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SIĞA

Bu bölümde yük depolayan bir aygıt olan kondansatörleri inceleyeceğiz. Günlük  

hayatta çokca karşımıza çıkan kondansatör gerçekte iki iletken arasına koyulan bir 

yalıtkandan oluşan bir sistemdir. İste bu sistemin yani kondansatörün sığasından  

bahsedebiliriz. 

Böyle bir kondansatörün sığası; 

geometrisine ve 

yüklü iletkenleri ayıran ve dielektrik denilen maddeye bağlıdır.
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KONDANSATÖR

Bu şekildeki gibi iki iletkenin  eşit büyüklükte ve zıt işaretli yük 
taşıdığını varsayalım, bu iletkenin  böyle birleşimine kondansatör 
denir.

Burada her bir iletkene  plaka veya  
levha denir.  İletkenler üzerinde yükler bulunmaktadır. 
Bunlar  artı ve eksi olacak şekilde belirtilmiştir, (+Q ve -Q) 
Bu yükler nedeniyle iletkenler arsında ∆V kadar potansiyel farkı  
meydana gelir.  Bu nedenle iletkenler üzerindeki yük ve potansiyel  
fark birbirine bağlı niceliklerdir.  Belirli bir ∆V  değerinde yük  
depolamak için sığa ne olmalıdır sorusunun cevabı; 
 

804 C H A P T E R  2 6 Capacitance and Dielectrics

n this chapter, we discuss capacitors—devices that store electric charge. Capaci-
tors are commonly used in a variety of electric circuits. For instance, they are
used to tune the frequency of radio receivers, as filters in power supplies, to

eliminate sparking in automobile ignition systems, and as energy-storing devices in
electronic flash units.

A capacitor consists of two conductors separated by an insulator. We shall see
that the capacitance of a given capacitor depends on its geometry and on the ma-
terial—called a dielectric—that separates the conductors.

DEFINITION OF CAPACITANCE
Consider two conductors carrying charges of equal magnitude but of opposite
sign, as shown in Figure 26.1. Such a combination of two conductors is called a ca-
pacitor. The conductors are called plates. A potential difference !V exists between
the conductors due to the presence of the charges. Because the unit of potential
difference is the volt, a potential difference is often called a voltage. We shall use
this term to describe the potential difference across a circuit element or between
two points in space.

What determines how much charge is on the plates of a capacitor for a given
voltage? In other words, what is the capacity of the device for storing charge at a
particular value of !V ? Experiments show that the quantity of charge Q on a ca-
pacitor1 is linearly proportional to the potential difference between the conduc-
tors; that is, The proportionality constant depends on the shape and sepa-
ration of the conductors.2 We can write this relationship as if we define
capacitance as follows:

Q " C !V
Q # !V.

26.1

The capacitance C of a capacitor is the ratio of the magnitude of the charge on
either conductor to the magnitude of the potential difference between them:

(26.1)C !
Q

!V

I

Note that by definition capacitance is always a positive quantity. Furthermore, the po-
tential difference !V is always expressed in Equation 26.1 as a positive quantity. Be-
cause the potential difference increases linearly with the stored charge, the ratio
Q /!V is constant for a given capacitor. Therefore, capacitance is a measure of a
capacitor’s ability to store charge and electric potential energy.

From Equation 26.1, we see that capacitance has SI units of coulombs per volt.
The SI unit of capacitance is the farad (F), which was named in honor of Michael
Faraday:

The farad is a very large unit of capacitance. In practice, typical devices have ca-
pacitances ranging from microfarads (10$6 F) to picofarads (10$12 F). For practi-
cal purposes, capacitors often are labeled “mF” for microfarads and “mmF” for mi-
cromicrofarads or, equivalently, “pF” for picofarads.

1 F " 1 C/V

Definition of capacitance

1 Although the total charge on the capacitor is zero (because there is as much excess positive charge
on one conductor as there is excess negative charge on the other), it is common practice to refer to the
magnitude of the charge on either conductor as “the charge on the capacitor.”
2 The proportionality between !V and Q can be proved from Coulomb’s law or by experiment.

