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Electrostatic Potential
and Capacitance

TOPIC 1

Electrostatic Potential
and Potential Energy

01 Twenty seven drops of same size
are charged at 220 V each. They
combine to form a bigger drop.
Calculate the potential of the bigger

drop. [NEET 2021]
(a)B60V (b)1320 V
(c)1520V (d)1980 Vv

Ans. (d)

Given, the number of small drops, n=27
Potential on each charged drop,V =220V

Consider r be the radius of the small
drops and R be the radius of the bigger
drop.

According to the question, 27 small
drops of same size combine to form a
bigger drop. So, the volume remains
same, i.e.

V, =27 xV

bigger small

0 4mR =27 x4 18
3 3

0 R¥=27xr® O R=3r
Now, the potential of the small drop,
V :Kj
r
Here, g is the charge on the small drop.
The potential of the bigger drop,

i)

V'= @
R
Here, Qis the charge on the bigger

drop.

The charge on the bigger drop is 27
times the charge on the smaller drop,
i.e.0=27q

So, the potential of the bigger drop,
vr=KXx279 o i-gKa
3r r
V=9V [from Eq.(i)]
=9x220=1980V

Two charged spherical conductors
of radiiR, and R, are connected
by a wire. Then, the ratio of
surface charge densities of the

spheres(o, /0,)is [NEET 2021]
(a) (o) 2
R, R,
Or. O 2
tSNi=its (@) 5
R, O R;
Ans. (b)

When two charged spherical
conductors are connected by a
conducting wire, then the potential
becomes same in both the spherical
conductor, i.e. V, =V,

Ka, _Ka,
R

o &R 0

1 RZ qZ RZ

O

As we know that, the surface charge
density of the charged spherical
conductor,

o=_A1 -

4TIR

where, g is the charge on the spherical
conductor,
ris the radius of the spherical

conductor.
0
O & :ﬁ
0'2 QZ
4TIR?

o _q R
o, q, R
0‘1 e RW R§
o, R,RI
o, _R,
o, R,

N

[from Eq.(i)]

The variation of electrostatic
potential with radial distance r
from the centre of a positively
charged metallic thin shell of
radius R is given by the graph
[NEET (Oct.) 2020]

/




Ans. (b)

Since, electric potential remains
constant inside the metallic spherical
shell and same as the surface of
spherical shell.
Outside the spherical shell, V Dl

r
Hence, variation of potential (V) with

distance ris given as

%

==

K—R—>

In a certain region of space with
volume 0.2m°, the electric
potential is found to be 5V
throughout. The magnitude of

electric field in this region is
[NEET (Sep.) 2020]

(a)0.5N/C (b)TN/C
(c)5N/C (d)zero
Ans. (d)

Given, volume,V =02m’
Electric potential =5V =constant
Electric field="?

We know that, for constant electric
potential the value of electric field is
zero.

o pomdv_—d)

dr dr
Hence, correct option is(d).

=0

A short electric dipole has a dipole
moment of 16 x10™° C-m. The
electric potential due to the dipole
at a point at a distance of 0.6 m
from the centre of the dipole,
situated on a line making an angle
of 60° with the dipole axis is
D 1 9 2 ZD
O——=9x%x10" Nm* /C°0
[hTtE, 0

[NEET (Sep.) 2020]
(a)200V (b)400V (c)zero (d)50V

Ans. (a)

Given, electric dipole moment,
p=16%10" C-m

Distance, r=06m

Angle, §=60°T cosBO°:%
Electric potential at a point whichis ata

distance rat some angle®from electric
dipole is

9x10° x 16 X107 x
_ pcosB _ 2
4T, (08)
=2x10% =200V
Hence, correct option is(a).

%

Two metal spheres, one of radius
R and the other of radius 2R
respectively have the same
surface charge density 0. They are
brought in contact and separated.
What will be the new surface

charge densities on them?
[NEET (Odisha) 2019]
5

_5 -
(a) o, —go, o, —50
5 5
(b) o, 250, g, =§0
(c) o, 250, g, =§o
2 3
5 5
(d) O-W—go-/ 02 _go-
Ans. (d)

The surface charge density of a closed
surface area having charge Q is given by
o :M:g or 0=0A
Area A
Thus, the charges on sphere Pand 0
having same charge density as shown in
the figure below is given by

S
s
P
Q
0, =0 x4TR” =4T10R? i)
and 0, = o x4T2R) =16TOR” ..ii)

when they are brought in contact with
each other, the total charge will be
0,=0,+0,
=4TIOR + 16 TQR?
[From Eq. (i) and (ii)]

=20T0R’ (i)
In connection of two charged
conducting bodies, the potential will
become same on both, i.e.

0, __ 0,
4R 4md 2R
R 2R 0, 2

O =
So, the charges on the sphere Pand 0
after separation will be distributed as

A :%ofand 0 =§ot

After separation, the new surface
charge densities on Pand 0 will be
0; _1 0, _120moR’ _5

Area 3Area 3 4TR® 3
ando 05 20 _2, 20moR’

° Area 3Area 3 4T(2R)?

_2 .5 __5b

=Zx"og="0

3 4 6

The diagrams below show regions
of equipotentials.

