of " 22.0 !C. Determine the magnitude and di-
rection of the electric field along the axis of the rod at a
point 36.0 cm from its center.

1 #
1
22 #

1
32 #

1
42 # $$$ %

&2

6

nents of the electric field at point (x, y) due to this
charge q are

21. Consider the electric dipole shown in Figure P23.21.
Show that the electric field at a distant point along the 
x axis is Ex ! 4keqa/x3.

Ey %
keq(y " y0)

[(x " x0)2 # (y " y0)2]3/2

Ex %
keq(x " x0)

[(x " x0)2 # (y " y0)2]3/2

18. Two 2.00-!C point charges are located on the x axis.
One is at x % 1.00 m, and the other is at x % " 1.00 m.
(a) Determine the electric field on the y axis at y %
0.500 m. (b) Calculate the electric force on a " 3.00-!C
charge placed on the y axis at y % 0.500 m.

19. Four point charges are at the corners of a square of side
a, as shown in Figure P23.19. (a) Determine the magni-
tude and direction of the electric field at the location of
charge q. (b) What is the resultant force on q?

20. A point particle having charge q is located at point 
(x0 , y0) in the xy plane. Show that the x and y compo-

17. Three equal positive charges q are at the corners of an
equilateral triangle of side a, as shown in Figure P23.17.
(a) Assume that the three charges together create an
electric field. Find the location of a point (other than
') where the electric field is zero. (Hint: Sketch the
field lines in the plane of the charges.) (b) What are
the magnitude and direction of the electric field at P
due to the two charges at the base?

Figure P23.17

Figure P23.19

Figure P23.21

Figure P23.16

0.100 m

x

–3.00 nC

5.00 nC 0.300 m 6.00 nC

y

qq
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q

a a

P +

+ +

a a

a

a

q

3q 4q
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2a

x
–q q
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TEMA 3 LEY DE GAUSS.

	 3.1 Flujo Eléctrico.

	 3.2 La Ley de Gauss.

	 3.3 Aplicaciones de la Ley de Gauss.


3.0 Introducción


	 En el tema anterior se mostró cómo utilizar la Ley de 
Coulomb para calcular el campo eléctrico generado por una 
distribución de carga dada. En este tema se mostrara cómo y 
en qué casos utilizar la Ley de Gauss como una alternativa para 
el calculo de los campos eléctricos. Esta se puede emplear 
para aprovechar las situaciones especiales de simetría. 
Equivale en todo a la Ley de Coulomb, por lo que la aplicación 
de una o de otra depende de las condiciones del ejercicio 
planteado.

	 

	 La Ley de Gauss se centra en un a superficie cerrada 
hipotética llamada superficie de Gauss (Ver Fig. 3.1). La cual 
puede tener la forma que sea necesaria, aunque siempre 
tendrá que ser cerrada para poder distinguir claramente entre 
los puntos que se encuentran dentro a los que están ubicados 
fuera. Las superficies de Gauss mas útiles, serán aquellas que 
tengan una marcada forma simétrica (cilindros, esferas, cubos).


Fig. 3.1 Superficie Gaussiana.     


M.C. Jorge A. Huerta  de 29 54
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the surface and, by convention, always point outward. At the element labeled !,
the field lines are crossing the surface from the inside to the outside and 
hence, the flux i through this element is positive. For element ",
the field lines graze the surface (perpendicular to the vector !Ai); thus, 
and the flux is zero. For elements such as #, where the field lines are crossing the
surface from outside to inside, and the flux is negative because 
cos " is negative. The net flux through the surface is proportional to the net num-
ber of lines leaving the surface, where the net number means the number leaving the
surface minus the number entering the surface. If more lines are leaving than entering,
the net flux is positive. If more lines are entering than leaving, the net flux is nega-
tive. Using the symbol to represent an integral over a closed surface, we can write
the net flux #E through a closed surface as

(24.4)

where En represents the component of the electric field normal to the surface.
Evaluating the net flux through a closed surface can be very cumbersome. How-
ever, if the field is normal to the surface at each point and constant in magnitude,
the calculation is straightforward, as it was in Example 24.1. The next example also
illustrates this point.

#E $ ! E ! dA $ ! En dA

!

180% & " & 90%

" $ 90%
!#E $ E ! !A

" ' 90%;

∆A i

∆A i !
"

#

E

#
!

"

∆A i

E
θ

Eθ

Figure 24.4 A closed surface
in an electric field. The area vec-
tors !Ai are, by convention, nor-
mal to the surface and point out-
ward. The flux through an area
element can be positive (ele-
ment !), zero (element "), or
negative (element #).

Flux Through a CubeEXAMPLE 24.2
faces (#, $, and the unnumbered ones) is zero because E is
perpendicular to dA on these faces.

The net flux through faces ! and " is

#E $ "
1
 E ! dA ( "

2
 E ! dA

Consider a uniform electric field E oriented in the x direc-
tion. Find the net electric flux through the surface of a cube
of edges !, oriented as shown in Figure 24.5.

Solution The net flux is the sum of the fluxes through all
faces of the cube. First, note that the flux through four of the

Karl Friedrich Gauss German
mathematician and astronomer
(1777 – 1855)
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3.1 Flujo Eléctrico.


	 El concepto de líneas de campo que fue descrito de manera cualitativa en el Tema 2.2, es ahora utilizado 
para mostrar el concepto de flujo eléctrico o las líneas de campo eléctrico de una manera cuantitativa.




	 	 Considere un campo eléctrico uniforme, tanto en 
magnitud como en dirección como se muestra en la Fig. 3.2. 
Las líneas de campo penetran la superficie rectangular de área 
A´. El número de líneas por unidad de área (densidad de líneas 
de campo) es proporcional a la magnitud del campo eléctrico. 
Por lo tanto el número de líneas que penetran la superficie 
perpendicular es proporcional al producto EA´. Este producto 
es la magnitud del campo  eléctrico E en una superficie de 
área A´.


	 	 	 	 	 	 ec (3.1)


Fig. 3.2 Líneas de campo penetrando una superficie.


ΦE = EA′ 

M.C. Jorge A. Huerta  de 30 54

La Ley de Gauss relaciona los campos eléctricos en puntos sobre una 
superficie de Gauss (cerrada) y la carga neta encerrada dentro de la 

superficie.

A tener en 
cuenta

24.1 Electric Flux 745

conclude that the flux through A is

(24.2)

From this result, we see that the flux through a surface of fixed area A has a maxi-
mum value EA when the surface is perpendicular to the field (in other words,
when the normal to the surface is parallel to the field, that is, in Figure
24.2); the flux is zero when the surface is parallel to the field (in other words,
when the normal to the surface is perpendicular to the field, that is, 

We assumed a uniform electric field in the preceding discussion. In more gen-
eral situations, the electric field may vary over a surface. Therefore, our definition
of flux given by Equation 24.2 has meaning only over a small element of area.
Consider a general surface divided up into a large number of small elements, each
of area !A. The variation in the electric field over one element can be neglected if
the element is sufficiently small. It is convenient to define a vector !A i whose mag-
nitude represents the area of the ith element of the surface and whose direction is
defined to be perpendicular to the surface element, as shown in Figure 24.3. The elec-
tric flux !"E through this element is

where we have used the definition of the scalar product of two vectors
By summing the contributions of all elements, we obtain the

total flux through the surface.1 If we let the area of each element approach zero,
then the number of elements approaches infinity and the sum is replaced by an in-
tegral. Therefore, the general definition of electric flux is

(24.3)

Equation 24.3 is a surface integral, which means it must be evaluated over the sur-
face in question. In general, the value of "E depends both on the field pattern and
on the surface.

We are often interested in evaluating the flux through a closed surface, which is
defined as one that divides space into an inside and an outside region, so that one
cannot move from one region to the other without crossing the surface. The sur-
face of a sphere, for example, is a closed surface.

Consider the closed surface in Figure 24.4. The vectors !Ai point in different
directions for the various surface elements, but at each point they are normal to

dA"E # lim
!Ai :0

 $ Ei ! !Ai # !
surface

E !

(A ! B # AB cos %).

!"E # Ei !Ai cos % # Ei & ! Ai

% # 90').

% # 0'

"E # EA( # EA cos %

QuickLab
Shine a desk lamp onto a playing
card and notice how the size of the
shadow on your desk depends on the
orientation of the card with respect
to the beam of light. Could a formula
like Equation 24.2 be used to de-
scribe how much light was being
blocked by the card?

Definition of electric flux

1 It is important to note that drawings with field lines have their inaccuracies because a small area ele-
ment (depending on its location) may happen to have too many or too few field lines penetrating it.
We stress that the basic definition of electric flux is The use of lines is only an aid for visualiz-
ing the concept.

! E ! dA.

A

θ

θ

A′ = A cos θ
E

Normal

θ

Figure 24.2 Field lines representing a
uniform electric field penetrating an
area A that is at an angle % to the field.
Because the number of lines that go
through the area A( is the same as the
number that go through A, the flux
through A( is equal to the flux through
A and is given by "E # EA cos %.

∆A i

E i
θ

Figure 24.3 A small element of
surface area !Ai . The electric field
makes an angle % with the vector
!Ai , defined as being normal to
the surface element, and the flux
through the element is equal to
E i !Ai cos %.
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	 En la Fig. 3.2 se aprecia que para la superficie A esta inclinada en un ángulo θ respecto de A´. Sin 
embargo las líneas de campo E que cruzan su área son las mismas. Por lo tanto se puede inferir que el flujo 
eléctrico  es él mismo en las dos superficies, resultado la ecuación (3.2).


	 	 	 	 	 	 	 ec (3.2)


	 donde: θ es el ángulo entre el campo E y la normal de la superficie, en este caso, la normal de A.


	 El análisis anterior funciona perfectamente para superficies totalmente planas, sin embargo, si la 
superficie es curvada e irregular como se ilustra en la Fig. 3.3. Entonces, si se quiere determinar la magnitud 
del flujo eléctrico que cruza el total de la superficie, se tienen que tomar superficies de área ΔA lo suficiente 

mente pequeñas para que se puedan considerar planas y que la ecuación (3.2) 
sea aplicable.


	 	 	 ec (3.3)


	 	 	 	 ec (3.4)


	 donde la integral está dada en toda la superficie para determinar el flujo 
total.


    Fig. 3.3.