13.5

–Q

+Q

Figure 26.1 A capacitor consists
of two conductors carrying charges
of equal magnitude but opposite
sign.
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PARALEL PLAKALI KONDANSATÖR

Paralel plakalı bir kondanstörü inceleyelim. 

Her bir plakayı pilin bir kutbuna bağlayalım. 

Başlangıçta yüksüz olan plakalar üzerinde yük 

birikmeye başlar. Örneğin negatif kutba  

bağlanmış olan plaka dışında oluşan elektrik

alan tel içindeki elektronlar üzerinde bir kuvvet uygular. Bu kuvvet elektronların  

plaka üzerine doğru bir hareketine sebep olur. Bu hareket plaka ve üreteç aynı 

 potansiyele gelineceye kadar devam eder. Her iki kutupda da aynı olay oluşur. 

Sonuçta kondansatörün plakaları arasındaki potansiyel farkı pilin kutupları 
arasındaki kadardır.
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PARALEL PLAKALI KONDANSATÖR

Yandaki paralel plakalı  kondansatörü inceleyelim. 

Bu kondansatör 5pF’lık olsun.( Normalde Farad 

oldukça büyük bir değerdir, bu nedenle ön ekler 

kullanılmaktadır.) 

Böyle bir kondansatörü farzedelim 10V’luk bir pile 

bağlayalım. Bu durumda  kondansatörün 

 uçlarındaki yükü bulmaya çalışalım,

C=5pF, 

∆V=10V, 
Q= C. ∆V=50 pC ( kondansatörün 
 uçları +50 pC ve -50 pC ile yüklenecektir)
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PARALEL PLAKALI KONDANSATÖR
Eşit A yüzey alanına sahip iki metal paralel plaka d 
uzaklığı ile birbirlerinden ayrılsınlar. Biri +Q diğeri 
-Q ile yüklensin.Kondansatör bir batarya tarafindan 
yüklenirken elektronlar pozitif plakadan negatif 
plakaya dogru akar.Kondansatörün plakaları büyük 
ise toplanan yükler plaka yüzeyinin her tarafına 
kendi kendine dağılır ve plaka alanı arttığında sığa 
da artar.

Plakalar arasındaki potansiyel farkı batarya ile denk olduğunda teller boyunca 
yük hareketi durur. Bu arada plakalar arsında bir elektrik alan oluşur. Eğer 
plakaları birbirlerinden biraz uzaklaştırır, d mesafesini artırırsak plakalar 
üzerindeki yük azalır. (∆V=Ed) Sonuç olarak sığa iletkenin geometrisine bağlıdır 
ve;

26.2 Calculating Capacitance 807

We can verify these physical arguments with the following derivation. The sur-
face charge density on either plate is If the plates are very close to-
gether (in comparison with their length and width), we can assume that the elec-
tric field is uniform between the plates and is zero elsewhere. According to the last
paragraph of Example 24.8, the value of the electric field between the plates is

Because the field between the plates is uniform, the magnitude of the potential
difference between the plates equals Ed (see Eq. 25.6); therefore,

Substituting this result into Equation 26.1, we find that the capacitance is

(26.3)

That is, the capacitance of a parallel-plate capacitor is proportional to the
area of its plates and inversely proportional to the plate separation, just as
we expect from our conceptual argument.

A careful inspection of the electric field lines for a parallel-plate capacitor re-
veals that the field is uniform in the central region between the plates, as shown in
Figure 26.3a. However, the field is nonuniform at the edges of the plates. Figure
26.3b is a photograph of the electric field pattern of a parallel-plate capacitor.
Note the nonuniform nature of the electric field at the ends of the plates. Such
end effects can be neglected if the plate separation is small compared with the
length of the plates.

