Chapter - 4
Flectrical Capacitance

In chapter third we made ourselves familiar with the
electrostatic potential energy of a system of charges. In
this chapter ourbasic aimis to study about "capacitor” a
device in which electrical energy can be stored. The
electrical energy so stored can be recovered in other
forms of energy. For example the flash attachment ina
camera uses electrical energy stored by a capacitor.
Once the capaciteris charged 1t can supply energy ata
much greater rate by discharing through the associated
circuit to provide a sudden bright flash of light, 1n
cameras. Capacitors have many uses asa circuit element
invarious electricand electronic circuits.

4.1 Conductors and Insulators

Onthebasis of their ability to conduct electricity
materials found in nature can be classitied into two broad
categories.

(a) Conductors and (b) Insulators

Conductors - The materials in which electric
charges and electric current can tlow easily for exanple
silver, copper, aluminium, iron, mercury, common salt
solution, human body and earth etc. are conductors of
electricity. Among these silver is the best conductor of
electricity.

Insulators - 1deally in such materials electrical
current cannot flow. Such materials are called insulators
or dielectrics. For example rubber, glass, plastic,
ebonite, dry wood etc are all insulators.

In addition to these, solid insulators materials can
also be semiconductors. We will learn more about
semiconductorsin chapter 16. In that chapter we will
also learn why different solid materials have different
behaviour towards electric conduction.

4.2 Freeand Bound Charges

Every material is composed of atoms. Each atom
contains a positively charged nucleus and several
electrons revoling around it. The electrons belonging to
inner orbits are subjected to a greater attractive force
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from the micleus and are tightly bound to their respective
parent atoms.

Inmetallic solids cuter electrons(valence electrons)
of each atom are only weakly bound to nucleus. These
electrons are almost free to move with in thebulk of the
material and arecalled free electrons. However such free
electrons can not escape through the surface of metal.
Atoms after loosing valence electron(s) called as positive
ionsare rigidlybound at their respective locationsin the
solid. In suchmaterials when an external electric field s
applied, these free electrons move in direction opposite
to field, consitituting an electric current. Inner electrons
are bound to nucleus and can not contribute to electric
current. The sameis true for positive1ons of metals, both
these are bound charges. Thereisno contribution from
bound chargesin current flow in solids. In electrolytic
solutions current flow is due to positive and negative
ions.

4.3 Dielectric materials and Polarization

Dielectric materials do not conduct electricity but
exhibit electrical eftect when subjected to external
electric field. In dielectric materials, eftectively there are
no tree electrons hence no electrical conduction. The
effect of external field results in a slight rearrangement of
charges in atoms or molecules ofthe dielectric material,
however, this rearrangement is enough to modity the
electric tield inside the material. The dielectric materials
can be divided into two categories(a) polar dielectrics
and (b) non olar dielectrics.

(a) Polar dielectric : For polar dielectric material,
centre of negative charge distribution do not coincide with
centre of positive charge distribution. The separation
between centres of negative and positive charge
distribution causes molecules to have a permanent dipole
moment. Such molecules are known as polar molecules.
Anionic moleculelike HCI (Fig 4. 1a) or a molecule of

water (H,O ) (Fig 4.1 b) are examples of polar
molecule.
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Fig4.1: Polar molccules

In the absence of external electric field, the
ditferent permanent dipole moments (molecules) are
randomly oriented due to their random thermal motion.
Thus in any volume containing a large number of atoms
the net dipole moment is zero (Fig 4.2 a). When such a
dielectric material is subjected to an external electric
field, theindividual dipoles experience torque due to the
electric tield and tend to align with the field as shown in
Fig 4.2 (b) onincreasing the magnitude of the applied
field the alignment becomes more complete and net
dipole moment is developed inthe material.

Polar material — E caemal ficld
% & Y s R )

(a) in absence of external
clectric field

(b)on applying external
clectric ficld

Fig 4.2 Ellcctolexternal electric ficld (a) exiernal ¢lectric figld
on polar molecules (b) on applving external field

(b) Non Polar dielectrics : Non polar dielectrics
are composed of such atoms or molecules whose centre
of the negative charges coincides with centre of
distribution of positive charges. Suchmolecules have no
permanent dipole moment and are called non polar
molecules. Examples of non polar molecules are

H,, CO,, N, and O,. In Fig 4.2 H, and CO,
molecules are shown. Inthe absence of external electric

field the net dipole moment of a non polar dielectric
materialiszero [Fig4.4a]

84

{a) rzﬂz'molc};-ule-

(h) gCO2 molecule

Fig 4.3 : Non polar molecules

If a non polar dielectric material is placed in an
external electric field, the centre of negative charge
distribution is slightly shifted opposite to electric tield
while that of positive charge in direction electic tield. [Fig
4.4 (b)]. Thus atoms or molecules acquire a dipole
moment by induction. The dipole moments of different
molecules now tend to align along the electric tield and
we get a net dipole moment inthe material.
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(b)on applying external
electric field
Fig 4.4 : Effect of external electric field on non polar material

Thus, in either case, whether polar or nen polar, a
dielectric acquires anet dipome moment in electric field.
This phenomena s called dielectric polarization.

The materials in which the dipole moment is
proportional to the external electric field and 1s along the
field are called linear isotropic dielectrics.

The dipole moment perunit volume of a substance
is called polarisation vector and is denoted by 2 . For
linear isotropic dielectrics the polarisation vector p is
proportional to applied electric field (F7)i.e P oc F

or P’:ZQE (4.1



Where 2, 1s a constant, characteristic of the

dielectric and 1s known as electric susceptibility of
dielectric. 1t 1sa measure of polarisation ofthe material
andis adimension less quantity.

4.4 Capacitance of a Conductor

The charge ona body is due to transfer of electrons
i.ethe body either gains or looses electrons. When some
charge is given to a body, its potential rises. This is
expected, to explain this in simple terms we may assume
that a body is given some charge Q ina number ot steps
involving atransfer of charge dq in each step. When first
such installment dq is given to the body no work is
involved, but once this charge has beentransterred a small
potential develops on the body. Thereforethe work must
be done to move next incremental charge dq through this
potential difference, Equivalently we may say that work
must be done in putting this additional charge against the
repulsion due to charge already present on the body
whereby increasing its potential energy or electric
potential. Thusit'we go on giving charge to a conductor
its potential rises in the same ratio.

Iton giving a charge Q to anisolated conductor its
potential rises by V then

Qxl or0=CV ...(4.2)

Here Cisaconstant of proportionality and is called
capacitance ofthe conductor. Further if welet V=1 then
fromequation (4.2) wehave C=Q

1.e capacitance of a conductor is numerically equal
to the charge required to raise its potential through unity.
The capacitance of a capacitor determinesits ability to
store electric charge. A conductor can store charge upto
acertain maximum value of electric potential. The graph
between the charge given to a conductor and rise n its
potential is a straight line as shown in Fig 4.3 and the
slope of this line represents the capacitance of the
conductor.
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Fig4.5 : Graph between (3 and V for a conductor

The capacitance of a conductor depends on the
shape and size of conductor, the nature of medium
surrounding it and on presence of other conductor inits
neighbourhood. However, it does not depend on the
charge giventoit orits potemal.

The Sl unit of capacitance is coulomb/velt and is
called farad (symbol F) Thus

¢
14
Capacitance of a conductor is thus said to be one

tarad if its potential rises through one volt when acharge
of one coulombis giventorit.
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The farad s a rather large unit so its submultiples
like mili farad (mF)= 10" F, micro farad (uF)=10<F,
nano farad (nF)=107F and picofarad (pF)=10"“F
are more commonly employed.