20V 40V

20V 40V 30V
(i) (V)
A positive charge is moved from A
to Bin each diagram. [NEET 2017]
(a) Maximum work is required to
move q in figure (iii)
(b) In all the four cases, the work
done is the same
(c) Minimum work is required to move
g in figure (i)
(d) Maximum work is required to
move g in figure (ii)
Ans. (b)
We know that,
Work done (W) =q AV

AV is same in all the cases. So, work
done will be same in the all cases.

If potential (in volts) in a region is
expressed as
V(x,y.z)=6xy -y +2yz, the
electric field (in N/C) at point (1, 1,
0)is [CBSE AIPMT 2015]
(a)—(3i +5] +3K) (b)-(6i +5] +2k)
(c)-(2i +3j +k) (d)-(6i +9j +k)
Ans. (b)
Given, potential in aregion,
V =6xy —y +2yz.
Electric field in a region,

£= ovs oaVis _GVR

- i -
0x ay 0z

O E=-6yi-(6x -1] —2yk



At, (1,1, 0), electric field can be expressed,
-6 x11) -6 x1 =1 -2 xLk
~(Bi +5j +2K)N/C

A conducting sphere of radius R is
given a charge Q. The electric
potential and the electric field at the
centre of the sphere respectively
are [CBSE AIPMT 2014]

(a)zero and 0 -
4mg, R

(b) and zero

41ig, R

0 and 0
4mg, R 4Tg R’
(d)Both are zero
Ans. (b)

Ina conducting sphere charge is
present on the surface of the sphere.
So, electric field inside will be zero and
potential remains constant from centre
to1sur(f]ace of sphere andis equal to

(c)

4tg, R

In aregion, the potential is
represented by V(x,y, z)

=6x —8xy —8y +6yz, where Visin
volts and x, y, zare in metres. The
electric force experienced by a
charge of 2 C situated at point
(1,1, 1is [CBSE AIPMT 2014]

(a)6yEN (b)30 N
(c)24N (d)4+/35 N
Ans. (d)

As we know that relation between
potential difference and electric fieldE
ina particular region is given by,

E= —ﬂ
ar
As V =6x —8xy —8y +6yz
so, E=-
dr
=-[(6 —8y)i +(-8x -8 +62)]' +ByR]

The value of Eat coordinate(1,1,1)
E=-[-2i -10j +6k]
So.E,. =4/(=2 +(-10)
=2+/35N/C

and force on chargeq due toE_, is
given by

F=qE,, =2 %235 =4/35N

+6°

11

A,Band C are three pointsin a

uniform electric field. The electric
potential is [NEET 2013]

A
B

oC

maximum at A
maximum at B
maximum at C

same at all the three points
A BandC

Ans. (b)

The electric field is maximum at B,
because electric field is directed along
decreasing potential V, >V, >V,.

a)
b)
c)
d)

Four point charges -0, —q,2q and

20 are placed, one at each corner
of the square. The relation
between 0 and g for which the
potential at the centre of the
square is zero, is

[CBSE AIPMT 2012]

(a)0=—q (b)g=-"
q
(c)0=q (@o="
q
Ans. (a)
As, shown in figure
-q 2q
(0]
-Q 2Q

If potential at centre is zero, then
Vi+V, +V, +V, =0

-k _ka K20 Ka _g
r r r r

] - 6 ¢ 29 2¢ 0

a 0=-q

Four electric charges

+q,+q, —qand —q are placed at the
corners of a square of side 2 L

(see figure). The electric potential
at point A, mid-way between the

two charges +gand +q is
[CBSE AIPMT 2011]

+q p
1
L
La
[ I
L \\\\
l
+q «——2L—— —q
1 200,10
4mey L \EH
1 2¢0 10
lmsg L TH
(c)zero )
49
@ e lmeU L (14+5)
Ans. (b)

Potential at any distance rdue to a
point charge is given by,

ad
V= E a( = ! 0
r 0 4Te,
GiVen, \/ 2Vposmve 2Vnegaﬁve
_ 1 [2q_ 290
41e, Ho LJ5H
v=_2

3~

The electric potential at a point
(x,y,z)isgivenby V = —x*y —xz° +4

The electric fieldE at that point is
[CBSE AIPMT 2009]

a)E=(2xy +2°)i +x’j +3x2"k

4e L

(a)
(b)E=2><yiA+(><2 +y? )j +(3xz —y? )k
(C)E =21 +xyzj + 2’k

(d)E =(2xy —2°)i +xy*] +32°xk

Ans. (a)

Potential gradient relates with electric
field according to the following relation,

g="dv
dr
E:—ﬂ
dr
As  V==x’y—-xz° +4
so, E=-2i-9V5 0V
dx dy dz

E=(Q2xy +2°)i +x°] +3x2’k

Three concentric spherical shells
have radii a, band c(a<b<c)and
have surface charge densities
0,—oand a respectively. If