Many computer keyboard buttons are constructed of capacitors, as shown in Figure 26.4.
When a key is pushed down, the soft insulator between the movable plate and the fixed
plate is compressed. When the key is pressed, the capacitance (a) increases, (b) decreases,
or (c) changes in a way that we cannot determine because the complicated electric circuit
connected to the keyboard button may cause a change in !V.

Quick Quiz 26.1

C "
#0A
d

C "
Q
!V

"
Q

Qd/#0A

!V " Ed "
Qd
#0A

E "
$

#0
"

Q
#0A

$ " Q /A.

Key

Movable
plate

Soft
insulator

Fixed
plate

B

Parallel-Plate CapacitorEXAMPLE 26.1

Exercise What is the capacitance for a plate separation of
3.00 mm?

Answer 0.590 pF.

1.77 pF " 1.77 % 10&12 F "
A parallel-plate capacitor has an area 
and a plate separation mm. Find its capacitance.

Solution From Equation 26.3, we find that

C " #0 
A
d

" (8.85 % 10&12 C2/N'm2)! 2.00 % 10&4 m2

1.00 % 10&3 m "

d " 1.00
A " 2.00 % 10&4 m2

Figure 26.4 One type of com-
puter keyboard button.

Boş uzayın elektriksel geçirgenliği, 
ε0 = 8,85.10-12.C2/N.m2
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PARALEL PLAKALI KONDANSATÖR
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Paralel plaka, silindirik, küresel vs.
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SİLİNDİRİK KONDANSATÖR

a yarıçaplı silindirik iletkenin yükü +Q olsun ve b yarıçaplı silindirik iletken kabuğun 
yükü -Q olsun. l uzunluğundaki bu silindirik kondansatörün sığasını bulalım.

Şimdi a yarıçaplı dolu bir iletken silindirimiz 
olsun. Bu silindirin dışına b yarıçaplı olacak 
şekilde silindirik bir kabuğu yerleştirelim. Bu 
durumda silindirik bir kondansatör oluşturmuş 
oluruz :)

808 C H A P T E R  2 6 Capacitance and Dielectrics

The Cylindrical CapacitorEXAMPLE 26.2
by (b/a), a positive quantity. As
predicted, the capacitance is proportional to the length of
the cylinders. As we might expect, the capacitance also de-
pends on the radii of the two cylindrical conductors. From
Equation 26.4, we see that the capacitance per unit length of
a combination of concentric cylindrical conductors is

(26.5)

An example of this type of geometric arrangement is a coaxial
cable, which consists of two concentric cylindrical conductors
separated by an insulator. The cable carries electrical signals
in the inner and outer conductors. Such a geometry is espe-
cially useful for shielding the signals from any possible exter-
nal influences.

C
!

!
1

2ke ln! b
a "

"V ! # Vb # Va # ! 2ke $ lnA solid cylindrical conductor of radius a and charge Q is
coaxial with a cylindrical shell of negligible thickness, radius

and charge #Q (Fig. 26.5a). Find the capacitance of
this cylindrical capacitor if its length is !.

Solution It is difficult to apply physical arguments to this
configuration, although we can reasonably expect the capaci-
tance to be proportional to the cylinder length ! for the same
reason that parallel-plate capacitance is proportional to plate
area: Stored charges have more room in which to be distrib-
uted. If we assume that ! is much greater than a and b, we can
neglect end effects. In this case, the electric field is perpen-
dicular to the long axis of the cylinders and is confined to the
region between them (Fig. 26.5b). We must first calculate the
potential difference between the two cylinders, which is given
in general by

where E is the electric field in the region In Chap-
ter 24, we showed using Gauss’s law that the magnitude of the
electric field of a cylindrical charge distribution having linear
charge density $ is (Eq. 24.7). The same result
applies here because, according to Gauss’s law, the charge on
the outer cylinder does not contribute to the electric field in-
side it. Using this result and noting from Figure 26.5b that E
is along r, we find that

Substituting this result into Equation 26.1 and using the fact
that we obtain

(26.4)

where "V is the magnitude of the potential difference, given

!

