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Preface

For a science student, physics is the most important subject as it requires logical rea-
soning and high imagination. Without improving the level of physics, it is difficult to
achieve a goal with the kind of competition that exists today. This five part volume
covers all parts of general physics—Mechanics, Heat, Wave, Light, Electromagnet-
ism and Modern Physics—which is written in accordance with the latest syllabus of
the IIT-JEE and AIEEE. There is no single book that is available in the market that
contains a large amount of solved examples.

SALIENT FEATURES

m Entire syllabus is covered in five volumes.

m Content of each chapter is well defined and builds new concepts from the
scratch.

m Each chapter describes the theory in a simple and lucid style.

m Covers a wide spectrum of questions to enable the student to develop enough
expertise to tackle any problem.

m Helps students in building analytical and quantitative skills, which, in turn, de-
velop confidence in problem solving.

m Practice exercises are given at the end of each chapter.

m Numerous diagrams in every chapter.

After studying the entire chapter, students will be able to learn different tricks and
techniques of problem solving with suitable level of analytical ability.
Suggestions for improving the book are always welcome.

All the best!
S. C. PANDEY
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CHAPTER

Electrostatics

1.1 INTRODUCTION

‘ CONCEPT

It is that branch of physics in which we study properties of charge at rest.

Benjamin Franklin (1706-1790) was the first “American Scientist” who proved
that charge is of two types:
“Conventionally he assumed that charge appears on glass rod is (+ve) positive,
while that on the rubber rod is (—ve) negative.”

Now with the comparison of these two charges an unknown charge can be
labelled at either (+ve) positive or negative (—ve).

(@)

(i)

(iif)

(iv)

The excess or deficiency of electrons in a body gives concept of charge.

If body has a excess of electrons then it will be negatively charge and if
it has deficiency of electrons then it will be positively charged.
If n is the number of electrons transferred, then the charge acquired by the body
will be

Q=ne
If a physical quantity does not vary continuously rather it can have only
discrete value, then such physical quantity is said to be quantized. Therefore
charge is quantized.
During the process of charging, mass of body changes.
Can a body have charge of 7 Coulomb?
Since, Q=ne
therefore,7=nx 1.6 x 107 C
7 70 70

n= = =—><1019
1.6x10™" 16x10™" 16

n=4375x 10" =4375 x 10'¢
n=4375x 10" = 4375 x 10
Yes, a body can have charge of 7 C.

or
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Electrostatics

CONCEPT

CONCEPT

(v) Total charge of an isolated system is conserved. Charge can be created or
destroyed but net charge cannot be changed.
(vi) Charge is an invariant with speed of charged body while mass and length are
variant with speed.
(vii) If a particle is massless, then it will be chargeless too. But if it is chargeless
then it can have mass.

Method of Charging:
A body can be charged via

(i) Rubbing
(i1) Conduction
(iii) Induction

Induced charge (q)

(\b\\ PR I 2 2 2
A +
[ttt ——— \ A +
{ & e \ P

(i) After induction, attraction takes place.

(i) Therefore, attraction is not a sure test of electrification.

(iii) The sure test of electrification is repulsion.

(iv) If a charged body and uncharge body are connected through a wire, then
charge flows from charged body to the neutral body till the potential becomes
same.

(v) The amount of induced charge is always less than or equal to the amount of
inducing charge.



Electrostatics 13

Example

Five balls, numbered one to five are suspended as shown. Pairs (1,2), (2,4) (4,1)
show electrostatic attraction, while pairs (2,3) and (4,5) show repulsion. There-
fore, ball 1 must be neutral.

2998

Testing of Charge of Gold Leaf Electroscope

1.2 COULOMB’S LAW

According to Coulomb, the force that operates between two point charges is directly
proportional to

(1) the product of the magnitude of two charges, and
(i1) inverly proportional to square of distance between them.

q.e - .q,

Let ¢, and g, are the two point charges separated by distance r.
According to Coulomb,
If r be kept constant, then Focg q,

=> Fax —q‘gz ; F= _kq,zq 2 in vacuum
r r
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2
Here, k=9><109N__2m
e

Here, g, and ¢, denotes magnitude of charges.

Z (1) In C.G.S., unit of charge is Stat-Coulomb (e.s.u).
w
2 1C=3x10%esu
O =
S InC.GS., k=1
and F= _%‘Zz
P

(ii)) Coulombian force always operates between two charges along the line join-
ing the centres of the particles. Therefore, it is a central force.

F=7(

(iii) Coulombian force is of a long range. It operates upto oo (infinity)
(iv) Coulombian force is much stronger than the gravitational force.

~ Gmm,

F = 6.67x107"
r
Since F= kq;gz
-
. . 1
k is also written as, k =
4 e
2
€ ~ 1 _gssxi0® C—2
nk N-m

=8.85 x 102 F/m

Here, g, is known as Absolute permitivity of vacuum.

1 qq,

dne, 1’

Vacuum —

For a medium,

1 949
F . =— 4%
medium 47'58 1”2

Here, ¢ is known as Absolute permitivity of medium.

1 44,
2
vacuum_ _ 47-[80 r :i . s :i
I— .. ,
Fmedium L % 80 80
4ne 1,

or  E=ggE,
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CONCEPT

vacuum

Here, €, = = Relative permitivity,

medium

or Dielectric Constant of medium.

Relative permitivity is the ratio of force between two charges in vacuum to the
force between same two charges at same distance in medium.

1 94,
dnge, 1

medium

g, has no unit and ¢_different for different medium

For Water, g, =80
For Air, €, = 1.0001 (approximately).
For Metals g, = oo (infinity).

g_is greater than 1 for all medium except for plasma.
For plasma ¢_is less than 1

Coulombs Law in Isotropic Media

F= 1 QIgZ
4ree, ¥

Coulombs Law in an Isotropic Media

q1= r =qZ
_ l 949,
vacuum 47'580 r2
Medium

OO0OO0OO0OOOOOOOOOOOO

a

. L Xe
OOOOOOOdOOOOOOOO 2

_ 1 qq
medium 47[808r dz
Since Fvacuum = Tinedium.

1 44, _ 1 g9,
dne, r*  dneg, d°
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11
o d’e,
or de =r

or d:L

r:d\/g

where, d distance of a medium is equivalent to r distance of air.

Example

q, q,

t distance of medium =¢./e, distance in air.

F= 1 9,9,
Are, [(r—1)+ t\/g]2

Example

Initially, two charges are separated by a distance of 1m. When a dielectric slab
of thickness 40 cm is introduced between them, then force becomes half of its
previous value. Find dielectric constant of medium.

Tm

q, q,

40 cm
«——06m+04MmM—ma--—>

&= Solution F,_ :Lq‘—qj
4ne, (1)
F ) — 1 qqu
medium 4Tl:80 (06+04\/g)2
F
But F =—=>.
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1 99, __ 99 2
4ne, (0.6+0.4e ) 4ne,(1)° 2

or  (0.6+0.4,f5, )" =2

or  0.4e, =1.4-06=0.8

o o =28
0.
e =4
1m >
40 cm
Example

Two charges are separated by a distance of 1m. Find minimum force between
the two charges.

&= Solution F = kquz
B

a,e ; .q,

Since, minimum possible charge is electronic charge.

in kq min x q min.
F — 1 r2 2
~9x10” x(1.6x107")?
1
=9x2.56x10% N.
Example

How should a point charge Q be divided into two parts, so that force between
them becomes maximum for a given separation?

& Solution Let the two parts be q and (Q — gq)

Q
ge * (Q-q)
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ki - k
F= q(Q2 q)z_z(Qq_QZ)
r r
For F to be max™. £:0
dq
k
or (Q-29)=0
or Q-2¢=0
or Q=24
Q
or ==
4 2

Hence, for force to be maximum, charge should be divided into two equal parts.

Example

In the figure shown, find force experienced by the charge at lower right corner.

*q *q

—-q a *q

2

<& Solution Here, F = kiz
a

Resultant force = \/F2 +F? +2FFcos120°

=2F +2F*(-1/2) =F

2
= Lz at an angle 240° anti-clockwise direction.
a

Example

Find the force experienced by the charge 24, shown in the figure.

&= Solution F = kx sz 29 = 2k€Q

a a
kx2gxQ kg
a a
Net Force :\/EF—F1 :ﬁx@_@
a a
kQ

F=

2 \2-1)
a
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F
J2F
45°
+Q a 2q F
a a
F1
-Q a +Q

Example

Two similar balls of mass m are hung from silk thread of length / and carry simi-
lar charge g as shown in the figure. Assuming 0 to be very small, prove that

2 1/3
x=| - 4
2me mg

<& Solution Here, T cos 6 = mg

and TsinO=F

F

tanf=—

mg
or F=mgtan 6

2

or q—2=mg><i
4me, x 21

[ sin 6 =tan 0, 0 being very small.]

2
s__ 4 !
2me,mg

or X
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Example

A test charge g, is kept on the perpendicular bisector of a line joining the two
charges separated by a distance 2a. Find radius of symmetry r for which force
(F) on the test charge will be maximum.

F R F

olo
Jo
o

+q @ +q

Net force, F=2 F' cos 0

1 q’ r

=2x X
dne, (r* +a’) \/rz +4°

3/2

F= qzr(r2+a2)’

2me,

For F to be maximum,
dF_ ¢

;_Zneo
-3 -5 =3
rx| — |(r* +a*)? x2r+(* +a*)? |=0
AFJre e
or (P+a)P[3r+a)'+1]=0
-3’
or +1|=0
[r2+a2 J

3 +r’+a’
or | ——5, 5 =0

r+a
2 2

or “2 22 -0
r’+a

or a*-2r=0
a
P
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1.3 ELECTRIC FIELD AND ELECTRIC INTENSITY

CONCEPT

Electric Field and Electric Intensity

Q, +Q

®

According to the modern concept, the force between two charges is not a single step
process, but it is two step process:

(1) Firstof all, a charge creates a field around it and when another charge comes into
contact with this field, it then experiences force.

(i) Also, field due to a charge propagates (travel) with speed of light.

Electric Intensity

To study the behaviour of electric field we introduce a parameter, which is known as

electric intensity. It is defined as the force experienced by unit test charge at required
point.

—>E
+1
Qe i e P (Test charge)
F = 1 Q>2<1 = Q 2 EP = Q 2
4ne, r 4ne,r 4ne,r
Note:
(Test charge)
+q,
Qe e P
F= kQZqO -t ﬂi
r q, T

(1) If Q charge lies in electric field E, then it experiences force.

F=¢4E

e+ TUe+
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Electrostatics

(i1) Positive charge experiences force in direction of electric field while negative
charge experiences force opposite to the field.
(iii) In vector notation,

F=¢E

where, sign of charge should be taken.

E,«— —E,
+1
Qe .q,

F,, = Force on 1 due to 2

F,, = Force on 2duetol

E2Q1 E1Q2
kQ,Q kQ,Q
E, = 122 E, = 122
r r
E=0

(iv) Field due to a monopole (single pole) charge is spread upto oo.
(v) If there are several charges, then electric intensity at a point will be sum of

indivisible intensity.
o P

_Q= F
fixed
g
1’2
(i) E= _k3Q P
r
(ii) E= _l‘;Q fﬁ=ﬁi(—5j = —Qif
r r r r
(iii) E= _";Q F
r

Electric Field due to Dipole

When two equal and opposite charges are separated by a very small distance then
the system is known as dipole and the line joining the two charges is known as
dipole axis.

Dipole moment (p) = Q x 2/
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Dipole moment is defined as product of magnitude of a charge and separation

between the two charges.

5 —
Qe °
2] +Q

It is vector quantity and is directed from (—ve) negative to (+ve) positive charge.

Electric Intensity on the Axis of Dipole

(End on point)

We have to find electric intensity at point P at a distance r from the centre of dipole.

E=E +E,
E=E, -E,
0 E,«— +1 -
Qe | & ——————= —— E,
2/ +Q P
| r 5
kQ
E = 2
(r=0
B =12 ;
(r+1)

(=)

E =—_
Po(r+l)

Net electric intensity, E = E, +E,

= i+
(r=1) (r+1)°

N !
:an[(r—l)z_(r+l)2}
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Y e
_kQ"{ =1 (r+1) }

| 2xrx2]
_an|:(r2_12)2j|
~ . 4rl
or E= _
iy
If r>> then

L kQAax4l  2k(Qx2D)h
E= O 3
r r
B 2k(§n)
r
o E=2P
P
p=pi

On the axis of dipole, electric intensity at each point is in direction of dipole
moment.

Example

In the figure shown, two dipoles each of dipole moment p are kept at square of
side a as shown in the figure. Find resultant intensity at point P.

a
P
a a
2P V2a
p
p_ a

2kp\/§
(2a)’

3 2kp\/§ kp

=— at an angle 45° from the +ve —axis

_Z\Ea} a

& Solution E, =
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Example

For what value of 0 electric intensity E will be perpendicular to dipole axis?

& Solution Here,

90=0+a 70(/
a=(90-06)
or tan o = tan (90 — 0) o
=cot O
—tan0 = L
tan©
or tan? 0 =2
0 m
or tan 0 = i«/a =q +q
: 0 ==+ 55°
pcosd
—q 9 9 9 *q
pcoso

Electric Intensity due to Continuous Charge Distribution

Uniformally charge per unit length same.

Here, Q= charge on ring.
a = radius of ring.
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Electrostatics

Charge per unit length (A) = Q
2na

Charge on element = dg = Adl

Electric intensity at point P due to small element
dE = %
(a+7r7)

= Net electric intensity = J dEcos6
Integrating,

E:IM;

a2+7”2 \'a2+r2
k\r
“@e

kar

= (az +r2)3/2

__ kQr
In case of positively charged ring, electric intensity on both sides of ring will be away

from the centre of the ring and along the axis. While in case of negatively charged
ring, electric intensity is towards the centre of the ring.

x 2ma

Pt

+ &
+Y i
+ =
+ +
+ -
«— + - c — E
+ & + &
¥ I *
M T —
¥ i+ r gt
+ +
4 L
A

Note: Since, electric field at the centre of the ring is zero, therefore, there will be no
force on the charge kept at the centre of ring.
If  >> a, then

kQr __kQr

- (az +r2)3/2 - r3

For large distance ring behaves like a point charge.
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Example

A negative charge — ¢, is kept at very small distance from the centre of the ring.
If radius of ring is a and total charge on the ring is Q, prove that motion of the
charge will be simple harmonic. Mass = m

+t+

+ +

- -

+ +
+ +
+ + 3
+ * + L
M —
+ + %
+ +

B a

B

& Solution Force on negative charge

F=¢4,E
_ q,kQr

) ki

Acceleration = —zqo—Q};m
m(a” +r°)
If r<<a,then
Acceleration = (quO j
ma

Acceleration, a=a ar
Hence, motion is simple harmonic.

Electric intensity at perpendicular bisector of uniformally charged rod of finite
length

Let, A = charge per unit length on the rod
Then, charge on element = A dx

Net intensity = JdE cos0 dE \/ Length=L
0/6
j khdx 050 A
F +x ) oTo
X r
From figure, tan® ==
r

e S o B o i A M A2 B A
or x=rtan 0 (x—)dx

Differentiating, dc=rsec*0d0
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Electrostatics

Net intensity = I xrsec’0d 0xcos0

r*sec’ 0
=ﬂ } cos0d 0
r 76
E= @[sin 0]"
r )
or E =ﬁ
,

Finite rod. If both the ends tend to infinite,

then 6, =6, =L and Ezﬁ
2 r

Example

Find electric intensity at the centre of a charged circular sector (portion) mak-
ing an angle 0 at centre of the ring.

& Solution ). = charge per unit length.
Charge on element dfs,

Ads = ARd o

Electric intensity, dE = dEsino =

R2

khdo . (kkdaj

Net intensity at the centre

E, = jdEcosoc

:I e do.cosa
0/2

_ J-kkdoc cosaL

0/2
=— J. cosoda :@ [sina]
-0/2 R

0/2
—-6/2



Electrostatics

1.19

drn| . 0 (
=—| sin——sin
R 2

= @ {2sing}
R 2

E = %sing
Y R 2
*In case of semi-ring
0=m

_ 2kA

E, R

*In case of ring in the form of a quadrant.

7|

B 2k\ sin 0 Biscetor
R +
. +
=——sin45° N

"

5 _ Y2k %0 +

R E
Example

A charge ¢ is distributed uniformally on a circular ring of radius R. A rod hav-
ing charge per unit length A is kept along the axis of ring with its one end at the
centre of ring. Find interaction force between rod and the ring.

ottt
X

<& Solution Charge on element = Adx

force on element = (Adx) dE

Adxkqgx

Net force on rod = quj

xdx

(xZ + RZ )3/2
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_kar i j 2x(x* + R dx

F_@[(x2+R2)1/2:|°°
2 -12) |,

2 [Vx*+R?

Pk 2
2 R
or F=@
R
Example

Find electric intensity at the centre of a heavy sphere having charge per unit
area, o.

B
5/

\

& Solution Charge on ring
=0 x 2nr x RdO
=2nRo % R sinb dO
=27nR? 5 sinf dO

Electric intensity due to ring

kx2mR*0sinBdOx R cosO

E =
(R”sin’ 0 +R*cos’ 0)”

k*nR*csin0d0x R cosO
=nkocsin20d0

/2

Net intensity = k7o j sin 2046
0

/2
ko [—cos29}
2 0
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= knc[—cosg +cos 9}

=kno

1
= XTC
4,

Net intensity =
o

Electric Field Intensity on the Axis of Disc

Charge per unit area = o

Radius of disc =R

Charge on ring = (21 xdx)

Electric intensity due to ring
_k(@2p x dxo)r

- (x2+r2)3/2

Electric intensity due to disc

=nkor IZx(xz +r3) P dx

P
—E

2 R
= nkor {_—}
NP+

-2 2

=nkor| ———+—
NRP 47T

:zm{l_;}
VR +77

E= i{l - ;}
2| VR
If R tends to infinity then disc will become a sheet intensity due to infinite sheet
_©
26
c

E=——
2¢,

Field set up by infinite sheet is uniform.

Torque due to Electric Diploe
t=pEsin0
and Ta=pEsin6
Esi
ol im@
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Since, 0 is very small, therefore

a=PE
I

Also, a. is opposite to 0.

—-pE
o=t

aoc—0

Hence, motion is angular simple harmonic

o =PE

I
T:2—ﬁ22n L
0] PE

[
SJ 0 = 180° position of dipole is the case of unstable rotational equilibrium.
O
Z Z —>E
8 a3, qe——q

*q —-q

N qE qE P

z z
Example
Y-
Y E,
ol
4] X
0
p E,
psin® ‘)
O(g% a9 X*
ay  OKE
al® 7
(@) X X
a
—q4
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Prove that E_at point P E = ?’p#w
4me, (x2 + yz)
Where, p = dipole moment

&= Solution

andE, = kp Sine
r

_ 2kpcosO

T 3 2

r

E
EX:choqurErsinq

_ kp sin 0 cos g+ 2kp 00536.51n 0
r

Potential Energy of dipole in uniform the electric field

7a (\\f

*q

Case (i) When 0 = 0° is taken as reference level.

et

Reference level 0 o 6=0°

—-q *q

Let at any instant, dipole is at an angle a.
Torque on dipole due to external agent

T, = PE sin a (anti-clockwise)
Work done by external agent during small rotation dao.,

dW =7%-d
=1d9
=pEsinada

6
Wi = pEIsinadoc
0
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P.E. (U)= pE[-cosa];
=pE[-cos 6+ cos 0]

U=pE[l—-cos 0]
U is maximum at unstable (6 = 180°) rotational equilibrium and is minimum for

stable equilibrium (6 = 0).

z
I dS (o, a cos, 0, a sin 9)7 Y !

Example

The charges q, and q, are spread on the first half and the second half of a non-
conducting ring. Find components of electric intensity at point p along x-axis,

y-axis and z-axis respectively.
AP =(x—=0) i +(0—acos0) ] +(0—asin0) k
xi —a cos® j—asin® k

A

AP — AP _ X —acos0j —asin 0k
| AP | N

Charge on element = A, ds = A g
na

Electric intensity due to charge element

__ kqds j}g:(dE)Ap

- na(x’ +a*)
_ kqds  (xi —acos0]—asin0k)
na(x’ +a’) N
kq,dsx

x na(xz +a2)3/2
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kx
2132 quds

- na(x* +a*)

ke 7 Uqlds +J.q2ds}

na(x* +a*)
kx

na(x’ +a’)

es!
|

=(q, +g,)max

_ kx(q, +q,)
- (xz +al )3/2

3/2

JE = —kq,ds acos©
y na(XZ +a2)3/2

Since, ds = ad0, there fore

_ —kq,a’ cos0dO

Y na(x? +a*)”?
k 2

Ey :ﬂ;a(x—_|_a)3/2-[q] cos0d 0

2n
:k—am{ql‘[cos 6d9+qzjcosed9}

n(x* +a’) d
E =0
y
Again, dE, = —kqldzs d 512n 39/2
na(x”+a”)
Since, ds = adb, therefore
kg, a’sin6d 0
na(x’* +a*)’"?
Integrating,
k 2
E.=——————¢sin0d0O
: Tca(x +a’)”? -‘-ql

T

ka T 2n
_ sin0d 6+ sin6d 6
T ) {ql!‘ qzj- }

ka T T
- m[ql [—cosB]O +q, [—cose]i J

ka* 2ka®
=————55 @1+ D+g,(-1+-1)] =

Tca(xz + az) 3/2 (ql _qz)

na(x’ +a*)
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Line of Force of Geometrical Interaction

A line of force of E in a electric field is an imaginary curve, the tangent to which at
end point on each represent the direction of E at that point.

@
s\o‘o E
&
«®
q
positive charge Negative charge

N
Important properties of lines of forces of E

(i) Lines of force E are always in the state of tence

.\

(i) Lines of force are always originate from a positive charge and terminate of
charge.
(iii) Lines of force need not be continuous.

[T +

(iv) Lines of E is drawn such that the density, that is the number of lines per unit
area normal to the lines is proportional to the magnitude of E
N
dscos®
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)
(vi)

(vii)

(viii)

(ix)

<0

Lines of force never intersect each other.
Any configuration at line of E at a static field should obey the property of
rational field i.e.,

Edr=0
Cj)E. dr=0

Along a line of force, the magnitude E decreases (except the case of uniform
electric field).
If there is no negative charge, then line of force goes up to infinity.
Number of lines of force imenates or terminates is directly proportional to the
magnitude of charge.

Consider a point charge Q from each. Let N lines of force are originating
and these lines of force passes through a hollow sphere of radius 7.

Number of lines per unit area = e
o

Number of lines of force through area A s

AS
A
Q
AN = NZAS
4nr
But NocQ
N=CQ
AN = CQ2 AS
4nr
AN CQ .
—= ¢!
AS 4w’ @
But E=gi ...(ii)
r

Dividing equation (i) by equation (ii), we
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AN

AS _CQ r _CQ

7
X —

E 4m’ Q rm

AN = (constant) E
AS

No density, AN o E
AS

If AS = constant, then AN oc E

(x) It means electric intensity is large where electric lines of force are crowded
together.

Example
Where electric density is large?

LT

A B c

LY

E.>E,>E, E,>E >E_

(xi) Electric lines of force are never closed looped because if it will be a closed
loop, then work done on a charge during round trip will be zero by the field.
Therefore, field will not remain conservative, but it is conservative in not ture.

@ (Wrong)

(xii) It is general misconception that electric lines of force are the path of charged
particle followed in electric field.
If electric lines of force is a curve then a charged particle cannot follow
this path because there will be no centripetal force. The only force will be in
tangential direction.
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Example
If a (positive) charge is released at point A whether it will reach at point B?
Ans: No.
++
N
(e
— T
——
— e
——*+ |4
R E—— T ++—)—
— |+ " ++4)_
— ¢ + ++—>_
¥ *i4>—
N

A

(xiii)) When a conductor is kept in external field, then due to redistribution of charge

electric intensity inside the conductor becomes zero.

As there is no flow of current in electrostatic condition. Hence, electric

lines of force never enter inside the metallic conductor.

(xiv) Electric lines of force always Emenate or terminates on a surface of conductor

normally.

Suppose a line of force emenates from surface of a positively charged
conductor at an angle 0 as shown, then due to the component E cos 6, charge
will flow along the surface of conductor and hence current will flow but elec-

trostatic condition current does not flow.
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Hence E cos 6 must vary

Ecos6=0
cos0=0
g="

2

(xv) Electric Lines of force cannot be a continuous curve.

1.4 ELECTRIC FLUX

CONCEPT

Flux: The general meaning of flux is flow.
Velocity flux: The amount of liquid flown through a given area in 1 second is known
as velocity flux.

Let a liquid is flowing with velocity v is through on area As.
In 1 sec, liquid up to length v will cross the given area Amount of liquid flown = vAS

AS

Velocity flux = (vAS)

Here, B = angel between KS and v
area = vS cos 0

Amount of liquid flown = v AS cos 0
Velocity flux = vAS cos 6

=

=vAS

Area vector is that vector whose magnitude is equal to area of the body and its
direction is perpendicular to the surface.

In case of closed body, area vector is always taken perpendicular to the surface
and always in outward direction.

The dot product of any vector with area vector is known as flux of that vector.
Therefore,

Electric Flux (¢,) = E . AS = E AScos®

Flux is always defined for a vector quantity.
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The physical meaning of electric flux is the number of lines of force passing
through a given area.

Example
A ring of radius R is kept at the perpendicular bisector of a dipole as shown in
the figure. Find electric flux due to the dipole through the ring.

Consider a ring of radius x and width dx.

Electric flux through the ring.

do=2EcosOx2nxdx
kq /
=2x——F—Xx——=x2mxdx
P +x? NP+ X7
xdx
3
(12+x2)2

q):q_l.lf- 2ndx

f00 (7 4 2):

=dkgin

1Y% -
:2%){(12”2) " x2xd

- q_l[_z(zz )]

€

ol 2 2
280 \/lz+x2 !

R

0

¢=l{ _;}
€ \/12+R2

Example
A semi infinite rod lies along the axis of a ring with its one end coincinding
with the centre of the ring. Find electric flux through the ring if charge per
unit length on the rod is A.




1.32 Electrostatics

Here, E =E :ﬂ
X y X
Flux due to the rod through the ring
d=E.dS
=E_x2mxdxcos0°
= L x 21 x dx
x
= XAX2ndx = 2 dx
4ne, 2¢,
R
Total flux, ¢ = ijdx = L[x]('} = L[R -0]
2g, % 2g, 2g,
AR
b=~
2¢,

Example
A point charge +¢, is kept at the centre of a spherical shell of radius R. Find

the electric flux due to point charge through the hollow sphere.

&~ Solution Electric flux through the small area a?S
Electric flux, d¢ = E . dS
=EdS
= % ds

Total flux, o= J% dS= % IdS

X g, *x4n

ki
:iz"x4rcR2 =
R 4ne,

¢:@

€y
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Example

A tube of side 2 m is kept as shown in the figure. If the intensity E_depends on co-
ordinate X as E_=2 x? find electric flux through the cube shown in the figure.

Y

A E

& Solution Since, Electric intensity on the surface ABCD is constant

$pep =E-A=EAcos0
=2a*>xa*cosnt=-2a*

=-2x16=-32Nm?%C

g = ’EK =EAcos0
=2 (2a*) a® cos 6
= 8a*= 128 Nm?/C
Total flux = 128 — 32
=96 Nm?*C
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Gauss’s Law

According to this theorem, the total electric flux through a closed body enclosing a
charge g is equal to q—“; where, g is equal to net charge enclosed by the body.
€

If there are so man};) charges inside a closed body, for example ¢,, — ¢, and g, then the
electric flux through the closed body due to these charges will be

¢:M
€y
9-9,tq
¢: 1 2 3
€

0

(i) If a body does not enclose any charge, then the electric flux through the body
will be zero.
(i) Electric flux is independent from the position of charge inside the closed
body.
(iii) The total electric flux through a closed body is independent from the shape of
body.

Example

A heavy spherical ball of radius R is kept as shown in the figure in uniform elec-
tric field E. Find electric flux through the curve surface.

TN
i,

<
<
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CONCEPT

As there is no charge inside the bowl, hence from Gauss’s Law,

o=2L-0
80
6.+ 6. =0
(I)C:_d)l:
=—EAcos©
=—E n R?cos 180°
or ¢.=ExnR’
Plane Angle
o-_
r
/
0
=
If r=1,0=1/

Plane angle is nothing but the length of the circle of unit radius intercepted between
the two lines.

(1) Plane angle around a point at an interval point of a close curve is always equal
to 2m.

O:ZGi:l—1+l—2+ ........ +Zl:ﬂ:2n
r r r r
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(i) If plane angle at an external point due to closed curve is equal to zero.

(O~ O~

Solid Angle

AS

Ifr=1,then AQ=AS
Solid angle is nothing but the area of sphere of unit radius intercepted by the

cone.
AQ
Note:
Q=XAQ
AS, AS, AS,
= rz + rz +..... + r2
TAS, 4w’
= 3 = 3 :47‘[
r r

Q=A4xn
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Note:

(i) The total solid angle formed by a closed body as an internal point is equal to 4.
(i1) Solid angle at external point due to a closed body is equal to zero.

The Most General Proof of Gauss’s Law

Let us consider a charge ¢, inside a closed body of an arbitrary shape.
Electric flux due to point charge g, through the small area Js

do=E.dS
=EdS cosa

=k—qz°dScosa
,

ki
= %(ds COS o)

dScosal
s

d ¢ = kq, dQ
d)tola] = qu J- dQ

= kq, x 4n
1
= X, X 41
4ne, g

_ 4
Hence ¢lolal -
0
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CONCEPT

Electric flux due to a charge lies outside the closed body is equal to zero.
Electric flux through small area dS

Ad=E.dS
=E AS cos (180° — a)
=—EAScosa

= izquScosoc
r

=_kq0(ASC(2)scxj
r
Ad =~ kq, AQ
P = Z A0
% (- kq, AQ)
kg, T AQ=0

Applications Based on Gauss’s Law
Let, A = charge per unit length on rod.

Electric flux through small area dS on the Gaussian surface.

db=E.dS=EdS

= [Eds
=E|ds
=Ex2nrl

... through closed surface.

(I)curved portion

O0=Ex2nri+0+0=E x2nvrl

Also, ¢= 4. .
€& &
Ex2nrl= n
80
or E= A
2ne,r
Example

Using Gauss law, find electric intensity due to a point charge at distance r from it.

&= Solution Let us draw a Gaussain surface of radius r.

E o4
<}'>E.azs_80
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O = PE- dS = PEdS
=E @dS +
§ :
M
=(E x4n r* o
(B> dnr) : ds
q T S e
Ex4nr’ =2+ T
€, t
or E=—1 G 5
2 aussian
Ane,r Surface
Electric intensity due to hollow sphere at external point.
Case A: Draw a Gaussian sphere of radius r.
¢total = (ﬁE dS
=E §ds
=E x 4n?
—
E
— —>
ds
qr
According to Gaussian Law,
q
¢Total = 8_
0
or Ex4nr’= 4
80
or E=—2Y
drne, r
or E= k—?
B
—
— dS
e
E
Gaussian
Surface
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CONCEPT

For external point, hollow sphere behaves like a point charge where total charge
may be supposed to be concentrated at the centre.
Case B: Electric intensity at an internal point.
As there is no charge inside the Gaussian surface, therefore, total electric flux through

the Gaussian surface is zero, which is only possible when electric intensity is zero,
inside the sphere.

