
Repaso de divergencia de un campo

Sumidero de campo Manantial de campo



Ley de Gauss para Dieléctricos

• Volviendo a nuestra superficie cerrada de Gauss:

!𝜀#𝐸 % 𝑑𝑎 =) 𝜌+,-./ + 𝜌+,1232 𝑑𝑉

• Como 𝜌+,1232 = −∇ % 𝑃

!𝜀#𝐸 % 𝑑𝑎 =) 𝜌+,-./ − ∇ % 𝑃 𝑑𝑉

Cargas libres y de polarización

• En el vacío, el campo es , = $!"
%

• Cuando metemos el dieléctrico, en todo el espacio, la diferencia de 
potencial es la misma (por acción de la batería) y la distancia es la 
misma con lo cual , no cambia.
• Esto quiere decir que la carga en el conductor #, más la carga en el 

borde contiguo del dieléctrico, tiene que ser igual a ##.

,

, = 0
en el conductor

∆'

Cargas libres 
en el conductor

Cargas de 
polarización
en el dieléctrico

𝑆

𝑆

𝑆



Ley de Gauss para Dieléctricos
• Por teorema de Gauss:

!𝑃 % 𝑑𝑎 =)∇ % 𝑃 𝑑𝑉

• Entonces 

! 𝜀#𝐸 + 𝑃 % 𝑑𝑎 =)𝜌+,-./ 𝑑𝑉

• El campo 𝐷 = 𝜀#𝐸 + 𝑃 se llama corriente de desplazamiento. 
Entonces:

!𝐷 % 𝑑𝑎 =)𝜌+,-./ 𝑑𝑉

𝑆

Ley de Gauss 
para Dieléctricos



Ley de Gauss para Dieléctricos

• Para dieléctricos lineales 𝑃 = 𝜀#𝜒/𝐸:

𝐷 = 𝜀#𝐸 + 𝜀#𝜒/𝐸 = 𝜀# 1 + 𝜒/ 𝐸 = 𝜀#𝜅𝐸 = 𝜀𝐸

• Donde 𝜀 = 𝜀#𝜅 ≥ 𝜀#

• Entonces la Ley de Gauss para dieléctricos lineales dada una superficie 
cerrada 𝑆 que encierra un volumen 𝑉:

!𝜀𝐸 % 𝑑𝑎 =)𝜌+,-./ 𝑑𝑉
𝑆 𝑉



Ley de Gauss para Dieléctricos

• Recordando el teorema de la divergencia, otra forma de escribir la ley 
de Gauss es: 

∇ % 𝐷 = 𝜌+,-./
Esta es una de las cuatro 

ecuaciones de Maxwell del 
electromagnetismo, nos dice que 

las cargas son manantiales o 
sumideros de campo eléctrico



Dieléctrico en capacitor a potencial constante

• Colocamos un dieléctrico 
de constante 𝜅 llenando el 
espacio entre placas a 
potencial constante 𝜑?@
• La carga en el conductor 

aumenta un factor 𝜅.
• Al mantenerse el potencial 

en 𝜑?@, la capacidad 
aumenta a 𝜅𝐶.
• El campo total 𝐸 = 𝜑?@/𝑠

en el dieléctrico no cambia

La batería mantiene la
diferencia de potencial $!".
Con una carga ##, tenemos:

## = !#$!"
sVacío

Dieléctrico

El campo eléctrico desplaza en el
aislante las cargas positivas hacia
abajo y las negativas hacia arriba.
Capas no compensadas se ubican
junto a las placas. En las placas
hay ahora una carga mayor

# = )## ) > 1

𝜅𝑄#



 
 

Figure 5.5.5 Inserting a dielectric material between the capacitor plates while keeping the 
charge Q0 constant 
 
If we then insert a dielectric between the plates, while keeping the charge constant, 
experimentally it is found that the potential difference decreases by a factor of : eN
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This implies that the capacitance is changed to 
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Thus, we see that the capacitance has increased by a factor of eN .The electric field within 
the dielectric is now 
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We see that in the presence of a dielectric, the electric field decreases by a factor of eN . 