ΦE

ΦE = EA′ = EAcosθ

ΔΦE = EiΔAicosθ = Ei ⋅ ΔAi

ΦE = ∫
superficie

0
E ⋅ d A
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24.1 Electric Flux 745

conclude that the flux through A is

(24.2)

From this result, we see that the flux through a surface of fixed area A has a maxi-
mum value EA when the surface is perpendicular to the field (in other words,
when the normal to the surface is parallel to the field, that is, in Figure
24.2); the flux is zero when the surface is parallel to the field (in other words,
when the normal to the surface is perpendicular to the field, that is, 

We assumed a uniform electric field in the preceding discussion. In more gen-
eral situations, the electric field may vary over a surface. Therefore, our definition
of flux given by Equation 24.2 has meaning only over a small element of area.
Consider a general surface divided up into a large number of small elements, each
of area !A. The variation in the electric field over one element can be neglected if
the element is sufficiently small. It is convenient to define a vector !A i whose mag-
nitude represents the area of the ith element of the surface and whose direction is
defined to be perpendicular to the surface element, as shown in Figure 24.3. The elec-
tric flux !"E through this element is

where we have used the definition of the scalar product of two vectors
By summing the contributions of all elements, we obtain the

total flux through the surface.1 If we let the area of each element approach zero,
then the number of elements approaches infinity and the sum is replaced by an in-
tegral. Therefore, the general definition of electric flux is

(24.3)

Equation 24.3 is a surface integral, which means it must be evaluated over the sur-
face in question. In general, the value of "E depends both on the field pattern and
on the surface.

We are often interested in evaluating the flux through a closed surface, which is
defined as one that divides space into an inside and an outside region, so that one
cannot move from one region to the other without crossing the surface. The sur-
face of a sphere, for example, is a closed surface.

Consider the closed surface in Figure 24.4. The vectors !Ai point in different
directions for the various surface elements, but at each point they are normal to

dA"E # lim
!Ai :0

 $ Ei ! !Ai # !
surface

E !

(A ! B # AB cos %).

!"E # Ei !Ai cos % # Ei & ! Ai

% # 90').

% # 0'

"E # EA( # EA cos %

QuickLab
Shine a desk lamp onto a playing
card and notice how the size of the
shadow on your desk depends on the
orientation of the card with respect
to the beam of light. Could a formula
like Equation 24.2 be used to de-
scribe how much light was being
blocked by the card?

Definition of electric flux

1 It is important to note that drawings with field lines have their inaccuracies because a small area ele-
ment (depending on its location) may happen to have too many or too few field lines penetrating it.
We stress that the basic definition of electric flux is The use of lines is only an aid for visualiz-
ing the concept.

! E ! dA.

A

θ

θ

A′ = A cos θ
E

Normal

θ

Figure 24.2 Field lines representing a
uniform electric field penetrating an
area A that is at an angle % to the field.
Because the number of lines that go
through the area A( is the same as the
number that go through A, the flux
through A( is equal to the flux through
A and is given by "E # EA cos %.

∆A i

E i
θ

Figure 24.3 A small element of
surface area !Ai . The electric field
makes an angle % with the vector
!Ai , defined as being normal to
the surface element, and the flux
through the element is equal to
E i !Ai cos %.
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Ejemplo 3.1.


	 Considere una campo eléctrico uniforme E que esta orientado en la dirección del eje x positivo, 
encuentre el flujo total que atraviesa la superficie cubica de la Fig 3.4 que tiene de longitud por lado l (ele).  


	 	 	 	 	 	 	 	 	 	 	 	 	 	 Fig 3.4 Ejemplo 3.1
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24.2 Gauss’s Law 747

GAUSS’S LAW
In this section we describe a general relationship between the net electric flux
through a closed surface (often called a gaussian surface) and the charge enclosed
by the surface. This relationship, known as Gauss’s law, is of fundamental impor-
tance in the study of electric fields.

Let us again consider a positive point charge q located at the center of a
sphere of radius r, as shown in Figure 24.6. From Equation 23.4 we know that the
magnitude of the electric field everywhere on the surface of the sphere is

As noted in Example 24.1, the field lines are directed radially outward
and hence perpendicular to the surface at every point on the surface. That is, at
each surface point, E is parallel to the vector !A i representing a local element of
area !Ai surrounding the surface point. Therefore,

and from Equation 24.4 we find that the net flux through the gaussian surface is

where we have moved E outside of the integral because, by symmetry, E is constant
over the surface and given by Furthermore, because the surface is
spherical, Hence, the net flux through the gaussian surface is

Recalling from Section 23.3 that we can write this equation in the
form

(24.5)

We can verify that this expression for the net flux gives the same result as Example
24.1: / C2/N"m2) # 1.13 $ 105 N"m2/C.(8.85 $ 10%12&E # (1.00 $ 10%6 C)

&E #
q
'0

ke # 1/(4('0),

&E #
keq
r 2  (4(r 2) # 4(keq

! dA # A # 4(r 2.
E # keq /r 2.

&E # ! E ! dA # ! E dA # E ! dA

E ! !Ai # E !Ai

E # keq /r 2.

24.2

y

z !

!

!
x

E

dA2

dA1

dA3

!

"

#

$ dA4

For !, E is constant and directed inward but dA1 is directed
outward thus, the flux through this face is

because the area of each face is 
For ", E is constant and outward and in the same direc-

tion as dA2() # 0°); hence, the flux through this face is

Therefore, the net flux over all six faces is

0&E # %E!2 * E!2 * 0 * 0 * 0 * 0 #

"
2
 E ! dA # "

2
 E(cos 0+)dA # E "

2
 dA # *EA # E !2

A # !2.

"
1

E ! dA # "
1
 E(cos 180+)dA # %E "

1
 dA # %EA # %E!2

() # 180+);

Figure 24.5 A closed surface in the shape of a cube in a uniform
electric field oriented parallel to the x axis. The net flux through the
closed surface is zero. Side $ is the bottom of the cube, and side !
is opposite side ".

11.6

Gaussian
surface

r

q

dA

E
+ i

Figure 24.6 A spherical gaussian
surface of radius r surrounding a
point charge q. When the charge is
at the center of the sphere, the
electric field is everywhere normal
to the surface and constant in mag-
nitude.
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3.2 La Ley de Gauss.


	 La ley de Gauss se basa en un concepto que ahora se tiene totalmente al alcance, que es del Flujo Neto 
o el flujo total que esta cruzando una superficie cerrada. Si se tiene que dentro de esta superficie existe una 
carga con un valor de carga  se puede escribir la ecuación de la Ley de Gauss como:


	 	 Ley de Gauss	 	 	 	  ec. (3.5)


	 Es decir que si el flujo Neto que está siendo atravesado por una superficie cerrada es diferente de cero, 
implicará que existe una carga encerrada dentro de esa superficie.  


	 	 	 

	 	 	 	 Fig. 3.5


	 	 	 	 	 	 	 	 	 	 	 	 	 Fig 3.6


qenc

ΦE =
q
ϵ0
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748 C H A P T E R  2 4 Gauss’s Law

Note from Equation 24.5 that the net flux through the spherical surface is
proportional to the charge inside. The flux is independent of the radius r because
the area of the spherical surface is proportional to r 2, whereas the electric field is
proportional to 1/r 2. Thus, in the product of area and electric field, the depen-
dence on r cancels.

Now consider several closed surfaces surrounding a charge q, as shown in Fig-
ure 24.7. Surface S1 is spherical, but surfaces S2 and S3 are not. From Equation
24.5, the flux that passes through S1 has the value q/!0 . As we discussed in the pre-
vious section, flux is proportional to the number of electric field lines passing
through a surface. The construction shown in Figure 24.7 shows that the number
of lines through S1 is equal to the number of lines through the nonspherical sur-
faces S2 and S3 . Therefore, we conclude that the net flux through any closed sur-
face is independent of the shape of that surface. The net flux through any
closed surface surrounding a point charge q is given by q/!0 .

Now consider a point charge located outside a closed surface of arbitrary
shape, as shown in Figure 24.8. As you can see from this construction, any electric
field line that enters the surface leaves the surface at another point. The number
of electric field lines entering the surface equals the number leaving the surface.
Therefore, we conclude that the net electric flux through a closed surface that
surrounds no charge is zero. If we apply this result to Example 24.2, we can eas-
ily see that the net flux through the cube is zero because there is no charge inside
the cube.

Suppose that the charge in Example 24.1 is just outside the sphere, 1.01 m from its center.
What is the total flux through the sphere?

Let us extend these arguments to two generalized cases: (1) that of many
point charges and (2) that of a continuous distribution of charge. We once again
use the superposition principle, which states that the electric field due to many
charges is the vector sum of the electric fields produced by the individual
charges. Therefore, we can express the flux through any closed surface as

where E is the total electric field at any point on the surface produced by the vec-
tor addition of the electric fields at that point due to the individual charges.

! E " dA " ! (E1 # E2 # $$$) " dA

Quick Quiz 24.1

The net electric flux through a
closed surface is zero if there is no
charge inside

S3

S2

S1

q

q

Figure 24.7 Closed surfaces of various shapes surround-
ing a charge q. The net electric flux is the same through all
surfaces.

Figure 24.8 A point charge lo-
cated outside a closed surface. The
number of lines entering the sur-
face equals the number leaving the
surface.

http://librosysolucionarios.net

748 C H A P T E R  2 4 Gauss’s Law

Note from Equation 24.5 that the net flux through the spherical surface is
proportional to the charge inside. The flux is independent of the radius r because
the area of the spherical surface is proportional to r 2, whereas the electric field is
proportional to 1/r 2. Thus, in the product of area and electric field, the depen-
dence on r cancels.

Now consider several closed surfaces surrounding a charge q, as shown in Fig-
ure 24.7. Surface S1 is spherical, but surfaces S2 and S3 are not. From Equation
24.5, the flux that passes through S1 has the value q/!0 . As we discussed in the pre-
vious section, flux is proportional to the number of electric field lines passing
through a surface. The construction shown in Figure 24.7 shows that the number
of lines through S1 is equal to the number of lines through the nonspherical sur-
faces S2 and S3 . Therefore, we conclude that the net flux through any closed sur-
face is independent of the shape of that surface. The net flux through any
closed surface surrounding a point charge q is given by q/!0 .

Now consider a point charge located outside a closed surface of arbitrary
shape, as shown in Figure 24.8. As you can see from this construction, any electric
field line that enters the surface leaves the surface at another point. The number
of electric field lines entering the surface equals the number leaving the surface.
Therefore, we conclude that the net electric flux through a closed surface that
surrounds no charge is zero. If we apply this result to Example 24.2, we can eas-
ily see that the net flux through the cube is zero because there is no charge inside
the cube.

Suppose that the charge in Example 24.1 is just outside the sphere, 1.01 m from its center.
What is the total flux through the sphere?

Let us extend these arguments to two generalized cases: (1) that of many
point charges and (2) that of a continuous distribution of charge. We once again
use the superposition principle, which states that the electric field due to many
charges is the vector sum of the electric fields produced by the individual
charges. Therefore, we can express the flux through any closed surface as

where E is the total electric field at any point on the surface produced by the vec-
tor addition of the electric fields at that point due to the individual charges.