Distance

If a conductor is given charge, then the total charge appears on the outer surface
of the conductor.

As there is no electric intensity inside the metal is zero, therefore, total flux
through the Gaussain surface is zero.

But According to Gauss’s Law,
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CONCEPT

Example

In the figure shown, if the outer sphere is given charge 20, then what will be
the charge on inner and outer surface?
Ans. — g and (Q +¢q)

2Q

Gaussian
Surface

(1) Ifaconducting plate is given a charge Q, then the charge is equally distributed
in the two parts, so that electric intensity inside the metal becomes zero.

(i) If a conducting solid sphere is given charge, then there will be no charge
inside the sphere. Therefore, the electric flux through the Gaussain surface
inside the sphere will be zero. Therefore, electric intensity inside metallic
solid sphere is zero, while for outside point same as hollow sphere.

Conducting Sheet
l« Qq c

+ o+ |+ o+ o+ o+ o+
f + + + |+ + + + + +
+ o+ o+ ]+ o+ o+ +

Electric intensity due to non-conducting solid sphere
Draw a Gaussian surface of radius r. Electric flux through small area dS on
Gaussian surface

dd=E.dS=EdS
¢=<]5EdS=E<deS

¢=E x 4n 12
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But, according to Gauss’s Law,

Q
(I)total = 8_
0
or Exdnr’= Q
80
or E= Q >
4ne,r
kQ
E=—
-

For outside point, solid sphere behaves like a point charge.

Electric Intensity Inside the Solid Sphere

Draw a gaussian sphere of radius r.

Flux through the gaussian sphere,
=}E. dS
= §Eds
=E x4n ;2
Charge inside the gaussian sphere
Q 4 Qr’
qinclosed = 4—>< _an = 3 d) = qinclosed/80
TR’ 3 R
3
3
But, Ex4nr? = Q:
R’g,
@ Qv _p,
dne,R* 4 s 3e, 3
3
or E= k}gr
E
' Outside
N 1
@é‘ ! E o« 2
7 |
\(\6 |
R r (Distance)
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Alternative Methods
Charge on spherical shell volume
=p x (4 7 X2 dx)
Electric intensity at point p due to spherical shell
_ kp x 4mx’dx

2
r

E

Enet = M_.‘xzdx

r 0

_kpx4nxﬁ_ﬂ
r 3 g,

Electric Intensity due to Infinite Sheet

o = Charge per unit area
Electric flux through the gaussain surface.
6=EA+EA+0=2EA

2

&>

qenclosed =0 A
According to Gauss’s Law.
ccording to Gauss’s , .
¥+ ++
_ qenc]osed + 4+ o+t
Total ~— + + +
0 + + + H
A (—@E + + ++
or 2EA=— N
€, + 4+ ++H
- L& 11| Gaussian
or E= \‘N Surface
2¢,
In case of conducting sheet,
qenclosed = 2 o A
c

e=—
€

0
— (ve) Towards the plates.
+ (ve) Away from the plates.

Electric intensity near the surface of charge conductor is always equal to 9.

Total flux through the gaussian surface,

¢=EA+0+0
— qenclosed — ﬁ
¢ €y €y
A
EA=22E=2

€ €
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CONCEPT

Closed loop Irregular Shape

Identical Plates:

As ¢ through the Gaussian surface = 0, therefore

or

or

or

or

(Q:q1)l/Q 31 _92
+ + +
+ + +
+ + +
+ + +
0 el 1@
+ + +
+ + +
+ + +
+ + +

qenc]osed:()

S _o

€y

6, A+c,A=0
c,A=-0,A
(51:*(52

4% _~%

A A

9,4,

9 (20-q,)
+

+ + + + + + + + +
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Example

Two identical metallic plates are given charges O and 20 as shown in the figure.
Find the charge that will appear on the inner and outer surface of two plates.

Q- q -q 2Q+q
+ + + +
+ + + +
+ + + +
; «—t— —>
+ ¥ + . +
P
+ + + +
+ + + +
+ 7 + +

&= Solution

ing - 2
E,-Q9;, 9 ;. 9 5, 29%q_,
2Ag, 2Ag, 2Ag, 2Ag,

d Q-g+q-9-2Q-9q)

" 2Ae,
SN
Ep = ~Q-2¢)=0
J ZAEO(Q q)
= Q+29=0
-Q
= =—
)
3Q _Q _Q 3Q
2 2 2 2
+ - + +
ks - ks ks
ks P - ks ks
+ - + +
ks - ks ks

Final distribution of charge on two plates.
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Example

There is a solid sphere of radius R having volume charge density p=p,(1 —%),

where p, is any constant and r is the distance from the centre of sphere.
Assuming permittivity of medium to equal to 1, find

(1) Electric intensity E inside the sphere and outside the sphere at distance r.
(i) Also find where will this intensity be maximum.

& Solution Consider a Gaussian surface of radius r.
(1) (a) When #° R Electric flux through small area,
db=FE.dS—E dS
¢=(EdS=E §dS=Ex4nr

But according to Gauss’s Law,

¢ — qenclosed
€

Charge ¢ contained between radius x to x + dx.

X
dg = 4mxp(1-=)

Charge enclosed inside the Gaussian surface,

r x}
qencloxed = 4np0_[(x2 _E dx

0

r} r4

Pol 37%
But E><41tr2=m i—i
g, \ 3 4R
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(b) When r > R, then

X X

3 4 R
=4n —
qem‘losed pO |: 3 4R :|

R R
:4 —_—
n%{3 4R

3
E — pOR >
12¢,r
(i) For E to be maximum, sl =0
dr
9E _ B0 [1_3 puar]=0
dr 3¢, 4
3r
1-—=0
or R
or 1= 3_1’
2R
2R
vVr=—
3

Electric Flux through the ring of radius r.

Here, d¢=E. c?S
=EdS cos 6

=P Jn? £ x* x2mxdxx

3g, P +x

2nph J- xdx
3e, JR>-#

Integrating Idd) =

=_2np h R]:;'; dx

3¢, 0

¢

~ 2Tcph|:x2:| R2-p?
3, L2 1o

nph
0= [R*-1’]
80
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Electric intensity inside an infinite solid cylinder

p = volume change density

Case A. Whenr <R
From symmetry, electric intensity on the Gaussian surface will be perpendicular to
the Gaussian surface.

Electric flux through Gaussian surface

0=E. dS=E.dS=EfdS=Ex2nr
G do= fr.as=cf .
From Gauss’s law, il
(I) total = q enclosed
2
or EXZﬁrl:pxnrl 2
&y
or =2 — 1
2&, (pal2e,)
Case B. When point lies outside the cylinder
2 2
E><27:rl:p><7ER l; E:pR
£, 2¢,

Electric potential difference and Electric potential

£)=

e3>

AN

\\ q, (test charge) \\
/ : / _

/.

VB_VA >0 VB_VA <0
Vo>V, Vg <V,
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CONCEPT

Electric potential difference in a electric field between two points is defined as
work done by external agent is moving unit positive charge from one point to another
point keeping it to be in dynamic equilibrium.

If W be the amount of work done in moving a test charge g, from point A to B,
then electric potential difference (PD)

W
Vy-V, =—
4
Fent
B A
q.E

Equi potential vector quantity

Since, electric potential difference depends on workdone, therefore, electric po-
tential difference between two points may be +ve, —ve or zero.

(i) If points A and B lie in the field of positive point charge, then in this case,
work (W) will be (+ve) positive.

ie., V,-V,>0
V, >V, (Higher potential)

On the other hand, if the two points lie in the field of (—ve) points charge,
then work (W) will be (—ve) negative,

ie., V.-V, <0
or VB < VA

*S.1. unit of electric potential difference is “Joulel per Coulomb”, also
known as “volt”
(i) Tofind electric potential at a particular point, we choose a reference level where,
electric potential is arbitrarily taken zero and in general reference level is taken as
oo (infinity). You may assume electric potential at reference level to be 100 V or

200 V etc.
If V = electric potential of final point and reference level is taken at A,
then
V,=0
v

9o «
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ref. level 0

+q A A
v, -V, ==
9,

w
4 =(-ve)
9

Therefore, electric potential at a point due to a charge is defined as workdone
by external agent in bringing unit (+ve) charge slowly from reference level to
that point.

Relation between electric intensity and potential difference.

Consider two points A and B in non-uniform electric field. A test charge g,
moves from point A to B.

Since, here field E is variable, therefore, force due to external agent will be also
variable.
Here, Force due to external agent

— —

Faxt = _qO E
Work done by external agent during small displacement d/

AW =F_ .dl
=—q, E.dl

W, =J_%E . a?l

W, =-q, j E.dl

Now, electric potential difference,

VB _ VA — Wext
9

V, -V, =-[E.dl
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CONCEPT

If point A is taken as reference level, then
V,=0
V=-[E.dl

*Electric potential near a point charge at distance 7 from it.

o0
tq——ep—————- —_“—————— (o]
dl
X
Electric potential difference,
V,-V,=-[E.dI
or v, = —jEdl cos 180°
kq kq
=|Edl=|—=dl=|-—dx
JBai=|rd=[-3
rdx -1 11
sl {2
e X 1« ry
kq
v, = S
Note: If point charge ¢ will be (—ve) then V, = _k_q. Therefore, we write the equa-

r

. ke .
tion only as V = ™ and here, we remember that sign of charge ¢ should be taken.
r

The same formula is applicable for the outside point due to spherical shell or solid
sphere. Electric potential at the surface of spherical shell

v,k
R

Now, V,-Vy=-[E.dI

o vV ov: vk
V- V=0 V=V V=22
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All points inside spherical shell are equipotential.

VA

+ve KQ

Distance (r)

Vv

Electric potential due to solid sphere

o+ X[+ o+ o+ o+t

If p is volume charge density inside the solid sphere, then electric intensity
inside the solid sphere is given by

P
3e,
vV, -V, =[E.di

)4

:J.Edlcos180°:J.Edl

= % (x) (~dx)
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NETE [3R? -]

At the centre, r = 0 therefore, electric intensity at the centre of sphere will be zero,

while electric potential at centre of sphere will not be zero.

Inside the solid sphere, electric potential V varies parabolically with distance.

Alternative Methods

A solid sphere may be thought or taken as combination of small solids sphere of

radius 7 and a thick hollow sphere.
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Charge on small solid sphere =p x%n r

= Q xinf:(Qr}j

ﬁnR3 3 R’
3
Electric potential at point. P due to small solid sphere,
3
\/] = k—q = kQ}; = Birz
r 1R R

Charge on spherical shell,
qg' =px4nx*dx

2
— Q X4nx2dx:(3Qx dxj

3
ﬂTcR3 R

Electric potential at P due to spherical shell

kizﬁxgxzdx
x x R

R3

kQ
2R’

3

7 +3R? —3r2)
2

(BR>-2/?)
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Electric potential due to a ring in X-axis

If A = charge per unit length on ring, then charge on element = A d!
Electric potential due to charged element

khdl
Va* +r?

Net electric potential, V = o I dl

Na? +r?

= inx 2na
a’+r* 2ma
vo_ Kk
Nat+r?
%
<2
X
>
—q 1 1 +q

Electric Potential Energy

Electric potential energy of a system is defined as work done by external agent to

assemble the system.
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Initially, it is assumed that the charges of the system considered is separated by ()
infinite distance.

If g, and g, are the two point charges separated by a distance r, then we have to
find electric potential energy of this system.

CONCEPT

Electric PE (U) = Vg,

_ kq, q,
r

+q, r +q,

Example

Two points A and B are separated by a distance d in uniform field. Find elec-
tric potential difference between points A and B, and also prove that potential
difference between two points is independent from the path follow.

[oe]
(@)

45°

™

>

Vy ~V, = [E. dl = [ Edlcos180°
= [EdI=E[dI
V,-V, =Ed
Now, V.-V, =—jE.§l

= —.[Edlcos135°

)
= %jdz

E
=—(AC
2( )

N
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E
=J?xJZi [ sin 45° = d/AC]
—Ed ...(i)

V=V, =—[E.dl
V,-V.=0

Adding equations (i) and (ii), we get
V,-V,=Ed

Example

If two points A and B lie in electric field E = x? i +)?j, find electric potential
difference between B and A. If electric potential at origin is zero, find electric
potential of point B.

A(3.4)m

E=X%i +y°J

A(2,3)m

Note: A small displacement d/ can be written as
c?l =dl cos 0i + dl sinb j
c?l = dxi + dyj

&= Solution V, -V, = —_[E. dl
3

= —U(xzi + 37 ) (dxi+ dyj)} = —szdx + jyzdy}

2
3\3 3\4
o v (2] (2]
2 3

Vi -V, :—IE. c?l :—j.xzdx+j.y2dy
0 0

5]
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Solving, we get

V-V, :% or V, :%volts

Equipotential Surface
It is the locus of all the points whose potential is same or, it is that surface at which
potential is same at each point.

Equipotential Surface

WQXK = 0
VB _VA e WextA
90
But V.=V,
W_.=0

(i) Since, work done by external agent is zero, it means force due to external
agent is perpendicular to equipotential surface. Such test charge is to move
slowly. It means electric intensity is also perpendicular to equipotential
surface. Therefore, Line of force also meets from the equipotential surface
normally.

Or, if line of force meets from a surface normally, then the surface will
be equipotential.

(i1) Since line of force always meets from surface of a conductor normally, there-
fore, each and every point of a conductor, is equipotential.

(iii) Shape of equipotential surface depends on system of charge. For example,
Shape of equipotential surface for infinitely charge rod is cylinder. For sheet
is sheet and for a point charge and hollow sphere shape will be sphere.

CONCEPT
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Equipotential
Surface

E

(iv) To find shape of equipotential surface equate the given equation of potential
with constant.

Example

If V'=2x? + »?, what will be the shape of equipotential surface?

& Solution V = 2x2 + * = Constant (C)

2x*+y*=C
2 2
or 2x +2 =1
cC C
2 2
or +2 =1
C

SY¥elks

—
&

Hence, equipotential surface is ellipse.
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Relation between electric intensity and electric potential

Consider a family of equipotential surfaces having potentials V, V,, V,, ..........
so on. A test charge g, moves from point A to point B slowly.

Since, Vv, -V, = W
9
W
and V, -V, =—=
9

Wm =4, (V3 - V2)
or W, =q,AV

where AV = potential difference.
Also, Work (W)= F.S
=—q, E . Kl
=—¢q,E Al cos (180 - 0)
W, =q,EAlcos©

ext.

But, =q,E Alcos 6 =¢q, AV

Ecos@zﬂ
Al

But, E cos 0 is the component of intensity in — Ax, therefore
gAY
Al
AV

or E=——— ...("." E =constant)
Al

If = Al — 0, then

_av
di

From here, it is clear that directional derivative of electric potential gives compo-
nent of electric intensity in that direction.
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CONCEPT

y z
E=_6V _8_\/],_8\/];
dx dy dz
=— —z+ij+—k v
ox oy~ oz
E=—-AV

Anti-gradient of potential gives electric intensity.

. 2 AV
E=-—"
@ Al

From the equation, it is clear that electric intensity is always directed from
high potential to low potential.

ie., If AV <0, then E. > 0 (+ve)
(ii) If electric potential difference between two surfaces is constant.

ie., IfAV = constant, then TE oc ALI 2

o

It means electric intensity is large, where, equipotential surfaces are close
together and is less where they are far apart.
(iii) Since, tangent at a point to the line of force gives direction of electric intensity
and electric intensity is directed from high potential to low potential, it means
no two points on a line of force will be at same potential.
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;.
Vv
-
0s
But 0s=r00
__ov.
o0
g, o1V
r 00
E=E,7+E,0

Net Electric intensity

E=.E+E,;

Electric potential at point P due to
an electric dipole is given by

Ve chg)se
r
4
or
—h (M)
67' rz
=—kPcos eﬁ ™)
or
g, = 2APcosd
r
And  E, __1ov _ 10 kPcosb

r 00 roo r’

kP 0
= PRy (cos0)

P .
E, = k—3s1n9
r
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Net Electric intensity, E =4/E; +E’

2 2
= \/[k—f] sin’ 0 +(k—1:] 4cos’ 0
r r

= k—}:'\/sin2 0+4cos’0
r

E =k—l3)\/1+3cos2 0
r

P
—-q *q
2/
Example
. . . . kPcos© . . .
If electric potential of dipole is —, find cartensian equation for electric
r
intensity at this point.
y
P (r,0)
(x.y)
v //ﬁ
(2 Xﬂ
N y
0
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<& Solution ' = kp X X = kPx
G ey ()
po N
ox oy
g dV__ 0K
or or r
p=1Q
-
Sharing of Charges:

Let, charge per unit area = o,

Two conducting spheres initially having charges Q, and Q, are connected
through a wire in electrostatic equilibrium (no charge flow) let the charges on them
become q, and q,.

kay _ kg,
4l h
or g, r,=q,r, (1)
Also, ¢, +¢q,=Q,+Q, ...(11)
From equations (i) and (ii),
. (Q+Q.)n . (Q+Q,)n

VI+I"2 I’i+l"2
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If 5, and o, are the surface charge density on the two spheres then from equation (i)

X 2p = X 2
o, X4nrir,=c,x4nr}r

Gl rl = G2 r2
or or=constant .. oCcoc—
r
+
4
n Short Point
+++ +
N ++ 9
++ 60
+++ +
+
+
+

Whenaconductoris given charge, then atsharp o becomes very large and electrons
present in the atmosphere due to cosmic rays (sun) starts moving towards the con-
ductor and therefore, in this way, conductor loses charge and medium gains charge.
(+ve) charge i.e., leckage of charge takes place from the conductor. This is known as
Corona discharge.

Example
In the figure shown find

(i) Potentials of shell A, B and C,
(ii) If shell A and C are at same potential find relation between A, B and C.

q,=(cx4na’)
q,=—(c x4n b?)

and g.= (o x4n c?)
@ Solution Net potential of shell 4

VA+VB+VC:kq—A+kﬁ+%
a

b c

C

(&)
_k(4nazc 4nb’c  4nc’c

- + = _
p b c ) kx4noc(a—b+c)
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AA =£(a—b+c)

€

2 2 2
Vlecq_A+lcq_B+ch k(4na xG 4mb ><cs+47'tc cj

b b ¢ b b ¢

22 2 g2
—kx4no| 2 b te|=24 b +c
b €, b

2 2 2
VC:%+%+@:/¢ {47541 0_4ch G+4TCC G:|

c c C c c c

1 4
= x 7w(az—b2+cz) :i(az—b2+cz)
4ne, ¢ cg,

Since, V,=V,.

c c
—(a-b+c)=—oI(a’-b"+¢?)
€, cg,

or (a-b)yct+cf=a>-b+c

or c=a+b

Example

Two electric charges q and — 2q are placed at a distance 6 m apart on a hori-
zontal plane. Find the focus of the point of this plane where the potential has
a zero value.

ya

P (x)

2 O 2 X 6m (6-x) -Pq

& Solution Electric potential at point P
kq kx2q kg 2kq
- =0 or 2 2 2 2
\/x2+y2 \/(6—x)2+y2 \/X +y \/(6—x) +y

or J(6-x) +y =2x’+)’
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or
or
or
or
or

or

and

(6—xP +1P =4 (2 +)?)

36 +x2—-12x+)y* =4 (*+47)
3x2+3)°+12x-36=0
X2+yP+2gx+2f+c=0
X+y2+4x-12=0
2g=4,0org=2

20=0,=0

Centre = (— 2, 0)

Radius, r=+/g° + f* —c =/4+0—(-12) =4

WORKED OUT EXAMPLES
1. An infinite number of charges each equal to (i) When the charges are opposite
q are placed along the x-axis atx=1,x=2,
x =4, x=8§ ... and so on. Find the potential ve_ 9 |i_ 1 N 11 N
and electric field at the point x = 0 due to B 4rme, 24 8 7
this set of charges. What will be the poten-
tial and electric field if the above set up the _q 1+ 1 N 1 N
consecutive charges have opposite sign? B 4ne, 416
& Solution 1 1 1
(1) Electric Potential at x = 0 - {5 + 3 + eV + }
1
V= {g+i+g+1+...1 1
dne, 1 2 4 8 =
a1V a2
| q q q q q 4mg, l—l 4mg, 1_1
i | i i i i 4 4
| x=1 x=2 x=4
i mg, 2me 2n e
:4q 1+l+l+...} ’ ’ ’
e, |
0 [ S
4n g, 2° 4 8 16
4me, | | _ 11 2neg, -4
|2 4n g,
Intensity at x =0 1+L+L+ 3 1+L+
16 256 ) \4 64
qg |1 1 1
E= = + oy + - +....
e, 17 27 4 1
q 1 4
1 = —
:4‘:8 1 :?mqa am e, 1—L 1—L
0]—— 0
1 16 16

=
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o s te ]
4me, [ 15 4x15
-9 16 L
4me, 15 4xl15

_4 3 _ 4
ne, 4x15  Spe,

2. Find the electric field at a point P on the
perpendicular bisector of a uniformly
charged rod. The length of the rod is
L, the charge on it is Q and the dis-
tance of P from the centre of the rod
is a.

Q

&= Solution Charge per unit length =—

Charge of length dx :% dx
The electric field at the point P
1 Q dx
dE= s
dne,a +x
dE r\e

P

By the symmetry of result.
Qdx a

a’Ecosez4 T ;
TE, (a”+x7) (a2+x2)5
_ Qa dx
- 3
4 e, (a* +x%)?
L
2
E=IdEcose=I Qa L}
IRUTII 2\3
- (a+x7)
Let, x = a tan 6, then dx = a sec® 0 dO
2
E- Qa J-as::c 93d9
4me, ¢ a’sec’ O

2
= Qa Jcosede

3
4re,a

L
= Q ~[sin0] =
4ne,a

Q x :
dngyal (a®+x)"7 | L
2

aQ 2L
dng,a’

(7 +4a)?

_ Q
2ne, aN L’ +4a’

3. Two identically charged spheres are sus-
pended by strings of equal lengths. The
strings make an angle of 30° with each
other. When suspended in a liquid of
density 0.8 g cm, the angle remains the
same. What is the dielectric constant of
the liquid? The density of the material of
the sphere is 1.6 g cm™.

& Solution When the spheres are in air,
For equilibrium

mg =T, cos0 (1)
F =T, sin0 ...(ii)
0]
§7777777)
0io
T1 =15°
T, cos 0
0
F1
l T,sin@
mg

From the equations, (i) and (ii), we get

F =mgtan 0
2
! 9_-Vdgtan6 .. (i)
4neg, r

where, 'V = volume of each sphere
When spheres are in liquids, an upthrust given

U=Vdg
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where, d = 0.8 gcm™
1 ¢
T gk ”
where, k= dielectric constant
For equilibrium

T, cos 0 +U=mg
or T,cos0=mg—-U ...(1v)
T,sin0=F, (V)

=15°

mg

Dividing equation (v) by equation (iv), we get

E,

tanf=—3*——
mg—Vd,g

or F,=(mg—-Vd, g)tan0

2
4n18 - '3_2 =(Vdg—Vd g)tan® ...(vi)
0

From equations (iii) and (vi) we get
= Vdg
Vdg-Vd,g
d 1.6
“d—d 16-08

4. A block of mass m and having a charge
q is placed on a smooth horizontal table
and is connected to the wall through an
unstressed spring of spring constant k as
shown in the figure.

A horizontal electric field E parallel to
the spring is switched on. Find the ampli-
tude of the resulting SHM of the block.

<& Solution Electric force of the block in forward

direction = gE ..(1)
Spring force = — kx ...(i1)
Here, gE — kx = ma ...(ii1)

Maximum x is equal to amplitude where ac-
celeration is zero.

Let the amplitude be A
qE = kA
or A= Ui
k
E
—_—
k —>
m

Particle is in SHM because increased ac-
celeration decreases displacement. Displace-
ment always opposes the acceleration.

5. Two particles A and B each having a
charge Q, are placed a distance d apart.
Where should a particle of charge q be
placed on the perpendicular bisector of
AB so that it experience maximum force?
What is the magnitude of this maximum
force?

& Solution Let the distance x from the particle
A, the third charge ¢ is placed.
Net force on charge ¢ is

iy

=4Tca0 x* (d-x)

_¢Q |1 1
Cdmg,| X (d-x)’

For maximum value of F, ;{E =0
X

dF_ Q[ 2 2d-
dx 4me,| x* (d-x)*
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Q q
“«— X—
Ae . B
Cc
K d >

or x*-(d-x*=0
or x=d-x
or x=d/2.

6. Point charges q and—q are located at the
vertices of a square with diagonals of
length 21. Find the electric field intensity
at a point located symmetrically with
respect to the vertices of the square at a
distance x from it centre.

&= Solution Let the centre is O (0, 0, 0)
A=(-,0,0), B=(0,-/,0)
C=(,0,0), D=(0,/0)

P=1(0, 0, x),

The diagonals are x-axis and y-axis.
The distance from the vertices to the point
P is equal.

y P
+q D z
-9 A~_O C X
Bu—q
- 1 - -
A= A 3 (xk+l z)
Mo (24 42y
- 1 q

Similarly, E, = — 9 .(x;_ﬁj
T (P
1 q — -
E, = T xk=1j
4re, (12 xz)E

Now, E=E, +E,+E.+E;

g 1

o 4y

{—x%—l?—x;—l7+xz—l?+x;—lj}

—-q (7 7
:—3{21(1+1H
47:80(lz+x2)2

_ q!
e
NGY: g,(I” + x2)?

7. A charge q is uniformly distributed over
an arc angle 0. Find the electric field
intensity at the centre of arc. The radius
of arc is a.

& Solution The charge of ds element

ds
dg=q—

N

ad® do
dg=q*==12

af, 0,

The field at the centre

e a0
dneja”  4me,a0,

For the symmetry

E:JdEy =_[dEcosG

9

q 2

= jcosede
4ne,a 0, 0,
2

- Z—q{sin%}
4ne,a’o, 2

= Lzsine—o
2meg,0,a 2
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do

0,/2

6./2

[y

8. A thin non-conducting ring of radius R
has linear charge density A = X cos ¢,
where 2 is constants and ¢ is the azi-
muthal angle. Find the magnitude of the
electric field strength

(i) at the centre of ring.
(ii) on the axis of the ring as a function
of the distance x from its centre.

Investigate the obtained function at
x >>R.

&= Solution

(1) The given charge distribution is shown in
the figure. The symmetryﬁof this distribu-
tion implies that vector E at the point O
is directed to the right and its magnitude
is equal to the sum of the projection onto
the direction of E vectors dE from ele-
mentary charges Tdg.

5
The l)roj ection of vector dE on to the

vector E is
1 dq .
dEcos¢ = —.cos . ...
¢ 4o, R ¢ @)
where, dg=AR dp=A R cos ¢ dp

Integrating equation (i) over ¢ between
0 and 2m, we find the magnitude of the
vector E.

2n

E= ko jcoszede
4rme R 4
4ne, R
2 2n 2
ICOSZ¢=jl+COS ¢d¢=n
0 0 2

(i) Take an element S at an azimuthal angle
¢ from the x-axis subtending an angle d¢
at the centre.

The elementary field at P due to the
element

A cosdpddR
4me, (x” +R7)

along SP with component.

%Lj)d(szx {cos 6 along OP, sin 0
4me,(x” +R%)  along OS}

X

where, cos0= :

(x> +R?)?

The component along OP vanishes on
2n

integration as J cosd¢ddp=0. The com-
0

ponent OS can be broken into the parts
along OX and OY with

2
MRC—W x (cos ¢ along OX, sin ¢
dmg, (x° + R?)2
along OY)
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On integration, the part along OY vanishes.
Finally,

2
E-g - R
4g,(x* +R?)?
P
E, =——, where P =2 © R?
T dmeyx

9. A ball of radius R carries a positive
charge whose volume density depends
only on the separation r from the ball’s

r .
centres as p =p0(1 _})’ where p, is

constant. Assuming the permittivities of
the ball and the environment to be equal
to unity, Calculate:

(i) magnitude of the electric field str-
ength as a function of distance r both
inside and outside the ball.

(i) maximum E__ and the correspond-
ing distance r__

&= Solution Electric field inside the ball
_ 1 dq
4ne, R’

E=|dE= 1—— |4nridr
I 47ts0 Ipo( j
where, dg=pdV=p, (1 —%JATC rdr

_p [T
g’ 3 4],

_ P [1—3—r} forr <R
3g, 4R

dr

Electric field outside the ball

E=— 1—— |4n rdr
47’[8}" _[Po[ Rj

o [ TR
gr’| 3 4R|, 12gy7°
(i1)) For maximum value of E, e =0
r
dE _py 1_2 -0
dr  3g, 4R
or M(l_ﬁj:o
3g, 4R
or 1_3_r:0
2R
or rzgR
3
pogR 3><ER
E=—3 []-—3
3g, 4R
:poR
9¢,

10. Calculate the electrostatic potential of a
charged sphere of radius ‘a’ and having
a charge density distribution as

pP=p, (1—2); where r<a

=0; where r>a

(i) at the centre

(ii) inside and outside at a distance r,
from the centre.

&= Solution
L dg
4ne, r

(i) dV =

Here, dgq=pdv=p, (1 —Lj4nr2dr
a

Integrating, we get
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_p[ T
€| 2 3a

0

Poa
6b¢g,

%

(i) Potential at any point outside the sphere

V= J’i
4meyn

1 r )
= 1-— |4nr-dr
4megn '(')-po[ aj

V. = Potential due to the portion of
sphere of radii 0 to r, + potential due to
portion of the sphere between the radii
r toa.