 

5.5.3 Dielectrics with Battery 
 

Consider a second case where a battery supplying a potential difference remains 
connected as the dielectric is inserted. Experimentally, it is found (first by Faraday) that 
the charge on the plates is increased by a factor�

0| V' |

eN � 
 
 0eQ QN  (5.5.16) 
 
where Q0 is the charge on the plates in the absence of any dielectric. 
 

 
 
Figure 5.5.6 Inserting a dielectric material between the capacitor plates while 
maintaining a constant potential difference 0| |V' .  
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Dieléctricos en capacitor a carga constante

• Colocamos un dieléctrico de constante 𝜅 manteniendo la carga 𝑄#.

• Experimentalmente se ve que el potencial cae a EFGH , con lo cual, el 
campo cae a EFGIH .

• La capacidad aumenta a 𝜅𝐶.

𝜑?@

𝑄#
𝑄#

𝜑?@
𝜅

𝜅



La batería mantiene la
diferencia de potencial $!".
Con una carga ##, tenemos:

## = !#$!"
sVacío

Dieléctrico

El campo eléctrico desplaza en el
aislante las cargas positivas hacia
abajo y las negativas hacia arriba.
Capas no compensadas se ubican
junto a las placas. En las placas
hay ahora una carga mayor

# = )## ) > 1

Dieléctricos en capacitor a carga constante 
(sin batería)

𝐸

𝐸 = 0
en el conductor

∆𝐴

𝑄#
𝐴
= 𝜎#

en el borde del
conductor

Dieléctrico −
𝑄N
𝐴 = −𝜎N

en el borde del
dieléctrico

!𝜀𝐸 % 𝑑𝑎 = 𝜀𝐸 % ∆𝐴 = 𝜀𝐸∆𝐴 =)𝜌+,-./𝑑𝑉 = 𝑄#
1
𝐴
∆𝐴

S

S



Dieléctricos en capacitor a carga constante 
(sin batería)
• Simplificando, tenemos 𝐸 = OP

QR =
OP
QPHR

• Para el caso sin dieléctrico el campo vale 𝐸𝜅 = OP
SPR

• Entonces, juntando las dos últimas expresiones para 𝐸:

𝑄#
𝜅𝜀#𝐴

=
𝑄# − 𝑄N
𝜀#𝐴

⟹
𝑄#
𝜅 = 𝑄# − 𝑄N

• con lo cual la carga de polarización es
𝑄N = 1 − ?

H 𝑄#, ó 𝜎N= 1 − ?
H 𝜎#



Energía en capacitores con 
dielectricos



Energía almacenada en un capacitor con 
dielectrico
• La energía almacenada en un capacitor venía dada por:

𝑈 =
1
2
𝐶∆𝑉@

• Al colocar un dieléctrico, se espera que esta cantidad cambie:

• A potencial constante

• A carga constante



Energía almacenada en un capacitor con 
dielectrico (con batería)
• Supongamos un capacitor de capacidad inicial 𝐶, que llenamos 

completamente con un dieléctrico de constante 𝜅>1, manteniendo el 
potencial constante. 
• La energía pasa de un valor inicial

𝑈, =
1
2
𝐶,∆𝑉,@

• A un valor final

𝑈W =
?
@𝐶W∆𝑉,

@= ?
@ 𝜅𝐶,∆𝑉,

@> 𝑈,



Pregunta

• ¿De donde sale la energía que ingresa al sistema al colocar el 
dieléctrico a voltaje constante?



