Capacitance
1 Mark Questions

A

v
Ans.Line B corresponds to C-, because slope (q/v) of B is less than slope of A.

2.A capacitor has been charged by a DC source. What are the magnitude of conduction and
displacement current when it is fully charged?[Delhi 2013]
Ans.

Electric flux through capacitor’s plates,

-9
¢ £

Here, g = charge on capacitor
Displacement current,
d(-g“J
dd £
Iy =gy —L=gy— 07 =
PTG T d

Conduction current, I=Ci—r:0, as voltage

becomes constant when the capacitor becomes
fully charged. (1)

3.Distinguish between a dielectric and a conductor. [Delhi 2012]
Ans Dielectrics are non-conductors and do not have free electrons at all. While conductor has
free electrons in its any volume which makes it able to pass the electricity through it.

4 Define the dielectric constant of a medium. What is its unit? [Delhi 2011c]
Ans.Dielectric When a dielectric slab is introduced between the plates of charged capacitor or
in the region of electric field, an electric field Ep induces inside the dielectric due to induced
charge on dielectric in a direction opposite to the direction of applied external electric field.
Hence, net electric field inside the dielectric gets reduced to £4 — £p, where £ is external
electric field. The ratio of applied external electric field and reduced electric field is known as
dielectric constant K of dielectric medium, i.e.

Eq
Eo—Ep

K=

5.A metal plate is introduced between the plates of a charged parallel plate capacitor. What
is its effect on the capacitance of the capacitor?[Foreign 2009]

Ans.If a metal plate is introduced between the plates of a charged parallel plate capacitor. The
capacitance of parallel plate capacitor will becomes infinite.

6.In the figure given below X, Y represent parallel plate capacitors having the same area of

plates and the same distance of separation between them. What is the relation between the
energies stored in the capacitors?
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[Foreign 2008]

Ans.

P Charge on each capacitor connected in series

*  combination is same. Also, two capacitors having
same plate area and in equal separation have |
equal capacitance in air or vacuum.

| PR — — VT ITS—

Charge, g is same on both capacitors as
connected in series combination.

Energy stored in a capacitor is given by
2

U=-g-~ = Uocl
2C C
U G _1
U Cy 6
1
Uy, ==U
X= gy (1)

7.The following graph shows the variation of charge Q with voltage V for two capacitors K
and L In which capacitor is more electrostatic energy stored?

@ L

[HOTS, Foreign 2008}

Ans.

The slope of Q -V graph of capacitor gives
capacitance. Therefore, capacitor L have
greater capacitance. Since, two capacitors
are given same voltage V, therefore energy
stored in a capacitor will be given by
formula.

1
U= 5 CV? and for same V

UeC

C >C
= U > Uy
= Capacitor [ will store more electrostatic
energy. (1)

8.Define dielectric strength of a dielectric. [Delhi 2008 C]
Ans.The dielectric strength of a dielectric is the maximum value of applied electric field
required to just breakdown of the dielectric material.

2 Marks Questions
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9.A parallel plate capacitor of capacitance C is charged to a potential V. It is then connected
to another uncharged capacitor having the same capacitance. Find out the ratio of the
energy stored in the combined system to that stored initially in the single capacitor.[All India
2014]
Ans.

Let g be the charge on the charged

capacitor.

. Energy stored in it is given by
q?
U=-1_
2C
When another uncharged similar capacitor
is connected, then the net capacitance of
the system is given by
C'=2C (1)
The charge on the system remains constant.
So, the energy stored in the system is given

by
2 2
’ q q ’
U= _="1_ Cc'=2
2C"  4C [ ‘)
Thus, the required ratio is given by
U _q*/4c 1
U g?/2C 2

10.Two parallel plate capacitors of capacitances Cy and C, such that C, =2C, are connected
across a battery of V volt as shown in the figure Initially, the key (k) is kept closed to fully
charge the capacitors.The key is now thrown open and a dielectric slab of dielectric constant
K is inserted in the two capacitors to completely fill the gap between the plates. Find the ratio
of (i) the net capacitance and (ii) the energies stored in the combination before and after the

introduction of the dielectric slab.[Delhi 2014 C]
k

=
|
AT
|1
1

Ans.
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(i) Given, C, = 2C, ...(0)
Net capacitance before filling the gap with
dieletric slab is given by
Ciniiar =C1 + G [from Eq. (i)]
Cinitial=2C2 +C2 =3C2 (li)
Net capacitance after filling the gap with
dieletric slab of electric constant K
Cinitia =KC; + KC, =K(C, + C,) [from Eq. (ii)]

Cinat =3KC, -..(iii)
Ratio of net capacitance is given by
Cinitial _ 3C, _ 1

=~ [from Eqs. (ii) and (iii)]
Cfinal 3KC?- K 1)

(i) Energy stored in the combination before
introduction of dielectric slab
Q2
Uinitial = =
3C,
Energy stored in the combination after
introduction of dielectric slab.

