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1. Electric Potential

The electric potential is the physical quantity which determines the direction of charge flow
between two bodies when brought in contact. The positive charge always flows from a body at
higher potential to that at lower potential.

Definition: The electric potential at any point in an electric field is defined as the work done in
bringing a unit positive test charge from infinity to that point without acceleration.
If W is the work done in bringing infinitesimal positive test charge ¢, from infinity to given point,

then electric potential

w
V="
9y

Electric potential at any point is also defined as the negative line integral of electric field from

infinity to given point (independent of path followed).

. Fr=r =

i.e., V= —L E.dl

The unit of electric potential is joule/coulomb or volt and its dimensional formula is [ML* T A7,
2. Potential Difference

The potential difference between two points in an electric field is defined as the work done in
bringing unit positive charge from one point to another.
3. Formulae for Electric Potential
' . 3 . 1 9
(@) Due to a point charge ¢ at a point distant 7 is V' = P
0
(b) Due to a short electric dipole at a distance r from its centre
1 P

1) atitsaxisis V' =——
© 4me, 2

(1) atits equatorial position, I/ = 0
(1) at a general point having polar coordinates (r, 0) with respect to centre of dipole is

-
7= 1 pcos
4me, 42
(¢) due to a system of charges is
N 1% KL In
[+ V4 ..+, = = t—t ot
F=] V V Z 47EEU f 47’[5(][ " ) Y

4. Equipotential Surface

An equipotential surface is the surface having the same potential at each point. The surface of a
charged conductor in equilibrium is a equipotential surface.
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5. Electric Potential Energy of a System of Point Charges

z —— e
: : . : : 1 4%
If ¢, and g, are point charges at separation r,, then electric potential energy U = i T
If there are n point charges ¢,, gy,.... ¢, In system at separation r;; between i and jlh charge

(i=1, 2,..., n, j=2, 3,...n) then potential energy of system
1 7:9;
XX

il PR
0ty>1 Y

" 4me (=1, 2,..., m, j=2, 3,..n)

6. Electric Potential Energy of a Dipole in Uniform Electric Field
Potential energy of dipole in uniform electric field is
U=—pE cos 0 =—?;. E
Work done in rotating the dipole in uniform electric field from inclination 0, to 0,
W=Uy-U,=pE (cos 8,- cos 05)
If dipole is initially in stable equilibrium position (8,=0) and finally its inclination is 6, then
W= pE (1- cos 0)
7. Conductors and Insulators

Conductors are those substances which contain free charge carriers and so allow easy flow of
current.
Insulators are those substances which contain practically no free charge carriers and do not allow
the flow of current.

8. Free and Bound Charges Inside a Conductor
The electrons are free charge carriers inside a metallic conductor while positive ions fixed in lattice
are bound charge carriers.

9. Dielectrics and Electric Polarisation

The insulators are often referred as dielectrics. Each dielectric is formed of atoms/molecules. In
some dielectrics the positive and negative charge centres coincide, such dielectrics are said to be

non-polar dielectrics. While in some other dielectrics the centres of positive and negative charges
do not coincide, such dielectrics have permanent electric dipole moment and said to be polar
dielectrics. The example of polar dielectric is water, while example of non-polar dielectric is carbon
dioxide (CO,).
When a dielectric is placed in an external electric field, the centres of positive and negative dipoles
get separated (in non-polar dielectrics) or get farther away (in polar dielectrics), so that molecules
of dielectric gain a permanent electric dipole moment; this process is called polarisation and the
dipole is said to be polarised.
é The induced dipole moment developed per unit volume in an electric field is called polarisation
8 density. Numerically it is equal to surface charge density induced at the faces which are perpendicular
% to the direction of applied electric field.

10. The Behaviour of a Conductor and Dielectric in the Presence of External Electric Field.

Conductor Dielectric

—_— s

—_—r +—
E
E—— K

where K is dielectric constant

I. No electric field lines travel inside conductor. 1. Alignment of atoms takes place due to electric

field.
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2. Electric field inside a conductor is zero. 2. This results in a small electric field inside
dielectric in - opposite direction.

Net field inside the dielectric is — .

K

11. Capacitor and Capacitance

A capacitor contains two oppositely charged metallic conductors at a finite separation. It is a device
by which capacity of storing charge may be varied simply by changing separation and/or medium
between the conductors.

The capacitance of a capacitor is defined as the ratio of magnitude of charge (Q) on either plate and
potential difference (V') across the plate, i.e.,

The unit of capacitance is coulomb/volt or farad (F).
12. Combination of Capacitors in Series and Parallel

(a) Series Combination: When capacitors are connected in series, then net capacitance C is given by
1 1 1 1
G G " € * C,
Net charge Q=¢,= ¢, = ¢4 (remain same)
Net potential difference V=V +V,+V;
(b) Parallel Combination: When capacitors are connected in parallel, then the net capacitance
C=C,+Cy+Cy
In parallel combination net charge Q = ¢, + ¢o + ¢3

Net potential difference V=V,=V,=Vy (remain same)

13. Capacitance of Parallel Plate Capacitor

A parallel plate capacitor consists of two parallel metallic plates separated by a dielectric. The
capacitance is given by

Ke()A
C =
d

where K is dielectric constant, A = area of each plate and d = separation between the plates.

’

Special Cases:
(1) When there is no medium between the plates, then K=1, so
€,4
= 0 = (I'

"
“vacuum d 0

(1) When space between the plates is partly filled with a medium of thickness ¢ and dielectric
constant K, then capacitance
€,4 (Y |
0 0
C = —

d—t+][< d_t(l-lf)

Clearly, C>C,, i.e., on introduction of a dielectric slab between the plates of a parallel plate capacitor,
its capacitance increases.

14. Charge Induced on a Dielectric '
+ + + + + + + +

g =- q(l—-%) where ¢ is free charge on the capacitor plates. NS -9
dielectric '

geccccccccccccccececceccccccccc
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15. Energy stored in a Charged Capacitor

9
1., 2 1
U=9C =9¢ =

This energy resides in the medium between the plates.

The unit is joule (J) . The energy stored per unit volume of a charged capacitor is given by

U | 9
u= v = 5801‘:

where E is electric field strength. The unit is joule/ms(]/m:‘)

Selected NCERT Textbook Questions

Electric Potential and Potential Energy

. 1. Two charges 5 X 10 C and - 3 x 107 C are located 16 cm apart. At what oint(s) on the line
g P P
joining the two charges is the electric potential zero? Take the potential at infinity to be zero.

Ans. Let P be a point on the line joining charges —— (16-x) cm
¢, =5x10"Candgy=-3 x 10° Catadistance ="~~~ """ """"°" ; Gmce "
x cm from charge ¢,. e e e I 3

e g,=5x10°C P g, ==3x107°C

Its distance from charge ¢, will be (16 —x) cm.
For potential at P
1 4 1 % B | 9

V+V,=0 =& =0=>—+—=0
1 2 = 47'[80 h 47'[80 72 = " Ty

Given, r; = xcm = x X 1072 m, ro = (16 —x) cm = (16 —x) X 10 m

5x10° | (-3x107%

xX1072  (16-x)x 1072
3 _ 3

(16 - x) (16 - x)

- = 5(16-x)=3%or 8x =80 or x=10cm
Q. 2. A regular hexagon of side 10 cm has a charge 5 nC at each of its vertices. Calculate the
potential at the centre of the hexagon.
Ans. Key idea: The potential due to similar charges is additive.
Let O be the centre of the hexagon.
In triangle OAB all angles are 60°, so
OA=0B=A4B =a X
A a\
A B

=[Ot

5
0=>x—

=

So, in a regular hexagon distance of each corner from centre is
equal to the side of the hexagon
r=04A=0B=0C=0D=0E=0F=a=10cm=0.10m

1 g
4me, -

The net potential at O,V = 6X

Here ¢ = 5pC =5x107°C, a = 0.10m

-6

V=6x9x10"x5Hx 10
0.10

=2.7%x10° volt

Q. 3. Two charges 2 uC and - 2 uC are placed at points 4 and B 6 cm apart.
(a) Identify an equipotential surface of the system.

(b) What is the direction of the electric field at every point on this surface?
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Ans. (a) Let P(x, y) be a point on zero potential surface. Let A (location WP xy)
of charge ¢ = 2 uC) be origin of coordinate system. ';1/'/ i‘ \\\[2
b5 G 9 < 7 I- S
Distance 7, = y/x* + % Distance 7, = y/(d — x)” + S - I—— ———\3(!-28
. ) A2uc X 'C (d-) -2uC
whered = 6cm =6 X 107 m. Q'
) ) +—d=6cm—>
Potential at P due to charges ¢, = + 2 pCand ¢, = -2 puCis
given by
., C -6 _2 l -6
:lq_|+lq__:0:> 12>f10‘+l (><‘O)‘:0
41128“ h 47(8(, % 47[8() ,;x" + yl 47t8” \,((1 = x)‘) + _\")
or ‘)1 A l‘) = =>x2+_v2=(d—x)2+y2=>x=;—l=3cm
4y Jd-n+y 3 :
So, plane passing through mid point of line joining A and B has zero potential »E
everywhere.
(b) The direction of electric field is normal to surface PCQ everywhere as shown Q =
in figure.

Q. 4. A charge 8 mC is located at the origin. Calculate the work done in taking a small charge of
-2x10™ C from a point P(0, 0, 3 cm) to a point Q(0, 4 cm, 0) via a point R(0, 6 cm, 9 cm).
Ans. In electric field the work done in carrying a charge depends only on initial and final points and
is independent of path.
The points P Q, R are shown in figure. Charge ¢ = 8 mC=8 X 10~ C is located at the origin O. Clearly,
OP=7r,=3%cm=3%x10"m
00=ry=4%4cm= 4x10%m
As electrostatic field is conservative; so the work done
is independent of path. Hence, work done along path
PRQ (path 1) is same as work done along path PQ
directly (path 2). By work-energy theorem, the work
done is simply the change in electrostatic potential
energy at two positions of charge g(say)=-2x10~ C

R
(0,6 cm, 9cm)

Work, W=Potential energy of system when charge ¢, is at
0 —Potential energy of system when charge ¢, is at P
1 %% 1 %% 1 ( 1 1 ) X

= N — - e ([q
1 P 0
4ne, % 4mg, 'p  4mg,
Substituting given values, we get

o Tp

1
_ _ -
4x1072 3x10‘2] el ( 12
Q. 5. A cube of side b has a charge q at each of its vertices. Determine the potential and electric field
due to this charge array at the centre of the cube.

[s

W=9x10"%(8x107)x(-2x 107"

) = 1.2 joule.

Ans. O is the centre of cube ABCDEFGH. Charge ¢ is placed at each of eight corners of the cube.
Electric Potential: Side of cube = b

Length of each diagonal =./b* +b* +b° =/3b 7 G

: : 30
Distance of each corner from centre O = half the diagonal = J_T E —(H
3 9 g0
Potential at O due to charge at each corner = . g . - g . B
4me, (N3 b/2) 4me, V3 b
. Net potential at O due to all 8 charges at corners of the cube Pe————C

1 % 1 16¢g

V =8X =
47t€0 /§ b 47t€0 ﬁ b

CAPAGITANCE
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Electric Field: The electric field at O due to charges at all corners of the cube is zero, since,
electric fields due to charges at opposite corners such as A and H, G and D, B and £, F and C are
equal and opposite.

Q. 6. Two tiny spheres carrying charges 1.5 pC and 2.5 nC are located 30 cm apart. Find the potential
and electric field
(a) at the mid-point of the line joining the two charges, and
(b) at a point 10 cm from this midpoint in a plane normal to the line and passing through the
mid-point.
Ans. The potential due to similar charges is additive while electric field at a point due to individual
charges are added vectorially.

(a) The electric potential at mid point O, A £, D— E, E
—r——xn—»
V = 1 (q_l.f.&] q;,=1.5uC q,=2.5 uC
dme \ % % r=30cm=0.30m
0-30

Here, X =X, =? =0-15m

. -6 o, -6 _ i
V=9x10*‘[15’<10 +z5><10 }zgxl(]g[lelO[’+5?0x1()4’}

0-15 0-15

—9><10">< 5 ><10-":24><105

Electric field at O due to ¢, is towards AB and that due to o 1s towards BO . The net electric
field at mid point O is

Eek—f L [ _ @ |_g,q|25x10" 15x107
C ey (015 (0-15)

= 4.0 X 10° N/C directed from g, to ¢,.
(b) Let P be a point at distance 10 cm = 0.10 m from O, in a plane

normal to line AB.