Energía almacenada en un capacitor con 
dielectrico (sin batería)
• Sea un capacitor de capacidad inicial 𝐶, y diferencia de potencial 
∆𝑉, que llenamos completamente con un dieléctrico de constante 
𝜅>1, manteniendo la carga constante. 
• La energía pasa de un valor inicial

𝑈, =
1
2𝐶,∆𝑉,

@

• A un valor final donde 𝐶W = 𝜅𝐶, y ∆𝑉W=
∆YZ
H

𝑈W =
?
@𝐶W∆𝑉W

@= ?
@ 𝜅𝐶,

∆YZ
H

@
= [Z

H < 𝑈,



Pregunta

• ¿A dónde va la energía que ya no está en el estado final?



Capacitores con dieléctricos (1)

• Dado un capacitor plano de área A y 
espesor d, metemos un dieléctrico de 
constante 𝜅/ y espesor t < d. 
• La carga Q en el conductor 

permanece constante. 
• Queremos ver cómo cambia la 

capacidad. 
• Inicialmente, la capacidad es:

𝐶# =
SPR
3

Example 5.7: Capacitance with Dielectrics 
 
A non-conducting slab of thickness t , area A and dielectric constant  is inserted into 

the space between the plates of a parallel-plate capacitor with spacing d, charge Q and 

area A, as shown in  Figure 5.5.9(a). The slab is not necessarily halfway between the 

capacitor plates. What is the capacitance of the system? 

eN

 

  
       

Figure 5.5.9 (a) Capacitor with a dielectric. (b) Electric field between the plates. 

 
Solution: 
 

To find the capacitance C, we first calculate the potential difference . We have 

already seen that in the absence of a dielectric, the electric field between the plates is 

given by 

V'

0 /E Q A0H , and 0 /D eE E N when a dielectric of dielectric constant eN  is 

present, as shown in Figure 5.5.9(b). The potential can be found by integrating the 

electric field along a straight line from the top to the bottom plates:   
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 

gives 

   0

| | 1
1

e

AQC
V

d t

H

N

  
' § ·

� �¨ ¸
© ¹

 (5.5.26)  

 

It is useful to check the following limits:  

 

(i) As i.e., the thickness of the dielectric approaches zero, we have 0,to

0 /C A d C0H  , which is the expected result for no dielectric.  

 

(ii) As , we again have1eN o 0 /C A d 0CHo  , and the situation also correspond to the 

case where the dielectric is absent.  
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Capacitores con dieléctricos (1)

• La capacidad del capacitor con el 
dieléctrico vendrá dada por 

𝐶 = O
∆Y

donde ∆𝑉 es la diferencia de potencial 
entre las placas una vez que metimos el 

dieléctrico.

• Como 𝑄 no varía, sólo tenemos que 
calcular ∆𝑉.
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 
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It is useful to check the following limits:  
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0 /C A d C0H  , which is the expected result for no dielectric.  
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 
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It is useful to check the following limits:  
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 5-25

Q

∆𝑉



Capacitores con dieléctricos (1)

• Calculemos entonces el campo en el 
espacio entre las placas.

• Por ley de Gauss, En la capa de vacío 
de arriba el campo es simplemente 

𝐸# =
O
RSP

o 𝐸# =
O
RSP

𝑥

• En la capa de vacío de abajo, el valor 
del campo es el mismo.
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 

gives 
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It is useful to check the following limits:  

 

(i) As i.e., the thickness of the dielectric approaches zero, we have 0,to

0 /C A d C0H  , which is the expected result for no dielectric.  

 

(ii) As , we again have1eN o 0 /C A d 0CHo  , and the situation also correspond to the 

case where the dielectric is absent.  
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 

gives 
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It is useful to check the following limits:  

 

(i) As i.e., the thickness of the dielectric approaches zero, we have 0,to

0 /C A d C0H  , which is the expected result for no dielectric.  

