Level-|
Chapter 2

Electrostatic Potential
and Capacitance

| Solutions (Set-1) I

Very Short Answer Type Questions :
1. What are linear isotropic dielectrics?

Sol. In an external electric field, the positive and«negative charges of a non- polarmolecule are displaced in opposite
directions. The displacement stopsfwhen the external force on the constituent charges of the molecule is
balanced by the restoring force (due todnternal fields in the molecule). The non-polar molecule thus develops
an induced dipole moment. The dielectric is'said to be polarized by.the external.field."WWe consider only the
simple situation when the induced dipole momentiis in the direction of the field and is proportional to the field
strength. (Substances for which thissassumption is truefare called linear isotropic dielectrics)

2. Define dielectric strength.

Sol. The maximum electric field that a dielectric medium,can withstand .without breaking down of its insulating
property is called its dielectric strength.

3. What is the fringing effect of an electric field?

Sol. Electric field in the space between the plates of a parallel plate capacitor is non-uniform at the ends and the
field lines are curved. This is known as fringing effect.

4.  Write the relation between electric susceptibility and dielectric constant.

Sol. In either case, whether polar or non-polar, a‘dielectric.develops a net dipole moment in the presence of an
external field. The dipole moment per-Unit volume is-called polarization and is denoted by P. For linear
isotropic dielectrics,

P=xE

Here x_ is a constant, characteristic of the dielectric and is known as the electric susceptibility of the dielelctric
medium.

5. A charge q is moving along a straight line perpendicular to the bisector of an electric dipole, then what is the
work done by charge against electric field?

Sol. Zero

6. When we move along the direction of electric field, then does electrostatic potential increases, decreases or
remains same?

Sol. Decreases

7.  Write the dimensional formula for polarisation.

Sol. [MOL-2T'A"]
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8. What is the electrostatic potential due to a charge g at its own location?
Sol. Infinite

9. Draw a graph between electrostatics potential and distance for a point charge Q.

Sol. .. v = Kg

r
V\
2

10. Does the kinetic energy of a small positive charge increase or decrease in going from A to B?

Sol. Increases
Short Answer Type Questions :
11. Derive an expression for electrostati

Sol. Consider a point charge q placed at point«@sC
calculate the potential at point P due to the charg

élect;lQ\ﬁéld in moving a unit positive charge from

By definition, potential at P is
qua{éﬁd opposite to the force exerted by electric

a large distance (<) to point
field is to be applied on the uni

F.=-(+IC)E=-F.

ext
For small displacement dr ,work done i
dw= F.dr =—E.dr

Now E is radially outward. Taking dr to be radially outward, the angle between E and dr becomes 0°,

=_ = - dar
So,dw=—-Edr= 4n£0r2
Now, W:J'dw—— Ldr
Y Ame r?
r n+1
__. 9|1 w=_9 (-.- Xdx = =X )
- = 4nsi rl - 4me,r L j n+1J

by defination is the potential at P due to the charge q

1
ve—2 o V:ﬁ,where K=
Ame,r r 4me,
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12. Two charges +3 uC and —4 uC are placed 14 cm apart. Find the point on the line joining the two charges where
electric potential is zero. (Taking zero potential at infinity).

Sol. Case 1:
Let at point A, potential is zero.
+3 uC A —4uC
K(3x10°) K(4x10°) - @ -
() - (=) =0 x X
100 100 ) d=14cm i
E— =6 cm
x 14-x =X=
Case 2:
Let potential at B is zero.
B +3uC —4.C
K(3x10°) K(4x10°) o y < .,
(L] ((14+X)\\ = X d=14 cm
100/ | 100 )
3. 42 +3x =4
X 14+x X =

= x=42cm

13. Draw the equipotential surface for (a)
apart.

Sol. Equipotential surface for

(@) adipole

Equipotential
surface

14. Three identical charges (q) are arranged at the corners of an equilateral triangle of side a and a charge q,

brought to the centre of the triangle, the three charges being held fixed at its corners. How much extra work
is needed to this?
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Sol.

15.

Sol.

16.

Sol.

17.

Sol.

Electrostatic Potential and Capacitance Solutions of Assignment (Level-l) (Set-1)
Kqq { a
W = 3 0 Cr=—
r 3
q
_ 3Kqq,

W =

. (9/5) Y 3 ¢

B 3\/§qu qn—a—uq
4ne, -a

w

Derive an expression of stored potential energy, when a dipole rotated from stable equilibrium position to any
position in an external uniform electric field.

Potential energy can be associated with the orientation of an electric dipole in an electric field. Change in
potential energy is related to the work done by electric field as

dU = —dW, = -1.d6

= dU=—(-pEsin0k).(d0k) [+ db=dek, anticlockwise]
= dU = pE sind do

U, 0,
- j du = I pEsinedd = U, — U, = SpE[cosd, - coso,]
U, 0

Let 6 = 90° is taken as reference paesition or zero of potential energy.