(iv)

2
Ufina = ?ﬁ—cz S\
Ratio of energies stored
Yinitiat _ K [from Egs. (iv) and (V)]
Uﬁnal 1 (1)

11.Two parallel plate capacitors of capacitances Qand C, such that q =C, /2 are connected
across a battery of V volts as shown in the figure. Initially, the key (k) is kept closed to fully
charge the capacitors.The key is now thrown open and a dielectric slab of dielectric constant
K is inserted in the two capacitors to completely fill the gap between the plates. Find the ratio
of (i) the net capacitance and (ii) the energies stored in the combination before and after the
introduction of the dielectric slab.[Delhi 2014 C]

B -
(¢)

Ans.
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(i) Given, C, = 2C, wueld)
Net capacitance before filling the gap with
dieletric slab is given by
Cinitial =C-| + C2 [from Eq- (l)]
Ciniiat =2C3 + €3 =3C, i)
Net capacitance after filling the gap with
dieletric slab of electric constant K

Cfinal = 3KC2 (Hl)
Ratio of net capacitance is given by
LT [from Eqs. (ii) and (iii)]

China  3KC, K (€8]
(i) Energy stored in the combination before
introduction of dielectric slab
QZ
initia[=§(‘:;
Energy stored in the combination after
introduction of dielectric slab.

U ...(iv)

Q 2
Ufina = KC, 7
Ratio of energies stored
Uinivia _ K [from Egs. (iv) and (v)]
Ufina 1 (1)

12.Find the charge on the capacitor as Shown in the circuit. [Foreign 2014]

6 uF

It

W
AN AMA—
100 20Q

Ans.

Total current through the circuit is given by
I=V/R

Here, V=2V
R=(10+202=300Q

Voltage across 10 €2 resistor

=1(10)=10/15 =§V

Charge on the capacitor is given by
Q=CV=6x10"°)x2/3=4uC M

13.A slab of material of dielectric constant K has the same area as that of the plates of a
parallel plate capacitor, but has the thickness d/2, where d is the separation between the
plates. Find out the expression for its capacitance when the slab is inserted between the
plates of the capacitor. [Delhi 2013]
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Ans.

Initially, when there is a vacuum between the
two plates, then capacitance of the plate is

A ;
C0=E°T, where A is the area of parallel

plates.

Suppose that the capacitor is connected to a
battery, an electric field £, is produced. Now, if
we insert the dielectric slab of thickness
t = d/2, the electric field reduces to E.

Now, the gap between plates is divided in two
parts, for distance t there is electric field £ and
for the remaining distance (d — t) the electric
field is £,. (1)
If V be the potential difference between the
plates of the capacitor, then V=Ft +Ey(d - t)

v:ﬁg..+@_—_g(E+Eo) [._. t=§]
2 2

2 2
= V:i E_0+EO
’ 2K

2K E
NOW, Eozgzi

€&y EOA
—— V:i.i(K_‘_‘])

2K €A
We know that, C=g=£<§9l\_

V dK+1) (1)

14.Determine the potential difference across the plates of the capacitor Cy of the network

shown in the figure, (assume, E; >E1 ) [All India 2013]

Cy
g

Ey— —E

| L
+qg''-q
Ca [All india 2013]

Ans.
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Potential difference, " E - 3. E,=0
C C

q.,q
or —+—=—=E-E,
G G, (1)
_?Iﬁ+
L
q
Eq — — E;
Co
=
i
q

Now, H::g and V2=i-_q_ .
¢ G, L

15. Net capacitance of three identical
capacitors in series is 1 uF. What will
be their net capacitance if connected
in parallel?

Find the ratio of energy stored in the
two configurations if they are both

connected to the same source.
[All India 2011]

Ans.
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(:) If nidentical capacitors, each of capacitanceCare
connected in series combination give equivalent
capacitance,
L
C ==

n

and when connected in parallel combination
then equivalent capacitance,
C,=nC

Also, for same voltage, energy stored in the
capacitor is given by

U= %CV2 [for constant]
UeC
C,=1pF [n=3]

: _—_ C
In series combination, C; = —
n

In parallel combination,
= CI,J =nC
According to the problem,
C=nC, =3x1uF=3pF

For each capacitor,
In parallel combination,

Cp,=nC=3x3=9pF

Cp =9 puF (1)

For same voltage, U < C = Yy o 5
Up G

_Cn_1
nC n?
o .
3? 9
U, 1
= e e
U, 9
or Us:Up =19 (1)

16. Figure shows two identical capacitors
C, and C,, each of 2 uF capacitance,
connected to a battery of 5 V. Initially,
switch S is closed. After sometime, S is
left open and dielectric slabs of
dielectric constant K =5 are inserted
to fill completely the space between
the plates of the two capacitors. How
will the (i) charge and (ii) potential
difference between the plates of the
capacitors be affected after the slabs
are inserted?

.

% -‘_
=5V Ci==2yF CszpF

Ans.
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1K) When a dielectric medium of dielectric constant .
* K isintroduced,

(i) in an isolated (not connected with battery) |
capacitor, then total charge on capacitor |
remains same. i

(if) in a capacitor connected with battery, then |
potential difference across the capacitor |
remains same as that of potential difference

s across battery. i

Two identical capacitors C,; and C, get fully
charged with 5 V battery initially.