 

(ii) As , we again have1eN o 0 /C A d 0CHo  , and the situation also correspond to the 

case where the dielectric is absent.  
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𝐸 = 0 en el conductor

Carga encerrada = O
R
∆𝐴∆𝐴



Capacitores con dieléctricos (1)

• Para el campo 𝐸` en el dieléctrico 
usemos la ley de Gauss para 
dieléctricos: 

∫𝐷 % 𝑑𝑎 = 0

𝜖𝐸`∆𝐴 − 𝜖#𝐸#∆𝐴 = 0

entonces como 𝜖 = 𝜅/ 𝜖#

𝐸` =
𝐸#
𝜅/
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 
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It is useful to check the following limits:  
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Solution: 
 

To find the capacitance C, we first calculate the potential difference . We have 

already seen that in the absence of a dielectric, the electric field between the plates is 

given by 

V'

0 /E Q A0H , and 0 /D eE E N when a dielectric of dielectric constant eN  is 

present, as shown in Figure 5.5.9(b). The potential can be found by integrating the 

electric field along a straight line from the top to the bottom plates:   
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 

gives 
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It is useful to check the following limits:  

 

(i) As i.e., the thickness of the dielectric approaches zero, we have 0,to

0 /C A d C0H  , which is the expected result for no dielectric.  

 

(ii) As , we again have1eN o 0 /C A d 0CHo  , and the situation also correspond to the 

case where the dielectric is absent.  
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(no hay cargas libres)



Capacitores con dieléctricos (1)

• La diferencia de potencial entre las 
placas es

∆𝑉 = −c
d

e
𝐸 % 𝑑𝑙

• la integral de camino da:

∆𝑉 = 𝐸# 𝑑 − 𝑡 +𝐸` 𝑡

= O
RSP

𝑑 − 𝑡 + O
RHhSP

𝑡
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To find the capacitance C, we first calculate the potential difference . We have 

already seen that in the absence of a dielectric, the electric field between the plates is 

given by 
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 
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It is useful to check the following limits:  

 

(i) As i.e., the thickness of the dielectric approaches zero, we have 0,to

0 /C A d C0H  , which is the expected result for no dielectric.  

 

(ii) As , we again have1eN o 0 /C A d 0CHo  , and the situation also correspond to the 

case where the dielectric is absent.  
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Capacitores con dieléctricos (1)

• Calculemos ahora la capacidad del 
capacitor con el dieléctrico:

𝐶 =
𝑄
∆𝑉 =

𝑄
𝑄
𝐴𝜖#

𝑑 − 𝑡 + 𝑄
𝐴𝜅/𝜖#

𝑡

• simplificamos y reacomodamos el 
denominador

𝐶 =
1

𝑑 − 𝑡
𝐴𝜖#

+ 𝑡
𝐴𝜅/𝜖#

Example 5.7: Capacitance with Dielectrics 
 
A non-conducting slab of thickness t , area A and dielectric constant  is inserted into 

the space between the plates of a parallel-plate capacitor with spacing d, charge Q and 

area A, as shown in  Figure 5.5.9(a). The slab is not necessarily halfway between the 

capacitor plates. What is the capacitance of the system? 
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Figure 5.5.9 (a) Capacitor with a dielectric. (b) Electric field between the plates. 

 
Solution: 
 

To find the capacitance C, we first calculate the potential difference . We have 

already seen that in the absence of a dielectric, the electric field between the plates is 

given by 

V'

0 /E Q A0H , and 0 /D eE E N when a dielectric of dielectric constant eN  is 

present, as shown in Figure 5.5.9(b). The potential can be found by integrating the 

electric field along a straight line from the top to the bottom plates:   
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 

gives 
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It is useful to check the following limits:  

 

(i) As i.e., the thickness of the dielectric approaches zero, we have 0,to

0 /C A d C0H  , which is the expected result for no dielectric.  