AP = BP = J(0-15)* +(0-10)* = 0-18m
Electric potential at P2

e %
" d4me, | (AP) (BP) " .
a4 X4 0 X3 ds

_9x109[1‘5x10'(" 2-5x10“*} <015 m —»><+015m —»

+
0-18 0-18

_ 9x107x4.0x107
0.18
Electric field at P due to ¢,

=2.0x10°V

q " KX —6 —
. — along AP = 9x10" x 710) along AP
07 (0.18)"

R

I~ 4re

Electric field at P due to ¢,

. q ; Fe . 6
E, = : z, along BP = 9x10°x ﬂ along BP
2 AmE o) (0.18)2

Resolving £ and E, along and normal to AB.

Net electric field along BA, E_=E,cos 0 - E, cosf

CAPAGITANCE



I“""“"" A E P STUDY CIRCLE CBSE PHYSICS BoROHENIIAL

mEpyuny
B2 POTENTIANS CAR,
R L

= (Ey— E,)cos0 = (E,— E,) -~

~ -6 -6
=9X10{2-ox10 ~1-5x10 Jx(o-wj

(0-18)° 0-18

_9x10”x1.0x10° X(O.15
(0.18)* 0.18
Net electric field normal to AB, E,=(Ey+E) sin 6

]z 2.3x10° N/C

=9X109[2-5x10‘6 +1-5x10’6}<0-10

(0-18)° 0-18
. -6 _
—gsel 0P 2010 10 6 ss10PNIC
0187 18

Net electric field E = \/Ef +E} = \/(2-3x 10°)* +(6:2x10°)* =6.6 X 10° N/ C
If o is the angle made by resultant field with AB then

TP B L Y
E, 2.3x10°
= o =tan” (2.69) = 69.6°

That resultant electric field at point P is 6.6 x10° N/C making an angle 69.6° to the line
joining the charge 2.5 nC to 1.5 pC.

Q. 7. Inahydrogen atom, the electron and proton are bound at a distance of about 0.53 A.
(a) Estimate the potential energy of the system in eV, taking the zero of potential energy at
infinite separation of electron from proton.

(b) What is the minimum work required to free the electron, given that its kinetic energy in
the orbit is half the magnitude of potential energy obtained in (a)?

(c) What are the answers to (a) and (b) above if the zero of potential energy is taken at 1.06 A
separation? [HOTS]

Ans. (a) Charge on proton ¢;= + 1.6x1077C
Charge on electron g,= - 1.6x107" C
Separation r=0.53 A=053x10""m

Potential energy of system U=U,,, - U, ..
_ 1
4ne, r

(1.6x10™)(-1.6x10™")
0.53x107"
=—4347x107"]
As1eV =1.6x10"" J, we have
43.47x107"
1.6x107"

(b) Kinetic energy is always positive, so kinetic energy of electron =

=9x10" x

eV =~-272eV
27.2

=13.6 eV

Total energy of electron =-27.2+13.6 =-13.6 eV
Minimum work required to free the electron =-Total energy of bound electron=13.6 eV

(c) Potential energy at separation, 7, = 1.06 A is
U, = 41 ﬂ
me, 7
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(1.6 X 107" (=1.6 x 107"

=9x10"x 0
1.06 X 10
=-21.73 x 10 ] =-13.6eV
Potential energy of system when zero of potential energy is taken at r, = 1.06 A
U=U@)-U,=-272+13.6 =-13.6eV
Now total energy of hydrogen atom is zero
Minimum work = E-U = 0- (- 13.6) eV = 13.6 eV

If one of the two electrons of a H, molecule is removed, we get a hydrogen-molecular ion Hy . In
the ground state of an H._}L, the two protons are separated by roughly 1.5 10&, and the electron is
roughly 1 A from each proton. Determine the potential energy of the system. Specify your
choice of the zero of potential energy. [HOTS]
The choice of zero potential energy is when all charges are c

initially at infinite distance apart. AP
The system of charges: 2 protons (each of charge +¢) and an
electron (of charge - ¢) is shown in figure.

The potential energy of system L 1A

s, L [(e_e) e(~e) e(—e)}
4me, | 14y Tac e
1 Pz[L_L_L] LA 5h ‘o
4me, Taig Tac The

Given: r,5=154A =1.5%x10""m, 7, = rgc =14 =10""m, ¢ = 1.6 x107'°C

U=9x10"x(1.6x107%) [1.5 x110‘”' } 101-"’ ) 101-"’]
=9 x 2.56 x 107 x (- 3

=-30.72 x 1079]
Converting it into eV (keeping in mind 1 eV=1.6x10""])
_ -30.72x 107"

1.6x 107"
Thus, electrostatic potential energy of system
U=-30.72x10"" joule or -19.2 eV

Two charged conducting spheres of radii a and b are connected to each other by a wire. What

is the ratio of electric fields at the surfaces of the two spheres? Use the result obtained to
explain why charge density on the sharp and pointed ends of a conductor is higher than on its

eV =-19.2eV

flatter portions. [HOTS]
When conducting spheres are connected by a wire, the potential of each sphere will be the same.
e, V=V,
If ¢, and g, are charges on them after connection, then
1&_ 1&
4ne, a 4me, b
h _a
Ratio of charges —=— vosft
‘ B 4 @

That is, the ratio of charges on two spheres after their electrical contact is the same as the ratio
of their radii.

CAPAGITANCE
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Electric field strengths on the surfaces of two spheres

E = 41 q_!” E, = 1 q_j
nE, a 4ne, b
E, s B i:(ﬁ) ([_)) [using (¢)]
E, ¢ a \b)\a
or 1= L
E, a

Thus, the ratio of electric field strengths on their surfaces is equal to the inverse ratio of their
radii.
If 5, and o, are the surface charge densities of two spheres, then ¢, =4n a’c, and ¢, =4n b* 5,

2
From (i), dma’c, _a

4nb’c, b G, a

o, b

A flat portion is equivalent to a spherical surface of large radius and a pointed portion that of
small radius.

Oflac _ small

csp()ime(l l’dl‘ge

Obviously, charge density on flatter parts is very small and on sharp and pointed ends it is very

large.
Q. 10. A small sphere of radius r; and charge ¢, is enclosed by a spherical shell of radius r, and
charge g,. Show that if ¢, is positive, charge will necessarily flow from the sphere to the shell
(when the two are connected by a wire), no matter, what the charge ¢, on the shell is.
Ans. The potential of inner sphere (due to its own charge and due to charge on shell) is
dme, (% A
4ot
Polenilofsdl, =02 d
o 47'(60 )
. Potential difference, V=1V, -V, = - ﬂ - ﬂ
LS 4me .\ %
This is independent of ¢,. If ¢, is positive, the potential of inner sphere is always greater than
the potential of shell; so if both inner sphere and shell are connected by a wire, the charge will
necessarily flow from sphere to shell.
Capacitors
Q. 11. A parallel plate capacitor with air between the plates has a capacitance of 8 pF (1pF = 107'* F).
What will be the capacitance if the distance between the plates is reduced by half and the
space between them is filled with a substance of dielectric constant 6?
Ans. Capacitance of parallel plate air capacitor,

el g (1)

When separation between the plates becomes%and the space between the plates is filled with
dielectric (K = 6), then new capacitance

| Ke,d  2Keyd
= 2 d k)

Es POVENTIAL
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Ans.

Q. 12.

Ans.

Ans.
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=5 T=2K

or € =2KC=2x6x8pF = 96 pF

Three capacitors each of capacitance 9 pF are connected in series:
(a) What is the total capacitance of the combination?

(b) What is the potential difference across each capacitor if the combination is connected to
120 V supply?
(@) Given C; = Cy = C4 = 9 pF
When capacitors are connected in series, the equivalent capacitance Cy is given by
1 1.1 1 1.1 .1 & 1

¢GG C C C 9 9 9 9 3
Cg=3pF
(b) In series, charge on each capacitor remains the same, so charge on each capacitor
q=CsV=(3X 1072 F) x (120 V) = 3.6 x 107" coulomb
4 _36x107"
G, 9x107™"?

Three capacitors of capacitances 2 pF, 3 pF and 4 pF are connected in parallel.
(a) What is the total capacitance of the combination?

Potential difference across each capacitor, V' = =40V

(b) Determine the charge on each capacitor if the combination is connected to a 100 V supply.
C,=2pFK Cy,=3pF C3 =4pF
(a) Total capacitance when connected in parallel, C, = C; + Cy + €3 =2+ 3 + 4 = 9 pF
(b) In parallel, the potential difference across each capacitor remains the same, i.e., V' =100 V.
Chargeon C, = 2pFisq, =C,V =2 x 107 x 100 =2 x 107° C
Charge on Cy = 3 pF, g, = CoV =3 x 1072 x 100 = 3 x 107°C
Charge on Cy =4 pF, g5 = CsV =4 x 107 x 100 =4 x 107" C
In a parallel plate capacitor with air between the plates, each plate has an area of 6 X 10~ m?
and the distance between the plates is 3 mm. Calculate the capacitance of the capacitor. If this

capacitor is connected to a 100 V supply, what is the charge on each plate of the capacitor?
[HOTS]

Capacitance of parallel plate air capacitor

_&4

d

GivenAd =6 X 10" m%d=3mm =3 x 10~ m, g, = 8.85 X 107"% F/m.

g=d 88X XGTT 17 g,q9 ¥
d 3x10~
Charge on each plate of capacitor,
Q=CV=17.7x 107" x 100 = 1.77 x 10™ coulomb = 1.77 nC

Explain what would happen if in the capacitor a 3 mm thick mica sheet (of dielectric

constant = 6) were inserted between the plates given in Q 14 above.

(@) While the voltage supply remained connected.

C

(b) After the supply was disconnected.
Capacitance of parallel plate air capacitor,
€,4

0

=g

=177 % 10% F= 177 pF

CAPAGITANCE
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When dielectric is introduced between the plates, the new capacitance
Ke,A
C'=
d
(@) When voltage supply remains connected, voltage across plates remains 100 V and so charge
becomes 6-times = 6 X 1.77 nC = 10.62 nC.

= 6% 17.7 pF = 106.2 pF.

(b) When voltage supply was disconnected, the charge on each plate remains the same ¢ = 1.77 nC.

q 1

As capacitance is increased to K times, the potential difference V' = = must decrease to X
times.

New potential difference ' = v _100 =16.6 volt
K 6

Q. 16. A 12 pF capacitor is connected to a 50 V battery. How much electrostatic energy is stored in
the capacitor? 1
Ans. Electrostatic energy stored in capacitor, U = §(,‘V‘-’

Here C=12pF=12x 1072 E V=50V
U:%xmxlo-“—’x(sof:1.5x10'“]

Q. 17. A 600 pF capacitor is charged by a 200 V supply. It is then disconnected from the supply and
is connected to the another uncharged 600 pF capacitor. How much electrostatic energy is lost
in the process?

Ans. Given, C, = 600 pF = 600 x 107 F, , = 200 V

1 1

Initial energy stored, U, .., = §C1V12 =3 X 600x10™* x (200)* =12x107° ]

nitial

When another uncharged capacitor C,=600 pF is connected across capacitor C; then common
potential difference
p=d tg _CGVi+0_ GV
G+C C+C, G +C,
600 X 107" x 200

= ~=100V
(600 + 600) x 1072

. Final electrostatic energy, Up,.i =é C +C) V= : (600 +600)x107"*x (100)* =6x107° ]

2

. Energy lost, AU = U, U =12%107° - 6% 10°=6%107"]

initial —

Q. 18. An electrical technician requires a capacitance of 2 uF in a circuit across a potential difference
of 1 kV. A large number of 1 uF capacitors are available to him, each of which can withstand
a potential difference of not more than 400 V. Suggest a possible arrangement that requires a
minimum number of capacitors. [HOTS]
Ans. The potential difference can only be increased by connecting capacitors in series, while
capacitance can only be increased by connecting capacitances in parallel.
To acquire the required arrangement let there be m rows, connected in parallel, each row
containing n capacitors in series. Then total number of capacitors N=mn.
If IV is the net potential difference and V, the potential difference across each capacitor, then

. V 1kV 1000V .
enN=—=——= =9.h
IV, 400V 400V

Asn cannot be a fraction, we must take n = 3. If C;; is capacitance of each capacitor, the capacitance

V =nV

0

C
ofarow ==
n

As m rows are connected in parallel, net capacitance
C- mC,
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Given, C=2 pF and Cy=1pF, n=3
m X (1F) 2x3
=g orm=— =6
Minimum number of capacitors, N = mn=3x6=18

What is the area of the plates of a 2 F parallel plate capacitor, given that the separation between
the plates is 0.5 cm? [You will realise from your answer why ordinary capacitors are in the
range of UF or less. However, electrolytic capacitors do have a much larger capacitance (0.1 F)
because of very minute separation between the conductors.]
Capacitance of a parallel plate capacitor
oA
d

2X(0.5X107%)
Area 4= - 5 = 113X10°m’
0 8.85X107°°
This is too large. That is why ordinary capacitors are in the range of pF or even less. However, in
electrolytic capacitors the separation (d) is very small, so they have capacitances of the order of 0.1 F.

