[/} Explanations

. electric potential
. decreasing

As, electric field lines starts from higher potential
and ends at lower potential. So, when a proton is
released from rest in electric field, then it moves
towards the region of decreasing potential in that
field. (1)

. The work done in moving a charge particle
between two points in a uniform electric field
depends only on the position of initial point and
final point. Hence, it is independent of the path
followed by the particle. m

. The equipotential surfaces for an electric dipole

are as shown below in the figure by dotted lines.
Equipotential

surfaces \

m

. Refer to text and diagram on page 37

(Equipotential surface). m

. In case of metallic sphere, charge given to it is
mostly resides on its surface. Therefore, there is
no difference whether the sphere is hollow or
solid. As in both the cases, the charge that will
reside will be the same. m

7. According to question,

+Q » *----- -
o) A B

I
< I »

>t iven
2> h g

Potential at point A due to charge +Q,(V,) = KQ/n
Potential at point B due to charge + Q, (V) = KQ/r,

10.

DCAM classes
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(1/2)

As, Vcacl and r,>1. S0, V, > V.
r

Thus, (V, — Vy) is positive. (1/2)

According to question,
Total potential at point A due to + g charge,

K i
vy Ka_ K
r 1
(x* + y)?

A

Wy N

oy X X ph

B

Total potential at point A due to — g charge,
;=K — I

Va= 1= 2 Cz

r (x*+ y9)

1/2

So, net potential at A=V, + V, =0
Similarly at point B, potential will be 0.
So, net work done, W = AV x4 = 0. (m

Electric field is always normal to the
equipotential surface, because there is no work is
done on the equipotential surface.

As W=qq(Vy—Vg)=0
= V,—Vg=0
Hence, —'[E‘dl= 0= Eldl (M
According to the question, g, = ¢ and gz = -2
A P B
q ) -2q
e———d ——>
e— X —>
l— =X —>

letPA=x,PB=d - x
Hence, potential between P and 4,
Kq
VPA

K(-29)
(d—x)

As, the potential due to system of charges is zero.
Hence,

Potential between P and B, Vpp =

Voa+ Vpg =0
. kg _ _2Kq
X  (d-x)
d—x=2x = 3x=d
= x=d/3 (m



11.

12.

13.

14.

15.

Work done by charge is given by
W =g (potential at Q — potential at P).
(1/2)

The electric potential at a point of distant r due to
the field created by a positive charge g is given by

Vel

r

where, g = small positive charge

V=g/dne,r =

As,
So, work done will be negative.

Ip <1y = Ve > VQ
(1/2)

No work is done in moving the test charge from
one point of an equipotential surface to the other.

(1/2)
W, —W, =0=—jE-d!
= E-dl=0
Hence, E 1 dl (1/2)

The equipotential surfaces produced by a single
point charge are concentric spheres. In these
concentric spheres shown below in the figure, the
lines of force point radially outwards, so they are
perpendicular to the equipotential surfaces at all
points.

Equipotential

A ) ’
\ !
~ - - = aES s
“x o7 ~ / surfaces
~ s - “ -
-~ ’ - - AY -

e (1)

The amount of work done in carrying a charge on
equipotential surface is always zero (potential
difference is zero). 1)}

Given, g, =2uC= 2x107°C
gg =2 uC=-2x10"°C and r=5cm
@]

[« 5cm |

As, potential at point O (equipotential surface) is
Zero.

Ve 2x107° -2x10°
4me, x X107 4mey(5— x) X107
2x107° 2x107°

Amegxx1072  4me,(5— 1 X107
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17.

18.

19.

20.

21.

22.

or x=5-—x
= x=2.5cm m

Since, electric field intensity inside the conductor
is zero. So, electrostatic potential is a constant.

As, E =—AV/Ar

E=0 (inside conductor)
R AV =20
or V,-¥V=0V,=V

The potential at every point inside the conductor
remains same and equal to the potential of the
surface of the conductor. 4)]

Electric field inside the hollow spherical charged
conductor is zero. So, potential difference
between two points inside the shell is zero. Thus,
potential is constant and therefore, equal to its
value at the surface, i.e. V=(/4ng) g/ D

An equipotential surface is a surface at which
electric potential at each point is same.

As, work done in moving a charged particle from
one point to another is defined as

AW = q(AV)
On an equipotential surface, the potential
remains constant. So, AV = zero

= Work done, AW =0 m

Electric field inside the hollow spherical charged
conductor is zero. Thus, the potential is constant
and equal to the value at the surface, i.e. equal to
its value at the surface =10V. 4)]

No, two equipotential surfaces cannot intersect
each other, because two normals can be drawn at
intersecting point on two surfaces which give two
directions of Eat the same point which is impossible.

(m

Equipotential surfaces due to a single point charge
are concentric sphere having charge at the centre
are shown below.

Equipotential
surfaces

M

JC! is the SI unit of electric potential. It is a
scalar quantity. (1



23. Refer to text on page 38
(Equipotential surface)

b
24. As we know, AV = — jE - dr

n

Here, E =10r+5n =1mandr, =10m

0 2 10
=V, -V, =L(10r+ Sdr= 103+ 5r

1

_[10(100-1)

+ 5(10—1):| =495+ 45=540V
2

= W=>"v,
So, the electric potential decreases in moving

from point at r =1 m to a point at r =10 m is
540 V.

(i) The equipotential surface are plane parallel to
XY-plane. As, the field is increasing in
magnitude. So, the spacing between surfaces

25.

decreases.
X
Equipotential surfaces
> Z
/O ra N Sy E
Y (1)

(ii) Let P(0, 0,2 and Q(x, y, 0) are two points on
which electric potential are to be calculated.
4

P (0,02
+q (0.0.a)

Then, electrostatic potential at P

qu q1

= 4me, l(z— a  (z+ a)J

1 gx2a | 1 r
ane, | (22 —a?) | 4me, (22 - a?
[-p=9g x 2]
The electrostatic potential at Q is

26.

Vo= — | q - 4 =0
4me, L/xz +y -a’ \/xz + ¥t - azJ 1

(i) Refer to Sol. 4 on page 42. (1/2)

(ii) Electric field due to a dipole of consisting of
two point charges + g and — g separated by a
small distance AB = 2/ with its centre at O has
a dipole moment p. According to the question,
electric field of the dipole located on the
perpendicular bisector of the line joining the
two charges i.e. along its equatorial axis can
be calculated as follow

AL
-q
K 2! >
According to the figure, dipole moment is
p=4q(2)
Hence, resultant field intensity at the
point @,
E, =E, + E;
(E, and E; are acting at an angle 26)
1 q
Here, E, = —
AT 4ame, (2 + D)
and Eg = l 9

4me, (x*+ 1)

On resolving, vectors E,sin@ and E; sin® are
equal in magnitude and opposite to each other
and hence cancel out.

The vectors E, cosO and Ej cosO are acting
along the same direction and hence add up.