! E " dA " ! (E1 # E2 # $$$) " dA

Quick Quiz 24.1

The net electric flux through a
closed surface is zero if there is no
charge inside
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Figure 24.7 Closed surfaces of various shapes surround-
ing a charge q. The net electric flux is the same through all
surfaces.
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cated outside a closed surface. The
number of lines entering the sur-
face equals the number leaving the
surface.
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	 Analizando las Fig 3.5 y 3.6, se puede observar que es necesaria una generalización de la Ley de Gauss 
para cualquier forma de superficie cerrada, por lo que se obtiene la ecuación (3.6).


		 	 	 	 	 	 ec. (3.6)





	 


3.3 Aplicaciones de la Ley de Gauss.

	 

	 La Ley de Gauss se puede utilizar para determinar la magnitud de campos eléctricos cuando la 
distribución de la carga se caracteriza por tener un alto grado de simetría. Por lo tanto si se quiere aplicar la 
ecuación (3.6) es fundamental la correcta elección de la superficie gaussiana que proporcione las mejores 
características de simetría según la distribución de carga que se pretenda observar. Algunas de estas 
superficies pueden ser mostradas en base a los siguientes ejemplos:


ΦE = ∮ E ⋅ d A =
qenc

ϵ0
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El flujo eléctrico neto en una superficie cerrada es igual a cero, si no 
existe una carga dentro de la superficie gaussiana.

A tener en 
cuenta
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	 Campo eléctrico debido a una carga puntual.


	 Para esta distribución de carga se puede seleccionar una superficie gaussiana que sea una esfera con 
centro, en el centro de la partícula cargada, cómo se ilustra en la Fig. 3.7.





Fig. 3.7.
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APPLICATION OF GAUSS’S LAW TO
CHARGED INSULATORS

As mentioned earlier, Gauss’s law is useful in determining electric fields when the
charge distribution is characterized by a high degree of symmetry. The following
examples demonstrate ways of choosing the gaussian surface over which the sur-
face integral given by Equation 24.6 can be simplified and the electric field deter-
mined. In choosing the surface, we should always take advantage of the symmetry
of the charge distribution so that we can remove E from the integral and solve for
it. The goal in this type of calculation is to determine a surface that satisfies one or
more of the following conditions:

1. The value of the electric field can be argued by symmetry to be constant over
the surface.

2. The dot product in Equation 24.6 can be expressed as a simple algebraic prod-
uct E dA because E and dA are parallel.

3. The dot product in Equation 24.6 is zero because E and dA are perpendicular.
4. The field can be argued to be zero over the surface.

All four of these conditions are used in examples throughout the remainder of
this chapter.

24.3

The Electric Field Due to a Point ChargeEXAMPLE 24.4
Starting with Gauss’s law, calculate the electric field due to an
isolated point charge q.

Solution A single charge represents the simplest possible
charge distribution, and we use this familiar case to show how
to solve for the electric field with Gauss’s law. We choose a
spherical gaussian surface of radius r centered on the point
charge, as shown in Figure 24.10. The electric field due to a
positive point charge is directed radially outward by symmetry
and is therefore normal to the surface at every point. Thus, as
in condition (2), E is parallel to dA at each point. Therefore,

and Gauss’s law gives

By symmetry, E is constant everywhere on the surface, which
satisfies condition (1), so it can be removed from the inte-
gral. Therefore,

! E dA ! E ! dA ! E(4"r 2) !
q
#0

$E ! ! E ! dA ! ! E dA !
q
#0

E ! dA ! E dA

Gaussian
surface

r

q

dA

E
+

Figure 24.10 The point charge q is at the center of the spherical
gaussian surface, and E is parallel to d A at every point on the
surface.

where we have used the fact that the surface area of a sphere
is 4"r 2. Now, we solve for the electric field:

This is the familiar electric field due to a point charge that we
developed from Coulomb’s law in Chapter 23.

ke 
q
r 2E !

q
4"#0r 2 !

A Spherically Symmetric Charge DistributionEXAMPLE 24.5
Solution Because the charge distribution is spherically
symmetric, we again select a spherical gaussian surface of ra-
dius r, concentric with the sphere, as shown in Figure 24.11a.
For this choice, conditions (1) and (2) are satisfied, as they

An insulating solid sphere of radius a has a uniform volume
charge density % and carries a total positive charge Q (Fig.
24.11). (a) Calculate the magnitude of the electric field at a
point outside the sphere.

11.6
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Distribución de carga cilindrica.


	 Una distribución de carga en un conductor o varilla como se ilustra en la Fig. 3.8; se puede analizar 
mediante una superficie Gaussiana de Forma cilíndrica cuyo eje central corresponda al centro del cuerpo 
cargado.


 


Fig. 3.8
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A Cylindrically Symmetric Charge DistributionEXAMPLE 24.7
Find the electric field a distance r from a line of positive
charge of infinite length and constant charge per unit length
! (Fig. 24.14a).

Solution The symmetry of the charge distribution re-
quires that E be perpendicular to the line charge and di-
rected outward, as shown in Figure 24.14a and b. To reflect
the symmetry of the charge distribution, we select a cylindri-
cal gaussian surface of radius r and length ! that is coaxial
with the line charge. For the curved part of this surface, E is
constant in magnitude and perpendicular to the surface at
each point—satisfaction of conditions (1) and (2). Further-
more, the flux through the ends of the gaussian cylinder is
zero because E is parallel to these surfaces—the first applica-
tion we have seen of condition (3).

We take the surface integral in Gauss’s law over the entire
gaussian surface. Because of the zero value of for the
ends of the cylinder, however, we can restrict our attention to
only the curved surface of the cylinder.

The total charge inside our gaussian surface is !!. Apply-
ing Gauss’s law and conditions (1) and (2), we find that for
the curved surface

"E # ! E ! dA # E ! dA # EA #
q in

$0
#

!!

$0

E ! dA

11.7

+

+

+

+

+
+

+
+

+
+

+
+

+

+

+

+

+
+

+
+

+
+

+
+

+

+

+

+

+
+

+
+

+
+

+
+

E

Gaussian
surface

a a

r

a

Gaussian
surface

(a) (c)(b)

Ein = 0

r

Figure 24.13 (a) The electric field inside a uniformly charged spherical shell is zero. The field
outside is the same as that due to a point charge Q located at the center of the shell. (b) Gaussian
surface for r % a. (c) Gaussian surface for r & a.

Gaussian
surface

+
+
+

+
+
+

E

dA!

r

(a)

E

(b)

Figure 24.14 (a) An infinite line of charge surrounded by a cylin-
drical gaussian surface concentric with the line. (b) An end view
shows that the electric field at the cylindrical surface is constant in
magnitude and perpendicular to the surface.

of the spherical symmetry of the charge distribution and be-
cause the net charge inside the surface is zero—satisfaction
of conditions (1) and (2) again—application of Gauss’s law
shows that E # 0 in the region r & a.

We obtain the same results using Equation 23.6 and inte-
grating over the charge distribution. This calculation is
rather complicated. Gauss’s law allows us to determine these
results in a much simpler way.
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Distribución de carga en un plano no conductor.


	 En este caso la carga se encuentra en un plano no conductor, por lo que lo mas conveniente será 
seleccionar una superficie Gaussiana que tenga superficies paralelas al plano cargado, como podría ser un 
cilindro o una forma cubica. En la Fig. 3.9 se muestra con un cilindro.


      Fig. 3.9
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The area of the curved surface is therefore,

(24.7)

Thus, we see that the electric field due to a cylindrically sym-
metric charge distribution varies as 1/r, whereas the field ex-
ternal to a spherically symmetric charge distribution varies as
1/r2. Equation 24.7 was also derived in Chapter 23 (see Prob-
lem 35[b]), by integration of the field of a point charge.

If the line charge in this example were of finite length,
the result for E would not be that given by Equation 24.7. A
finite line charge does not possess sufficient symmetry for us
to make use of Gauss’s law. This is because the magnitude of

2ke 
!

r
E "

!

2#$0r
"

E(2#r!) "
!!

$0

A " 2#r!;

A Nonconducting Plane of ChargeEXAMPLE 24.8
Because the distance from each flat end of the cylinder to

the plane does not appear in Equation 24.8, we conclude that
E " %/2$0 at any distance from the plane. That is, the field is
uniform everywhere.

An important charge configuration related to this exam-
ple consists of two parallel planes, one positively charged and
the other negatively charged, and each with a surface charge
density % (see Problem 58). In this situation, the electric
fields due to the two planes add in the region between the
planes, resulting in a field of magnitude %/$0 , and cancel
elsewhere to give a field of zero.

Find the electric field due to a nonconducting, infinite plane
of positive charge with uniform surface charge density %.

Solution By symmetry, E must be perpendicular to the
plane and must have the same magnitude at all points
equidistant from the plane. The fact that the direction of E is
away from positive charges indicates that the direction of E
on one side of the plane must be opposite its direction on the
other side, as shown in Figure 24.15. A gaussian surface that
reflects the symmetry is a small cylinder whose axis is perpen-
dicular to the plane and whose ends each have an area A and
are equidistant from the plane. Because E is parallel to the
curved surface—and, therefore, perpendicular to dA every-
where on the surface—condition (3) is satisfied and there is
no contribution to the surface integral from this surface. For
the flat ends of the cylinder, conditions (1) and (2) are satis-
fied. The flux through each end of the cylinder is EA; 
hence, the total flux through the entire gaussian surface is
just that through the ends, 

Noting that the total charge inside the surface is q in " %A,
we use Gauss’s law and find that

(24.8)
%

2$0
E "

&E " 2EA "
q in

$0
"

%A
$0

&E " 2EA.

E

+ + + + + + +

+ + + + + +

+ + +

+ +

+ +

+

+ + +

+ + + + +

+ + + + + + +

A

Gaussian
cylinder

E

Figure 24.15 A cylindrical gaussian surface penetrating an infi-
nite plane of charge. The flux is EA through each end of the gauss-
ian surface and zero through its curved surface.

the electric field is no longer constant over the surface of
the gaussian cylinder—the field near the ends of the line
would be different from that far from the ends. Thus, condi-
tion (1) would not be satisfied in this situation. Further-
more, E is not perpendicular to the cylindrical surface at all
points—the field vectors near the ends would have a compo-
nent parallel to the line. Thus, condition (2) would not be
satisfied. When there is insufficient symmetry in the charge
distribution, as in this situation, it is necessary to use Equa-
tion 23.6 to calculate E.