Obtain the equivalent capacitance of the network in figure alongside.

For a 300 V supply, determine the charge and voltage across 911
each capacitor. 106'pp
Given, C,= C,= 100 pF, Cy, = C3=200 pF.
The capacitors Cy, and Cy are connected in series. Their C, Cs
. o : ]} 11
equivalent capacitance T "
! GO, 200x200 2000820008 L
C'=—23 -0 100 pF * 300V
C,+C, 200+200 & BI‘
|}
The combination of Cy and Cj (i.e., C') is connected in parallel 1OIO' pF

with C,, therefore, equivalent capacitance of C; and C’,
C"=C,+ C'=100+ 100 =200 pF
The capacitance C" is in series with C,; hence equivalent capacitance between A and B.
_C"C; 200x100 200
T C'+C, 2004100 3

pF=66-7 pF

Total charge, Q =CV = (220 107*F )x (300V)=2x10" coulomb

As C, is connected in series with battery, charge on C, is, Q, = 2X [l

L _ 2x10°%¢
Potential difference across Cyis V, = & = 2—1, =200V
Cy 100X 1077F
As Cy and Cy have resultant capacitance C' equal to C; =100 pF, so the charge Q is equally

Q
divided among two branches; charge on €, is Q; = =1X 10°Cc=10"*C
Charge in branch Cyand Cy is also 1x 107 C. As charge in series remains same, so charges on C,
and C, are equal to 1x107° C.

Q;=Q;=10°C

-8
Potential across C, =V, = &— L: 100V

¢, 100x 10"

-8
Potential across, ¢, = &: L_ﬂ-: 50V
© G, 200x 107
=
Potential across, ¢, = %= L: 50V

C, 200x10"
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Q. 21. The plates of a parallel plate capacitor have an area of 90 cm? each and are separated by
2.5 mm. The capacitor is charged by connecting it to a 400 V supply.

l%
(a) How much electrostatic energy is stored by the capacitor?
(b) View this energy as stored in the electrostatic field between the plates and obtain the
energy per unit volume u. Hence arrive at a relation between u and the magnitude of
, electric field E between the plates. [HOTS]
Ans. (a) Given area, A=90 cm* =90x 107" m?
Separation, d=2.5 mm =2.5X 10 m

A 8.85x10"2x90x10™
d 2.5x107°

Capacitance, C = =31.9x10"°F = 31.9 pF

Energy stored,
U %(;V2 _ %x 31.9x107 x (400)° = 2.55 X 10° ]

(b) Volume of space between the plates
V=A4d=90%x10"%x25x107 = 225x 10°m’
. Energy density or energy per unit volume
U _ 255x107

u=—="—"——"—=0.113 Im
V. 995%x107° ]

Expression for energy stored per unit volume

L ;[/3 l_(l) 2 4
N0 W A VY5
d

V. Ad ad 2%

If E is electric field strength between the plates, then £ = —

Energy density, y = %s(,EE

Q. 22. A 4 pF capacitor is charged by a 200 V supply. It is then disconnected from the supply and
is connected to another uncharged 2 uF capacitor. How much electrostatic energy of the first

capacitor is lost in the form of heat and electromagnetic radiation? [CBSE (F) 2012]

Ans. Given,C, =4 pF=4 x 10°F, ¥, =200 V
Initial energy of first capacitor
U = %C,V,"’:éx(élx 107) x (200)* = 8x107* ]
When another uncharged capacitor C, = 2 puF, is connected across first capacitor
Common potential,
Gtg _ GNMTO0  4x10°%x200 _ 400

V=— — = — — = — = ——volt
C,+C, C+C  @+9x10° 3

Final energy, U, =

r\ol'—-

92

« +C)V'—;x(4+2) x107° (4(;0)

=10 10 J=533x107]

3
z Energy loss, AU = U; - Uy = 8 X 102-5'33 x 107 = 2.67 X 1072 ]
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Multiple Choice Questions

Choose and write the correct option(s) in the following questions.

1.

I""I"I"" A E P STUDY CIRCLE CBSE PHYSICS

The ratio of charge to potential of a body is known as
(@) capacitance (b) inductance (¢) conductance (d) resistance

On moving a charge of 20 C by 2 cm, 2 ] of work is done. Then the potential difference
between the points is

(@ 0.1V (b)8V )2V (d) 0.5V

In brining an electron towards another electron, the electrostatic potential energy of the system
(@) increases (b) decreases

(¢) remains unchanged (d) becomes zero

Electric potential of earth is taken to be zero, because earth is a good

(a) insulator (b) conductor (¢) semi-conductor  (d) dielectric
Some charge is being given to a conductor. Then, its potential

() 1s maximum at surface.

(b) is maximum at centre.

(¢) remains the same throughout the conductor.

(d) 1s maximum somewhere between surface and centre.

Equipotential surface associated with an electric field, which is increasing in magnitude along
the X-direction, are

(a) planes parallel to YZ-plane.

(b) planes parallel to XZ-plane.

(¢) planes parallel to XY-plane.

(d) coaxial cylinder of increasing radii around the X-axis.

. What is angle between electric field and equipotential surface?

(a) 90° always (b) 0° always (¢) 0° to 90° (d) 0°to 180°
A positively charged particle is released from rest in an uniform electric field. The electric
potential energy of the charge [NCERT Exemplar]

(@) remains a constant because the electric field is uniform.

(b) increases because the charge moves along the electric field.

(¢) decreases because the charge moves along the electric field.

(d) decreases because the charge moves opposite to the electric field.

Figure shows some equipotential lines distributed in space. A charged object is moved from

point A to point B. [NCERT Exemplar]
. SRy U . o B .

Ae | eB | A% eB . Ae | eB

10V 20V 30V 40V 50V 10V20V 50V 10V 20V 40V 50V
(i) (ii) (iii)
a) The work done in Fig. (i) is the greatest.
b) The work done in Fig. (ii) is least.
¢) The work done is the same in Fig. (i), Fig. (i1) and Fig. (7).
d) The work done in Fig. (iii) is greater than Fig. (i7) but equal to that in Fig. (i).

(
(
(
(
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10. The electrostatic potential on the surface of a charged conducting sphere is 100 V. Two
statements are made in this regard: [NCERT Exemplar]
S, : At any point inside the sphere, electric intensity is zero.
S, : At any point inside the sphere, the electrostatic potential is 100 V.
Which of the following is a correct statement?
(a) S, istrue but S, is false.
(b) Both S, and S, are false.
(¢) S,istrue, Sy is also true and S, is the cause of S,.
(d) S, 1is true, S, is also true but the statements are independent.

11. Equipotentials at a great distance from a collection of charges whose total sum is not zero are
approximately [NCERT Exemplar]
(a) spheres (b) planes (¢) paraboloids (d) ellipsoids

12. Four capacitors, each 50 nuF are connected as shown. The DC voltmeter V reads 100 V. The charge
on each plate of each capacitor is

—h=
#Hi=

Battery
@ 2x10°C )5 x 107 C ) 0.2C @) 0.5C
13. The variation potential V' with r and electric field E with r for a point charge is correctly shown
in the graphs.

(a) (b) () ()
l2 l2 l2 lg 5
= ki sl s ; s
oc oc oc oc
>>v > v ==l N7 > v
[ — [ — [ — [ —>

14. A parallel plate capacitor is made of two dielectric blocks in series. One of the blocks has
thickness d; and dielectric constant k; and the other has thickness d, and dielectric constant
ky, as shown in figure. This arrangement can be thought as a dielectric slab of thickness
d (= d,+d,) and effective dielectric constant k. The £ is [NCERT Exemplar]

kd+kd kd+kd kk (d+d) 2k k,
@) 1d1+d2 2 ) 1k1+kz 2 © 1 ;:kdz @ +
1 % T~ g kid, +k,d, ki
15. Equipotential surfaces [NCERT Exemplar]

(a) are closer in regions of large electric fields compared to regions of lower electric fields.
(b) will be more crowded near sharp edges of a conductor.

(¢) will be more crowded near regions of large charge densities.

(d) will always be equally spaced.
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16. A 2 pF capacitor is charged to 200 volt and then the battery is disconnected. When it is

connected in parallel to another uncharged capacitor, the potential difference between the
plates of both is 40 volt. The capacitance of the other capacitor is
(@) 2 uF (b) 4 uF (c) 8 uF (d) 16 uF

17. Two identical metal plates, separated by a distance d form a parallel-plate capacitor. A metal

sheet of thickness d/2 is inserted between the plates. The ratio of the capacitance after the
insertion of the sheet to that before insertion is

V2 :1 (b)2:1 () 1:1 (d) 1
18. n identical capacitors joined in parallel are charged to a common potential V. The battery is
disconnected. Now, the capacitors are separated and joined in series. For the new combination:
(a) energy and potential difference both will remain unchanged

(b) energy will remain same, potential difference will become nlV’
(¢) energy and potential both will become n times
(d) energy will become n times, potential difference will remain V.

19. The capacitance of a capacitor becomes l times its original value if a dielectric slab of

6

thickness t = %d is introduced in between the plates, where d is the separation between the
plates. The dielectric constant of the slab is
14 11 &, 11

@ 7 ) 11 © 17 (d) 3

20. Two capacitors of capacitances 3 pF and 6 puF are charged to a potential of 12 V each. They are
now connected to each other, with the positive plate of each joined to the negative plate of the
other. The potential difference across 3 pF will be
(@) 3V (b) zero () 6V (d) 4V

21. The plates of a parallel plate capacitor are 4 cm apart, the first plate is at 300 V and the second
plate at — 100 V. The voltage at 3 cm from the second plate is
(@) 200V (b) 400 V (¢) 250 V (d) 500 V

22. In the case of a charged metallic sphere, potential (V) changes with respect to distance (r) from
the centre as

(a) 4 (b) t
? | —\
> >
r—-» o r— y
) 4 @ %
t t x
> >
r-» . r—> g

23. Three capacitors of capacitance 1pF, 2 uF and 3 pF are connected in series and a p.d. of 11 V
is applied across the combination. Then, the p.d. across the plates of 1 uF capacitor is

(@) 2V (b)4V © 1V d) 6V

s RN
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24. 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
Q
4me,R®

) Q d Q
A an <
‘ 4me R 4me,R>

(a) zero and (b) dme,R and zero

(d) both are zero

25. Four point charges - Q, - g, 2q and 2Q are placed, one at each corner of the square. The
relation between Q and ¢ for which the potential at the centre of the square is zero is

1
@ Q=51 b Q=-¢
1
(c) )=—-2—(1 d)Q=q
Answers

1. (a) 2. (a) 3. (a) 4. (b) 5. (¢) 6. (a)
7. (a) 8. (¢) 9. (¢) 10. (c¢) 11. (a) 12. (b)
13. (b) 14. (c) 15. (a), (b), (c) 16. (c) 17. (b) 18. (b)
19. (a) 20. (d) 21. (a) 22. (b) 23. (d) 24. (b)
25. (b)

Fill in the Blanks [1 mark]

1. The magnitude of electric field is given by the change in the magnitude of potential per unit

normal to the equipotential surface at the point.

2. For linear isotropic dielectrics, P= x(,T:P who ¥, is a constant characteristic of the dielectric and
is known as the of the dielectric medium.

The potential energy of two like charged (¢,4o > 0) is

ol

The potential energy of two unlike charges (¢,4, < 0) is

The maximum electric field that a dielectric medium can withstand without break-down of its

ot

insulting property is called its

6. The dielectric constant of a substance is a factor (>1) by which the capacitance

from its vacuum value, when the dielectric is inserted fully between the plates of a capacitor.

7. It is safer to be inside the car rather than standing outside under a tree during lightening is
based on concept.
8. Equipotential surfaces due to long linear change distribution will be in shape.