0,=90° = U, =0

»
»

= U; Siales ol el (b) Potential energy is U + dU

= U= —-pEcos 6

An electric dipole of dipole moment 10 uCm is placed alongthe'axis of-a right angled cone such that the vertex
of cone is at the centre of dipole. Ifithe semivertex angle of cone.is“30° and slant height of curved surface is
20 cm, then find the electrostatic potential at any point,of circumference of base of cone.

K.P.cos6
V= 2 2 2
r-—a“cos° 0 r

0 =30° P=10 x 108 cm

r=20cm

For a short dipole a ~ 0

Y- 9x10°x10x10° V3 _ 90x10°x+3 100
20\ 2~ 2x20x20 100
[ ) 100

100

x100

93

V =22=x10* volts
8

“Inside a conductor, electrostatic field is zero”, why?

Due to equal and opposite induced electric field inside the conductor, the net electrostatic field inside conductor
become zero.
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18.

Sol.

19.

Sol.

20.

Sol.

21.

What is electrostatic shielding? Explain.

Electrostatic shielding/screening is the phenomenon of protecting a certain region of space from external electric
field.

Derive an expression for capacitance of a parallel plate capacitor.

The arrangement consists of two thin conducting plates, each of area A and separated by d distance. When
charge q is given to first plate, a charge — q is induced on the inner face of other plate and positive on the
outer face of plate. As this face is connected to earth, a net negative charge is left on this plate. Thus, the
arrangement is equivalent to two thin sheets of charge.

The electric field between the plates is

+

++++ ++ +0Q

E=2 where ¢ is the charge density.
E0

%

E=—:
As g’

V is the potential difference between the plates.
od
€

qd
= V= Ae,

"

o
o

V=Ed-=

_4a_
= C=y (qd) °

(4¢,)

When a dielectric medium (slab) is inserted betw ca@tort@\en how is the capacitance

changed? Explain. <<O \(/’

Capacitance becomes k times of original capa re xleieIta{c\ifri%\(Q:onstant of dielectric

Effect of Dielectric Slab (Inserted along/the th, of p te%<</ ) é')\\i\i’\&

When a dielectric slab is plac ' en il e p )&;’;aci /\\tt\s) polarisation takes place. Thus a charge
—Q, appears on its left face an appears ¢ l\ facqﬁ,»fés shown in diagram.

V=E,(d—t)+Et= Eo[d—t

V=i[d—t+i)=i[d—t+—
A

€ K €
A
As, c=2 > c=—%0
4 d-t+—

Note: Whent=d, C= KeoA

th
A slab of material of dielectric constant k has the area (Zj as that of the plates of a parallel plate capacitor

3
and has thickness N d where d is the separation of plates. How is the capacitance changed when the slab
is inserted between the plates?
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)
4)%° C
Sol. C, = 7 | }
4) (3 B B
g K —1&
C. = 4 , C., = 4 _||_||_
2 37d 3 g C2 C3
4 4
Agy K Agy
C=C2C  3d g _KALX3
C,+C, AsO-K+& 3d(K +3)
3d d
Aey K
2 d K+3
_3A80+ Ag, -K Ag, 3+ K Ae, | 3BK+9+4K
Ca=CitCa "4 "g(K+3) = d |4 K+3|~ d | 4K+12
_ﬁ[7K+9)
€ d \4K+12
22. A network of three 10 uF capacito 's ig , fig. rmine the charge

on each capacitor.

Q, =10 x 450
Q, = 4500 uC

Q, = Q, = 2250 uC ‘é\@ &

Q, = 4500 uC
23. Prove that for an isolated spherical conductor the capacitance is directly proportional to the radius of conductor.

Sol. Capacity of an isolated spherical conductor

Consider a sphere with centre O and radius r, which is supplied with a charge = +q. This charge is distributed
uniformly over the outer surface of the sphere. Thus, the potential at every point on the surface is same and
is given by
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__q
v= 4me,r
-9
As C = v
C =4neyr

24. Graphs for two capacitors of capacitances C, and C, are shown in figure. The area of plates for both capacitors
are same but separation between plates is double for C, to that of C,. Which of the graph corresponds to C,

and C, and why?
A

Sol. A for C, and B for C,

25. Two capacitors of capacitance 6 uF and 4 uF are connected in parallel with a battery. The charge on 6uF
capacitor is 24 uC, then find the chargesonsanother capacitor an t battery.

Sol. &_&  ', (.9
C, - C, — | QQ
2_0, -

6 4 \:

]
Q,=16uC I'V

26. A long charged conducting cylinder of line Si < \rOt@ied by a hollow co-axial conducting
i inde thed. ote;;tf%l difference between cylinders, if radius

of inner cylinder is a and out

A a
Sol. [dv=-[E dr
B b

a
b 2TEQr
A B¥
=——"Tlog, r
27t80|: %"y

-\
= ome (log, a—log, b)

= Va-Vg= 2;;0 log, (%)

Cylinder B is earthed so V = 0 then,

V,-0= 21?30 log, (%)
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27.

Sol.

28.

Sol.

Electrostatic Potential and Capacitance Solutions of Assignment (Level-1) (Set-1)

Two conducting sphere of radius a and 2a having same charge density +c are placed far distance away. When
they are connected by a conducting wire then due to charge re-distribution their potential change. Find the
common potential of each sphere.