11. A non-conducting disc of radius ‘a’ and
uniform positive surface charge density ¢
is placed on the ground with it axis verti-
cal. A particle of mass ‘m’ and positive
charge ‘q’ is dropped, along the axis of
the disc, from a height ‘H’ with zero ini-

tial velocity. The particle has 9 - 48—”g
m c
Find the value of ‘H’ if the particale just

reach the disc.
& Solution Let a ring is of radius x. Then
dg=0ods=o0c.2nx. dx
dg 1

4ne, r

Integrating, we get

V_j»dv_cln” xdx
4me .
0 00 (x2 4 272
c ¢ xdx

=5, 1
280 0 ()C2 +Z2)E

—N—

Put x=ztan6

dx =z sec’0 do

v S z.tan0.sec’ 040.z
2g,

z.secO

-9 Iztane.sece.de
2¢,

= i[z secO]
€

=%{(q2 +2° )% —z}

1.73
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The potential energy of the charge g at the | < Solution

point P is T
U = (electrostatic + gravitational) potential N\z o !
ener

&y N mka )

-2 (a*+2°)? —z |+ mgz a

2¢,
A particle of mass m and charge g is released
with velocity v equal to zero along with axis

of the disc at a distance H from the disc. (@) (Mg
It has just reach the disc (i.e., U = 0). This
implies that

U(iz=H)=U(=0)

ie.,

q—G{(az +H2)% —H}+mgH =(§—G]a ...(1)

2¢, €,
Given, g _ _480g
m c
o (b)
From equation (i), we have (M«———a——(2)
1
4s (@ +H*)?-H + 99y 499 |, When third ball is above the first ball at equi-
2¢, 4e, 2¢, librium,
- Horizontal component
or (> +H»)”? -H+—=a 1 ¢Q 1
2 Tsina, =——-=.— ()
5 4me, 2a° 3
2L H? = H )
or ario=lat> Vertical component
o H=2% andH=0 T cosa., + Q 1
3 : ' dne, 24 2
12. Two small balls with equal but opposite =mg+ 1 @ (i)
charges are placed in a horizontal plane 4me, a
at a distance ‘a’ from each other. A third From the figure (b)
positively charged ball is suspended on gu
a string. The point of suspension is first ) 1 ¢Q 1
moved such that the third ball when in T,sina, :Rg~ﬁ ... (i)
0

a state of equilibrium is above the first
ball at a distance ‘a’ from it and then

For vertical component
it moved such that the third ball is at a

distance ‘a’ from the second one. Find T, cosaL, +L. ﬂ

the angle through which the string is 4ne, a’

deflected from the vertical, if angle of

deflection above one of the balls is twice =mg+ ﬂ L ...(iv)

that above the other. 4no, 2a° \/5
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Using equations (i), (ii), (iii) and (iv), we get
cota, —cota, = 2(2\/5 -1

But a,=2a,

sin2aq., cosa, —sina, cos2q, NI

sina, sin 2a,

—

or sin2a., =

5

42-2

1.

(X,z = ESln% [ﬁ)

1{ a1 }
and —|nm—-sinmT ———
2 4M2-2

13. Two particles of mass ‘m’ and ‘2m’ carry
a charge ‘q’ each. Initially, the heavier
particle is at rest on a smooth horizontal
plane and other is projected along the
plane directly towards the first from
a distance ‘d’ with speed ‘u’. Find the
closest distance of approach.

2
1m m at rest
& &)

——d—

&= Solution

For the closest approach because since the
particle of mass 2 m is not fixed, hence, the
second particle is also moving with velocity
after the release.

Let for closest approach, v, = v,.
Let the distance between them is x
From conservation of momentum,

From mu:mvl-i-va2
or v,=vy, =

By conservation of energy, loss in kinetic en-
ergy = gain in potential energy

1 1 1 (11
or —mu’ —| —mv) +=2mv; |= 4 -2
2 2 2 4ne,\x d

2 2
or Loe 2 Lm0y 4 (l—lj

2 2 9 C4me,\x d
2
or  App-d (1]
3 dng,\x d
1 1 A4ngmu
X 3q°
3q°d

B 3¢’ +4ngymu’d

14. A charge ‘q’ is distributecd uniformly
over the volume of a ball of radius R.
Calculate:

(i) the energy stored in the ball

(i) the energy in the surrounding space

(iii) Hence or otherwise, find the total
energy of the system.

&= Solution

(1) When r<R

—nr N
where, g =Q- 2 = Q(—)
ETCR3

1 .Q~r3 1 Qr

- 4me, r'R® 4meg, R

. 1
Energy per unit volume = ESOE :

1
Energy, U, = -[580 E’dv
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R 2 5
:J.lgo Q r—6.4nr2.dr
12" 4ne, | R

0
Q2
T 40me, R
(i) Whenr>R
0

2
gy ¥

Electric field intensity =

Energy of outside the ball

U, =] %sOEZ.dV

T4Trr dr
(47580 2 R

Q* fdr

2

8ney & 7
Q2
- 8me R
(iii) Total energy =U, + U,
2 2
40ne,R  8megy R
__3Q
20meg, R

15. A charge ‘q’ uniformly distributed in a
hemispherical surface of radius ‘a’. Find
the electric field intensity at the centre of
the hemisphere.

&= Solution From the figure
ds =27 (a sin 0) (ad 0)

The radius of strip is a sin 0 and its width is
(ad )
Area of the hemisphere,

A=2na*

ds
d il
q= qA

_ q(2na’sin0d0)

2na’

=¢sin 0 dO

dp  gsin0d0

2

dE =

4ne,a’ 2na

/2

I sin0cos6d0

0

2

_ __ 49
E= I dE, = 4ne,a

1. ¢ [—COSZOTZ

x 2
2 4mga 2 o

__a
8ne,a’

asin0

ado

0 do

O

16. Three particles, each of mass 1 gm and
carrying a charge (, are suspended from
a common point by insulated massless
string, each 100 cm long. If the particles
are in equilibrium and are located at the
corners of an equilateral triangle of side
length 3 cm, calculate the charge g on
each particle. (Take g = 10 ms™).

& Solution
o
T cos 0 0 '
— T
FAC
LN
Fe 0
— ¢ T, :
Fre ANGEs B
Sip 07°D
C

From the figure, O is the common point and D
is the centre of equilibrium triangle.
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Resultant electric force,

F =F,+F,

2
=2- I 4 cos30°

dne, a’

where, a is side of triangle.

4ne, a 2
In the direction of DA.
T cos 0 =mg ...(ii)
TsinO=F, ...(1ii)

From equations (ii) and (iii), we get

F q 1
tan®=—-=| 9x10° x———+f3

mg (.03) (107)(10)
But AD = z[az —ijz = g[ﬁjﬁ cm)
3 4 31 2
=3(10%)m
sinezﬂzw(AO =1m)
AO 1

tan 6 = .01732 (= sin 0)

9
e, 1.732x107 = 210 "l )+
9%10 (107)(10)
107 17
or = =10
7790
g=~10x10"°C
=3.16 x 10° C.

17. Figure shows three concentric thin
spherical shells A, B and C of radii a,
b and c respectively. The shells A and C
are given charges q and —q respectively
and the shell B is earthed. Find the
charges appearing on the surfaces of B
and C.

$SUER

<& Solution

The inner surface of B must have a charge —¢
from the Gauss’s law. Suppose, the outer sur-
face of B has a charge ¢'. The inner surface
of C must have charge —¢' from the Gauss’s
law. As the net charge on C must be —g, its
outer surface should have a charge ¢’ —g. The
charge distribution is shown in the figure. The
potential at B due to the charge g on A

Due to the charge —¢g on the inner surface of B

__—q
4meyb

Due to the charge ¢’ on the outer surface of B

!

__4
4me b

Due to the charge —¢’, on the inner surface of C

= _q’
4ne,c

And due to the charge ¢’ — ¢ on the outer sur-
face of C
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The net potential is

’

__49 __ 4
4neb  4meyc

B

This should be zero as the shell B is earthed.
Thus,

0=—q
c

18. Two parallel identical thin metallic rings,
each of radius 9 cm, are mounted co-
axially in free space at a distance of 24 cm
from each other. One ring is given 13 pC
and other 15 pC. Find the workdone in
transporting 10 pC from the centre of one
ring to the centre of the other ring.

& Solution Potential at the centre of the ring A
due to charge g,

__4 l
! 4ne, 1
q,=13.5uC g,=15uC
r1:9(;m r2=90m
24 cm

Potential at the centre of the ring A due to
charge g,

V. = 9, 1
’ 47[80 1[1"22+d2
Net potential at the centre of the ring A,
V=V +V,

—9x10° 13.5x10°° N
9x107

15%10°
J(© +24%)x10°*

=9 % 10°[1.5 x10* + 0.59 x 10]

=18.81 x 10°V
Similarly,

Net potential at the centre of the ring B

vie L |%, 4
dne,| i +d?

-6
:9X109[15><10 +

13.5x10°° ]
9x107

J© +24%) <10
=9 % 10°[1.67 x 10+ 0.53 x 10]
=198 x10°V

Work done in transporting 10 nC

= (charge transported) x (potential difference)
=(10x10% (V' -V)

=(10x10°)(19.8 x 10°—18.81 x 10°)
=0.99 J.

19. Two dipoles that are back to back from a
linear electric quadrupole.

(i) Calculate E_for points on the x-axis,
X >> a.

(ii)) Calculate Ey for points on the y-axis,

y >>a.
+q —2q *q
TS o T
X =-a x=0 X=a
&= Solution

(1) Let at the point P, where the electric field
are calculated. Distance from the point x
=0 to be x.

X=a—-i

O P
K —

g V. 9 2
- 2 2 2
4ne, (x—a)” 4ng,(x+a)” x

-2 -2
=4 ZKI—ZJ +(1+2j —2}
4ne,x X b

X
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[For the expansion (1 + x)* = nC, + nC,
x+nCx*+.. ]

2
= 9 |:l_2_a+3i+

- 4me X’ x X
2
+1+2—a+3iz+...—2}
x X
__4q |64
dnex’| X7
6a’q
4me, x*
2
i) B, = — | —2 -2
g, ( 2 +a2)5 y
2 -
= 4mqy2 v’ +a*)7"-2]
0
_ 3qa’
4me,y*
+q —2q +q
Q0
x=-a x=a
x=0

20. A thin conducting ring of radius r has
an electric charge + Q. Find the increase
in the tension of wire, if a charge + q is
placed at the centre of ring.

&= Solution Horizontal force is balanced and the
vertical component.

F de

T cos% T cos—

F= 2Tsin?

Since, d0 is small, therefore sin ? = ?

FzzT?zT-de

L 44 _ 1 49
4ne, r
Q-rdo

2nr

Here, dQ =
Substituting this value in equation (i), we get

1 Q-rdd

— =T-d0
dne, 1’ -2nr

qQ

8n’g,r’

or

21. A particle of mass 5 x 10° gm is kept
over a large horizontal sheet of charge of
density 4.0 x 10 C/m” as shown in the
figure. What charge should be given to
this particle so that if released, it does not
fall down? How many electrons are to be
removed to give this charge? How much
mass is decreased due to removal of these
electrons?

[+ + + + +]

&= Solution The electric field in front of the sheet
is

o 4.0x10°C/m’

T 2e, 2x8.85x102CY/N-m?

=2.26 x 10°N/C




1.80 Electrostatics

If a charge ¢ is given to the particle, the elec-
tric force gE acts in the upward direction. It
will balance the weight of the particle if
g x2.26x10°N/C=5x 107 kg x 9.8 m/s?
_49x10°°
17 226%10°
=221x10"3C
The charge on the electron is 1.6 x 107" C.
The number of electrons to be removed

_221x10™"
1.6x107"

or

=1.4x10°

Mass decreased due to the removal of these
electrons

=1.4x10°x9.1 x 103! kg

=13 x 10 kg

22. A soap bubble of radius r is given a
charge of Q. Find out the change in
the radius of bubble due to this charge.
Atmospheric pressure is p.

@~ Solution According to Boyle’s law

POLi
A\
or pzﬁz 3k
V4’
_K
e

where k' is a constant

d_p_ -3k -3pr’

4

dr r r
_3p

r

—r
dr=—d,
3p P

Since, the change in pressure is due to charge
given to drop, we have

2
-G

d =
v 2¢g,

where, o is surface density of charge.

2
1 2
PR PR R

4nr 2g, 32ngyr

The radius will change by on amount

r Q2
dr = _3_(3271728 Pt j
p 0

QZ
- 96’ pr’

23. A particle with positive charge q = 5.5 x
10-° C and mass m = 3.3 x 10 kg, initially
travelling with speed v, = 4 x 10’ ms™
enters the region between two parallel
plates, as shown in the figure. A uniform
electric field E = 900 NC!, perpendicu-
lar to initial velocity exist between the
plates.

/=80cm

P
L rdl

] [

(i) Does the particle strike the upper
plate? If it does where does it strike?

(i) What is the minimum initial speed
V... the particle must have to get
through the plates without striking
them?

(iii) If the particle has minimum speed
v, .o What is its velocity as it leaves
the region between the plates?

&= Solution

(i) E=900NC"'

At =0, V=v
v, =4 x 10> ms™!
g=55x10°C, m=33x%x10°kg,
d=24x102?m, [=80x10?m
Along y-direction:

Acceleration of the particle, a, = i
m

1
v=atand y=—a, t
y y 2 4

When particle hits the plate, y :%
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(i)

(iii)

i_l(ﬂjtz
2 2\m

md
or ——=t¢
qE
or tz_(3.3x10*6)(2.4x10*2)

(5.5x107°)(900)
1 =160x10"* =410 x10™s
Along x-direction:
v =v,and x =vt
x=(4x10%) (4410 x107%)
=16116x102m =16+/10 cm

Hence, particle strikes the plate at x
=16410 cm, y :%: 1.2cm

For minimum speed, x =/
80x107 = v(4410x10)

v=20 107 = 2/10x10’ms™

Jio

v, =210 x10’ms™

dE
Vy =ayt: 7 t

[where, ¢ = 4J10x10™ sec]

~(5.5x107)(900) (4410 x10™)
33x10°

=610 ms™

7 =210x10%7 + 610 j (ms™)

Since, no force acts on the particle after it
leaves the region between the plates, it con-

tinues with velocity v .

24. Show that the components E due to a
dipole on the x-axis with its centre coin-
ciding with the origin are given, at a
distant point by

B L pe¥=y)
X 47'580 (x2+y2)%
1 3
"’ +y?)?
&= Solution
y
P:<o
y
A K0 BA®
+g | —q

K- a—x% a—
K—— x——

From the figure

__ 4 1
dne, y* +(x—a)

1

g 1
dne, y* +(x+a)’

and E, =

The expression of E_is
E =E, cos 0 - E, cos ¢

q 1 x+a

_47‘80 Vi +(x+a) \/y2+()c+a)2

X—a

q 1
4me, y* +(x-a)’ \/y2 +(x—a)

Neglecting @* in the denominator, we get

E =1
© 4nmg,

xX+a X—a

3
(x* + y* +2ax)?

3
(x* —y* —2ax)?
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1 2
e (x+a)(1— 22“"2]

T (2 192

= %[(x +a) (x* +? - 3ax)
")
—(x—a) (& +)* + 3ax)]
L S P
dne,  , Lo
(x"+y7)?
_qQRa)(y* =2x%) _

5 5
(47‘[80)()(72 -i—yz)2 4n e, (x2 -i—yz)2

P(y2 - 2x2)

Working similarly for E , we get
E =E, sin 0-E,sin¢

__4 L NN
4ng, y* +(x+a)’ \/y2+(x—i-a)2

_4 L
dne, y* +(x—a)’ \/y2 +(x—a)

_ @ 1 1

3 3

M| 2t rraP) R+ (rma))

Neglecting ¢® in the denominator, we get

E =%

Y 4me,

1 3 1

3 3
(X +y* +2ax)> (x> +y* —2ax)>

vy

(422

23 3

2ax 2 2ax 2
1+ 2 2 -|1- 2 2
X +y x4y

()

3ax 3ax
1-— = l+——
X +y X +y

S S
0 (4 g2y
[x? +y? = 3ax — x* — y* — 3ax]
=3pxy
(47180)(x2 + yz)g

Note: Had we taken the point P in the figure
on the left side, we would have got the value

-E and -E .
x v

25. A cone made of insulating material has
a total charge Q spread uniformly over
its sloping surface. Calculate the energy
required to bring up a small test charge q
from infinity to the apex A of the cone.
The cone has a slope length L.

& Solution The total charge Q on the cone
is uniformly spread over its sloping
surface.

Let, o be the surface charge density. The
charge on an elementary area of the cone of
side width dx at a distance x from the apex A
is given by
dg=2nr(dx)c=2n(xsina)dx o
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|

The potential at the apex due to this ele-
ment area is given by
1

4ne,x

dV =

dg

_ 2n(xsina)odx _osinx

4ne,x 2¢,

The potential due to the cone at A is then
given by
. L
y _ osina I d

€ 0
_osina L
N 2¢g,
Total charge on the cone is given by
Q = curved surface area X &
=nl’sinoc

_Q
2mg, L

The workdone in bringing up a charge +¢

Qg

from infinity to A, then .
2me, L

SOLVED OBJECTIVETYPE QUESTONS

1. Two point charges each of charge +q are
fixed at (+a, 0) and (-a, 0). Another posi-
tive point charge q placed at the origin is
free to move along x-axis. The charge q at
origin in equilibrium will have
(a) maximum force and minimum potential
energy

(b) minimum force and maximum potential
energy

(¢) maximum force and maximum poten-
tial energy

(d) minimum force and minimum potential

energy
Y
q q
G @ é-q --------- > X
(-a,0) | (+a,0)

& Explanation Net force on q at origin,
F=E +F,

1 2 2
- Liv— 4 (=0
4me, r 4me, r

Potential energy of the charge g in between
the extreme charges at a distance x from the
origin along +ve x axis is

1 : 1 :
= . B— 4
4ne, (a—x) 4mng, (a+x)

1 2[ 1 1 }
= q +
4, a-x a+x

du _ q 1 . 1
dx  4ne,| (a-x)° (a+x)

2
For U to be minimum, — =0, d’U

—>0,
dx dx?
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=  (a-x)=(atx)
= atx=%x(a—x)
=  x=0, because other solution is relevent.

Thus the charged particle at the origin will
have minimum force and minimum potential
energy.

2. In a uniform electric field,

(a) all points are at the same potential

(b) pairs of points separated by the same
distance must have the same potential
difference

(c) no two points can have the same poten-
tial

(d) none of the above

<~ Explanation If all points are at same potential,
there cannot exist an electric field, as

dv

=4
dr

Hence, (a) is not correct.

In a uniform electric field, the line of
force are parallel and equidistant (solid
lines). The equipotentials (dotted lines), be-
ing perpendicular to lines of force, are also
equidistant and parallel. The distance be-
tween A and B is same as that between C
and D. But, A and B will have some poten-
tial difference, whereas C and D being on the
same equipotential, will have no potential
difference.

Hence, (b) is not correct.

Points on an equipotential are at the same
potential. Hence, (¢) is not correct.

Hence, (d) is the correct answer.

3. Two conducting spheres having radii a
andb are charged to q, and g, respectively.
The potential difference between 1 and 2

will be
q, q, 9, ( 1 _ 1)
P b —_ s | — -

@ Grea amep O dne,la b

(d) none of these

4 (11
© 4n0(a bj

< Explanation Potential on the surface of the
sphere 1 is given by

4,

1 g,
4me, b
Potential on the surface of the sphere 2 is
given by,

191+

v, =
4ne, a

vV=v, -V,
_ 1 g n 1 g,
4ne, b 4me, b

v= 1 q1+ 1 4 __4 [l_lj
4ne, a 4me, b 4me\a b

where, v,

AV
4. A quantity is given by soLA—, where g

is the permittivity of the free space, L is
length, A is a potential difference and At
is a time interval. The dimensional for-
mula for X is same as that of

(a) resistance (b) charge

(c) voltage (d) current

< Explanation From the relation, E = 9 and AV
€
=E.L, we get 0

2
LEL_qL g

S,k _4gL _ 9
E At PAr At
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5. A small charged particle of mass m

and charge q is suspended by an insu-
lated thread in front of a very large
sheet of charge density o. The angle
made by the thread with the vertical in
equilibrium is

(a) tan][ o9 J (b) tan'[ °q j
2g,mg €,Mg

(c) tan'[ 204 j
gymg

(d) zero

+ + +
+ + +
c
+ + +

.
+ + +

6. Consider the situation shown in the fig-
ure. The capacitor A has a charge q on
it whereas B is uncharged. The charge
appearing on the capacitor B a long time
after the switch is closed is

(a) zero ) 4
2
© g (d) 29
+ 9_
+ —
+ —
L 7 |
+ - s
+
FR—
A B

& Explanation As the negative charge on the
plate of capacitor A is bound, it will not
move upon closing thes switch.

Hence (a) is the correct answer.

7. A uniform electric field pointing in posi-

<~ Explanation In equilibrium along x-axis,
Tsin®=gE

= Tsin0 = qi
80
where T is the tension in the string.
Along y-axis inequilibrium,
T cos 0 =mg
From equations (i) and (ii), we get
95
2¢

omg

tan 0 =

= O=tan"’ (

Tcose¢

+qE

mg

oq
2e,mg

.G

..(ii)

tive x-direction exists in a region. Let A
be the origin, B be the point on the x-axis
at x = +1 cm and C be the point on the
y-axis at y =+ 1 cm. Then the potentials
at the points A, B and C statisfy

(a) V, <V,
(b) V,>V,
(c) V, <V,
(d) V,>V,

& Explanation Since the potential decreases in
the direction of electric field.
Hence (b) is the correct answer.

8. In the given figure, a large conducting
ceiling having uniform charge density o,
below which a charge particle of charge q,
and mass m is hanged from point O,
through small string of length 1. The
minimum horizontal velocity required
for the string to become horizontal, is
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I )

I T S S S S S

(@) y2¢l (b) 5[gl+%]
80

) «/2{“%} (d) [g+2%
ggm gom

<~ Explanation Using work-energy theorem
1
—mv’ =| mg + 240 |
2 g,

As for the tension to be zero in the horizontal
position, V at that point must be zero.

V= g(mg +2% J
m €

e /2z(g+%]
me,

9. Three positive charges of equal value q
are placed at the vertices of an equilat-
eral triangle. The resulting lines of force
should be drawn as shown in

| @

& Explanation Lines of force always emanate
from positive charge and terminate at
negative charge (or else go to infinity) and
they never form closed curves.

Hence (c) is the correct answer.

10. Two equal point charges are fixed at x
= —a and x = +a on the x-axis. Another
point charge Q is placed at the origin.
The change in the electrical potential
energy of Q, when it is displaced by
a small distance x along the x axis, is
approximately proportional to

(@ x (b) x2
@ @ =
X
&~ Explanation U, = &
a

_KQg . KQqg _ 2KQga
Uf_ + T2 2
Toa+x a-x (a-x)

AU=U -U,
q q
(-a, 0) o (a, 0)
a 1 x’
=2K ——|=2KQga| ———
Qq[az—x2 a} Q [a(az—xz)}
2KQgax’ .
= —Q?ax (since @ —x? = a?)
a
=AU p x?

Hence (b) is the correct answer.
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UNSOLVED OBJECTIVE TYPE QUESTIONS

1.

2.

Three point charges are placed at the cor-

ners of an equilateral triangle. Assuming

that only electrostatic are acting, the system

(a) will be in equilibrium if the charges
have the same magnitude but not all
have the same sign.

(b) will be in equilibrium if the charges
have different magnitudes but not all
have the same sign.

(c) will be in equilibrium if the charges
rotate about the centre of the triangle.

(d) can never be in equilibrium.

A small block of mass ‘m’ is kept on a
smooth inclined plane of angle 30° placed
in an elevator going upward with accel-
eration ‘a’. Electric field E exists between
the vertical sides of the wall of the eleva-
tor. The charge on the block is +q. The
time taken by the block to come to the
lowest point of inclined plane is (take
the surface to be smooth)

*q

+
+
+
+
+
+
+
+
+

«—>—

30°

3. A particle of charge +q and mass m

moving under the influence of a uniform
electric field Ei and a uniform magnetic
field Bk follows trajectory from P to Q
as a shown in the figure. The velocities at
Pand Q are Vi and - ZV} respectively.
2
(@) E=2"
4 ga
(b) Rate of work done by electric field at

3
Pis 3mv
4 a
(c) Rate of work done by electric field at
P is not zero

(d) All of these

YE
P vV — —
@B
a
C o
«2a— >
2V

. A positively charged disc is placed on a

horizontal plane. A charged particle is

released from a certain height on its axis.

The particle just reaches the center of

the disc. Then

(a) particle has negative charge on it

(b) total potential energy (gravitational +
electrostatic) of the particle first
increases then decreases

(c) total potential energy of the particle first
decreases then increases

(d) total potential energy of the particle
continuously decreases

. Four charges of 6 nC, 2 nC, —12 pC and

4nC are placed at the corners of a square
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of side 1 m. The square is in x-y plane and
its center at its origin. Electric potential
due to these charges is zero everywhere
on the line. Then
(@ x=y$,z=0
(c) x=0=y

(b)yx=0=z
dDx=zy=0

. Two identical positive charges are fixed

on the y-axis, at equal distances from the
origin O. A particle with negative charge
starts on the x-axis at a large distance
from O, moves along the x-axis, passes
through O and moves for away from
O. Its acceleration a is taken as positive
along its direction of motion. The par-
ticle acceleration a is plotted against its
x-coordinate. Which of the following best
represents the plot?

a
(a) o X
a
() o X
a
(c) X
0

(d X

. A rod of length L has a total charge q

distributed uniformly along its length.
It is bent in the shape of a semicircle.
The electric potential at the center of the
semicircle is

1 ¢ q
a = b
@ 4ne, L ®) 4e,L
q 1 ¢
C d) —=
© 2¢,L @ ne, L

. A spherical volume contains a uniformly

distributed charge of density p. The elec-
tric field inside the sphere at a distance r
from center is

p p
. b
(@ 3g, d ® 47’[80r
1
© = @ —r
g 4re,

. Two identical pendulums 4 and B, are

suspended from the same point. The bobs
are given positive charges, A having more
charge than B. They diverge and reach
equilibrium with 4 and B making
angles 0, and 0, with the vertical respec-
tively. Then

(a) 0,>0,

(b) 0, <0,

(c) 0,=0,

(d) The tension in A is greater than tension

in B.
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10.

11.

12.

Two fixed charges -2Q and + Q are

located at points (-3a, 0) and (+3a, 0)

respectively. Then

(a) points where the electric potential due
to the two charges is zero, lie on a circle
of radius 4a and center (5a, 0)

(b) potential is zero at x = a and x = 9a

(c) If a particle of charge +q is released
from the center of the circle obtained
in part (a), it will eventually cross the
circle

(d) All of these

A particle of mass m and charge —q is
projected from the origin with a hori-
zontal speed v into an electric field of
intensity E directed downward. Then

ml|
%

(a) The horizontal and vertical components
qE

of acceleration are a_ = 0, and a, =
: m

2
(b) equation of trajectory is, y = l(quz ]
2\ mv

(c) horizontal and vertical displacements
x and y after a time ¢ are x = v¢ and

L
=—at
y 2 v

(d) all of these

Two identical point charges are placed at a
separation of 1. P is a point on the line join-
ing the charges, at a distance x from any
one charge. The field at P is E. E is plotted
against x for values of x from close to zero
to slightly less than 1. Which of the follow-
ing best represent the resulting curve?

13.

e

L

le

®) S

x— L

(d)

A small ball of mass m and charge +q
tied with a string of length 1, is rotating
in a vertical circle under gravity and a
uniform horizontal electric field E as
shown. The tension in the string will be
minimum for

(a) 6=tan™ [EJ
mg
(b) 6=mn

(c) 6=n—tan [Ej
mg

(d) 6=m+tan™ (E]
mg
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14.

15.

A uniformly charged sphere of radius
R = 2 m and volume charge density
p has a spherical cavity as shown. A
point object of mass m = 1 g and charge
q =2 x 10 C is thrown, from point A.
The minimum velocity required at A for
it to reach point B is

(p=3¢,x10° C/m’)

(a) 0.02 m/s (b) 0.g m/s
(¢) 0.4 m/s (d) 0.04 m/s
Y

o/ T\s

:

A point charge q moves from point p to
point S along the path PQRS in a uni-
form electric field E pointing parallel
to the positive direction of the x-axis.
The coordinate of points P, Q, R and S
are (a, b, 0), (2a, 0, 0), (a, —b, 0) and
(0, 0, 0) respectively. The work done by
the field in the above process is given by
the expression

Y

(0,0,0)S

E
\P(Za, 0, 0)
N
Q (23, 0, 0)

R (a, -b, 0)

16.

17.

18.

(a) gaE
(b) —qaE

(©) q(\/a2 +b° )E
(b) 3gENa®>+b*

Five point charge (+q each) are placed
at the five vertices of a regular hexagon
of side 2a. What is the magnitude of
the net electric field at the centre of the
haxagon?

1 2 q
a — b
(@ 4ne, a’ ®) 16mg,a’
\/Eq d 5q
Y ) e
TE (A 6neya

The variation of electric field between the
two charges ¢, and q, along the line join-
ing the charges is plotted against distance
from q, (taking rightward direction of
electric field as positive) as shown in the
figure. Then

(a) ¢, and g, are positive and ¢, < g,

(b) ¢, and g, are positive and g, > g,

(c) ¢, is positive and ¢, is negative and

q9,<4,
(d) ¢, and g, are negative and ¢, < g,

q, 9,

A solid sphere of radius R is charged
uniformly. The electrostatic potential V
is plotted as a function of distance r from
the centre of the sphere. Which of the
following best represents the resulting
curve?
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19.

V —
R
(a) 1
r—
\%
R
(b) |
r—
v
(© I
—r
V —
d 1
@ 0 R r—
Two large parallel planes charged uni-

formly with surface charge density ¢ and
—o are located as shown in the figure.

Which one of the followin

g graphs shows

the variation of electric field along a line
perpendicular to the planes as one moves

from A to B?

—C

A B
(@)
X
(b)
X
©
X
@
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20.

21.

A charge q is placed at O in the cavity in

a spherical uncharged conductor. Point S

is outside the conductor. If the charge is

displaced from O towards S still remain-

ing within the cavity.

(a) electric field at S will increase

(b) electric field at S will decrease

(c) electric field at S will first increase and
then decrease

(d) electric field at S will not change

A uniform electric field of 400 V/m is
directed at 45° above the x-axis as shown
in the figure. The potential difference
V, -V, is given by

(a) 0 (b) 1.8V
) 28V d) 2.8V
y (cm)
(0.2)8

.A/
50 / 3, 0)

22.

é x (cm)

A large solid sphere with uniformly dis-
tributed positive charge has a smooth
narrow tunnel through its centre. A small
particle with negative charge, initially at
rest for the sphere, approaches it along

23.

24.

25.

the line of the tunnel, reaches its surface
with a speed v, and passes through the
tunnel. Its speed at the centre of the
sphere will be

(a0 (b) v

() V2v (d) J1.5v

A point charge Q is placed outside a hol-
low spherical conductor of radius R, at a
distance r (r > R) from its centre C. The
field at C due to the induced charges on
the conductor is

(a) zero

0 K2

(r=R)

Q

2
r

(¢) K=, directed towards Q

(d) K%, directed away from Q
r

A long string with a charge of A per unit
length passes through an imaginary cube
of edge a. The maximum flux of the elec-
tric field through the cube will be

(@) % () Y2ha
© 6ha ) \/gka
9 9

Initially, the spheres A and B are at
potentials V, and V_ respectively. Now
sphere B is earthed by closing the switch.
The potential of A becomes

(a) 0 (b) V,

(c) V,-V, (d Vv,
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26. A particle of mass m and charge q is

27.