So, the charge and potential difference on
both capacitors becomes

qg=CV
=2x10° x5V =10pC
and V=5V
On introduction of dielectric medium of

K =5.
For C, (continue to be connected with
battery) potential difference of C,, (V) =5V

Capacitance of C; =KC =5 x 2 uF =10 uF
Charge, g’ =C’V' =(10pR (5 V) =50 pC (1)
For C, (disconnected with battery)

Charge, ¢"=g=10uC
Potential difference,

Vi= :£=‘IV
5

==

(1)

17.Two identical parallel plate (air) capacitors C, and C, have capacitance C each. The
space between their plates is now filled with dielectrics as shown in the figure. If the two

capacitors still have equal capacitance, they obtain the relation between dielectric constants
K, Ky andKj.[Foreign 2011]

C; Co

N7

-+

N

—d —

!
I

Ans.
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) The capacity of condenser is proportional to
the area and inversely proportional to the
distance between its plates. If a medium of |
dielectric constant K is filled in the space
between the plates, its capacity becomes K
times the capacity when there is air |
between the plates.

After inserting the dielectric medium, let
their capacitances become C; and Cj.

ForC, C;=KC L) ap)
_Kigg (A/2)  Kyeo A2
d d

C, acts as if two capacitors each of area A/2
and separation d are connected in parallel

For C, C2

combination.
! EoA (K1 Kz]
0 d A=
e (M) )
2 !
[‘ ' = E_Qi]
d (1/2)
According to the problem,
T
KC=C(K*+K2] e gy
2 2 (1)

18.You are given an air filled parallel plate capacitor C. The space between its plates is now
filled with slabs of dielectric constants K, and K, as shown in figure. Find the capacitance of
the capacitor C, if area of the plates is A and distance between the plates is d.
dr2
b

Cy N2

b K BKa

pb—d—f . b—d—i
[Foreign 2011}

Ans.
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. After introduction of dielectric medium of
dielectric constants K, and K ,, capacitor acts as
if it consists of two capacitors, each having

plates of area A and separation ) connected in

series combination for

Eg A
C]=—9d— s}
1 1 1
—_— +
Lo (K180A] K, e A
d/2 d/r2 1)
1 1 1 1
= —+
C, (ﬁﬂ)[ﬂﬂ zxz]
d

(1)

The capacitors will be in series.

19.Figure shows a sheet of aluminium foil of negligible thickness placed between the plates
of a capacitor. How will its capacitance be affected if

(i)the foil is electrically insulated?
(ii)the foil is connected to the upper plate with a conducting wire?[Foreign 2011]

Ans.

() The system will be equivalent to two
identical capacitors connected in series
combination in which two plates of each
capacitor have separation half of the original

separation,
Thus, new capacitance of each capacitor
1
C'=2C W Cee—
!
* CandC’ are in series
2C x 2C
= Cu=io—-=
2C +2C
Cnet =C
= Original capacitor (1)

(i) System reduces to a capacitor whose
separation reduces to half of original one.

New capacitance C’ =2C (1)

20.(i)Obtain the expression for the energy stored per unit volume in a charged parallel plate

capacitor.
(i) The electric field inside a parallel plate capacitor is E. Find the amount of work done in

moving a charge q over a closed rectangular loop abcda. [Delhi 2014]
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+++ 4+t

a b
d o
T T T T TTT

Ans.(i) The energy of a charged capacitor is measured by the total work done in charging the
capacitor to a given potential.

Let us assume that initially both the plates
are uncharged. Now, we have to repeatedly
remove small positive charges from one
plate and transfer them to other plate.

Now, when an additional small charge (dq)

is transferred from one plate to another, the

small work done is given by

ey = 4

dW =V’dq - dq 0

[let charge on plate, when dq charge is

transferred is g°]

The total work done in transferring charge

Q is given by
9y, e,
W=, Fda==[ a'dg
_ifer] e
L 2 L 2C

This work is stored as electrostatic potential
energy U in the capacitor.

2 2
(V)
U== = =i
2C 2C el
U=1cv?
2 m

The energy stored per unit volume of space
in a capacitor is called energy density.

Tev?
2
Ad
1 g,AV?
u=—
2 dA
Energy density,

U=

1 2
u=—g,F
5 o

Total energy stored in series combination
or parallel combination of capacitors is
equal to the sum of energies stored in
individual capacitor.
e, U=sU+U,+U;+...

(i) Due to conservative nature of electric
force, the work done in moving a charge in
a close path in a uniform electric field is
zero. (1)

3 Marks Questions

21.(i) Derive the expression for the capacitance of a parallel plate capacitor having plate area
A and plate separation d.

(i) Two charged spherical conductors of radii and 1* when connected by a conducting plate
respectively. Find the ratio of their surface charge densities in terms of their radii. [Delhi
2014]

Ans.
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(i) Parallel plate capacitor consists of two thin
conducting plates each of area A held
parallel to each other at a suitable distance
d. One of the plates is insulated and other
is earthed. There is a vacuum between the
plates.