Now, V, = Vg

Kqs _ K3
a 2a

_ 9

9a 2 Conducting wire

Also, g, + g = (04na2 + 0475(23)2) ) Large distance

or
€

Common potential V

56-a
3¢,

é)

Determine the electrostatic pot &:ﬁ%

S ting?ﬁf two charges 5 uC and -3 uC placed
‘\\‘\\
f{x\ e

PAN
from origin. What would the elec i rgy @e c@aﬁ’gyuration be?
®)

E‘& @ﬁé q p

e
%tjd f3 cm, 0, 0) respectively, where r is distance

N\
) 5 200 & Y
G 20 [4- B0 | NS

K[@x1o-6)(5x10-6) K(@xm-ej(sxm-e)
Energy = 9 __\9 K(5x10°)(3x107)
3)(10_2 3X10_2 - 6X10—2

9X109(200X§_200_§)X10"12
9 3 9 2/ 107

(200 (5-3) 5]1 9[200 2 5)
o x| 2| 2| o s
9 3 2)10 10\ 9 "3 2

40 9 160-27 _ 133
= ——=—" = Energy = —J

3 4 12 12
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29.

Sol.

30.

Sol.

Define the polar and non-polar dielectric materials with examples.

In general the dielectric can be classified into Polar and Non-polar dielectrics. The molecules of a substance
may be polar or non-polar. In a non-polar molecule, the centres of positive and negative charges coincide.
The molecule thus has no permanent (or intrinsic) dipole moment. Examples of non-polar molecules are
oxygen (O,) and hydrogen (H,) molecules which, because of their symmetry, have no dipole moment. On the
other hand, a polar molecule is one in which the centres of positive and negative charges are separated (even
when there is no external field). Such molecules have a permanent dipole moment. An ionic molecule such
as HCI or a molecule of water (H,0O) are examples of polar molecules.

A 9 uF capacitor is charged by 100 V battery. The capacitor is disconnected from battery and connected with
another identical uncharged capacitor. What is the electrostatic energy stored by the system?

For isolated system
Net initial charge = Net final charge

900+ 0=9V+9V

: ‘C, =9 uF
V = 50 volts : o
: Q =900 “Cl
U=%C1v2+%czv2 = %x18qu50x50 : ' N Key
: !C,=9uF
=9 x 2500 x 1076 = 22400 x 1064 Q=0
=22x102J

Long Answer Type Questions :

31.

Sol.

Discuss briefly the principle, construction,and.working of\Van-de-Graff electrostatic generator.

Van de Graaff Generator

If we place a charge anywhere in a conductor, the,chargeawill move t6 the outside surface, and the field inside
the conductor will be zero. Robert Van de Graafftook advantageof this concept in 1931 to build an accelerator,
an apparatus, that produces highly energetic charged particles¥Such‘particles are useful for microscopic
probes of matter and as cancer treatments: Van de Graaff used a device similar in concept to the apperatus
shown schematically in figure./An insulated belt (or e¢hain). continuously brings charge to the inside of a hollow
conductor, which then moves io the outside surface\of\the conductor. The electric potential on the spherical
q
4me,R
atoms whose sign is such as to be repelledsfrom the region of high potential and thus accelerated. Such
devices are called Van de Graaff accelerators of:Van de Graaff generators, and the beams they or other
accelerators produce play an importantiwrole inimodern techonology. for example, such beems are used to
make microcircuits.

conducting surface increases as charge flows to\its.surface V = . An ion source produces charged

Hollow
metal
e« sphere

+ +
+ 1 T+

+ +
= ("
S
Charge taken—Y4
on belt + Insulator
+
+
+ Charge
L~ carrying
+ 4 belt
+
Charge pyt +
on belt e /a
4

— — Motor
p.d rotating belt

Supply circuit

al
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32. (i) When a capacitor of capacitance C charged upto a potential V, then derive an expression for energy stored
in the capacitor.

(i) If electric field between plates of capacitor is E then derive the expression of energy density.

Sol. (i) Energy stored in a capacitor during the charging of a capacitor, work has to be done to add charge to
the capacitor against its potential. This work is stored in the capacitor as electrical energy.

Suppose during the charging of capacitor its potential at any instant is given by

V= % small amount of work done in adding a charge dq is given by

-9
dw= = dq

Total work done in giving a charge Q to the condenser is

.. Energy density u =

L)
N
33. Derive an expression for electrostatic oter@iu_eatﬁ an electric dipole at any point p(r,G) .
s\
N
Sol. Potential due to an electric dipole i\

In the previous chapter on electric charges and field, we have already calculated the electric field due to an
electric dipole and seen that for an ideal (short) dipole, the electric field varies inversely as r3, we now determine

the potential due to an electric dipole.
AB be an electric dipole of length 2a and let P be any point where OP =r.
Let 6 be the angle between rand the dipole axis.

AB=2a,AO=0B=a,0OP=r

oCc oOcC
In A OAC, cos 6 = OA - a

.. OC=acosb

Also OD =acos 6
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34.

Sol.