~. Eq=E, cos8 + Ep cos® [ Es=Eg]
= 2EF , cosO
_ 2 q ) I
Came, (41 (Pt Y2
_ 12 1 p|
ame, (x*+1)¥?  4me, (x*+ 1)
([pl=q x2)

As the direction of E is along QE || BA,

i.e. opposite to AB, we can rewrite the
P

4me, (x* + 1)

expression as, E, = — =



If the dipole is short 2 >> x, then

4ame, x

(1'2)

27. Work done in bringing the charge ¢, from infinity
to positionr;, W} = q,V(r) (1) (1/2)
Work done in bringing charge ¢, to the position 7,

W, =q,V(r) +(q, 9,)/(4mg, 11) .. (i) (172)
Hence, total work done in assembling the two
charges.

W=w +W,
From Eqgs. (i) and (ii),we get
W =q,V(nh)+q,V(r,)+q,9,/4e, 1, m

28. Work done in moving a unit positive charge along
distance 8

|E,||8] =V, - Vg=V —(V+8V) =—8V

or E=-3V/3l m
(i) Electric field is in the direction in which the
potential decreases steepest. (1/2)

(ii) Magnitude of electric field is given by the
change in the magnitude of potential per unit
displacement normal to the equipotential
surface at that point. (1/2)

29. Given, charges, g, =1uC, ¢, =1uCand g, = —4uC
Each side of equilateral triangle, r =10 cm

Potential energy, U = Total work done to assemble
the three charges.
U=W, +W,+ W,

—6 —6
o1 [1x107(-4x107)
4me, 010
1x107%( 1x107%) +—4><10‘°( 1x107 )1
0.10 0.10

m
+1uC

10cm 10 cm

+1puC —4uC

10 cm

U = (1/4mey) x10 2[4 X10+ 10— 4x10]

U=-9%10"x10"2x70
U=-0.630J

Work done to dissociate the system of charges
W=-U=0.630J m

30. (i)' Electric field intensity and potential difference
are related as

E =-AV/Ar
= Ve—V,=-4E+0 M

. By pythagoras theorem, AC? = AB? + BC?
= AB* =5 -3 = Ar=116 =Ar=4

(ii) As V.-V, =—4E, which is negative
y Vo<V,
Potential at point A is greater than potential at
point C, as potential decreases along the

direction of electric field. (1
31. (i) Electric field due to a point charge,
7l 5.l
ame, r r
(ii) Potential due to a point charge,
4ane, r I

The variation of electrostatic potential with

. ; 1 S
distance, i.e. V o< — and also the variation of
r

electrostatic field with distance, i.e. E < 1—2 .

r
A graph showing variation of electric field (E) and
electric potential (V) with distance (r) is shown
below. m
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4G /+ + + 4+ + + + / v
Equipotential
surface \; V=0 :fd X
1 z
d/2

The equipotential surface is at a distance d/2 from
either plate in XZ-plane. —g charge experiences a
force in a direction opposite to the direction of
electric field.
~. If — g charge remains stationary in the field, then
qE = mg

_mg

q

The direction of electric field is along vertically
downward direction in order to balance force due
to field and its weight. The XZ-plane is so chosen
that the direction of electric field due to two plates
is along vertically downward direction, otherwise
weight (mg) of charge particle could not be
balanced. §))

=

Equipotential
surface —

0
7
////////

7 E (Vertically
downward)

T 4

7
_

(1)

33. (i) Equipotential surfaces of the system

Equipotential

/ surfaces \

(1)

(ii) Equipotential surfaces get closer to each other
near the point charges, because strong electric
field is produced there.

Ez—g andEcc—L

Ar Ar

For a given equipotential surface, small Ar
represents strong electric field and vice-versa.
m

34. When two charged conducting spheres are

35.

connected, then charge flows between the two
spheres till their potentials become same.

Electric potential on the surface of connected
charged conducting spheres would be equal.

ie. w=yv
ame, n  4me, 1y

[Assuming g, and g, are charges on the spheres
connected to each other and 7, r, are their radii.]

h_192
h R

N _h (i)
7 (1)

Now, ratio of electric field intensities
EI_ s 1[4“:80 ‘ql /?’lz _ ql % ?’22

E, 1/4mes-qy/ry 4y 1
2

2
i:[(?_‘]x% =i><r—22[From Eq. (i)]
E, q92) N n n
55
E, 1 m

(i) The direction of electric field is perpendicular to
the equipotential surface.

Hence, the direction of electric field is along
X-axis, as it should be perpendicular to
equipotential surface lying in YZ- plane.

(ii) Length of the dipole = 2b
As dipole’s axis is along the Y-axis. (m
.. Electric dipole moment, p = g(2b) j

Electric field, E= Ei
1=pxE=g(2h)jxEi
= + 2bE(j x 1) = 29bE(-k)
Torque, |t| =29bE (1
Alternative method
E is directed along X-axis.

Dipole moment p = q(2b) from (0, —b, 0) to (0,b,0),
i.e. along Y-axis. (1

-» Angle between p and E is 90°
. Torque on dipole, T,,,, =pEsin90°= g(2h)E X1
Torque, T = T, = 4PE m



36. Let three point charges q,, g, and g; have position

vectors r, r, and r;, respectively.
Y

Potential energy of the charges ¢, and g,,

12 = L & _ L . &4
aney |ny|  4mey | —n|
Similarly, U,; = I 445
4mey |15 — 1y
= U, = 1 445
4mey Irs -l m

*. Net potential energy of the system,

_ 1 [ 919> 4 1N 1
4me, IJ"z -n rs—n |J 0
37. (i) The charges + @ and —Q, are placed at A and B
respectively as shown
+Q, P —O_g
A 6

‘ r
I

PLE
Irs — 1|

Let P be the mid-point of line joining A and B.
The potential at P due to charge + Q, is

- Q&
4meyr/2
and due to charge — @, is
4meyr/2
The resultant potential at P is
V=V+V,= Q&
dme,r/2 4meyr/2
Q-
g i . Q@ -Q)
The work done to place a charge Q; at P is
W=QV= 20;(Q — Q)
4me,yr
% (Q -Q)

or W =
2TEy T

(ii) Let x be the distance from charge + Q, on the
line joining the two charges at which the work
done will be zero as shown below.

placi P e

Al X * (r—x) B
So, the potential at point P due to charge + Q,
at A is equal to potential due to charge —Q, at B

ie.
Vo =V,
G &
Y Q[ = o= Qz g . Qz
dmeyx  4mey(r— x) X r—x
= 1Q —xQ =—Qyx
or x= % r
Ql e Q2
38. (i) Refer to Sol. 25 (i) on page 44. (1

(ii) Let us consider an electric dipole consisting of
charges + g and — g separated by a distance 2a.
O be the centre of dipole and P be the on the
axis of the dipole as shown in the figure given

below
A 0 B
-q +q P
I 2a >|

A~
-
y

Electric potential at point P due to the dipole
willbe V=V, +V,

- 1l 9, 1 (+aq
4ne, AP  4mg, BP
- -a 1
41580 (r+ a) 41‘[80 (r—a)
(
-_4
4TE, r+a
_ 9 (r + a-—r + a
4TE80
__ 4
4me, r—a
1 14
=— [7 =4 x 2]
are, r’-a’
and for short dipole a’ << r* = V = ! %

amey 7 (2)

39. (i) Force acting on charge Q placed at point B is
due to charges placed at points A, C and D.