Surface

X
32i;?§1|++++£++++—+l
LD

Surface li 2

charge y L
density 7

Area A

(1)
Suppose, the plate X is given a charge of
+q coulomb. By induction, —q coulomb of
charge is produced on the inner surface of
the plate Y and +q coulomb on the outer
surface. Since, the plate Y is connected to
the earth, the +q-charge on the outer
surface flows to the earth. Thus, the plates
X and Y have equal and opposite charges.
Suppose, the surface density of charge on
each plate is 6. We know that the intensity
of electric field at a point between two
plane parallel sheets of equal and opposite
charges is o /g, where gqis the
permittivity of free space.
The intensity of electric field between the
plates will be given by, EF= 82
0

The charge on each plate is g and the area
of each plate is A. Thus,

6= and =L Q)

A goA

Now, let the potential difference between
the two plates be V volt. Then, the electric
field between the plates is given by

Vv
F= J or V=Ed
Substituting the value of E from Eq. (i), we
get
qd
= A
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.. Capacitance of the capacitor is
et mpeM o o s B
vV qgd/g,A d
where, ¢, =885 x 102 C¥Nm?
It is clear from this formula that in order to
obtain high capacitance

(a) A should be large, i.e. the plates of
large area should be taken.

(b) dshould be small, i.e the plates should
be kept closer to each other. (1)
(if) Surface charge density is given by
o=—3
4nR?
After connecting both the conductors,
their potentials will become equal.

Vi=V,
= Ka, _Kq, [~ for spherical conductors
R, R, ;
V= 1 ﬂ or V= ﬂ/.]
4ney R R
oy BB
q9; R
S, _ qy/ 4R}

6, q,/4nR:
2
z'ﬂ[ﬁz.) _Ry
ax \ R R

22. In a parallel plate capacitor with air
between the plates, each plate has an
area of 6 x 10> m? and the separation
between the plate is 3 mm.

(i) Calculate the capacitance of the
capacitor.

(if) If this capacitor is connected to
100 V supply, what would be the
change on each plate?

(iii) How would charge on the plates
be affected if a 3 mm thick mica
sheet of K = 6 is inserted between
the plates while the voltage supply
remains connected? [Foreign 2014]

Ans.

Get More Learning Materials Here : & m @) www.studentbro.in



Given, area of each plate, A=6 x 102 m?

Distance between plates d,
=3mm=3x10"m

(i) Capacitance of parallel plate capacitor is

given by
_EA
=5
£, =885x107"

885x1072x6x107°

€= 3%x107
C=177x10"""F )
(i) Charge on parallel plate capacitor is given
by
Q=CV
Given, V=100V
Now,
Q=177x10""? x100
Q=177x107"°C () )
(iii) Given, K=6
Now, C'=KC
Q'=KQ [From Eq. (i)]
Q'=6x177x107"°
Q’'=1062x107'°C [

23. A capacitor of unknown capacitance
is connected across a battery of V
volt. The charge stored in it is 360uC.
When potential across the capacitor
is reduced by 120 V, the charge
stored in it becomes 120 uC.
Calculate

(i) the potential V and the unknown
capacitance C.

(if) what will be the charge stored in
the capacitor if the voltage applie!
had increased by 120 V7 [Delhi ?

Ans.
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() We have initial voltage, V,=V volt and
charge stored, Q,=360puC.

Q,=CV, (i)
Charged potential, V, =V -120
Q,=120uC (1/2)
QZ :CV2 ...(ii)
By dividing Eq. (ii) from Eq. (i), we get
Q_v
360__v
120 V-120
= V=180V (1)
c-Qi_360x107°
V, 180
=2x107® F=2yF
Hence, the potential, V=180V and
unknown capacitance is 2 puF. (1
(i) LetQ be the charge stored in the capacitor
Q=CV
=2 107" %120
Q= M1 (1/2)

24 A capacitor of 200 pF is charged by a 300 V battery. The battery is then disconnected and
the charged capacitor is connected to another uncharged capacitor of 100 pF. Calculate the
difference between the final energy stored in the combined system and the initial energy

stored in the single capacitor.[Foreign 2012]

Ans.
Given, C=200pF =200x10""? F and
V=300V
The energy (initially) stored by the capacitor is

U = LCv?
2
1
=X 200 x107"% x 300 x 300

=9 %1079

The charge on the capacitor when charge
through 300 V battery is

Get More Learning Materials Here : i m
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Q=CvV
=200 x107"2x 300
=6X]0_8C (1)

When two capacitors are connected, they have
their positive plates at the same potential and
negative plates also at the same potential. Let V
be the common potential difference. By charge
conservation, charge would distribute but total
charge would remains constant.

Thus, Q=qg+q’
.9
c
q _4q
200 100
q=2q’ (1)
Thus, Q=2q9"+q' =3¢’
SO, ql e 9 — 60 nC
3 3
=20nC
and qg=2q9’=40nC
Thus, final energy
2 qu
Rl
2C 2’
1_(40x107%)% 1 _(20x107%)?
== — ¥

2 200x107'2 2 100x107"2
=410 +2%107®,
=6x107%)
Difference in energy

= final energy — initial energy
=U; -U;
=6x10°-9x10""
=-3x107° (1)

Thus, difference in energy is — 3 x 107° ).