Ifr>>a, PA=PC=0P+0OC=r+acos0 P
PB=PD=0OP-0OD=r—acos0

V is the potential due to electric dipole,

ve o) [

(1) 11
v= L4nsqu (r—acos6) (r+acos6)

(1) 2a qcos6 _f 1) pcoso
V= L4n80 (rz—azcosze) 4me, (rz—azcosze)

where P is dipole moment.
Special Cases

1. When the point P lies on the axial line of the dipole on the side of positive charge, 6 = 0; cos 6 = 1

(1) p
V= L4n80J (-

2. When P lies on other side, 6 =

(1) _»p
V=_L4TC80J (rz_az)

V=0

(1) pr
4. In generaIV=L4n8J 3
0

¥4 O\
& P
K
Q\ecte(gﬁf(i)/in series and (i) in parallel. Find the energy
to @'game battery of emf V one by one.

s

X
.(,}.

Three capacitors of capacitanc

stored in each combination when:

X
()

Capacitors in series

Consider three capacitors connecte@nes. @Sﬁsider the shown arrangement of three capacitors in series.
Leta V potential is applied to the circuit'and + Q be the charge, which will became on all the capacitors. Let V,,
V,,V,be the individual potentials of the capacitors and their respective capacitance is C,,C,,C, .

Therefore, Q=C,V,=C,V,=C,V,

But V=V, + V,+ V,= %

a C; C. Cs
where C is the effective capacitance . ‘ |—| |—| I—
V V. V.

.Q_Q Q@ Q — || —]
“c ¢ ¢ G « ¥ R
1 1 1 1
o _:—+_+_
cc ¢ c
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Capacitors in parallel

Consider three capacitors connected in parallel. Avoltage V'is applied across the combination. Q,,Q,,Q,be the
charge on each capacitor and C,,C,,C, be their respective capacitance.

Q=CV,Q,=C,V,Q=CV Q4 GV
As Q=CV Q Q) 16,V
where C is the net capacitance of the combination, Q

L QRQ=Q+Q+Q, G,V
~CV=CV+C,V+C,V Iv’

. C=C+C,+C,

Energy stored :-
In series combination
112 @2 @?)
= —L— +—+ _J
2{C C, C3

2
Uzo_(i 1 1)

2 kC1 C, Cs

In parallel combination

U= lc1v2 + 1czv2 + 1c3v2
2 2 2

1
U=5(Ci+C +C3) V2

35. What is a parallel plate capacitor? Explain t
of a parallel plate capacitor.

/";‘\\;
'}l\ en‘{%“’an expression for the capacitance
S
N &
R\
P \¥4

S, P
Ia§&§Q acgggf’ area A and separated by d distance. When

i o;}{;ﬁié inner face of other plate and positive on the
c@ h,{f@fﬁet negative charge is left on this plate. Thus, the
ar

%\j
ge

. $

i RN
Q/ /\\“‘>
\V

Sol. Parallel plate capacitor
The arrangement consists of
charge q is given to first plate,
outer face of plate. As this face
arrangement is equivalent to two t

The electric field between the plate

+q -q
+ — -
Area of plate isA\>I 5 _
— A E=— _
+ €y —
r— &
+ — =
— >
d
E=2 wheresis the charge density.
€9
v
As E=—;

d
V is the potential difference between the plates.
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od
V=Ed-= &
d
-9
= V Ae, as G—A
_9__49 _gA
= C=V (qd) C="
AEOJ

36. (i) What is the dimensional formula of capacitance?
(i) Why does the electric field inside a dielectric decrease when it is placed in an external electric field?

(iii) A parallel plate capacitor has a capacitance of 3 uF in air and 24 uF when dielectric medium is introduced.
What is dielectric constant of the medium?

Sol. (i) [M'L2A?2T4
(i) Due to induced electric field in opposite directions
iy Cy =3 uF

C=24 uF = C, K

= K_Z: oQch
- e >
K=38 ’b

e o@?déﬁ cm. If g, = +18 uC,
of 1

i eséa |al®a;%e centre O of the square,

37. (i) In the given figure, there are four po
q, =24 uC, g; = +35 uC and g, = +164uC,
assume the potential to be zero at infi

&/
\L
theogbace If potential at the origin is taken to be 10 volt, then
Q\

(i) An electric field E= (2/ +3])
find the potential at (2 m, 1 m).

Sol. () V, = rq1 ng K33+Kg4
- [+18 24 +35+16]x10™°
4me,r
9
= &x45x10'ﬁ volt
7 j 1072
(7)*
9x45x10°
= V,= —————volt

(7
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(i) E=2i+3j)
j dv = j _E.dr
v (21)
fav=-] (2i+3]').(dxf+dy]')
10 (0,0)
(21

V-10=- j 2dx + 3dy

(0.0)

_ (2)
V-10=- (2x+3y)(0‘0)
V=10-2x2+3x1)=10-7
V = 3 volt

38. (i) Derive an expression for potential energy of an electric dipole in an uniform electric field.

ices of an equilatera side L. How much work is done

(i) Three identical charges g are at the

Sol. (i) Potential Energy of a dipole in*

v
<

Potential energy can be associated with the
electric dipole in an electric field. Cha i

»
>

dU = —dW = —1.db

= dU = —(—-pEsin6k). (do

= dU = pE sind do

v

U, 0

= J.dU = IpESInGdG = U2 — 1&00@\3‘\: 00361]

U [¢] i
1 1 (b) Potential energy is U + dU

Let 6 = 90° is taken as reference position or zero of potential energy.
0,=90° = U, =0
= U, - 0= - pE[cos 6, — cos 90°]
= U= —-pEcos 0
(i) Wy, =U—U,

yo32 1 1) 3¢
4me, L(%) LJ 4me, L
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39. (i) “At the surface of a charged conductor electrostatics field must be normal to the surface at every point.”
Explain it.