2ke ln! b
a "

C !
Q
"V

!
Q

2keQ
!

 ln! b
a "

!

$ ! Q /!,

Vb # Va ! #$b

a
 Er dr ! #2ke $ $b

a
 
dr
r

! #2ke $ ln! b
a "

Er ! 2ke $/r

a % r % b.

Vb # Va ! #$b

a
 E ! ds

b & a,

The Spherical CapacitorEXAMPLE 26.3
Solution As we showed in Chapter 24, the field outside
a spherically symmetric charge distribution is radial and
given by the expression In this case, this result ap-
plies to the field between the spheres From(a % r % b).

keQ /r 2.

A spherical capacitor consists of a spherical conducting shell
of radius b and charge #Q concentric with a smaller conduct-
ing sphere of radius a and charge Q (Fig. 26.6). Find the ca-
pacitance of this device.

b
a

!

(a) (b)

Gaussian
surface

–Q
a

Q

b

r

Figure 26.5 (a) A cylindrical capacitor consists of a solid cylindri-
cal conductor of radius a and length ! surrounded by a coaxial cylin-
drical shell of radius b. (b) End view. The dashed line represents the
end of the cylindrical gaussian surface of radius r and length !.

Cylindrical and Spherical Capacitors

From the definition of capacitance, we can, in principle, find the capacitance of
any geometric arrangement of conductors. The following examples demonstrate
the use of this definition to calculate the capacitance of the other familiar geome-
tries that we mentioned: cylinders and spheres.
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KOAKSİYEL KABLO
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KÜRESEL KONDANSATÖR26.3 Combinations of Capacitors 809

What is the magnitude of the electric field in the region outside the spherical capacitor de-
scribed in Example 26.3?

COMBINATIONS OF CAPACITORS
Two or more capacitors often are combined in electric circuits. We can calculate
the equivalent capacitance of certain combinations using methods described in
this section. The circuit symbols for capacitors and batteries, as well as the color
codes used for them in this text, are given in Figure 26.7. The symbol for the ca-
pacitor reflects the geometry of the most common model for a capacitor—a pair
of parallel plates. The positive terminal of the battery is at the higher potential
and is represented in the circuit symbol by the longer vertical line.

Parallel Combination

Two capacitors connected as shown in Figure 26.8a are known as a parallel combina-
tion of capacitors. Figure 26.8b shows a circuit diagram for this combination of ca-
pacitors. The left plates of the capacitors are connected by a conducting wire to
the positive terminal of the battery and are therefore both at the same electric po-
tential as the positive terminal. Likewise, the right plates are connected to the neg-
ative terminal and are therefore both at the same potential as the negative termi-
nal. Thus, the individual potential differences across capacitors connected in
parallel are all the same and are equal to the potential difference applied
across the combination.

In a circuit such as that shown in Figure 26.8, the voltage applied across the
combination is the terminal voltage of the battery. Situations can occur in which

26.3

Quick Quiz 26.2

Figure 26.6 A spherical capacitor consists of an inner sphere of
radius a surrounded by a concentric spherical shell of radius b. The
electric field between the spheres is directed radially outward when
the inner sphere is positively charged.

a

b

– Q

+Q

Exercise Show that as the radius b of the outer sphere ap-
proaches infinity, the capacitance approaches the value
a/ke ! 4"#0a .

Figure 26.7 Circuit symbols for
capacitors, batteries, and switches.
Note that capacitors are in blue
and batteries and switches are in
red.

Capacitor
symbol

Battery
symbol +–

Switch
symbol

13.5

Gauss’s law we see that only the inner sphere contributes 
to this field. Thus, the potential difference between the
spheres is

The magnitude of the potential difference is

Substituting this value for $V into Equation 26.1, we obtain

(26.6)
ab

ke(b % a)
C !