 

(ii) As , we again have1eN o 0 /C A d 0CHo  , and the situation also correspond to the 

case where the dielectric is absent.  
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Capacitores con dieléctricos (1)

• Invirtiendo 𝐶 tenemos:

1
𝐶 =

𝑑 − 𝑡
𝐴𝜖#

+
𝑡

𝐴𝜅/𝜖#
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To find the capacitance C, we first calculate the potential difference . We have 

already seen that in the absence of a dielectric, the electric field between the plates is 

given by 

V'

0 /E Q A0H , and 0 /D eE E N when a dielectric of dielectric constant eN  is 

present, as shown in Figure 5.5.9(b). The potential can be found by integrating the 
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 

gives 
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It is useful to check the following limits:  

 

(i) As i.e., the thickness of the dielectric approaches zero, we have 0,to

0 /C A d C0H  , which is the expected result for no dielectric.  

 

(ii) As , we again have1eN o 0 /C A d 0CHo  , and the situation also correspond to the 

case where the dielectric is absent.  
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Capacitores con dieléctricos (1)

• Invirtiendo 𝐶 tenemos:

1
𝐶 =

𝑑 − 𝑡
𝐴𝜖#

+
𝑡

𝐴𝜅/𝜖#

• Esto es la suma de las inversas de 
las capacidades de un capacitor en 
el vacío de espesor 𝑑 − 𝑡 y de otro 
con dieléctrico de espesor 𝑡, 
ambos con carga 𝑄.

Example 5.7: Capacitance with Dielectrics 
 
A non-conducting slab of thickness t , area A and dielectric constant  is inserted into 

the space between the plates of a parallel-plate capacitor with spacing d, charge Q and 

area A, as shown in  Figure 5.5.9(a). The slab is not necessarily halfway between the 

capacitor plates. What is the capacitance of the system? 
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Figure 5.5.9 (a) Capacitor with a dielectric. (b) Electric field between the plates. 

 
Solution: 
 

To find the capacitance C, we first calculate the potential difference . We have 

already seen that in the absence of a dielectric, the electric field between the plates is 

given by 

V'

0 /E Q A0H , and 0 /D eE E N when a dielectric of dielectric constant eN  is 

present, as shown in Figure 5.5.9(b). The potential can be found by integrating the 

electric field along a straight line from the top to the bottom plates:   
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 

gives 
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It is useful to check the following limits:  

 

(i) As i.e., the thickness of the dielectric approaches zero, we have 0,to

0 /C A d C0H  , which is the expected result for no dielectric.  

 

(ii) As , we again have1eN o 0 /C A d 0CHo  , and the situation also correspond to the 

case where the dielectric is absent.  
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(iii) In the limit where  the space is filled with dielectric, we 
have . 

,t do

0 0/e eC A dN H No  C
 
We also comment that the configuration is equivalent to two capacitors connected in 
series, as shown in Figure 5.5.10. 
 

 
 

Figure 5.5.10 Equivalent configuration. 
 
Using Eq. (5.3.8) for capacitors connected in series, the equivalent capacitance is 
 

 
0 0

1

e

d t t
C A AH N H

�
 �  (5.5.28) 

 
5.6 Creating Electric Fields 
 

Animation 5.1: Creating an Electric Dipole 
  
Electric fields are created by electric charge.  If there is no electric charge present, and 
there never has been any electric charge present in the past, then there would be no 
electric field anywhere is space.  How is electric field created and how does it come to fill 
up space?  To answer this, consider the following scenario in which we go from the 
electric field being zero everywhere in space to an electric field existing everywhere in 
space.   
 

   
Figure 5.6.1   Creating an electric dipole.  (a) Before any charge separation.  (b)  Just 
after the charges are separated.  (c)  A long time after the charges are separated. 
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Capacitores con dieléctricos (1)

• En otras palabras:
1
𝐶 =

1
𝐶?
+
1
𝐶@

• Los capacitores tienen un 
conductor en común que es un 
equipotencial, de un lado tiene 
carga 𝑄 del otro −𝑄.