V,,VyandV, denote the potentials
of the three shells, then for
c=a +hb, we have

[CBSE AIPMT 2009]
(a)V, =V, #V, (b)V, =V, 2V,
)V, £V, 2V, (dV, =V, =V,
Ans. (d)
vz o4Tw’ 1 o4’
Y ute, o 4mE, b
2
s d{énc
4T, c
=% a-b+c)=2(a)
ED 8U
(cc=a+b)
2 2
v, = 1 Eglona _ 1 o4mp
4me, 4Te, b
2
s §4T[C
4T, c
0& b+cD— 20)
g, dc O
(-.~c=o +b)
2 2
and V. = 1 Egln'[a _ 1 o4t
4R,  C 4R, C
2
+ ﬁlmc
4T[€0 c
0& +cD— 9 (2q)
g Oc ¢ O g
(-c=a+b)

Hence,V, =V, =V,

The electric potential at a point in
free space due to a charge Q0
coulomb isQ x10" V. The electric
field at that point is

[CBSE AIPMT 2008]
J4Tie, 0 X107 V/m
)121e, 0 x10°° V/m
)4TtE, 0 X10%° V/m
)121tg, 0 x10% V/m
Ans. (a)

As potential at any point due to a point
charge is given by,

(a
(b
(c
(d

]

v=t0 g‘: ] 0

r 0O 41O
V= ! XQ
4,
E= ! XE
4re, o’

2 2 22
£ 4V —4TE L 07 %10

E =41e,0 x10”” V/m

F Charges +q and —q are placed at

points A and Brespectively which
are a distance 2L apart, Cis the
midpoint between Aand B. The
work done in moving a charge +0
along the semicircle CRD is

[CBSE AIPMT 2007]

4mig L 2me, L
q0 ()99
Brte, L Bre, L
Ans. (d)

Incase |, when charge + 0 is situated at
C.

+q +Q -q

A C B

I L f L |

I 2L |
Electric potential energy of system,

U= @=a, 1 (=90
4me, 2L 4te, L
L 1 g
41, L

In case I, when charge + 0 is moved
fromC to D.

+q -q
A B

+Q
D

2L

L

Electric potential energy of system in
that case,

v,=—_dta, 1 40
4TE, 2L 41E, 3L
1 (=9)(0)
4me, L

As we know that work done in moving a
charge is equal to change in potential
energy between the points it has been
moved.

Work done, AU=U, - U,

D 2

_Ho1v 9, 190 1 q0f
0 4me, 2L 4T1€) 3L 4T, LD
0 2

S N R 99 1
0 4me, 2L 41, L 4w, L O

=90 Hv _1H q0 (1-9)
4TE, BL LO 4TE, 3L
= ~290 __ 40

12me, L Bme, L

18 Two chargesq, andg, are placed

30 cm apart, as shown in the
figure. A third charge g, is moved
along the arc of a circle of radius
40 cm from C to D. The change in
the potential energy of the system

is k, where kis
4rte,
[CBSE AIPMT 2005]
CQS
40 cm
a1
A 30cm B
(a)8qQ (b)8QW
(c)6q, (d)Bq,
Ans. (a)
When chargeg, is at C, then its potential
energy is

1 9, 99,0

UC‘AH%B 05 O

When chargeq, is at D, then potential

energy is
T 9

UD_AH%H e 01 B

Hence, change in potential energy

_ _ 1 ma, 6,4,0
AU=U, -U,=—_ 32 s
v Aneﬂﬁm 05 O
but  AU=_Ts g
4tg,
9 - 1 M4, 99,0

4mg, 4mg U0 0.5

k=g, (10-2) =8q,

19

As per this diagram a point charge
+q is placed at the origin 0. Work
done in taking another point charge
- Qfrom the point A
[coordinates (0, a)] to another
point B[coordinates (a, 0)] along
the straight path AB is

[CBSE AIPMT 2005]



O-q0 10
(b) —[V2a
e, o O
Ugo 10 a
(c) —0—
Hime, 0’0 V2
Oqp 10
(d) —[2a
Hire, o O
Ans. (a)
Potential at A, V, :Lﬂ
4mg a
y
A
a
(0] a B X
Potential at B,
VB :Lg
4Tg, @

Thus, work done in carrying a test
charge— 0 fromAto B
W=V, -V,)(-0)=0

A bullet of mass 2 g is having a
charge of 2 uC. Through what
potential difference must it be
accelerated, starting from rest, to

acquire a speed of 10 m/s?
[CBSE AIPMT 2004]

(a)5kV (b)50kV (c)bV  (d)50V

Ans. (b)

Kinetic energy of bullet=qV
[g =charge on bullet 0

H/ = potential difference H
From energy conservation,
Tovizqu o v="
2 2q
Given,m=2g =2 %107 kg,v =10 m /s,
g=2uC=2x10"°C
Substituting the values in relation forV,
we obtain
y = 2x107 x(10)*
2x2x107°
=50 x10° V=50kV

Some charge is being given to a
conductor, then its potential is
[CBSE AIPMT 2002]

) maximum at surface

) maximum at centre

) same throughout the conductor

) maximum somewhere between

surface and centre

(a
(b
(c
(d

Ans. (¢)

Concept Anequipotential surface has
a constant value of potential at all
points on its surface. The surface and
interior of a charged conductor is
equipotential. Therefore, the potential
is same throughout the charged
conductor.