Q
$V

!

$V ! ! Vb % Va ! ! keQ 
(b % a)

ab

 ! keQ " 1
b

%
1
a #

Vb % Va ! %$b

a
 Er dr ! %keQ $b

a
 
dr
r 2 ! keQ % 1

r &
b

a

Şimdi a yarıçaplı +Q yüklü bir küremiz olsun. Bu kürenin 
dışına b yarıçaplı -Q yüklü olacak şekilde küresel bir 
kabuğu yerleştirelim. Bu durumda küresel bir kondansatör 
oluşturmuş oluruz :) kondansatörün sığasını bulalım.
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Gauss’s law we see that only the inner sphere contributes 
to this field. Thus, the potential difference between the
spheres is

The magnitude of the potential difference is

Substituting this value for $V into Equation 26.1, we obtain

(26.6)
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Q
$V

!
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a
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Gauss’s law we see that only the inner sphere contributes 
to this field. Thus, the potential difference between the
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The magnitude of the potential difference is
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ELEKTRİK ALAN

Arada artidan eksiye doğru 
bir elektrik alan oluşacaktır.

Arada artidan eksiye doğru bir 
elektrik alan oluşacaktır. Bu 

silindirik kondansatör için ara 
bölgede yarıçap doğrultusunda 

içeriden dışarıya doğrudur. 

Arada artidan eksiye doğru bir 
elektrik alan oluşacaktır. Bu 

küresel kondansatör için 
küreler arasında yarıçap 

doğrultusunda içeriden dışarıya 
doğrudur. 
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The Cylindrical CapacitorEXAMPLE 26.2
by (b/a), a positive quantity. As
predicted, the capacitance is proportional to the length of
the cylinders. As we might expect, the capacitance also de-
pends on the radii of the two cylindrical conductors. From
Equation 26.4, we see that the capacitance per unit length of
a combination of concentric cylindrical conductors is

(26.5)

An example of this type of geometric arrangement is a coaxial
cable, which consists of two concentric cylindrical conductors
separated by an insulator. The cable carries electrical signals
in the inner and outer conductors. Such a geometry is espe-
cially useful for shielding the signals from any possible exter-
nal influences.

C
!

!
1

2ke ln! b
a "

"V ! # Vb # Va # ! 2ke $ lnA solid cylindrical conductor of radius a and charge Q is
coaxial with a cylindrical shell of negligible thickness, radius

and charge #Q (Fig. 26.5a). Find the capacitance of
this cylindrical capacitor if its length is !.

Solution It is difficult to apply physical arguments to this
configuration, although we can reasonably expect the capaci-
tance to be proportional to the cylinder length ! for the same
reason that parallel-plate capacitance is proportional to plate
area: Stored charges have more room in which to be distrib-
uted. If we assume that ! is much greater than a and b, we can
neglect end effects. In this case, the electric field is perpen-
dicular to the long axis of the cylinders and is confined to the
region between them (Fig. 26.5b). We must first calculate the
potential difference between the two cylinders, which is given
in general by

where E is the electric field in the region In Chap-
ter 24, we showed using Gauss’s law that the magnitude of the
electric field of a cylindrical charge distribution having linear
charge density $ is (Eq. 24.7). The same result
applies here because, according to Gauss’s law, the charge on
the outer cylinder does not contribute to the electric field in-
side it. Using this result and noting from Figure 26.5b that E
is along r, we find that

Substituting this result into Equation 26.1 and using the fact
that we obtain

(26.4)

where "V is the magnitude of the potential difference, given

!

2ke ln! b
a "

C !
Q
"V

!
Q

2keQ
!

 ln! b
a "

!

$ ! Q /!,

Vb # Va ! #$b

a
 Er dr ! #2ke $ $b

a
 
dr
r

! #2ke $ ln! b
a "

Er ! 2ke $/r

a % r % b.