As C= (/V the dimesional formula for Cis
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4.5 Capacitance of an Isolated Spherical

conductor

Consider anisolated spherical conductor of radius
R placed in free space. If a charge Q is given to it the
electric potential V at its surfaceis given by

Fig 4.6 : Charged spherical conductor
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4re, R

v

..(4.3a)

~ O
Soits capacitance (- = % =4dre, R

Thus the capacitance of an 1solated spherical
conductor 18 directly proportional to its radius (i.e
85



CxR)
If the sphere is placed in a medium ot dielectric

constant €_ then its capacitance

9

C, = 7= dre,e, R (4.3b)
or (C =Cg¢
o° o

Thusthe dielectric constant of the medium is equal
to the ratio of the capactiance of conductor in the
medium and its capactiance in free space.

Example 4.1 : Considering earthto be a spherical
conductor calculate its capacitance (Radius of earth

=6.4x10%m )

_ i R
Solution ; Capacitance C =47 e, R=—7—
1/4r e,
6.4%10°
= 0 T1Ix107
9x10

C=0711mi =711ui

Tt is obvious that the capacitance of'a conductor is
not very large.

Example 4.2 : What is the radius of a spherical
capacitance of 1 F capacitance? Can you put it your
cupboard?

Solution: As C' =47 e, K

R= ¢ =9x10" m

So Az g, 4z =h

This radius is nearly 1400 times larges than the
radius of earth so it s not possible to put this capcitorina
cupboard. (The example also illustrate that Farad isa
rather largeunit of capacitance).

Example 4.3 : If the capacitances of some
spherical capacitor in air and some medmm are 2pF and
12pF respectively, what is the value of dielectric constant
ofmedmim.

Solution : Dielectric constant of medium
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C, =4ree R=¢ (47 e, R)=¢ C,
Here C, =2pl",

C =12pl
or 12=g x2 =0

Example 4.4 : On giving same amount of charge
to two spheres of different radii the ratio of potential at
their surfacesis 1 : 2. What is the ratio of their
capacitances?

L0 G _on
Solution : C :% or (Tl = J
, v, 2
Here =0, andV, :V,=1:2 I::T
1
therefore L=—or( ., =21

4.6 Capacitor

The capacitance of aconductor can be increased
by increasingits size but from practical considertion this
1snot convinient. Thus capcitance ofa conductoris small
and limited.

A capacitor isa device whose functionis to increase
the ability of a conductor to take up charge without
increasing its size. This is done by reducing the electric

potential of the given conductor for a given amount of
charge.

A capacitor 1s a combination of two conductors
called plates placed close to each other. One of the two
plates is given a positive cahrge and other on equal
amount of negative charge. For this these plates may be
connected to the terminals of a battery (Fig 4.7). After
charging it the battery is removed the plates retain their
charge. So capaciatoris a device to store charge.

Note that the net charge on a capacitor is

QO +(-0)=0. Thus the term charge on a capacitor

does not mean the net charge on capacitor. In our
discussion of capacitor we let Q represent the magnitude
of charge on either plate. Likewise the potential
ditterence between plates is called the potential of
capacitor.



For agiven capacitor, the magintude of charge Q
stored on either plate is directly proportional to the
potential differencebetween plates.

Q=¥
Q=CV

Where the constant of proportionality is called
capacitance ofthe capacitor.

or (44

The shape of capacitor plates may be rectangular
cylinderical, spherical or of any arbitrary shape. (No
matter what their geometry, the two conductors farming
a capacitor are called plates). The capacitance of a
capacitor depends on the shape size, relative positions
and mediumbetween plates.
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Fig 4.7 : Charging a capacitor

InFig4 8 the circuit symbols for capacitor used in

electric circuits are shown
| | (P4
11 A
@ (b)
Capacitor with Capacilor with
fixed capacitance variable capacitnce

Fig 4.8 : Circuit symbols for a capcitor

4.6.1 Principle of Capacitor

A A B A B
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Fig 4.9 Mustration of principle of capacitor

To understand the principle of a capacitor we
consider various situations shownin fig 4.9 in sequence.
In fig 4.9 (a) an insulated metallic plate A is shown to
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which a positive charge +Q has been given. Now if an
identical uncharged metallic plate B is placed near plate
A, byinductionacharge -Q develops ontheinner side of
B and Apositive charge + Q develops onthe outer side
of B (Fig 4.9 b). The negative charge on B tends to
reduce the potential of A whereas the positive charge on
it ends to enchance the potential of A. However, as
negative charge on B is relatively closer to Athan positive
charge on B, the potential of plate Ais slightly reduced.
To make the potential of Aat its original value we can
give additional charge to plate A. Thus capacitance of A
hasincreased. If we now connect the plateto ground the
tlow ofelectrons from earth neutralize the positive charge
on B and the negative charge remains on plate B as it is
bound (Fig4.9¢). Under these condition there is nothing
toincrease potential of A. Thus the potential ofthe plate is
considerably reduced dueto induced negative charge on
inner side ofthe plate B. Therefore capacitance of system
Increases considerably.

Thus "the capacitance ofan insulated conductor is
increased appreciably by bringing a grounded (earth
connected) uncharged conductor near it".

Dependingupon the shape of conductors we come
across mainly three types of capacitors (a) parallel plate
capacitor (b) shperical capacitors and (c¢) cylindrical
capacitors. In this chapter our study islimited to parallel
plate and spherical capacitors.

4.7 Parallel Plate Capacitance

A parallel plate cpapcitor consists of two equal
plane parallel conductors separated by a small distance
seetfig4.10 (a) here we are assuming that the space
between plates contain vaccum or air.

Fig 4.10: Parallcl platc capacitor

To charge a capacitor its plates are connected to
the terminals of a battery. The plate connected to the



positive terminal of the battery looses electron and the
plate connected to the negative terminals recieves as
many electrons. Thus equal and opposite charges +Q
and - Q appears on the respective plates. As the plates
are of equal area the magmtude of surface charge density
for both the plates is same. Let +o and — & be the
charge densities on the positive and negative plates.

Since the separation between plates is much smaller
than the linear dimension of the plates, theelectric field is
uniform everywhere between the plates (fig4.10 (b).
The electric field in this region due to each plate is
/2 e, and in same direction, perpendicular to the

plates. Thus the two fields add up, giving

2 ei] 2 ei] ei]
O
o==
A
where A=area of either plate
0
F=—
So Ac, ...(4.5)

Fringing - The electric field due to charged plates
is uniform in the central region between the plates as
indicated by parallel tield lines in Fig 4.10 (b) and Fig
4.10 (¢). As at the edges the surface charge density is
relatively largetield lines repel each other and becomes
curved near the edges asin tig4.10 (¢). Thus near the
edges tield isnon uniform. This eftectis called fringing.
For sufticiently large plates fringing can be ignored and
electric tield between the plates can be assumed uniform
throughout thisregion.

Ifthe separation between capacitor platesis d then
the potential differencebetween the plates s

Od

Ae,

V="Ld= ... (4.6)

therefore, the capacity of parallel plate capacitor

00
TV 0d/Ae,
o C=Eoc-2d @)
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Thus, the capacitance of a parallel plate capacitoris
proportional to the area of plates and inversily
propertional to the separation between them, i.e

Coxdand Coxcl/d

Example 4.5 : A capacitor of capacity 20uF 18
charged to a potential difference of 10kV. Whatisthe
magnitude of charge onits each plate?

Solution :
O=CV =20x1 0 %x10x10°

=20x107=02C

Example 4.6 : Aparallel plate capacitor has plates
of'area Aand the separation between the platesd. Ifthe
area of plates is doubled while the separation is halved,
the new capacitance is how many times ot its orginal
value.