Two capacitors each of capacitance 2 pF are connected in series. Equivalent capacitance will be

10.  Electric field is in the direction in which the potential steepest.

Answers

1. displacement 2. susceptibility 3. positive 4. negative
5. dielectric strength 6. increases 7. electrostatic shielding
8. cylindrical 9. 1pF 10. decreases
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Q. 1. Name the physical quantity whose SI unit is JC™'. Is it a scalar or a vector quantity?
[CBSE Delhi 2010]
Ans. Electric potential. It is a scalar quantity.
Q. 2. Why is the electrostatic potential inside a charged conducting shell constant throughout the
volume of the conductor? [CBSE 2019 (55/5/1)]
Ans. - E = 0 inside the conductor & has no tangential component on the surface.
"> No work is done in moving charge inside or on the surface of the conductor and potential is
constant.

Q. 3. In the given figure, charge +Q is placed at the centre of a dotted circle. Work done in taking
another charge +¢q from A to B is W, and from B to C is W,. Which one of the following is
correct: W, > Wy, W =W, and W; < W,? [CBSE Sample Paper 2018]

Ans. The points A and C are at same distance from the charge +Q at the centre, so
Vi="Ve
Therefore, V, -V, = Vo-V;
Hence, the magnitude of work done in taking charge +¢ from A to B or from B to C will be the
same 1.e., W, = W.

Q. 4. Figure shows the field lines on a positive charge. Is the work done °Q
by the field in moving a small positive charge from Q to P positive or p
negative? Give reason. [CBSE (F) 2014

Ans. The work done by the field is negative. This is because the charge is
moved against the force exerted by the field.

Q. 5. The field lines of a negative point charge are as shown in the figure.
Does the kinetic energy of a small negative charge increase or decrease

in going from B to A? [CBSE Patna 2015]

*B
°A

Ans. The kinetic energy of a negative charge decreases while going from point B to point A, against
the movement of force of repulsion.
Q. 6. A point charge +Q is placed at point O as shown in the figure. Is the potential difference V-V
positive, negative or zero? [CBSE Delhi 2016]
i ATTB

Ans. The potential due to a point charge decreases with increase of distance. So, V, - Vy is positive.
Explanation: Let the distance of point A and B from charge Q be r, and ry respectively.

E= POVENTIAL CAPAGITANCE
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[E = POVTENTIAL E&LCAR
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NEN
+0
V= (-7)
A B 47[80 ]"14 TB
Also ry<ry
= % & :—B = ]}—A—:—B >0 = ?1—4—§ has positive value
Also Q 1s positive.
Hence V', - 1, is positive.
Q. 7. A point charge Q is placed at point ‘0’ as shown in figure. Is the O A B
potential at point A4, i.e., V,, greater, smaller or equal to potential,
Vg, at point B, when Q is (i) positive, and (ii) negative charge? ry
[CBSE (F) 2017] 5
Ans. (1) If Q is positive,
KQ KQ
Va=—" and V= Ty
Clearly, V, >V,
(i) If Q is negative,
KQ KQ

Vi=-—=— and Vp=-=~

2
Clearly, V, <V,
Q. 8. Draw the equipotential surfaces corresponding to a uniform electric field in the z-direction.
[CBSE 2019 (55/1/1)]
Ans. The equipotential surfaces are the equidistant planes normal to the z-axis, i.e., planes parallel to
the X-Y plane.

Q. 9. A point charge Q is placed at point O as shown in the figure. The potential difference V, - V}

is positive. Is the charge Q negative or positive? [CBSE (F) 2016]
Qo ------------------ = es=sa==as= -
0] A B
Ans. We know that, = Lg
4dne, 7
= Ve C
r

The potential due to a point charge decreases with increase of distance.
Vi-Vp>0 = Vy>Vy

P

Hence, the charge O is positive.

©
=

. Depict the equipotential surfaces for a system of two identical positive point charges placed a
distance ‘d’ apart. [CBSE Delhi 2010]
Ans. Equipotential surfaces due to two identical charges is shown in figure.

@@

E= POVENTIAL
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Q. 17.

Ans.
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Ans.

Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.

Ans.

Q. 15.

Ans.

Q. 16.

Ans.

Q. 18.

Ans.

Draw an equipotential surface for a system consisting of two charges Q, — Q separated by a

distance r in air. Locate the points where the potential due to the dipole is zero.
[CBSE Delhi 2017, (AI) 2008, 2013, 2019 (55/2/1)]

The equipotential surface for the system is as shown. Electric potential is zero at all points in the
plane passing through the dipole equator AB.

A

B
Why do the equipotential surfaces due to a uniform electric field not intersect each other?
CBSE (F) 2012]
This is because at the point of intersection there will be two values of electric potential, which is
not possible.

“For any charge configuration, equipotential surface through a point is normal to the electric
field.” Justify. [CBSE Delhi 2014]
The work done in moving a charge from one point to another on an equipotential surface is zero.
If electric field is not normal to the equipotential surface, it would have non-zero component along
the surface. In that case work would be done in moving a charge on an equipotential surface.
Why is the potential inside a hollow spherical charged conductor constant and has the same
value as on its surface? [CBSE (F) 2012]
Electric field intensity is zero inside the hollow spherical charged conductor. So, no work is done
in moving a test charge inside the conductor and on its surface. Therefore, there is no potential
difference between any two points inside or on the surface of the conductor.

VA—VB - —ff.d_[= 0 = VA = VB = (Constant

A hollow metal sphere of radius 5 cm is charged such that the potential on its surface is 10 V.

What is the potential at the centre of the sphere? |CBSE (Al) 2011]
Potential at centre of sphere = 10 V. Potential at all points inside the hollow metal sphere (or any
surface) is always equal to the potential at its surface. A

A charge ‘q’ is moved from a point 4 above a dipole of dipole moment
‘P> to a point B below the dipole in equatorial plane without
acceleration. Find the work done in the process. [CBSE Central 2016]

I
I
|
I
I
I
Do i v s ST s -

Work done in the process is zero. Because, equatorial plane of a p | )
dipole is equipotential surface and work done in moving charge on :
equipotential surface is zero. i

W=gVap=9gx0=0 .
Why is there no work done in moving a charge from one point to
another on an equipotential surface? [CBSE (F) 2012]
The potential difference between any two points of equipotential surface is zero. We have

V=V, = % =0 = W=0

therefore, the work done in moving a charge on an equipotential surface is zero.

Figure shows the field lines due to a negative point charge. Give the sign
of the potential energy difference of a small negative charge between

the points 4 and B. [CBSE (F) 2014]
y-_1_ 4%
4dne, T
Since T4 <7Tp
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kg, g, kq,qs
o

r T,

A B
B Ty
Therefore, U, - Uy is positive.

Q. 19. What is the amount of work done in moving a point charge Q around a /’/_\\ A
circular arc of radius ‘r’ at the centre of which another point charge ‘¢’ is / ke
located? [CBSE North 2016] ! 0 \

. . . I
Ans. The potential of points A and B are same being equal to \ +q !
\ /
1 9 \ /
Vi= V= pre=y 1 \ o
mE, " B

where R is the radius of the circle.
Work done W= q (Vy-V,) =q V-V, =0.

Q. 20. The figure shows the field lines of a positive point charge. What will be
the sign of the potential energy difference of a small negative charge

\+
between the points Q and P? Justify your answer.
[CBSE Guwahati 2015]

Ans. The sign of the potential energy difference of a small negative charge will
be positive. This is because negative charge moves from a point at a lower
potential energy to a point at a higher potential energy.

Q. 21. Do free electrons travel to region of higher potential or lower potential? [NCERT Exemplar]
Ans. Free electrons would travel to regions of higher potentials as they are negatively charged.
Q. 22. Can there be a potential difference between two adjacent conductors carrying the same charge?
[NCERT Exemplar)
Ans. Yes.
Q. 23. Show that the equipotential surfaces are closed together in the regions of strong field and far
apart in the regions of weak field. Draw equipotential surfaces for an electric dipole.

[CBSE Sample Paper 2016]

Ans. Equipotential surfaces are closer together in the regions of A
strong field and farther apart in the regions of weak field.
dv
E=—
dr
E = negative potential gradient
For same change indV, E « dl where ‘dr’ represents the B
"
distance between equipotential surfaces. -~
Q. 24. Concentric equipotential surfaces due to a charged body placed at the 30V
centre are shown. Identify the polarity of the charge and draw the electric 20V
field lines due to it. [HOTS][CBSE Sample Paper 2016] 10V
Ans. For asingle charge the potential is given by 7 = _1 4 @
4ne, r

This shows that Vis constant if 7 is constant. Greater the radius smaller will be the potential. In the given

figure, potential is increasing. This shows that the polarity of charge is negative (- ¢). The direction of
electric field will be radially inward. The field lines are directed from higher to lower potential.

s NI
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Short Answer Questions-I [2 marks]

Q. 1. Three points 4, B and C lie in a uniform electric field (E) of 5 X 10> NC™' as shown in the
figure. Find the potential difference between 4 and C. [CBSE (F) 2009]
Ans. The line joining B to C is perpendicular to electric field, so potential of

»
»

B = potential of Ci.e., V= V. A‘C\ """ e

Distance AB =4 cm 5 c‘n‘]\ i3 cm;

Potential difference between A and C = E X (AB) \\: » E
= 5% 10° x (4 x 107?) c
= 200 volt

Q. 2. Two uniformly large parallel thin plates having charge densities +c and — ¢ are kept in the
X-Z plane at a distance ‘d’ apart. Sketch an equipotential surface due to electric field between
the plates. If a particle of mass m and charge ‘~¢’ remains stationary between the plates, what

is the magnitude and direction of this field? [CBSE Delhi 2011]
Ans. The equipotential surface is at a distance d/2 from " /+ E W @ o & /
either plate in X-Z plane. For a particle of charge I y
o = ; Equipotential
(—g) at rest between the plates, then siifacs i S b +d X
(1) weight mg acts vertically downward e e ’ i -
(i) electric force gE acts vertically upward. di2
So, mg =qE '+/+++++++/

m

E = ,vertically downward, i.e., along (-)Y-axis.

Q. 3. Plot a graph comparing the variation of potential ‘V’ and electric field ‘E’ due to a point
charge ‘Q’ as a function of distance ‘R’ from the point charge. [CBSE Delhi 2012]

Ans. The graph of variation of potential and electric field due to a point charge Q with distance R
from the point charge is shown in figure.

Q. 4. What is electrostatic shielding? How is this property used in actual practice? Is the potential

in the cavity of a charged conductor zero? [CBSE South 2016]

Ans. Whatever be the charge and field configuration outside, any cavity in a conductor remains

shielded from outside electric influence. The field inside a conductor is zero. This is known as
electrostatic shielding.

®  Sensitive instruments are shielded from outside electrical influences by enclosing them in a
hollow conductor.

®  During lightning it is safest to sit inside a car, rather than near a tree. The metallic body of
a car becomes an electrostatic shielding from lightening.
Potential inside the cavity is not zero. Potential is constant.

Q. 5. Draw 3 equipotential surfaces corresponding to a field that uniformly increases in magnitude
but remains constant along Z-direction. How are these surfaces different from that of a constant
electric field along Z-direction? [CBSE (AI) 2009]

gececccccccccccccccCCCCccC
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Ans. For constant electric field E For increasing electric field
—d4 —dj +—dq <dy

Vv 2V

3V
——» -
45 E
L
2V /SV /

dy=dp dy > d,

111

Difference: For constant electric field, the equipotential surfaces are equidistant for same
potential difference between these surfaces; while for increasing electric field, the separation
between these surfaces decreases, in the direction of increasing field, for the same potential
difference between them.

Il
=
Q. 6. Why does current in a steady state not flow in a capacitor connected
across a battery? However momentary current does flow during
charging or discharging of the capacitor. Explain. [CBSE (AI) 2017]
Ans. (i) In the steady state no current flows through capacitor because, .
we have two sources (battery and fully charged capacitor) of equal
potential connected in opposition.

(i) During charging or discharging there is a momentary flow of current as the potentials of the

two sources are not equal to each other. g

" " . 2,3

Q. 7. A test charge ‘¢’ is moved without acceleration from ( B) E
A to C along the path from 4 to B and then from \

B to C in electric field E as shown in the figure. -
(i) Calculate the potential difference between A4 \

and C. (ii) At which point (of the two) is the electric

potential more and why? [CBSE (AI) 2012] T — ON.(6,0)
Ans. (i) Since electric field is conservative in nature, the C A

amount of work done will depend upon initial >
and final positions only.