25. A network of four capacitors each of
12 pF capacitance if connected to a
500V supply as shown in the figure.

Determine
Ce

C1-L—H—_LC

T -3

L
LU

Cs

500V

(i) the equivalent capacitance ofthe
network and

(ii) the charge on each capacitor.
[HOTS; All India 2010]

Ans.
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, i o) In a series combination, where there is no
*  duision of charge,

1 1 1 1 |

| e E i

Cs Cl c2 CS f

In a parallel combination, where potential |

| difference is same. i

| C=G+G+G... |

(i) Here, C,, C, and C; are in series, therefore
their equivalent capacitance
1 1 1 1
=—+

C' L G G
C’=E=1—2-=4uF
3 3 (1)
Now, C’and C are in parallel combination.
Cigt 50 % C
= 4pF+12 uF =16 uF
Chet =16 uF (1

(i) Being C’ and C in parallel, 500 V potential
difference is applied across them.
. Charge on C’
q,;=C"V
= (4 uF) x 500
= 2000 pC
+ Cy,Cyand G5 capacitors  each  will
have 2000 pC charge.
ChargeonC,4, g, =C xV
=12 %500
= 6000 uC 1)

26.A parallel plate capacitor is charged by a battery. After sometime, the battery is
disconnected and a dielectric slab with its thickness equal to the plate separation is inserted
between the plates. How will

(i)the capacitances of the capacitor,

(ii)potential difference between the plates and

(iii)the energy stored in the capacitors be affected? Justify your answer in each case.[Delhi
2010]

Ans.
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On introduction of dielectric slab in a isolated

charged capacitor.

(i) The capacitance (C’) becomes K times of
original capacitor as

€, A
C=-"2—
d
and gl L
d (1)
(i) -+ Charge remains conserved in the
phenomenon.
cv=CvVv
cv Cv ;
V' = = refer part (i)
Ee | | e
= V' = v
K (1)

Potential difference decreases and become

1jal Ul
= times of original value.

(iii) Energy stored initially,
2

u=L
2C
Energy stored later,
2
u=-3 [+ C"=KC]
2(KC)
where, K = dielectric constant of medium
2
=5 U= .1. q_
K{2C
1
U'=—(U
= X )
, 1
U'=—xU
K

The energy stored in the capacitor
1. ..
decreases and becomes K times of original

energy. (1)

27.A parallel plate capacitor, each with plate area A and separation d is charged to a
potential difference V. The battery used to charge it remains connected. A dielectric slab of
thickness d and dielectric constant K is now placed between the plates. What change if any
will take place in

(i)charge on plates?

(ii)electric field intensity between the plates?

(iii)capacitance of the capacitor? Justify your answer in each case.[Delhi 2010]

Ans.
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On introduction of dielectric slab to fill the gap
between plates of capacitor completely when
capacitor is connected with battery.

(i) The potential difference V between
capacitors is same due to connectivity
with battery and hence, charge g’
becomes K times of original charge as
g’ =C"V' =(KC) V)=K(ICV)=Kq
q'=Kq )

(i) Electric field intensity continue to be the
same as potential difference and
separation between two plates remain
unaffected as

P

d (1)

(iify The capacitance of capacitor becomes K
times of original capacitor.

crake =E0A
d 1)

28.A parallel plate capacitor is charged to a potential difference V by a DC source. The
capacitor is then disconnected from the source. If the distance between the plates is
doubled, state with reason, how the following will change?

(i)Electric field between the plates

(ii)Capacitance

(iii)Energy stored in the capacitor [Delhi 2010]

Ans.

After disconnection from battery and doubling
the separation between two plates

(i) Charge on capacitor remains same.
ie. CV=C'V

= CV=(%)V' = V' =2V
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.+ Electric field between the plates

Y2V
d” 2d
v
E=—-=E
d
= Electric field between the two plates
remains same. (1)
(i) Capacitance reduces to half of original
value as
1 C
Coe— = C'=—
d 2 (1)

'(iii) Energy stored in the capacitor before

disconnection from battery
g’
U‘E = —
2C
Now, energy stored in the capacitor after

disconnection from battery

2 2 2
UZ — q = —; q C — q—
2C) 4, (_) C
2
2
= U,=2|d|=2y,
2C
by =2,
Energy stored in capacitor gets doubled to
its initial value. (1)

29.Find the ratio of the potential differences that must be applied across the parallel and the
series combination of two identical capacitors so that the energy stored in the two cases
becomes the same.

[Foreign 2010]

Ans.

LetV, and V, are the potential differences across
the series and parallel combination of two
identical capacitors each of capacitance C.

Equivalent capacitance in series combination

c.=&
2 (1)
Equivalent capacitance in parallel combination
C,=2C
According to the question,
U,=U, (1)
1 2_ 1 2
S GV =GV
T
2
2
V_52 =4 = Y =2
v, o
ViV, =21
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30.(i) How is the electric field due to a charged parallel plate capacitor affected when a
dielectric slab is inserted between the plates fully occupying the intervening region?
(ii) A slab of material of dielectric constant K has the same area as the plates of a parallel
plate capacitor but has thickness 1/2 d,
where d is the separation between the plates. Find the expression for the capacitance when
the slab is inserted between the plates. [Foreign 2010]
Ans.