• Esta configuración se denomina ‘en 
serie’

Example 5.7: Capacitance with Dielectrics 
 
A non-conducting slab of thickness t , area A and dielectric constant  is inserted into 

the space between the plates of a parallel-plate capacitor with spacing d, charge Q and 

area A, as shown in  Figure 5.5.9(a). The slab is not necessarily halfway between the 

capacitor plates. What is the capacitance of the system? 
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Figure 5.5.9 (a) Capacitor with a dielectric. (b) Electric field between the plates. 

 
Solution: 
 

To find the capacitance C, we first calculate the potential difference . We have 

already seen that in the absence of a dielectric, the electric field between the plates is 

given by 

V'

0 /E Q A0H , and 0 /D eE E N when a dielectric of dielectric constant eN  is 

present, as shown in Figure 5.5.9(b). The potential can be found by integrating the 

electric field along a straight line from the top to the bottom plates:   
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where D DV E'  t  is the potential difference between the two faces of the dielectric. This 

gives 
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It is useful to check the following limits:  

 

(i) As i.e., the thickness of the dielectric approaches zero, we have 0,to

0 /C A d C0H  , which is the expected result for no dielectric.  

 

(ii) As , we again have1eN o 0 /C A d 0CHo  , and the situation also correspond to the 

case where the dielectric is absent.  
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(iii) In the limit where  the space is filled with dielectric, we 
have . 

,t do
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We also comment that the configuration is equivalent to two capacitors connected in 
series, as shown in Figure 5.5.10. 
 

 
 

Figure 5.5.10 Equivalent configuration. 
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5.6 Creating Electric Fields 
 

Animation 5.1: Creating an Electric Dipole 
  
Electric fields are created by electric charge.  If there is no electric charge present, and 
there never has been any electric charge present in the past, then there would be no 
electric field anywhere is space.  How is electric field created and how does it come to fill 
up space?  To answer this, consider the following scenario in which we go from the 
electric field being zero everywhere in space to an electric field existing everywhere in 
space.   
 

   
Figure 5.6.1   Creating an electric dipole.  (a) Before any charge separation.  (b)  Just 
after the charges are separated.  (c)  A long time after the charges are separated. 
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𝑄



Capacitores en serie

• El resultado anterior:
1
𝐶
=
1
𝐶?
+
1
𝐶@

• Puede extenderse a los capacitores en el vacío trivialmente (𝜅/= 1) y a 
un número arbitrario de capacitores en serie.



Capacitores con dieléctricos (2)

• Supongamos ahora un 
capacitor de área A y espesor 
𝑑 pequeño con carga 𝑄, y 
diferencia de potencial ∆𝑉.

• Se llena todo el espacio entre 
placas con dos dieléctricos de 
constantes 𝜅? y 𝜅@ de áreas 
𝐴?+ 𝐴@ = 𝐴.

Now we have three capacitors connected in parallel. The equivalent capacitance is given 
by 
 

 eq
1 1 111
2 3 6

C C C§ · � �  ¨ ¸
© ¹

  

 
 

5.10.2 Capacitor Filled with Two Different Dielectrics 
 
Two dielectrics with dielectric constants 1N  and 2N  each fill half the space between the 
plates of a parallel-plate capacitor as shown in Figure 5.10.3.  
 

 
 

Figure 5.10.3 Capacitor filled with two different dielectrics. 
 
Each plate has an area A and the plates are separated by a distance d. Compute the 
capacitance of the system. 
 
Solution: 
 
Since the potential difference on each half of the capacitor is the same, we may treat the 
system as being composed of two capacitors connected in parallel. Thus, the capacitance 
of the system is 
 
 1C C C2 �   
With 
 

 0 ( / 2) ,    1, 2i
i

AC
d

iN H
    

we obtain 
 

 �1 0 2 0 0
1 2

( / 2) ( / 2)
2

A A AC
d d d

N H N H H �N N �  �   

 

5.10.3 Capacitor with Dielectrics  
 
Consider a conducting spherical shell with an inner radius a and outer radius c. Let the 
space between two surfaces be filed with two different dielectric materials so that the 
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𝐴? 𝐴@
𝑑



Capacitores con dieléctricos (2)

• La superficie de cada conductor es 
una equipotencial.