For points close to a finite line charge and far from the
ends, Equation 24.7 gives a good approximation of the value
of the field.

It is left for you to show (see Problem 29) that the electric
field inside a uniformly charged rod of finite radius and infi-
nite length is proportional to r.

CONCEPTUAL EXAMPLE 24.9
Explain why Gauss’s law cannot be used to calculate the electric field near an electric di-
pole, a charged disk, or a triangle with a point charge at each corner.
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Actividad de Tarea 3


a) Investigue y describa dos procesos reales en los cuales se utiliza la Ley de Gauss para determinar el Flujo 
eléctrico o la carga  dentro de un espacio.


b) Resuelva los siguiente ejercicios.


3.1.- Un campo eléctrico con una magnitud de 3.5 kN/C esta 
siendo aplicado a lo largo del eje x. Calcular el flujo eléctrico a 
través de un plano rectangular de 0.30 m de ancho y 0.8 m  de 
largo si a) El plano es paralelo a los eje yz; b) El plano es 
paralelo a los ejes xy; c) El plano se encuentra sobre el eje y su 
normal tiene un ángulo de 40º con el eje x.

3.2.- Sobre la superficie de la tierra en un día de tormenta 
existe un campo eléctrico vertical con una magnitud de 2.0 x 
104 N/C. Si un vehículo rectangular de 6 m por 3 m viaja a lo 
largo de una autopista que tiene una inclinación de 10º. 
Determinar el flujo eléctrico que pasa a través del vehículo.

3.4.- Una pirámide de base cuadrada de 6 m por lado y una 
altura de 4 m esta localizada dentro de un campo eléctrico 
vertical de 52.0 N/C. Calcular el flujo eléctrico total que pasa a 
través de la pirámide. 


3.3.- Considere una caja rectangular cerrada a través de la cual 
cruza un flujo eléctrico uniforme de magnitud 7.80 x 104 N/C 
mostrado en la Fig. 3.10 Calcule el flujo eléctrico a través de a) 
El rectángulo vertical b) la cara inclinada de la caja c) a través 
de la caja completa. 




Fig. 3.10 Problema 3.3.

Problems 761

5. If the total charge inside a closed surface is known but
the distribution of the charge is unspecified, can you use
Gauss’s law to find the electric field? Explain.

6. Explain why the electric flux through a closed surface
with a given enclosed charge is independent of the size or
shape of the surface.

7. Consider the electric field due to a nonconducting infi-
nite plane having a uniform charge density. Explain why
the electric field does not depend on the distance from
the plane in terms of the spacing of the electric field
lines.

8. Use Gauss’s law to explain why electric field lines must be-
gin or end on electric charges. (Hint: Change the size of
the gaussian surface.)

9. On the basis of the repulsive nature of the force between
like charges and the freedom of motion of charge within
the conductor, explain why excess charge on an isolated
conductor must reside on its surface.

10. A person is placed in a large, hollow metallic sphere that
is insulated from ground. If a large charge is placed on
the sphere, will the person be harmed upon touching the
inside of the sphere? Explain what will happen if the per-

son also has an initial charge whose sign is opposite that
of the charge on the sphere.

11. How would the observations described in Figure 24.20
differ if the hollow conductor were grounded? How
would they differ if the small charged ball were an insula-
tor rather than a conductor?

12. What other experiment might be performed on the ball
in Figure 24.20 to show that its charge was transferred to
the hollow conductor?

13. What would happen to the electrometer reading if the
charged ball in Figure 24.20 touched the inner wall of the
conductor? the outer wall?

14. You may have heard that one of the safer places to be dur-
ing a lightning storm is inside a car. Why would this be
the case?

15. Two solid spheres, both of radius R , carry identical total
charges Q . One sphere is a good conductor, while the
other is an insulator. If the charge on the insulating
sphere is uniformly distributed throughout its interior
volume, how do the electric fields outside these two
spheres compare? Are the fields identical inside the two
spheres?

PROBLEMS

6. A uniform electric field intersects a surface of
area A. What is the flux through this area if the surface
lies (a) in the yz plane? (b) in the xz plane? (c) in the xy
plane?

7. A point charge q is located at the center of a uniform
ring having linear charge density ! and radius a, as
shown in Figure P24.7. Determine the total electric flux

a i " b j

Section 24.1 Electric Flux
1. An electric field with a magnitude of 3.50 kN/C is ap-

plied along the x axis. Calculate the electric flux
through a rectangular plane 0.350 m wide and 0.700 m
long if (a) the plane is parallel to the yz plane; (b) the
plane is parallel to the xy plane; and (c) the plane con-
tains the y axis, and its normal makes an angle of 40.0°
with the x axis.

2. A vertical electric field of magnitude 2.00 # 104 N/C
exists above the Earth’s surface on a day when a thun-
derstorm is brewing. A car with a rectangular size of ap-
proximately 6.00 m by 3.00 m is traveling along a road-
way sloping downward at 10.0°. Determine the electric
flux through the bottom of the car.

3. A 40.0-cm-diameter loop is rotated in a uniform electric
field until the position of maximum electric flux is
found. The flux in this position is measured to be 
5.20 # 105 N$ m2/C. What is the magnitude of the elec-
tric field?

4. A spherical shell is placed in a uniform electric field.
Find the total electric flux through the shell.

5. Consider a closed triangular box resting within a hori-
zontal electric field of magnitude N/C,
as shown in Figure P24.5. Calculate the electric flux
through (a) the vertical rectangular surface, (b) the
slanted surface, and (c) the entire surface of the box.

E % 7.80 # 104

1, 2, 3 = straightforward, intermediate, challenging = full solution available in the Student Solutions Manual and Study Guide
WEB = solution posted at http://www.saunderscollege.com/physics/ = Computer useful in solving problem = Interactive Physics

= paired numerical/symbolic problems

30.0 cm

60.0°10.0 cm

E

Figure P24.5

Figure P24.7

R

q a

λ
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3.6.- Una Carga puntual de 1.8 μC está en el centro de una 
superficie cúbica de Gauss de 55 cm de arista. ¿Cuál es el 
flujo eléctrico neto que pasa por la superficie?

3.8 Una esfera aislada de 8.0 cm de diámetro contiene una 
carga distribuida de manera uniforme de  5.70 μC en el interior 
de su volumen. Calcule la carga encerrada por una esfera 
concéntrica con radio de a) r = 2.0 cm; b) r= 6.0 cm.

3.7.- Una carga puntual localizada justo por encima del centro 
de la cara cara plana de una semi-esfera de radio R cómo se 
muestra en la Fig. 3.12. Encontrar la magnitud del flujo 
eléctrico a) a través de la superficie curvada; b) a través de la 
superficie plana.




Fig. 3.12 Problema 3.7
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WEB

through a sphere centered at the point charge and hav-
ing radius R , where 

8. A pyramid with a 6.00-m-square base and height of 
4.00 m is placed in a vertical electric field of 52.0 N/C.
Calculate the total electric flux through the pyramid’s
four slanted surfaces.

9. A cone with base radius R and height h is located on a
horizontal table. A horizontal uniform field E pene-
trates the cone, as shown in Figure P24.9. Determine
the electric flux that enters the left-hand side of the
cone.

R ! a.
located a very small distance from the center of a very
large square on the line perpendicular to the square and
going through its center. Determine the approximate
electric flux through the square due to the point
charge. (c) Explain why the answers to parts (a) and
(b) are identical.

14. Calculate the total electric flux through the parabo-
loidal surface due to a constant electric field of magni-
tude E 0 in the direction shown in Figure P24.14.

16. A point charge of 12.0 "C is placed at the center of a
spherical shell of radius 22.0 cm. What is the total elec-
tric flux through (a) the surface of the shell and 
(b) any hemispherical surface of the shell? (c) Do the
results depend on the radius? Explain.

17. A point charge of 0.046 2 "C is inside a pyramid. Deter-
mine the total electric flux through the surface of the
pyramid.

18. An infinitely long line charge having a uniform charge
per unit length # lies a distance d from point O, as
shown in Figure P24.18. Determine the total electric
flux through the surface of a sphere of radius 
R centered at O resulting from this line charge. 
(Hint: Consider both cases: when and when
R $ d.)

R ! d,

15. A point charge Q is located just above the center of the
flat face of a hemisphere of radius R , as shown in Figure
P24.15. What is the electric flux (a) through the curved
surface and (b) through the flat face?

13. (a) A point charge q is located a distance d from an infi-
nite plane. Determine the electric flux through the
plane due to the point charge. (b) A point charge q is

Section 24.2 Gauss’s Law
10. The electric field everywhere on the surface of a thin

spherical shell of radius 0.750 m is measured to be
equal to 890 N/C and points radially toward the center
of the sphere. (a) What is the net charge within the
sphere’s surface? (b) What can you conclude about the
nature and distribution of the charge inside the spheri-
cal shell?

11. The following charges are located inside a submarine:
and (a) Calcu-

late the net electric flux through the submarine. 
(b) Is the number of electric field lines leaving the sub-
marine greater than, equal to, or less than the number
entering it?

12. Four closed surfaces, S1 through S4 , together with the
charges % 2Q , Q , and %Q are sketched in Figure
P24.12. Find the electric flux through each surface.

%84.0 "C.27.0 "C,5.00 "C, %9.00 "C,

h

R

E

Figure P24.9

Figure P24.12

Figure P24.14

Figure P24.15

–Q

+Q

–2Q

S2

S3

S1

S4

d

r

E0

Q
0

R

δ
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3.5.- Tres cargas se encuentran en el espacio, donde se 
estudian cuatro superficies Gaussianas, como se ilustra en la 
Fig. 3,11. Encuentre el campo eléctrico a través de cada una 
de las superficies.




Fig. 3.11 Problema 3.5
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WEB

through a sphere centered at the point charge and hav-
ing radius R , where 

8. A pyramid with a 6.00-m-square base and height of 
4.00 m is placed in a vertical electric field of 52.0 N/C.
Calculate the total electric flux through the pyramid’s
four slanted surfaces.

9. A cone with base radius R and height h is located on a
horizontal table. A horizontal uniform field E pene-
trates the cone, as shown in Figure P24.9. Determine
the electric flux that enters the left-hand side of the
cone.

R ! a.
located a very small distance from the center of a very
large square on the line perpendicular to the square and
going through its center. Determine the approximate
electric flux through the square due to the point
charge. (c) Explain why the answers to parts (a) and
(b) are identical.

14. Calculate the total electric flux through the parabo-
loidal surface due to a constant electric field of magni-
tude E 0 in the direction shown in Figure P24.14.

16. A point charge of 12.0 "C is placed at the center of a
spherical shell of radius 22.0 cm. What is the total elec-
tric flux through (a) the surface of the shell and 
(b) any hemispherical surface of the shell? (c) Do the
results depend on the radius? Explain.