Identical charges (—q) are placed
at each corners of a cube of side
b, then the electrostatic potential
energy of charge (+q) placed at the

centre of the cube will be
[CBSE AIPMT 2002]

2 2

@ - 220 )82

g, megb

2 8 2 2

SPLE R

J3meb 4Tgb
Ans. (c)

Electrostatic potential energy of charge
+q placed at the centre of cube is

U=8x_' x q(=)

4mg,  half - diagonal distance
=8 x ! _qz
4TiE, bﬁ
2
[iagonal of cube = +/3b U
rwhere,b = side ofcubeg
- W’
«@nsgb

In bringing an electron towards

another electron, the electrostatic

potential energy of the system
[CBSE AIPMT 1999]

(a) decreases (b) increases

(c) remains same (d) becomes zero

Ans. (b)

The electron has negative charge.
When an electron is brought towards
another electron, then due to same
negative charges repulsive force is
produced between them. So, to bring
them closer a work is done against this
repulsive force. This work is stored in
the form of electrostatic potential
energy. Thus, electrostatic potential
energy of system increases.
Alternative

Electrostatic potential energy of
system of two electrons
_ _ 2
y=_1 (-ellze)_ 1 e
41g, r 4me,

Thus, as rdecreases, potential energy U
increases.

24

25

An electron of mass mand charge
eis accelerated from rest through
a potential difference of V volt in
vacuum. Its final speed will be
[CBSE AIPMT 1996]

(a) 2V (b)Y
2m m
(c) 2eV (d) eV

m \2m
Ans. (¢)

InJ J Thomson's method, as the
electron beam is accelerated from
cathode to anode, its potential energy
at the cathode appears as gainin
kinetic energy at the anode. IfV is the
potential difference between cathode
and anode, then potential energy of
electron at cathode

=charge x potential difference =eV

Gain in kinetic energy of electron at

anode

2

According to conservation of energy,
we have

eV=—mv

There is an electric field E in
x-direction. If the work done on
moving a charge of 0.2 C through a
distance of 2 m along a line making
an angle 60° with x-axis is 4 J, then
what is the value of E ?
[CBSE AIPMT 1995]
(a)3N/C (b)4N/C
(c)5N/C (d)20N/C
Ans. (d)
Work done in moving the charge,
W =Fd cosB
As F=qE
ad W =qEd cosB
or E=
gdcosB
Here,q=0.2C,d=2m
0=60° W =4J

0o F=_ 4%

0.2x2 xcos60°

=20N/C

Alternative

As we know that potential at any point
inthe direction of@and electric fieldE
isgiven bydV =-Eldr



[hegative sign indicates decreasing E
[potential in direction of electric fieldO
So, for the given situation
dr=d cos@
So, dV =Ed cosB
Now, work done for a charge moving in
potential differencedV is given by
W=qdV
ad W =qgEd cosB
Given, ¢=0.2C,d=2m,6=60° W =4J
So, 4J=0.2%xE x2 xcos60°

o E= x2=20J

0.2x2

A hollow metal sphere of radius 10
cm is charged such that the
potential on its surface is 80 V.
The potential at the centre of the

sphere is [CBSE AIPMT 1994]
(a)zero (b)80V

(c)800V (d)8Vv

Ans. (b)

In case of spherical metal conductor
hollow or solid for an internal point

(i.e. r< R)potential everywhere inside is
same. It is maximum at the surface of
sphere and further going out of sphere
its value decreases.

y o= 1.9
l ;VS_4TISOR
: vai/r
r<R
: r>R
r=R r—

So, according to above graph

Vm = Vcemre = Vsurface
= L X g =80V
4mg, R

[V

surface

=80V

Two concentric spheres of radii R
and r have similar charges with
equal surface charge densities (o).
What is the electric potential at

their common centre ?
[CBSE AIPMT 1991]

TOPIC 2

Capacitors and Capacitance

2_8 A parallel plate capacitor having

£,A

(a)— (b)g(R—r) 0 Capacitance, C =07t
€ € (d-t)+—
o K
(c)—(R+r) (d)None of these ~ g,A
€ S
h-9H. o2
Ans. (¢) ZH 4
Let 0 andg be the charges on the _ EA =§§ﬁ
spheres. The potential at the common d d 5 ¢
centre will be )
| o 4 2 8
V= " QQ 8.g,A
4T %RH 41E, Ur el
0 0 C_5 d c _8
| i - c T &A Ut
_ 140 xR+ 4 xrg C, &~ C, b
€, h TR’ 4t g d
0 =9 -5 O C:C,=8:5
4TR? 4 Tr? —_—
1 29 The capacitance of a parallel plate
0 V=—[oR+orl] . S P
g, capacitor with air as medium is 6
_ % (R4p) pF. With the introduction of a
e : dielectric medium, the

capacitance becomes 30 uF. The
permittivity of the medium is
(e, =8.85x107" C*N'm™?)