. .. . a A E(l
Selution : Initial capacitance ' =
and new capacitance
(o (ZA) € _ 44 €, v
di2 d

Hence new capacity is four times the initial capacity

Example 4.7 : On connecting a capacitor of
capacitance C to a battery of potential difference V,
charges on its plates are + 360 uC. On decreasing the
potential difference by 120V chargesbecome + 120 uC.
Find

(a) potential difference V across plates

(b) capacitance of capacitor

(c¢) magnitude of charge if the applied potential
differenceisincreased by 120 V.

Solution :
(a)

Given ¢'=C(} —120)=120x10 °C coulomb

g =CV =360x10"C coulomb

CV 360x10 ¢ |
= — :‘)

S0, C{F-120) 120x10°
or 3V -360=) or V=180V



(b) As CV=360x10"°

o 360x107°  360x107
" v 180

=210 *F* = 2ul

(¢) Onincreasing the potential differnce by 120V,
new charge

¢"=C(V +120)=2x10° (180 +120)

¢"=2x300x10 ° =600x10 °C = 600uC

Example 4.8 Calculate the capacitance of the
capacitor formed by two circular discs of radius 5 cm
each at aseparation of 1 mm.

Solution : Here, plate area

A=r* =3.14x(5x107)

=78 5x107 m"

_Aeg, 78.5x 107 x8.85% 107"

So. C ‘
© d 1%10 °

(=69.47x10"°F =69.5 pF

4.6 Effect of Dielectric medium filled between

plates of Capacitor

When the space between the capacitor plates is
filled with some dielectric material (say wax, paper, mica
etc) the molecular dipoles (polar or induced)tend to align

EJ dueto

along the direction of electric field [H =
ei]

plates (Fig 4.11). Inthis process of polarzation, in the
interior of dielectric, charges on near by molecular dipole
tends to neutralize each other, however, thisis not so for
dipoles near the edges of dielectric medium. Asaresult a

layer ofinduced negative charge density —& , 1s formed
onone edge (near positive plate) and an equal magnitude

positive charge +& , onotheredge (near negative plate).
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)
—£ s
<,
established within the dielectric medium. The direction of
this induced electric field is opposite to electric field due
to capacitor plates.

Because of this an induced electric field £,

So the net electric field in the dielectric medium
E=F-F,

. .(4.8)

=

8] 8]

By definition of dielectric constant

s, =

N

hence equation (4.8) can be rewritten as

. (4.9)

= =5

Therefore the electric field between capacitor
plates in presence of a dielectric 1s now smaller than the
field in absence of dielectric. Consequently the potential
difference between plates decrease whereby
capacitance increases.

From equation (4.9)

So, induced charge density

o, = O'[I—L]
<,

Magnitude of Polarsation vector is equal to the
magnitude ofinduced surface charge density, so

.. (4.10)

Pl =2 =,

Sy

0 =r

41D

From equations (4.10) and (4.11) following
relationis obtained between electric succesptibility and
dielectric constant of the material.

X, =5, (e,_ -1) ... (4.12)



4.8.1 Capacitance of a parallel plate capacitor
completly filled with a dielectric

+

++ ++ + + + +

F 3
v

d
Fig 4.12 : A parallel plate capacitor filled with dielectric
As shownin fig 4.12, consider a parallel plate
capacitor with space between plates completely filled
with a dielectric of dielectric constant €, let A and d

are respectively the plate area and separation between
plates. In presence of dielectric the net electric field
between the plates

_ 0

= ...(4.13)
- AeE,

So the potential ditterence between plates

V=Fd= Ud
A El'] er
SR .
and capacitance - ~ v Od/Ac,c
, Ae e .
(= #:e, C, . (4.14)

where (= &4 is capacitance with free space
- d
or air as medium betweenthe capacitor plates. Thus the

capacitance ot a capacitor is increased by a factor of

€, when the space between the plates is filled with a

dielectric of dielectric constant < . Although the result

has been derived for a parallel capacitor but is valid for
any capacitor.

g0

4.8.2 Capacitance of a parallel plate capacitor
partilly filled with a dielectric

This situationis shownin fig 4. 13 where a dielectric
slab ofthicknesst ( <d)is placed in space between the
capacitor plates. In this situation the thickness of region
between plates where free space or air is present 1s d-t.

+ “—r =
+ -
+ -
+ g, | —
+ -
+ -
d

Fig4.13 : Capacitor partially filled with diclectric

Ifthe electric field in free space or air portion of the

.. T
space is £, =—
4

S

the electric field in the

4
dielectric portion will be £ /<, and the effective
potential difference between the platesisthen given by

V = potential difference across portion containing
air + potential difference across portion containing
dielectric

V=L, (d —1) +5;
=3
or 17 :Lr:l_] |:d_j+L:| :$|:d_(+L:|
e | As, g,
So capacitance (' = % =— g
Ae, <,

A ei] A E[J

(d-t+t/€)) ) [d-1(1-1/€,)] -413)

or (=




If t=d1.ethe dielectric fills the space between

A58 =c, C

For

plates completely thenweobtain (7 =

which 1s same s in equation (4.14). Alsoif t=0we

. 4e :
obtain C :7] as expected in the absence of
dielectric medmm.

4.8.3 Capaitance of a parallel plate capaitor filled
with different dielectric materials of different
thicknesses

+
m
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&

Fig 4.14 : Capacitor filled with different diclectrics

Asshowninfig4.141fanumber of dielectric media

of dielectric constants €,,€_.€, ... €

.
T

having

thicknesses 7,,7,.1,,..f, respectively are present in
region between capacitor plates then the thickness of the
portion having free sapce or air as medium will be
[d S CR A AR rn)] . In this case the potential
difference across the capacitoris given by

V =potential difference across air portion+ sumof
potential across difterent media

o [a (e )]

Fy Fy Fy Fy
+ 0+, 2
= g, ~ € €

A a ] n

i3

e
where 15, = —=

Eo
capacitor with air or tree space.

=

iselectric field in region of
{

orV =k, [d—(}.‘] +ht.+t)

2‘l L f.; rn
=2+
S = =N =

A A £ i

V= ﬁ[d—(ﬁ L)

Ae,
/ { ‘
++ =+ 2+ 4+
E}l E?,2 E”k th
So, capacitance
c=Y 2k

g Loy f
d—(h +6,+iy+o 4 )+ + 4 24

S B Sy =

... (4.16)

If (£, +1.+1, +..+(,) =d i.e thereis no part of

the space between capacitor plates where air or free
space is present, then

C = A€, .(417)
L ‘
R R
= = = =

A 2 i fu

Example 4.9 : The plate area of a parallel plate
capacitor is 100 cm”and separation between platesis 1
mm. On connecting this capacitor across a 120 volt
battery a charge 0of 0.12 uC accumulates on the plates.
Find the dielectric constant of material present between
the capacitor plates.

Solution : Capacitance with dielectric

C _ O _Adepe,
V d
Od 0.12x10™ x1x107°

= = = =
S0 T Ade, ¥V 100x107 x8.85x107% x120

=0.001129x10"



Example 4.10 : A slab of ebonite (dielectric
constant = 3) of 6 mm thickness is placed in space
between capacitor plates of a parallel plate capacitor

having platearea 2x 107" m" and plate separation 0.01
m. What is the capacitance of this capacitor.
. - Aec
Solution : Use (' =——

{
d—1+
=

2x10 *x8.85x10 '
6x10°?

.
J

0.01-6x%10 7"+

L 17.70x10 % 17.70x10 % 17.70x10 ¥
" 001-4x107  001-0004 0006

C=295x10 " 11 =295x10 [ =295 pl

Example 4.11 The capacitance ofa capacitoris C.
The separationbetweenthe plates ofthis capacitorisd. If
the space between the plates is filled with a dielectric

material of dielectric constant € upto a distance ot 3d/4
then calculate the new capacitance.