(i) The total charge on the capacitor remains

conserved on introduction of dielectric

slab. Also, the capacitance of capacitor
increases to K times of ariginal values.
cv=C'V’
CvV=(KQO) V'
= V' = !
K

- New electric field,
E»=E=(ﬁ)=(z)l=£
d d d/K K
- On introduction of dielectric medium

new electric field £ becomes % times of its

original value. (1)

(if) ~» Capacitance of a parallel plate capacitor
partially filled with dielectric medium is

given by
- €A
d-t+ t/K) (1)
where, t is the thickness of dielectric
medium.
Here, t= ﬂ
2
€5 A €A
C= 0 0
d- & + A, d 14
2 2K 2 K
C= 2gy AK
K+0d (1)

31.(i) Plot a graph comparing the variation of potential V and electric field E due to a point
charge 0 as a function of distance R from the point charge.
(i) Find the ratio of the potential differences that must be applied across the parallel and the
series
combination of two capacitors, C;and C, with their capacitances in the ratio 1 : 2, so that the
energy stored in the two cases becomes the same[Foreign 2010]
Ans.
() The graph comparing the variation of

potential V and electric field. Refer to

ans. 20 Topic -1 (1)
(il Let C;=Cand C,=2C

. Equivalent capacitance

| . 20xC  2C
nseries, C;= ==
2C0+C 3
In parallel, C, =2C +C =3C (1)
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.V, and V; are potential difference across

the final capacitor in parallel and series
combination respectively, to have same
potential energy.

U, =U,

1 , 1 2
- c,,v,j =5 GV

_p C, _ f2c:f3) \f
¢, V60

V,:V, =+2:3 )

32. Four  capacitors of  values
6pF, 6 uF, 6 uF  and 2uF are
connected to a 6 V battery as shown
in the figure. Determine the

6 uF B uF

Rl

2uF

|-
6V

(i) Equivalent capacitance of the
network.
(if) The charge on each capacitor,
[Delhi 2010C)

Ans.
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In series combination, charge on each“
capacitor is the same.

|

() All capacitors of 6uF are in series
combination, then equivalent capacitance
is given by

1 1 1 1

ST _+_
Tl N

or C'=—=—"T—=2pF

n 3
C’ and 2 pF capacitors are in parallel
combination.

.. Equivalent capacitance

Coq=C"+2uF
=2 uF+2 uF
Ceq = 4UF (1)

(i) Since, C’ and 2uF are in parallel
combination, therefore , same potential
difference 6 V is applied on them.

. Charge on C’
q'=C'"V=QuF)x6V =12uC
The charge across the each capacitor of
6 WF capacitor is same and equal to charge
across the combination i.e. 12 pC.
Charge on 2 uF capacitor
q=CV=Q2uF)6 V)=12uC

33.A parallel plate* capacitor is charged by a battery. After sometime, the battery is
disconnected and a dielectric slab of dielectric constant K is inserted between the plates.
How would

(i)the electric field between the plates

(ii)the energy stored in the capacitor be affected? Justify your answer. [All India 2009]
Ans.(i) The total charge on the capacitor remains conserved on introduction of dielectric slab.
Also, the capacitance of capacitor increases to K times of original values.

(if) Energy stored in capacitor initially,
U=Lcv?
2
(Energy stored in capacitor later,

2
U=tcryt= l(KCJ[E]
2 2 K

U= l[lciﬂ)zgu': v
K\2 K K
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34. Three identical capacitors C, , C,

and C; of capacitances 6 uF each
are connected to a 12 V battery as
shown below:
11
i
Gy

=12V =C;3

Find
(i) the charge on each capacitor
(ii) the equivalent capacitances of
the network
(iii) the energy stored in the

network of capacitors
[Delhi 2009C]

Ans.
(i) The equivalent capacitance of C, and C,
connected in series

1 1 1
B0 B SO P8
e
, b
= C=5=3]lF

~.Charge,q"=C’'V=03uF)12 =36 uC
.. Charge on each capacitor of C, and C, is

36uC.
Charge on G5, _
g;=CV=06pF)x12=72uC (1)
q3=72uC
(il) Equivalent capacitance of network,
GG
eq = .l B
Ci+GC,
= 6 %6 +6
6+6
=3+6=9pF
Ceq=9uF (1)
(iii) Energy stored in the capacitor
’2 2 2
. q—- -+ Q__ + q_
2C, 2C, 2G

" C=Cy=Cy=6pF
[9 + 9" +q°]

Us—
(12 up
1 2 2 2
= 36 + (36 uO)* + (72 uC
(12“1,_)[( nO* + @36 pO° + (72 pO7
U =648 ) (1)
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35. The equivalent capacitance of the
combination between points A
and B in the given figure is 4 uF.

|
20 pF C

(i) Calculate the capacitance of
the capacitor C.

(ii) Calculate the charge on each
capacitor if a 12V battery is
connected across terminals
A and B.

(iii) What will be the potential drop
across each capacitor?
[Delhi 2009]

Ans.

According to the question,
Capacitors of 20 uF and C are connected in

series.
(i) The equivalent capacitance
(20uF)x C
qup="E17
(4uD 20+C
(20 +C)=5C
4C=20 -~ C=5uF 1

(i) Charge on capacitor (equivalent)
q=(4uF) x12 = 48 uC
same charge 48 uC lies on both the
capacitors. (1)

(iiiy Potential drop across 20 uF capacitor
_q _48uC_, .y

' Cc, 20uF
Potential drop across 5 uF capacitor
2=i=ﬂ=9.w [I x2=1]
C, 5uF 2

36. Two parallel plate capacitors X and Y
have the same area of the plates and
same separation between them. X has
air between the plates while Y contains
a dielectric medium ofe, =4.