17. A point charge of 0.046 2 "C is inside a pyramid. Deter-
mine the total electric flux through the surface of the
pyramid.

18. An infinitely long line charge having a uniform charge
per unit length # lies a distance d from point O, as
shown in Figure P24.18. Determine the total electric
flux through the surface of a sphere of radius 
R centered at O resulting from this line charge. 
(Hint: Consider both cases: when and when
R $ d.)

R ! d,

15. A point charge Q is located just above the center of the
flat face of a hemisphere of radius R , as shown in Figure
P24.15. What is the electric flux (a) through the curved
surface and (b) through the flat face?

13. (a) A point charge q is located a distance d from an infi-
nite plane. Determine the electric flux through the
plane due to the point charge. (b) A point charge q is

Section 24.2 Gauss’s Law
10. The electric field everywhere on the surface of a thin

spherical shell of radius 0.750 m is measured to be
equal to 890 N/C and points radially toward the center
of the sphere. (a) What is the net charge within the
sphere’s surface? (b) What can you conclude about the
nature and distribution of the charge inside the spheri-
cal shell?

11. The following charges are located inside a submarine:
and (a) Calcu-

late the net electric flux through the submarine. 
(b) Is the number of electric field lines leaving the sub-
marine greater than, equal to, or less than the number
entering it?

12. Four closed surfaces, S1 through S4 , together with the
charges % 2Q , Q , and %Q are sketched in Figure
P24.12. Find the electric flux through each surface.

%84.0 "C.27.0 "C,5.00 "C, %9.00 "C,

h

R

E

Figure P24.9

Figure P24.12

Figure P24.14

Figure P24.15

–Q

+Q

–2Q

S2

S3

S1

S4

d

r

E0

Q
0
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Tema 4. POTENCIAL ELÉCTRICO.

	 4.1 Energía de Potencial Eléctrico.

	 4.2 Potencial Eléctrico.

	 4.3 Superficies Equipotenciales.

	 4.4 Determinación del Potencial Eléctrico.

	 4.5 Relaciones del Campo Eléctrico y el Potencial Eléctrico.

	 4.6 Energía Potencial Eléctrica de un Sistema de Cargas.


4.0 Introducción.


	 La fuerza que se estudio en el Tema 2 en la Ley de Coulomb es una fuerza conservativa, por lo que el 
fenómeno electrostático puede ser descrito en términos de una energía de potencial eléctrico. Lo anterior 
permite expresar el potencial eléctrico con cantidades escalares.


4.1 Energía de Potencial Eléctrico. 


	 La Ley de Newton para la fuerza gravitacional y la Ley de Coulomb para la fuerza electrostática son 
matemáticamente idénticas, por lo tanto las características generales que existen para la fuerza gravitacional 
se deben poder aplicar para la fuerza electrostática. Como ya se menciono, la fuerza electrostática es una 
fuerza conservativa, por lo tanto cuando una fuerza actúa entre dos o mas partículas en un sistema de 
partículas se puede asignar un valor de Energía Potencial U al sistema. Ademas, si las partículas no están fijas, 
existirá un estado inicial y un estado final, por lo que también se puede hablar de un Trabajo W sobre las 
partículas. Lo anterior se puede describir con la ecuación (4.1).


	 	 	 	 	 	 	 ec (4.1)
ΔU = Uf − Ui = − W
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	 Al igual que con otras fuerzas conservativas, el trabajo realizado por la fuerza electrostática es 
independiente de la trayectoria. Es decir, que no importa el camino por el que se haya movido la partícula bajo 
estudio desde un punto inicial i, hasta un punto final f, siempre y cuando el resto del sistema no cambie, el 
trabajo W realizado por la fuerza es el mismo para todas las trayectorias entre los puntos i y f. Esto puede ser 
expresado por la ecuación (4.2). Por lo cual la energía eléctrica potencial se considera como otro tipo de 
energía mecánica, donde si el sistema es cerrado, la energía mecánica del sistema se conserva.


	 	 	 	 	 	 	 ec (4.2)


4.2 Potencial Eléctrico. 

	 La energía potencial de una partícula cargada depende de la magnitud de la carga. Sin embargo la 
energía potencial por carga unitaria tiene un valor único en cualquier punto de un campo eléctrico. A la energía 
potencial por carga unitaria en un punto de un campo eléctrico se le llama Potencial Eléctrico V en ese punto. 
Entonces, el potencial eléctrico en cualquier punto en un campo eléctrico es: 


	 	 	 	 	 	 	 	 ec (4.3) 


	 La diferencia de potencial eléctrico ΔV entre dos puntos cualesquiera i y f en un campo eléctrico, es igual 
a la diferencia de energía potencial por carga unitaria entre los puntos:


	 Diferencia de Potencial Definida	 ec (4.4)


ΔU = − q0 ∫
f

i
E ⋅ ds

V =
U
q

ΔV = Vf − Vi =
Uf

q
−

Ui

q
=

ΔU
q

= −
W
q
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	 Potencial Definido		 	 	 ec (4.5)


	  Esta ecuación se puede resolver para expresar la diferencia de potencial en un campo eléctrico 
uniforme, quedando:


ec (4.6)




	 




	 El potencial eléctrico es un propiedad de un campo eléctrico, sin considerar si un objeto cargado se ha 
colocado en ese campo.


	 La energía potencial es la energía de un objeto cargado en un campo eléctrico externo o expresado de 
otra manera, la energía del sistema formado por el objeto y el campo eléctrico externo.


ΔV = − ∫
f

i
E ⋅ ds

ΔV = − E∫
f

i
ds = Ed
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4.3 Superficies Equipotenciales.




	 Una serie de puntos adyacentes con el mismo potencial eléctrico, 
forman un superficie equipotencial, esta superficie equipotencial 
puede ser imaginaria o puede ser real (Como en el caso de un 
capacitor).


	 Un campo eléctrico no realiza trabajo W sobre una partícula 
cargada cuando la partícula se mueve entre dos puntos i y f y ambos 
puntos están sobre una misma superficie equipotencial según se 
comprueba en la ecuación (4.4), lo que indica que si Vf = Vi el trabajo 
debe ser cero. Es importante recalcar que aunque en su trayectoria la 
partícula cruce por otras superficies equipotenciales el trabajo seguirá 
siendo cero.


Fig. 4.1 Superficies Equipotenciales.


	 Cualquier desplazamiento de una partícula, donde Vf sea diferente de Vi implicara que se realizo un 
trabajo dado por la ecuación (4.4)
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From this result, we see that if q0 is positive, then !U is negative. We conclude that
a positive charge loses electric potential energy when it moves in the direc-
tion of the electric field. This means that an electric field does work on a positive
charge when the charge moves in the direction of the electric field. (This is analo-
gous to the work done by the gravitational field on a falling mass, as shown in Fig-
ure 25.1b.) If a positive test charge is released from rest in this electric field, it ex-
periences an electric force q0E in the direction of E (downward in Fig. 25.1a).
Therefore, it accelerates downward, gaining kinetic energy. As the charged parti-
cle gains kinetic energy, it loses an equal amount of potential energy.

If q0 is negative, then !U is positive and the situation is reversed: A negative
charge gains electric potential energy when it moves in the direction of the
electric field. If a negative charge is released from rest in the field E, it acceler-
ates in a direction opposite the direction of the field.

Now consider the more general case of a charged particle that is free to move
between any two points in a uniform electric field directed along the x axis, as
shown in Figure 25.2. (In this situation, the charge is not being moved by an exter-
nal agent as before.) If s represents the displacement vector between points A and
B, Equation 25.3 gives

(25.8)

where again we are able to remove E from the integral because it is constant. The
change in potential energy of the charge is

(25.9)

Finally, we conclude from Equation 25.8 that all points in a plane perpendicu-
lar to a uniform electric field are at the same electric potential. We can see this in
Figure 25.2, where the potential difference is equal to the potential differ-
ence (Prove this to yourself by working out the dot product for

where the angle " between E and s is arbitrary as shown in Figure 25.2, and
the dot product for where " # 0.) Therefore, The name equipo-
tential surface is given to any surface consisting of a continuous distribu-
tion of points having the same electric potential.

Note that because no work is done in moving a test charge be-
tween any two points on an equipotential surface. The equipotential surfaces of a
uniform electric field consist of a family of planes that are all perpendicular to the
field. Equipotential surfaces for fields with other symmetries are described in later
sections.

The labeled points in Figure 25.3 are on a series of equipotential surfaces associated with an
electric field. Rank (from greatest to least) the work done by the electric field on a posi-
tively charged particle that moves from A to B; from B to C ; from C to D; from D to E.

Quick Quiz 25.2

!U # q0!V,

VB # VC . sA:C ,
sA:B ,

E ! sVC $ VA .
VB $ VA

!U # q0 !V # $q0 E ! s

!V # $  !B

A
 E ! ds # $ E !!B

A
 ds # $ E ! s

An equipotential surface

11.9

QuickLab
It takes an electric field of about 
30 000 V/cm to cause a spark in dry
air. Shuffle across a rug and reach to-
ward a doorknob. By estimating the
length of the spark, determine the
electric potential difference between
your finger and the doorknob after
shuffling your feet but before touch-
ing the knob. (If it is very humid on
the day you attempt this, it may not
work. Why?)

E

B

CA

s

Figure 25.2 A uniform electric
field directed along the positive x
axis. Point B is at a lower electric
potential than point A. Points B
and C are at the same electric po-
tential.

A

B

C

E
D

9 V

8 V

7 V

6 V Figure 25.3 Four equipotential surfaces.
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Ejemplo 4.1.


	 Una batería es capaz de producir una diferencia de potencial 
especifica entre sus terminales de 12 V. Si sus terminales se conectan 
entre dos placas paralelas con una distancia de 0.30 cm entre ellas 
como se observa en la Figura 4.1 y se asume que la distribución de 
cargan las placas es uniforme, encontrar la intensidad de campo 
eléctrico entre ellas.


Fig. 4.2 Placas cargadas  	 
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25.2 Potential Differences in a Uniform Electric Field 773

The Electric Field Between Two Parallel Plates of Opposite ChargeEXAMPLE 25.1
A battery produces a specified potential difference between
conductors attached to the battery terminals. A 12-V battery
is connected between two parallel plates, as shown in Figure
25.4. The separation between the plates is d ! 0.30 cm, and
we assume the electric field between the plates to be uniform.

1 The electric field vanishes within a conductor in electrostatic equilibrium; thus, the path integral
between any two points in the conductor must be zero. A more complete discussion of this

point is given in Section 25.6.
! E ! ds

+ –
12 V

A

B

d

Figure 25.4 A 12-V battery connected to two parallel plates. The
electric field between the plates has a magnitude given by the poten-
tial difference "V divided by the plate separation d.