28.

fastened to one end of a string of length /.
The other end of the string is fixed to
the point O. The whole system lies on
a frictionless horizontal plane. Initially,
the mass is at rest at A. A uniform elec-
tric field in the direction shown is then
switched on. Then

(a) speed of the particle when it reaches B

s [24El
m

(b) speed of the particle when it reaches B
is gkl
m
(c) tension in the string when particles
reaches at B is gE
(d) tension in the string when the particle
reaches at B is 2¢E

A
B /
60°
o) ‘B

A charged particle of mass m and charge
q is released from rest from position (x,,
0) in a uniform electric field E,j. The
angular momentum of the particle about
origin

(a) is zero

(b) is constant

(¢) increases with time

(d) decreases with time

A spherical conductor A of radius r is
placed concentrically inside a conducting
shell B of radius R (R > r). A charge Q is

ANSWERS

1. (d) 2. (¢) 3. (d) 4. (¢
9. (¢) 10. (d) 11. (d) 12. (d)
17. (a) 18. (c) 19. (b) 20. (d)
25. (c) 26. (b,d)  27. (c) 28. (¢)

29.

given to A, and then A is joined to B by a
metal wire. The charge flowing from A to

B will be

R
@ Q[R+rj ®) Q(Rirj
() Q (d) zero

Two conducting plates A and B each hav-
ing large surface area S (on one side) are
placed parallel to each other. The plate A
is given a charge q, while the plate B is
neutral. Then the electric field at a point
in between the plates is

q q
b i
® 3o ® 5
2 3
© =L @ =L
Sg, 2 Sg,
A B

30. The electric field at A due to dipole p is

perpendicular to p. The angle 0 is

(a) 0° (b) 90°

(c) tan’'2 (d) tan V2

A
P10

5. (0) 6. (b) 7. (b) 8. (a)
13. (d) 14. (a) 15. (b) 16. (b)
21. (d) 22. (d) 23. (c) 24. (d)

29. (a) 30. (d)
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PRACTICE EXERCISE 1

1.

A uniform electric field having a mag-
nitude E, and direction along positive
X-axis exists. If the electric potential
V is zero at x = 0, then its value at x = +x
will be:

(a) V, =xE,
() V,=xE,

(b) V, = —E,
(d) V, = —xE,

. Figure shows two large cylindrical shells

having uniform linear charge densities
+A and —A. radius of inner cylinder is
‘a’ and that of outer cylinder is ‘b’.
A charged particle of mass m, charge q
revolves in a circle of radius r. Then its
speed ‘v’ is: (neglect gravity and assume
the radii of both the cylinders to be very
small in comparison to their length.)

-\ | A

A 20
(a) d (b) q
2me, m TE, M
A A
© |4 (d) d
TE, M 4me,m

A charge Q is placed at a distance of 4R
above the centre of a dise of radius R. The
magnitude of flux through the disc is .
Now a hemispherical shell of radius R is
placed over the disc such that it forms a
closed surface. The flux through the curved
surface taking direction of area vector
along outward normal as positive, is

(®) ¢
(d) 2¢

(a) zero

(©) - ¢

. A positive point charge Q is kept (as

shown in the figure) inside a neutral
conducting shell whose centre is at C.
An external uniform electric field E is
applied, then

(a) force on Q due to E is zero

(b) net force on Q is zero

(c) net force acting on Q and conducting
shell considered as a system is zero

(d) net force acting on the shell due to E is
Zero

. A solid sphere of radius R has a volume

charge density p = p;r* (where p is a
constant and r is the distance from cen-
tre). At a distance x from its centre for
x < R. The electric field is directly pro-
portional to:
(a) 1/x2

(c) x3

(b) 1/x
(d) x

. Auniform electric field of strength exists in

a region. An electron (charge —e, mass m)
enters a point A with velocity Vj. It
moves through the electric field and exits
at point B. Then:



Electrostatics 1.95

y
V T
o —>
v B(2a,d)
X
(0,0) A(a,0)
> 2amv’
a) E= 1
(a) e
(b) Rate of work done by the electric field
. 4ma’*v’
at 1s e
(¢) Rate of work by the electric field at A is
Zero

. . 2 a ~
(d) Velocity at B is %1 +vj
. A point charge ‘q’ is placed at a point
inside a hollow conducting sphere. Which

of the following electric force pattern is
correct?

Wra
</

9

4

@

10.

(d <

. Three large parallel plates have uniform

surface charge densities as shown in the
figure. Find out electric field intensity at
point P.

K
G z=a
P
26 z=-a
-5 =-2a
@ -2% ) 2%
80 80
© -2k @ &
80 80

. A spherical portion has been removed

from a solid sphere having a charge dis-
tributed uniformly in its volume as shown
in the figure. The electric field inside the
emptied space is:

(a) zero everywhere

(b) non-zero and uniform
(¢) non-uniform

(d) zero only at its center

Condider a system of three charges
ﬂ,ﬂ and _2_q placed at points A4, b, and
33 3

¢, respectively, as shown in the figure,
Take O to be the centre of the circle of
radius R and angle CAB = 60°
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11.

12.

. . . q

the electric field at tOis ———
(a) the electric field at point O is 8o, K
directed

(b) the potential energy of the system is
Zero

(c) the magnitude of the force between the
2

q

charges at C and B is ————
S4m g R

q

d) the potential at point O is ————
@ P P 12n g R

y

[
C\60°

o) X
A

The minimum strength of a uniform
electric field which can tear a conduct-
ing uncharged thin-walled sphere into
two parts is known to be E . Determine
the minimum electric field strength E,
required to tear the sphere of twice as
large radius if the thickness of its walls is
the same as in the former case.

E, E,
@ 75 ® 7
E, E
© % %

A long, hollow conducting cylinder is
kept coaxially inside another long, hol-
low conducting cylinder of larger radius.
Both the cylinders are initially electri-
cally neutral.

(a) P potential difference appears between
the two cylinders when a charge density
is given to the inner cylinder.

(b) A potential difference appears between
two cylinders when a charge density is
given to the outer cylinder.

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

13.

14.

15.

(d) No potential difference appears be-
tween the two cylinders when same
charge density is given to both the
cylinders

A point charge q is at a distance r from
an infinite extend earthed conductor.
Find force between them.

V=0
q —-q q
---------------------- o o )
oo P [ ——|

2 2

@ —2 (b)
2ngyr 18meg,r

2 2

© —— @ —
lén g, r 13meg,r

A conducting sphere S, intersects a closed
surface S, as shown in the figure. A posi-
tive charge q is placed at a point P. What
is the value of electric flux through the
surface S,?

(@) 0° (b) L
80
© <+ d >+
€ €
: ()
®
P y
S1 M
S

In Vande-Graff’s generator, the dif-
ference in potential between the inner
sphere and the outer shell is independent
of:

(a) the radius of the inner sphere

(b) the radius of the outer shell

(¢) the charge on the inner shell

(d) the charge on the outer shell
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16.

17.

A conducting spherical bubble of radius
a and thickness t(t<<a) is charged to a
potential V. Now it collapses to form a
spherical droplet. Find the potential of

the droplet.
JERAOR
5t t
a 1/3
@ (5) v

a
c)|—|V
o (5)
There are two large metallic plates S,
and S, carrying surface charge densities

o, and o, respectively (o, > o)) placed
at a distance d apart in vacuum. Find
the work done by the electric field
in moving a point charge q distant a
(a < d) from S, towards S, along a line
making an angle /4 with the normal to
the plates.

(a) %(cl—c» (b) f«sl 5,)
© %(cwcz) ) f«s] 5,)

ANSWERS
1. (b) 2. (b) 3. (¢) 4. (d) 5. (¢) 6. (abcd) 7. (a) 8. ()
9. (b) 10. (¢) 11. (b) 12. (a) 13. (¢) 14. () 15. (a) 16. (d)
17. (b)
PRACTICE EXERCISE 2
1. Two similar helium filled spherical bal- 2. An infinite number of charges each equal

loons tied to a 5 g weight with strings and

each carrying an electric charge q, float

in equilibrium as shown in the figure.

(a) Find the magnitude of q assuming that
the charge on each balloon concentrated
at its centre.

(b) Find the volume of each balloon (neglect
the weight of the unfilled balloon and
assume the density of air = 1.29 kg/m?
and density of helium inside the balloon
=0.200 kg/m?). [IIT, 1967]

«~— 0.60m ——

[Ans. g =+ 0.55 pC, (b) 2.293 x 107 m’]

to q are placed along the x-axis at x = 1,
X=2,x=4,Xx=8§, .cec.. and so on. Find the
potential and electric field at the point
x = 0 due to this set of charges.
What will be the potential and electric
field if in the above set up, the consecu-
tive charges have opposite sign?

[IIT, 1974]

Ans.Atx=0,V=—2 g9
2ng, 3ng,

__4 E= q
6me, Sme,

. Two point charges of value (—=20/3) x 10° C

and (+ 20/3) x 10®° C are placed on

the x-axis at x = —-10 cm and x = 10 cm

respectively.

(a) Calculate the potential and the elec-
tric fields at the points P (0, 10) and

Q (20, 0).
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(b) Find the work done in carrying 1 C
positive charge from P to Q along the
straight-line joining P and Q.

(c) Is there any path along which the work
done is less than the above value? Why.

[IIT, 1974]

[Ans. (a) 400 volts; E, = 5.33 x 103 N/C
along the positive x-axis, (b) Wy, = 400
joules, (c) There is no other path along
which the work done is less than that calcu-
lated above, i.e., 400 joules.]

. A positively charged oil droplet remains

stationary in an electric field between
two horizontal plates separated by a
distance of 1 cm. If the charge on the
drop is 3.2 x 10" C and the mass of the
droplet is 10" kg, what is the potential
difference between the plates? Now if the
polarity of the plates is reversed what
is the instantaneous acceleration of the
droplet? [IIT, 1974]
[Ans. 3.063 x 10° volts; 19.6 m/s?]

. A particle of mass 40 mg and carrying

a charge 5 x 10° C is moving directly
towards a fixed positive charge of magni-
tude 10-® C. When it is at a distance of 10
cm from the fixed positive charge it has
a velocity of 0.5 m/s. At what distance
from the fixed positive charge will the
particle come momentarily at rest? Is the
acceleration constant during motion?

[IIT, 1975]
[Ans. 4.737 x 10 m; acceleration will not
remain constant during motion]

Can a metal sphere of radius 1 cm hold a
change of 1 coulomb? [IIT, 1975]
[Ans. No]

A particle having a charge of 1.6 x 10 C
enters midway between the plates of
a parallel plate condenser. The initial
velocity of the particle is parallel to
plates. A potential difference of 300 volt
is applied to the capacitor plates. If the
length of the capacitor plates is 10 cm
and they are separated by 2 cm, calcu-
late the greatest initial velocity for which
the particle will not be able to come out

of the plates. The mass of the particle is
12 x 1024 kg. [IIT, 1976]
[Ans. 10* m/s]

. Four charges +q, +q, — q and —q are

placed respectively at the corners A, B, C
and D of a square of side a, arranged in
the given order. Calculate the potential
and electric field at O, the centre of the
square. If E and F are the mid pointsheet
of the sides BC and CD respectively,
what will be the work done in carrying a
charge e from O to E and from O to F?
[IIT, 1977]

1 4\/5q

Ans.V, =0; . R
T dng, a
1 4ge(Y5-1)
4pe, aﬁ

. A rigid insulated wire frame in the form

of a right angled triangle ABC is set in
a vertical plane as shown in the Figure
Two beads of equal masses m each and
carrying charges q, and q, are connected
by a chord of length 1 and can slide with-
out friction on the wires. Considering
the case when the beads are stationary,
determine:

4,

30° 60°

(a) the angle a
(b) the tension in the cord and
(c) the normal reactions on the beads.

If the cord is now cut, what are the value
of the charges for which the beads con-
tinue to remain stationary.  [IIT, 1978]

[Ans. (a)a=60°, (b)— L 4%,

2
ne, [

(0)R, = \/gmg,R2 = mg}
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10.

11.

12.

13.

14.

A pendulum bob of mass 80 mg and car-
rying a charge of 2 x 10 coulomb is at
rest in a horizontal uniform electric field
of strength 20,000 Vm™'. Find the tension
in the thread of the pendulum and angle it
makes with the vertical. [II'T, 1979]
[Ans. 8.8 x 10~ newton]

A copper atom consists of copper nucleus
surrounded by 29 electrons. The atomic
weight of copper is 63.5 g/mole. Let
us now take two pieces of copper each
weighing 10 g. Let us transfer one elec-
tron from one piece to another for every
1000 atoms in that piece. What will be
the coulomb force between the two pieces
after the transfer of electrons if they are
1 cm apart.

[Avogadro number = 6 x 10* g/mole,
Charge on one electron = — 1.6 x 107"
coulomb] [Roorkee, 1980]
[Ans. 2.057 x 10'N]

Two equally charged identical metal
spheres A and B repel each other with a
force 2.0 x 10 newton. Another identi-
cal uncharged sphere C is touched to
Aand then placed at the mid pointbetween
A and B. What is the net electric force
on C? [Roorkee, 1981]

[Ans.2.0x10~° Nalong BA]

A charge Q is distributed over two con-
centric hollow spheres of radii r and R
(where R > r) such that the surface den-
sities are equal. Find the potential at the
common centre. [IIT, 1981]

{Ans. Net potential at the centre,

r+R

1
dme, .(rz +RZJQ}

A thin fixed ring of radius 1 m has a posi-
tive charge 1 x 10 coulomb uniformly
distributed over it. A particle of mass
0.9 ¢ and having a negative charge of
1 x 107 coulomb is placed on the axis

15.

16.

17.

at a distance of 1 cm from the centre of
the ring. Show that the motion of the
negatively charged particle is simple har-
monic. Calculate the time of oscillation.
[IIT, 1982]

[Ans. 0.628 sec]

Two identical particles of mass m carry
a charge Q each. Initially one is at rest
on a smooth horizontal plane and the
other is projected along the plane directly
towards the first particle from a large
distance with the speed v. Find the closest
distance of approach.  [Roorkee, 1983]

! .4_Q2}

dne, mv’

{Ans. d=

Two fixed equal positive charges, each of
magnitude 5 x 105 coulomb are located
at points A and B separated by a distance
of 6 m. An equal and opposite charge
moves towards them along the line COD,
the perpendicular bisector of the line AB.
The moving charge when it reaches the
point C at a distance of 4 m from O, has
a Kinetic energy of 4 joule. Calculate the
distance of the farthest point D which the
negative charge will reach before return-
ing towards C. [IIT, 1985]
[Ans. 8.5 m/s]

A drop of water of mass 18 x 10~ g falls
away from the bottom of charged conduct-
ing sphere of radius 20 cm carrying with
it a charge of 10~° coulomb and leaving on
the sphere a uniformly distributed charge
of 2.5 x 106 coulomb. What is the speed of
the drop after it has fallen 30 cm?
[(4n €)' =9 x 10° joule-meter/coulomb’|
[Roorkee, 1985]
[Ans. 3.658 m/s]
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18.

19.

20.

21.

22.

An inclined plane is making an angle of
30° with the horizontal electric field E
of 100 V/m. A particle of mass 1 kg and
charge 0.01 C is allowed to slide down
from a height of 1 m. If the coefficient of
friction is 0.2, find the time it will take
the particle to reach the bottom.

[Roorkee, 1987]
[Ans. 1.34 second]

Three point charges q, 2q and 8q are
to be placed on a 9 cm long straight-
line. Find the position where the charges
should be placed such that the potential
energy of the system is minimum. In this
situation, what is the electric field at the
position of the charge q due to the other
two charges? [IIT, 1987]
[Ans. 0]

Two identical charged spheres are sus-
pended by strings of equal length. The
strings make an angle 30° with each other.
When suspended in a liquid of density
800 kg/m? the angle remains the same.
‘What is the dielectric constant of the liquid?
The density of the material of the sphere is
1600 kg/m?.

[Roorkee, 1988; IIT, 1976]
[Ans. 2]

Three particles each of mass 1 gm and
carrying a charge q are suspended from
a common point by insulated massless
strings, each 100 cm along. If the par-
ticles are in equilibrium and are located
at the corners of an equilateral triangle
of side length 3 cm, calculate the charge
q on each particle.

(Take g = 10 m/s?)

[Ans. 3.162 x 10~ coulomb]

[IIT, 1988]

A point particle of mass M is attached to
one end of a massless rigid non-conduct-
ing rod of length L. Another point par-
ticle of the same mass is attached to the
other end of the rod. The two particles
carry charges +q and —q respectively.
This arrangement is held in a region of
a uniform electric field E such that the

23.

24.

rod makes a small angle 0 (say of about
5 degrees) with the field direction. Find
an expression for the minimum time
needed for the rod to become parallel to
the field after it is set free. [IIT, 1989]

Ans. LT [ML
4 2\ 24E

Two plane parallel conducting plates
1.5 x 102 m apart are held horizon-
tally one above the other in air. The
upper plate is maintained at positive
potential of 1.5 kilovolt while the other
plate is earthed. Calculate the number
of electrons that must be attached to
a small oil drop of mass 4.9 x 10" kg
between the plates to maintain it at
rest, assuming that the density of air is
negligible in comparison with that of
oil. If the potential of the above plate is
suddenly changed to —1.5 kilovolt, what
is the initial acceleration of the charged
drop? Also obtain the terminal velocity
of the drop if its radius is 5.0 x 10 m
and the co-efficient of viscosity of air is
1.8 x 105 N-s/m>.

[Roorkee, 1989]
[Ans. (a) a = 19.6 m/s* downward;

v=5.66 x 10 m/s]

A charged dust particle of radius 5 X
107 m is located in a horizontal electric
field having an intensity of 6.28 x 10°
volt/m. The surrounding medium is air
with co-efficient of viscosity n = 1.6 X
10-° newton-sec/m?. If this particle moves
with a uniform horizontal speed 0.02
m/s, find the number of electrons on it.

|[Roorkee, 1992]
[Ans. 30]
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25.

26.

27.

28.

Two circular wire loops of radii 0.05 m
and 0.09 m respectively are put such that
their axes coincide and their centre are
0.12 m apart. Charge of 10~ C is spread
uniformly on each loop. Find the poten-
tial difference between the centres of
loops. [Roorkee, 1993]
[Ans. 7.08 x 10* volt]

A circular ring of radius R with uniform
positive charge density A per unit length
is located in they y — z plane with its cen-
tre at the origin O. A particle of mass m
and positive charge q is projected from
the point P (R\/E,0,0) on the positive
x-axis directly towards O, with an ini-
tial speed v. Find the smaller (non-zero)
value of the speed v such that the particle
does not return to P. [IIT, 1993]

Ans.v = rq
2g,m

A charge of +10~° C is located at the ori-
gin in free space and another charge Q
at (2, 0, 0). If the x-component of the
electric field at (3, 1, 1) is zero, calculate
the value of Q. Is the y-component zero
at (3,1, 1)?

[Ans. —4.27 x 107'° C; y-component of elec-
tric field at P (3, 1, 1) is not zero]

A non-conducting disc of radius a and
uniform positive surface charge density ¢
is placed on the ground, with its axis
vertical. A particle of mass m and positive

29.

30.

charge q is dropped, along the axis of the
disc, from a height H, with zero initial
velocity. The particle has

q _4g
m c

Find the value of H if the particle just
reaches the disc. [II'T, 1999]

{Ans.H =ia}
3

Four point charges +8uC, -1 nC,
—1pC and +8nuC are fixed at point

1,2 5 2 5 zman 1’2111

respectively on the y-axis. A particle of
mass 6 x 10 kg and of charge +0.1 pC
moves along the — x direction. Its speed
at x = + oo is v,. Find the least value of v,
for which the particle will cross the origin.
Assume that the space is gravity free.
] 1
Given (4 j =9 x 10° Nm*/C>.

TE,

[IIT, 2000]
[Ans. 3 m/s]

A small ball of mass 2 x 10~ kg having a
charge of 1 pnC is suspended by a string
of length 0.8 m. Another identical ball
having the same charge is kept at the
point of suspension. Determine the mini-
mum horizontal velocity which should be
imparted to the lower ball so that it can
make complete revolution.  [IIT, 2001]
[Ans. 5.86 m/s]
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QUESTION BANK

CONCEPTUAL QUESTIONS

1.

Two large conducting spheres carrying
charges O, and Q, are brought close to
each other. Is the magnitude of electro-
static force between them exactly given by
0,0,/4me *, where r is the distance between
their centres

. If Coulomb’s law involved 1/r* dependence

(instead of 1/#2), would Gauss’s law be still
true?

. A small test charge is released at rest at a

point in an electrostatic field configuration.
Will it travel along the field line passing
through that point?

. What is the work done by the field of a

nucleus in a complete circular orbit of the
electron? What if the orbit is elliptical?

. We know that electric field is discontinuous

across the surface of a charged conductor. Is
electric potential also discontinuous there?

. What meaning would you give to the capac-

itance of a single conductor?

. Guess a possible reason why water has a

much greater dielectric constant (= 80) than
say, mica (= 6)

The top of the atmosphere is at about
400 kV with respect to the surface of the
earth, corresponding to an electric field that
decreases with altitude. Near the surface
of the earth, the field is about 100 Vm™.
Why then do we not get an electric shock
as we step out of our house into the open?
(Assume the house to be a steel cage so
there is no field inside.)

. A man fixes outside his house one evening

a two metre high insulating slab carrying on
its top a large aluminium sheet of area 1 m?.
Will he get an electric shock if he touches
the metal sheet next morning?

10. The discharging current in the atmosphere

11.

due to the small conductivity of air is known
to be 1800 4 on an average over the globe.
Why then does the atmosphere not dis-
charge itself completely in due course and
become electrically neutral? In other words,
what keeps the atmosphere charged?

What are the forms of energy into which
the electrical energy of the atmosphere is
dissipated during a lightning?

ONLY ONE OPTION IS CORRECT

1.

Figure shows a solid hemisphere with a
charge of 5nC distributed uniformly through
its volume. The hemisphere lies on a plane
and point P is located on the plane, along
a radial line from the centre of curvature
at distance 15 cm. The electric potential at
point P due to the hemisphere, is

.

F——15cm——
(a) 150V (b) 300 V
(c) 450V (d) 600 V

A point charge Q is placed at a distance d
from the centre of an uncharged conduct-
ing sphere of radius R. The potential of the
sphere is (d > R)

1 0 1 0
(@ 4ne, (d-R) ®) dne, d
(©) 41'5160 % (d) zero

The plate of a parallel plate capacitor are
separated by d cm. A plate of thickness
¢t cm with dielectric constant k, is inserted
and the remaining space is field with a plate
of dielectric constant k,. If Q is the charge
on the capacitor and area of plates is 4 cm?
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each, then potential difference between the
plates is

) 2 (i+d't]

(b) 470 L+d—t
A \k Kk

AnQ(k K
© (fd—zj

0k d-t
o &%)

. An electric field is given by E_=—2x> kN/C.
The potential of the point (1, —2), if poten-
tial of the point (2, 4) is taken as zero, is
(a) -7.5x10°V (b) 7.5 x 103V

(c) -15x10°V (d) 15 x10°V

. The figure shows a charge ¢ placed insider

a cavity in an uncharged conductor. Now if
an external electric field is switched on

(a) only induced charge on outer surface
will redistribute

(b) only induced charge on inner surface
will redistribute

(¢) both induced charge on outer and inner
surface will redistribute

(d) force on charge ¢ placed inside the cav-
ity will change

. When a hydrogen atom is excited from

ground state to first excited state then

(a) its kinetic energy increases by 10.2 eV

(b) its kinetic energy decreases by 10.2 eV

(c) its potential energy increases by 20.4 eV

(d) its angular momentum increases by
1.05 x 1073 J-s

7. A conducting disc of radius R about its

axis with an angular velocity ®. Then the

E = 400Vi— |

potential difference between the centre of
the disc and its edge is (no magnetic field is
present)

2 p2

(a) zero (b) m(,czo R
e

©) m,oR’ d em,oR’
3e 2

. A uniform electric field of 400 V/m exists in

space as shown in graph. Two points 4 and
B are also shown with their co-ordinates.
The potential difference V', — V, in volts, is

y
A

\

16T ——2X

A( o \
(a) 18V (b) 15V
() 8V @ 12V

. Figure shows three circular arcs, each of

radius R and total charge as indicated. The
net electric potential at the centre of curva-
ture is

+Q
450
—2Q (N300
R
+3Q
Y 0
(@ 2ne,R ®) 4ne R
© 2 @ 2

neg,R ng,R
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10.

A neutral conducting spherical shell is kept
near a charge ¢ as shown. The potential at
point p due to the induced charges is

11.

12.

(@) X (b) M
r r
kq kg kq

© ror @ CcpP

Two concentric uniformly charged spheres
of radius 10 cm and 20 cm are arranged
as shown in figure. Potential difference
between the sphere is

20C

a

(a) 4.5 x 104V
(b) 2.7 x 10"V
() 0

(d) None of these

The plates of a parallel plate capacitor are
charged upto 100 volt. A 2 mm thick plate is
inserted between the plates, then to maintain
the same potential difference, the distance
between the capacitor plates is increased
by 1.6 mm. The dielectric constant of the
plate is

(a) 5
(c) 4

(b) 1.25
d) 2.5

13.

14.

15.

16.

In a uniform field

(a) all points are at the same potential

(b) pairs of points separated by the same
distance must have the same potential
difference

(c) no two points can have the same poten-
tial

(d) none of the above

Two metallic bodies separated by a distance
20 cm, are given equal and opposite charges
of magnitude of 0.88uC. The component of
electric field along the line 4B, between the
plates, varies as E_= 3x* + 0.4 N/C, where
x (in meters) is the distance from one body
towards the other body as shown.

(a) The capacitance of the system is 10pF

(b) The capacitance of the system is 20uF

(c) The potential difference between A and
C is 0.088 volt

(d) The potential difference between 4 and
C is cannot be determined from the
given data

Electrical potential ‘v’ in space as a function

. . 1 1 1
of coordinates is given by, V =—+—+—.
X y z
Then the electric field intensity at (1, 1, 1)
is given by

() (7 +j+k) (b) i+j+k
(c) zero (d) %(f +j+k)

Two concentric, thin metallic spheres of
radii R, and R, (R, > R,) bear changes
0, and Q, respectively. Then the poten-
tial at distance r between R and R, will

be (k= ! j
4ne,
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17.

18.

19.

(a) k(QlJ'_QZ) (b) k[%.{.%)
r r R,

9.9 9.9
(©) k[7+RJ (d) k[R +es js

1 1 2

A charge +q is fixed at each of the points
X =X, X = 3x, x = 5x upto c on
X-axis and charge —¢q is fixed on each of
the points x = 2x,, x = 4x;, X = 6X,, ccevevnve.
upto oo. Here x, is a positive constant. Take
the potential at a point due to a charge Q at

a distance » from it to be . Then the

4ne r
potential at the origin due to above system
of charges will be

q
a) zero b) ——MM
@ ®) 8ne,x,log, 2
4me ) x,

The grid (each square of 1 m X 1 m), repre-
sents a region in space containing a uniform
electric field.

Y
AN AN AN
N\
D G H
C E F
m
o) A B X
1m

If potentials at points O, 4, B, C, D, E, F
and G, H are respectively 0, -1, -2, 1, 2,
0, —1, 1 and 0 volts, find the electric field
intensity

(@) (i+j)V/m
(¢) (=i +/j)V/m

(b) (i) V/m
(d) (=i =) V/m

Figure shows an electric line of force which
curves along a circular arc.

The magnitude of electric field intensity is
same at all points on this curve and is equal

20.

21.

to E. If the potential at A4 is V, then the
potential at B is

(a) V- ERO (b) V- E2R sing

(c) V+ERO (d) V+2ER sing
A parallel plate capacitor with air between
the plates is charged to a potential differ-
ence of 500 V and then insulated. A plastic
plate is inserted between the plates filling
the whole gap. The potential difference
between the plates now becomes 75 V. The
dielectric constant of plastic is

(a) 10/3 b)5

(c) 20/3 (d) 10

In the figure, two conducting concentric
spherical shells are shown.

If the electric potential at the centre is
20 V and the electric potential of the outer
shell is 5 V, then the potential of the inner
shell is

(@ 5V
(c) 20V

(b) 15V
)25V
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22.

23.

24.

25.

26.

27.

The circuit was in the shown state for a long
time. Now if the switch S is closed then
the charge that flows through the switch S,
will be

50V =
4uF — - 2uF
/
S
2uF =~ T 4uF
L
(a) %HC (b) 100pC
(©) %uC (d) 50nC

A capacitor of 1pF withstands a maximum
voltage of 6 kilovolt while another capaci-
tor of 2uF withstands a maximum voltage
of 4 kilovolt. If the two capacitors are con-
nected in series, the system will withstand a
maximum voltage of
(a) 2kV

(c) 6kV

(b) 4 kV
) 9kV

The potential at a certain point in an electric
field is 200 V. The work done in carrying an
electron upto that point will be

(a) 3.2 %1077 (b) 3.2 x 10777
(c) 20017 (d) 20017

Two charged conducting spheres of radii 7,
and r, are at the same potential. The ratio of
their surface charge densities will be

(@ r/r, (b) r/r,

(c) ”12 /rzzrl2 /r22 (d) rjr?

At the mid-point of a line joining an elec-
tron and a proton, the values of E and V" will
be

(a) E=0,V=0
() E£0, V=0

(b) E£0, V=0
(d)E=0,V=0

A charge of 10uC is kept at the origin
of X-Y coordinate system. The potential

28.

difference in volts between two points (a, 0)
and (a/~2, a/N2) will be

(a) Zero (b) 9 x 10*
9x10* 9x10*
d
(© " (d) 7

Find equivalent capacitance between X and
Y if each capacitor is 4pF.

29.

30.

31.

(a) 4uF
(c) 12uF

(b) 8uF
(d) 1pF

Two point charge of 8uC and 12uC are kept
in air at a distance of 10 cm from each other.
The work required to change the distance
between them to 6 cm will be

(a) 587 (b)4.81]

(c) 3.8J (d)2.87J

Two parallel plate capacitors of capaci-
tances C and 2C are connected in parallel
and charged to a potential difference V. The
battery is then disconnected and the region
between the plates of the capacitor C is
completely filled with a material of dielec-
tric constant K. The potential difference
across the capacitors now becomes

k%
a
@ K+2

(b) KV

14 3
(©) Ve (d XV
Maximum charge stored on a metal sphere
of radius 15 cm may be 7.5uC. The poten-
tial energy of the sphere in this case is
(a) 9.671J
(b) 0.257]
(c) 3.257J
(d) 1.691J
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32.

33.

34.

35.

Four identical particles each of mass m
and charge g are kept at the four corners
of a square of length L. The final velocity
of these particles after setting them free

will be
o] offas)

o[k
172

(©) { } (d) Zero

A parallel plate capacitor is charged to a
certain potential difference 4 slab of thick-
ness 3 mm is inserted between the plates
and it becomes necessary to increase the
distance between the plates by 2.4 mm to
maintain the same potential difference. The
dielectric constant of the slab is

(a) 3 (b) 5

(c) 2.5 (d) 2

A charge Q is distributed over two concen-
tric hollow spheres of radii » and R (R > r)
such that the surface densities are equal.
The potential at the common centre is

times
g,
r+R QO r+R
(@) Q[ } () E(WJ
© ZQ( ”2 j (d) zero

A charge +Q is uniformly distributed over a
thin ring of radius R, velocity of an electron
at the moment it passes through the centre
O of the ring, if the electron was initially
at rest at a point 4 which is very far away
from the centre and on the axis of the
ring is

@ (e v [
m

kme kQe

© \or @ 2

36.