X Y
}_|

EPYY,

(i) Calculate the capacitance of each
capacitor if equivalent of the
combination is 4 uF.

(ii) Calculate the potential difference
between the plates of X and Y.

(iiil) What is the ratio of electrostatic
energy stored in X and Y? [Delhi 2009]

Ans.
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¥y A dielectric medium is inserted between the |
plates of a condenser in place of air, its |
capacity becomes K times of original one. i

The capacitance of two capacitors are
C,= L a R C [say]
d
_4epA
y=

C =4C

(i) According to the problem,
Ceq=4uF
_ Gy xGy
“C, +C,
_Cx4cC
T C+4cC

ac
5

4uF

{ For series combination, C = _ﬁ:l

C+GC,
C=5uF
= C,=C=5pF
C,=4C=4x5puF=20puF (12x2=1)
(i) - Charge across the combination
q=CgqV
=(4uF) x12
=48 uC
Same charge, i.e. 48 uC lies on each
capacitor being in series combination.
Potential difference across C,,
.. 3 ABUC _g6v
C, 5uF
Potential difference across C -
o A B0 -0
C, 20uF (12x2=1)

it

37.A system of capacitors connected as shown in the figure has a total energy of 160 mJ
stored in it. Obtain the value of the equivalent capacitance of this system and the value of Z

[All India 2009 c]
10 uF 15 pF

0—' 3 uF }—0

Ans.
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Given, total energy =160 rhj

Let equivalent capacitance of the combination
of capacitors is C.

According to the question,

leV2=160x10‘3J

= %xCx(ZOO)Z =160 x 107

= Equivalent capacitance C =8 uF (1)

Equivalent capacitor of 7uF and 3pF
connected in parallel = 7+ 3 =10 uF
. 10 pF, 10 uF [combination of 7 uF and 3 pF]
and 15uF are in series combination.
Therefore, their equivalent capacitance
1_1, 1. 1 _3+3+2_8

cC’ 10 10 15 30 30

cr=12F
a4l M

But, C’ and Z are in parallel combination,
therefore equivalent capacitance

%+Z =G [from Eq.(i)]
E+Z=8
4
Z=8_E=32—15
4 4
17
=—puF
4!-l
Z=4.25uF (1)

38.The two plates of a parallel plate capacitor are 4 mm apart. A slab of dielectric constant 3
and thickness 3 mm is introduced between the plates with its faces parallel to them. The
distance between the plates is so adjusted that the capacitance of the capacitor becomes
(2/3 )rd of its original value. What is the new distance between the plates?[All India 2008 C]

Ans.
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Before introduction of slab,
d,=4mm=4x10"m

Plate area= A [say]

g A

dy

Suppose after introduction of slab, the new

distance between the place is d,.

Plate area of each plate = A
K=3

-~ Capacitance, C, =

Thickness of slab,
t=3mm =3x10"m
EgA
(dz—['i‘t/’K) 1)
According to the question,

2
= =C
N i

Capacitance, C, =

2 EgA Eg A

Substituting the values [given in question]

2 1
:?E:dz“tH/K (1)
i 1
3% 4107 d,~3+3/yx107?

[d, is in mm] :
6 H,~3

= d,-2=6

= d,=8mm @

5 Marks Questions

39.(i) A parallel plate capacitor is charged by a battery to a potential. The battery is
disconnected and a dielectric slab is inserted to completely fill the space between the plates.
How will

(a)its capacitance

(b)electric field between the plates and

(c)energy stored in the capacitor be affected? Justify your answer giving necessary
mathematical expressions for each case.

(ii) (a) Draw the electric field lines due to a conducting sphere.

(b) Draw the electric field lines due to a dipole.

Ans.

(i‘h (a) Electric field lines due to a conductihg
sphere are shown in the figure.

\:'v‘:/
“T\"— Conducting
sphere having

negative charge{
(b) Electric field lines due to an electric
dipole are shown in the figure
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(1)

40. (i) Deduce the expression for the
energy stored in a charged
capacitor,

(ii) Show that the effective
capacitances C of a series
combination of three capacitors
C,,C, and C; is given by
C= GGG

[HOTS, All India 2010C]

Ans.

") As, charge on capacitor increases we have to
“¥  work more against electrostatic repulsion and |
this amount of work done will be stored as
potential energy in the capacitor. i

(i) We know that,
g=CV = V=q/C

dw = vdg = L4
q=_dq

where, g = instantaneous charge,

C = instantaneous capacitance and

V = instantaneous voltage

.. Total work done in storing charge from
0 to g is given by

q 2
W = J. g.dq = i_
2 2C @
(i) In series combination of capacitors, same
charge lie on each capacitor for any value

of capacitances.