Solution : Let new capacity be C' then

(:"!Z AE[]
a’—t+£
€,
3
vent = —d
(iven p
oo Ae, _ Ae, _ Ae,
d—£+ 3d £+ 3d d (er+3)
4 de, 4 4, 4de,
So C,:4erAel.]:4er c
d(ef +3) €, +3
=25
d
4

Hence capacity of capacitor will be r
(e +3)

¥
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times.
4.9 Capacitance of a spherical capacitors

A spherical capacitor consists of two concentric
shperical conductors of nearly equal size, one ofthe
conductor is givena positive charge Q and other an equal
and opposite charge -Q.

Larthed

Fig 4.15 : Aspherical capacitor

Fig. 4.15 shows a spherical capacitor. Inner
conducting sphere can be solid or hollow and 1s
surrounded by a concentric conducting shell A. The radii

ofAandBare #, and #, respectively. Notethat the outer

sphere B is grounded (earhted). Let a negative charge -Q
is given tothe inner sphere, induced charges +Q and -Q
appears ontheinner and outer surtaces of shell A. Since
shell Ais grounded the charge - Q on its outersurface
flowsto earth.

Potential on sphere B duetoits own charge-Q1s

1 (9)
Vy=——r—r
P e, n ...(4.18)

However, sphere B is surrounded by shell Awhich
has a positive charge Q and as for all internal points of a
charged shell the potential is same as that on its surtace,
so the potential at surface ot B dueto charge on sphere

A

1 (+0)
4r e,

o= .. (4.19)

h
So the net potential on sphere B 1s

V=V, 4+,



]'/r _ Q Q
dre, v, 4me,r
)1
b 0 [11
dre, | r

po__Q |n-n
dne| L (4.20)

As the outer sphere A is earthed its potential is
zero. Thusthe potential difference between Aand B

Vi =0V
p, o 2 i-n)
‘ dre, nrn
r Q (?1 - ;‘VE )
Vi = — -
or = e I, ... (4.21)

Soif tor free space between A and B if the

capacitance ofthis capacitoris (, then
¢

g [H-n
dre, | ne

. I
T "2
or C, =47 e,
F—t

Thus, the capacitance of a spherical capciator
depends on the size of spheres and (# -,). To have a
large capacity, two spheres of sufticient size with nearly
equal radii must be taken.

... (4.22)

Ifa dielectric medium of dielectric constant €, is
filled between the spheres, then capcitanceis given by

. e,
C, =4re—1
n-n

Kl
- 172
C, =€ 4re, [

L b

J:> C, =< C,

Fromequation4.22 it can be seen that |
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(Itr=Rand r, =2 than(, =47, R

Which is the capacitance of anisolated spherical
conductori.e aspherical conductor canbetreated asa
spherical capacitor with outer sphere at infinity.

(i1) If both#, and #, are made large but

n —r, =d iskept fixed we can write rr, ~ 47r° = A4
where risapproximatelythe radius of each sphere and A

isits area. Equation 4.22 then becomes whichis same as
the equation for a parallel plate capacitor.

Example 4.12 : The radii of inner and outer
spheres of aspherical capacitorsare2mand I mand a

dielectric mediumof dielectric constant €, = 8 fillsthe

space between them. Calculate the capacitance of the
capacitor.

Solution : For a spherical capacitor filled with
dielectric

¢ = 4re,e, 1,

L
(r-r)
Here =2m,r,=1m, g,=8

¢ = 1 8x2Zxl
79x10° (2-1)

. 16 9
(F =—x107
5 F

H

', =178x10" F =1.78nF

4.10 Combination of Capacitors

There are many situationsin electric circuit where
two or more capacitors are used. Two special methods
of combinations frequently used are series and parallel
combinations. Any combination should have two peints
which may be connected to a battery to apply a potential
difference.

4.10.1 Series Combination

Inseries combination capacitors are wired serially
one after the other and a potential difference may be
applied across thetwo ends of the series. In other words
in such a combination second plate of first capacitoris



connected to the tirst plate ot second capacitor the
second plate of the second capacitor is connected to the
first plate ofthe third and so on. The charge delivered to
each capacitor of the series combination has the same
value.

Figure 4.16 shows the series combination of three
capacitors having capacitance €, (', and

respectively. The points Pand N are end points of this
series combination and serve as the points through which
apotential ditterence may be applied. In figure point P is
connected to the positive terminal and Nto the negative
terminal of the battery. Second plate of capacitor C, is
connected to the first plate of capacitor C_ and second
plate of C_is connected the first plate of capacitor C.. In
this manner any number of capacitors can be connected
inseries.

R

+ + + +4
[
+ + + +4

—

" V,

|
v

*|
|

Fig 4.16: Series combination of capacitors

We canunderstand how the capacitorsendup with
identical charge by following reasoning. Let the battery
supply acharge+ Q to the first plate of the first capacitor
(C)). By electrostaticinduction a charge - Q appears on
the inner face of second plate of C and a charge + Q an
its outer face. This+(Q charge on the second plate of C|
flows to the first plate of second capacitor C, inducing
charge+Q enits outer faceand charge - Q on inner face.
The process 1srepeated for the third capacitor and the
charge +Q on outer plate of C, flows to the negaive
terminalofthe battery. Thus we have a positive charge +
Qontheinner side of the first plate of capacitor C anda
negative charge - Q on the inner side ofthe second plate
of capacitor C,. This compeletes the charge distribution
with each capacitor ending with same charge. Since their
capacitances are different the potential differences
acrossthe plates of each capacitor are different. Let the

potential differencesacross C,,C and C,arel’, V', and
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V. respectively then

Y
C

3

0, 0

2T and Vi =
-1 c2

V
It'the potential difference across Pand Nis V then
V=V +V,+V,
) i
V= e + g + 9

CC - (4.23)

Itthe total (equivalent ) capacity of the combination
is C , then

.0

L=(, (424

o |1 1 1

== —+—+—
So ¢ Q{ e Cj ... (4.24)
L L .(4.25)

C, ¢ ¢, C

Like wise the equivalent capacitance of n
capacitors C ,C............C_connected inseriesis given
by

#z 1‘+ 1 + 1 +ot 1 ... (4.26)

¢, ¢ C, C

It the combinationisreplaced by a single capacitor
of'this capacitance (C ) thesingle capacitor will store the
same amount of charge for a given potential difference as
the combination does.

Itis obvious that
(1)  Thereciprocal oftheequivalent capacitance of the
series combination is equal to the sum of the
reciprocals of individual capacitances of capacitors

n series combination,

The equivalent capacitance is smaller then the
smallest capcitance present in the series
combination.

Some points worth noting regarding series
combination are

(i)

Series combination of the capacitorsisused in



(i)

iy

(iv)

situations where the applied voltage is high and a
single capacitor can not sustain it or when we
require a capacitor of smaller capacitance than
that of capacitors available.

In series combination amount of chargeis same for
all capacitorsirrespective of their capacitances

O 0, Q... =1:1:1..

It n capacitors of equal capacitance C are
connected in series then their equivalnt

A

capacitanceis Cy = ; and potential difference

acrosseachis V/n.
If a number of dielectric slabs having dielectric
constants €, €, €, ... areplaced between the

plates of a capacitor parallel to plates as shown in
Fig4.17, thenthis capacitor canberegraded asa
series combination of as many capacitors,
however, the distance between plates of each such
capacitor 18 equal to the thickness of
corresponding dielectric slab.