Faa

(M

Here, magnitude of force on charge Q at point B

due to charge g at point Ais F, = @
a’

Similarly, magnitude of force on charge Q at

point B due to charge ¢ at point Cis Fp = @
a

Also, the magnitude of force on charge Q at
point B due charge Q at point D is

_ KQ* K@
P W2a)? 247
15° Fea
KQ?
FBC 2a?

Let F is resultant of Fy, and Fy..
F=42. KQq
2
a
. The resultant electric force on charge Qis
KQ? KQE? KQ’
2a* -2 Z

=G

(ii) The potenual energy of the system is given by
UZUA_B +UBC +UCD +UDA+UAC+UBD
_KQq | KQq KQq KQq Kg* | KQ°
= +
a a "R a

| (kQq\  Kq¢? KQz]
() A

40. (i) Force acting on the charge g placed at A is due
to the charges placed at points B and C.

kQq

E

net

—F+

—4q g : c2q

From the given figure, magnitude of the force
on charge g at A due to charge 24 at point C is
given as

B (;)(Zq) F (say)

AC =

Similarly, magnitude of force on charge g at
point A due charge —44 at point B is

K(4q)q = 2F (- Fap = 2Fsc)

FAB_

= JF? + (2F) + 2F) (2F) cos120°

F S
= |F*+ 4F%* + 4F2(-l)
2
1
( cos120° = — ~)
2

= F? + 2F* = \[3F
2
E. =/3x% ZKf N
[ (1%2)
(ii) The amount of the work done to separate the

charges at infinite = Potential energy of the
system

_K(=49q9  K(-49Qq  K@Cq)
[ [ [
_—4Kg® 8Kg’ s 2Kq*
/ / [
= ﬂ J
! (1%)

41. (i) Let electric potential to be obtained at point P
lying on the axis of dipole at distance 4 from

the centre of the dipole.

— 2 | —i
@ S o S — -
- +q P

A
Q
X




Potential at P due

_ 1 q

B 4meg - m

Potential at P due to — g charge
1 —q

4ne, (d+ 1)

Total potential at P due to dipole

o |_ 1 1 1

) 4me, l(d— ) d+ [)J

=q x 2A/4ne, (d* — 1)) =p/ane, (d* - P
where, p=q-2/

If I << d, then

to +g charge

=

y=_1 2
41589 d (1V2)
(ii) Refer to Sol. 4 on page 42. (1%2)

42. Any surface that has same electric potential
at every point on it is called equipotential

surface.
(i) Equipotential surface in case of single
point charge (1)}

Equipotential
surfaces

(ii) Equipotential surfaces when the electric
field is in z-direction.

y

-,

Equipotential
surfaces

As electric field is constant in z-direction.
So, equipotential surfaces are equispaced.
The equipotential surfaces due to a single
point charge is represented by concentric
spherical shells of increasing radius, so
they are not equidistant. (1

(iii) No, the electric field does not exist tangentially to

an equipotential surface because no work done in
moving a charge from one point to other on
equipotential surface. This indicates that the
component of electric field along the equipotential
surface is zero. Hence, the equipotential surface is
perpendicular to field lines. (1

43. (i) The figure of equipotential surfaces of two identical
positive charges is given below

(ii)

44. (i)
(ii)

(ii)

Equipotential

(1V2)

By definition, electric potential energy of any
charge g placed in the region of electric field is
equal to the work done in bringing a charge g from
infinity to that point and given by
U=gqV
U=q,V(g)+4g,V(r)

Refer to Sol. 25(ii) on page 44.

Every point on X-axis is on equatorial line of electric

dipole (system of two unlike charges)

. Potential on it is 0.

No work is done on moving a test charge,
W=gAV=gx0=0 [ AV = 0]

. Work done in moving a charge on equipotential

surface is 0.

(1V2)

(22)

The potential difference in moving a test charge
between two points is independent of path followed
and is only depend on its initial and final points. So,
answer will not change.

When system is placed external uniform field E,
then potential energy, U = — pE cos0

In unstable equilibrium 6 = 180°, then

U = — pE cos180° = pE = 2aqE (2V2)



= i;=0
So, there is no current between plates when steady
state is reached.

During charging, the flux between plates of
capacitor is increasing.

s 4 ¢
it

Hence, a displacement current exists in the

: e d
capacitor which is i, =g, 40s

dt M

2. Line B corresponds to C; because slope (g versus V)
of Bis less than slope of A, i.e. C; < C,. (. 4, < 4,) (1)

3. Dielectrics are non-conductors and do not have
free electrons at all. While conductor has free
electrons which make it able to pass the
electricity through it. (1

4. Dielectric constant It is defined as the ratio of
capacity of a capacitor when a medium other than
vacuum or air present between the plates of a
capacitor to the capacity of a capacitor when
air/vacuum is present between the plates of a

capacitor.
ie. K = Cdielectric
Cracuum (1/2)
It is a unitless quantity and also a dimensionless
quantity. (1/2)
5. Refer to text given on page 53. (2)

6. As, the given network is like a balanced
Wheatstone bridge, so no current flows through
the middle wire and the network becomes as
shown below

L
v

So, equivalent capacitance of upper arm (series
combination) is

4x2_8 4
(4 Explanations e
1. In steady state, the electric flux between plates of and of lower arm is C, = 6x3_18 _ 2uF
a capacitor is constant. 6+3 9
- Displacement current, The net capacitance of the network is
i =€y 40p and dp _ C.et =C + C, (for parallel combination)

dt



é + 2-%1&

L

". Total charge, Q =C,, XV = % x3=10uC
(2)

7. Given C =100 pF, d = 4 mm,

t=4mm, V=200V
(i) =24, K=E, =5

d

—12

=100 x107¢ = 88310 ~ x 4
4x10

— A=452x10° m?
o EoA

24 -1+ L2
K

885%x107 2 x 452x10°

[3—4+‘_1)><10—3
5

= 8333uF
(ii) Charge on capacitor, when 200 V is applied
q=CoVy =100Xx107° x 200=2x107°C
Even after the battery is removed, the charge
of 2x107 C on the capacitor plate remains

same.