37.

38.

39.

40.

41.

The electric potential V" as a function of
distance x (in metre) is given by: V' = (15x?
+ 10x — 9) V. The value of electric field of
x =1 m would be

(a) 20 V/m

(b) 6 V/m

(c) 11 V/im

(d) -23 V/m

In a region the electric field intensity E is
given by E = 100/x* where x in metre. The
potential difference between the points at
x =10 m and x =20 m will be

a1V b)y2v

() 5V (d1ov

An uncharged capacitor with a solid dielec-
tric is connected to a similar air capacitor
charged to a potential of V. If the common
potential after sharing of charges becomes
V, then the dielectric constant of the dielec-
tric must be

Vo 7
@ - ®) ~

0

v,~V @ otV

v Z
Two parallel conducting plates 5 mm apart
are held horizontally one above the other.
The upper plate is maintained at a positive
potential of 15 kV while the lower plate is
earthed. If a small oil drop of relative den-
sity 0.92 and of radius 5pum remains station-
ary between the plates then the charge on
the drop will be
(a) 10e (b) 8e
(c) Se (d) 3e

An infinite number of charges (each of
magnitude 1uc) are placed along the X-axis
atx =1, 2, 4, 8.... metre. If the charges are
alternately of opposite sign, then the poten-
tial at the point x = 0 due to these charges
will be

(a) 6 x10°V (b)9 x10°V

(¢) 1.8 x10*V (d) 1.2 x10*V
Two charged conducting sphere of radii R,
and R,, separated by a large distance, are

(©
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42.

43.

44.

45.

46.

connected by a long wire. The ratio of the
charges on them is

R, R
l b) —2
(@) R, (b) R
R? R?
() =% (d) —=
R R

Figure shows a ball having a charge ¢
fixed at a point 4. Two identical balls hav-
ing charges +¢ and —¢ and mass ‘m’ each
are attached to the ends of a light rod of
length 2a. The rod is free to rotate about a
fixed axis perpendicular to the plane of the
paper and passing through the mid-point
of the rod. The system is released from the
situation shown in figure. Find the angular
velocity of the rod when the rod becomes
horizontal.

J2q q
N7 b) ——£L
® 3ne, ma’ ® \3ne, ma’
(©) —L— (d) V2

\6re, ma’ dn e, ma’

A proton and an a-particle are at a distance
r from each other. After letting them free if
they move to infinity, the kinetic energy of
the proton will be
(a) 8Ke*/5r

(c) 8Ke¥r

(b) 2Ke*/5r
(d) Ke*/5r

103 small water drops, each of radius » and
each carrying charge ¢, combine to form
one bigger drop. The potential of bigger
drop as compared to that of smaller drop,
will be

(a) 1°V
(c) 10V

(b) 10°V
d) 100V

Infinite charges, each of ¢ coulomb are
lying on x-axis atx =1 m, 2 m, 4 m, 8 m,
......... The electric potential due to these at x
=0 will be
(a) Kq

(c) 2Kq

(b) Kq/2
(d) Kq/3

The plates of a parallel plate capacitor have
an area of 90 cm? each and are separated by

47.

48.

49.

50.

51.

2.5 mm. The capacitor is charged by a 400
volt supply. How much electrostatic energy
is stored by the capacitor?

(a) 2.55x10°7J (b) 1.55 x 107
(c) 8.15x10°7J (d) 5.5 x10°7J

From a supply of identical capacitors rated
8 mF, 250 V, the minimum number of
capacitors required to form a composite 16
mF, 1000 V is
(a) 2

(c) 16

(b) 4
(d) 32

Three charges —g, +¢ and +¢ are situated in
X-Y plane at points (0, —a), (0, 0) and (0, a)
respectively. The potential at a point distant
r(r > a) in a direction making an angle 6
from Y-axis will be

@ Q(I_ZacoseJ
r r
2kgcos©O

(b) =L

r
K

(© L
.

@ ﬁ(l+2acosej
r r

A ball of mass 1 g and charge 10”7 C moves
from a point 4 whose potential is 500 V to a
point B whose potential is zero. If the speed
of the ball at 4 is 0.51 m/s, its speed at point
B will be

(a) 0.6 m/s
(c) 2 m/s

(b) 6 m/s
(d) 4 m/s

An alpha particle with kinetic energy
10 MeV is heading towards a stationary tin
nucleus of atomic number 50. Calculate the
distance of closest approach.

(a) 1.4x 10" m (b)4x 10" m

(c) 144 x 10" m (d) 8 x 10" m

Calculate the area of the plates of a one
farad parallel plate capacitor if separation
between plates is 1 mm and plates are in
vacuum.

(a) 18 x 108 m?
(c) 1.3 x10° m?

(b) 0.3 x 10° m?
(d) 1.13 x 108 m?
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52.

53.

A solid conducting sphere of radius a
having a charge ¢ is surrounded by a con-
centric conducting spherical shell of inner
radius 2a and outer radius 3a as shown in
figure.

Find the amount of heat produced when
switch is closed.

(a) Kq*2a (b) Kg*/3a

(c) Kq¢*/4a (d) Kg*/6a

Three uncharged capacitors of capacities

C,, C, and C, are connected to one another
as shown in the figure.

N
B D

Points 4, B and D are at potential V', V, and
V, then the potential at O will be

VG A+VAC + G,

a

@ C+C,+C,

AL A
C+C,+C,

© LTth)
GG +G)

@

C] C2 C3

54. A parallel plate capacitor of area ‘A’ plate
separation ‘d’ is filled with two dielectrics
as shown. What is the capacitance of the

arrangement?
A2 : A2 :
K d
d
[ |
3Ke, A 4Kg, A
b 0
@ 4 ® =
© (k+De,4 d k(k+3)e,4
2d 2(k+1)d

ONE OR MORE THAN ONE CHOICE
MAY BE CORRECT

1. Two infinite, parallel, non-conducting sheets
carry equal positive charge density . One is
placed in the yz plane and the other at dis-
tance x = a. Take potential V' =0atx=0
(a) For 0 <x <a, potential ¥ =0

(b) For x > a, potential V= —E(x— a)
e()

(c¢) For x = a, potential V_ = g(x —a)

So
(d) For x < 0 potential V, =2y
e()
2. S, and S, are two equipotential surfaces on
which the potentials are not equal.

(a) S, and S, cannot intersect.

(b) S, and S, both cannot be plane sur-
faces.

(c) in the region between S, and S, the field
is maximum where they are closest to
each other.

(d) A line of force from S, to S, must be
perpendicular to both.

3. A uniformly charged hemisphere of radius
2a has a hemispherical depression of radius
a, as shown in figure.
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Then,

L

N

(a) Potential at 4 is ——
. .2

(b) Potential at B is ——
. .3

(c) Potential at Cis ——

(d) Potential at 4 is ——

. A parallel plate capacitor is connected to
a battery. The quantities charge, voltage,
electric field and energy associated with
this capacitor are given by O, V, E, and
U, respectively. A dielectric slab is now
introduced to fill the space between the
plates with the battery still in connection.
The corresponding quantities now given by
0O, V, E and U are related to the previous
ones as

(@ 0> 9,
() E>E,

b) V>,
@ U>U,

. The diagram shows part of an evacu-
ated tube in which a stream of electrons
from an electron gun passes between a
pair of parallel large deflecting plates.
The vertical displacement of the electron
beam as it leaves the parallel plates is x.
(Do not consider gravity as the electron
enters the deflecting region parallel to the
plates)

Which one of 4 to D below will change the
displacement x of the beam as it leaves the
parallel plates?

Accelerating
voltage

Deflecting §+
voltage

Electron
. path

|

(a) increasing the accelerating voltage

(b) increasing the deflecting voltage

(¢) increasing the distance between the
electron gun and the deflecting plates

(d) increasing the distance between the two
deflecting plates

Six\e—

—(V)+

A parallel-plate air capacitor of capacitance

C, is connected to a cell of emf £ and then

disconnected from it. A dielectric slab of

dielectric constant K, which can just fill

the air gap of the capacitor, is now inserted

in it.

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

(b) The energy stored in the capacitor
decreases K times.

(c) The change in energy is %EZC0 (K-1)

(d) The change in energy is

lEZCO(l—ij
2 K

In the figure shown the plates of a parallel
plate capacitor have unequal charges. Its
capacitance is C.P is a point outside the
capacitor and close to the plate of charge—Q.
The distance between the plates is ‘d’.

2Q -Q

oP
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10.

(a) A point charge at point ‘P’ will experi-
ence electric force due to capacitor

(b) The potential difference between the
plates will be 30/2C

(c) The energy stored in the electric field
on the region between the plates is
90°/8C

(d) The force on one plate due to the other

QZ

2me,d

plate is 5

. A particle of mass 2 kg and charge 1 mC is

projected vertically with a velocity 10 m/s.
There is a uniform horizontal electric field
of 10* N/C

(a) the horizontal range of the particle is

10 m

(b) the time of flight of the particle is 2s
(c) the maximum height reached is 5 m
(d) the horizontal range of the particle is 0

. Potential at a point 4 is 3 volt and at point

B is 7 volt, an electron is moving towards 4

from B.

(a) It must have some K.E. at B to reach 4

(b) It need not have any K.E. at B to reach
A

(¢) To reach A4 it must have more than or
equal to 4eV K.E. at B

(d) When it will reach 4, it will have K.E.
more than or at least equal to 4eV if it
was released from rest at B.

Two capacitors C, and C, are charged to ¢,
and ¢, and connected with capacitor C as
shown in figure. As switch S is closed

|CI (initially uncharged)

I
Cils +C,
=% Gy
S
(a) C gets extra charge when S > &
9 9

(b) C gets extra charge when S < &

9 49

11.

12.

13.

Cl CZ
(c) C gets extra charge when —=—
9, 4,
(d) C does not gets extra charge for any

value of ¢, and g,.

Three equal point charges (Q) are kept at
the three corners of an equilateral triangle
ABC of side ‘a’. P is a point having equal
distance ‘a’ from A4, B and C. If E is the
magnitude of electric field and V is the
potential at point / then

@ E-—2 ) poYeQ
4me,a 4me,a

©r-22 -2
4ne,a 4ne,a

For the given figure, choose the correct
option

110V
{1
al |b c||d el |f
[ [l |
1uF 2uF 3uF

() V,-V.=0
© V,-V,=60V
@ rV=v,=0

Capacitor C, of capacitance 1 microfarad

and capacitor C, of capacitance 2 micro-

farad are separately charged fully by a com-

mon battery. The two capacitors are then

separately allowed to discharge through

equal resistors at time ¢ = 0.

(a) The current in each of the two discharg-
ing circuits is zero at 1 =0

(b) The currents in the two discharging
circuits at ¢ = 0 are equal but not zero.

(c) The currents in the two discharging
circuits at £ = 0 are unequal

(d) Capacitor C, loses 50% of its initial
charge sooner than C, loses 50% of its
initial charge.
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ASSERTION AND REASON QUESTIONS

Direction: Each question contains

STATE-

MENT-1 (Assertion) and STATEMENT-2 (Rea-
son). Each question has 4 choices (a), (b), (c)
and (d) out of which ONLY ONE is correct.

(@)

(b)

(©
(d)

Statement-1 is True, Statement-2 is True;
Statement-2 is a correct explanation for
Statement-1.

Statement-1 is True, Statement-2 is True;
Statement-2 is NOT a correct explanation
for Statement-1.

Statement-1 is True, Statement-2 is False.
Statement-1 is False, Statement-2 is True.

Statement I: A particle 4 of mass m and
charge Q moves directly towards a fixed
particle B, which has charge Q. The speed
of A4 is v when it is far away from B. The
minimum separation between the particles
is proportional to Q.

Statement II: Total energy remains con-
served.

Statement I: Potential difference between
two points lying in a uniform electric field
may be equal to zero.

Statement II: Points of line normal to elec-
tric field is equipotential line.

Statement I: At a distance r from a +ve
charged particle potential is 7 and electric
field strength E then graph between V2 and
E is straight line.

Statement II: For a point charge

y? q

E 4ne,

Statement I: Electrons move away from
a region of lower potential to a region of
higher potential.

Statement II: Since an electron has a nega-
tive charge.

Statement I: The smiling face consists of
three items a thin rod of charge 3uc that
forms a full circle of radius 8 cm, a second

thin rod of charge 2pc that forms a circular
arc of radius 4 cm subtending an angle of
90° about the centre of the full circle, an
electric dipole with a dipole moment that is
perpendicular to a radial line and that has
magnitude 1.28 x 102! C-m, electric poten-
tial at centre is zero.

Statement I1: Potential on equatorial point
due to dipole is zero

. Statement I: An isolated system consists

of two particles of equal masses m = 10 gm
and charges ¢, = +1uC and g, = —1uC as
shown in figure. The initial separation of
both charges is £ = 1 m. Both the charges
are given initial velocities v, = 1 m/s and
v, = 2 m/s towards right. Then the maxi-
mum separation between the charges is
infinite.

Statement II: The total energy (Kinetic
energy + electrostatic potential energy) of
given two particle system is positive and
initial velocity of separation is positive.

. Statement I: Electric field £ at a point P is

zero if potential at that point is zero.
Statement II: Potential difference between
two points in space is zero if electric field at
all points in space is zero.

. Statement I: Charges are given to plates of

two plane parallel plate capacitors C and C,
(such that C,=2C) as shown in figure. Then
the key K is pressed to complete the circuit.
Finally, the net charge on upper plate and
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10.

11.

12.

13.

net charge on lower plate of capacitor C, is
positive.

K

e

2uC ‘_C—l_' '_C—l_' 4uC

1 2

T T

Statement II: In a parallel plate capacitor
both plates always carry equal and opposite
charge.

Statement I: Each of the plates of a
parallel-plate capacitor is given equal posi-
tive charge Q. The charges on the facing
surfaces will be same.

Statement II: A negative charge (—Q) will
be induced on each of the facing surfaces.

Statement I: Electric potential is a property
of an electric field, regardless of whether
a charged object has been placed in that
field.

Statement II: Potential depends on test
charge.

Statement I: Electric potential and electric
potential energy are different quantities.
Statement I1: For a system of positive test
charge and point charge electric potential
energy = electric potential.

Statement I: The component of E in
any direction is the negative of the rate of
change of the electric potential with dis-
tance in that direction.

Statement II: Potential gradient in any
direction at a point gives total electric field
at that point.

Statement I: An excess charge placed on
an isolated conductor will distribute itself
on the surface of the conductor so that all
points of the conductor, whether on the sur-
face or inside, come to the same potential.
This is true even if the conductor has an
internal cavity and even if that cavity con-
tains a net charge.

Statement II: It is not possible to maintain
charge on inside surface of conductor.

14. Statement I: Two equipotential surfaces
cannot cut each other.
Statement II: Two equipotential surfaces
are parallel to each other.

MATCH THE COLUMN TYPE QUESTIONS

Each question contains statements given in two
columns which have to be matched. Statements
(A, B, C, D) in column I have to be matched with
statements (p, g, 1, s) in column II.

1. Column I gives certain situations in which
capacitances of a capacitor is changed by
different means. Column II gives resulting
effect under different conditions. Match the
statements in column I with the correspond-
ing statements in column II.

Column I Column IT
(a) Theplatesofa (p) Increases if
plane parallel the capacitor
capacitors are is maintained
slowly pulled at constant
apart. Then the charge.
magnitude of
electric field

intensity inside
the capacitor.
(b) Theplatesofa (q) Decreases if

plane parallel the capacitor
plate capaci- is maintained
tor are slowly at constant
pulled apart. charge.

Then the po-

tential energy
stored in the

capacitor.

(¢) The capacitance (r) Increases if
of an air filled the capacitor
plane parallel is maintained
plate capacitor at constant
on insertion of potential
dielectric. difference.
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A dielectric

slab is inserted
inside an air
filled plane
parallel plate
capacitor. The
potential energy
stored in the
capacitor.

(d)

2. Match the column:
Column I

Solid non con-
ducting sphere

(a)

Infinite non con-
ducting sheet

(b)

Inside hollow
non conducting
sphere

(©)

Inside solid con-
ductor

(d)

(s)

Decreases if
the capacitor
is maintained
at constant
potential dif-
ference.

Column II

Potential at
centre = 3/2
at surface

Absolute
potential not
defined

_pr
3e,
r<R

(s) E=0

(P

(@)

® E

3. Three concentric spherical metallic shells
A, Band C ofradiia, band c (a < b <c¢)
have charge densities of 6, —c and & respec-

tively, then
Column I

(a) The potential (p)

of 4

(b) The potential (q)

of B

(¢) The potential (r)

of C

(d) The electric (s)

field at surface

of 4.

Column II

1 (az b? j
—| ———+c|oc
gle ¢

2
L L _b+clo
g\ b

0

L(a -b+c)o
So

4. Two point charges O and —Q/4 are sepa-

rated by L

Column I

(a) Zero potential (p)

(b) Zero electric  (q)
field

(¢) Infinite poten- ()
tial

(d) Infinite elec-  (s)

tric field

5. After charge a capacitor

Column II

L/3 on right
side of charge

-Q0/4

L/5 on left
side of charge
-Q/5

L on right side
of charge —Q/4

Near charge
0.

to a potential dif-

ference of 100 V, it is discharged through
a resistor. After one second, the potential
difference between the plates of capacitor

becomes 80 volt. then

Column I

Fraction of
stored energy
converted into
heat during first
one second.

(a)

Fraction of
initial stored
energy con-
verted into heat
after two sec-
onds.

(b)

Fraction of
energy retained
after first one
second.

Fraction initial
stored energy
retained after
first two sec-
onds.

(d)

6. For the circuit is shown

V. =30V

1

V,=

Column II

() 1625

(@ 256/625

) 925

(s) 369/625

20V S

| = 2
10

8,1 +H_ 3 +
= C

;=2pF

C,=3pF

i
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(c) Obcl(4pe,) (¢ —a)
(d) none

. If V_is potential of inner sphere and V_ is

Column I Column II
(@) S, closed ® V=0
(b) S, closed (@ V,=0
(c) §,and S, closed (r) V, =30
(d S,S,,S,closed (s) V,=20V

7. Column II gives the value of quantity
described in Column I for the circuit
In the circuit shown in figure the switch is
closed at = 0. A long time after closing
the switch

Column II

(p) zero

Column I

(a) voltage drop
across the
capacitor is

(b) current (q
through the
battery is

E
R +R

2

2
0 ol RE
2 \R+R,

(d) current (s) R,
through the
capacitor b

(c) energy stores
in the capaci-
tor is

PASSAGE BASED QUESTIONS

PASSAGE-1

In the diagram shown, the outer conducting spher-
ical shell (inner radius = » and the outer radius =
c) is electrically neutral and the inner conducting
sphere (radius = a) carries charge +Q.

1. What is the potential of the outer spherical
shell?

() O/(4pec)
(b) Ql(4pec) — Ol(4pea)

the potential at the centre of spherical shell,

then

(@ V>V,

by V.<V,

() V.=V,

(d) none of the conclusions can be drawn
from the given information

3. A non-conducting sphere of radius R is
filled with uniform volume charge density.
The centre of this sphere is displaced from
the origin by d.

-p

|
2|

o]

The electric field £ at any point P having
position vector, 7 inside the sphere is

P PG
@ 34 ©) 3G =d)
() ~(d-7) (d) L-(d+7)
€ 3e,
PASSAGE-2

A capacitor is constructed from two square plates
of sides £ and separation d, as suggested in figure.
You may assume that d is much less than ¢. The
plates carry charges
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+0,and —Q,. A block of metal has width £, length
¢, and thickness slightly less than d. It is inserted
a distance x into the capacitor. The charges on the
plates are not disturbed as the block slides in. The
plates having a thin insulation over it.

4. The stored energy as a function of x is
(@) Qyd({-x)/(2° &)
(b) Od(L—x)/(£' &)
(©) Qd/2le, (1-x)]
(d) Qyd/[le, (t~x)]
5. The direction and magnitude of the force
that acts on the metallic block is
(a) Q;d/(20 €,) to the left
(b) 0;d/(20° €,) to the right
(c) Qid/(20€,) to the left
(d) Q;d/(2¢¢€,) to the right
6. The area of the advancing front face of the
block is essentially equal to £d. Considering

the force on the block as acting on this face,
then the stress (force per area) on it is

() 0;/(20"€,) (b) 07 /(2% &)
(©) O/(2le,) (d) 207/(2¢ €,)

7. If a metal block is released with its £ length
between the plates it starts oscillating. Its

period of oscillation is (mass of block is m,
there is no friction between plates)

A0—1) ey m

(@) 4
Oyd
3
(b) 2 4(2—6026 € m
Q,d
© 40—1)0 e, m
Oid
(d) 1 (L=t e, m
2 0,d
PASSAGE-3

Three large plates A, B and C are placed parallel
to each other and charges are given as shown.

-3C —4C -5C

A B C
8. The charge that appears on the left surface
of plate B is
(a) 5C
(b) 6C
(c) 3C
(d) -3C

9. The charge on inner surface of plate C, if
plate B is earthed,
(a) 5C (b) 6C
(c) 3C (d) -3C

10. The charge on left surface of B, if B and C
both are earthed,

(a) 5C (b) 6C
(c) 3C (d) -3C
PASSAGE—4

A non-conducting disc of radius ‘@’ and uniform
surface charge density o is placed on the ground,
with its axis vertical. A particle of mass m and
positive charge ¢ is dropped, along the axis of the
disc, from a height A with zero initial velocity.
The particle has g/m = 4ne g/c.

11. Find the value of H if the particle just
reaches the disc.
(a) a/3
(c) 2a/3

(b) al6
(d) 4a/3

12. Electrostatic potential at H is

(a) gﬁ[mz +HY)"~H |

0

(b) 83[(a2 +HY)"?+H |
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© %[(az +H2)1/2 —H:|

0

() %[(az +H?)"? +H ]

0

13. Sketch the potential energy of the particle
as a function of its height.

P.E.

2mga
V3 mga

2mga
V3 mga

(b) (0] : > X

2mga
V3 mga

(©) 0 X

2mga
V3 mga

@ o X

SUBJECTIVE QUESTIONS

1. Amount of heat that will be generated in the
circuit shown in the figure after the switch
S is shifted from position 1 to position 2
is.

(@]
w
)_\

Y

N
——o

2. 12 J of work has to be done against an exist-
ing electric field to take a charge of 0.01
C from A4 to B. How much is the potential
difference V-V ,?

3. The electric field in a region is given by E
= (A/x)*i. Write a suitable SI unit for A.
Write an expression for the potential in the
region assuming the potential at infinity to
be zero.

4. The capacitance of all the capacitors shown
in figure are in micro farad.
What is the equivalent capacitance between
A and B? If the charges on the SuF capaci-
tors is 120uC, what is the potential differ-
ence between 4 and C?

3uF
Hrhﬁt': AuF
L

| 4uF —e
A 4uF B

SuF, R |_|

) C
2uF

5. A spherical shell of radius R carries uni-
formly distributed charge of density ¢ on
its surface.

)

B
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The potential difference between point 4 on
the edge and centre B; V -V is.

Two points charge ¢ and —2¢ are placed at
a distance 6a apart. Find the locus of the
point in the plane of charges where the field
potential is zero.

A cavity of radius 7 is present inside a solid
dielectric sphere of radius R, having a vol-
ume charge density of P.

([0

The distance between the centres of the
sphere and the cavity is a. An electron e is
kept inside the cavity at an angle 0 = 45° as
shown. How long will it take to touch the
sphere again?

. A capacitor has square plates, each of side

‘a’ making an angle of 6 with each other as
shown in figure.

i
Calculate the capacitance of the arrange-
ment for small 6.

. A uniform electric field of 400 V/m is

directed at 37° below the x axis, as shown
in figure. Change in potential

(a) VB_ VA
(b) V,— Vc [4B=BC =3 cm]

10. Three identical metal plates with large sur-
face area are kept parallel to each other as
shown in figure.

The leftmost plate is given a charge O, the
rightmost a charge —2Q and the middle one
remains neutral. Find the charge appearing

on the outer surface of the rightmost plate.

Q . —2Q

11. The equivalent capacitance between points
a and b in the circuit shown in figure. Here
C,=3uF, C,=6uF, C,=2uF. If a potential
difference of 48 V is applied across a and b,
find the charge stored in the capacitor C, at
steady state.

a T I1b
}_l C, C,

IIC3
I

}C—z\ Cz_l_—[ Lc

12. The equivalent capacitance across 4 and B
is

]

13. A dipole of dipole moment P lies in a
uniform electric field E such that dipole
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14.

15.

16.

17.

direction is along field. If dipole is rotated
through 180° such that dipole direction
becomes opposite to the field direction.
Find the work done by the electrostatic
field.

The lower plate of a parallel plate capacitor
lies on an insulating plane. The upper plate
is suspended from one end of a balance.

LA

The two plates are joined together by a thin
wire and subsequently disconnected. The
balance is then counterpoised. A voltage
V= 15000 volt is applied between the plates.
The additional weight which should be
placed to maintain balance is.

[The distance between the plates is d =
5 mm and the area of each plate is 4
100 cm?]

What is work done by the electrostatic field
when we put the four charges together, as
shown in the figure? Each side of the square
has a length a. Initially charges were at
infinity.

*q —-q
a

_q +q

Two parallel plate air capacitance C were
connected in series to a battery with e.m.f.
€. Then one of the capacitors was filled
up with uniform di-electric with relative
permittivity k. (i) The electric field in the
capacitor with dielectric is decreased n
times where n = (ii) The amount of charge
which flows through the battery during
insertion of dielectric is.

The distance between the plates of a parallel
plate condenser is 0.05 m. A field of 3 x 10*

volt/m is established between the plates. It
is then disconnected from the battery and an
uncharged metal plates of thickness 0.01 m
is inserted into the condenser parallel to its
plates.

(i) The potential difference between the
plates before the introduction of the
metal plates is.

(i1) after its introduction is.

(iii) The potential difference, if a plate of
di-electric constant € = 2 is introduced
in place of metal plate is.

PREVIOUS YEARS' lIT-JEE QUESTIONS

1. A parallel plate capacitor C is corrected
to a battery and is charged to a potential
difference V. Another capacitor of capaci-
tance 2C is similarly charged to a potential
difference 2 V volt. The charging battery
is now disconnected and the capacitors
are connected in parallel to each other
in such a way that the positive terminal
of one is connected to the negative ter-
minal of other. The final energy of the
configuration is

[1995]
(a) zero (b) (3/2) CV?
(c) (25/6) CI1* (d) (9/2) C1?

2. The capacitance of a parallel plate capacitor
with plate area ‘4’ and separation d is C.
The space between the plates is filled with
two wedge of di-electric constant K, and
K, respectively. Find the capacitance of the
resulting capacitor.

[1996]

=
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ANSWERS

ONLY ONE OPTIONS IS CORRECT

1. (b) 2. (b) 3. (b) 4. (b)
9. (a) 10. (c) 11. (a) 12. (a)
17. (d) 18. (b) 19. (a) 20. (c)
25. (b) 26. (b) 27. (a) 28. (a)
33. (b) 34. (a) 35. (a) 36. (a)
41. (a) 42. (c) 43. (a) 44. (d)
49. (a) 50. (c) 51. (d) 52. (c)

ONE OR MORE THAN ONE CHOICE MAY BE CORRECT

8. (a, b, ¢)

1. (a,b,d) 2.(a, c,d)
9. (a, )

3. (a,b,c) 4. (a,b)
10. (a,b) 11. (b, ¢)

ASSERTION AND REASON QUESTIONS

9. (¢)

4. (a)
12. (¢)

1. (a) 2. (a)

10. (¢)

3. (a)
11. (¢)

MATCH THE COLUMN TYPE QUESTIONS

L@—>pgb>pqg@—opgsd—ors

3.(a>s,(b)>qC)>pd)->r

5.(@—>rq(b)—>s,(c)>p, (d)—>q
7. (@) > s, (b)>qg)>rd)-p

5. (a) 6. (d) 7. (b) 8. (d)
13. (a) 14. (a) 15. (b) 16. (¢)
21. (¢) 22. (d) 23. (d) 24. (a)
29. (a) 30. (a) 31. (d) 32. (¢)
37. (¢) 38. (¢) 39. (a) 40. (a)
45. (¢) 46. (a) 47. (d) 48. (d)
53. (a) 54. (d)

5. (a,b,d) 6. (a,b,d) 7. (a,b,c)

12. (a,c,d) 13. (b, d)

5. (d) 6. (a) 7. (d) 8. (¢
13. (¢) 14. (¢)

2. @ >pr,b)—>gqg (c)>s,d)>s

4. () > p, q, (b)>r,(c)>s,(d) —>s

6. (@ >p g >pqgc)>pqgd)—>rs

PASSAGE BASED QUESTIONS
1. (a) 2. (c) 3. (c) 4. (a) 5. (d) 6. (a) 7. (a) 8. (b)
9. (a) 10. (c) 11. (d) 12. (¢) 13. (3
HINTS AND SOLUTIONS
4. Zero, no matter what the shape of the com-
CONCEPTUAL QUESTIONS plete orbit is.
1. Nq, because charge distribution will not be 5. No, potential is continuous,
uniform.
6. A single conductor is capacitor with one of
2. No the ‘plates’ at infinity.
3. Not necessarily. (True only if the field line

is a straight line.) The field line gives the
direction of acceleration, not that of veloc-
ity, in general.

A water molecule has permanent dipole
moment. However, detailed explanation
of the value of dielectric constant requires
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microscopic theory and is beyond the scope
of the book.

8. Our body and the ground form an equi-
potential surface. As we step out into the
open, the original equipotential surfaces of
open air change, keeping our head and the
ground at the same potential.

9. Yes. The steady discharging current in the
atmosphere charges up the aluminium sheet
gradually and raises its voltage to an extent
depending on the capacitance of the capacitor
(formed by the sheet, slab and the ground).

10. The atmosphere is continually being charged
by thunderstorms and lightening all over
the globe and discharged through regions
of ordinary weather. The two opposing cur-
rents are, on an average, in equilibrium.

11. Light energy involving in lightening, heat
and sound energy in the accompanying
thunder.

MATCH THE COLUMN TYPE QUESTIONS

1. (a) At constant charge, the electric field
within the capacitor remains same when
plate separation is changed. The electric
field in capacitor is £ = V/d. Hence at
constant potential difference the electric
field decreases with increase in d.

2
(b) U= %% Hence at constant charge U

increases with decrease in C.
1 .
U =—CV’. Hence at constant potential

difference U decreases with decrease
in C.
(c) Capacitance increases on insertion of
dielectric.
(d) As a result of insertion of dielectric
2
the capacitance increases. U :%%

Hence at constant charge U decreases

with increase in C.

U = (1/2) CV>. Hence at constant poten-
tial difference U increases with increase
in C.