Work done W =F .d = ¢ E.d = gE.4cos 180°

=-4¢qE
w
Hence Vi=Vo=—=—4E
(i) Vi > V,, because direction of electric field is in decreasing potential.
Q. 8. Find the charge on the capacitor as shown in the circuit. y| B HF
[CBSE (F) 2014] /1
Ans. Total resistance, R = 10 ) + 20 2 = 30 Q)
y 2V 1
T = —0= = —
The current, / R=300_15 A ’V1V(\)/\£/)V\: 'WVW\/—20Q
Potential difference, VV = IR = L x10 = gV
15 3 o
e 2v !’
Charge, 1= CV =6x 3 4uC S
c/

Q. 9. Figure shows two identical capacitorg, C, and C,, each of 1 pF
capacitance connected to a battery of 6 V. Initially switch ‘S’
is closed. After sometimes ‘S’ is left open and dielectric slabs &, =— 4 WF==Ci 1uF=C;
of dielectric constant K = 3 are inserted to fill completely the  -T
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? [CBSE Delhi 2011]

Ans. When switch S is closed, p.d. across each capacitor is 6V

Vi=Ve=6V
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. 12. Find the equivalent capacitance of the network shown in the figure, when each capacitor is of
q P g P

1 pF. When the ends X and Y are connected to a 6 V battery, find out (i) the charge and (ii) the

energy stored in the network. [CBSE Patna 2015]

I

e

o

Ans. The given circuit can be rearranged as

RSicate

It is known as wheatstone bridge of the capacitor.
Since V,; = Vp, so the bridge capacitor between points A and B can be removed.

(1) The equivalent capacitor of the network
CxXC  CXC
“a C+C CH+C

Charge in the network, Q=C, V
=CXxXV
= 1pFX6V =6pC
(1) Energy stored in the capacitor,

1 ;
U= g G W= %xlpr(G)“)

: 18 1]
Q. 13. The figure shows a network of five capacitors connected to a 10 V battery. Calculate the charge
acquired by the 5 pF capacitor. [CBSE 2019 (55/3/3)]
| 5 ﬂ/\/m WF
15 pF
a —— ——10pF
| 20 uF
||
[ e
- i
Cq
o o s e Gx
Ans. Net capacitance of parallel C; & C, = C; + G, Cz

Cio = 15+5 = 20pF
Net capacitance of parallel C; & C; = C, + C;
C,; =10+ 10 = 200F

3 CioCss _ 20x20
Z C9, Cy5 in series, Cjo45 = Cl(,l:-; = 50100 = 10 nF {
10V
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Cy in parallel with C o5 = (
P.D. across C94s = 10 V
PD. across C;o = Cy5 =5V
Charge on 5pF, Q = CV
=px 10°%5C
=25 x10°C
Q. 14. Four charges +¢q, - ¢, + g and - g are to be arranged respectively at the four corners of a square

ABCD of side ‘a’.
(a) Find the work required to put together this arrangement.

+Cy = 10 + 20 = 30 pF

1245

(b) A charge g, is brought to the centre of the square, the four charges being held fixed. How

much extra work is needed to do this? [HOTS]|CBSE (F) 2015]
Ans. (@) Work done in bringing charge +¢ at point A . ”
W,=0 A :

Work done in bringing charge —¢ to the point B

1 1 ¢
Wy =W, =—qx 1 1 L
ne, a  4ng, a

Work done in bring the charge +¢ to the point C D= 4 °
We=Wict+ Wy
1 q 1 ¢ 1 q 1 ¢
=qx +qx| - <= - -
! 4me, a2 ] ( 4me, (1] 4ne, a2 4me, a
Work done in bringing a charge - ¢ to the point D
Wp=Wip+ Wypt Wep

1 g
_—— _+ -
q><4n80 a ( q)[

=4 I ¢
— + -_— —
4neg, (1\/5] a4 4ne, a

Total work done W=W,+W,+W.+W,

1 ¢ 1 ¢ 1 ¢
=9% -4 x —= I (J2-4
4ne, a2 4ne, a 4ng, a (2-4)

(b) Work done in bringing a charge from infinity to a point is given by

W=¢q,V, (V,= Electric potential at the point)
Electric potential at the centre of the square is

| + 1 - 1 T 1 _
powr (20 (oL ()L (2t
4ne, \ § 4reg,\ s 4me, \ s 4neg, \ s

and electric potential at infinity is always zero.

Hence, work done W = 0.

Q. 15. Consider two conducting spheres of radii R, and R, with R, > R,. If the two are at the same
potential, the larger sphere has more charge than the smaller sphere. State whether the charge
density of the smaller sphere is more or less than that of the larger one.

[HOTS][NCERT Exemplar]
Ans. Since two spheres are at the same potential, therefore

V, =V,

Q, Q,
4me R,  4me R,

Q R

= —— = o ift)

Q Ry

CAPAGITANCE
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Given, R, >Ry, .. Q, >0
= Larger sphere has more charge
Now, G, = Ql — and o, = Q, _
4n R ° 4nR;
Gy, Q, ng
o @ .R‘:;)
o, I K
= —=——" [From equation (z)]
0, R| R;) 1

Since R| > R,, therefore 6,> o,.
Charge density of smaller sphere is more than that of larger one.

1

The two graphs are drawn below, show the variations of electrostatic potential (V) with —

»

(r being the distance of field point from the point charge) for two g4
point charges g, and gs.

(1) What are the signs of the two charges?

(i) Which of the two charges has the larger magnitude and why? I)

[HOTS] — (:_)

(1) The potential due to positive charge is positive and due to negative

charge, it is negative, so, ¢, is positive and ¢, is negative.

o wre. 1 4 2
() V= 47[(-:0’

The graph between I and 1isa straight line passing through the origin with slope 47([18 ‘
r 0

As the magnitude of slope of the line due to charge ¢, is greater than that due to ¢, ¢, has larger
magnitude.

Two identical capacitors of 12 pF each are connected in series across a 50 V battery. Calculate
the electrostatic energy stored in the combination. If these were connected in parallel across
the same battery, find out the value of the energy stored in this combination.

[CBSE 2019 (55/5/1)]
Net capacitance in series combination is given by
1 1 1 1 _ 1 1
e S O
c.-¢ e T T T
= C, =6 pF
1.8
E, =3 C,V
E= % 6x107" x 50 X 50
= 7500 x 107"
=75%x107°]
Net capacitance in parallel combination is given by
C, =12pF+ 12pF
= 24 pF
_ 2
E, = ECIIV
E,= %x 24 x107% x50 x 50

=3x107%]




Short Answer Questions-II [3 marks]

Q. 1. Define an equipotential surface. Draw equipotential surfaces [CBSE Central 2016]
(i) in the case of a single point charge and

(i) in a constant electric field in Z-direction.
Why the equipotential surfaces about a single charge are not equidistant?
(iii) Can electric field exist tangential to an equipotential surface? Give reason.
Ans. An equipotential surface is the surface with a constant
value of potential at all points on the surface.

. . Electric
Equipotential surface : fiold finos
(1) In case of a single point charge
Here point charge is positive, if it is negative then Point Equipotential
. . . ) . . . char surface
electric field will be radially inward but equipotential
surfaces are same and are concentric spheres with
centres at the charge.
(2) In case of electric field in Z-direction
e . 1 4
Potential of a point charge at a distance r = — Y
4mne, 1
v s .7
“r |- X=Y)plane
Hence equipotential surfaces about a single charge are
not equidistant. z
(i) No if the field lines are tangential, work will be done in —E
moving a charge on the surface which goes against the £ P L%

definition of equipotential surface.

Q. 2. Show that the potential energy of a dipole making angle 0 with the direction of the field is

given by U(0) =_P .E . Hence find out the amount of work done in rotating it from the
position of unstable equilibrium to the stable equilibrium. [CBSE East 2016]
Ans. The potential energy of an electric dipole in an electric field is defined as the work done in bringing the dipole
from infinity to its present position in the electric field.
Suppose the dipole is brought from infinity and placed at orientation 6 with the direction of
electric field. The work done in this process may be supposed to be done in two parts.
(1) The work done (W)) in bringing the dipole perpendicular to electric field from infinity.

(1) Work done (W,) in rotating the dipole such that it finally makes an angle 0 from the direction
of electric field.

Let us suppose that the electric dipole is »
i s 2 : +tqe—>»qE
brought from infinity in the region of a uniform - >
electric field such that its dipole moment P :
20+ > < From

always remains perpendicular to electric field. :
The electric forces on charges +¢ and — ¢ are ¢gE >
and —¢E, along the field direction and opposite gE4—44

to field direction respectively.

infinity

>
L

»
L

As charges +¢ and —¢ traverse equal distance
under equal and opposite forces; therefore, net work done in bringing the dipole in the region
of electric field perpendicular to field-direction will be zero, i.e., W;= 0.

Now the dipole is rotated and brought to orientation making an angle 6 with the field direction
(i.e., 0y = 90°and 0, = 0), therefore, work done

I“I""I"" A E P'STUDY CIRCLE CBSE PHYSICS BoPOHENIAL
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= pE (cos 6—cos 0,) 235 qE

= pE (cos 90°- cos 0)= — pE cos 0 = >
L o 2 ‘

Total work done in bringing the electric dipole from
infinity, v.e.,

v

qE <

1':.4\

Electric potential energy of electric dipole
U=W,+W,=0 - pE cos 8 =— pE cos 0

v

—

In vector form U = - 7; = )
For rotating dipole from position of unstable equilibrium (6,= 180°) to the stable equilibrium
(0= 0°)

=pE(cos 180°- cos 0°)

PE(-1-1) = - 2pE

Three concentric mclullic shells A, B and C of radii a, b and ¢ (a < b < c) have surface charge

HI/

densities +0, —c and +0 respectively as shown in the figure.
If shells 4 and C are at the same potential, then obtain the relation between the radii a, b and c.

[CBSE (F) 2014, 2019 (55/5/1)]
= 414°6

Anh’6

Charge on shell 4, ¢,
Charge on shell B, ¢, =
Charge of shell C, s = 4nc’o

Potential of shell A: Any point on the shell A lies inside the shells B
and C.

S B (VRN I

A7 dnegla T p T oc

_ 1 [4nd’c _4mb’c  4nc’o
qme,| @ b ¢

= E%((1—1) +¢)

Any point on B lies outside the shell 4 and inside the shell C. Potential of shell B,

1 (94 9 4
V= —|—=+—+—
8 4ne, | b b c
9 9 2
_ 1 |4na 0_47tbo+47t(;6 6 (1 _b4e
e, | b b ¢ b
Any point on shell C lies outside the shells 4 and B. I‘herefore, potential of shell C.
v,= L |94, 9 q_]
4 4ne,, ¢ ¢
_ 1 [47&120 4mh%6 47[(20]
qme,l ¢ T ¢ ¢
_ 0 a® b ]
‘8J7-7+f
Now, we have
VA =V
6(a®> b )
g, ((l—b+r) E(,((_'_(—,-HT
(@="b)(a +b)
a-b=—"—"7—
C
or a+b=c
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Q. 4. A parallel plate capacitor each with plate area 4 and separation ‘d’ is charged to a potential
difference V. The battery used to charge it is then disconnected. A dielectric slab of thickness
d and dielectric constant K is now placed between the plates. What change if any, will take

place in [CBSE (F) 2010]

(7)) charge on the plates,

(ii) electric field intensity between the plates,
(iii) capacitance of the capacitor?
Justify your answer in each case.

o 4 A : g
Ans. Initial capacitance ¢, = 8"_1, Potential difference = V/
a

(i) Initial charge, ¢, =C, V= Bl

. When battery is disconnected the charge on the capacitor remains unchanged and equal to

g,4
4=4 = g 4
(i¢) Initial electric field between the plates, £, = LA L. T

80 8() Aa()
After introduction of dielectric; the permittivity of medium becomes K, ;
. o q E, e L .
so final electric field between the plates, £ = 1Ke. ~ K " electric field reduces to — times.

(11) After introduction of dielectric, the capacitance becomes KC,.

Q. 5. A parallel plate capacitor is charged by a battery, which is then disconnected. A dielectric slab
is then inserted in the space between the plates. Explain what changes, if any, occur in the
values of

(i) capacitance
) potential difference between the plates
(iii) electric field between the plates, and
)

(iv) the energy stored in the capacitor. [CBSE Delhi 2010, (AI) 2009, 2012]
. ; B ; ? Ke, A
Ans. (1) The capacitance of capacitor increases to K times (since C = —— «K)
@

1
(ir) The potential difference between the plates becomes — times.