So, CyV, = C'V’

CoVy _ 2%x107°
C’  8333x10°

=V = =240V

2 2x4x107 %)
(iii) U =12 goEe = 15 x 8.85x107" x (50 x 10%)°
=11067 x107° J/m’
1

)= = go(E’)” = 15 x 8.85x10 % x (30 x 10°)°

=39825%10°)/m> Q)

8. (i) C, and C, are in parallel combination.
C'=C+C;=3+ 6=9uF
Now, C’,C;andC, are in series. So, net
capacitance is

1 1 1 1 1 1 1
—_—=—+ — 4+ — = 4+ — S
C € € G 9 4 12
l6 9
=2 =C=2uF
36 4

(ii) (a) Given, @, = 6 uC
Now, potential across C;

Thus, charge on C,
Q=CV=6x2=12uC
Total charge on G,
andC,, Q=12+ 6=18uC
As charge is same in series combination,
~.Charge on C; and C, is 18 uC each. g)]

(b) Total capacitance,
1 _l 1 1

g 4 12 3
=% C” = 3uF
Thus, total energy stored in them is
U:li _loy x 107
26" 2 3
=54x%x107°J o

9. For a series combination of three capacitors C,, C,

and Cj, the equivalent capacitance C,, will be
1 1 1 1
=—+

= e = 4 4
Cq 20 30 15
Cj =20 llF CQ=30 l.l.F C3:1 5 'J.F
1 | ||
|
0V
1 3+ 2+ 4
= L =
. 60
60 20
= Cog=—UF=—uF
1 9 3 M

Charge on equivalent capacitor,

Q=C, V—2—30><10 X 90

= Q=600pnC

Ceq
+| | =
)

Charge on each capacitor is same as they are in
series.

Now, potential drop across C,
. Q _600x107°



10.

1

12.

Hence, work done is stored as electric potential
energy U of capacitor is

1

g5 30x107°¢ % (20)° = 6x107°J
2 (1)

Let g be the charge on the charged capacitor.
. Energy stored in it is given by U = ¢?/2C

When another uncharged similar capacitor is
connected, then the net capacitance of the system
isgivenby €’ '=2C m

The charge on the system remains constant. So,
the energy stored in the sys[em is given by

Uf_ q _q [°.'C’=ZC]
2¢" 4C
Thus, the required ratio is given by
U'_q*/4C _1
U g 126 2 M
1. (i) Given, C, = 2C, ...(1)

Net capacitance before filling the gap with

dielectric slab is given by
Cinitial =C1 + €,

Cinitial =202 + €3 = 3G,

Net capacitance after filling the gap with

dielectric slab of electric constant K

[from Eq. (i)]
...(ii)

Cinitial =KC, + KC, =K(C, + C,) [from Eq. (ii)]
Cfinal - 3KC2 . (lll)
Ratio of net capacitance is given by
Cinitial — 3C; _ 1 =
Jnitial = 72 = _—  [from Egs. (ii) and (iii)]
Cna  3KC, K m

Energy stored in the combination before
introduction of dielectric slab

(ii)

Uinitial =QZ/362 ~(v)
Energy stored in the combination after
introduction of dielectric slab.
Usna =Q*/3KC, (W)
Ratio of energies stored,
Uinitial - X [from Eqgs. (iv) and (v)]
Utnal 1 M
Given, ()} =C,/2 (1)

Hence, Cipia = ¢ + C, = C,/2+ C;=3C,/2
(i) Net capacitance after filling the gap with
_ 3KC,

(i)

dielectric K, Cipipa =

M

13.

14.

2 2
(ii) Energy stored, U, = 9 _ X

3C,/2 3C,
2 2
and Uf . O = 2
3KC,/2  3KC,
E EorU =K1
g, 1 !
f ()]

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

Here, V=2V and R=(10+20Q=30Q

| LT
30 15 (m
Voltage across 10Q resistor =1(10) =10/15= %V
Charge on the capacitor is given by
Q=CV=(6x10"°)x2/3=4uC )

Initially, when there is a vacuum between two
plates, then capacitance of the plate is
g, A
Co=—"—
d

where, A is the area of parallel plates.

Suppose that the capacitor is connected to a
battery, an electric field E, is produced. 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 f there is electric field E and
for the remaining distance (d — ) the electric field
is E. m
If V be the potential difference between the plates
of the capacitor, then

V=FEt+Ey(d—1)

V—E—d+ Eod g(E+Jr‘5) [ I=€:|
2 2 2
= V_E(E“H‘E ]
2\ K
=dE_9(K+1) [As,&ﬂ'(]
2K E
Now, EO E:i
€ A
d
= V=—1-_ —(K+l)
2K g, A
We know that,
C=i= 2Key A
vV d(K-I—l) (1



15. Potential difference, a1, E, —i—b"z:o

1 2
or i+i—El—E2
G G
Gt
TR -
Cl +C2 1)
C
e II1+
11
q
Ey — — E5
Cz
wall [
LA
q

and  V,=19 - -F,)| G
C, G +G,

(1)
16. (i) According to the diagram given in the

question,
Co
||
1
C1 pr— C4 — CB
[
1
o< 100V >0

Here C,, C, and Cj; are in series. Hence, their
equivalent capacitance C’is given by

LI +L+L [C, =C, = C; =15uF]
G C o

Redrawing the circuit as shown below

CJ
| |
i
&,
||
I
O« 100V »0
1 1 1 1
—_ =t — 4+ —
¢ 15 15 15
15
C’=—uF
3
=(C'=5UF
Since, €’ and C, are in parallel
5o =C°+ €,
= 5uF + 15uF

= 20uF )

(ii) Since, €"and C, are in parallel. So, potential
difference across both of them is 100 V.
~.Charge across C, is Q, = C, XV =(C, x100)C
=15%107° x100 =15x107*C

Qs =1.5mC m
17. The energy stored in a capacitor is given by
U= lg =3 Cv?2
2 C 2

(i) Energy stored will be decreased or energy

stored will become %times the initial energy.
m

(ii) Electric field would decrease or E’ = =

K (M
18. (i) According to the diagram, when the switch S is

closed, the two capacitors C; and C, in parallel
will be charged by the same potential
difference V.

AS

i
o
L s
|

—Cy=1uF ——= Co=1pF

So, charge on capacitor C,

g, =CV=1x6=6uC ..(i)
and charge on capacitor C,

g, =CV=1x6=6uC

Hence, total charge on capacitor,
g=¢q, +4,=6+ 6 =12uC (1)
(ii) When switch S is opened and dielectric is
introduced. Then,
A8

..(ii)

— 6V 7% A 777, B

- C’

Capacity of both the capacitors becomes K times
ie.C{=C;=KC=3x1=3uF(as(C’'=0C,))
Capacitor A remains connected to battery
V,=V=6V
g, = Kg, =3x 6uC=18uC
Capacitor B becomes isolated

92 =4
or CcV; =GV, or (KOV,=CV
or V2=(K]=E=2V
KJ) 3 (m



19.

20.

If nidentical capacitors each of capacitance C are
connected in series combination give equivalent

. C .
capacitance, C; = — and when connected in
n

parallel combination, then equivalent
capacitance, Cp =nC

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

U= lC'V2 [for constant]
2

Ue(C
C, =1 UF [n=3]

In series combination, C; =

2o

In parallel combination, C, =nC
According to the problem,

C=nC, =3x1UF=3uF
For each capacitor,
In parallel combination,

C, =nC=3Xx3=9UF
C, =9uF m
For same voltage, U = C

=

or Uu.:U

U, =1:9 m

When a dielectric medium of dielectric constant
K is introduced,

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

(ii) in a capacitor connected with battery, then
potential difference across the capacitor
remains same as that of potential difference
across battery. (1/2)

Two identical capacitors C, and C, get fully

charged with 5 V battery initially.