Vb # Va ! #$b

a
 E ! ds

b & a,

The Spherical CapacitorEXAMPLE 26.3
Solution As we showed in Chapter 24, the field outside
a spherically symmetric charge distribution is radial and
given by the expression In this case, this result ap-
plies to the field between the spheres From(a % r % b).

keQ /r 2.

A spherical capacitor consists of a spherical conducting shell
of radius b and charge #Q concentric with a smaller conduct-
ing sphere of radius a and charge Q (Fig. 26.6). Find the ca-
pacitance of this device.

b
a

!

(a) (b)

Gaussian
surface

–Q
a

Q

b

r

Figure 26.5 (a) A cylindrical capacitor consists of a solid cylindri-
cal conductor of radius a and length ! surrounded by a coaxial cylin-
drical shell of radius b. (b) End view. The dashed line represents the
end of the cylindrical gaussian surface of radius r and length !.

Cylindrical and Spherical Capacitors

From the definition of capacitance, we can, in principle, find the capacitance of
any geometric arrangement of conductors. The following examples demonstrate
the use of this definition to calculate the capacitance of the other familiar geome-
tries that we mentioned: cylinders and spheres.
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814 C H A P T E R  2 6 Capacitance and Dielectrics

assumption because the energy in the final configuration does not depend on the
actual charge-transfer process. We imagine that we reach in and grab a small
amount of positive charge on the plate connected to the negative terminal and ap-
ply a force that causes this positive charge to move over to the plate connected to
the positive terminal. Thus, we do work on the charge as we transfer it from one
plate to the other. At first, no work is required to transfer a small amount of
charge dq from one plate to the other.3 However, once this charge has been trans-
ferred, a small potential difference exists between the plates. Therefore, work
must be done to move additional charge through this potential difference. As
more and more charge is transferred from one plate to the other, the potential dif-
ference increases in proportion, and more work is required.

Suppose that q is the charge on the capacitor at some instant during the
charging process. At the same instant, the potential difference across the capacitor
is !V " q/C . From Section 25.2, we know that the work necessary to transfer an in-
crement of charge dq from the plate carrying charge #q to the plate carrying
charge q (which is at the higher electric potential) is

This is illustrated in Figure 26.11. The total work required to charge the capacitor
from to some final charge is

The work done in charging the capacitor appears as electric potential energy U
stored in the capacitor. Therefore, we can express the potential energy stored in a
charged capacitor in the following forms:

(26.11)

This result applies to any capacitor, regardless of its geometry. We see that for a
given capacitance, the stored energy increases as the charge increases and as the
potential difference increases. In practice, there is a limit to the maximum energy

U "
Q2

2C
" 1

2Q !V " 1
2C(!V )2

W " !Q

0
 

q
C

 dq "
1
C

 !Q

0
 q dq "

Q2

2C

q " Qq " 0

dW " !V dq "
q
C

 dq

Energy stored in a charged
capacitor

QuickLab
Here’s how to find out whether your
calculator has a capacitor to protect
values or programs during battery
changes: Store a number in your cal-
culator’s memory, remove the calcu-
lator battery for a moment, and then
quickly replace it. Was the number
that you stored preserved while the
battery was out of the calculator?
(You may want to write down any crit-
ical numbers or programs that are
stored in the calculator before trying
this!)

3 We shall use lowercase q for the varying charge on the capacitor while it is charging, to distinguish it
from uppercase Q , which is the total charge on the capacitor after it is completely charged.

V

dq

q

∆

Figure 26.11 A plot of potential difference versus charge for
a capacitor is a straight line having a slope 1/C. The work re-
quired to move charge dq through the potential difference !V
across the capacitor plates is given by the area of the shaded
rectangle. The total work required to charge the capacitor to a
final charge Q is the triangular area under the straight line,

. (Don’t forget that J/C; hence, the unit
for the area is the joule.)