(i) An electrical technician requires a capacitance of 4 uF in a circuit across a potential difference of
500 V. A large number of 1 uF capacitors are available to him each of which can withstand a potential
difference of not more than 150 V. Suggest a possible arrangement that requires the minimum number of
capacitors.

Sol. (i) A charge conductor behaves as an equipotential surface. The potential at each point on the surface
of it is same. So, work done to move a unit positive over the surface from one point to another point is
zero.

As, W=qAV =0

Also, W =0 = quﬂE

Hence, E L ds
So, elelctric field lines must be normal to the surface at every point.

(i) The circuit consists of 16 rows with each row containing 4 capacitors each of value 1 uF. This circuit is
connected to a 500 volts battery.

40. A spherical capacitor consists of two concentric spherical conductors of radiis a‘and b respectively (b > a).
Then inner sphere is earthed and outer ‘sphere_is given.a pesitive'eharge” of\Q, then find the capacitance of

the system.
Sol. V, .. = 0 (as grounded)
+Q
KQ' KQ
—+—=0
a b ,
]
- _Qa
="
_K(of),kQ _ Ka(b=2)
A=) = U
= Q C- Qb*
AV ~ 7 Ka(b-a)
4me, - b?
C=_—"C0""
= b-—a

41. (i) Derive the relation between electric field intensity and electrostatic potential.

(i) In a parallel plate capacitor with a dielectric medium of dielectric constant 8, each plate has an area of
2x102m? and distance between the plates is 2 mm. Calculate the capacitance of capacitor, if this
capacitor is connected to a 100 V supply, what is the charge on each plate of the capacitor?
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Sol. (i) Relation between Electric Field and Potential

42.

As we know that AV = —We
Qo
A
Qo

Now, W = IIE -dr, where F is the force due to electric field.

~[F-dr
= Vi-V=
0)
ff_’ . r
o, V;-V,=—[E-dr {vam=0,thenv=—_[Edr
r’. [

The above result can also be expressed in differential form as,

dV=—E-W[ast= _dWE}
Q -

The negative sign in the expressio
potential decreases.

In Cartesian form, E=E,i +E,j+E,k

W=dxf+dyj’+dzl§

=3 dV=—Exdx—Eydy—Ezdz
-V A%

S A |
(i) K=8,A=2x103%m? d=2

V =100 volts ?Q/

C Ag K
d

_ 2x107° x8.85x107* x 8
2x107°
=70.8 x 10712 F
Q=CV =708 x10""2 x 100
Q=708 x 108 C.

(i) What is capacitance?

(i) Two charges q, = +4 uC and q, = —4 uC are placed at a distance 90 cm. Estimate the potential energy
of system in eV taking the potential energy as zero when charges g, and q, are at infinite separation.
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Sol.

43.

Sol.

44,

Sol.

45.

(i) Any conducting object that carries a charge is characterized by an electric potential that is constant
everywhere on and within that object. If two such conductors have a potential difference between them
then, as any potential difference is able to accelerate charges, the system effectively stores energy. Such
a device that can maintain a potential difference, storing energy by storing charge is called capacitor.

_ K-q9, 9x10°x4x10° x-4x10"° 5
r 90

(i) U 100

U=160x102J =16 J
+1eV=16x%x10"1J
so, U =10"9 eV

Derive an expression for force on each plate of parallel plate capacitor if magnitude of charge on each plate
is Q, area of each plate is A and separation between plates is d.

F=qE
(&)
F=q—
d 2¢,
1og q°
F=2% =F7 24,
(i) A regular hexagon of side a hasta charge/Q at each of its vertices./Determine the electrostatic potential

due to this charge array at the centre of Hexagon.

(i) The plates of a parallel plate capacitorthashan area of 30 cm?€ach ‘and separation 2 mm is charged by
a battery of emf 200 V. Calculate the electrostatic energy stored in the“capacitor.

i Y%= K96 ovo
r
B6KQ Q E) ° Q
V,=—— \ ri E /
a
Q0
A —12 e
(ii) U=tevz = 1A%,. 307 885X10 1 500200
2 2 d 10000%+2 %2 x 107
U=2655%x10°J=27x10%8J
(i) Two concentric spherical conductors of radius a and b (b > a) inner sphere has q, charge and outer sphere

has g,. When they are connected by a conducting wire then prove that charge on inner sphere must be
zero.