So, the charge and potential difference on both

capacitors becomes, ¢ = CV =2x10° x 5V =10pC

V=5V

On introduction of dielectric medium of K = 5.(1/2)
For C; (continue to be connected with battery)
potential difference of C;, (V) =5V

and

Capacitance of C; = KC = 5x 2UF =10 uF

Charge, ¢" = C’V'=(10uF) (5V) = 50 uC (172)

For C, (disconnected with battery)

Charge, g’ =g =10uC

Potential difference, V' = L o 1V
E 5 (1/2)
21. According to the question, C = 2F
d=05cm=05x10"m
g = 8854 x107?C’N'm™
AS — ﬁ
d
4= Cd_2x 0.5x107°
g 8854x107"
=1.13x 10° m? (2)

22. The capacity of condenser is proportional to the

23.

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
. ' 7’
capacitances become C; and C,.

For Cl C; = KC (l) (1/2)
For CZ C; = K, & (A/2) b K&y (A/2)

d d

C, acts as equivalent capacitance for two

capacitors each of area A/2and separation 4 are
connected in parallel combination.

et (K, L)

d 2 2
Cézc[&zkﬁ) (i)

[ o A]
d 1ar2)

According to the problem, C| = C,

KC = c(wJ
2
g r=K+tK

2 m

After introduction of dielectric medium of
dielectric constants K, and K,, capacitor acts as
equivalent capacitor if it consists of two
capacitors each having plates of area A and

. d . . .
separation — connected in series combination for
2

_EA

G == (i)




= +

¢ K, g A K g, A

1 1 1 1

(R, ... _+_

. (Eg} A) 2K, 2K,

d

1 _ 1 [Ky+ K

¢, 20\ K| K,
= ¢ =¢ |2k
The capacitors will be in series. Q)]

24. (i) If the foil is insulated, then 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

¢’ =2C [ g l]
d
C and C’ are in series
- P 2C x 2C _C
2C+ 2C
Chet =C (Original capacitor) (1)

(ii) If the foil is connected to the upper plate with
a wire, then the system reduces to a capacitor
whose separation reduces to half of original
one.

New capacitance, ¢’ = 2C (1)
25. Polar dielectrics

A polar molecule which has permanent electric
dipole moment (p) in absence of electric field are
called polar dielectrics. Polar molecules are
randomly oriented. e.g. Water, alcohol, HCI, NH;. (1)

Non-polar dielectrics

A non-polar molecule having zero dipole moment
in its normal state are called non-polar dielectrics.

Non-polar molecules have symmetrical shapes.

e.2. Any non-conducting material. 4}
26. Given, C=200uF, d=5mm, {=5mm, V=100V
(i) C= BA_ U
d g
e 200x10°x 5%x107
8.85x10712
=11299%10°m?

27.

2d—r+i
K

_ 885x107% x112.99 x10°
(10— 5+3]><10‘3
10

=181.8 x10 ®=181.8 uF M
(ii) Charge on capacitor, g = C,V,
=200 x107° x 100

When d’= 24, then C’'=

=2x107C
= CV, =C'V’
—2
or pretili. SN =110V
¢’ 181.8x10
Eo=20=_19 _5x10°v/m
d  5x10
V110 _=11x10° V/m
2d 10x10 (m

(iii) U = 12 o 15 x 8.85x 1072 x (20 x 10%)?

=1770 x10°° J/m?

e 1
= O) =-
2
2

x g,(E’)*

! 885%10™2 x 11 x10%?
=53542x107° J/m> m

The given figure is shown below.

When switch S is closed, the potential difference
across capacitors A and B are same

ie. V= Q_A — Q_B
C C
I[nitial charges on capacitors
Qu=Qg=CV m

When the dielectric is introduced, the new
capacitance of either capacitor

¢ =KC
As switch § is opened, the potential difference
across capacitor A remains same (V volts).
Let potential difference across capacitor B be V.
When dielectric is introduced with switch S open
(i.e. battery  disconnected), the charges on
capacitor B remains unchanged, so

Q=CV=CV



= V= £V = Z volt
C" K m

Initial energy of both capacitors
v =torr+lovi=on?
2 2

Final energy of both capacitors

2
1 rys2 1 ryrt2 1 2 1 %
U, =—C'V2+2C'V?=_(KO) V2 + —(kKQ) | =
F =3 2 S 5! C)(K)
2
=£CV2[K+1—:|—£CV2 it
;. k|l 2 K
U; _ cv? 2K
- 2 2
¢ 5 (

28. Energy stored in capacitor

=1§ V= £2><12><10‘12 X (50)*J

=6x25%x1071%7=15x10"7J

With other capacitor 6 pF in series.

Total capacitance (C) = G xC, _6x12 pF
C+Cy 6+12
B 12x 6 = 4pF

18 m

Charge stored in each capacitor is same and is
given by
Q=CV =4x10"?x50=2x107"°C

Each of the capacitors will have charge equal to Q

=2X lO_IOC m
Potential on capacitors with capacitance 12 pF is
Q _2x107"°
=—=—"--V=1667V
C, 12x10
Potential on capacitor with capacitance 6 pF is
—10
= Lolz V=3333V
6x10" (n

29. According to question, let the capacitance of X be
C and capacitance of Y =g, C=4C [ g, = 4]
Cx4cC

C+4C
(X and Y are in series)

4C? _ 4C
= =
5C 5
and it is given that 4C/5 = 4uF
So, 4C = 20uF = capacitance of Y

(i) Equivalent capacitance =

Capacitance of X = C = 20/4 = 5uF (m
(ii) Charge stored in the capacitor is given by
4C 4x5

q:CV=?X15= x15= 60 uC

Now, let the potential difference between
plates of capacitors X and Y are V, and V,,

respectively.
So, Vy L
Cy 5
andv, =1 =9 _3y
Gy 20 m
(iii) Electrostatic energy stored in capacitance
X(Ex) = CV3 (i)
Similarly for Y,E, = 15401/5 ...(i)
From Egs. (i) and (ii), we get
| N
5 5
Ratio=Zx =2 ° _Vx _12X12 _

Ey lycp2 4F  4x3x3
Y 54CVY Y >
30. (i) As given in the question, energy of the 6 uF
capacitor is E. Let V be the potential difference
along the capacitor of capacitance 6 LF. From
the mathematical formula,

Levi=k
2

L x6x10¢xv2=E
2

E
=X
3
Since, potential is same for parallel
connection. So, the potential through 12 uF

capacitor is also V. Hence, energy of 12uF
capacitor is

= V2= 10° ..(i)

By 15 X12x107° x V* [From Eq. (i)]

L i2x108x £ x108 = 28

2 3 m

(ii) Since, charge remains constant in series. So,
the charge on 6UF and 12 UF capacitors
combined will be equal to the charge on 3 uF
capacitor. Using the formula, Q = CV, we can

write
= (6+12)X10°XxV=3x10°xV’
V=6V
Using Eq. (i) and squaring both sides, we get
v?=36V?: = V? =12E x10°

E, = % 3%10 x12E x10° = 18F
2 (1

(iii) Total energy drawn from battery is
Eia =E + Ej3 + E;
=F+ 2E +18E =21E m



31. Total energy stored in series or parallel

32.

combination of capacitors is equal to the sum of
energies stored in individual capacitors. In parallel
combination the energy stored in the capacitor

1 2, 1 2 .
=_G Vi + =-CW .-(1)
S T Shen
In series combination the energy stored in the
capacitor = lﬁvf ... (ii)
2(C, + ¢y m

According to the question the energy in both the
cases is same.