Q

i3 ; | /4
Reason: V=E; Qsame, C increases to K times; V'=—
|4 . ; - = | -
(1) As E :E and V is decreased; therefore, electric field decreases to % times.

)‘_)
(tv) Energy stored will be decreased. The energy becomes, U=—=— Q b Y
2C 2KC, K

; L _—
Thus, energy is reduced to % times the initial energy.

Q. 6. A parallel plate is charged by a battery. When the battery remains connected, a dielectric slab
is inserted in the space between the plates. Explain what changes if any, occur in the values of
(7) potential difference between the plates

(17) electric field strength between the plates
(11i) capacitance
(iv) charge on the plates
(v) energy stored in the capacitor. [CBSE Delhi 2010)
Ans. (i) When battery remains connected, the potential difference remains the same.

(i) As electric field E=—,V = constant and d = constant; therefore, electric field strength
remains the same.
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(111) The capacitance of capacitor increases as K > 1.

(tv) The charge Q = CI/ V = same, C = increases; therefore, charge on plates increases.
] . | Q- ;
(v) Energy stored by capacitor U = —CV*, also increases.
Q.7. (i) Find equivalent capacitance between A and B in the combination given below. Each
capacitor is of 2 uF capacitance.
e & |6 6 |G
H P H R 1 S =

A

(i7) If a dc source of 7 V is connected across AB, how much charge is drawn from the source
and what is the energy stored in the network? [CBSE Delhi 2017]
Ans. (i) Capacitors Cy, Cg and C, are in parallel
Cog4 =Co+Cg+Cy=2pF + 2pF + 2 uF
Cosq = 6 pF
Capacitors C|, Cyg, and C; are in series,

| | | 1 1 1 1
‘—=—‘+‘—+—,=(—+—+(—
('f‘(/ G Gy G 2 6 2
7
=—pnF
5 p
. 6
(1,,,1 — FuF
(i) Charge drawn from the source
Q= (J,,,l |4
6 :
. Q°
Energy stored in the network, U = °%C
6X6x107"%x7 P
= ] =21x10"° ] =21 pJ
2x6x10™
Q. 8. Two parallel plate capacitors X and Y have the same area of plates and same separation between
them. X has air between the plates while Y contains a dielectric medium X Y

. s || ||

g, = 4. 1 |

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

(ii) Calculate the potential difference between the plates of X and Y. % -
(i1i) Estimate the ratio of electrostatic energy stored in X and Y. 15V
[CBSE Delhi 2016]
; ; ; A
Ans. (1) Capacitance of X, Cy = 8"—1
@
eg A g,A
Capacitance of ¥, C, = 22— =4-"—
P YT d
o . . ’
L =4 = C, =4C, skl
X
As X and Y are in series, so
G,C C,4C,
Xy Xy
( =>4 pF = -
4 CytC G+ 40,
= Cy=5pFandC, = 4C, = 20 0F
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Also Vi + Vy=15 ... (i)
From (i) and (iii),
4Vy+Vy=15 = V=3V
Vy=15-3=12V
Thus potential difference across X, Vy = 12V, Pd. across Y, Vy =3V
Energy storedinX Q*/2C, C, 4 Uy, 4

(11) — - - —_— === -
Energy storedinY Q°/2C, C, 1 u, 1

In a parallel plate capacitor with air between the plates, each plate has an area of 5 X 10~ m?
and the separation between the plates is 2.5 mm.
(1) Calculate the capacitance of the capacitor.
(i) If this capacitor is connected to 100 V supply, what would be the charge on each plate?
(iii) How would charge on the plates be affected, if a 2.5 mm thick mica sheet of K = 8 is
inserted between the plates while the voltage supply remains connected? [CBSE (F) 2014]

€,4
d

_ 8.85x10"*x5x10™

2.5x107

=177 % 10°*F
(1) Charge Q = CV
17.7 x 107"* x 100

=177 % 10" ¢

(11) New charge, Q = KQ

=8 % 17.7 % 10"

=1.416 x 10° C
A 200 pF parallel plate capacitor having plate separation of 5 mm is charged by a 100 V dc
source. It remains connected to the source. Using an insulated handle, the distance between
the plates is doubled and a dielectric slab of thickness 5 mm and dielectric constant 10 is
introduced between the plates. Explain with reason, how the (i) capacitance, (ii) electric field

between the plates, (iii) energy density of the capacitor will change? [CBSE 2019 (55/2/1)]

(1) Capacitance, C =

Dielectric slab of thickness 5 mm is equivalent to an air capacitor of thickness = 10 mm

Effective separation between the plates with air in between is = (5 + 0.50) mm = 5.5 mm
(1) Effective new capacitance

5mm _ 2000

G = SR 55mm 11 nE
~ 182 F
(1) Effective new electric field
7 90
E' = 100} " S V/m, where E = L 5 = 20000 V/m
5.5%x107 m 11 d  5x107

~ 18182 V/m
1 E?
New energy density B Sy E'Y (l() ¥
T () = (i)
2

(1) Original energy density 9

5 ol
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Ans.

Q. 12.

Ans.

o
%
o
%
&
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10\
New Energy density will be (ﬁ) of the original energy density = % the original energy

density.

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.[CBSE (4I) 2014]

; ; |
Energy stored in the capacitor = g(IVz

9

_ 4
2C

Net capacitance of the parallel combination (when capacitors are connected together)

=C+C=2C

[

Since the total charge Q remains same, initial energy = ;1—(
Final energy = {1—2
v, 2(20)
7 =1: 2

1

Calculate the equivalent capacitance between points 4 and B in the circuit below. If a battery
of 10 V is connected across A and B, calculate the charge drawn from the battery by the

circuit. [CBSE East 2016]
C,=10pF C, =20 pF
4[ P IF
[ I
Ae—roi 50 yF == —T:
_|| |
I R I
C;=5uF C,=10puF
C, G
L & Ci=10uF o Cy=20 uF
. . . ik it
This is the condition of balance so there will be no
s aACTOS K ~apacitor A B
current across PR (‘.)0 pF'cap ACItOT) 50 uF==
Now C, and C, are in series
GC, 10x20 200 20 I} I}
Ce= T 10520 30 3 Cy=5kF R C,=10uF
l+ 2 3
Cs and C, are in series 1
_ C,C, =5x10 =@=BpF i
*oc,+C, 5410 15 3
Equivalent capacitance between A and B is C,=10 uF Cy=20 uF
20 10 s
Cip=Cia+Cyy=—+—=10pF
3 A B
A 10 g 5
: I I
Cy=5uF R C=10p
10V 10V




- A A A AL

(E = POUENT AL &L GCAPAN
B B PRl
Hence, charge drawn from battery (Q) = CV
=10 x 10 uC = 100 uC = 107* C

Q. 13. Two capacitors of unknown capacitances C; and C, are connected first in series and then
in parallel across a battery of 100 V. If the energy stored in the two combinations is 0.045 ]
and 0.25 ] respectively, determine the value of C; and C,. Also calculate the charge on each

capacitor in parallel combination. [CBSE Delhi 2015]
Ans. Energy stored in a capacitor, E = %C s
| . 9 ;
In parallel, 0.25 = o(C, + C,)(100) (i)
1 G, Gy 9
In series, 0.045= 9 &+, (100 (1)
From (i) C,+Cy=1025x2x10"
C,+Cy=5x%x107 ...
From (ii) G _ 0.045 x 2 x 107
rom (i T 5
9% _ 009 % 107 = 9 x 10°
G40 B
From (iii) G Co= IXITPRBRI0 =45 % 1071

€, -Gy = (G +Gof -4c,C,
Gy —Cy = 2.64% 107 ..(v)
Solving (iii) and (iv) C; = 38.2 pF
Co =11.8 pF
In parallel Q=CV
=38.2 X 10° x 100 = 38.2 X 107 C
Qo =Co V
=11.8 x 10° x 100 = 11.8 x 107 C
Q. 14. Two capacitors of capacitance 10 puF and 20 puF are connected in series with a 6 V battery. After
the capacitors are fully charged, a slab of dielectric constant (K) is inserted between the plates
of the two capacitors. How will the following be affected after the slab is introduced:
(a) the electric field energy stored in the capacitors?
(b) the charges on the two capacitors?
(c) the potential difference between the plates of the capacitors?
Justify your answer. [CBSE Bhubaneshwer 2015]
G, (

149
C, +C b
i G,

Ans. Let Q be the charge on each capacitor. So, Q =

Initial electric field energy in each capacitor becomes

2 2
_1Q 1Q

Ul = 5? and U2 = 5(‘—2
Initial charge on each capacitor B0
2, Gy
)=C\V,, Q=CoVy and Q=—7—F-+.V
{\, 1+1 (\, 272 L, (‘1 + (12

where V| and V, are p.d across the capacitors
On inserting the dielectric slab the capacitance of each capacitor becomes
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C'y = KC, and C'y = KC,
and equivalent capacitance becomes
KC, X KC, GG,
C =— =K —
«~ KC, +KC, ' C +C,

New charge on the capacitor becomes

S .6,
=6, V=K C +C, XV
C,C,
C=cc, VK
Q' =0XxXK
Q' =kQ
(a) New electric field energy becomes
R
Y= 9ke, T 2
2 2
100K

% 2KC, 206
i.e., electric field energy increases in each capacitor.
(b) Q'=KQ (as stated above) i.e., charges are increases on each capacitor.

© p o2 _K_Q
Lo KGO

Q K@ @

and Ve TKG, G,

i.e., p.d across each capacitor remains same.
A 12 pF capacitor is connected to a 50 V battery. How much electrostatic energy is stored in
the capacitor? If another capacitor of 6 pF is connected in series with it with the same battery
connected across the combination, find the charge stored and potential difference across each

capacitor. [CBSE Delhi 2017
Electrostatic energy stored, U = é(} V2
%xl?xlO‘”xBOXQOJ— 1.5 X 107 ]

C = Equivalent capacitance of 12 pF and 6 pF, in series
1 1 .1 _1#%2

cT12ts T 12

= C=4pF
Charge stored across each capacitor
Q=CV=4x%x10"2x50V
=2x 107 ¢C
In series combination, charge on each capacitor is same.
Charge on each capacitor, 12 pF as well as 6 pF is same.

Potential difference across capacitor C; (12 pF capacitor)
2x107" 50 ( Q )

Fi==— 2V =r=xy V=

'oexi0™ 3 C

Potential difference across capacitor C, (6 pF capacitor)

2x107"" 100
V2= ox02 8 Y




LA ’ (A
[ = POTENTIAL & GCARPAN
I EELENEEN
Q. 16. Two identical capacitors of 12 pF each are connected in series across a battery of 50 V. How
much electrostatic energy is stored in the combination? If these were connected in parallel
across the same battery, how much energy will be stored in the combination now?

Also find the charge drawn from the battery in each case. [CBSE Delhi 2017
: % T . & L) 1 1 12 pF 12 pF
Ans. In series combination: C, = (12 19/ C, =% I I

C,=6x10"F

R P
U,= 9 (0%

1 A2 i s

U.\.=§><6><10 X 50X 50 ] =T

U,=175%x10"]
0= V=86 % 107 % Bp
=300x 102 C=3x101C

In parallel combination: €, = (12 + 12) pF
C,=24 x 107*F

U, = 1§><24x10"2><2500j

=3x10°] 12 pF

Q,=CV
. Q,=24x107* x50 C
Q,=12x10°C 50V
Q. 17. In the following arrangement of capacitors, the energy stored in the 6 uF capacitor is E. Find
the value of the following: N
‘ -
(i) Energy stored in 12 uF capacitor. | H '
(i7) Energy stored in 3 uF capacitor.