[NEET (Sep.) 2020]
a)1.77 %107 C*N'm™
b)0.44 x107° C*N™'m™
C

cross-sectional area Aand )5.00C*N"'m™

(
(
(
(

separation d has air in between d)044 x107° C*°N"m™
the plates. Now, an insulating slab Ans. (b)

of same area but thicknessd/2is GivenC, =6pF

inserted between the plates as C, =30uF
shown in figure having dielectric O As, dielectric constant
constant K(=4). The ratio of new k=g =Cno30_
capacitance to its original "¢, 6

capacitance will be
[NEET (Oct.) 2020]
—ad—

Permittivity of the medium,
g, =K xg =bxg
=5x885x107"

=044 x107°C*N'm™
Hence, correct optionis(b).

30 The electrostatic force between
the metal plates of an isolated
parallel plate capacitor C having a
charge Q0 and area A, is [NEET 2018]
(a) proportional to the square root of

SN\

(a)2:1 (b)8:5 the distance between the plates
(c)6:5 (d)4:1 (b) linearly proportional to the
Ans. (b) distance between the plates

(c) independent of the distance
between the plates

Capacitance of parallel plate capacitor
when medium is air

C _EA ) (d) inversely proportional to the
oy distance between the plates
According to second condition, Ans. (¢)
'=At=d/2 k=4 As we know that, the total work done in

transferring a charge to a parallel plate
capacitor is given as



w zﬁ A1)
2C
where, C is the capacitance of the
capacitor.
We can also wirte a relation for work
done as,
W=Fd
where, F is the electrostatic force
between the plates of capacitor andd is
the distance between the plates.
From Egs. (i)and (i), we get
2

w="_=Fg
2C

(D)

2
0 F:L
2Cd

As, the capacitance of a parallel plate is
given as

i)

= &A
d

Substituting the value of C in Eq. (iii), we
get

C

OZd _ OZ
2g,Ad  2g A
This means, electrostatic force is

independent of the distance between
the plates.

F=

A parallel-plate capacitor of area
A, plate separationd and
capacitance Cis filled with four
dielectric materials having
dielectric constants k. k, k. and
k, as shown in the figure below. If
a single dielectric material is to be
used to have the same
capacitance Cin this capacitor,
then its dielectric constant k is
[NEET 2016]

given by

A3

T T

ks ar
011 A

(a) k =k, +k, +k, +3k,
(b)k:%Ug+kz+kJ+2m

2 3

= v 4
Kk k+k, +k, K,
1111, 3
L=+
ko Kk

(d) -=—
Kok, Kk, 2Kk,

3

Ans. (%)

Given capacitor is equivalent to
capacitorsK,, K, and K in parallel and
part of K, in series with them

o

[ el oL oL

Cay3

32

33

Ko | Ks T %
L.1.1

Ka | Ka Caz== Cuss
3d

2K.g, A 2K, g A

_ i 1 +ig
ZSOAHC K.O
_Ke A

_ M,

1.3
c, ¢,

o cC

eq

KK,

K, +K,
KK

2Ne
K, +K,

_2,A0KK, |
3d K, +K,

K},KA B
K3+K4D

k=20KK,
3K, +K,

No option is matching.

A parallel plate air capacitor has
capacity C, distance of separation
between plates is d and potential
difference V is applied between
the plates. Force of attraction
between the plates of the parallel
plate air capacitor is

[CBSE AIPMT 2015]
cv? cVv? c?v?

(c) -
2d d 2d

c2y?
2d

Ans. (b)

Force between plates of parallel
capacitor,

(a) (b)

Uo

Fraf=ame
0

O

-+Surface charge densityo =

>l OO0

OUq O q’
O F=gq g F=
%Aso 0 2Ae,

So, net charge across a capacitor,q =CV

cv? g::ﬂlj
d H

2A¢g,

oo,
F= d :g

2A¢g, 2d

F=

Two thin dielectric slabs of
dielectric constants K, andK,

(K, <K, )are inserted between
plates of a parallel plate capacitor,
as shown in the figure.

+ + + + + + + +

K K

The variation of electric field E
between the plates with distance
d as measured from plate Pis

correctly shown by
[CBSE AIPMT 2014]

Ans.(¢)

Graph(c)will be the right graph, the
electric field inside the dielectrics will
be less than the electric field outside
the dielectrics. The electric field inside
the dielectrics could not be zero.

E

i

L

—a
As K, >K,, the drop in electric field for
K, dielectric must be more thankK,.

o]

A parallel plate air capacitor is
charged to a potential difference
of Vvolts. After disconnecting the
charging battery the distance



between the plates of the
capacitor is increased using an
insulating handle. As a result the
potential difference between the
plates [CBSE AIPMT 2006]
(a) decreases (b) does not change
(c) becomes zero (d)increases

Ans. (d)

If the battery is removed after charging,
then the charge stored in the capacitor
remains constant.

g =constant
Change in capacitance,
o= & A
q'
As d'>d
Hence, C'<C

As, potential difference between the
plates of capacitoris given by

vV :g
C
So, for the new capacitor formed
V’IZI% [g = constant]

As capacitance decreases, so potential
difference increases.
NOTE

If the battery remains connected, the
charge stored increases. Also, the
potential difference V becomes
constant.