(lcl + lcz) Vl2 = ﬁvﬁ
22 2C, + Cy)
. W _ 6 X2 _ GG
Vi 2AG + C)(G + C) V, G +G
BU[, i=l $62=2C1
e 2
& v, _ VG %26 _42¢ _\2
V, G +2¢ 30 3 (2)

When the capacitors are connected in parallel.
Then, equivalent capacitance, Cp = C, + C,.
The energy stored in the combination of the

capacitors, Ep = %C‘P‘V2 (1/2)
= e . (C, + Cy) 100)* = 0.257]
2
= (G+C=5%x10"" (i)
When the capacitors are connected in series.
Then, equivalent capacitance, C; = GG
The energy stored in the combination of the
capacitors, Eg = lCSV2 (1/2)
2

= E; =l~£(100)2 =0.045J
2 G+
= lxilsaoof =0.045J
2 5x10
= C,C, = 0045x10°* x 5%107° x 2

=45x10"1°
(C, —C)*=(C, + C))* —4C,C,
= (€, —C)*=25x10""" —4x4.5x107"°
=7x1071°

= (G, —C,) =7%x10""°=2.64%x10""°

= ( -C,=264x10"" ..(ii)

33.

34.

On solving Egs. (i) and (ii), we get

C, =382 pF and ¢, =11.8 uF m
Q =CV=382x10°x100
= 38.2 X10_4C (1/2)
Q,=C,V=11.8x10"°x100=11.8 x10"*C
(172)
Consider the given figure below
20 uF 30pF 15uF
A |l || ||
Il 11 1
Cq C, Cy =

Given, C; = 20uF, C, = 30uF, C; =15uF
Potential at A=90V

As, we can see that capacitor Cj; is earthed.
Therefore, potential across C; will be zero.
Since, capacitor C;, C, and C; are connected in
series, therefore

i SRV SV FIEY CRTNE JE RON PR )
Cqq G G G Cqq 20 30 15
1 3+ 2+ 4 1 9
— — = = AR (P L
s 60 Ceq 60
6 20
= G == Coy = —UF
. =3 (M
Since, charge remains same in series
combination,
20
So, Q=CV = Q==—x9
3
= Q=600 uC = Q = 600 X 107°C
= Q=6x10%C
-~ Potential difference across C, = hi4
£}
_4
I N 13 [
£ 30 x107¢
= V,=02x10° = V,=20V O

Also, energy stored in capacitor C, is given by

E= 15 C,Vs = E=1E X 30 X (20)* x10°°

= E=1x30x400x107

2
= E =6000x10°= E =6x10"J M
(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 (dg) is
transferred from one plate to another, the
small work done is given by
dW =V'dg = q—dq

C (1/2)
[Let charge on plate, when dg charge is
transferred is g’]
The total work done in transferring charge Qis
given by

q 1 ¢Q , _1[
w=J; el L

@ )2'|Q Qz
0

(1/2)

This work is stored as electrostatic potential

energy U in the capacitor
_(cvy?
2C

U= [*Q=CV]

8 |

U==2c¢v?

[N

(1)
The energy stored per unit volume of space in a
capacitor is called energy density.
1 2
J2 Ly leaV
Ad 2 d*A

Energy density, U = 1580 E*

Total energy stored in series combination or
parallel combination of capacitors is equal to
the sum of energies stored in individual
capacitor.

ie. U=U, +U,+U;+...

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. )]
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 g Area A

chargew ] ‘
density
++++++++++
E
BRI
Surface —ﬁ 2 ‘
charge i

density

(ii)

Suppose, the plate X is given a charge of
+g coulomb. By induction, —g coulomb of
charge is produced on the inner surface of the
plate ¥ and + ¢ coulomb on the outer surface.
Since, the plate Y is connected to the earth. So,
the +g charge on the outer surface flows to the
earth. Thus, the plates X and ¥ have equal and
opposite charges. (1
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
G/g,, where g, is the permittivity of free space.

pi

€

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

=9 andg=-1_ ..(1)

A g A

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

E= L or V=Ed
d
Substituting the value of E from Eq. (i), we get
vy
. Capacitance of the capacitor is
C = i = q or C — @
V. gd/e, A d
where, g, = 885x107'* C*-Nm™ (1)
Surface charge density is given by
q
0=
4mR?

After connecting both the conductors, their
potentials will become equal.

hW=%
= Kg, _ Kg,
Ry R,
[ .- for spherical conductors
y=_L1 4 o y=54
4me, R
e " _R
i R
=3 Oy _ 4, /4TR]

2
_ (R_] _R
7, \ & R, (10



36. Given, area of each plate, 4 = 6 x10~ m?

Distance between plates, d =3 mm = 3 X 107 m

(i) Capacitance of parallel plate capacitor is given

by
=—E‘:;1 = £, = 885x1072C* N"'m™
g 8.85x1072 x 6x107°
3x107°
C=177x10"" F M
(ii) Charge on parallel plate capacitor is given by
Q=CV
Given, V=100V
Now, Q=L77x107"! x100
Q=177x10"°C L)
(iii) Given, K =6
Now, C'=KC
Q'=KQ [from Eq. (i)]
Q=6x177x10"°
Q'=10.62x107°C M

37. (i) We have initial voltage, V; =V volt and charge
stored, Q, =360uC.

Q=Cv, (i)
Charged potential, V,=V-120
Q,=120uC (1/2)
Q,=CV, ..(ii)
By dividing Eq. (ii) from Eq. (i), we get
Bl o 00 ¥
Q O 120 V-120
= V=180V (1/2)
—6
C= Q _360x10" _ 2x10"®F =2 uF
4 180
Hence, the potential, V=180V and unknown
capacitance is 2F. (1%%)

(ii) Let Qbe the charge stored in the capacitor
Q=CV=2x10"°x(120+180)
Q=6x10"C (1/2)

38. Given, C =200 pF =200x10""*Fand V =300V

The energy (initially) stored by the capacitor is

o= Levz =1 200 %1072 x 300 x 300
2 2

=9x107%

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

Q=CV =200x10"x 300
=6x10°8C
= 60 x107°C=60nC m

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 remain constant.