A

FTFIRITET ® RAw g

¥oX o ox OX
R S A 2 O
L A

i3

+—co—

X oH X

Hgwt X

o
L5
)

a2

X oH X

X oH X

(b)

Fig 4.17 : Capacitor containing different dielectric

slab parallel to plates
Forseries combination 4. 1 7(b)

€ g, A €, e, 4
o A (“r _ LT
1 2 bz T

f f,

1 2

. g5 A
Cy=—
{3

1 1 1 ]
St et

C, ¢ C, C,

1 f 2 1,

= = +—2 4=

Cy g4 €64 €4

4.10.2 Parallel Combination of Capacitors

Anumber of capacitors are said to be connected in
parallel if potential difference across each is the same
(and is equal to the applied voltage). In such a
combinations capacitors are arranged (wired) insuch a
manner that all right hand (first) plates of all capacitorare
connected at one common point and left hand (second)
plates are connected at another common point. One of
these common pointsis at a higher potential than other
when a battery 1s connected between these points.

Q0
+ —_—

IIII{‘JD_(-IJ

e

FFFFOFTFFFLO FHF

F 3
<0
¥

1+
[

-«

Fig 4.18 : Parallcl combination of capacitors

Figure 4. 18 shows parallel combination of three
capacitors of capacitances (|, ', and (; respectively.
Note that first plates of each capacitoris connected to



higher potential point P (positive terminal of battery)
while negative plates are connected to lower potential
point N (negative terminal of battery). Thus potential
ditference across each capacitor is same {equal to the
potential difterence across the terminals of battery).

Let the battery supplies a charge + Q whichis
distributed on the first plates of the three capacitors
according to the cpapacitance of each capacitor. Let the

charges on these platesbe (J,, (J, and (), . Dueto
electrostatie induction the charges-Q , -0, and -
{J, appears oninner faces of second plates of respective

capacitors. Positive induced charges appearing on outer
faces of these plates flows to the negative terminal of
battery. So

Q=CV,Q.,=CJF and Q, =C
and totalcharge 0 = O, + (J, +(J,

or O=CV+CF+CF

or O=(C +C,+C)V .(427)

If the equivalent capacitance of the parallel
combinationisdenoted by C_then

o=0CV ...(4.28)
From equation (4.27)mand (4.28)
CV =(C+C,+ ) V

or C,=0C+C,+(; ... (4.29)

Like wise for a parallel combination of n different
capacitors

C,=C+C+C +..+C . (4.30)

Ttisobviousthat

(a) Forparallel combination of capacitors, equivalent
capacitanceisequal to the sum ofhe capacitances
ofindividual capacitors.

(b) In a parallel combination the equivalent
capacitance is always greater then the largest
capacitance present in the combination.

Following points are worth noting regarding the
parallel combination of capacitors.

() Sucha combination is used when a large
capacitance required for a given working voltage
or a capacitor of large capacitance is to be
obtained from given capacitors having smaller
capacitances.

()  Inparallel combination potential difference across
each capacitoris some

but the charge on each capacitor is proportional to
its capacitance

(u1) Ifnidentical capacitorseach ofcapacitance C are
connected in parallel the equivalent capacitance of
the combination is n times the individual
capacitance

C,=nC

(tv) Ifnanumber of dielectric slabs each of some
thickness d having dielectric constants
€., €, €, ... areplaced inthe space between a

capacitor (of plate area A) asshowninfig 4. 19 then
these can be considered equivalent to a parallel
combination ot as may capators for the capacitor
with three dielectric placed as infig4.19 (a), the
equivlalent parallel combination is shown in

tig4.19(B)

P

TN S (T

. X XU X
d '.81]' R ==

X xR ]

IR I ) N—
Nl

0]
Fig. 4.19 : Parallel combination for different media
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74
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here A, A and A_ are areas corresponding
dielectric slabs respectively.

Capacitance of parallel combination

Cp=C+C, +C,

.5
o Cp= ;[Al e, th e, +4 €, |

Example 4.13 : For the capacitor combination
shown in Fig find the equivalent capacitance between
points Pand N

10 pF
C, -
| | 30 uF
P [ 1 _Q | N
|1 M
C1|| C,
" 20 pF

Solution : Inthe circuit shown capacitorsof 10 pF
and 20 pFare connected in parallel and their equivalent
capacitance ('=10+20=30x/ so these can be
replaced by a 30 uF capacitor, whichisnowin series with
another 30 uF (C,) capacitor already present in the
circuit so the capacitance of the given combination.

C'=30puF 30 uF
P e N
|| | |
C,
+H =
||
11
— =4
C ¢ q
t_ 1 1 2
C 30 30 30
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C=15ul

Example 4.14 An infinite circuit is formed by the
repetition of same link consisting ot two identical
capacitors each of capacitance C. Find the etfective
capacitance between points Aand B.

Solution : Astheladder shownin figof question is
infinity long the capacitance of ladder to the right of
points P and Q (say C) is same as that between Aand B.
The ladder shown above can then be replaced by the
circuit showninFig below

o8

Fom this figure equivalent capacitance between A
and B

CC,

C+C

(;..'1 =+

C(C+C)+CC,
(C+C)

¢

Cl-CC, -C*=0

_C= VO +4C° _C+ NEToe
2 2

¢
: :(*(u\/g)
2
Cl :M or (1 = (1_\/5)('
2 2



butas C, cannot negative we have to choose

('l + ﬁ) ¢

C = —
as correct value cut of the two values calculated
above.

4,11 Energy storedin a capacitor

As has been mentioned earlier a capacitorisa
device to store electrical energy. In this section we
discuss about thisaspect.

We have seen In previous chapter that
electrostatic potential energy is associated with any
charge configuration whichis equal to the work done by
extenral force in assembling this configuration by bringing
the constituent charges frominfinity (where charges are
assumed at rest) to their respective locations in
contiguration under condsideration. As work must be
done by anexternal agent in charging a capacitor whichis
stored in the torm of electrostatic potnetial energy in the
electric field between capacitor plates. To understand the
process of charging we imagine that some external agent
istranstering electrons from one plate to other plate ofa
capacitor. The plate from which electrons are removed s
becoming positively cahrged while the plate recieving
electrons is becoming negative, thus a charge separation
takes plate inthe process. Asthe charge accumlates on
the capacitor plates this external agent has to do
increasingly large amount of work to transfer more
electrons. In practice this work is done by a battery at the
cost of chemical energy stored init.

g dg L

+ + + + + +

A B

Fig. 4.20 ; Imagination of charge transfer
from one plate of a capacitor to other

Suppose that a certain instant a charge q' 1s
already present one plate of capacitor during the charging
process. Atthat instant the potential difference V between
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capacitor platesis q'/C ifnow anincrement of charge dq
is to be transferred to this plate the increment of work
neededis given by

dW=V'dq .43
the total work required to charge the capcitor from

o
W= (v dg
il
qu
W=1=d
!C !
.IQ
W—=—]qg'de
C;[q q

1 12 &
o Lla”
¢ 2

8]

10°
o1
2 C
This work is stored as potential energy U in the
capceitor

W

2 C

On substituting Q = CV in equation (4.32) we
obtain

SolU= ...(432)

(I
U=zCr L .(433)

and if we substitute V=0Q/Cinequation (4.32)

Ly
L=EQI {434
thus we can express the energy stored in a charged
capacitor as
101

=V’ =
2C 2

{

l .
—OV
2£

Thisresult applies to any capcitor regardless of its
geometry. These equations, however, do not tell us
where thisenergyis stored. By following argument we
can explain that this energy is stored in capacitorin



electric field between the plates. Consider two parallel
plate capacitors 1 and 2 having same plate area A but
the plate separation for capacitor 1 1s double of that tor
capacitor 2. Thus the capacitance of capacitor 1 is half
the capacitance of capacitor 2. It both the capacitors are
given same amount of charge q then electric field

between the plates givenby 7« = is same for both

i

the capacitors. Because of the (above mentioned)
difference in capacitance, from equation 4.33 we note
that the energy stored in capacitor 1 1s twice that 1n
capacitor 2. Also note that for the volume between
capacitor plates capacitor 1 has twice the volume than
capacitor 2. So for same value of ¢ for both capacitors,
one with twice volume has twice the stored energy.
However as the electric field is present in the entire
volume between the capacitor plates it 1s logical to
associate electrostatic potential energy with electric field
present inthis region,

4.11.1 Energy Density of Electric Field between
Plates for a parallel Capacitor

For a parallel plate capaciotor having plate area A
and charge Q the electric field between capacitor plates
is given by

-9 _ o
e, €, 4
Q =&, LA
The electrostatic energy of a charged capacitor
T
2 C
, g, d
but € = [7
So 1l (€, L:4)
2 (g, 4
d
U=Le 124d

but Ad=V (Volume between capacitor plates)
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not to contuse with potential difference.