SUBJECTIVE QUESTIONS
1. 1/2 CE2
2. 1200 Volts

3. The SI unit of electric field is N/C or V/m.
Thus,

3

The unit of 4 is Nim

or V-m>.
x,3,2) =
Vix,y,z)= —L E.dr
_ Ay 4
X 2x°

4. 5uF, 64 Volt

5. zero

6. Let us take the charge on X-axis; ¢ at 4 (0,
0) and —2¢q at B(6a, 0) Potential at a point
P(x, y)is

Y
C 0O[g —2q(6a, 0)\x
(—2a, 0)|A ”
- q N —29
47‘580\/)62 +° 4Tcz~:0\/(x—6a)2 +y°
= V=0
2 2
4 4q

X'+’ - (x—6a)* +y°

= the locus is (x — 6a)* = 4x? + 3)°.

3x*+ 32 +2 (6x) = 364> = x* +)* + 4ax
= 124>

(x +2a)* + )2 = 164>

Locus is a circle with centre (—2a, 0)
and radius 4a.
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9. 9.57V,-723V Work done by field
10. -0 AU ] £[4_£J
i
11. 4uF, 64uF 4me, a | a
12. 5C/4 16. (i) (k+ 1)/2,
13. U= -P.E =—PE cos O=-PE i L c?, k-1
U,=-PE. cos (180°) = PE k+1
work done by the field =-AU=U, - U,= | 17. (i) 1500V,
—2PE (i) 1200V,
14. 45¢ (iii) 1350 V
15. U, = 0 [Where charges are separated by
infinite distance] PREVIOUS YEARS' IIT-JEE QUESTIONS
| (44, ¢ (a9 j 1.
= [for 6 - (b)
! 47:80( J_ J2a CKK,
pairs of charges] 2. K —K, ——=In K




CHAPTER

Capacitor

2.1 CAPACITORS

When two conductors carry equal and opposite charges then the arrangement of con-
ductor is known as capacitors.

If the charge on the two conductors are not equal and opposite, then the arrange-
ment will not be a capacitor it will still have capacity (C).

+Q -Q

+ —

2.2 CAPACITY OF A CAPACITOR

Capacitance of a capacitor is defined as ratio of magnitude of charge given to the
either plate and magnitude of potential difference between them.



2.2 Capacitor

+Q —-Q
+ —
+ —_
+ E= % —
E—
+ Air -
(B) . Medium _ (A)
+ —_
—d—

c.R

\Y%
where, Q = Charge on either plate magnitude

ie.,

V = Potential difference between plates.

2.3 PARALLEL PLATE CAPACITORS

Let, A= Area of each plate.

d = Separation between plates.

Vo~V =-[E.dl =-[Edlcos180°

= [Eal =j83d1
0

=2 fdi="d
8O 8O
d
Potential difference (PD) =. Q
Ag,
Capacitance,
Charge Supplied

~ Potential difference developed between plates.

_Q
Cair - Q7d
A

A
= SOT(Homogeneous). C = SO'ZA

medium
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CONCEPT

How to find capacitance of a capacitor having non-homogeneous medium
between two plates.

A

o o o o o o o o o o o o o o o e o

C — Z0%r

medium d

Let the medium between the two plates is now removed and the capacitance re-
mains uneffected or same.

C _8A
air r
But C . =C.
medium air r
€8, A  gA
d r
d
or r=—
€

Therefore, d distance of a medium is equivalent to — distance of air. For capacity
€

r

to be same.

Example

Find the capacitance of capacitor shown in the figure below.

A

@ Solution C= &4 __EA
72+ 2

=3

W‘_
W ~
W‘w
™M
~ |

1 2 3 i
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Example

Find capacitance of the arrangement shown.

(d-t)

«—o >
~
—

t
K

Capacitance of metal is greater.

2.4 ELECTRICPOTENTIAL ENERGY OF CAPACITOR

VB _ VA — Wext ‘
qo
or Wm & (VB - VA) 9
V=Ed
q —-q
+ —
+ p—
+ —
+ p—
+ —
+ p—

Let, C = Capacitance of Capacitor.

At any instant charge on plate of capacitor be +q.

V = Potential difference between plates.

Let dg be the charge B further transferred from one plate to another plate.
Work done by external agent, dW = Vdg.
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CONCEPT

q
dW =—=dq.
Cq

W = I%dq = é(fq dq
0

2R 2
w ] @
- Cl 2 2C

0

2x72
Wax‘t = C V

2
[ Q=CV]

1 1 1
W, ==CV?=—(CV)V=-QV
e =7 7 (EVIV=2Q

2
w_ —iov-lcv -
272 2C

Electric Potential energy of stored in the capacitor.

2
veleveolovo @
2 2 2C

According to the modern view, it is assumed that electric field in the site of poten-
tial energy. Therefore, in case of parallel plate capacitor electric field exists in the
volume Ad.

Energy Density
Energy per unit volume (energy density) = nergy
Volume
1 .., 1 s
E cv E SOA xV 1 v

Energy density = = ——g —
B =T T dxad | 274

Energy density = %80 E’?

Though, the result is derived for parallel plate capacitor still it is valid every-
where.

Example

If spherical shell of radius R is given charge O, find self electrostatic potential
energy of spherical shell.
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& Solution U = %c V= %(CV) %

1
=—QV
<

1
2

Alternative Method

Consider a spherical layer of radius R and thickness dr.
Volume of small layer = (4 ©t 7 dr)

E can be assumed to be uniform in thickness dr.
Energy stored in dr thickness

dU = %80 E’ x4nridr
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2
=%80X4ﬁ[gj xridr
r
_Q dr
8ne, 1’

Self electrostatic Potential energy (PE).
poQ fdr_ Q@ {_l}w

= =
8ne,pr”  8me, | r

R

Example

A solid non-conducting sphere is charged uniformally having total charge Q,
find:

(i) Total self electrostatic potential energy.
(il)) The ratio of self electrostatic potential energy outside and inside the solid
sphere?

&= Solution

E =L.r
3e,

TR
Ry R R

Electric intensity at distance x from centre of sphere

E=-Fx
3e,

2
dU =4nx’dx l80 Py
2 €

2 2.4
=P X g
9¢,
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Capacitor

Hence, U=

_2n Q%9 ><RS_ Q’

=X ¢ =
9¢, l6n°'R° 5  40mg R

Total self electrostatic potential energy.
PE=U +U,
2 2 2
Q@ (@ 3
8ng,R  40mg, R | mg R 20

Ratio=5:1

2.5 SPHERICAL CAPACITOR

Case (A) When outer sphere is earthed and inner is given charge

V, =V, = [E.dl = [ EdI
b
i

o[

X
1 1
:‘kQ[Tﬂ

__xolb=4al
" ab
Charge supplied

Capacitance C = (PD) Potential difference developed
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_Q
b-a
o)
_A4neyab
b—a

C

Case (B) When inner sphere is earthed and outer is give charge.

When outer sphere is given charge, then the potential of inner sphere will be equal
to the potential of outer sphere. Therefore, charge will flow from the earth at zero
potential to smaller sphere till its potential becomes zero.

Let g = charge on smaller sphere in electrostatic equation.

__kq + @ — O

Potential of inner sphere = ,

kQ _ kg
b a
a
= Q—ZQ
kQ

Electric potential of outer sphere = _qu +—

b
k| a
=515l

_@[b—a}_ Qb —a)
b |

)
(b-a)
b2

Potential difference = kQ

Q Q
C:—:k—
vV Qb-a9
b2
2
or  C=Amed”

b-a
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2.6 CYLINDERICAL CAPACITOR

Consider two co-axial cylinders of inner radius a and b. Consider a Gaussian cylin-

der of radius .
Electric flux through the Gaussian cylinder.

¢=GE.dS = fEds

Gaussian Surface

:E¢Eﬁ

o=(Ex2nrl)

But according to Gauss law

Electric flux, ¢ = Q

80
Ex2nrl= Q
80
or = Q
2mre,l
E= »
2meyr

V-V, =j]§§l =—jEdlcosO°

Capacitance, C = Q
v
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Q
—_A lné = Q lné
2ne, a Q a
Ix2me,
_ 2mgyl
In(b/a)
. . 2,
Capacitance per unit length =
In(b/a)

Example

Prove that half of the total energy stored in the case of cylindrical capacitor lies
inside a cylinder whose radius is r = vab.

& Solution Consider a cylinder of radius x and thickness dx.

Volume of cylindrical layer = Area x Thickness = 27 x/ dx
Energy stored in dx layer

At e e s P e

= %EOE2 x 27 x dx

2
= 180 A x2mxl dx
2 "\ 2meyx

A dx
4me, x

AN bdx

dme, ¥ x

Al [ bj
= In—
4ne,\ a
Energy stored in a cylinder of radius r.

2
u=-2! (znﬁ)
4ne,\ a

Total stored energy =
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b
N
M r oM a

But n—=
4ne, a 4mg, 2
12
ln1=ln£2j
a a
or r_\b
a a

or I"=\/E

2.7 COMBINATION OF CAPACITORS

Series Combination

In series combination, charge on each capacitors are same.
In general, in Series Combination, potential difference across capacitors are not

same.
c, c, o}
q _—q q+ —_q q+ —_q
A |1 ] I: ] |1 ] B
L1 e 4 o[
It
\'
Vit
Cl
9=CV,
9=C,V,
and ¢=C,V,

or CV=CV=CV=¢q
C V = Constant

Vocl
C

ViV, Vv, :L:L:L
Cl CZ C3



Capacitor 2.13

CONCEPT

Now, Potential difference, V=V +V +V,

V = i + i + i
Cl C2 C3
If = C Capacitance of equivalent capacitor.
then V=2
C
4_.49.9.,49
cC C C, C
1 1 1 1
—_— = —
cC C C, C

¥

>
+ +
IR

Equivalent of series combination means charge on equivalent capacitor will be
equal to chrge on each capacitor while its P.D. will be equal to the sum of P.D. of
each capacitor.

Here, l > i
Cc C,

or, C>C
c<(C

The value of equivalent capacitance in series combination is smaller than the
smallest.

C, = < if ¢ is same for (V) all voltage.
n

eq

C — CICZ
“C,+C,




2.14 Capacitor

Parallel Combination

Q@ -9
+ -
s —
+C17
+
q - PD same
o Q)+ Gt qy)
o +
+C27 +
+ _ +
= +
hB -9
+
+ o~ ]
+C{
+ -
[t
A v

Since, ¢,=C\V
q,=C\V
q,=CV
q,:49,:9,=C,:C,:C,
If C = Capacitance of equivalent capacitance, then
q,tq,tq,=CV
or CV+CV+CV=CV
or C=C +C,+C,
Equivalent of parallel combination is greater than the greatest.

Charge on equivalent capacitor in parallel combination is sum of charge of all the
capacitors while its P D will be equal to the P D of each and every capacitor.

2.8 POLARIZATION IN DIELECTRICS

When a polar or a non-polar dielectric material is kept in a external field, then due to
torque on dipoles, Dipole moment is aligned along the external field Due to this the
surface of dielectric acquires charge, while inner volume is neutral. This phenom-
enon is known as Polarization in dielectrics.

\/Q

FrH+rFrr++r+r+T+++q

+++++++++++++ 4+
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CONCEPT

When a dielectric lies in between plates of a capacitor then due to field produced by
bond charge, net field inside the capacitor at any point decreases.

Q

/

(bond energy)

R L R R R R R R R R R R R S S S e e R s

Consider a Gaussian surface as shown in the figure.

Electric flux through this gaussian surface,
¢=PE.dS=Eds
=E[ds
=E A,
where, A = Area of plate According to Gauss Law

d) — qenclased — Q + (_q)
€ €

If dielectric is absent. Let field inside the capacitor is E .

EA = [@j ...... (i)
80
and E,A = 2 (i1)
80

E, =QX €y

E € Q-g¢q
But =2 =K

Ko Q
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or K(Q-¢)=Q
or KQ-Kg=0Q
QK -1

TR

ol

In this case, induced charge on the surface of dielectric is less than free charge. If
the slab is of metal, then in this case

K = oo (infinite)
q9=Q

The result holds good for every type of dielectric material; though it is derived for
special case of parallel plate capacitor.

CONCEPT

B o o o

B e T A e A e e e s

—ol1-L
q—Q(l Kj

G'—g l_i
A K
cs'=cs(l—lj
K
, c
or o=0c-—
K
g O o 1 ,
,=———=—(0-0)
80 80 80
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[
S-J How to write Gauss law in dielectrics:
E 2 | Q—g
(¥
But =Q (1 - ij
1 K
_o-R
q9=Q K
Q
or ==(Q-
K (Q-9)
From equation (i), jE.dS = 0
€y
E J _g B
or KIE. S= . Free charge new form of Gauss’s Law.

0

Example

A metallic sphere of radius q is surrounded by a homogeneous dielectric around

it of outer radius b. Find capacitance of metallic sphere.

& Solution Bond charge, Q, = Q(l —%)

Electric potential of metallic sphere,

vk _KQp  KQp

a a b

:@_@[l_LJ+@[1_LJ
a a k, b k,
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C:%: 1 1Q1 1
kQ{k(bj b
_ 4me,
or €= l(b—aj 1
N J’_i
k\ab )b
Example

Two plates carry equal and opposite charges +Q and —Q separated by a distance d.
A dielectric slab is introduced between the two plates as shown in the figure.
Find

(i) Capacitance of this system.

(il) Potential energy stored in the capacitor.
(iii) Force on dielectric by the plate.

O‘1 0-2
[

Fully Charged
R S Vv, vV, d
L T

R i T
+v
Q
o e ) >
++++++ e e b b b X

@ Solution o =o, €,
o, > o,

Capacitance of the system C=C, + C,

A
SO(XZJK go(l_x)%

= +
d d

€A B
' [Kx+(I-x)]

€A B
= 7[1 + (K 1)x]

QZ

Energy stored in the capacitor, U = °C
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Q _ Q*ld
[ -1e] A [+ (K —1)x]

U:

2g,A
ld

Force on diclectric due to the capacitor.

_—dU_i Q%ld B 1
F= dx _dx{ZSOA[lJr(K l)x]—}

Qd  (K-1)

 26A [1+(K-1)x]

Example

If area of plate = A, width = ?, find time period.

— e
(I 1 |
1T 1

& Solution Let at any instant x, lengths of dielectric is interested in the capacitor.
C,=C +C,
_go(I-x)A N €,€,XA
ld d

=%[l—x+arx]

g A
C="""[l+(e -1
ld[ (e, —1)x]

Energy stored in the capacitor.

U=Love o L8An L Jiee
2 2 1d
po—9U
dx
L
21d

2
Acceleration of dielectric a = &AE (e, -1
2ldm

; 1
Since, s=ut+—at’
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(l—a)=%a t?
t= 2(1—10)
V' a

4
Time period T = 2[2\/2({_ @) J =
a

Example

In the figure shown, find rise in the level of liquid inside the capacitor.

e Q

& Solution Net electric intensity at the upper surface.

25N, o 3
€, 2¢

For equilibrium, QE = mg = Ahpg
%)
— | 1+—||=Ah
Q{zA < Pg
1) Q 1
h=Q|1-— 1+— |=pgAh
Q( k)ero( kj &

Q!
i G ey

Apg
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Example

A parallel plate condenser consists of two metal plates of area 4 and separa-
tion d. A slab of thickness ‘t’ and dielectric constant k is inserted between the
plates with its faces parallel to the plates and having the same surface area as

that of the plates. Find the capacitance of the system. If k = 2, for what val-

ue of 5, will the capacitance of the system be % times that of the condenser

with air filling the full space? Calculate the energy in the two cases and
account for the energy charge.

& Solution In effect, the capacitor filled partly with the dielectric is a series
combination of two capacitors of capacitances
g,kA €,4
d—t

Effective capacitance of the combination is

Cl: ’sz

; d—t £+d—t

1 1 1 k
= = + =
C C C, kegd g4 g,4
C= €,4 :soA
Yha—r a-t
2

For the air condenser, C, = %

—d—
—t——g—t—>
Now C==-C,
g,4 :EXSOA
d—i 2 d
t
2 Ty
d 2d
21
2d 3 3
L
d 3
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If charge Q in the condenser remains unchanged, then

. 10
Energy of the air condenser, W, = Eg—
. . . . 10°
Energy after introducing the dielectric, W, = >C
w._c.3
w, C, 2

The introduction of the dielectric reduces the potential energy of the condenser. This
loss is used up to polorize the dielectric.

2.9 FORCE BETWEEN THE PLATES OF CAPACITOR

Consider a parallel plate capacitor with plate area A. Suppose, a positive charge + Q
is given to one plate and a negative charge — Q to the another plate. The electric field
due to only the positive plate is

_ G
,=—
2¢g,

_ 0
2 Ag,

E

at all points if charge is large. The negative charge — Q finds itself in the field of this
positive charge. Therefore force on — Q is

=—QE

-2 =2

2e, A 24e,

The magnitude of force is

QZ
24g,

This is the force with which the positive plate attracts the negative plate. This is also
the force of attraction on the positive plate by the negative plate. Thus, the plates of
parallel plate capacitor attract each other with a force

Q2
2 Ag,
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2.10 CHARGING OF A CAPACITOR

In the circuit an uncharged capacitor of capacitance C is connected to the resistance
R. At the time ¢ = 0, the switch S is closed and thus the current flow to the capacitor.

R
att=0

|+

Let g, v, be the charge and voltage of the capacitor at time ¢ and i be the current.
Then by Kirchoff’s law

E—-iR-v =0

E-p¥_4_ =4
dt C dt

dg _ dt _]’- —dq  —dt

CE-q RC

vCE—q <+ RC
q (t)=CE (1 — &%)

CE

This equation gives the expression for charge on capacitor as a function of time
The charge grows on the plate exponentially as shown on the graph.

Note the Following Points
(i) In steady state: t — o0 and ¢ > CE

(ii)) The voltage across capacitor also grows exponentially towards £

q —t/RC
v, ===E(-e
- ( )
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(iii) The time constant (t) of the circuit is defined as the time after which the charge

has grown upto

(l—lj = 63% of its steady-state value.
e

t=RC

(iv) From energy conservation, we can see that:

Energy supplied by cell per sec. = energy stored in capacitor per sec.
+ heat dissipated in R per sec
or Ei=iv +i’R
or E=v +iR
dq

E=L+p4
c

. dq .. . dg . ..
(Note that i = e as ¢ is increasing and hence o is positive).

2.11 DISCHARGING OF A CAPACITOR

If we connect a charge capacitor C across a resistance R, the capacitor begins to
discharge through R. The excess positive charge on high potential plate flow through
R to the negative plate and in steady-state, the capacitor plate become discharged.

+1]
+ 1=

att=0
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As the charge on plates decreases with time,
Hence i= _dq
dt

From Kirochoff’s Law

v =iR

c

g _ .dq - j’-@:j-_dt
0

= L= -
C dt W RC

where, g, is the charge on capacitor at £ = 0

> q()=q,e"

dg . .
— 1S negative.
dt

Example

A capacitor of capacity 1 pF is connected in closed series circuit with
a resistance of 107 (), an open key and a cell of 2 V with negligible internal

resistance:

(i) When the key is switched on at time 7 = 0, find:

(a) time constant for the circuit.

(b) charge on the capacitor at steady-state.
(c) time taken to deposit charge equal to half of that at steady-state.

(ii) Ifafter fully charging the capacitor, the cell is shorted zero resistance at time
t =0, find the charge on the capacitor at t = 50 sec.

& Solution
(i) (a) Time constant = RC
=(107) (10%) =10 sec.

(b) Charge on the capacitor at steady-state,

QO:VOC
=2x10°
=2 puC

1 1L
() q=§Q0 :Q{l—e CR}
= e0=2

= t=(10) (2.303) (logfo)
= 6.94 sec.
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1 50

(i) g=0e ¥ =(2x10)e

—2x10° L —1.348 x 10+ C
e

Example

(since, e =2.718)

A 3 mega-ohm resister and 1 pF capacitor are connected in a single loop circuit
with a source of constant 4 volts. At one second after the connection is made,

what are the rates at which:

(i) the charge on the capacitor is increasing.
(ii) energy is being stored in the capacitor.
(iii) joule heat is appearing in the resistor.
(iv) energy is being delivered by the source?

@ Solution  Given: R=3 x10°QC=1x10°F
v,=4V,t=1sec
q,=v,C=4x10°=4x10°C

_r
q:qo(l_e CR]

. dq = 1
1) —= e —
(1) di %[ CR
4x10° -
- e

3
=0.96 x10° Cs™!

. d(1q’
i1) Rate of energy stored=—| ——
w &y dt(z C]

_lgdg _@{l_e,;c}d_q

2Cdt C dt
—6 71
:%{1_(3 3](0.96><10‘6)
X

=1.09 x 10¢ Js!

(iii) Rate of Joule heating =i 2R
=(0.96 x 10°%)* (3 x 109)
=276 x 10° Js!
(iv) Rate at which energy is drawn from the source
=v,i
=4x0.96 x 106
=3.84 x 10 ¢ Js,
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WORKED OUT EXAMPLES

1.

The gap between the plates of a paral-
lel-plate capacitor is filled with isotropic
dielectric whose permittivity ¢ varies lin-
early from g, to ¢, (¢, > €,) in the direction
perpendicular to the plates. The area of
each plate equals S, the separation between
the plates is equal to d. Calculate:

(i) capacitance of the capacitor.

(i1) space density of the bound charges
as a function of ¢ if the charge of the
capacitor is ¢ and the field E in it
directed toward the growing ¢ values.

@ Solution The dielectric constant increasing
linearly with distance.

Let e=g +bxand whenx=d, e=¢, When

x=0,e=¢;

€€,
B € dx
€,—¢
Ogol g +| 22— |x
d
(Sz —& 2 1
Put + x=z, = dx=dz
or x=0, z=¢g,
and x=d, z=g,
&
c d dz
V.-V =— —
€ & —8 Z
c €
=—In2
80(82 _81) g
. cS
Hence, the sought capacitance, C = T

+

(e, —€,)g,S

[mSZ]d
81

.- q q9 4
1) D== and p==
@ S P S Se(x)

And, the space density of bound charge
is

p'=-divp= _4&, —e) — &) .
Sde*(x)

2. Find the capacitance of a system of two
identical metal balls of radius a if the
distance between their centres is equal to
b, with b >> a. The system is located in a
uniform dielectric with permittivity &.

&= Solution

When, b >> g, the charge distribution on
each spherical conductor is practically unat-
teched by the presence of the other conduc-
tor. Then, the potential ¢, (¢ ) on the positive
(respectively negative) charged conductor is
9 [ q
4nejae\  4mege,

Thus, ¢, —¢ =—2
2meg a

and C=

=2mng ea

+

Note: If we require terms which depend on
%, we have to take account of distribution of

charge on the conductors.

3. Find the capacitance of infinite ladder
shown in the figure.
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C C Cc Cc .
T T °T°T ' ~
¢ S
@ Solution As the ladder is infinitely long, the 6R, § §R3
capacitance of the ladder to the right of p S
the points P and Q, is the same as that of the 1 3R,
ladder to the right of the points A and B. (1)
E i

The equivalent capacitance between A and B.
¢ -y GC
C+C
or C C+C>r=C+2CC,
or C?-CC +C*=0

Solving we get,
_C+CP+4C? 1+J§C

2 2
Negative value of C, is rejected.

Cl

4. In the circuit shown in the figure R, =2,
R, = 6, R, = 300 MQ, C = 0.1 pF and
E =10 volt.
The switch ‘S’ is closed at t = 0. Calcu-
late:
(i) charge on the capacitance as a func-
tion of time.

(ii) energy of the capacitance at t = 15
sec.

=R

Rz ]

11
]
m

—
O

T i, =|=C

Applying Kirchoft’s law in loop I, we have
6R,i+3R (i—i)-E=0

or  9R i-3R i -E=0 (1)

Again applying the Kirchoff’s law, we have

6R3i+R3i]+%—E:0 .. (i)
From equations (i) and (ii)

—6R,i, —2E -3Ry —%‘H 3E=0

or 9R3i]+3—q—E:0
C

But =@
dt
or, 40,30
dt
or IRy dq _ dt
_3
C
Let 34 =z
C
3
or ——dq=dz
C q
9R3(—)C% =dt
3z

or —9R3Cln[ _3_(]) =3t
C

or
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t

e RC :3_(]
C

_ t
or q:g(E_e9R3C]
3
6 Lt
=10 [l—elsjc
3
2

.. 1 q
i1) Energy of capacitor = ——
(i1) gy p >C

2
10° l—eig
1 3
VS N N I

2 0.1x10°
=0.22x10%J

or E-

5. Four identical metal plates are located in
air at equal distance d from one another.
The area of each plate is equal to S. Find
the capacitance of the system between
points A and B if the plates are intercon-
nected as shown.

/‘A
/.B

@ Solution The charge distribution is shown in
the figure
Applying the kirchoffs law

B O G /D
C C C

or q,=2q,...()
Now cozuzgc

9
C
3¢,S
or C,= E%
—q, A
g,
aQ B
—q,
—qy
*q,

6. In the circuit shown in the figure, electro
magnetic field of each battery is equal to
E =60 V and the capacitor capacitances
are equal to C, = 2.0 uF and C, = 3.0 pF.
Find the charges which flow after the
shorting of the switch S,, through section
1, 2 and 3 in the directions indicated by
the arrow.

& Solution Applying the Kirchoff’s law when
the switch is closed.

E-L_g
Cl
or gq,=EC, ...(1)
And ¢,=EC,
1
*q,
E - T C1
_q1
—q,
E L _ 2
+q2

2

When the switch is open, equivalent capaci-
tance

C() — Cl C'2
C +C,
2EC,C,

9 =——
C +C,

Hence, the flow of charge due to the shorting
of switch through section 1
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4,749,

-pc | 9%
C +C,

=-24 uC

and through the section 2
== qz - (%)

=-36 unC

and through the section 3
=-4¢,-(q)
=E(C,-C)
=-60 uC

*Qo
E = -
—Qo
—Qo
EL =
+q0

2

7. A capacitor has square plates each of side
a, making an angle of 0 with each other
as shown in the figure. Show that for
small 0, the capacitance is given by

C:ﬁ(l_a_eJ
d \ 2d

[
K a

&~ Solution Consider a strip of length dx at

distance x. Then, the capacitance

_gpadx
d+y

dC

From the triangle tan0 = 2
X

. y=xtan 0
For the small value of 0, tan 6 ~ 6

_gadx

dC =
d+x0

|

i%

X dx

=x
[V

+

T

Put d+x0=:z

If x=0, thenz=d

If x=a thenz=d+ab

Differentiating equation (i), we get
0dx=dz

_dz

)

dx

dc=52
0

dz
z

Thus, equivalent capacitance

d+ab

C=fdc= !%‘l%

so_alnd+a6
0 d

:So—aln(lJra—ej
0 d

L A
0|d 24

2
= C:S‘)a |:1_ﬁ:|.

~
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8. What amount of heat will be gener-
ated in the circuit shown after the
switch § is shifted from position 1 to
position 2?

C 1
1| o
s, 702
E, E,
I I
1T 1
<&~ Solution
C
|
I
| |1
I 1T
E, E,

Initially, the charge on the right plate of the
capacitor

q:C(El_Ez)

and finally when switched to the position 2,
charge on the same plate of capacitor

q'=CE|
Ag=q = CE,
Now from energy conservation
AU + Heat liberated = E |
where, AU is the electrical energy.

or lCEI2 L (E, —E,)+ Heat liberated
2 2

=AqE,
As only the cell with electro magnetic field £,
is responsible for redistribution of the charge,
therefore

CE.E, —lCEz2 + Heat liberated = CE, E,
2
Hence heat liberated = %CEZ2 .

9. Find the effective capacitance between
points x and y shown in the figure.

C

;__H y

_

—_N

(Hint: Apply a potential difference V
between x and y and write down all the
relationships that involve the charges
and potential differences for the separate
capacitors.)

& Solution The charge distribution is shown in

I the figure.
q; C4 -G
[
C C
9 9: I 3 4
X q+q, 1 % 2 ~0,—d; ,+9,~q;, y
Il
I
+q3 C5

231
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Applying Kirchoff’s law

Loop 1321:

i_‘_%"‘% 9D _

ct C, C
or ﬁ+_q2+q3_&=0

4 10 4

or 10g,+44q,+449,-1049,=0
or 10g,~6q,+44q,=0 ...(1)
Loop 2342:

949 +q1 +49,— 49 _&zo

10 4 4

or —4q,-44q,10q,+10¢,-10¢g,—10

4;,=0
or 10g,+6g,-24q,=0 (1)

Equivalent capacitance,

Total charge

" Potential difference

_ 9.4,
(]714_{_%"%]2—%
C C,

Putting the value of equation (i) and (ii), we
get
C,=4 uF

10. Figure shows a parallel-plate capacitor

with plates of width b and length 1. The
separation between the plates is d. The
plates are rigidly clamped and connected
to a battery of electro magnetic field V.
A dielectric slab of thickness 4 and dielec-
tric constant k is slowly inserted between
the plates.

(i) Calculate the energy of the system
when a length x of the slab is intro-
duced into the capacitor.

(i1)) What force should be applied on the
slab to ensure that it goes slowly into
the capacitor? Neglect any effect of
friction or gravity.

——
=~
1|
1f
<

EE——
k——X >

b

&= Solution

(i) The plate area of the part with the dielec-
tric is bx. Its capacitance is

_ keybx

Cl
d

Similarly the capacitance of the part with-
out the dielectric is

_ gb(l—x)
d
These two parts are connected in parallel.

The capacitance of the system is there-
fore,

G,

C=C,+C,

:%Hx(k—m ()

Energy of the capacitor

U=ty
2

gV’
=& (k-1
5y L Hxk=D]

(i) Suppose, the electric field attracts the di-
electric slab with a force F. An external
force of equal magnitude F should be ap-
plied in opposite direction so that the plate
moves slowly (no acceleration). Consider
the part of motion in which the dielectric
moves a distance dx further inside the ca-
pacitor. The capacitance increases to C +
dC. As the potential difference remains
constant at V, the battery has to supply a
further charge
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dQ = (dC) V to the capacitor.

The workdone by the battery is therefore,
dw, =vdQ = dCV?

The external force F does a work
dW, = (- Fdx)

During the displacement.

The total workdone on the capacitor is
dW, +dW, = (dC) V* - Fdx

This should be equal to the increases dU
in the stored energy. Thus,

%(dC)VZ = (dC)V> - Fdx

or F=ly29C
2 dx
Using equation (i), we get
Fe g,bV (k—1)
2d

Thus, the electric field attract the di-
electric into the capacitor with a force

g,bV (k—1)
2d
be applied in the opposite direction.

and this much force should

11. A parallel plate capacitor is charged by

applying a potential difference V across its
plates. The capacitor is now disconnected
from the battery and is placed verti-
cally on the surface of a liquid of density
1200 kgm™. If the liquid rises to a height
of 2 mm inside the capacitor plates, cal-
culate the potential difference V, initially
applied across the plates. The capacitor
plates are of length a = 10 cm and area
A =50 cm?’. They are separated by 1 mm.
Dielectric constant of the liquid = 14.

d

& Solution When the charge capacitor placed on
the liquid surface, the liquid gets polorized is
drawn into the space between the plates. The
charge on the capacitor is unchanged during
this process while capacitance increase
and potential and energy is decrease, so
this decrease stored electrical energy is
compensated to the potential energy of the
liquid column held between the plates.