1 V " 1W " 1
2Q !V
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17.2 KONDANSATÖRLERİN BAĞLANMASI

Paralel Bağlama
Sığaları C1 ve C2 olan iki kondansatör, aynı
bir V potansiyel farkına bağlı ise paralel bağ-
lama. H
Q = CV bağıntısıyla yükler hesaplanır:

Q1 = C1 V Q2 = C2 V H

a ve b noktaları arasına öyle bir eşdeğer kondansatör koyalım ki,
aynı potansiyel farkı altında aynı toplam yükü toplasın:

Q = Ceş V H

Buradaki Q yükü Q1 ve Q2 nin toplamı olacağından,

Q = Q1 + Q2

Ceş V = C1 V + C2 V �! Ceş = C1 + C2 H

Ceş = C1 + C2 + · · · + CN (Paralel bağlama)
Üniversiteler İçin FİZİK II 17. KONDANSATÖRLER ve DİELEKTRİKLER 6 / 15
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Seri Bağlama
Sığaları C1 ve C2 olan iki kondansatör başka kola ayrılmadan peşpeşe
bağlanmışsa, seri bağlama.

H

Kondansatörlerin bataryayı gören dış levhaları
±Q yüklerini çekerler.
Aradaki levhalar da, karşılarındaki yüklü levha-
nın tesiriyle, ⌥Q ile yüklenirler. H

a, b, c arasındaki potansiyel farkları için V = Q/C bağıntısı kullanılır:

Vac = Vab + Vbc = V1 + V2 =
Q
C1
+

Q
C2

H

Eşdeğer kondansatör, aynı potansiyel farkı altında aynı yükü toplamalıdır:

Vac =
Q
Ceş
=

Q
C1
+

Q
C2

H

1
Ceş
=

1
C1
+

1
C2
+ · · · + 1

CN
(Seri bağlama)
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Bu zamana kadar oluşturduğumuz kondansatörlerde ara kısma herhangi bir malzeme 
koymadık. Eğer kondansatör plakaları arasına iletken olmayan dielektrik 
malzemelerden lastik, cam , kağıt vs koyarsak kondansatörün sığası artacaktır. Bu 
durum kondansatörün geometrik şeklini değiştirip yeniden tasarlamak ya da çok büyük 
tasarımlar ile uğraşmak yerine daha avantajlıdır.

Çeşitli dielektrik malzemeler bulunmaktadir. 
Dielektrik plakalar arası boşluğu tamamen 
doldurursa kondansatörün sığası K çarpanı kadar 

artar.

818 C H A P T E R  2 6 Capacitance and Dielectrics

CAPACITORS WITH DIELECTRICS
A dielectric is a nonconducting material, such as rubber, glass, or waxed paper.
When a dielectric is inserted between the plates of a capacitor, the capacitance in-
creases. If the dielectric completely fills the space between the plates, the capaci-
tance increases by a dimensionless factor !, which is called the dielectric con-
stant. The dielectric constant is a property of a material and varies from one
material to another. In this section, we analyze this change in capacitance in terms
of electrical parameters such as electric charge, electric field, and potential differ-
ence; in Section 26.7, we shall discuss the microscopic origin of these changes.

We can perform the following experiment to illustrate the effect of a dielectric
in a capacitor: Consider a parallel-plate capacitor that without a dielectric has a
charge Q 0 and a capacitance C 0 . The potential difference across the capacitor is

Figure 26.14a illustrates this situation. The potential difference is
measured by a voltmeter, which we shall study in greater detail in Chapter 28. Note
that no battery is shown in the figure; also, we must assume that no charge can
flow through an ideal voltmeter, as we shall learn in Section 28.5. Hence, there is
no path by which charge can flow and alter the charge on the capacitor. If a dielec-
tric is now inserted between the plates, as shown in Figure 26.14b, the voltmeter
indicates that the voltage between the plates decreases to a value "V. The voltages
with and without the dielectric are related by the factor ! as follows:

Because "V # "V0 , we see that 
Because the charge Q 0 on the capacitor does not change, we conclude that

the capacitance must change to the value

(26.14)