A parallel plate condenser with oil
(dielectric constant 2) between
the plates has capacitance C. If oil
is removed, the capacitance of

capacitor becomes
[CBSE AIPMT 1999]

(a),f2C (b)2C
C o
-~ d) =

(c)ﬁ ( )2

Ans. (d)

The capacitance of a parallel plate
capacitor with dielectric (oil) between
its platesis

C _KeA

d
where, g, = electric permittivity of free
space
K= dielectric constant of oil
A=area of each plate of capacitor
d=distance between two plates

D)

When dielectric (oil)is removed, so
capacitance of capacitor becomes,

c, =584 i)
d

Comparing Egs. (i) and (ii), we get
C=KC,
_C_¢C —
0 C,==—== (K=2)
2

0

x| o

TOPIC 3

Combination of Capacitors and
Energy Stored in a Capacitor

36 The equivalent capacitance of the

combination shown in the figure is

[NEET 2021]
C
|
I
— ::c —
n
Al
C
(a)3C (b)2C
C 3C
b d)=
(c) 5 (d) 5
Ans. (b)

Consider the nodesbe A, B, Eand F
as shownin the figure

The potential at node A is equal to the
potential at node B.

Similarly, the potential at Fis equal to
the potential at node E.

So, there is no potential difference
between the EF arms, thus, no current
(hence, charge) will flow in the circuit.
So, EF behave as open circuit.

C
||
I
Al B
Il
I
C
Now, the two capacitors are arranged in
parallel.
The net equivalent capacitors,
C=C, +C,
d C=C+C

D €, =2C

A parallel plate capacitor has a
uniform electric field E in the
space between the plates. If the
distance between the platesisd
and the area of each plateis A,
the energy stored in the capacitor
is (¢, = permittivity of free space).
[NEET 2021]

(a)%sDEZ (b)e, EAd
2
(c)leOEzAd (d)E Ad
2 £,
Ans. (¢)

We know that, capacitance of a parallel
plate capacitor,

c="% (i)
d

The relation between the potential
difference (V) and electric field (E),

V=Ed i)
The energy stored in the capacitor,
u="lev?
2

U =% gﬁTAQ(Ed)Z

[ from Egs. (i) and (ii)]

U= (e, AE)’d = ¢,E7Ad
2 2

Two identical capacitors C, and C,

of equal capacitance are
connected as shown in the circuit.
Terminals a and b of the key k are
connected to charge capacitor C,
using battery of emfV volt. Now,
disconnectinga and b the
terminals b and c are connected.
Due to this, what will be the

percentage loss of energy?
[NEET (Odisha) 2019]

(a)75%

Ans. (¢)

WhenC, is connected to voltage
source, itis charged to a potential Vand
this will be stored as a potential energy

in the capacitor given by

u=lov?
2

(b)0%  (c)50% (d)25%



When key is disconnected from battery
andb and c are connected, the charge
will be transformed from the capacitor
C, to capacitorC,,

then

The loss of energy due to redistribution
of charge is given by

u = G0 (v, =Vv,)”
2C, +¢C,)
= CxC (y_gp=loy?
2(C+C) 4
[-C, =C,]
JPercentage |oss=%U x 100
Thy2
—CcV
= ‘1* x100 =50%
—cv?
2

A capacitor is charged by a
battery. The battery is removed
and another identical uncharged
capacitor is connected in parallel.
The total electrostatic energy of
resulting system [NEET 2017]
(a)increases by a factor of 4
(b)decreases by a factor of 2
(c)remains the same

(d)increases by a factor of 2

Ans.(d)

Thinking Process Energy stored ina

system of capacitors

=s'ey?
2

4+ —
%

Also, potential drop remains same in
parallel across both capacitors.
Initially stored energy

U, =lev?
2
Finally, potential drop across each
capacitor will be still V.
So, finally stored energy

u,=tov? +lev: = 1oy
2 T2 T2

:Q%CW Q:ZU]

A capacitor of 2uF is charged as

shown in the figure. When the
switch Siis turned to position 2,
the percentage of its stored
energy dissipatedis  [NEET 2016]

(a)20% (b)75%
(c)80% (d)0%
Ans. (¢)

Consider the given figure,
When the switch S is connected to point
1, theninitial energy stored in the

capacitor can be given as = % (2uF) x V2.

When the switch Sis connected to point
2, energy dissipated on connection
across 8F will be
— 1 D CWCZ D
i
< 2UF x 8uF
10 uF

V2

x /2

x (16 YF) xV?

N|— N —

Therefore, % loss of energy

=§x1oo ~80%.

A parallel plate air capacitor of
capacitance Cis connected to a
cell of emf V and then
disconnected from it. A dielectric
slab of dielectric constant K,
which can just fill the air gap of
the capacitor, is now inserted in it.
Which of the following is
incorrect? [CBSE AIPMT 2015]

(a) The potential difference between
the plates decreases K times

(b)The energy stored in the capacitor
decreasesK times

(c) The change in energy stored is

%cv2 g?—@

(d) The charge on the capacitor is not
conserved
Ans. (d)

When a parallel plate air capacitor
connected to a cell of emfV, then
charge stored will be