Thus, Q=qg+q’
9. 4
I
4 _4
200 100
q=2q
Thus, Q=2q9"+q"=3¢q’
So, q’=g=@=20nc
3 3
and g =2q"=40nC [
Thus, final energy
2 ’2
Uf = q_+ q
7. . il

1_(40x107%% 1 _ (20x107%)?
St ok “12
2 200x10 2 100x10

=4x10%+2x10°=6x107%

Difference in energy
= final energy — initial energy

= 6x10°-9x10°% =-3x10"°

Thus, difference in energy is — 3 x107°). )

39. In a series combination, there is no division of

charge,
1 1 1 1
=— 4+ —+ —+..
G G G G
In a parallel combination, the potential difference
is same.

C,=CG+C+GC5...
(i) Here, C; ,C, and C; are in series. Therefore,
their equivalent capacitance is

= k. .
¢ 6 L. €
s G 12
=f:i:4l_j,F
3 3 m

Now, C’and C are in parallel combination.



Cot =C' +C
=4uF + 12uF =16 uF
Cret =16 UF )

(ii) Being C” and C are in parallel and 500 V
potential difference is applied across them.
. Charge on ¢’
g, =C'V =(4puF) X 500 = 2000 uC
~. C, , C, and C; capacitors each will have
same charge, i.e. 2000 uC charge.
Chargeon Cy, g, =Cy XV
=12x 500 = 6000 uC m
40. On introduction of dielectric slab in an isolated
charged capacitor.

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

C:EUA andc,zKEﬂA

()
Charge remains conserved in this

(ii) -

phenomenon.
: CV ="'V
,_CV _Cv :
= =~ [refer part (i)]
¢ KG
= V' = K
K

Potential difference decreases and become ;?

times of original value. m
2
(iii) Energy stored initially, U = 9
2C
2
Energy stored later U’ = . i € = EC]
2AKC)
where, K = dielectric constant of medium
,_1(q°
= i =—1]=—
K \{2C
= = Ll )
K
= U’ = 1] XU
K

The energy stored in the capacitor decreases

and becomes L3 times of original energy. -
41. 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
q"=C"V' = (KO (V) = K(CV) = Kq
9’ =Kq m
(ii) Electric field intensity continue to be the same
as potential difference and separation between

two plates remain unaffected as

E=Y.
d m
(iii) The capacitance of capacitor becomes K times
of original capacitor.

¢’ = kc = X&4

m

42. After disconnection from battery and doubling
the separation between two plates will

(i) Charge on capacitor remains same.
ie. cv=Cv

= CV=[§]V' = V'=2V

+ Electric field between the plates

= Electric field between the two plates will
remain same. (M
(ii) Capacitance reduces to half of original value as
C o< l = C’ = E
d 2 m
(iii) Energy stored in the capacitor before
disconnection from battery
_a
o
Now, energy stored in the capacitor when
distance between the plates is doubled

UZ = qz = qz = q_z
2AC") 2X(E) c
2
2
= U,=2 [q] = 2U,
2C
U, =2U,
Hence, energy stored in capacitor gets doubled
to its initial value. m

43. As we know, to determine the electric field at any
point at distance r from centre if we apply Gauss’s
theorem

E:L2
4me, -



Hence, V:IE»dr: 1
4me, -1
where, €, = 8854 x107*2 C2N! m™
The capacitance of the spherical conductor situated
in vacuum is given by
=9-_9
L N )
4me, r (2)

= C=4me,r.

Hence, the capacitance of an isolated spherical
conductor situated in vacuum is 4me, times of its
radius. m

44. 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 m

Equivalent capacitance in parallel combination,

¢, =2
According to the question, Us; =U, m
1 2_1 2
S CV = = GV,
= V_52 = & = i
v: ¢ (C)
2
==4 = /8 2
v, v,
VeV, =2:1 m

45. (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.
cv=Cv’
V=KV = v="
K
.. New electric field,

gV (VK (VYL_E
d d d/K K
.. On introduction of dielectric medium, new

electric field E’ becomes ;? times of its original
value. (4)]
(ii) - Capacitance of a parallel plate capacitor
partially filled with dielectric medium is given

by
(d—-1+1/K) m

where, f is the thickness of dielectric medium.

Here, r=£
2
P €A _ A
d—g+i £(1+L]
2 2K 2 K
_ 25, AK
(I{+1)d %))

46. (i) The graph comparing the variation of potential
V and electric field E. Refer to Sol. 31 on
page 45. (1
(ii) Let ¢, =Cand C,=2C
.. Equivalent capacitance

C-IXC_K_E
s C I 3

In parallel, C,=20+C=3C )}

V, and V; are potential difference across the
final capacitor in parallel and series
combination respectively. So, to have same

In series,

potential energy in parallel and series
combination.
U, = US
l ¢, v2=Lcy,
2
o Yo |G
V, C,
(cr3) \f
(3C

47. (i) Refer to text on pages 51 and 52 (Capacitance
of parallel plate capacitor) and page 53

(Energy stored in a capacitor). (3)
(ii) Let g be the charge on the charged capacitor.
2
-.Energy stored in it is given by U = Z_C

When another uncharged similar capacitor is
connected, then the net capacitance of the
system is given by

o= (1
The charge on the system remains constant.

So, the energy stored in the system is given by
2 2

pr=9_ _4 [ C’'= 2C]
2C" 4C
Thus, the required ratio is given by
- ﬂ =1
U q*/2¢ 2 m



48. Let two capacitors of capacitances C; and C, of

potentials V] and V, are connected in parallel.
According to the diagram given below

Q1 Gy
+||=

I,

After connecting the charges redistribute in such a
way that the potential differences across C, and C,
become equal.

Hence, before connection the charges are

G =0V, =0V,

Common potential after connection, V = Q+Q
G + G,
Hence, V= M . (1)
C + G,
After sharing, let the charges be Q] and Q,
Q2 CZV C2

(i) Hence, the total energy stored in the two
capacitors before they are connected together
will be

U=U, +U, = IECIVI2 + 15621/22 (ni)m
(ii) When the two capacitors are connected
parallel together, total charge on the capacitor
=4, + 3, =GN + GV,
Total capacitance, C = C; + C,
Hence, total energy after they are connected
parallel
=_1 Z-x171 @ »37F ..(iv)
2C 2 G+ (2)
(iii) Difference of energy
Subtracting Eq. (iv) from Eq. (iii), we get

U-U'= (lclvf + lczv./;]_ 1 GW + GV,
2 2 2 G +G

_GG (W -V

AU is a positive quantity.
2(G + G
Where, AU is the loss of energy in sharing
charges.