Soenergy density, u, 1.e energy per unit volume

U

] . -

u=g - 2 Iy E
Although the equation 4.35 is derived for the
special case ofa parallel plate capacitor, ithas a general
validity. Thus wherever electric field E is present the

... (4.35)

energy per unit volume u is given by 1/2 i[ EZ In

general E varies with position, so u is a function of
coordinates. For the special case of the parallel plate
capacitor E andu do not vary with positionin the region
between capacitor plates.

Example 4.15 : The area ot each plate fora
parallel plate capacitor is 90 em® and plate separation is
2.5 mm. It is charged by connecting across a 400V
supply. Find the electrostatic energy stored in the
capacitor.

Solution : Here 4 =90¢cm? =90x 107~ m*

d=25mm=25%x10"m

V=400V
U r=Lep
se S =56
. &, 4 885x10 2yo0x10*
Here = =

d 2.5x107

(' =3.18x10" F =318 pF

{ Z%X3,18><10 8 ><(400)2 =2.54%10°J

4.11.2 Energy stored in combination of capacitors
(a) Series Combination : Consider n
capacitances (|, (', C,,....,C, connectedin series, the
equivalent capacitance of the combinationis given by
1 1 1 1 1
_:T+T+T+‘”+ S
O G O ¢

1 2 k) !

Here charge Q on each capacitoris same,



]
Z

Energy stored inequivalent capacitor {/ = 1 (2
e

041 1 1 1
/== —F+—+—+...+
21¢ ¢ C,
)A )3 2 2
rU_( +("_'+Q_'+ +Q‘
2, 20¢, 20, 2C,

or{/ =0/ +U,+U, +. .+l

(b) Parallel combination : For n capacitors

having capacitances (), (', (,....,(C connected in

parallel the equivalent capacitance is given by

C,=C+C,+C, +..+C,

Here potential difference V across each capacitor
is same energy stored in equivalent capacitor
{ V?

%CP
]. oy + - x - x rz
orU :5[(_.l +C,+C+ 4+ C P

(P I B 1 .. s
==CV - +=CV " +=CV +. . +=CF~
2 2 2 2

or{/ =/ +U/,+U, +. .+,

Therefore, for both series and parallel combination
of capacitor the total energy stored inthe combination is
equal to the sum of energies stored in individual
capacitors.

4.12 Redistribution of Charge and Loss of energy
on sharing of Charges

When two conductors charged to ditferent
potential are connected through, a conducting wire or
brought in contact with each other, charge flows fromthe
conductor at higher potential to the conductor at lower
potential till both acquire a common potential. Thereisa
lossin energy inthis process of redistribution of charges.
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Wire of negligible capacliance

{u) Belore vonecling

(b} Aller vonecling

Fig4.21 : (a) Before conecting (b) After conecting
Considertwoisolated spherical conductors A and

B ofradii R and R, charged to potentials }| and V,
[Fig4.21 a]. If capacitances of the conductors are |

and (, and charges on them are {J, and (J,

respectively.
Then O =V, .. (4.36)
and @, =CV, . (4.37)

So total charge on the system before the two
conductor are brought into contact

Q=0 +¢,

O=CV +C.V, L {4.38)

Itthe two conductors are now connected through
a conducting wire of negligble capacitance then the
charge will tlow from the conductor at higher potential to
other at lower potential till both acquire same potential
V(say). Inthis case treating both condcutorsas one the
capacity of the combined systemis C, + C, asthe two
conductors are at same potential can be treated in a
parallel combination.

After the redistribution of charges if Q.and Q, are
the cahrges onC and C,

O'=CV .. (4.39)

and Q,'=CF . (4.40)

From conservation of charge, total charge before
redistribution must equal the total charge after
redistribution i.e

Q=0 '+Q2':(C1 +(?2)V



or  CV+CF,=(C+C)V
therefore the common potential is
OV +CF
o= ¥z _
C1C, (44D

and ratio of charges after redistribution

o' Y
00 Cr C ... (4.42)

Z

thus after redistribution charge is shared in
proportion to capacity

ItV =V,

then V=V =V,

the change in potential of first conductoris
AV, =V -V

. . [ CF O
AIH:IH_[ 1(11 T HJ
1 "2

V‘ — (1'_‘ (]'/1 - Vvl)

A
or 1 C+C. ...(4.43)

The change in potential of second conductor

AV, =V -T,
CF+CF,
AV, =| =11 22 |
o . [ ¢+, J .
¢V -7)
AV, =—— 22
or T o L (4.44)
AV, C,
O AY,

Thus atter redistributionthe magnitudes of change
in potential ofthe two conductors are ininverse ratio of
their capacitances. The above discussion isalso true for
sharing of charge between two charged capacitors
initially at different potentials.

4.13 Energy loss

Initially before contact the total electrostaic

potential energy ofthe systemis

-1
2
After the conductors are joined through a
conducting wire, total electrostatic potential energy ofthe
systemis

1172 ]- L
Ch +5('3I'2 ... (4.45)

1 ~ ~ 72
(= +C)

CVaCy, Y
C+C,

N P

L _CH GV,
¢, +C,

(CF +C 1LY

1
U=
S0 2 C+C,

... (4.46)

Soenergyloss Al/ =0/ -1/"

. N H{CF Y
Al = [l(ﬂf +l(1_V;]—lM
2 2 -

© 2 (4G,

—

Aol CF(C +C)+CF(C +C) = (CF +C)
or 2 C +C,

fAU:l
2C

1

e

el .. (4.47)

Since (¥, -V, )2 is always positive so AL/ =0

thus there is always a loss of electrostatic potential
energy, when two conductors or two capacitors charged
at different potentials are connected in parallel. Thisloss
of energy 1smainly in the form ocfheat when charge flows
from one conductor to other through the conducting wire
having some finite resistance and also m form of light and
sound 1f sparking takes place. In sharing thereisno loss of

energy
If V,=V.,s0 that A{/ =0

In process of charging a capacitor by a battery of
emf'V halfofthe energy QV supplied by battery gets



stored in capacitor { {/ = % ) and remaining half(

QV/2)1s dissipated in form ofheat in connecting wires.

Example 4.16 A 600 pF capacitoris charged to
200V using a battery. Now thebattery is disconnected
and the plates of this capacitor are connected n parallel
to aninitially uncharged capacitor of 600 pF. Find the
loss of electric potential energy in the process.

Solution : Here CC, = (', = 600 pi-
=600x10 “17=6x10 " 1

V, =2001, 7, =0

1 CC 2
: =— —(, =V,
lossin energy 2(--'1+(3( 1 )
: 1 : la
:lxéle 36_>1<[]10 (200—0)“
2 12x10
=6x10°7

Example 4.17 A900 pF capacitor is charged to
200 V (a) Find the electrostatic potential energy stored in
the capacitor (b) It now the capacitoris disconnected
from battery and joined in parallel with another uncharged
900 pF capacitor then calculate the electrostatic potential
energy stored in the combination.