(iii) Total energy drawn from the battery.
[CBSE (F) 2016] | 6 uF
Ans. Given that energy stored in 6 pF is E. |

(1) Let V' be the voltage across 6 pF capacitor

-L_:_]::

Also, 6 pF and 12 pF capacitors are in parallel.

|
Therefore, voltage across 12 uF = Voltage across 6 12

uF capacitor

B=lgp=legxr = p= /5
2 2 3

Energy stored in IQHF:%XMX[EJ =2E

(1) Since charge remains constant in series. Sum of charge on 6 pF capacitor and 12 pF capacitor
is equal to charge on 3 pF capacitor.
Using Q = CV,
Charge on 3 pF capacitor = (6 + 12) X V=18 X V

Energy stored in 3 F capacitor = g= Ll ﬁ =18E
2C 2x3 6 3

(121) Total energy drawn from battery = E + 2E + 18E = 21E
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Q. 18. Calculate the potential difference and the energy stored in the capacitor (32 in the circuit
shown in the figure. Given potential at A is 90 V, C;, = 20 uF, C; = 30 uF, C5 = 15 pE
[CBSE Allahabad 2015]

1 Il [l
A | | [l
G

.||”—-

Ans. Capacitors C,, Cy and Cy are in series. So, its net capacitance is
1 1 1 1 1 1 1

+
¢, C C C 20 30 15

Cy=—puF
Net charge on the capacitors, C;, Cy and Cy remain same.
q=Cs(Vy-Vg)

=2‘_;)qu(90—0)=600;1€

The p.d across Cy due to charge 600 pC is

7 il 200 iy
17,30

Energy stored in the capacitor C,,
9

1 ¢ 1 9 1 9 X
Uy==-"—or=C,V; | ==x30uFx(20)* =6000u]= 6x10"°
-2(;2[2--) 5 S0WE(20] 1| J

Q. 19. In a network, four capacitors C,, Cy, C3 and C, are u)nn(cted as shown in the figure.
6 uF

12 uF 4 pF

|
|
C1 =3 IJF
[y
uk
8V
(a) Calculate the net capacitance in the circuit.

(b) If the charge on the capacitor C, is 6 uC, (i) calculate the charge on the (dpdulms C; and
C,, and (ii) net energy stored in the capacitors C3 and C, connected in series.

[CBSE 2019 (55/2/3)]
Ans. (a) Capacitance across Cy & C, )
¢, =124 g T
W Ig - F o O |
Capacitance across Cy & C, ¥
C=6+3=9uF l'F l'F
Equivalent capacitance s ! i
_9x3 _9pF Cy=3 uF
q 12 4
. : %
() @) Q =6nC, V=7 i
‘I uk
-6 8V
_6x107 _ v
3x107°

(o] : 1) AN (o) 2 = PO TENTIALE SR CARPACITANCE

=B || [ [I[[[]l a & psTuDY cirere
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Q, = C,V, = 6x10°x2 = 12pC
As C4 & C, are in series they carry a charge of 18 pC each
() Q =18pC
C, = 31F
1 Q1 (18x107%)?

E, = e =R =
= 20n 27 axlig®
oy = 54x10~%joule

Q. 20. Two identical parallel plate (air) capacitors C;, and C, have c[==—"1s
ot 1
capacitances C each. The space between their plates is now filled :
with dielectrics as shown. If the two capacitors still have equal !
- . . . . |
capacitance, obtain the relation between dielectric constants K, v
K, and K,. [HOTS] [CBSE (F) 20111 =g S
Ans. LetA — area of each plate.
.. €A
Let initially C, = C = Ta =Gy
After inserting respective dielectric slabs:
(J'l = KC ...(2)
€, (A/2) Ky,g((A/2) €A
and C,=K +— = K. + K,
‘ 2 L d d 2d Wy )
4 G -
€= §(K1 + K,) w5 (80)
From (i) and (i7)
2\ v v (l‘ 1
C,=Cy, = KC= g(Kl +K,) = K= E(K' +K,)
Q. 21. 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 C,. Find the capacitances of the

capacitor C,. if area of the plates is 4 and distance between the plates is d.
I 2 I I

[HOTS] [CBSE (F) 2011]

A
Ans. (¢ = L i d/2
' d G, Ko | Ca
L B 1 i 1 \
G, K, g,4 K, g,4 \
d/2 “d/2
d d \
= + K
2.K.6,4 2.K.e,4 -
— i
1 d 1 1 ., 28,4 KK
— = —t— | = G —— ———
C, 2¢A|K, K, d K + K
K K, 2K K,
C, = 2C, L 2 = G, =( L2
. K, +K, B K, + K,
Q. 22. 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.

[HOTS] [CBSE (AI) 2013]
Ans.
T Area =A

Separation ‘d’  Vacuum Dielectric %

—

CARPACITARNGCE




Capacitance with dielectric of thickness 7’

C:L Putl=é
t )
d-t+—
K
C= & __&Ad g,4 2e,AK
d d d d = =
d—-—+— —+— 1(1+L) d(K+1)
2 2K 2 2K 9 K

Q. 23. Two identical parallel plate capacitors A and B are connected to a battery of V volts with the
switch S closed. The switch is now opened and the free space between the plates of the capacitors
is filled with a dielectric of dielectric constant K. Find the ratio of the total electrostatic energy
stored in both capacitors before and after the introduction of the dielectric. [CBSE (4]) 2017]

Ans. Two capacitors are connected in parallel. Hence, the potential on each of them remains the
same. So, the charge on each capacitor is

Qi=Qp=CV
1 1 @
s % 2 dad o @iy A N
Formula for energy stored QCI 5 C

Net capacitance with switch § closed = C + C = 2C
Energy stored = %x ICKYF = LY

After the switch § is opened, capacitance of each capacitor = KC
In this case, voltage only across A remains the same.
¢ KC

KCV?

The voltage across B changes to V' =

1
2

2 < < <
12 167 _1c””
2KC 2 KC 2 K
1 1 CY*?

e 24 =
QKCI 2 K

1

_ 1 0 1
= 5OV <K+K)

1<‘-’+1)
K

Energy stored in capacitor A =

Energy stored in capacitor B

Total energy stored

_ 1o
Lo

. . 2CV2 . K 9K
Required ratio = =

CVA(K*+1) (K2+1)

Q. 24. A charge 0 is distributed over the surfaces of two concentric hollow spheres of radii r and
R (R >> r), such that their surface charge densities are equal. Derive the expression for the

potential at the common centre. [CBSE 2019 (55/5/1)]
Ans. If charge ¢, is distributed over the smaller sphere and ¢, over the larger sphere, then
Q=q g
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If ¢ is the surface charge density of the two spheres, then 7,=Q-q,
4 4y

0= 5 — >
amr® 4R ’
or g = 4m*6  and gy = 4nR*o

From (i), we have c

Q = 4?6 + 4nR%0

= 4716 (r* + R?)
Q
or R —
4n(r-+ R°)
The potential at a point inside the charged sphere is equal to the potential at its surface.
So, the potential due to the smaller sphere at the common centre,
q
V=
L 4me, " ?

Also, the potential due to the larger sphere at the common centre,
1 %

/ =
)

= 4me, R

Potential at common centre

' % 1 (4 9 )
) = —| 2 —
l 47t£-:0( r + R
‘ 1 4m’c , 4mR%6
" ame, | v TR ]
(r+R)o 1 |Q(r+R) (B - e
= = 9 ° utting the value ol o
E() 47'[60 r+ R* e g
Q. 25. (a) Derive an expression for the electric potential at any point along the axial line of an

electric dipole.
(b) Find the electrostatic potential at a point on equatorial line of an electric dipole.

Ans. (a) Potential at point P

7 =V F
I/’ [—'I+ I+’l A «—a—>0<«—a—> B
_ 1 = 1 q -q h +q e

 dngy (r+a)  4me, (r-a) < . (r+a) f .

< (r-a)—»

.
4me,

1
(r—a) (r+a)

r+a-r+a
(r—a)(r+a)

q " 20 qx2a
aney (o - 4% 4me, (r° - a®)

q
4ne,

1 . .
= X ——— (where p is the dipole moment)
ane, (% - a?)

h
v
4me,  y*

~ . 9 9
For a short dipole, a“<<r",so V =V =

(b) Let P be a point on the equatorial line of an electric dipole due to charges g and +¢ with
separation 2a
The distance of point P from centre of dipole = r

II“""I"" A E P STUDY CIRCLE CBSE PHYSICS [BoPOENAL




E

AP = BP =’ +d° P
Electrostati tential at P, V, 1<f1 q) )
ectrostatic potental a 5 — Tt v ., | N
P P~ 4me, \BP AP 480 v
NP :r %
1 q B .
= VP: 4me { ‘)q 5 /9 1 0 “ a ; a ,
0 \/r“+(1‘ x/r'+(1‘ -q e = » +q
A< 2a B

That is electrostatic potential at each equatorial
point of an electric dipole is zero.
Q. 26. If N drops of same size each having the same charge, coalesce to form a bigger drop. How will
the following vary with respect to single small drop? [CBSE Sample Paper 2017
(1) Total charge on bigger drop

ii1) Potential on the bigger drop
gg I

(iii) Capacitance
Ans. Letr, g and v be the radius, charge and potential of the small drop.
The total charge on bigger drop is sum of all charge on small drops.
(1) -. Q= Ng (where Q is charge on bigger drop)

(i) The volume of N small drops = N%nr3

7 Volume of the bigger drop %nl’%3
Hence, N%m’3 = %TER:‘ = R=N"r
Potential on bigger drop, I/ = 1 ><g

‘ &8 £ 4me, " R

é é 1 Ng 1 NP4

- 13, r
4ne, N3,  4me,

-
47(80 ¥

N3 =N, |- y= 1 9
47t€0 r

(121) Capacitance = 4ng\R
= 4ng Ny
= N (4ney)
= NG [where C is capacitance of the small drop]
)

Q. 27. (a) Explain briefly, using a proper diagram, the difference in behaviour of a conductor and a
dielectric in the presence of external electric field.
(b) Define the term polarization of a dielectric and write the expression for a linear isotropic

dielectric in terms of electric field. [CBSE 2019 (55/3/1)]

Ans. (a) For conductor: Due to induction the free electrons

collect on the left face of slab creating equal positive
charge on the right face. Internal electric field is equal
and opposite to external field; hence net electric field E=0
(inside the conductor) is zero.

|
++++ +

E= POTENTIALESRCARPACITANGE
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For dielectric: Due to alignment of atomic dipoles along E, the net electric field within the

dielectric decreases.
i —~

238322332222258
BB8EBHBY
38888888."

—>P
(b) The net dipole moment developed per unit volume in the presence of external electric field

.
is called polarization vector P .
—

Expression: P=x E

e

Long Answer Questions [5 marks]

Q. 1. Derive an expression for the electric potential at a point due to an electric dipole. Mention
the contrasting features of electric potential of a dipole at a point as compared to that due to a
single charge. [CBSE Delhi 2008, 2017]

Ans. Potential at a point due to a dipole.
Suppose, the negative charge —¢ is placed at a
point A and the positive charge ¢ is placed at
a point B (fig.), the separation AB = 2a. The
middle point of AB is O. The potential is to
be evaluated at a point P where OP = r and
ZPOB = 0. Also, letr >> a.

Let AA" be the perpendicular from A4 to PO

and BB' be be the perpendicular from B to
PO. Since a is very small compared to r, 4
AP = AP = OP + OA' A,::' a
- = 0P + AO cos 0 - M 0
I =r+acosf \\\\
— Similarly, BP = B'P = OP - OB' Ta
=r-acosf < 2a

The potential at P due to the charge —¢ is
1 9 1 q

I~ T4ne, AP 4me, r +acosh

The potential at P due to the charge ¢ is
Vo= 179 _ 1 q
2 4me, BP  4me; r—acosH
: The net potential at P due to the dipole is
V=V, +V,
' I O .
4ne,|r—acos® r+acosh
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Ans.
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2
1 q2acosB
a 4ne, »? — 4®cos>0
1 pcosb
"~ 4me, 2

Special Cases:
(1) When point P lies on the axis of dipole, then 6 = 0°
cos0 = cos0’ =1
_ 17
4mE) o?

(1) When point P lies on the equatorial plane of the dipole, then
. cos 0 =cos 90°= 0
V=0
It may be noted that the electric potential at any point on the equitorial line of a dipole is zero.

Briefly explain the principle of a capacitor. Derive an expression for the capacitance of a
parallel plate capacitor, whose plates are separated by a dielectric medium.

Principle of a Capacitor: A capacitor works on the principle that the capacitance of a conductor
increases appreciably when an earthed conductor is brought near it. +Q -Q

B—<|>
Let A be the area of each plate, ‘d’ the separation between the plates, K

the dielectric constant of medium between the plates. If ¢ is the magnitude of charge density of

Parallel Plate Capacitor: Consider a parallel plate capacitor having two
plane metallic plates A and B, placed parallel to each other (see fig.). The
plates carry equal and opposite charges +Q and -Q respectively.