(i) Find the equivalent capacitance between A and B.

10uF  20uF | 30uF
S I

(iii) If the given combination is connected with a battery of emf 200 volt then find the charge on each capacitor.
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Sol. (i) Charge on inner sphere will become zero, as all the charges flow to outer sphere through conducting wire.

(i) C., =60 uF q,

10uF  20uF| 30uF g

e FH s
c.| c ¢

Conducting wire

Here C,, C,,C, are in parallel.
(i) Q=CV

Q, = 10 x 200 = 2000 uC

Q, =20 x 200 = 4000 puC

Q, =30 x 200 = 6000 uC

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005 Ph.011-47623456



Chapter 2

Electrostatic Potential
and Capacitance

Level-|

1.

| Solutions (Set-2) I

Find the electrostatic potential energy of the system shown in the figure.

-q
60° 60°
+q tq
< a >
Kq? 3Kq? Kq? 2Kq?

() = @ = €& @ -=
Sol. Answer (3)

y = Kax(q) , k(@)=q) , k(a)q)

a a a

2. Two charges q and —q are placed at (a, 0) and (=a, 0):«n the x-axis. Another charge 2q is taken from (0, 0) to

(0, a), then the work done to do so

1y -3 2) Zero (3) Infinite @ —2

2neqa 4mega

Sol. Answer (2)

W=q\V,-V)=0
3. In moving a unit positively charged body from point A to point B, external work done is 40 J and body acquires

a kinetic energy of 20 J. The potential difference, V- V,, is

(1) 20V (2) —20V (3) 40V @4) 40V
Sol. Answer (1)

AU =W-AK=40-20=20J

AV = AU = 20 =20V

q 1

Aakash Educational Services Limited - Regd. Office : Aakash Tower, 8, Pusa Road, New Delhi-110005 Ph.011-47623456



82
4.

Sol.

Sol.

Sol.

Sol.

Electrostatic Potential and Capacitance Solutions of Assignment (Level-1) (Set-2)

A charge of 5 nC is uniformly distributed on a ring of radius 4 cm. Find the potential at the axis at a distance of 3
cm from the centre.

(1) 0.09V (2) 600V (3) 900V (4) 300V
Answer (3)

Kq

V= Vr? +x?

In which of the following case, potential at point O is not zero?

2N\ N
AL F B d a
M) Sada @) v/ N

RSAR
‘6/
(0] +—a—»
(ABiis circular arc)

+Q +Q
| S
2 e ™
o | ™| i
; S N
+2Q -2Q O
4+—a—>>
Answer (3)
In case 3,
kQ , 2kQ -2k ‘!> &'\ N
(</\./
e /f 75 Vi \

@

In any region, if electric field is define'as” E
A(0, 0, 0) and B(2, 3, 4) in that reg|

X
‘g'ﬁ j +{€')>‘\7/m then the potential difference between two points

/\\

(1) 6V @) 12v @) 8V @) 9V

Answer (2)
AV = —E-Ar=Vg—V,=E(ry-13)

If the potential function is define as V = (-3x + 4y + 12z) V, then magnitude of electric field E(x, y, z) is

(1) 16 V/im ) 12V/m (3) V14 Vim 4) 13 V/m
Answer (4)
-0V -0V -0V
= =3 E, = =4 E,="""=-12 =
E.= o Y 2=, = E =13 V/m
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8.  From the following graph, find the value of | E | atr=3.5m

V (volts)
A

10 [~

» r(m)

() 3.5V/m @) o 3) ﬂ Vim @)  Zero

Sol. Answer (4)
E = —dVidr. |E| = slope =0

9. Ifthe given figure shows equipotential sur then the magnitud e field is

(1) 50N/C
Sol. Answer (4)

(4) 400N/C

E = AV/Ar, AV =20V,Ar=(10cm)

10. A uniform electric field of 200 V/m is directed at 45° with x-axis as shown in figure. The co-ordinates of point P
and point Q are (1, 0) and (0, 2). Find the potential difference, V, — V, (in volts).

200 —200

) 2 @) 20042 @ "5 (4) —20042
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Sol.

1.

Sol.

12.

Sol.

13.

Electrostatic Potential and Capacitance Solutions of Assignment (Level-1) (Set-2)

Answer (1)

E=22(i+])

2

fog =lp —Tq =1—2]

V, -V, =-Er,= 290, o1

2

There are two concentric conducting shells. The potential of outer shell is 10 V and that of inner shell is
15 V. If the outer shell is grounded, the potential of inner shell becomes/remains

(1) 25V 2 15V (3) 10V 4) 5V

Answer (4)

Potential difference is only due to charge on inner shell. So potential difference between the two shells
remains unchanged.

= V-0=15-10

= V =5volt

There are two concentric hollow conduc spherical shel
shell is Q. What charge should be gi n to_the inner
2R from the common centre, is zero?