- -4g
=Ccv O v==1
7 C

Also energy storedis U =lCV2 zi

2 2C
As the battery is disconnected from the
capacitor the charge will not be
destroyed, i.e.q' =g with the
introduction of dielectric in the gap of
capacitor the new capacitance will be

c=ck 0 v=9=9
C'" CK
The new energy stored will be

2
v=9_ pa u=u-u

2
=L ov -1
20 2

Hence, option(d)isincorrect

A parallel plate condenser has a
uniform electric field E(V/m)in
the space between the plates. If
the distance between the plates is
d(m)and area of each plate is
A(m?), the energy (joule) stored in
the condenser is

[CBSE AIPMT 2011]
1

(8)55052 (b)e,EAd(c)
%soEzAd (d)E*Ad/¢,
Ans. (¢)

As we know that the energy stored in
the capacitoris given by,

u="lev?
2

[€ = capacitance of capacitorJ
H/ =voltage across the plate H

U=1EA(Ed?, u="g E2Ad
2 d
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A series combination of n,

capacitors, each of value C,, is
charged by a source of potential
difference 4V. When another
parallel combination of n,
capacitors, each of value C, , is
charged by a source of potential
difference V, it has the same
(total) energy stored in it, as the
first combination has. The value of

C, intermsof C,, is then
[CBSE AIPMT 2010]

(a) 250 (b)1s 2 ¢,
n] nz n]
(22 ¢, (d) 80
nT n] n2
Ans. (d)

Casel When the capacitors are joined in

series,

:13(4\/)2
series 2 n.‘
Case Il When the capacitors are joined

in parallel,
1
U =_(n, C,)V?
2 2 72

parallel —

Given, U

series Upara\le\

so, 151 vy =%(n2 A%

2n,

. c, = 18,
n, n

2
Three capacitors each of
capacitance C and of breakdown
voltage V are joined in series. The
capacitance and breakdown

voltage of the combination will be
[CBSE AIPMT 2009]

cV vV

== b)3C,—
(a)3 2 (b) 2
(c)%,SV (d)3C, 3V
Ans. (¢)

In series arrangement charge on each
plate of all the capacitors have same
magnitude. The potential difference is
distributed inversely in the ratio of
capacitors, i.e.

V=V +V, V[V =V, =V, =V]
Here, V=3V
The equivalent capacitanceC; is given
by

a5

C C
|
1

1 Co 3
+QI-Q +Q-Q +Q-Q
| 1
) e Vy— V>
+ —
[-C,=C, =C, =C]

3

The energy required to charge a
parallel plate condenser of plate
separation d and plate area of
cross-section A such that the
uniform electric field between the

platesE,is [CBSE AIPMT 2008]
2 2
(a)li (b)i
2 Ad Ad
1¢g, E?
cle, E?Ad d)——2—
(cle, ( )2 g
Ans. (¢)

Energy of charged capacitor:%CV2

Energy given by cell=CV? =Adj x (Ed)?

As, V=Ed=AsOEZd
Two condensers, one of capacity C
and the other of capacity g are

connected to a V volt battery, as
shown.

N IO

The work done in charging fully
both the condensersis
[CBSE AIPMT 2007]

(a) 20V° (b)%CVQ
3.0 1 )
—CV d) —=CV

(0) 7 (@

Ans. (¢)

The two condensers in the circuit are in
parallel order, hence
C'=C+ 9 = E
2 2

The work done in charging the
equivalent capacitor is stored in the
form of potential ]energy.

Hence, W=U=§CV2

So, for the equivalent capacitorC’
-FCR: Rr-Xf
202 ZH
:§c\/2
4

A network of four capacitors of
capacity equal toC, =C,C, =2C,
C, =3CandC, =4Care connected
to a battery as shown in the figure.
The ratio of the charges onC, and

C,is [CBSE AIPMT 2005]
il
Co
=Cs Ci =
Cy
il
—
v
22 3
il b) =
(a) 73 ( )ZZ
- d) =
(C)4 ( )7
Ans. (a)

The charge flowing throughC, is
q,=C, xV =4CV

The series combination of C,,C, andC,

gives

LI S B
c, C 2c 3cC
6C 6C T

Charge flowing through capacitorsC,,
C, andC, will be same as they are in
series.

So. g, flowing throughC,.C, andC, is
given by
q, :Ceq\/ :% xV

Now, ratio of charge onC, andC, is
given by,
q, _4CV x11_22

q, 6CV 3

Three capacitors each of capacity
4F are to be connected in such a
way that the effective capacitance

isB6F. This can be done by
[CBSE AIPMT 2003]



(a) connecting two in series and one
in parallel

(b) connecting two in parallel and one
in series

(c) connecting all of them in series

(d) connecting all of them in parallel

Ans. (a)

Given, C,=C,=C, =4pF

(a) The network of three capacitors can
be shown as

Here,C,andC, arein series and the
combination of two is in parallel withC..
= ﬁ +C3 = %’ﬁ%+ 4
C, +C, h+40
=2 +4 =6pF
(b) The corresponding network is shown
in figure below

net

4uF
L 4pF
1
4uF _|
I c
A ! ’ B

Here,C,andC, arein parallel and this
combinationisin series withC..
So, 0 = Ci +C)XCy _(a+4) x4
(C, +C,)+C, (4+4)+4
32 _8
=" ="uF
12 3“
(c) The corresponding network is shown
below.
All of three capacitors are in series.
So, ! —i+i+i:l+l+l:§
C C, C, C, 4 4 4 4

4
0 C=-pF
SH

net

net 2 3

(d) The corresponding network is shown
below.