(This assumption is reasonable if the plate separation is small
relative to the plate dimensions and if we do not consider
points near the plate edges.) Find the magnitude of the elec-
tric field between the plates.

Solution The electric field is directed from the positive
plate (A) to the negative one (B ), and the positive plate is at
a higher electric potential than the negative plate is. The po-
tential difference between the plates must equal the potential
difference between the battery terminals. We can understand
this by noting that all points on a conductor in equilibrium
are at the same electric potential1; no potential difference ex-
ists between a terminal and any portion of the plate to which
it is connected. Therefore, the magnitude of the electric field
between the plates is, from Equation 25.6,

This configuration, which is shown in Figure 25.4 and
called a parallel-plate capacitor, is examined in greater detail in
Chapter 26.

4.0 # 103 V/mE !
" VB $ VA "

d
!

12 V
0.30 # 10$2 m

!

Motion of a Proton in a Uniform Electric FieldEXAMPLE 25.2
From Equation 25.6, we have

(b) Find the change in potential energy of the proton for
this displacement.

Solution

The negative sign means the potential energy of the proton
decreases as it moves in the direction of the electric field. As
the proton accelerates in the direction of the field, it gains ki-
netic energy and at the same time loses electric potential en-
ergy (because energy is conserved).

Exercise Use the concept of conservation of energy to find
the speed of the proton at point B.

Answer 2.77 # 106 m/s.

$6.4 # 10$15 J !

 ! (1.6 # 10$19 C)($4.0 # 104 V)

"U ! q0 "V ! e "V 

$4.0 # 104 V!

"V ! $Ed ! $(8.0 # 104 V/m)(0.50 m)

A proton is released from rest in a uniform electric field that
has a magnitude of 8.0 # 104 V/m and is directed along the
positive x axis (Fig. 25.5). The proton undergoes a displace-
ment of 0.50 m in the direction of E. (a) Find the change in
electric potential between points A and B.

Solution Because the proton (which, as you remember,
carries a positive charge) moves in the direction of the field,
we expect it to move to a position of lower electric potential.

d

B
A

+
+

+

+

+

+

+

+

–

–

–

–

–

–

–

vBvA = 0

E

Figure 25.5 A proton accelerates from A to B in the direction of
the electric field.
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Ejemplo 4.2.


	 	 Un Protón es colocado dentro de un campo eléctrico uniforme con una 
magnitud de 8.0 x 104 V/m. Considere que el protón se mueve una distancia d = 
0.50 m como se ilustra en la Figura 4.3. Encuentre el cambio del potencial eléctrico 
entre el punto A (inicio del movimiento) y el punto B (final del movimiento)


Fig. 4.3.
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25.2 Potential Differences in a Uniform Electric Field 773

The Electric Field Between Two Parallel Plates of Opposite ChargeEXAMPLE 25.1
A battery produces a specified potential difference between
conductors attached to the battery terminals. A 12-V battery
is connected between two parallel plates, as shown in Figure
25.4. The separation between the plates is d ! 0.30 cm, and
we assume the electric field between the plates to be uniform.

1 The electric field vanishes within a conductor in electrostatic equilibrium; thus, the path integral
between any two points in the conductor must be zero. A more complete discussion of this

point is given in Section 25.6.
! E ! ds

+ –
12 V

A

B

d

Figure 25.4 A 12-V battery connected to two parallel plates. The
electric field between the plates has a magnitude given by the poten-
tial difference "V divided by the plate separation d.

(This assumption is reasonable if the plate separation is small
relative to the plate dimensions and if we do not consider
points near the plate edges.) Find the magnitude of the elec-
tric field between the plates.

Solution The electric field is directed from the positive
plate (A) to the negative one (B ), and the positive plate is at
a higher electric potential than the negative plate is. The po-
tential difference between the plates must equal the potential
difference between the battery terminals. We can understand
this by noting that all points on a conductor in equilibrium
are at the same electric potential1; no potential difference ex-
ists between a terminal and any portion of the plate to which
it is connected. Therefore, the magnitude of the electric field
between the plates is, from Equation 25.6,

This configuration, which is shown in Figure 25.4 and
called a parallel-plate capacitor, is examined in greater detail in
Chapter 26.

4.0 # 103 V/mE !
" VB $ VA "

d
!

12 V
0.30 # 10$2 m

!

Motion of a Proton in a Uniform Electric FieldEXAMPLE 25.2
From Equation 25.6, we have

(b) Find the change in potential energy of the proton for
this displacement.

Solution

The negative sign means the potential energy of the proton
decreases as it moves in the direction of the electric field. As
the proton accelerates in the direction of the field, it gains ki-
netic energy and at the same time loses electric potential en-
ergy (because energy is conserved).

Exercise Use the concept of conservation of energy to find
the speed of the proton at point B.

Answer 2.77 # 106 m/s.

$6.4 # 10$15 J !

 ! (1.6 # 10$19 C)($4.0 # 104 V)

"U ! q0 "V ! e "V 

$4.0 # 104 V!

"V ! $Ed ! $(8.0 # 104 V/m)(0.50 m)

A proton is released from rest in a uniform electric field that
has a magnitude of 8.0 # 104 V/m and is directed along the
positive x axis (Fig. 25.5). The proton undergoes a displace-
ment of 0.50 m in the direction of E. (a) Find the change in
electric potential between points A and B.

Solution Because the proton (which, as you remember,
carries a positive charge) moves in the direction of the field,
we expect it to move to a position of lower electric potential.

d

B
A

+
+

+

+

+

+

+

+

–

–

–

–

–

–

–

vBvA = 0

E

Figure 25.5 A proton accelerates from A to B in the direction of
the electric field.
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	 	 Cuando se tiene una partícula cargada aislada, se presentan zonas 
equipotenciales a su alrededor determinadas por la magnitud del radio respecto 
al centro de la partícula, como se muestra en la Figura 4.4. Para encontrar las 
diferencias de potencial entre dos puntos cuales quiera A y B se puede utilizar la 
ecuación (4.7).


	 	 	 	 	 ec (4.7)


	 	 Solucionando la ecuación (4.7), evaluando y sustituyendo  

resulta la ecuación (4.8), que puede ser también escrita para un solo punto a una 
distancia r como (4.9).


	 	 


	 	 	 	 ec. (4.8)


Fig. 4.4 V entres puntos A y B

	 	 	 	 	   	 	 ec. (4.9)


	 Nota: Ver aplicación en iPad 

VB − VA = − ∫
B

A
E ⋅ ds

E ⋅ ds =
keq
r2

VB − VA = − ∫ Erdr = − keq∫
rB

rA

dr
r2

= [ keq
r ]

rB

rA

VB − VA = keq [1
r B

−
1
r A]

V = ke
q
r
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774 C H A P T E R  2 5 Electric Potential

ELECTRIC POTENTIAL AND POTENTIAL ENERGY
DUE TO POINT CHARGES

Consider an isolated positive point charge q. Recall that such a charge produces an
electric field that is directed radially outward from the charge. To find the electric
potential at a point located a distance r from the charge, we begin with the gen-
eral expression for potential difference:

where A and B are the two arbitrary points shown in Figure 25.6. At any field
point, the electric field due to the point charge is (Eq. 23.4), where 
is a unit vector directed from the charge toward the field point. The quantity 
can be expressed as

Because the magnitude of is 1, the dot product where ! is 
the angle between and ds. Furthermore, ds cos ! is the projection of ds
onto r; thus, ds cos ! " dr. That is, any displacement ds along the path from
point A to point B produces a change dr in the magnitude of r, the radial 
distance to the charge creating the field. Making these substitutions, we find 
that hence, the expression for the potential difference be-
comes

(25.10)

The integral of is independent of the path between points A and B—as it must
be because the electric field of a point charge is conservative. Furthermore, Equa-
tion 25.10 expresses the important result that the potential difference between any
two points A and B in a field created by a point charge depends only on the radial
coordinates rA and rB . It is customary to choose the reference of electric potential
to be zero at With this reference, the electric potential created by a point
charge at any distance r from the charge is

(25.11)

Electric potential is graphed in Figure 25.7 as a function of r, the radial dis-
tance from a positive charge in the xy plane. Consider the following analogy to
gravitational potential: Imagine trying to roll a marble toward the top of a hill
shaped like Figure 25.7a. The gravitational force experienced by the marble is
analogous to the repulsive force experienced by a positively charged object as it
approaches another positively charged object. Similarly, the electric potential
graph of the region surrounding a negative charge is analogous to a “hole” with
respect to any approaching positively charged objects. A charged object must be
infinitely distant from another charge before the surface is “flat” and has an elec-
tric potential of zero.

V " ke 
q
r

rA " #.

E ! ds

VB $ VA " keq ! 1
rB

$
1
rA
" 

VB $ VA " $  # Er dr " $keq #rB

rA

 
dr
r 2 "

keq
r "rB

rA

E ! ds " (keq/r 2)dr ;

r̂
r̂ ! ds " ds cos !,r̂

E ! ds " ke 
q
r 2  r̂ ! ds

E ! ds
r̂E " ke q r̂/r 2

VB $ VA " $#B

A
 E ! ds

25.3

dr ds
θ

r

A

rB

B

q

r
rA

ˆ

Figure 25.6 The potential differ-
ence between points A and B due
to a point charge q depends only on
the initial and final radial coordi-
nates rA and rB . The two dashed cir-
cles represent cross-sections of
spherical equipotential surfaces.

Electric potential created by a
point charge
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4.4 Determinación del Potencial Eléctrico. 

	 El campo eléctrico E y el potencial eléctrico V están relacionados por la ecuación (4.10). Por lo que es 
posible determinar el valor del potencial eléctrico conociendo la intensidad del campo en cierta región.


 	 	 	 	 	 	 ec (4.10)


	 La distribución de la carga en un cuerpo puede complicar o facilitar la obtención del potencial eléctrico o 
la variación del potencial de un punto a otro. Por ejemplo, si el campo eléctrico tiene solamente componentes 
en el eje x (ver Figura 4.5 a)) la diferencia de potencial dv entre dos puntos puede ser expresada como:


	 	 	 	 	 	 	 	 ec. (4.11)


	 Si el potencial tiene una simetría esférica como en la Figura 4.5 b), el potencial eléctrico solo dependerá 
de la distancia radial r. Entonces, el campo eléctrico se puede determinar como:


	 	 	 	 	 	 	 	 	 ec. (4.12)


	 Sin embargo si el campo y las superficies equipotenciales son producidas por superficies o cargas de 
formas irregulares, el campo eléctrico y el potencial eléctrico tendrán componentes en los ejes x, y y z.


	 	 	 	 ec. (4.13)


ΔV =
ΔU
q0

= ∫
B

A
E ⋅ ds

dV = − Ex ⋅ dx

Er =
keq
r2

Ex = −
∂V
∂x

Ey = −
∂V
∂y

Ez = −
∂V
∂z
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Fig. 4.5 Distintas superficies equipotenciales y sus líneas de campo eléctrico.