P

In general, the electric field between the plates due to charges +Q and *——
—Q remains uniform, but at the edges, the electric field lines deviate
outward. If the separation between the plates is much smaller than
the size of plates, the electric field strength between the plates may be

AR Tk T T I S S S

assumed uniform.

l
|

plates, then

The electric field strength between the plates
E = %O where €, = permittivity of free space. ..(2)
The potential difference between the plates, V,, = Ed = IS(EIO ..(11)
Putting the value of 6, we get
Q/Ad Qd
Van = Keg, " K W |
Capacitance of capacitor,
_Q Q i Ke,A .. (1)

= or C
V'IB (Qd / Kg()A) d
This is a general expression for capacitance of parallel plate capacitor. Obviously, the capacitance

is directly proportional to the dielectric constant of medium between the plates.
€,4
For air capacitor (K=1); capacitance C = ——. This is expression for the capacitance of a parallel

plate air capacitor. It can be seen that the capacitance of parallel plate (air) capacitor is




=

%
:
%

E IP@‘F@[N]‘?U&IL’&:@&IP&@U’F&[N]@@
| sl & NEENENER

(a) directly proportional to the area of each plate.
(b) inversely proportional to the distance between the plates.
(¢c) independent of the material of the plates.

Q. 3. Derive an expression for the capacitance of a parallel plate capacitor when a dielectric slab of

dielectric constant K and thickness ¢ = 9 but of same area as that of the plates is inserted
between the capacitor plates. (d = separation between the plates). [CBSE (F) 2010]
Ans. Consider a parallel plate capacitor, area of each plate being 4, the +Q -Q
separation between the plates being d. Let a dielectric slab of dielectric A[]+ {7777} -[|B
constant K and thickness ¢ < d be placed between the plates. The thickness + s -
of air between the plates is (d —t). If charges on plates are +Q and - Q, : : -
. ! W
then surface charge density —A+ ! | =
o =— + : : g
A + : | =
The electric field between the plates in air, E, = 2 & + __j -
€9 goA A - > _ ?
c Q —(——

The electric field between the plates in slab, g - = _
© Kgy Kegzd

The potential difference between the plates

V3 = work done in carrying unit positive charge from one plate to another
=XEx (as field between the plates is not constant).

= E(d—-t)+Eypt =&(d—z)+&t

g,A Ke, A
Q {
Van = ¢ A[d_H_f]
N . ) Q
Capacitance of capacitor, C = =
Vs Q (d—t+L)
€, K
g4 A |
or, C= G 0
j—t+? d;t(l—?)
_d L & &
Here, t—Q it (A—d i(l 1_)—1(“-—1—)
"2V K/ 2V K

Q. 4. Derive an expression for equivalent capacitance of three capacitors when connected (i) in
series and (i7) in parallel.
Ans. (i) In fig. (a) three capacitors of capacitances C,, Cy, Cg are connected in series between points

A and D.
Q  -Q «Q  -Q +Q
+ — L — +
+Q
+ — + - * +
A B C
+ C1 = + C2 =3 + +
s — y o — + A + C
+ - + - + +
‘—V1_’ ‘_Vz_’ ‘_V3—’ i

< Vv > b v »
‘ (@) (b
In series first plate of each capacitor has charge +Q and second plate of each capacitor has
charge —Q i.e., charge on each capacitor is Q.

Let the potential differences across the capacitors C,, Cy, C; be V| Vy Vy respectively. As

E= POVERNTIAL CAPAGITANCE
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the second plate of first capacitor C; and first plate of second capacitor C, are connected
together, their potentials are equal. Let this common potential be V. Similarly the common
potential of second plate of C, and first plate of C; is /.. 'The second plate of capacitor Cy is
connected to earth, therefore its potential V,=0. As charge flows from higher potential to
lower potential, therefore V,>V,>V >V,

For the first capacitor, V,=V,=V, =% (1)

“1

|z::»

(1)

For the second capacitor, Vo =V, =V, =

IS

For the third capacitor, V, =V, -V, = ..(1it)

£y

Adding (2), (i) and (i), we get

Vi+VetVy=V, -V, = (\ +L+L (V)
o Gy [

If V' be the potential difference between A and D, then
Vi=Vp =V
. From (iv), we get

called equivalent capacitor. If its capacitance is C, then

v R (i)

C

Comparing (v) and (vi), we get

) .
%:Q[%;L} S U U B § (i)

g i C ¢ G C

Thus in series arrangement, “The reciprocal of equivalent capacitance is equal to the sum of
the reciprocals of the individual capacitors.”

(i) Parallel Arrangement: In fig. (¢) three capacitors of capacitance C,,C,,C, are connected in
parallel.

+ -

“«—\V—> =E
(d)

v

In parallel the potential difference across each capacitor is same 1/ (say). Clearly the potential
difference between plates of each capacitor

V=V, =V (say)
The charge Q given to capacitors is divided on capacitors C,, Cy, Cs.

l
% V=V +V,+¥,)=0| 2+ L L )
o G & G
Ifin place of all the three capacitors, only one capacitor is placed between A and D such that
on giving it charge Q, the potential difference between its plates become V, then it will be
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Let q,, ¢o, g5 be the charges on capacitors C,, Cy, Cg respectively.

Then Q=g %4 *4q (0)
and q = CV,qgy=CyV,q3 = CyV
Substituting these values in (i), we get

Q=CV+CV+CV or Q=(C +Cy+Cy)V (1)

If, in place of all the three capacitors, only one capacitor of capacitance C be connected
between A and B; such that on giving it charge , the potential difference between its
plates be V, then it will be called equivalent capacitor. If C be the capacitance of equivalent
capacitor, then

Q=CV . (1it)
Comparing equations (i) and (iii), we get
CV=(C,+Cyt Cy)V or C=(C,+Cy+ Cy) (i)

Important Note: It may be noted carefully that the formula for the total capacitance in
series and parallel combination of capacitors is the reverse of corresponding formula for

combination of resistors in current electricity.

a) Derive an expression for the energy stored in a parallel plate capacitor C, charged to a
potential difference V. Hence derive an expression for the energy density of a capacitor.

[CBSE (AI) 2012, (F) 2013, Allahabad 2015, 2020(55/3/1)]
OR

Obtain an expression for the energy stored per unit volume in a charged parallel plate

capacitor.

b) Find the ratio of the potential differences that must be applied across the parallel and

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.  [CBSE Central 2016]

ns.

5.
(
(

a) When a capacitor is charged by a battery, work is done by the charging battery at the expense
ofits chemical energy. This work is stored in the capacitor in the form of electrostatic potential
energy.

o .
%
o
§%§
e

3
)

- B

++++++++\)>
|

L—
+—Vpp=V—>
Consider a capacitor of capacitance C. Initial charge on capacitor is zero. Initial potential
difference between capacitor plates is zero. Let a charge Q be given to it in small steps. When
charge is given to capacitor, the potential difference between its plates increases. Let at any
: : t.a s : q
instant when charge on capacitor be ¢, the potential difference between its plates V' = ik
Now work done in giving an additional infinitesimal charge dg to capacitor. '
q
dW =Vdg = qu

The total work done in giving charge from 0 to Q will be equal to the sum of all such
infinitesimal works, which may be obtained by integration. Therefore total work

21Q 2 2
_fe g, e 4 _Lil_qg_g_Q
W=l vig=[7 cio=¢lg| =¢l5 )=

If V'is the final potential difference between capacitor plates, then Q=CV
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= 1

W =

o 1
g e e
oc ¢V =W
This work is stored as electrostatic potential energy of capacitor i.e.,
Q 1

BCE)

Electrostatic potential energy, U Gt = ]§QV

Energy density: Consider a parallel plate capacitor consisting of plates, each of area A,

separated by a distance d. If space between the plates is filled with a medium of dielectric
constant K, then
Ke,A

d

Capacitance of capacitor, C =

If o is the surface charge density of plates, then electric field strength between the plates

,__O _
E= Ke, =0 = Ke,E
Charge on each plate of capacitor, Q = 064 = Ke EA

Q>  (Ke,EA

= = =X 2
90 T 2Kegaid) | 2ok Ad

Energy stored by capacitor, U
But Ad = volume of space between capacitor plates

Energy stored, U = l—KeOE2Ad

%
; 2 . U | 9
- Electrostatic Energy stored per unit volume, u, = A_d = §K€0E =
This is expression for electrostatic energy density in medium of dielectric constant K.
In air or free space (K=1) therefore energy density, u, = %eoEz
I G g
(b) Ug = 5(‘5 Vi » Up= 5(‘PVP
| G, ok _
Also, C__) = g(glven) = C, = 2C,

U

s=U

[)

C
‘soriss “equivalent parallel
s g

parallel “equivalent series

G+G BG

VGG  J2¢2 42
Q. 6. Find the expression for the energy stored in the capacitor. Also find the energy lost when

the charged capacitor is disconnected from the source and connected in parallel with the
uncharged capacitor. Where does this loss of energy appear? [CBSE Sample Paper 2017]

Ans. Refer to Q. 5 (a), Page number 98.

Let a charged capacitor of capacitance C, is charged by a cell of emf V' volt. When this capacitor
is connected with uncharged capacitor C, and charge distributes between capacitors still they
acquire common potential say V;, volt.

1

Energy stored in C, U; = 9 &, v

Charge on other capacitor of capacitance Cy is ¢, = Cy V,
But total charge on pair of plates committed together remains constant equal to Q = ¢, + ¢
Q=CV=CVy+CyVy
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where, 1, = common potential

C,V
V()_ C1+C()
- v\
; : 1 ‘1
apacitor, U, = —(C, + C,) X
Energy stored in both capacitor, U, 2((l Cy) E e,
1 CV?
T 26 %G,
L, 1 GV
S Y = T} —=lsi=i = /e — —
Loss of energy H = U, - U, 2CII 2 G+,
2
=L(~ V‘“’(l— C, )= C, GV
21 C, +G, 2C, + C,

The lost energy appears in the form of heat.

Q. 7. (a) Explain why, for any charge configuration, the equipotential surface through a point is

normal to the electric field at that point.

Draw a sketch of equipotential surfaces due to a single charge (- ¢), depicting the electric

field lines due to the charge.

(b) Obtain an expression for the work done to dissociate the system of three charges placed at

the vertices of an equilateral triangle of side ‘a’ as shown below. [CBSE North 2016]
q
a a
—4q a +2q

Ans. (a) The work done in moving a charge from one point to another on an equipotential surface is
zero. If the field is not normal to an equipotential surface, it would have a non zero component
along the surface. This would imply that work would have to be done to move a charge on
the surface which is contradictory to the definition of equipotential surface.
Mathematically

Work done to move a charge dg on a surface can be expressed as

AW =dg(E .dr) [0
But dW = 0 on an equipotential surface \\\ \\\\% :
E _L d_;~ 4\‘/\
Equipotential surfaces for a charge —¢ is shown alongside.
(b) Work done to dissociate the system = — Potential energy of the system
_ 1 (49, 29(9) , (49)29)
4ne, a a a
I 10¢°

=—4nqj4m2+2f—8f]=+-

47t€0a

SIAISAHd 3S99 3IJ12dId AAdNLS d 3V II"“II“II'

teccccccccccccccccCCCCCCCCCCCC
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Q.8. (i) Compare the individual dipole moment and the specimen dipole moment for H,O

molecule and O, molecule when placed in
(a) Absence of external electric field
(b) Presence of external eclectic field. Justify your answer.

(ii) Given two parallel conducting plates of area 4 and charge densities +c and - . A dielectric
slab of constant K and a conducting slab of thickness d each are inserted in between them
as shown.

Dielectric
Conductor

+ 4+ + + ++++

<(1><(1><d>< (1><(l>

(a) Find the potential difference between the plates.
(b) Plot E versus x graph, taking x = 0 at positive plate and x = 5d at negative plate.
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Ans. (2)
Non-Polar (O,) Polar (H,0)
(a) Absence of electric field
Individual No dipole moment exists Dipole moment exists
Specimen No dipole moment exists Dipole are randomly oriented.
NetP =0
(b) Presence of electric field
Individual Dipole moment exists Torque acts on the molecules to
(molecules become polarised) . iz
align them parallel to E
Specimen Dipole moment exists Net dipole moment exists parallel
-
o E

(i) (a) The potential difference between the plates is given by

E E
0 . 0
V=Ed+—d+Ed+0+Ed = V=3Ed+—d
(b) E versus x graph
B =t :
E o 5
Eol — |
k | i I

d  2d 3d 4d 5d x—
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