Cy

Ae—g—||——71 8

All of them are in parallel.

So, C,.=C +C,+C,
=h4+4+4=12uF

Thus, options(a)is correct.

49 A capacitor of capacity C, is

charged upto potential V volt and
then connected in parallel to an

uncharged capacitor of capacity
C, . The final potential difference

across each capacitor will be
[CBSE AIPMT 2002]

(a) 2 (b) 2V
C,+C, C,+C,
c,0 ﬁ c,0
F 200 (0 -2
L s AT B
Ans. (b)

The common potential difference
across two capacitors connected in

parallel.
—_ CWVW + CZVZ
“c,+C,
Here, potential of charged capacitor
V.=V,
potential of uncharged capacitorV, =0
_CcVv
ad v, =—
C,+C,

In a parallel plate capacitor, the
distance between the platesis d
and potential difference across
plates is V. Energy stored per unit
volume between the plates of

capacitoris [CBSE AIPMT 2001]
0? 1 g,V?
a b)— =2
( )zvz (b) T
1 V2 TV
c)-— (d)—g,—
2 g,d 2 °d
Ans. (b)

Energy stored, in parallel plate
capacitor is given by

y=19"
2C
but o=3 and C=M
A d
2 2
0 U_l(oA) _Ad’d
2 [ A0 2¢,
g o
Do
or =109 xe Ad
20, O
or U= E%e Ad
2

Energy stored per unit volumeii.e.
energy density is thus given by

51 A capacitor is charged by
connecting a battery across its
plates. It stores energy U. Now the
battery is disconnected and
another identical capacitor is
connected across it, then the
energy stored by both capacitors
of the system will be

[CBSE AIPMT 2000]

(c)2U 5

u 3u
2

(a)u  (b)
2

Ans. (b)

When a capacitor is charged by

connecting a battery across its plates,
the initial energy stored,

U :i
2C
When the battery is disconnected, then
the charge remains constanti.e.
g = constant. Now, another identical
capacitor is connected across iti.e. the
capacitors are connected in parallel, so
the equivalent capacitance
C, =C, +C,
=C+C=2C

Thus, final energy stored by the system
of capacitors,

r=2_o uv=14
2c,,

52 The effective capacitance
between points X and Y of figure

shown is [CBSE AIPMT 1999]
6 uF
11
11
6 uF 6 uF
X5
6 puF
11
11
6 uF
(a)6uF (b)12pF (c)18uF (d)24pF
Ans. (a)
The given circuit can be redrawn as,
B
6 R, 6 uF
X % 6 uF 5 Y
6 uF 6 uF



Itis a balanced Wheatstone's bridge
% CBD CCD 6

So, potential of Band C are equal and a 6
UF capacitor between BandC is

ineffective. The simplified circuit is
shown as below.

6 uF 6 uF
—
X Y
—
6 pF 6 puF

Capacitors of 6uF and 6 uF in upper arms
are in series order, so
, _bBx6_36_
C = =—=
' B+6 12
Similarly, 6 uF and 6 uF in lower arms are

in series order, so
or =B

eq;

SUF

6
=3uF
6+6
Now,C',, andC",,, arein
parallel, hence
Cnet :C,eq1 + C"eq2
=3+3 =6pF

If the potential of a capacitor
having capacity 6 uF is increased
from 10 V to 20V, then increase in
its energy will be

[CBSE AIPMT 1995]
(b)4 =107 J
(d)12x10°J

(a)4x10™J
(c)9 =107 J

Ans. (¢)

Energy stored in a charged capacitor is
in the form of electric field energy and it
resides in the dielectric medium
between the plates. This energy stored
in the capacitor is given by

U=-cv’
2

If initial potential is V, and final potential
isV,,thenincrease in energy(AU)

AU:%cwg—wﬂ
:% x(6 x107) x[(20)* ~(10)*]
=(3x 10'8) x300=9x107"J

The four capacitors, each of 25 pF

are connected as shown in figure.
The DC voltmeter reads 200 V.
The charge on each plate of
capacitoris [CBSE AIPMT 1994]
O,
— F— ol
BELEE P
(a)£2x107°C (b)£5x107°C
(c)x2x107C  (d)£5x107C

Ans. (b)

As from the given diagram, potential
difference across each capacitoris
200 V.

So, charge on each plate of capacitor is
given by

0=%CVvV
[C = capacitance of capacitor

ad
%/ =voltage or potential differenceg
H acrossthe capactor H

=+25x107° x200=+5x107°C

A4pF capacitor is charged to 400

V and then its plates are joined
through a resistance of 1TkQ. The

heat produced in the resistance is
[CBSE AIPMT 1989]

(a)0.16 J (b)1.28 J
(c)0.64J (d)0.32J
Ans. (d)

The energy stored in the capacitor
=leye,
2

This energy will be converted into heat
in the resistor.

0 Heat produced =energy stored
=_CV?

x4 x107° x(400)°

o Nl—= N[ —

32J