• Por lo tanto la diferencia de 
potencial para cada dieléctrico es la 
misma

• Vamos a permitir que la carga total 
en cada placa se redistribuya sobre 
cada dieléctrico 𝑄 = 𝑄? + 𝑄@.

𝐴? 𝐴@

𝑑

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

- - - - - - - - - - - - - - - - - - - - - - - -

𝐸? 𝐸@

𝑄@𝑄?

−𝑄@−𝑄?

𝜅? 𝜅@



Capacitores con dieléctricos (2)

• Por Ley de Gauss para dieléctricos

∫𝐷 % 𝑑𝑎 = 𝑐𝑎𝑟𝑔𝑎 𝑙𝑖𝑏𝑟𝑒 𝑒𝑛𝑐𝑒𝑟𝑟𝑎𝑑𝑎

𝜅?𝜖#𝐸?∆𝐴 =
OF
RF
∆𝐴

𝐸? =
𝑄?

𝐴?𝜅?𝜖#

𝐴? 𝐴@

𝑑

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

- - - - - - - - - - - - - - - - - - - - - - - -

𝐸?

𝐸@

𝑄@𝑄?

−𝑄@−𝑄?

𝜅? 𝜅@

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

∆𝐴

∆𝐴

Superficie cerrada S𝐸 = 0
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𝑄?
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Capacitores con dieléctricos (2)

• Por Ley de Gauss para dieléctricos

∫𝐷 % 𝑑𝑎 = 𝑐𝑎𝑟𝑔𝑎 𝑙𝑖𝑏𝑟𝑒 𝑒𝑛𝑐𝑒𝑟𝑟𝑎𝑑𝑎

𝜅@𝜖#𝐸@∆𝐴 =
OG
RG
∆𝐴

𝐸@ =
𝑄@

𝐴@𝜅@𝜖#

𝐴? 𝐴@

𝑑

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

- - - - - - - - - - - - - - - - - - - - - - - -

𝐸@

𝐸@

𝑄@𝑄?

−𝑄@−𝑄?

𝜅? 𝜅@

+   +   +  +   +  +   +   +   +   +   + 

∆𝐴

∆𝐴

Superficie cerrada S𝐸 = 0
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𝑄@
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Capacitores con dieléctricos (2)

• Como la diferencia de potencial 
es la misma para ambos 
dieléctricos

−∫d
e𝐸? % 𝑑𝑙 = −∫d

e𝐸@ % 𝑑𝑙

∆𝑉 = 𝐸?𝑑 = 𝐸@𝑑

𝑄?𝑑
𝐴?𝜅?𝜖#

=
𝑄@𝑑
𝐴@𝜅@𝜖#

𝐴? 𝐴@

𝑑

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

- - - - - - - - - - - - - - - - - - - - - - - -

𝐸@

𝑄@𝑄?

−𝑄@−𝑄?

𝜅? 𝜅@
𝑑𝑙

𝐸?



Capacitores con dieléctricos (2)

• De la cuenta anterior: 

𝑄@ = 𝐴@𝜅@
𝑄?
𝐴?𝜅?

• Entonces, la capacidad total es

𝐶 =
𝑄
∆𝑉 =

𝑄? + 𝑄@
𝑄?𝑑
𝐴?𝜅?𝜖#

• Reemplazando 𝑄@ tenemos



Capacitores con dieléctricos (2)

• Reemplazando 𝑄@ tenemos

𝐶 =
𝑄
∆𝑉 =

𝑄? + 𝐴@𝜅@
𝑄?
𝐴?𝜅?

𝑄?𝑑
𝐴?𝜅?𝜖#

• Entonces

𝐶 =
1 + 𝐴@𝜅@

1
𝐴?𝜅?