	 Por ejemplo para la Figura 4.5 c), la ecuación que determina el potencial eléctrico en un punto está dada 
por , entonces para el eje x


	 	 	 	 	 	 


V = 3x2y + y2 + yz

∂V
∂x

=
∂
∂x

(3x2y + y2 + yz)
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25.4 Obtaining the Value of the Electric Field from the Electric Potential 779

That is, the magnitude of the electric field in the direction of some coordinate is
equal to the negative of the derivative of the electric potential with respect to that
coordinate. Recall from the discussion following Equation 25.8 that the electric
potential does not change for any displacement perpendicular to an electric field.
This is consistent with the notion, developed in Section 25.2, that equipotential
surfaces are perpendicular to the field, as shown in Figure 25.12. A small positive
charge placed at rest on an electric field line begins to move along the direction of
E because that is the direction of the force exerted on the charge by the charge
distribution creating the electric field (and hence is the direction of a). Because
the charge starts with zero velocity, it moves in the direction of the change in ve-
locity—that is, in the direction of a. In Figures 25.12a and 25.12b, a charge placed
at rest in the field will move in a straight line because its acceleration vector is al-
ways parallel to its velocity vector. The magnitude of v increases, but its direction
does not change. The situation is different in Figure 25.12c. A positive charge
placed at some point near the dipole first moves in a direction parallel to E at that
point. Because the direction of the electric field is different at different locations,
however, the force acting on the charge changes direction, and a is no longer par-
allel to v. This causes the moving charge to change direction and speed, but it
does not necessarily follow the electric field lines. Recall that it is not the velocity
vector but rather the acceleration vector that is proportional to force.

If the charge distribution creating an electric field has spherical symmetry
such that the volume charge density depends only on the radial distance r, then
the electric field is radial. In this case, and thus we can express dV
in the form dV Therefore,

(25.17)

For example, the electric potential of a point charge is Because V is a
function of r only, the potential function has spherical symmetry. Applying Equa-
tion 25.17, we find that the electric field due to the point charge is a
familiar result. Note that the potential changes only in the radial direction, not in

Er ! keq/r 2,

V ! keq/r.

Er ! "
dV
dr

! "Er dr.
E ! ds ! Er dr,

(a)

E

(b)

q

(c)

+

Figure 25.12 Equipotential surfaces (dashed blue lines) and electric field lines (red lines) for
(a) a uniform electric field produced by an infinite sheet of charge, (b) a point charge, and 
(c) an electric dipole. In all cases, the equipotential surfaces are perpendicular to the electric field
lines at every point. Compare these drawings with Figures 25.2, 25.7b, and 25.8b.
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Ejemplo 4.3.


	 Un dipolo eléctrico consiste de dos cargas de igual magnitud y de signo 
opuesto que están separadas por una distancia 2a como se muestra en la Fig. 4.6. 
El dipolo esta ubicado a lo largo del eje x y para facilitar el análisis, se coloca el 
centro del dipolo en el origen. a) Determinar la magnitud del potencial eléctrico en 
el punto P. b) Calcular V y Ex en un punto lejos del dipolo.


Fig. 4.6 Dipolo eléctrico.
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any direction perpendicular to r. Thus, V (like Er) is a function only of r. Again,
this is consistent with the idea that equipotential surfaces are perpendicular to
field lines. In this case the equipotential surfaces are a family of spheres concen-
tric with the spherically symmetric charge distribution (Fig. 25.12b).

The equipotential surfaces for an electric dipole are sketched in Figure
25.12c. When a test charge undergoes a displacement ds along an equipotential
surface, then because the potential is constant along an equipotential sur-
face. From Equation 25.15, then, ; thus, E must be perpendicu-
lar to the displacement along the equipotential surface. This shows that the
equipotential surfaces must always be perpendicular to the electric field lines.

In general, the electric potential is a function of all three spatial coordinates.
If V(r) is given in terms of the cartesian coordinates, the electric field components
Ex , Ey , and Ez can readily be found from V(x, y, z) as the partial derivatives3

For example, if then

!V
!x

"
!

!x
 (3x2y # y2 # yz) "

!

!x
 (3x2y) " 3y 

d
dx

 (x2) " 6xy

V " 3x2y # y2 # yz,

Ex " $
!V
!x

  Ey " $
!V
!y

  Ez " $
!V
!z

dV " $E ! ds " 0
dV " 0

The Electric Potential Due to a DipoleEXAMPLE 25.4
(How would this result change if point P happened to be lo-
cated to the left of the negative charge?)

(b) Calculate V and Ex at a point far from the dipole.

Solution If point P is far from the dipole, such that 
then a2 can be neglected in the term and V becomes

Using Equation 25.16 and this result, we can calculate the
electric field at a point far from the dipole:

( )

(c) Calculate V and Ex if point P is located anywhere be-
tween the two charges.

Solution

Ex " $
dV
dx

" $
d
dx

 !$
2keqx

x2 $ a2 " " 2keq ! $x2 $ a2

(x2 $ a2)2 "

V " ke %
qi

r i
" ke ! q

a $ x
$

q
x # a " " $

2keqx
x2 $ a2

x W a
4keqa

x 3Ex " $
dV
dx

"

(x W a)
2keqa

x 2V #

x2 $ a2,
x W a,

An electric dipole consists of two charges of equal magnitude
and opposite sign separated by a distance 2a, as shown in Fig-
ure 25.13. The dipole is along the x axis and is centered at
the origin. (a) Calculate the electric potential at point P.

Solution For point P in Figure 25.13,

2keqa
x2 $ a2"V " ke %

qi

r i
" ke ! q

x $ a
$

q
x # a "

3 In vector notation, E is often written 

where & is called the gradient operator.

E " $&V " $! i 
!

!x
# j 

!

!y
# k 

!

!z "V

Equipotential surfaces are
perpendicular to the electric field
lines

aa

q

P

x

x

y

–q

Figure 25.13 An electric dipole located on the x axis.
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Potencial eléctrico debido a cargas de distribución continuas.


	 Se puede calcular el potencial eléctrico debido a una distribución de carga 
continua de dos maneras. Si se conoce la distribución de carga, se comienza con la 
ec. (4.9). El potencial eléctrico dV en un punto P divido a un cuerpo cargado dq es:


	 	 	 	 	 ec. (4.14)


	 Por lo tanto si existen n elementos con carga dq, la ec. (4.14) puede ser utilizada 
para encontrar el potencial eléctrico integrando para toda la extensión del cuerpo 
cargado.


	 	 	 	 	 ec. (4.15)


Fig. 4.7. Potencial en P


	 Si el campo eléctrico se conoce por otras consideraciones como puede ser la Ley de Gauss, se puede 
calcular la magnitud del potencial eléctrico debido a una distribución de carga continua utilizando la ec. (4.5). 
Por lo que si se sabe que la distribución de carga es altamente simétrica, se puede determinar primero la 
magnitud del campo eléctrico E en el punto P utilizando la Ley de Gauss y entonces sustituir el valor 
encontrado en la ecuación (4.5).


dV = ke
dq
r

V = ke ∫
dq
r
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25.5 Electric Potential Due to Continuous Charge Distributions 781

ELECTRIC POTENTIAL DUE TO CONTINUOUS CHARGE
DISTRIBUTIONS

We can calculate the electric potential due to a continuous charge distribution in
two ways. If the charge distribution is known, we can start with Equation 25.11 for
the electric potential of a point charge. We then consider the potential due to a
small charge element dq, treating this element as a point charge (Fig. 25.14). The
electric potential dV at some point P due to the charge element dq is

(25.18)

where r is the distance from the charge element to point P. To obtain the total po-
tential at point P, we integrate Equation 25.18 to include contributions from all el-
ements of the charge distribution. Because each element is, in general, a different
distance from point P and because ke is constant, we can express V as

(25.19)

In effect, we have replaced the sum in Equation 25.12 with an integral. Note that
this expression for V uses a particular reference: The electric potential is taken to
be zero when point P is infinitely far from the charge distribution.

If the electric field is already known from other considerations, such as Gauss’s
law, we can calculate the electric potential due to a continuous charge distribution
using Equation 25.3. If the charge distribution is highly symmetric, we first evalu-
ate E at any point using Gauss’s law and then substitute the value obtained into
Equation 25.3 to determine the potential difference !V between any two points.
We then choose the electric potential V to be zero at some convenient point.

We illustrate both methods with several examples.

V " ke ! 
dq
r

dV " ke 
dq
r

25.5

Electric Potential Due to a Uniformly Charged RingEXAMPLE 25.5
we can remove from the integral, and V reduces to

(25.20)

The only variable in this expression for V is x. This is not sur-
prising because our calculation is valid only for points along
the x axis, where y and z are both zero.

(b) Find an expression for the magnitude of the electric
field at point P.

Solution From symmetry, we see that along the x axis E
can have only an x component. Therefore, we can use Equa-

keQ

!x2 # a2
V "

ke

!x 2 # a2
 ! dq "

!x2 # a2(a) Find an expression for the electric potential at a point P
located on the perpendicular central axis of a uniformly
charged ring of radius a and total charge Q.

Solution Let us orient the ring so that its plane is perpen-
dicular to an x axis and its center is at the origin. We can then
take point P to be at a distance x from the center of the ring,
as shown in Figure 25.15. The charge element dq is at a dis-
tance from point P. Hence, we can express V as

Because each element dq is at the same distance from point P,

V " ke ! 
dq
r

" ke ! 
dq

!x2 # a2

!x2 # a2

We can check these results by considering the situation at 
the center of the dipole, where x " 0, V " 0, and 
$2keq/a2.

Ex "
Exercise Verify the electric field result in part (c) by calcu-
lating the sum of the individual electric field vectors at the
origin due to the two charges.

r

P

dq

Figure 25.14 The electric poten-
tial at the point P due to a continu-
ous charge distribution can be cal-
culated by dividing the charged
body into segments of charge dq
and summing the electric potential
contributions over all segments.
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Ejemplo 4.4.


	 Encontrar la expresión para el potencial eléctrico en un punto 
P localizado en el eje perpendicular al centro de un anillo con carga 
uniforme de radio a y cuya carga total es Q.