That is, the capacitance increases by the factor ! when the dielectric completely fills
the region between the plates.4 For a parallel-plate capacitor, where 
(Eq. 26.3), we can express the capacitance when the capacitor is filled with a di-
electric as

(26.15)

From Equations 26.3 and 26.15, it would appear that we could make the ca-
pacitance very large by decreasing d, the distance between the plates. In practice,
the lowest value of d is limited by the electric discharge that could occur through
the dielectric medium separating the plates. For any given separation d, the maxi-
mum voltage that can be applied to a capacitor without causing a discharge de-
pends on the dielectric strength (maximum electric field) of the dielectric. If the
magnitude of the electric field in the dielectric exceeds the dielectric strength,
then the insulating properties break down and the dielectric begins to conduct.
Insulating materials have values of ! greater than unity and dielectric strengths

C $ ! 
%0A
d

C0 $ %0A/d

C $ !C0

C $
Q 0

"V
$

Q 0

"V0/!
$ ! 

Q 0

"V0

! & 1.

"V $
"V0

!

"V0 $ Q 0/C0 .

26.5

The capacitance of a filled
capacitor is greater than that of an
empty one by a factor !.

4 If the dielectric is introduced while the potential difference is being maintained constant by a battery,
the charge increases to a value Q $ !Q 0 . The additional charge is supplied by the battery, and the ca-
pacitance again increases by the factor !.
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Kağıtsız(dielektrik olmadan) 

26.2 Calculating Capacitance 807

We can verify these physical arguments with the following derivation. The sur-
face charge density on either plate is If the plates are very close to-
gether (in comparison with their length and width), we can assume that the elec-
tric field is uniform between the plates and is zero elsewhere. According to the last
paragraph of Example 24.8, the value of the electric field between the plates is

Because the field between the plates is uniform, the magnitude of the potential
difference between the plates equals Ed (see Eq. 25.6); therefore,

Substituting this result into Equation 26.1, we find that the capacitance is

(26.3)

That is, the capacitance of a parallel-plate capacitor is proportional to the
area of its plates and inversely proportional to the plate separation, just as
we expect from our conceptual argument.

A careful inspection of the electric field lines for a parallel-plate capacitor re-
veals that the field is uniform in the central region between the plates, as shown in
Figure 26.3a. However, the field is nonuniform at the edges of the plates. Figure
26.3b is a photograph of the electric field pattern of a parallel-plate capacitor.
Note the nonuniform nature of the electric field at the ends of the plates. Such
end effects can be neglected if the plate separation is small compared with the
length of the plates.

Many computer keyboard buttons are constructed of capacitors, as shown in Figure 26.4.
When a key is pushed down, the soft insulator between the movable plate and the fixed
plate is compressed. When the key is pressed, the capacitance (a) increases, (b) decreases,
or (c) changes in a way that we cannot determine because the complicated electric circuit
connected to the keyboard button may cause a change in !V.

Quick Quiz 26.1

C "
#0A
d

C "
Q
!V

"
Q

Qd/#0A

!V " Ed "
Qd
#0A

E "
$

#0
"

Q
#0A

$ " Q /A.

Key

Movable
plate

Soft
insulator

Fixed
plate

B

Parallel-Plate CapacitorEXAMPLE 26.1

Exercise What is the capacitance for a plate separation of
3.00 mm?

Answer 0.590 pF.

1.77 pF " 1.77 % 10&12 F "
A parallel-plate capacitor has an area 
and a plate separation mm. Find its capacitance.

Solution From Equation 26.3, we find that

C " #0 
A
d

" (8.85 % 10&12 C2/N'm2)! 2.00 % 10&4 m2

1.00 % 10&3 m "

d " 1.00
A " 2.00 % 10&4 m2

Figure 26.4 One type of com-
puter keyboard button.

C=(8.85x10-12).(6.0x10-4/1.0x10-3 )

C=5.3 pF
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