- QR
m = @ &

S
L J
O
*}fhg charge on the outer
%aké%oint P, at a distance
&
0

Vo
Ty

pot

R

Answer (4)

Since P is outside, both sph
(Common centre)

For zero potential at P,

v_o-K@Q+q) Q\Q, \\/

2R

= qg=-Q

The graph between the surface charge density and radius of curvature for an isolated conductor at constant
potential is

(1) Straight line with positive slope (2) Parabola

(3) Rectangular hyperbola (4) Straightline negative slope

Sol. Answer (3)

1
Gos - (Rectangular hyperbola)
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14.

Sol.

15.

Sol.

16.

Sol.

17.

Sol.

Which of the following statements is not true regarding a conductor?
(1
(¥
3
4

) The surface of any charged conductor is an equipotential surface

) When a conductor is earthed, charge always flows from conductor to earth
) Electrostatic field inside the conductor is zero

) Electrostatic potential through out the volume of conductor is constant
Answer (2)

Charge may flow in either direction.

An air filled parallel plate capacitor having circular plates of diameter D is given a charge Q. The magnitude of the
force acting between plates is

Q* Q? Q? 2Q?
M 2¢, @) 2nD%, ®) nD%, @ ey D?
Answer (4)

= Q%2A¢,, A = D4

A|r filled capamtor is charged by a batter and'af i . > of dielectric material is

(1) Increased
(3) Remains constant

Answer (2)

Q 1
= = —=Foc—
E = Vid Cd C

OV
If the area of each plate is A and the sep emi the);gﬁhd the equivalent capacitance between
Pand Q &

€A

2soﬂé\ \J £oA 3¢,A
() o @ =5 @) o @ =

d d d
Answer (4)
12
] 1
I = 2
P(1,4,5)\ 43 Q@,36) P 3, o
5
6
| ———
56
3epA
Coq=3C = —
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18. Find the equivalent capacitance between point A and B.

4 uF 4 uF
| | |
Ao 1] 1] e
j— — ——4uF
4 uF 4 uF
Bo o
(1) (1+5)uF (2) 2(1+24/5)uF (3) 24420 WF (4) 1442 WF
Sol. Answer (3)
Let x be the equivalent capacitance A ”
4uF
between A and B. s e
4x — — ¢
—+4=x
7 4+x
B

Or x= (2+@)MF

19. Find the capacitance between A and

7 D
(1) ¢ P (4) 3.2uF

Sol. Answer (4)

By Nodal analysis

Q=2(V-x); Q=5V-y)
Q=Kx-y)*x4,Q,=(x-0)5 Q=(y-0)x2
Now, Q, = Q; + Q,; Q, + Q; = Q,

Solve for Q, and Q,.

Q+Q,

Now, Ceq = v
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20. Find the potential of point P.

30 V
1.
P
C C
10V 20 V
(1) 15V ) 60V @) 10V 4) 20V

Sol. Answer (4)

_ Cx30+Cx20+Cx10
B C+C+C

=20V

21. In the circuit shown, the charges on the capacitors A and B are respectively

() ¢V, cv @)

Sol. Answer (4)
Applying Kirchhoff’s loop law,

_29.9
2c’' ¢

_ov
= g==

2g = CV

N

ag} of {W&S |dent|cal capacitors to their parallel combination,

.\a, >

1 Q/ &Y 1
(1) 1 () 2 \ 3) 4 4) 7

Sol. Answer (4)

Series :

o

Ceq 5

22. The ratio of energy stored by the
when connected to same supply v

E= V2

N O

1
5"
Parallel :
Ceq .=2C

1 E 1
E'=—20V? — = =1
2 -
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23. A capacitor is charged until it stores an energy of 1 J. A second uncharged capacitor is connected to it, so
that charge distributes equally. The final energy stored in the second capacitor is

1M 1J 2 054 (3) 0254 4) 0.125J
Sol. Answer (3)
2
AU = 1 c V2= 1CV2
2C+C 2
lCV2 =1.0J
2
= AU=05J

Remaining 0.5 J distributes equally between two capacitors. That is, each capacitor has energy = 0.25 J

24. An arrangement of three large metallic parallel plates with respective charges marked in figure is shown. What
is the charge appearing on the left face of plate B?

Q, Zero Q,

(1) Zero
Sol. Answer (2)

Q

g|AQk |B

As electric field intensity inside

_Q+Q
h=7 E\Qz
N\
Q-Q
9, =Q-q,= 12 z
Q,-Q
q, =—-q, = 22 !

25. An airfilled parallel plate capacitor of capacitance 50 uF is connected to a battery of 100 V. A slab of dielectric
constant 4 is inserted in it to fill the space completely. Find the extra charge flown through the battery till it attains
the steady state.

(1) 2.5mC (2) 5mC (3) 20mC 4) 15mC
Sol.

Answer (4)

Q=CV,Q=CV=AQ=CV-CV=(200 - 50) x 100 = 15000 mC = 15 mC
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26. A parallel plate capacitor, with plate area A and plate separation d, is filled with a dielectric slab as shown.
What is the capacitance of the arrangement?