Selution : (a) Given (" =900 pF =9x107""F
IV =100F

energy stored
] - ] 2
U, ==CV*=—=(9x10 " ){100)

U, =45x10°J

(b) When given charged capacitoris connected in
parallel to anidentical uncharged capacitor the charge on
firstisnow divided equally on the two. Let the final charge
oneach capacitoris Q! and common potential be V.

@, |18
O== V=—
L=3 and >

In this case both capacitors have same value of
stored energy so thetotal energy of system

i, = 2[lQV]
= "2

{7, :2xlxgx£:l(.)l"
) 2 2 4~

U, = %x 45x10" =2.25%10"°])

Z

and rest halfof'the energy is spent isthe form otheat
and EM radiations.

Important Points

1.  Dielectric Materials : These materials are non conductor of electricity they get polarised when placed in

external electric field.

2. Capacitane The electric potential V of'a conductoris proportional to charge Q giventoiti.e Q=CV herethe
constant of proportionality C is called capacitance of conductor. Numberically the capacitance of a conductor
18 the amount of charge given to aconductor to raise its electric potential by unity.

[F¥]

A capacitorisa devicethat consists of two closely spaced conductors (plates) with charges + Q and - Q. Its

capacitanceis also given by Q =CV where V is the potential difference between the plates.

4. Thecapacitance ofa capacitor depends on area of plates, plate separation and dielectric constant of medium

present between plates.

5.  Foranisolated spherical conductor radius R' placed in air or vacuum the capacitance is given by

C,=4mre, R.




10.

Theradms ofa spherical conductor of 1 F is greater even than the radius of earth.
On filling the space between the plates of'a capacitor completely witha of medium of dielectric constant <, its

capacitanceincreases €, times,

ei]

Capacitance for a parallel plate capacitor C =<, having amedmim between the plates.

g, 4

with free space as medium €, = 7

withmedium of dielectric constance <,

For a capacitor partially filled with a dielectric (dielectric constant €_, and thickness t)

g 4

{
d—t+
=

r

_dxe, nry

C, = —(”1 —n) ; withmedium of dielectric

Capacitance for a spherical capacitor with free space medium

c 4z g, nr
constant €, , “m =% (r )
: K —F

In series combination of capacitor charge on each capacitor 1s same and equivalent capacitance ofthe
combination isgiven by

| | | | |
— = —+—+..+

c, ¢ ¢ ¢ T cC

L
For parallel combination of capacitor potential difference across each capacitor is same and equivalent
capacitanceisgivenby C, =, +C, +C, +.. .+,

In charging a capacitor some work has tobe done. This work is stored in capacitor in electric field between
the plates inthe form of electrostatic potential energy . This energy s given by

)? 5 i
U = l(’— = lCV" = lQV
2C 2 2
When two conductors charged to different potentials are connected, the redistribution of charge takes place

0'_G

inratio oftheir capacitancei.e ? e and their common potential (after charge redistribution)is given by

,_CH Gl
C,+C,

103



15.

The energy lossin above redistribution of chargesis given by

1 CC
20, +C,

AU (V,-v.) J

Questions for Practice

Multiple Choice Questions

1.

|F¥]

The correct relation for the capacitance ot a parallel
plate capacitor is

(a) Cx R (b) Cx R

(d) C =< R

For the figure shown equivalent capaitance
between points Aand Bis

(c) Cx R~

(a)2puF (b)4uF
(c)25uF (d)3uF

On connectingthe two plates ofa charged cpacitor
by a conducting wire

(a) potential difference across the plates will
become infinite

{(b) charge on capacitor will become infinite

(¢) charge on capacitor will become double ofits
nmtial value

(d) Capacitor will be discharged

For the figure shown the equivalent capacitance

between positionAand B
5uF
|
5pF 5 uF
| | | | | | |
il all | | | —B
3 uF 3 uF [
I
5 uF
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(a) SuF (b)2.5uF
(c) 10 pF (d)20uF

Theradii of two spherical conductersareinratio |
: 2 theratio of their capacitanes is

(a)4:1 bHl:4
(©)1:2 (@21
AsshowninFig. a dielectric slab of dielectric
constant €_ is slided in half the space between

capacitor plates. Ifthe initial capacitance of the
capacitor is C itsnew value will be

C _ 1 ('
(@) 5 (= +1) ® 7 )
('I+ e?,) .
(c) 30 (d) C(l+¢))

Eight drops of mercury of equal radii and each
possessing the same charge combine to form a
big drop. The capacitance ot this big drop as com-
pared to that of each smaller drop is

(a) 2 times (b)8 times

(c)4times (d) 16 times

A capacitor has capacitance C. [t1scharged toa
potential difference V. It now be is connected

across aresitor R then amount of heat dissippated
willbe



1.
_ —CP?
(a) ) ®) 3

| R 1 ...,
© 7 (@ 50
3 2

On giving a charge Q to a capacitor its stored
energy 1s W. On doubling the charge stored energy
will be

(a)2 W (b)4 W

(c)8W (dyw/2

Two spherical conductors of 3 pF and 5 puF are
charged to 300 V and 500 V and then connected
together. The common potential will be

(a)400V (b)375V
(c)425V (d)350V
The potential energy stored in the region between
plates of'a capacitoris [/, . If adielectric slab of

e, now fills the space between the plates
completely then new potential energy will be

i, .
(@ b U, &
U’U
() == @ U,

¥

Forthe circuit shown infigthe potential difference
across 4.5 uF capcitoris

3 pF
4.5 uF I I
| | |
[
6 uF
+ =
| I
12V
8
(a) 3F b4y
J
(c)6v (DY

105

13.  For the circuit shown in fig the equivalent
capacitance between Aand B willbe

SuF 4uF
12 uF I I I I 16 uF
v
4|j,1|F
(a) 1uF (b)OuF
(c) 1.5uF (d) 1/3uF

Very Short Answer Questions

1. Ifareaofoneplate of a parallel plate capacitoris
halved then can the device be called a capacitor.

2. What will be the maximum and minimum
capacitance obtainable with three capacitors each
of 6 pF capacitance.

Mention the factors atfecting capacitance of' a
conductor.

L

4. Onassuming earthasa spherical conductor what
will beits capacitance?

5. Whatistheelectric field between the plates of a
charged parallel plate capacitor with surface
charge density G nplates.

6. Ifncapacitors of equal capacitance C are
concepted in series what will be the equivalent
capacitance.

7. Write expression for energy density for electric
tield between plates of a parallel plate capacitor.

8. Writeunmt of energy density.

9. Two capacitors of capacitance (| and (, are
given equal charge write the ratio of electrostatic
potential energy stored in them.

10.  Mention a conductor which can be given nearly

infinite amount of charge.

11.  Whereand in what form does the energy is stored
Inacapacitor.

12.

13.  Onfilling the space between the plates ofa parallel

What is the net charge on a charged capcitor?



14,
15.

16.

19.

20.

plate capacitor with some dielectricits capacitance
increases five times. Whatis th dielectric constant
ofthis materials?

What 1s the basicuse of a capacitor?

The plate separation of a parallel plate capacitor is
d. Ifa metalic plate of thickness d/2 isplaced inthe
space between plates not touching any plate, then
what will be effect on its capacitance?

How much work hastobe doneincharginga25
uF capacitor it potential differece acrossitis S00'V.

How will you obtain a capacitance of higher value
if you have been provided with capacitors of
relarvely low capacitance.