Since, AU is positive. So, there is always a loss
of energy arises. Hence, when two charged
capacitors are connected together energy loss
comes in the form of heat radiations due to
electric current while charging. (2)

49. (i) According to question,

]
|
De

++ ++ ++ +
|

+— o —>

(a) Electric field due to a plate of positive
charge at point P = ¢/2¢,
Electric field due to other plate = ¢/2¢,
Since, they have same direction,
4 o o
=4t — = —
%, 2 g
Outside the plate the electric field will be
zero because of its opposite direction. (1)
(b) Potential difference between the plates is

net

given by
V=FEd=o0d/g, (“E=0/g)M
(c) Capacitance of the capacitor is given by
c=Q_0A. _&A4 (--Q = CV)
V od d (m

(ii) According to question,

@ O

Potential at the surface of radius R
_Kq
R

_ Ko4nR® _

['g = 6 X 4TR?]
oK4nR = 4KonR

Potential at the surface of radius 2R,

=8 g = 6 x an(2R)? =160
=l S e G OTR’]

_ Kol6nr’
2R

Since, the potential of bigger sphere is more.
So, charge will flow from sphere of radius 2R
to sphere of radius R. (2)

So, = 8KonR

50. (i) (a) When a conductor is placed in an external

electric field the free charges present
inside the conductor redistribute
themselves in such a manner that the
electric field due to induced charges
opposes the external field within the
conductor. This happens until a static
situation is achieved, i.e. when the two



fields cancels each other, then the net
electrostatic field in the conductor
becomes zero. m

External
electric field

(b) Dielectrics are non-conducting substances
i.e. they have no charge carriers. Thus, in a
dielectric free movement of charges is not
possible. When a dielectric is placed in an
external electric field the molecules are
re-oriented and thus, induces a net dipole
moment in the dielectric. This produces an
electric field.

However, the opposing field is so induced
that it does not exactly cancel the external
field. It only reduces it.

Both polar and non-polar dielectric develop
net dipole moment in the presence of an
external field. The dipole moment per unit
volume is called polarisation and is
denoted by P for linear isotropic dielectrics.
External
electric field

P=yE

(ii) (a) At point C inside the shell.

The electric field inside a spherical shell is
zero. Thus , the force experienced by
charge at the centre C will also be zero.

" Fc=qE (E =0)

“ F.=0

At point A, |F,| = ZQ(

inside the shell

1 3Q/2
4me, x*
2
F= 3Q
4TEy X
(b) Electric flux through the shell,

, away from shell

.3 x magnitude of the charge enclosed
€
by the shell.
= d=1/gy X Q/2=10Q/2¢, (2)

51. (i) To find the energy stored in the capacitor

charge configuration, suppose the conductors
1 and 2 are initially uncharged.

Let positive charge be transferred from
conductor 2 to conductor 1 in very small
installments of each till conductor 1 get
charge +Q. By charge conservation, conductor
2 would get charge —Q.

+
0

-Q

+++++++

1 2

At every stage of charging conductor 1 is at
higher potential than conductor 2. Therefore,
work is done externally in transferring each
installment of charge.

.. Potential difference between conductors 1
and 2 is ¢q/C.

.. Potential of condenser =g/C .

Small amount of work done in giving an
additional charge dg to the condenser is

aw =4 x dg
¢

~. Total work done in giving a charge Q to the

condenser is P
=i 2 B

W= G=Q 2 N ll—_-l

B b
q=0

1Q°

W=_=
-2
As, electrostatic force is conservative. So, this
work is stored in the form of potential energy
(U) of the condenser.

U:wzlg
2C
Q=CV
2
= =L _1:p2
2 L 2
CcV=Q = U=%QV
2
Hence, U=12-=£aﬂ=lQV
2¢C 2 2

Energy density (U) is defined as the total
energy per unit volume of the condenser.



1 .2
_ Total energy (U) _ ECV

Volume (V) Ad

Using, C= % and V = Ed

22
We get, U:l(ﬁ] LM
20 4 Ad

1 2

i.e. U

Here, E is the strength of electric field in the
space between the plates of the capacitor. (2%2)

Initial condition

If we consider a charge capacitor, then its
charge would be given by g = CV

q.CV

A——38

and energy stored in it is given by
| R .
U, =-CV (1
= (1)

When this charged capacitor is connected to
uncharged capacitor,

C,V,
|]
I

||
I
CoVa

Let the common potential be V|, the charge
flow from first capacitor to the other capacitor
unless both the capacitor attain the common
potential.

= Q =CV, and Q, = CV,
Applying conservation of charge,
Q= + &
= CV =CV, + CV,
= V=V +V, (Vi =V;)
Vv
= VV=V,= >

Total energy stored on both the capacitors

| R T Eo
U,=-CV + =CV-
2= TSR

2 2
= wele(X) e e(Y)
2 2 2 2

_2cv? 1
8 4
From Egs. (i) and (ii), we get, U, < U,

i, cv? ..(ii)

It means that the energy stored in the
combination is less than that the energy

stored initially in the single capacitor. (2'2)
52. (i) «—— 28—
A 0 B
q0C_ [ Q*9 op
O e >

Let P be an axial point at distance r from the
centre of the dipole. Electric potential at point
P will be

vevi+v=—_ D, 1 4
4ne, r+a 4mg, r—a

g 1 11 4 x
dmgy|r—a r+aJ dng, r’-a’
-1 4

= : p=qg(2a
reg [ =4 (2)]

For a far away point, r>>a

sV = 1 % or Vociz
4mey r r

Thus, due to a dipole the potential at a point is
V e lf'rf’z . (2V2)
(ii) Let A be the area of each plate and C, and C,
are capacitances of the slabs.
Let initially, ¢, = C = % =C,
After inserting respective dielectric slabs.
G =KC ..(1)

and C, =K, 80(‘:/ ) 4k, 8@/2
=02 (K, + K
5 (K, )
,_C s
C, = (K, + K») ...(ii)

From Eqgs. (i) and (ii), we get

C, =C,
Cc
= KC = 5(Kl + K,)
1
= K=-(K, +K
2( 1 P), it

(i) Refer to Sol. 41 (iii),(ii) and 42 (iii) on
page 70. (3)
(ii) (a) Electric field lines due to a conducting
sphere are shown in the figure



b
- \\—Conducting
sphere having

negative charge

m

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

1
! m
54. As, charge on capacitor increases. So, we have to
work more against electrostatic repulsion and this
amount of work done will be stored in the form
of potential energy in the capacitor.
(i) We know that, g =CV = V=4/C

dW = Vdg = %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

2C

(ii) In series combination of capacitors same
charge lies on each capacitor for any value of

q 2

W = J‘idq = q_
C

0 (2]

capacitances.
+Q -Q +Q -Q +Q -Q
+- -= +-
! [ o I ol
+- +- +-
o
Ci Co Cs
— Vi ——— Vo —— Vs
o V o
+) )
Capacitors in series combination m

Also, potential difference across the combination
is equal to the algebraic sum of potential
differences across each capacitor.

ie. V=V +V,+ 1, (i)
where, V| , V,, V5 and V are the potential

differences across C, , C,, C5 and equivalent
capacitor respectively.

9=CV, >V =1

1
Similarly, V; = 4 and V= L3
2 Cs

.. Total potential difference [from Eq. (i)]

G ¢, Cs m

L p where C is equivalent

)
capacitance of combination]

1_GG+GG+GG,
C &0

= C = Cl CZ C3
Cl Cz + C2 C3 + C3 CJ_ [1]

—
.
"a
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