Therefore by the energy conservation
principle.
Initial electric PE = Final electric potential
energy + potential energy of liquid column.
If Q is the charge stored and C, and C, its
capacitance before and after the introduction
of the dielectric.
2 2
Q—: 0 +mg(ﬁj ...(1)
2C,  2G, 2

(The centre of gravity of the liquid column is

at a height g from the liquid surface).

For the parallel plate capacitor
€,4
d

where, 4 is area of the plates and d is the dis-
tance between the plates.

When the capacitor is partly filled with di-
electric, it can be assumed to consist of two
capacitors connected in parallel.

C =

C= ke A
d
d
c, - ke, A N g,(A4-4")
d d

| +

Cu d

| -
where, A’ = overlapping area covered by the
dielectric.
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= h X breath of the plate
=hx ﬁ

a

c _kaOhAJrs_O(A_%j
: da d a

€,4
=——(kh+a-h
g Mhta=h

g,4

a

[a+(k—1)h]

Mass of the liquid column, m = volume X den-
sity

=h><£><d><p
a

m=2x10" ><M><l><10’3 %1200
0.1
=12x10%kg
The charge stored in the capacitor,
Q=CV
where, V = the potential applied.
Therefore from equation (i), we get
Cl C2
2172

oo CV’= ‘T +mgh

2

2
or V{Cl —%}:mgh

1

2 p—
or % — mgh
1
v:{ﬂ}z (i)
CI(CZ _Cl)
Y
d

 8.85x107°x5x107°
1x107°
=4425x 10" F

c, =2y (k—1)h]
da

_8.85x102x5x107

1x107°%0.1
[0.1+ (14— I)x 2 x10°]
=5.576 x10"' F

From equation (ii)

1
v | 1:2x107x9.81x2x10” x5.576x10" 2
4.425(5.576 - 4.425)

=507.7V

12. A leaky parallel plate capacitor is filled
completely with a material having dielec-
tric constant k = 5 and electrical conduc-
tivity 6 = 7.4 x 1072 Q! m.. If the charge
on the plate at the instant t =0 is q = 8.85
pC, then calculate the leakage current at
the instant t = 12 sec.

& Solution The charge on the leaky capacitor
decreases exponentially in time with a time
constant RC 1i.e.,

Q=Qe ¢ ()

where, R and C are given by the expression.

)44
(8]

Thus RC= kﬁ

(e}

1
5 9 22
| 41x3.14x9x10° Nm*c
7.4x1072Q 7 'm™
= 5.98 sec.

With this equation (i) becomes

t t
Q=Q exp(—EJ = exp(— 5.98sec.j

Now since, leakage current, [ = [&j

dt
we have [=— Q exp L
5.98 5.98
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__(8.85uC)eX (_ 12sec. j
5.98sec. 5.98sec.

8.85
=-252,2.0076pA =2.98 nA
5.98 g 3

13. A capacitor is formed by two square
metal-plates of edge a, separated by
a distance d. Dielectrics of dielectric
constant k, and k, are filled in the
gap as shown in the figure. Find the
capacitance.

&= Solution Consider, a strip of thickness dx at a
distance x

dc, = ke adx
y
C, - ke adx
(d-y)
_ dx
(d-y)
k1
d
k2
y
| |
K X K dx )
I a |

The capacitance are in parallel, so equiva-
lent capacitance.
_dC,xdC,
dC,+dC,

keyadx « ke adx
_d-y y _ kkeydx
" kgyadx N ke,adx Yk, +k,(d —y)
d-y Y

B k k, dx
kyd+(k —ky)y
From the figure,
d xd
a_y y
a x a
JC = k ke adx

od + (k — k)™
a

Let, k,d+(k —kz)ﬁ=z (1)
a

If x=0, then z=kd

and if x=a, then z=kd

Differentiating equation (i), we get

adz

dx=—-—
d(kl _kz)

2
LN
Ak, —k) "

k
gk k,a’ln-"
07172 kz

(k,—k,)d

14. Two capacitors A and B with capacities
3 pF and 2 pF are charged to a potential
difference of 100 V and 180 V respec-
tively. The plates of the capacitors are
connected as shown in the figure with
one wire from each capacitor free. The
upper plate of A is positive and plate B is
negative. An uncharged 2uF capacitor C
with lead wires falls on the free ends to
complete the circuit, calculate:

2uF =
100V 180V
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(i) the final charge on the three capaci-
tors.

(ii) the amount of electrostatic energy
stored in the system before and after
the completion of the circuit.

& Solution
2,F
'c
il
+ A
L 3uF 2uF +B
100V 180V
C
i
Q
Q
A
= 3uF 2HF —B

N

Let, Q be the charge that flow in the circuit
From Kirchoff’s voltage law, we can write

AV, +AV, =V,
ie., (100V—£)+(180V—Lj=£
3uF 2uF ) 2uF
o ( 1 1 1 j
This gives Q + + =280V
2uF  3uF  2uF

or Q=280V(%)=ZIOMC

(i) The final charge on the three capaci-
tors are

Q,=(V, C)) initial - Q
=(100 V) 3uF)-210 pC
=300 unC-210 puC
=90 uC

Q,=(V,C)-Q
= (180 V) (2uF)-210 pC
=360 uC—-210 puC
=150 uC

Q.=Q=210puC

(ii) The electrostatic energy stored in the

system before and after the completion
of the circuit.

Uinitial = (UA)initial + (UB)initial

- 1 (QA)iznitial + 1 (QB)iznitial
2 C, 2 CB

1 1
= _(VA )izm'tial CA +5(V3)2 CB

2 initial

:%OWVfoxw;%

+%(180V)2(2x10’6)

=1.5x102J+3.24 x 102J=4.74 x 102
— l (QA)iinal
final 2 CA

+ (QB);inal + 1 (Qc)iinal
20, 2 C.

_1(90x10°C)* 1
2 (3x10°C) 2
(150x10°C)? Ll (210x10°%)?
2x10°¢ 2 2x10°

=(0.1350 x 102+ 0.5625 x 10>+ 1.1025
x 10°9) J

=1.8x10?J=18 mJ
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SOLVED OBJECTIVE TYPE QUESTIONS

1. The capacitance of the system of parallel Switches S, and S, are open, and can
plates shown in the figure is connect A and C to earth when closed.
+Qch is gi to B
" 26, AA, Q charge is given to
(A +A,)d A B C
o) AN, H
(Az _Al)d 2d d
8OAI
c
(c) d +Q
S, S,
A L 1
(d) 22 v L
d
A, (a) If'S, is closed with S, open, a charge of
amount Q will pass through S .
(b) If'S, is closed with S, open, a charge of
d amount Q will pass through S,.
(c) If S, and S, are closed together, a charge
of amount % will pass through S,
<&~ Explanation Since the electric field between 2Q
the parallel charge plates is uniform and and a charge of amount EY will pass
independent of the distance, neglecting the through S..
fringe effect, the effective area of the plate of (d) All of above statement are incorrect.
area A, is A|. Thus the capacitance between
the plates is & Explanation When either A or C is earthed (but
A not both together), a parallel-plate capacitor
c = & is formed with B, with = Q charges on the
d inner surface. [The other plate, which is not
earthed, plays no role]. Hence charge of
+o A, amount + Q flows to earth.
When both are earthed together, A and
C effectively become connected. The plates
now from two capacitors in parallel, with ca-
d eg pacitances in the ratio 1 : 2, and hence share
charge Q in the same ratio.
E 3. The charge flowing across the circuit on
e A, closing the key K is equal to
Ccv
2. Three identical, parallel conducting (@) CV (®) By
plates A, B and C are placed as shown. (c) 2CV (d) zero
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@~ Explanation When the key K is kept open, the
charge drawn from the source is

Q=CV

. . C
where C' = equivalent capacitance >

0
46 \\ =

N

N
N

When the key K is closed, the capacitor 2
gets short circuit and thus the charge in that
capacitor comes back to the source.

Charge flowing is Q = (C/2) V

4. The figure shows a spherical capacitor
with inner sphere earthed. The capaci-
tance of the system is

4 4 <

ne,ab (b) ne,b
b-a b-a
(c) 4ng, (b+a)

(a)

(d) none of these

/>

& Explanation Let V be potential on the outer
sphere. Thus we can consider two capacitors
between the outer sphere and inner sphere (a)
and other sphere and earth

Thus, C, = 4n80(bab j C,=4neb
—a
4 2
C =4ng, (a_bj +4ng,b C= Ame,b
b—a b—a

5. A conducting sphere of radius R, car-
rying charge Q, lies inside uncharged
conducting shell of radius 2R. If they are
joined by a metal wire,

(a) % amount of charge will flow from the

sphere to the Q shell

(b) % amount of charge will flow from

the sphere to the shell
(¢) Q amount of charge will flow from the
sphere to the shell
QZ
d) k—
@ 4R
duced.

amount of heat will be pro-

& Explanation Capacitances of the two are C, =
4ng, R and C, = 4ng; (2R)

QZ
Initial energy, E, =
gy, &y 2C,
2
Final energy, E, =%

Heat produced = E, - E,

B B |
2 | 4ng,R  2x4ng R

Q1K
2R 2] 4R
6. The conducting spherical shells shown in

the figure are connected by a conductor.
The capacitance of the system is

ab j
b—a

(a) 47[80[ (b) 4me, a

() 4ng, b (d) 4n80[

)

a2
b-a
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@~ Explanation As there will be no charge on the
inner sphere, therefore the capacitance only
will exist due to outer sphere.

Hence the capacitance of the system is the
capacitance due to outer sphere of radius b,
therefore C = 4ng b.

7. Two identical capacitors, have the same
capacitance C. One of them is charged
to potential V, and the other to V,. The
negative ends of the capacitors are connect
together. When the positive ends are also
connected, the decrease in energy of the
combined system is

1 2 _yy2
@ JC(Vi-Vv3)
1 1_ /!
m)zqw V)
© 4CV -y

@ =%C<vl+vz)2

< Explanation Initial energy of combined system
U = lCVI2 +1CV22

2 2
Vi+V,

Final common potential, V = 2

Final energy of system,

2
U2 ZZXLCX(MJ
2 2

Hence loss of energy

1
=U -0, =7CV, -V’

8. A capacitor of capacitance C is charged
to a potential difference V from a cell and
then disconnected from it. A charge + Q is
now given to its positive plate. The poten-
tial difference across the capacitor is now

(a) V
Q

(®) Ve

(c) V+%

@)V—%HVQ<CV

& Explanation

Ccv

Q+CV-—q

]
+
|

]

(b)

In the figure given below, let X and Y be
positive and negative plates. After charging
from the cell, the inner faces of X and Y have
charges + CV, as shown in Fig (a). The outer
surfaces have no charge.

When charge Q is given to X, let the inner
faces of X and Y have charges +¢q. Then, by
the principle of charge conservation, the outer
faces have charges (Q + CV — ¢) for X and
(g — CV) for Y, as shown in Fig. (b).

Now, the outer faces must have equal charges.
Q+CV-g=g-CV
or 2g=2CV+Q
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Q Potential difference between M and N
or q=CV+—
2 = % _30CV _ 30V
Potential difference =% =V + Q . .
C 2C 10. In a parallel plate capacitor, the region

9. In the circuit shown, a potential differ-
ence of 60V is applied across AB. The
potential difference between the points

M and N is
(a) 10V (b) 15V
(c) 20V (d 30V
A ZHC M
60V =C =C
B I

< Explanation Let Q amount of charge flow
through the MN branch.

voeov=,Q,.Q_,Q

2C C 2C C
or Q=30CV

between the plates is filled by a dielectric
slab. The capacitor is charged from a cell
and then disconnected from it. If the slab
is now taken out

(a) the potential difference across the
capacitor is reduced

(b) the potential difference across the
capacitor is increased

(c) the energy stored in the capacitor is
reduced

(d) no work is done by an external agent in
taking the slab out.

& Explanation When a charged capacitor is
disconnected from the cell to which it was
connected, its charge remains constant.
Any charge in the capacitor may change its
capacitance, its stored energy and its potential
difference.

UNSOLVED OBJECTIVE TYPE QUESTIONS

1. In the circuit shown
(a) lg,| =280 pC
(b) Ig, = 160 uC
(©) lg,) =120 uC, g, = zero

(d) It is impossible to find ¢, and ¢, unless
C, and C, are known

C, \—/
h + 6 UF
C, =—q
-
4UF B
+ +
g, =120 uC 4uF

2. A capacitor of capacity 2uF is charged
to 100 V. What is the heat generated
when the capacitance is connected in
parallel to an another capacitor of same

capacity?
(a) 2.5m] (b) 5.0 mJ
(c) 10mJ (d) 4 mJ

3. In an isolated parallel-plate capacitor of
capacitance C, the four surfaces carry
net charge Q,, Q,, Q, and Q, as shown.
The potential difference between the

plates is
Q+Q,+Q,+Q, Q,+Q,
(@ C ®) =5
Q-Q Q+Q,
© =G @ ===
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Q, Q,

Q,

4. In a parallel plate capacitor, the region

between the plates is filled by a dielectric

slab. The capacitor is charged from a cell

and then disconnected from it. The slab

is now taken out

(a) the potential difference across the
capacitor is reduced.

(b) the potential difference across the
capacitor is increased.

(c) the energy stored in the capacitor is
reduced.

(d) no work is done by an external agent in
taking the slab out.

5. A charged capacitor is discharged th-

rough a resistance. The time constant of
the circuit (i.e., CR) is 1. Then the value
of time constant for the power dissipated
through the resistance will be

(@) n (b) 2n

(c) n/2 (d) zero

6. A capacitor is charged to potential E by

a cell of emf E. If an identical capacitor
inserted in the circuit in series with the
previous capacitor, the potential differ-
ence across the new capacitor is

(a) 2E (b) E

(c) E2 (d) zero

. In the given figure the potential at point
Ois

(a) 427V (b)) 17V
(c) zero (d) 34V
+5v
=+ 1uF
4uF
+6v 09— +3v
3uF
SuFT
+3v

8.

10.

11.

A 2 pF capacitor is charged to 100 V and
then its plates are connected by a wire.
The heat produced will be

(a) 0.17J (b)0.1J

(c) 0.017J (d) 0.001J

In the circuit shown, each capacitor has a
capacitance C. The emf of the cell is ¢. If
the switch S is closed

(a) some charge will flow out of the posi-
tive terminal of the cell

(b) some charge will enter the positive ter-
minal of the cell

(c) the amount of charge flowing through
the cell will be Ce

(d) the amount of charge flowing through

the cell will be % Ce.

1
L& ] I

+|:E

(9]

The flow of charge through switch S
when it is closed is

(a) zero (b) %
2q q
¢) =L d) £
() 3 () 3
2uF
+ =
T
q
gu Ll
+[= S +/—
6uF 3uF

A capacitor C is charged to a potential V
by a battery. The emf of the battery is V.
It is then disconnected from the battery
and again connected with its polarity
reversed to the battery.

(a) The work done by the battery is CV2.
(b) The total charge that passes through

battery is 2 CV.
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12.

13.

14.

(c) The initial and final energy of the
capacitor is same.
(d) All are correct.

In the given circuit, find charge across
the capacitor C, when steady state is
reached.

(a 6 uC b)opucC
(c) 18uC (d) zero
E,=6v R,=20
{ b
E;=9v ¢ =2yF
i H
E=12v R210

A parallel-plate air capacitor of capaci-
tance C is connected to a cell of emf ¢
and then disconnected from it. A dielec-
tric slab of dielectric constant k, which
can just fill the air gap of the capacitor, is
now inserted in it. Then

(a) the potential difference between the

plates decrease k times

(b) the change in energy is %Cuaz(k -1

(c) the change in energy is %Cos2 (1 —%)
(d) all of these

Consider the arrangement of three plates
X, Y and Z each of the area A and sepa-
ration d. The energy stored when the
plates are fully charged is

2e,Mg [  2Ve,
o[

g,AV?
d

2g,AV?
d

(b)

(©

3g,AV’

@ 2d

15.

16.

17.

Consider a capacitor-charging circuit.
Let Q, be the charge given to the capaci-
tor in a time interval of 10 ms and Q, be
the charge given in the next time interval
of 10ms. Let 10uC charge be deposited
in a time interval t, and the next 10nC
charge is deposited in the next time inter-
val t,. Then

@ Q>Q,t>r,  (®Q>Q,1 <y,

(© Q<Qut,>t,  (A)Q <Q,1 <y

There are three spherical conductors A,
B and C having radius R, 3R and 4R.
A and B were given a charge Q each
and the 3rd one C was uncharged. If C
is placed in between A and B such that
it touches both A and B, then after suf-

ficiently long time, how much charge will
be on the conductor C?

Q
(a) 5
(® Q
3
(© ZQ
(d) cannot be found out.

The charge on earthed side of plate A
will be

6,+0, 0,-96
_ b) —=2
(a) 5 (b 5
() 0 (d) none of these
e <
B C D
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18. q charge is distributed uniformly over
the volume of a insulating solid sphere
of radius R. It is enclosed by an earthed
conducting spherical shell of inner radius
R, and outer radius R,. The charge on
the outer surface of the sheel will be

RZ
(@) +q (b) R 7
(c) Riq (d) zero

19. In the circuit shown, the cells are ideal
and of equal emfs, the capacitance of the
capacitor is C and resistance of the resis-
tor is R. X is first joined to Y and then to
Z. After a long time, the total heat pro-
duced in the resistor will be
(a) equal to the energy finally stored in the

capacitor
(b) half of the energy finally stored in the
capacitor
ANSWERS
1. (ab)  2.(b) 3. (¢) 4. (b)
9. (a,d) 10. (a) 1. (b,c) 12. (c)
17. (c) 18. (c) 19. (d) 20. (a, ¢)

(c) twice the energy finally stored in the
capacitor

(d) 4 times the energy finally stored in the
capacitor.

W
20. In the circuit shown, some potential dif-
ference is applied between A and B. If C
is joined to D,
(a) no change will flow between C and D
(b) some charge will flow between C
and D
(c) the equivalent capacitance between C
and D will not change
(d) the equivalent capacitance between C
and D will change

3F o 6F
1 . I
A B
.—
6F 12F
1 . I
5. (c) 6. (d) 7. (a) 8. (c)
13. (d) 14. (b) 15. (b) 16. (b)
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PRACTICE EXERCISE 1

1. Leakage current is

(@) —-pm () *pm
€y €y

() iurn (d) none
€

Resistivity of dielectric
2 mm mediumis 2Q-m

2. The graph given below the variation

of electric field E (in MV/m) with time
t (in ps)

Consider the following statements:

1. The displacement current through a
1m?’ region perpendicular to the field
during the time interval t =0 to t =
4p is 0.885 A (given € = 8.85 x 10
SI unit)

2. The displacement current through 1
m’ region perpendicular to the field
during the time interval t = 4ps to 8us
is zero. Which of the statements given
above is/are correct?

(a) 1 only (b) 2 only

(c) both 1 and 2 (d) Neither 1 nor 2

E
0.8

0.4

3. In on RC circuit while charging, the

graph of log i versus time is as shown
by the dotted line in the figure, where
i is the current. When the value of the
resistance is doubled, which of the solid
curve best represents the variation of log
i versus time?

(a) P (®Q
(c) R @S
log i

. A fully charged capacitor has a capaci-

tance ‘C’. It is discharged through a
small coil of resistance wire embedded
in a thermally insulated block of specific
heat capacity ‘s’ and mass ‘m’. If the
temperature of the block is raised by
‘AT’, the potential difference ‘V’ across
the capacitance is

msAT 2msAT
_— b
(a) C (b) C
©) 2mCAT d 2mCAT

S

5. A parallel plate capacitor is charged and

then isolated. On increasing the plate
separation:
Charge potential Capacity
(a) remains  remains  decreases
constant constant
(b) remains
constant
(c) remains
constant
(d) increases increases decreases

increases decreases

decreases increases
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6.

qmax

0]

8.

In the adjoining diagram, (assuming the
battery to be ideal) the condenser C will
be fully charged to potential V if

(@) S, and S, both are open

(b) S, and S, both are closed

(c) S, is closed and S, is open

(d) S, is open and S, is closed

5Q 10Q

. The instantaneous charge on a capacitor

in two discharging RC circuits is plotted
with respect to time in figure. Choose the
correct statement(s) (where E, and E, are
emf of two DC sources in two different
charging circuits).

(@ RC >R, C,

R G

RZ Cl

(c) R,>R,ifE =E,

(d) C,>E|ifE =E,

(b)

q

2

t

An uncharged capacitor of capacitance C

is connected to a battery of emfegatt=10

through a resistance R, then

(i) the maximum rate at which energy is
stored in the capacitor is:

2

g? €
() = (b) R
() g () 2¢°

R R

(i1) time at which the rate has this maxi-

mum value is:
(a) 2CR In2 (b) %CR In2

(c) CR In2 (d) 3CR In2

. On placing a dielectric slab between the

plates of an isolated charged condenser
its

Capacity Charge Difference
Energy stored Potential
Electric
field
(a) decreases remains decreases
increases  unchanged
increases
(b) increases  remains increases
increases  unchanged
decreases
(c) increased  remains decreases
decreases  unchanged
decreases
(d) decreases remains decreases
increases  unchanged
remains
unchanged

10. A parallel plate capacitor without any

dielectric has capacitance C. A dielec-
tric slab is made up of two dielectric
slabs of dielectric constants K and 2K
and is of same dimensions as that of
capacitor plates and both the parts are
of equal dimensions arranged serially as
shown. If this dielectric slab is introduced
(dielectric K enters first) in between the
plates at constant speed, then variation
of capacitance with time will be best
represented by:
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c,
(b) —
T
C
CO
© o
1
C
CO
@ A 2
11. The time constant of the circuit shown is:
.
A
—_ 2 R§ SE? q‘;- §2R tg(}
RC 3RC
a) — b) —
(a) > (b) 5
RC RC
c) — d) —
(© 3 (d) 2

12.

13.

A parallel plate capacitor of plate area
A and plate separation d is charged to a
potential difference V and then the bat-
tery disconnected. A slab of dielectric
constant K is then inserted between the
plates of the capacitor so as to fill the
space between the plates, If Q, E and
W denote respectively, the magnitude
of the charge on each plate, the electric
field between the plates (after the slab is
inserted) and work done on the system,
in the process of inserting the slab, then:

@ Q=S

0 Q=22AY

© E:%

) W:EOZV2 (1—%)

Two capacitors of 2uF and 3pF are

charged to 150 volt and 120 volt respec-

tively. The plates of a capacitor are con-

nected as shown in the fig. A discharged

capacitor of capacity 1.5 pF falls to the

free ends of the wire. Then:

(a) charge on the 1.5 pF capacitor will
become is 180 uC

(b) Charge on the 2 pF capacitor will
become 120 pC

(c) +Ve charge flows through point A from
left to right

(d) +Ve charge flows through point A from
right to left

- +
3uF —— 120V 150V —— 2uF

> e
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14. The plates of a parallel plate condenser
are being moved away with a constant
speed v. If the plate separation at any
instant of time is d then the rate of
change of capacitance with time is
proportional to-

electric field and energy associated with
this capacitor are given by Q,, V, E, and
U, respectively. A dielectric slab is now
introduced to fill the space between the
plates with the battery still in connection.
The corresponding quantities now given
by Q, V, E and U are related to the

1 1
(a) 1 (b) e previous one as:
(@) Q>Q,
(c) & (dd (b) V>V,
15. A parallel plate air capacitor is connected (c) E>E,
to a battery. The quantities charge, (d U>U,
ANSWERS
1. (a) 2. (c) 3. (b) 4. (b) 5. (b) 6. (c) 7. (a,c), 8. (a)
9. (c) 10. (b) 11. (a) 12. (a, ¢, d) 13. (a, (b, ¢) 14. (b) 15. (a, d)

PRACTICE EXERCISE 2

1. For the given figure find the value of the
capacitance C if the equivalent capaci-
tance between points A and B is to be 1
pF. All the capacitance are in pF.

[IIT, 1977]

ro———|

c,_—8

6J33 c,
—E1 12
— [oR

G —|_ oB

Ans.C= 32 pF
23

4

23

2. A parallel plate capacitor of a capaci-
tance 100 pF is charged to a potential
of 500 V. The plate separation is then
reduced to half of its original value. Cal-
culate the new potential on the capacitor
and the change in stored energy.

[MNR, 1978]
[Ans. 250 volts, Change in energy stored,
AU =6.25 x 106 1]]

3. In the Figure, find the potential dif-
ference between the points A and B,
and between the points B and C in the
steady state. [IIT, 1979]

3uF 1uF
S P
-|—3p.F 1uF
L i | o
M 1uF N ng
A Ll c
20Q 100V

[Ans. V,, =250 volts, V.= 75 volts]

4. A charge Q is distributed over two con-
centric hollow spheres of radii r and
R (R > r) such that the surface densi-
ties are equal. Find the potential at the
common centre.

[IIT, 1981]

+R
Ans.v L QUR)
4ne, R +7r
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. A parallel plate condenser contains a

mica sheet (thickness 10~ m). The dielec-
tric constant of mica is 8 and that of fibre
is 2.5. Assuming that the fibre breaks
down when subjected to an electric field
of 6.4 x 10° V/m, find the maximum
safe voltage that can be applied to the
capacitor. [Roorkee, 1983]
[Ans. 5200 volts]

. The given below shows two identical

parallel plate capacitors connected to a
battery with the switch ‘S’ closed. The
switch is now opened and the free space
between the plates of the capacitor is
filled with a dielectric of dielectric con-
stant (or relative permittivity) 3. Find
the ratio of the total electrostatic energy
stored in both capacitors before and
after the introduction of the dielectric.
[IIT, 1983]

I TIA TT

[Ans. 1.66 U]

. A capacitor is filled with two dielectrics

of same dimensions but of dielectric con-
stant K, = 2 and K, = 3 respectively. Find
the ratio of the capacities in two possible
arrangements. [MNR, 1985]

{Ans ﬁ}
25

. A parallel plate air capacitor is connected

to a battery. The quantities charge, volt-
age, electric field and energy associated
with this capacitor are given by Q,, V,,
E, and U, respectively. A dielectric slab is
now introduced to fill the space between
the plates with battery still in connec-
tion. The corresponding quantities now
given by Q, V, E and U. Find the relation
between these and the previous ones.

[IIT, 1985]
[Ans. U> U]

. A capacitor of 20 pF and charged to 500

V is connected in parallel to another

10.

11.

12.

capacitor of 10 pF charged to 200 volt.
Find the common potential.

[Roorkee, 1986]
[Ans. 400 volts]

Find the capacitance of a system of
three parallel plates, each of area A m?,
separated by d, and d, metres. The space
between them is filled with dielectric of
relative dielectric constants €, and €,. The
dielectric constant of the free space is €.

[Roorkee, 1987]

{Ans oo ﬂ}

de,+ed

A double layer cylindrical capacitor with
its parameter is shown in the figure. If
the electric field strengths necessary to
produce the break down of these dielec-
trics are equal to E, and E, respectively,
then find the break down voltage of this
capacitor if

SanEn < SszEz‘

Ans.ER || log, R +iloge R
RI 82 RZ

The capacitance of a variable radio
capacitor can be changed from 50 pF
to 950 pF by tuning the dial from 0°
to 180°. With the dial set at 180°, the
capacitor is connected to a 400 V battery.
After charging, the capacitor is discon-
nected from the battery and the dial is
turned at 0°.
(a) What is the potential difference across

the capacitor when the dial reads 0°?
(b) How much work is required to turn the

dial, if friction is neglected?

[MNR, 1986]

[Ans. (a) 7600 V, (b) 1.3680 x 107 joule]
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13.

14.

15.

16.

17.

Calculate the heat generated when a con-
denser of 100 pF capacity and charged to
200 volt is discharged through a 2 ohm
resistance. [Roorkee, 1989]
[Ans. 2 joule]

A radioactive source in the form of a
metal sphere of diameter 10° m emits
p particles at a constant rate of 6.25 x
10'° particles per second. If the source
is electrically insulated, how long will it
take for its potential to rise by 1.0 volt,
assuming that 80% of emitted f particles
escape from the surface.

[Ans. 6.95 ps]

Find the heat that will be generated in the
circuit shown in the figure, if the switch S
is shifted from position 1 to position 2?

olln

Ans. g’ G,
2C+C,

The distance between the plates of a par-
allel plate condenser is 0.05 m. A field of
3 x 10* volt/m is established between the
plates. It is then disconnected from the
battery and an uncharged metal plate
of thickness 0.01 m is inserted into the
condenser parallel to its plate. Find the
potential difference between the plates
(a) before the introduction of the metal
plate and
(b) after its introduction. What would be
the potential difference if a plate of
dielectric constant 2 is introduced in
place of metal plate?
[Roorkee, 1991]
[Ans. (a) 1500 volts, (b) 1350 volts]

A capacitor of capacitance C, = 1.0
microfarad withstands the maximum
voltage V, = 6.0 kilovolt while another

18.

19.

20.

capacitor of capacitance C, = 2.0 micro-
farad withstands the maximum volt-
age V, = 4.0 kilovolt. What maximum
voltage will the system of these two
capacitors withstand if they are con-
nected in series? [MNR, 1992]
[Ans. 9.0 kV]

What is the potential difference between
the points A and B of circuit shown in
the figure, if the emf ¢ = 110 V and the

. . C
capacitance ratio —% =1n = 2.0?
1
M Q II_Qw N +Q2II_Q2 6]
1T 1T
o C,
(

o A

R

[Ans. 10 volts]

Find the potential difference between the
points A and B shown in the figure. What
is the condition for it to be zero?

0
0

W o>

o
o

Ans.VA—Vst[ SAS RS ];

(C, +C,)(C, +Cy)
C] _ C3

c, C,

Two parallel plate capacitors A and B
have the same separation d = 8.85 x 10~
m between the plates. The plate areas of
A and B are 0.04 m? and 0.02 m? respec-
tively. A slab of dielectric constant (rela-
tive permittivity) K = 9 has dimensions
such that it can exactly fill the space
between the plates of capacitor B.
(a) The dielectric slab is placed inside A as
shown in Fig. (a). A is then charged to a
potential difference of 110 V. Calculate
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21.

the capacitance of A and the energy
stored in it.

(b) The battery is disconnected and then
the dielectric slab is removed from
A. Find the work done by the exter-
nal agency in removing the slab
from A.

The same dielectric slab is now placed
inside B, filling it completely. The two
capacitors A and B are then connected
as shown in Fig. (b). Calculate the
energy stored in the system.