What is the equivalent capacitance of two 2 pF
capacitors connected in series.

Onimmersing a parllel plate capacitor in oil what
will bethe effect onits capactiance. The dielectric
constant of oil 1s 2.

The radius ota circular plate for a circular parallel
plate capactorisr. Ifits capacitance is equal to that
ofa spherical conductor ot radius R then find the
plate separation.

Short Answer Questions

Explain terms conductor and insulator with
examples.

Distinguish between polar and non polar
dielectrics,

Derive expression for capacitance of a spherical
conductor.

What will be the effect onthe potential difference
across the plates of a capacitor ifits plates are
brought nearer keeping the charge constant?
Explain.

A parallel plate capacitor with air as medium is
charged to a potential difference V using a source
(battery). Without disconnecting the battery air
medium is replaced by a dielectric medium of

dielectric constant <, . Explain with reasons the
changes observed in the following -
(1) potential difference

(i1) electric field between plates
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(1) capacitance

(iv)charge

(v)energy

A parallel plate capacitor with air as medium is
chargedto apotential difference }/, usinga voltage

supply. Ater it is disconnected trom the voltage
supply the space between plates is completely
filled by a dielectric. Explain with reasons the
changes observed in the following

(1)charge (1) potential difference

(i11) capacitance  (1v)electric field

(v)energy
Derive expression for energy stored in a charged
capacitor.

Three capacitors of capcitance C each are
connected first in series and then in parallel.
Calculate the ratio ot equivalent capacitances in
these two situations.

n capactors of capaitance C each when
connected in series yields an equivalent
capacitance 'y and when in parallel yields

equivalent capacitance C .

b
—£
(“1' .

&

Find the value of

Define electric capacitance and mentioned its ST
unit.

What will happen to the capacitance of a spherical
conductor ontrippling charge onit? Givereason .

Onfilling the space between a 2 uF air capacitor
by mica its capacitance becomes SuF. Calculate
the dielectric constant of mica.

Two spherical conductors ofradii K and R, have
capacitance | and(’, and charges (), and 0,
and potential difference F and ¥, respectively

(¥, >7¥,) . Theseconductorsare now connected

by a conducting wire of negligilbe capacitance then
show that theratio of chages intheir potential is



14.

AV, C,

AV, C

Whatisa capacitor? Explain.
Three capacitor having capacitance (|, ', and

(', are connected in series. Derive expression for

equivalent capacitance.
Three capacitors having capactiances (|, C, and

(’; are connected in parallel. Derive expression
for equivalent capacitance.

Essay Type Questions

1.

|F¥]

Discussthe principal of a capacitor and derive the
expression for the capacitance ofa parallel plate
capacitor.

Obtain an expression for the capacitance of a
partially filled capacitor.

Derive an expression for energy density of electric
field between the plates of a parallel plate
capacitor.

What is a spherical capacitor? Derive an
expression for the capcitance of spherical
capacitor.

Explain the charge redistribution when two
charged conductors are connected together.
Determine the ratio of charges atter redistribution
and expressiontor energy loss.

Answer (Multiple Choice Questions)
1.{(A) 2.(B) 3.(D) 4.(B) 5.(C) 6.(A)
7.(A) 8.(B) 9.(B) 10.(C)11.(A)
12.(D) 13.(A)

Short Answer Question

1. No

2. C . =18uF and € =2uF

3. The capacitance ot a conductor depends on its
geometry and nature of surrounding medium.

4. C,=4r¢, Rhere

R = 6400km = 6400x10°m. Co =711 uF
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10.
11.

12.

14.

15.

16.

20.

L=—
E(.
c -
£
i . — E2
% Lor =—g,
Jim®
%
U 26 ¢,
U, 1¢0° ¢
2C,

Earth, becauseits capacitanceisvery large.

Intform of'electrostatic potential energy in electric
tield between capacitor plates.

Zero as plates have equal and opposite charges.

To store electric charge and electric energy.

o EDA: g, A :2[ﬂ]:2(,
 (d-1) (d-d/2) d "

1.e capacitanceis doubled

W=QV=(CV\y=Cy°

=24x10 ° x500x500=617
By joining given capacitorsis parallel.

1 1 1
=t
OV O

From '~ thisgives € =1uF

('=e, C, =2C, 1.edoubled

C=dre, R —4zrec Rod=—
d 4R



Numberical Problems

|F¥]

Calculate the radius of a spherical conductor of 1
pF capacitance. [Ans: 9mm]

The area of each plate of a parallel capacitor is 100
cmr and the intensity of electric field in between the
plates is 100 N/C. What is the charge on each
plate.

[Ans +8.85 x 10 12C, -8.85 x 10 12C]

A parallel plate capacitor is kept at a certain
potential difference. Keeping this potential
difference constant to put a dielectric slab of 3 mm
thickness between the plates the plate separationis
to beincreased by 2.4 mm. Calculate the dielectric

constant of slab. [Ans: g,=5]

Two capacitors are of 2uF and 4pF capacitance
respectively. Compare the ratio of equivalent
capacitances of their series and parallel
combinations.

[Ans:2:9]
Consider two metallic spheres ofradii 0.05 mand
0.10 m, each having a 75 pF charge. On

connecting these spheres by a conducting wire tind
(i) common potential (i) amount of charge flown.

[Ans: 9% 10°V,25 u(]
Aspherical conductor of capacitance 2 F, charged
at 150 volt is connected to an 1uFuncharged and
conducting sphere. Find common potential, charge
on each capacitor after joining,

[Ans.: V=100V, Q,'=200uC, Q, " '=100uC ]
125 droplets are charged to 200 V potential.
These droplets are combined to make a single
drop. Calculate the potential of big drop and
change in potential energy.

|Ans:V, =500V, U, =25U

In fig shown each capacitoris of 1 pF capacitance.
Find equivalent capacitance between points Aand
B.

1uF 1
| | |

|
1 ul Tpl”  1pF

HHHHF

1l
II | |
[ I

§ capacitors

A B
[Ans: 2 uF]
9. Infigshownthe equivalent capacitance between
points Aand B is 5. Calculate the capacitance of
capacitor C.
2 uF
. [ |
A
1 1 1
Tt 1"
4uF —— —_ 4 pF

« B

[Ans: C=8 nuF]

10. For capacitors shown in tig (a) and (b) find
capacitances Area of each plate 1s Aand the plate

Y —=— %
= ZziZ

(a) (b}

A ZEfiEfiEI)A
[Ans: (a){ (s, +<, )} O 4fe. +<,) |



A —

12.

14.

Determine equivalent capacitance between points
Aand B for the Fig shown

8 uF 4 puF
|

12 uF 16 uF

s

I
4 pF

~ 1 .
[Ans; C=—ul"]
31
Anisolated spherical conductoris surrounded by
another concentric conductingsphere whose outer

surfaceis earthed. the ratio of the radii of these two

P

spheres is . Prove that due to this

arrangment the capacitance of spherical conductor
increases #rtimes.

The energy density of a parallel plate condensoris
4.43x107 J/m* . Find electric field intensity
between theplates. ,=8.86x10 “F/m

[Ans: E=10N/C]

Determine the equivalent capacitance of the
systems showninfig(a)and (b) between Aand B.
Area ot each plate is Aand the separation between
adjancent platesisd.
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>_B

[Ans ¢ 2e, A 3, A
ns:(a

) d d
Let equivalent capacitances for n indentical
capacitors each of capacitance C in series and
parallel arrangements are Cs and Cp . Prove that

(b) ]

(x 1)
C -C =——C

n
The radus of plateused in a parallel plate capaitor
1s 10 cm. If the plate separationis 10 cm,
determine the capacitance of this capacitor for air
medium,

[Ans:C=2.78 pF]