𝑑
𝐴?𝜅?𝜖#

=
𝐴?𝜅?𝜖# + 𝐴@𝜅@

𝐴?𝜅?𝜖#
𝐴?𝜅?

𝑑 =
𝐴?𝜅?𝜖#
𝑑 +

𝐴@𝜅@𝜖#
𝑑



Capacitores en paralelo

Now we have three capacitors connected in parallel. The equivalent capacitance is given 
by 
 

 eq
1 1 111
2 3 6

C C C§ · � �  ¨ ¸
© ¹

  

 
 

5.10.2 Capacitor Filled with Two Different Dielectrics 
 
Two dielectrics with dielectric constants 1N  and 2N  each fill half the space between the 
plates of a parallel-plate capacitor as shown in Figure 5.10.3.  
 

 
 

Figure 5.10.3 Capacitor filled with two different dielectrics. 
 
Each plate has an area A and the plates are separated by a distance d. Compute the 
capacitance of the system. 
 
Solution: 
 
Since the potential difference on each half of the capacitor is the same, we may treat the 
system as being composed of two capacitors connected in parallel. Thus, the capacitance 
of the system is 
 
 1C C C2 �   
With 
 

 0 ( / 2) ,    1, 2i
i

AC
d

iN H
    

we obtain 
 

 �1 0 2 0 0
1 2

( / 2) ( / 2)
2

A A AC
d d d
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5.10.3 Capacitor with Dielectrics  
 
Consider a conducting spherical shell with an inner radius a and outer radius c. Let the 
space between two surfaces be filed with two different dielectric materials so that the 
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𝐴? 𝐴@
𝜅? 𝜅@

𝐴? 𝐴@

𝑑
=

Conectores conductores

𝐶? 𝐶@+𝐶 =



Capacitores en paralelo

• Entonces, en general, la capacidad equivalente 𝐶 de dos capacitores 
‘en paralelo’ (𝐶?y 𝐶@) tenemos: 

• Extendido a N capacitores

𝐶= 𝐶?+ 𝐶@



Corrientes estacionarias y 
circuitos



Corriente eléctrica

• Carga en movimiento

• La corriente I por un cable es la cantidad de carga que atraviesa la 
sección transversal en un punto fijo por unidad de tiempo.
• Se expresa en Ampères: A = C/s

• J es la densidad superficial de corriente 𝐽 = u
R y se expresa en A/m2



Densidad de corriente y corriente

• En realidad importan las velocidades medias 
en una porción del espacio
• Para un portador de carga k, 𝑛v cantidad de 

portadores por unidad de volumen
𝐽v = 𝑛v𝑞v �⃗�v

• Entonces, si tengo muchas especies ‘k’

𝐽 =z
v

𝐽v

𝐼 = c 𝐽 % 𝑑𝑎
A

Densidad de corriente y corriente

• En realidad importan las velocidades medias 
en una porción del espacio
• Para un portador de carga k, .$ cantidad de 

portadores por unidad de volumen
0⃗$ = .$1$ 2⃗$

• Entonces, si tengo muchas especies ‘k’
0⃗ = 3

$
0⃗$

4 = 5 0⃗ $ %&
A



Corriente estacionaria y conservación de la 
carga
• Una corriente estacionaria es aquella cuyo campo 𝐽 no depende del 

tiempo en cada punto del espacio donde ocurre.
• Como vimos hoy, la divergencia de un campo permitía ver si había 

manantiales o sumideros de campo.
• El campo de densidad de corriente debe cumplir la conservación de la 

carga. Esta se escribe

∇ % 𝐽 = −
𝜕𝜌
𝜕𝑡

Esto quiere decir que el flujo saliente de cargas va a ir vaciando el 
diferencial de volumen de ellas, mientras que el flujo entrante 
contribuye a la acumulación de carga en el lugar.