+Q-@ +Q-Q +Q-Q

ot N o [ o
xR o N
Cy Co Cy

Vi fo— Vo — Vs

o V o
(+) =

Capacitors in series combination
(1)
Also, potential difference across the
combination is equal to the algebraic sum
of potential differences across each
capacitor.

e, V=Vi+V,+V (i)
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where, V;,V,,V, and V are the potential
differences across C,, C,, C; and equivalent
capacitor, respectively.

g=CV, = \fﬂ:g

Similarly, V, = gm

V=21 [from Eq. (i)}

—C1 G, -C_a (1)

vV 1 - : .
[ —= o where C is equivalent capacitance

q
of combination]

or 1_6G6G+GG+GG
c GGG

41.(i)Show that in a parallel plate capacitor if the medium between the plates of a capacitor
is filled with an insulating substance of dielectric constant K; its capacitance increases.
(ii) Deduce the expression for the energy stored in a capacitor of capacitance C with charge

Q.[Delhi 2009 C]
Ans.
On introduction of dielectric slab in a isolated
charged capacitor.
(i) The capacitance (C’) becomes K times of
original capacitor as

€A
C=2_
d
and C’'= Efigé
d (1)
(ii) *» Charge remains conserved in the
phenomenon.
cv=C'Vv’
cv v .
V= == refer part (i)
T X [refer part (i]]
= V' = ~\£
K (1)

Potential difference decreases and become

% times of original value.
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(iii) Energy stored initially,
2

u=L
2C
Energy stored later,
2
U= [+ C’ =KC]
2(KC)
where, K = dielectric constant of medium
2
o U= _1_ Q_
Ki{2C
1
U'=—{U)
= K
, 1
U'=—xU
K

The energy stored in the capacitor

1.. .
decreases and becomes K times of original

energy. (1)

42.A small sphere of radius a carrying a positive charge q is placed concentrically inside a
larger hollow conducting shell of radius b(b> a). This outer shell has charge Q on it. Show
that if these spheres are connected by a conducting wire, charge will always flow from the
inner sphere to the outer sphere irrespective of the magnitude of the two charges.

Ans.

(i) Let small sphere has charge g and radius a is
placed inside a outer shell of charge + Q
and radius b.

Insulated
suspension

<

+0Q

Electric potential on the small sphere due to its
own charge q.

1
vi=—.9 D)

4ne, a
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where, g = charge on small sphere
a = radius of small sphere

Similarly, electric potential on outer sphere
due to its own charge
1 Q

V, = -—= T
2 4me, b L

where, Q = charge of outer shell
b = radius of outer shell. (1x2=2)

Also, same potential V, exists at every point
inside outer shell due to its own charge, + Q.
Now, net electric potential at inner sphere of

radius a.

V; = Electric potential due to its own charge
1 ;

P Ao LE ..

4me, a .4m-:0 b

Net electric potential at outer sphere due to
charge on the both spheres

V0=__!__..E_+_L.g “_(iv)
4ne, b 4me, b

_vo___q_(l_l) )
47580 a b

From Egs. (iii) and (iv), we get

az<I:r,—1—>l
a b
= Vi-V,>0 (2)

Thus, inner sphere has net potential higher
than potential of outer sphere for every value
of g and Q. Therefore, when they are
connected by a wire, positive charge always
flow from inner sphere (at higher potential)
to outer sphere (at lower potential)
irrespective of the magnitude of charge. (1)

43. (i) Derive an expression for the
energy stored in a parallel plate
capacitor.

(ii) On charging a parallel plate
capacitor to a potential V, the
spacing between the plates is
halved and a dielectric medium of
€, =10 is introduced between the
plates without disconnecting the
DC source. Explain, using
suitable expressions, how the
(a) capacitance
(b) electric field and

(c) energy density of the capacitor
changes? [All india 2008]

Ans.(i) An expression for energy stored in a charged capacitor. (ii) Connected battery ensures
same potential difference (V) across capacitor even after reducing the spacing between plates
halved and introducing the dielectric slab.
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(a) If initial capacitance,
&, =5§’3
Then, final capacitance
108, A

T dn
_20g5A

C o d

C, =20C,
Capacitance increases to 20 times of

original value. (1)

(b) - Initial electric field, E, = g

= 20C,

Finally,

Vv "4
| IEWRAREL | 8 7
27 d/2 (d) L

EZ - 2E1
Electric field intensity gets doubled. (1)

(iii) Energy density of the capacitor

1 2_1 2
U =—¢g Ef=—¢gyF
1 20] 202

U, = % go (2F)?
i g (4E2)
2
= U,=4U, (1)

Energy density becomes 4 times of its
original value.

44 Define the terms (i)capacitance of a capacitor (ii)dielectric strength of a dielectric
(iii)When a dielectric is inserted between the plates of a charged parallel plate capacitor fully
occupying the intervening region, how does the polarisation of the dielectric medium affect
the net electric field? For a linear dielectric,show that the introduction of the dielectric
increases its capacitance by a factor K which is a characteristic of the dielectric. [Delhi
2008 C]

Ans.
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() For a given capacitor, the charge g on the
capacitor is proportional to the potential
difference V between the plates.

i.e. qeV

qg=CV ‘ )
The proportionality constant, C is called
the capacitance of the capacitor.
It depends on the shape, size and
geometry of capacitor. (1)

(ii) Dielectric strength The  dielectric
strength of the dielectrics is equal to that
maximum value of electric field that can
exist in that dielectric without causing the
dielectric breakdown of its insulating
property. (1)

(iii) Other part of question refer to ans. 20(a)
(topic-1) and on introduction of dielectric
between the plates of capacitor.

AS Ep oc EO
1
EP = E EO
gAK K
Thus, capacitance is
c=2 e = € x
oo W Co

K (1)
K is a factor (>1) by which the
capacitance is increased. 1)
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