K(K +3) gpA
2AK+1) d @

KeyA 4 KeyA K+1) g A
0 0 @) ( )0_

Sol. Answer (1)

. ¥
27. In the arrangement shown, the ba [ @e@d a dielectric slab of dielectric constant K is inserted
between the plates of capacitor with“ca nqs,;}@, so as to completely fill the space. What is the final
potential difference across capaciter w pa.@‘nce 2C?
\

—_—2C

3v 4
2+K @) K+2

(1) Zero 2 Vv (3)
Sol. Answer (3)
Q,+Q,=CV+2CV=3CV

_Q+Q, 3V v
"~ 2C+kC  C(2+k) 2+K
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28. Air filled capacitor of capacitance 2 uF is filled with three dielectric material of dielectric constants K, = 4,
K, =4 and K, = 6 as shown in the figure. The new capacitance of the capacitor is

= AN
(1) 50 uF @) 2uF (3) 20uF (4) 10uF

Sol. Answer (4)

a
29. J , respectively. The

work done by the electric fiel tch r)g%l'%’wmoved from (- a, 0, 0) to (0, a, 0) is
\<’ «

i R
(1) Positive \\ ng\
(2) Negative :b\ “\?ﬁé

(3) Zero ® (_, o

N
Q’/ andfinal positions

NN
N

RN
(4) Depends on the path connectin
Sol. Answer (3)
Points A and B lies on equipotential surface.

2
30. Consider a system of three charges % % and _?q placed at points A, B and C, respectively, as shown

in the figure. Take O to be the centre of the circle of radius R and angle CAB = 60°.

o)
60°
A _/
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Sol.

31.

Sol.

32.

Sol.

q
8nsOR

(1) The electric field at point O is directed along the negative x-axis

2

(2) The potential energy of the system is zero

2
9

(3) The magnitude of the force between the charges at C and B is 5
d4meyR

q
127tsoR

(4) The potential at point O is

Answer (3)

Force between C and B is

() (8~ o

—_ — | X =

4ne,\ 3/\3/)  (RJ3)? 54ne, R’

Consider a thin spherical shell of radius R with its centre at the origin, carrying uniform positive surface charge

density. The variation of the magnitude of the electric field | E(r)| and the electric potential V/(r) with the
distance r from the centre, is best represented by whcih graph?

Answer (4)

1
Inside, E(r) = 0, outside E(r)ec =

Inside V(r) = constant, outside V(r) x;

Consider a neutral conducting sphere. A positive point charge is placed outside the sphere. The net charge
on the sphere is then,

(1) Negative and distributed uniformly over the surface of the sphere

(2) Negative and appears only at the point on the sphere closest to the point charge

(3) Negative and distributed non-uniformly over the entire surface of the sphere

(4) Zero

Answer (4)

The sphere is initially neutral. So its net charge on induction will be zero.
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33.

Sol.

34.

Sol.

35.

Sol.

Electrostatic Potential and Capacitance Solutions of Assignment (Level-l) (Set-2)

Three concentric metallic spherical shells of radii R, 2R, 3R, are given charges Q,,Q,,Q,, respectively.; It is
found that the surface charge densities on the outer surfaces of the shells are equal. Then, the ratio of the
charges given to the shells, Q, : Q, : Q,, is

M) 1:2:3 @ 1:3:5 @) 1:4:9 4) 1:8:18

Answer (2)

Charge distribution will be as shown.
Q, =4Q, - Q=3Q,

Q; =9Q, —4Q, = 5Q
Q:Q:Q3=1:3:5

A long, hollow conducting cylinder is kept coaxially inside another long, hollow conducting cylinder of larger
radius. Both the cylinders are initially electrically neutral.

(1) A potential difference appears between the two'cylinders when a charge densitysis'given to the inner cylinder

(2) A potential difference appears between.the two cylinders,when a“chargerdensity is given to the outer
cylinder

(3) No potential difference appears between the two cylinders when a uniform:line charge is kept along the
axis of the cylinders

(4) No potential difference appears between the two cylinders wheh same charge density is given to both the
cylinders

Answer (1)
The potential difference between leng, hollow concentric cylinders is independent of charge on outer cylinder.

A uniformly charged thin spherical shell of radius*R carries uniform surface charge density of ¢ per unit
area. It is made of two hemispherical shells,sheld together by pressing them with force F (see figure). F is
proportional to

1 0 2
(1) g OR @ OoR 3)

Answer (1)

By dimensional analysis

2 2 A2
Fl=| | | 1oA ) 1 g
4ne, r & R €,
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36.

Sol.

37.

Sol.

A 2 uF capacitor is charged as shown in the figure. The percentage of its stored energy dissipated after the

switch S is turned to position 2 is
_o\> O—
S

VT 2uF— 8uF mm

(1) 0% (2) 20% (3) 75% 4) 80%
Answer (4)
1
U, =§c1v2
q=C\V

, g _ CV Vv

V' = = =
c,+C, C,+C, 5

1 P
U, = E(C1 +C,V2 = Ec1v2

AU 100=80%
U.

)

In the given circuit, a charge of +80 uC is gi
state, the charge on the upper plate of t

(1) +32uC (2) +40uC (3) +48 uC (4) +80uC
Answer (3)

For the 2 uF and 3 uF capacitor, equivalent capacitance is 5 uF.

Q

= V=—=16V

Now, g = CV =48 uC
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