Fig. 4.8 Potencial debido a un anillo.
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P
x

√x2 + a2

dq

a

Figure 25.15 A uniformly charged ring of radius a lies in a plane
perpendicular to the x axis. All segments dq of the ring are the same
distance from any point P lying on the x axis.

tion 25.16:

(25.21)

This result agrees with that obtained by direct integration
(see Example 23.8). Note that at x ! 0 (the center of
the ring). Could you have guessed this from Coulomb’s law?

Exercise What is the electric potential at the center of the
ring? What does the value of the field at the center tell you
about the value of V at the center?

Answer Because at the cen-Ex ! "dV/dx ! 0V ! keQ /a.

Ex ! 0

keQx
(x2 # a2)3/2 !

 ! "keQ("1
2 )(x2 # a2)"3/2(2x) 

Ex ! "
dV
dx

! "keQ 
d
dx

 (x2 # a2)"1/2

ter, V has either a maximum or minimum value; it is, in fact,
a maximum.

Electric Potential Due to a Uniformly Charged DiskEXAMPLE 25.6
from the definition of surface charge density (see Section
23.5), we know that the charge on the ring is 

Hence, the potential at the point P due to
this ring is

To find the total electric potential at P, we sum over all rings
making up the disk. That is, we integrate dV from r ! 0 to 
r ! a:

This integral is of the form un du and has the value
where and This gives

(25.22)

(b) As in Example 25.5, we can find the electric field at
any axial point from

(25.23)

The calculation of V and E for an arbitrary point off the axis
is more difficult to perform, and we do not treat this situation
in this text.

2$ke % !1 "
x

!x2 # a2"Ex ! "
dV
dx

!

2$ke %[(x2 # a2)1/2 " x]V !

u ! r 2 # x2.n ! "1
2un#1/(n # 1),

V ! $ke %#a

0
 

2r dr

!r 2 # x2
! $ke %#a

0
 (r 2 # x2)"1/2 2r dr

dV !
ke dq

!r 2 # x2
!

ke %2$r dr

!r 2 # x2

% dA ! %2$r dr.
dq !

Find (a) the electric potential and (b) the magnitude of the
electric field along the perpendicular central axis of a uni-
formly charged disk of radius a and surface charge density %.

Solution (a) Again, we choose the point P to be at a dis-
tance x from the center of the disk and take the plane of the
disk to be perpendicular to the x axis. We can simplify the
problem by dividing the disk into a series of charged rings.
The electric potential of each ring is given by Equation 25.20.
Consider one such ring of radius r and width dr, as indicated
in Figure 25.16. The surface area of the ring is dA ! 2$r dr ;

Figure 25.16 A uniformly charged disk of radius a lies in a plane
perpendicular to the x axis. The calculation of the electric potential
at any point P on the x axis is simplified by dividing the disk into
many rings each of area 2$r dr.

dr

dA = 2πrdr

√ r 2 + x 2

x P

r
a

π
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	 Para el caso de un disco y una barra con carga uniforme como el que se muestra en la Fig. 4.9 y 4.10 las 
ecuaciones del potencial V en el punto P se pueden calcular utilizando la ec. (4.17) y (4.19).


	 		 	 	 ec. (4.16)


	 	 	 ec. (4.17)


	 	 	 		 	 	 	 ec. (4.18)


	 	 	 	 	 	 ec. (4.19)


V = πkeρ∫
a

0

2r dr

r2 + x2

V = 2πkeρ[(x2 + a2)1/2 − x]

V = ke
Q
ℓ ∫

ℓ

0

dx

x2 + a2

V =
keQ
ℓ

ln
ℓ + l2 + a2

a
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P
x

√x2 + a2

dq

a

Figure 25.15 A uniformly charged ring of radius a lies in a plane
perpendicular to the x axis. All segments dq of the ring are the same
distance from any point P lying on the x axis.

tion 25.16:

(25.21)

This result agrees with that obtained by direct integration
(see Example 23.8). Note that at x ! 0 (the center of
the ring). Could you have guessed this from Coulomb’s law?

Exercise What is the electric potential at the center of the
ring? What does the value of the field at the center tell you
about the value of V at the center?

Answer Because at the cen-Ex ! "dV/dx ! 0V ! keQ /a.

Ex ! 0

keQx
(x2 # a2)3/2 !

 ! "keQ("1
2 )(x2 # a2)"3/2(2x) 

Ex ! "
dV
dx

! "keQ 
d
dx

 (x2 # a2)"1/2

ter, V has either a maximum or minimum value; it is, in fact,
a maximum.

Electric Potential Due to a Uniformly Charged DiskEXAMPLE 25.6
from the definition of surface charge density (see Section
23.5), we know that the charge on the ring is 

Hence, the potential at the point P due to
this ring is

To find the total electric potential at P, we sum over all rings
making up the disk. That is, we integrate dV from r ! 0 to 
r ! a:

This integral is of the form un du and has the value
where and This gives

(25.22)

(b) As in Example 25.5, we can find the electric field at
any axial point from

(25.23)

The calculation of V and E for an arbitrary point off the axis
is more difficult to perform, and we do not treat this situation
in this text.

2$ke % !1 "
x

!x2 # a2"Ex ! "
dV
dx

!

2$ke %[(x2 # a2)1/2 " x]V !

u ! r 2 # x2.n ! "1
2un#1/(n # 1),

V ! $ke %#a

0
 

2r dr

!r 2 # x2
! $ke %#a

0
 (r 2 # x2)"1/2 2r dr

dV !
ke dq

!r 2 # x2
!

ke %2$r dr

!r 2 # x2

% dA ! %2$r dr.
dq !

Find (a) the electric potential and (b) the magnitude of the
electric field along the perpendicular central axis of a uni-
formly charged disk of radius a and surface charge density %.

Solution (a) Again, we choose the point P to be at a dis-
tance x from the center of the disk and take the plane of the
disk to be perpendicular to the x axis. We can simplify the
problem by dividing the disk into a series of charged rings.
The electric potential of each ring is given by Equation 25.20.
Consider one such ring of radius r and width dr, as indicated
in Figure 25.16. The surface area of the ring is dA ! 2$r dr ;

Figure 25.16 A uniformly charged disk of radius a lies in a plane
perpendicular to the x axis. The calculation of the electric potential
at any point P on the x axis is simplified by dividing the disk into
many rings each of area 2$r dr.

dr

dA = 2πrdr

√ r 2 + x 2

x P

r
a

π
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Electric Potential Due to a Finite Line of ChargeEXAMPLE 25.7
Evaluating V, we find that

(25.24)
keQ

!
 ln! ! ! !!2 ! a2

a "V "

A rod of length located along the x axis has a total charge
Q and a uniform linear charge density # " Q / . Find the
electric potential at a point P located on the y axis a distance
a from the origin (Fig. 25.17).

Solution The length element dx has a charge dq " # dx.
Because this element is a distance from point P,
we can express the potential at point P due to this element 
as

To obtain the total potential at P, we integrate this expression
over the limits x " 0 to x " . Noting that ke and # are con-
stants, we find that

This integral has the following value (see Appendix B):

# 
dx

!x2 ! a2
" ln(x ! !x2 ! a2)

V " ke # #!

0
 

dx

!x2 ! a2
" ke 

Q
!

 #!

0
 

dx

!x2 ! a2

!

dV " ke 
dq
r

" ke 
# dx

!x 2 ! a 2

r " !x2 ! a2

!
!

Electric Potential Due to a Uniformly Charged SphereEXAMPLE 25.8
Because the potential must be continuous at r " R , we

can use this expression to obtain the potential at the surface
of the sphere. That is, the potential at a point such as C
shown in Figure 25.18 is

(for 

(b) Find the potential at a point inside the sphere, that is,
for r $ R .

r " R )VC " ke 
Q
R

An insulating solid sphere of radius R has a uniform positive
volume charge density and total charge Q. (a) Find the elec-
tric potential at a point outside the sphere, that is, for 
Take the potential to be zero at 

Solution In Example 24.5, we found that the magnitude
of the electric field outside a uniformly charged sphere of ra-
dius R is

(for 

where the field is directed radially outward when Q is posi-
tive. In this case, to obtain the electric potential at an exterior
point, such as B in Figure 25.18, we use Equation 25.4 and
the expression for Er given above:

(for 

Note that the result is identical to the expression for the elec-
tric potential due to a point charge (Eq. 25.11).

r % R )VB " ke 
Q
r

VB " &#r

'
 Er dr " &keQ #r

'
 

dr
r 2

r % R )Er " ke 
Q
r 2

r " '.
r % R.

dx

!

x
x

0

dq

ra

P

y

Figure 25.17 A uniform line charge of length located along 
the x axis. To calculate the electric potential at P, the line charge is
divided into segments each of length dx and each carrying a charge
dq " # dx.

!

R

r
Q

D
C

B

Figure 25.18 A uniformly charged insulating sphere of radius R
and total charge Q . The electric potentials at points B and C are
equivalent to those produced by a point charge Q located at the cen-
ter of the sphere, but this is not true for point D.
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4.5 Relaciones del Campo Eléctrico y el Potencial Eléctrico. 

	 En la sección anterior se encontró la magnitud de potencia eléctrico en un punto P, si se conoce el 
campo eléctrico a lo largo de la trayectoria directa desde un punto de referencia hasta el punto P. Sin embargo 
es posible determinar la intensidad del campo eléctrico en función al potencial eléctrico presente como ya se 
hizo en el ejemplo 4.1 y en sección anterior. Por lo que las ecuaciones para relacionar el campo eléctrico y el 
potencial eléctrico se describieron en la sección anterior también.


4.6 Energía Potencial Eléctrica de un Sistema de Cargas. 

	 Para comprender el concepto, imagine que se empujan una contra de otra, dos partículas cuya carga 
eléctrica es del mismo signo. El trabajo que se debe realizar se almacena como energía eléctrica potencial en 
el sistema de las dos partículas. Si se sueltan estas dos partículas es posible recuperar la energía invertida 
toda o en parte en forma de energía cinética cuando los cuerpos se alejan entre sí.
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La energía eléctrica potencial de un sistema de cargas puntuales fijas 
es igual al trabajo que debe realizar un agente externo para contraer 
el sistema, trayendo cada carga desde una distancia infinita.

A tener en 
cuenta
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	 Se puede determinar la magnitud del trabajo que se requiere con la ecuación 4.5, cancelando el signo 
negativo para que la ecuación de el trabajo que se debe realizar en lugar del trabajo que realiza el campo. 
Entonces el trabajo que se requiere será igual a , donde V es el potencial establecido por la carga  en el 
punto donde se coloca 


	 	 	 	 	 	 ec. (4.20)


 

q2V q1
q2

U = W = q2V =
1

4πϵ0

q1q2

r
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