[IIT, 1993]

(©)

Al B

ot
T

(a) (b)

[Ans. (2) C,=2x 10°F, U, =121 x 1077,
(b) W=4.84 x 10°J, (c) U= 1.1 x 10 J]

Find the potential at the point A of the
circuit shown in the figure, if the poten-
tial at the point P is equal to zero.

aw A Q1_ Qw
1| Py 1|
N 1 ¢ 1 C, 0
& B Q,-Q,
M I . :}CZ Pc,
& C
R i . | Q
C5 _(Q1 + Qz) C3
Ans. C,e,+Cue, —(C, +C, g
C +C,+C,
22. Two square metallic plates of 1 m side are

kept 0.01 m apart, like a parallel plate
capacitor, in air in such a way that one
of their edges is perpendicular to an oil
surface in a tank filled with an insulating
oil. The plates are connected to a battery
of emf 500 V. The plates are then lowered
vertically into the oil at a speed of 0.001
m/s. Calculate the current drawn from
the battery during the process.
(dielectric constant of oil = 11, g = 8.85 x
10" C2N*m™). [IIT, 1994]
[Ans. 4.425 x 10° A]
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QUESTION BANK

CONCEPTUAL QUESTIONS

1.

10.

11.

12.

Under what conditions can a brass rod be
charged?

. An electric charge on a conducting sphere

has to be divided into three equal parts.
How can this be done?

Why is a metal chain that reaches the
ground fixed to a lorry for transporting
petrol?

. Can a positive charged be obtained on the

electroscope using a negatively charged
ebonite rod?

. What will happen to the surface charge den-

sity on a metal sheet rolled into a cylinder?

. An elder ball is tied to a silk thread.

What will happen when an electrostatically
charged rod is brought close to it?

. Do the electric field vector and the vector of

the force exerted on a charge by an electric
field always have the same directions?

Why is metal cap sometimes put on a
vacuum tube?

. Can electric charges be separated on

(a) conductor, (b) a dielectric?

A thin insulator rod is placed between two
unlike point charges +¢, and —¢, (fig.).
How will the force acting on the charges
change?

D| |e
q1 qz

A sphere carries a uniformly distributed
electric charge. Prove that the field inside
the sphere is zero.

If only one charged body is available, can it
be used to obtain a charge exceeding many
times in absolute magnitude that which it
itself has?

13.

14.

Can two likely-charged balls be attracted to
each other?

A small metallic sphere is brought in con-
tact in turn with points 4, B, C of a charged
body. Find the approximate charge on the
sphere after each contact as would be indi-
cated by bringing the sphere in contact
with an electroscope. Do the leaves of the
electroscope diverge at the same angle in all
three cases?

ONLY ONE OPTION IS CORRECT

1.

A semi-infinite insulating rod has linear
charge density A. The electric field at the
point P shown in figure is

44+ 4+ ++

........ [0A
B Ir
P

2
(a) Lz at 45° with 4B
(4me,r)

®) V2% 2

e

NEY

4ne,r

NEY

4meyr

at 45° with 4B

at 45° with 4B

(©)

(d)

at perpendicular to 4B

A certain charge Q is divided into two parts
q and (Q — q). For the maximum coulomb
force between them, the ratio (¢/Q) is

(a) 1/16 (b) 1/8

(c) 1/4 (d) 172

The force between two point charges +Q
and —Q placed ‘7’ distance apart is f, and
force between two spherical conductors,
each of radius R placed with their centres
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‘r’ distance apart charged with charge +Q
and —Q is f,. If the separation ‘7’ is not much
larger than R, then

@) f,>1,

®) /i =1,

© fi </,

d) f,=0/R) [,

. A point charge +Q is placed at the centroid

of an equilateral triangle. When a second
charge +Q is placed at a vertex of the trian-
gle, the magnitude of the electrostatic force
on the central charge is 8 N. The magnitude
of the net force on the central charge when
a third charge +(Q is placed at another vertex
of the triangle is
(a) zero

(c) 42 N

(b) 4N
(d) 8N

. Two identical metallic blocks resting on

a frictionless horizontal surface are con-
nected by a light metallic spring having the
spring constant 100 N/m and an unstretched
length of 0.2 m, as shown in figure (a).
A total charge Q is slowly placed on the
system, causing the spring to stretch to an
equilibrium length of 0.3 m, as shown in
figure (b). The value of charge O, assuming
that all the charge resides on the blocks and
that the blocks are like point charges, is

K —
m OO m

(@)

(a) 10 uC
(c) 20 uC

(b) 15 pC
(d) 30 pC

. Aparticle of charge —¢ and mass m moves in

a circle of radius  around an infinitely long
line charge on linear charge density +A. Then

]

time period will be [where & =
4dn e,

m
a) T'=2
(@) "\ 2k0g

2
(b) o Anm s
2khg
© 1L [P
2nr N m
(d ]*:__l_ _m_
2nr\ 2khg
+A

="

. A large uniformly charged (negative) plate

is placed in xz plane and a positive point
charge is fixed on the y-axis. A dipole is
positioned in between with its axis along
y-axis, as shown. The dipole initially moves
in

(a) negative y-direction

(b) negative x-direction

(c) positive x-direction

(d) positive y-direction

AN

¢ +Q
*—
®+

 ——
— plate

(c) positive x-direction

. A ring of radius R is made out of a thin

metallic wire of area of cross section A.
The ring has a uniform charge Q distributed
on it. A charge g, is placed at the centre of
the ring. If Y is the young’s modulus for the
material of the ring and AR is the change in
the radius of the ring, then
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(a) AR — qOQ + Q#) Q
4me, RAY N
(b) AR=—DE
4me RAY i
+Q .::::‘.O -Q
© arR-—L2_
8ne,RAY
() AR=—22 _ +Q- Q
8n'e RAY
a 20a
9. A charge is situated at a certain distance (@) 9 3 (b) L;
from an electric dipole in the end-on posi- MEe¥ TE¥
tion experiences a force F. If the distance [30a
of the charge is doubled, the force acting on (c) e (d) zero
the charge will be 0
(a) F/4 (b) F/8 12. When three electric dipoles are near each
(c) 2F (d) F/2 other, they each experience the electric
field of the other two, and the three dipole
10. The dipole moment of the given charge system has a certain potential energy.
distribution is Figure below shows three arrangements
(a), (b) and (c) in which three electric
dipoles are side by side. All three dipoles
have the same electric dipole moment mag-
nitude and the spacings between adjacent
dipoles are identical. If U, U, and U,
are potential energies of the arrangements
(a), (b) and (c) respectively, then
> X
@ -~
T
(b) 4&{
T (a) (b) ()
2Rq -
() -=Li (@) U >U>U,
" (b) U >U,>U,
2Rq ~
(d) Tl (C) l]1 > U2 = lj3
(d U =U,=U,
11. Six charges are placed at the vertices of a | 13. In a region of space, the electric field is

regular hexagon as shown in the figure.
The electric field on the line passing through
point O and perpendicular to the plane of
the figure at a distance of x (>>a) from
Ois

given by E =8 +4 ]+ 3k . The electric flux
through a surface of area of 100 units in x-y
plane is

(a) 800 units
(c) 400 units

(b) 300 units
(d) 1500 units
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14.

15.

16.

17.

A horizontal electric field (E = (mg)/q)
exists in space as shown in figure and a
mass m is attached at the end of a light
rod. If mass m is released from the position
shown in figure, find the angular velocity of
the rod when it passes through the bottom
most position.

0=45°

0 <—E=T9

m m a

+q

g 2g

a = b) . [—
(@) 7 () J
3g 58

C = d .=
(© ; (d) /

A dipole of dipole moment p is kept at the
centre of radius R and charge Q. The dipole
moment has direction along the axis of the
ring. The resultant force on the ring due to
the dipole is

(a) zero
kPQ
R3
2kPQ
R3
kPQ
R3
distributed on the ring

(b)

(©

(d)

only if the charge is uniformly

Two point charges +¢g and —¢q are held fixed

at (—d, 0) and (d, 0) respectively of a (X, V)

co-ordinate system. Then

(a) The electric field E at all points on the
X-axis has the same direction.

(b) E atall points on the Y-axis is along 7

(c) Work has to be done in bringing a test
charge from infinity to the origin.

(d) The dipole moment is 2¢gd directed
along i

A particle of charge g and mass m moves
rectilinearly under the action of electric

18.

19.

20.

field E = A4 — Bx, where 4 and B are positive
constants and x is distance from the point
where particle was initially at rest then the
distance travelled by the particle before
coming to rest and acceleration of particle
at that moment are respectively

@ 20 ® 0,94

B m

24 g4 24 44
0 2,42 dy =2, 42
@ 2,2 @ =22

A charge g is placed at O in the cavity in a
spherical uncharged conductor. Point S is
outside the conductor.

If the charge is displaced from O towards S,
still remaining within the cavity,

o

(a) electric field at S will increase

(b) electric field at S will decrease

(c) electric field at S will first increase and
then decrease

(d) electric field at S will not change

Which of the following statements is true?

(a) The electric field due a point charge can
be same at two points.

(b) The electric field increases continu-
ously as one goes away from centre of
a solid uniformly charged sphere

(c) The electric field of force of the electric
field produced by the static charges
from closed loops

(d) The magnetic lines of force of magnetic
field produced by current carrying wire
from closed loops

An electron of mass m, initially at rest
moves through a certain distance in a
uniform electric field in time ¢#,. A proton
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of mass m, also initially at rest takes time oML oM,
t, to move through an equal distance in (a) 5 cos6 (b) o —cos 0
this uniform electric field. Neglecting the &o 0
effect of gravity the ratio of #/¢, is nearly ohl? oA\lsin? 0
equal to (© 2e sin® (d) P
0 0

(@) 1

(©) (m/m )"

(b) (m m )"

(d) 1836

The variation of electric field between two
point charges along the line joining the

charges is given in figure. Then which is/are
correct?

[

E r,<r,

(@) Q,is +veand Q, is —ve
(b) Q,is +ve and Q, is +ve
(© 10/]<10,
(d 19,1> 10,

A largest sheet carries uniform surface
charge density o. A rod of length 2/ has a
linear charge density A on one half and —A
on the other half.

+c

The rod is hinged at mid point O and makes
angle 0 with the normal to the sheet. The
torque experienced by the rod is

23.

24.

Find the force experienced by the semi-
circular wire charged with a charge g,
placed as shown in figure. Radius of the
wire is R and the line of charge with lin-
ear charge density A is passing through
its centre and perpendicular to the plane
of wire.

=
+
+
+
1+
+
+
+
+
+
+
+
+
Aq Aq
a b
(® 21°g,R ®) n’g,R
A A
© - 4 (@ —2
g R 4me R

Five styrofoam balls are suspended from

insulating threads. Several experiments are

performed on the balls and the following

observations are made

(i) Ball 4 repels C and attracts B

(i1) Ball D attracts B and has no effect
on E

(iii) A negatively charged rod attracts both
A and E. An electrically neutral sty-
rofoam ball gets attracted if placed
nearby a charged body due to negative
charge. What are the charges, if any,
on each ball?
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25.

rrnG rrrG

A B C D E
@+ - + 0 +
®m+ - + + 0
)+ - + 0 0
(d - + 0 o0

The electric force on 2uC charge placed
at the centre O of two equilateral triangles
each of side 10 cm, as shown in figure
is F.

If charges 4, B, C are each 2uC and charges
D, E and F are each —2uC, then F'is

F
E A
0
D B
C

26.

27.

28.

29.

(a) 21.6 N
(©) 0

The electric field in a region of space is
given by E =5i +2jN/C . The electric flux
due to this field through an area 2 m? lying
in the YZ plane, in S.I. unit, is

(a) 10 (b) 20

(c) 1042 (d) 2429

(b) 64.8 N
(d) 432N

Two point dipoles pl€ and §l€ are located

at (0, 0, 0) and (1 m, 0, 2 m) respectively.
The resultant electric field due to the two
dipoles at the point (1 m, 0, 0) is

9 -Tp
(@) = (b) 2k
32me, 32ne,
(©) P k (d) None of these
32ne,

Four charges are rigidly fixed along
the Y-axis as shown. A positive charge
approaches the system along the X-axis
with initial speed just enough to cross the
origin. Then its total energy at the origin is

y

(a) zero

(b) positive

(c) negative

(d) data insufficient

A circle of radius 7 has a linear charge den-
sity A = A, cos’0 along its circumference.
Total charge on the circle is

(a) A, (2nr) (b) Ay (mr)

g s
(©) A, (7j (d) A, (Tj
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30. Find the electric flux crossing the wire

31.

32.

frame ABCD of length ¢, width b and
whose centre is at a distance OP = d from
an infinite line of charge with linear charge
density A. Consider that the plane of frame
is perpendicular to the line OP.

Al 4 i
(a) Tc—gotan [20])
(b)

Mo (b
(c) n—gotan E

A ]( b

tan | —
2me, 4d
Two point charges exert on each other a
force F when they are placed r distance
apart in air. When they are placed R distance
apart in a medium of dielectric constant K,

they exert the same force. The distance R
equals

,
W IK
(c) rk

(d)

) K

A ring of radius R is placed in the plane
with its centre at origin and its axis along
the x-axis and having uniformly distributed
positive charge. A ring of radius (<< R)
and coaxial with the ring is moving along
the axis with constant velocity then the
variation of electric flux (¢) passing through
the smaller ring with position will be best
represented by

33.

34.

(a)

(b)

b

A

(d) t

A point charge ¢ is placed at origin. Let
E, E, and E, be the electric field at three
points A(1, 2, 3), B(1, 1, 1) and C(2, 2, 2)
due to charge ¢g. Then
(@) E, LE,
(©) EA I EB

(b) | Ey|=4|Ec|
(d) | Ey|=2]E|
A small sphere of mass m and carrying a
charge ¢ is attached to one end of an insu-
lating thread of length ‘a’, the other end

of which is fixed at (0, 0) as shown in the
figure. There exists a uniform electric field

E=- 0}' in the region.
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3s.

36.

The minimum velocity which should be
given to the sphere at (a, 0) in the direc-
tion shown so that it is able to complete
the circle around the origin is (There is no
gravity)

AY

........... Lt

5qE,a 3qE,a

(a) (b)
m

m
© 10 (@ 2,454
m m

A charge Q is placed at the centre of an
imaginary hemispherical surface. Using
symmetry arguments and the Gauss’s law.
The flux of the electric field due to this
charge through the surface of the hemi-
sphere (figure) is

Q2 Q
(a) 2, (b) ‘.
(©) 20 (d) 29

€, 3e,

A particle of mass m and charge Q is placed
in an electric field £ which varies with time
t as E = Esin wt. It will undergo simple
harmonic motion of amplitude

(@ 2o by Lo
mo mo
OF, QE,

© |t @

37.

38.

39.

40.

An equivalent triangle wire frame of side
L having 3 point charges at its vertices is
kept in x-y plane as shown. Component of
electric field due to the configuration in z
direction at (0, 0, L) is [origin is centroid of
triangle]

F=qkE,sinwt
F= 9k sin wt
m

E
F=v=220 cos wt

m
aly
X
q -2q
(@) 952@ (b) zero
() Z]Lf’ (d) None

A particle of mass m and charge ¢ is placed
at rest in a uniform electric field £ and then
released. The KE attained by the particle
after moving a distance y is

(a) gEy? (b) gEy
(c) qE% (d) ¢°Ey

If electric flux entering and leaving on
enclosed surface is ¢, and ¢, respectively,
the electric charge inside the enclosed sur-
face will be

(a) (d)l - 4)2)/60 (b) (¢2 - ¢])/€0
(©) (9, + )€, (d) (9, - )2 &,

Two particles 4 and B having equal charges
are placed at a distance d apart. A third
charged particle placed on the perpendicu-
lar bisector at a distance x will experience
the maximum Coulomb’s force when
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41.

42.

43.

() x=d/\2 (b) x=d/2
() x=d/2N2 (d) x=d/32

A charged particle of mass m and charge ¢
initially at rest is released in an electric field
of magnitude E. Its kinetic energy after time
¢t will be

2E2t2 2 2,2
@ " (b) Ezfnt

Eq*m Egm
(©) thz (d) %

A square surface of side L metres is in
the plane of the paper. A uniform electric
field E (volt/m), also in the plane of the
paper, is limited only to lower half of
the square surface, (see figure). The elec-
tric flux in SI units associated with the
surface is

my

(a) EL*2
(c) EL?

(b) zero
(d) EL*/(2¢,)

A mass particle (mass = m and charge =
q) is placed between two point charge g.
If these charge displaced 2L. distance the
frequency of oscillation of mass particle, if
it is displaced for a small distance

Ay
@) 2p mne, L’

1
(b) 49 —
2n \ 2mne, L
4 |1
2n \[ 4mme, L

(©)

q 1

d -
@ 2n \[16mne, [

44.

45.

46.

47.

Two equal negative charges —q are placed at
point (0, £a) on y-axis, one positive charge
q is placed at x = 2a, this charge will

(a) Execute S.H.M. about the origin

(b) Oscillate but not execute S.H.M.

(¢) Move towards origin and will become

stationary
(d) S.H.M. along x-axis

An electric charge g is placed at the centre
of the open end of a hollow cylindrical
vessel of length / and radius . Then the
electric flux coming out of the surface of the
cylinder is

(a) L ) L (w? +2mr0)
0 eO

() 2q (d) Zero
(S

0

The electrical breakdown of air occurs at £
=3000 volt/mm. Then the maximum charge
that can be given to a sphere of diameter
5 metre will be nearly (in coulomb)

(a) 2.1 x107 (b) 0.83 x 1073

(c) 4.6 x 1072 (d) 2.1 x10°¢

The electric field in the region shown here
is given by E = Jxi volt/m. Then the total
electric flux through the cube of side ‘a’ is

Y
—
= X
O >
a
(a) Zero (b) a?
(C) a5/2 (d) a3/2
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48.

49.

50.

Three identical spheres each having a charge
q and radius R, are kept in such a way that
each touches the other two. Find the magni-
tude of the electric force on any sphere due
to other two.

ne, - 4 R 4ne, 2 | R
Lﬁ 9 2 N
© 2me, 4 [R} (d) None

If two infinite oppositely charged plates
with surface charge density |o| on each
plate are kept perpendicular to each other as
shown in above figure, then a charge ¢ at P
will experience a force

0= *o

oq
(a) 2_80 towards the

(b) ;_q away from horizontal plate
80

oq

NP

oq
\/5 80

to vertical

(©)

towards the origin O

making an angle 45° with respect

(d)

The electric dipole of moment p= pi
is kept at a point (x, y) in an electric
field E =4xy% +4xyj. The force on the
dipole is
(a) zero

(b)

51.

52.

(c) 4py\/y2 +4x?

(d) cannot be calculated

Figure shows a metal body of mass M
charged positively. P is a point in front of
the body. The electric field at point P due to
the body M is E,. Now a negative change —
q is placed at point P and it experiences a
force F. Then

+ + + + + + + T
'U.

(a) E,=F/q
(b) E,<F/g
(c) E,>Flq
(d) None of these

There is a non-uniform electric field along
x-axis as shown in figure. The field increases
at a uniform rate along +ve x-axis. A dipole
is kept inside the field as shown.

Which one of the following statements is
correct for dipole?

>
x-axis
*q

(a) Dipole moves along positive x-axis and
rotates clockwise

(b) Dipole moves along negative x-axis and
rotates clockwise

(c) Dipole moves along positive x-axis and
rotates anti-clockwise

(d) Dipole moves along negative x-axis and
rotates anti-clockwise
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(c) The potential energy of the dipole is
0.61J

(d) If the dipole is rotated in the electric
field, the maximum potential energy of

ONE OR MORE THAN ONE
CHOICE MAY BE CORRECT

1. A thin walled spherical conducting shell S

of radius R is given charge Q. The same
amount of charge is also placed at its centre
C. Which of the following are correct?

(a) On the outer surface of S charge density

2nR*

(b) The electric field is zero at all points
inside S.

(c) At a point just outside S, the electric
field is double, the field at a point just
inside S.

(d) At any point inside S, the electric field
is inversely proportional to the square
of distance from C.

. Electric field, due to an infinite line of
charge, as shown in figure at a point P at a
distance  from the line is E£. If one half of
the line of charge is removed from either
side of point 4, then

P

| L.

e e e e e e e e e e e
A

(a) Electric field at P will have magnitude
E/2.

(b) Electric field at P in x direction will be
E/2.

(c) Electric field at P in y direction will be
E/2.

(d) None of these

3. Anelectric dipole moment p = (2.0/ +3.0/)

pC.m is placed in a uniform electric field

E =(3.0i +2.0k)x10° NC"

(a) The torque that E exerts on p is
(0.6 —0.45 —0.9k) Nm

(b) The potential energy of the dipole
is—0.61J

the dipole is 1.3 J

. Mark the correct options.

(a) Gauss’s law is valid only for uniform
charge distributions

(b) Gauss’s law is valid only for charges
placed in vacuum

(c) The electric field calculated by Gauss’s
law is the field due to all the charges.

(d) The flux of electric field through a
closed surface due to all the charges
is equal to the flux fue to the charges
enclosed by the surface.

. An electric field converges at the origin

whose magnitude is given by the expression

E = 100rNt/Coul., where r is the distance

measured from the origin.

(a) Total charge contained in any spherical
volume with its centre at origin is nega-
tive.

(b) Total charge contained at any spherical
volume, irrespective of the location of
its centre, is negative.

(c) Total charge contained in a spherical
volume of radius 3 cm with its centre at
the origin has magnitude 3 x 10-1C.

(d) Total charge contained in a spherical
volume of radius 3 cm with its centre at
the origin has magnitude 3 x 10°C.

. Select the correct alternative:

(a) The charge gained by the uncharged
body from a charged body due to con-
duction is equal to half of the total
charge initially present.

(b) The magnitude of charge increases with
the increase in velocity of charge.

(c) Charge cannot exist without matter
although matter can exist without
charge

(d) Between two non-magnetic substances
repulsion is the true test of electrifica-
tion (electrification means body has net
charge)



2.62

Capacitor

7.

10.

The electric field intensity at a point in

space is equal in magnitude to

(a) Magnitude of the potential gradient
there

(b) The electric charge there

(c) The magnitude of the electric force, a
unit charge would experience there

(d) The force, an electron would experi-
ence there

. Figure shows a charge g placed at the

centre of a hemisphere. A second charge
Q is placed at one of the positions 4, B, C
and D.

In which position(s) of this second charge,
the flux of the electric field through the
hemisphere remains unchanged?

Be

De

(a) 4
(b) B
(© C
(d) D

An electric dipole is placed at the centre of

a sphere, mark the correct options

(a) The flux of the electric field through the
surface is zero

(b) The electric field is zero at every point
of the sphere

(c) The electric field is not zero anywhere
on the sphere

(d) The electric field is zero an a circle on
the sphere.

A large nonconducting sheet M is
given a uniform charge density. Two
uncharged small metal rods 4 and B
are placed near the sheet as shown in
figure.

11.

12.

A B
||:I:

(a) M attracts 4
(c) A attracts B

(b) M attracts B
(d) B attracts 4

A uniform electric field of strength Ej
exists in a region. An electron (charge —e,

mass m) enters a point A with velocity Vj .
It moves through the electric field and
exists at point B. Then

(0,0) A(a, 0)

2amv* +
ed’ /
(b) Rate of work done by the electric field

(@) E=-

2.3
dma’v

at B is 7

(c) Rate of work by the electric field at 4 is
Zero

. . 2av: 4
(d) Velocity at B is %i +vy

An oil drop has a charge -9.6 x 10"°C
and has a mass 1.6 x 10'° gm. When
allowed to fall, due to air resistance force
it attains a constant velocity. Then if a
uniform electric field is to be applied ver-
tically to make the oil ascend up with
the same constant speed, which of the
following are correct. (g = 10 m/s)
(Assume that the magnitude of resistance
force is same in both the cases)
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13.

14.

(a) the electric field is directed upward

(b) the electric field is directed downward
(c) the intensity of electric field is
1 x10°NC™'
3

(d) the intensity of electric field is

lxlOSNC’l
6

An electric dipole is kept in the electric field

produced by a point charge

(a) dipole will experience a force

(b) dipole can experience a torque

(¢) dipole can be in stable equilibrium

(d) it is possible to find a path (not closed)
in the field on which work required to
move the dipole is zero.

Point charges are located on the corner of a
square as shown.
Find the components of electric field at any
point on the z-axis which is axis of symme-
try of the square.

y
+1uC —-1uC
X
—-1uC +1uC
(@ E =0 (b)E =0
(c) E =0 (d) None of these

ASSERTION AND REASON QUESTIONS

Direction:

MENT-1 (Assertion)

Each question contains STATE-
and STATEMENT-2

(Reason). Each question has 4 choices (a), (b), (¢)

and (d) out of which ONLY ONE is correct.

(a) Statement-1 is True, Statement-2 is True;

Statement-2 is a correct explanation for

Statement-1.

(b)

(©)
(d)

Statement-1 is True, Statement-2 is True;
Statement-2 is NOT a correct explanation
for Statement-1.

Statement-1 is True, Statement-2 is False.
Statement-1 is False, Statement-2 is True.

Statement 1: A positive point charge is
brought in an electric field, the electric field
at nearby point will increase.

Statement 2: Electric field produce by
charge may favour the existing electric
field.

Statement 1: Flux through a closed surface
is zero.

Statement 2: Total charge inside the sur-
face must be zero.

Statement 1: Consider two identical charges
placed distance 2d apart, along x-axis. The
equilibrium of a positive test charge placed
at the point O midway between them is
stable for displacements along the x-axis.
Statement 2: Force on test charge is zero.

B
Q 0] Q
k——————
2d

Statement 1: A parallel beam of electrons
is shot into a uniform strong electric field
initially parallel to and then against the field
with a small initial speed. Then the beam
tends to spread out at the beginning and
narrows down later.

Statement 2: The total energy of the beam
is conserved.

Statement 1: An ellipsoidal cavity is
carved within a perfect conductor. A posi-
tive charge ¢ is placed at the centre of the
cavity. The points 4 and B are on the cavity
surface. Potential at 4 = potential at B.
Statement 2: Surface of charge conductor
is always equipotential.
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6.

10.

11.

12.

Statement 1: A deuteron and an a-particle
are placed in an electric field. If /| and F,
be the forces acting on them and a, and
a, be their accelerations respectively then,
a =a,

Statement 2: Forces will be same in elec-
tric field.

Statement 1: Charges Q, and Q, are
placed inside and outside respectively
of an uncharged conducting shell, their
separation is 7. Then the force on Q, is
Zero.

Statement 2: Lines of force cannot enter
conducting shell.

Statement 1: When a charged comb is
brought near a small piece of paper, it
attracts the piece.

Statement 2: Because the paper becomes
charged.

Statement 1: A point charge is placed in a
cavity in a metal block. If another charge
is brought outside the metal, the charge
in the cavity does not feel any electric
force

Statement 2: There is no electric field line
in the cavity of a metal block.

Statement 1: A small metal ball is sus-
pended in a uniform electric field with an
insulated thread. If high energy X-ray beam
falls on the ball, the ball will be deflected in
the electric field.

Statement 2: X-rays beam falls on the ball,
the ball will be deflected in the magnetic
field.

Statement 1: The tyres of aircrafts are
slightly conducting.

Statement 2: If a conductor is connected
to ground, the extra charge induced on con-
ductor will flow to ground.

Statement 1: Four point charges ¢, g, ¢,
and g, are as shown in figure. The flux over
the shown Gaussian surface depends only
on charges g, and g,.

Gaussian
surface
oq4

Statement 2: Electric field at all points on
Gaussian surface depends only on charges
g, and g,.

13. Statement 1: An insulator does not conduct
electricity usually.
Statement 2: The number of electrons in an
insulator is very small in comparison to that
in a conductor.

14. Statement 1: The positive charge particle

is placed in front of a spherical uncharged
conductor. The number of lines of forces
terminating on the sphere will be more than
those emerging from it.
Statement 2: The surface charge density
at a point on the sphere nearest to the point
charge will be negative and maximum in
magnitude compared to other points on the
sphere.

MATCH THE COLUMN TYPE QUESTIONS

Each question contains statements given in two
columns which have to be matched. Statements
(A, B, C, D) in column I have to be matched with
statements (p, g, 1, s) in column II.

1. Match the column:
Column I
Arrangement

*q

(a)
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+2q

(b) (hemisphere)

2m

e P
SR

Closed cylinder

(d)
(sphere)

Column II

Flux through the entire surface of the
body.

q q
®) ¢, @ g,

q 3q
(r) 45, (s) .

. An electric dipole is placed in an electric
field. The column I gives the description
of electric field and the angle between the
dipole moment p and the electric field
intensity £ and the column II gives the
effect of the electric field on the dipole.
Match the description in Column I with the
statements in column II.

Column II
(a) Uniform electric (p) force =0
field, =0

(b) Electric field due (q) Torque =0
to a point charge,
06=0

Column I

(c) Electric field (r) pE=0
between the two
oppositely charged
large plates,

0 =90°

(d) Dipole moment
parallel to uni-
formly charged
long wire.

(s) Force # 0

. Column II describes graph for charge dis-

tribution given in column I. Match the
description.

Column I
(a) Uniformly charged ring
(b) Infinitely large charge conducting sheet
(c) Infinite non conducting thin sheet.
(d) Hollow non conducting sphere.

Column II

E (Electric

field intensities)

@ r
V' (Electric
potential)
(@ /\ r
E

o L ¢
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v (c) Methods of (r) Coulomb
charging by (torsion
balance)
I (d) Amount of (s) Faraday ice
(s) ; induced charge pail exp.
6. Match the column:

4. Two points, like charges Q, and Q, are Column I Column 11
positioned at points 4 and B. The electric (a) e/mofelectron (p) J.J. Thomson
ﬁeld. strength to the right of charge O, on (b) Charge and mass (q) R.A.millikan
the .lme that passes through thfa two charges (indirectly)  of (by oil drop
varies according to a law that is represented clectron  and exp.)
shematically in the figure accompanying '

. . . quanta of charge.
the problem without employing a definite )
scale. Assume electric field to be positive (c) Concept of line (r) M. Faraday
if its direction coincides with the positive of force
direction on the x-axis. Distance between (d) Highestcommon (s) Max Plank
the charges is /. factor method
5 PASSAGE BASED QUESTIONS
0 ox, . PASSAGE-1
/\ A very large, charged plate floats in deep space.
A B ' X Due to the charge on the plate, a constant electric
field E exists everywhere above the plate. An ob-
; %2 ject with mass m and charge ¢ is shot upward from
the plate with a velocity v and an angle 6. It follows
the path shown reaching a height / and a range R.
Column I Column II Assume the effects of gravity to be negligible.
(a) Charge Q, (p) —ve
(b) Charge Q, (q) +ve _ TE
l+x
(©) 19,/ Oyl (r) [_]j ~y
g | |
4
@ x, 6) s ®
(QA / QB) -1 . .
1. Which of the following must be true con-
5. Match the column: cerning the];)bJGCt?.
t t
Column I Column II (a) g must be positive
) o (b) g must be negative
(a) Like charges . ) D? William (¢) m must be large
repels and unlike Gilbert
(d) m must be small
attracts.
. 2. Which of the following gives the vertical
(b) Numerical value  (q) Thomos velocity of the object in terms of 4 just
of force between Brown

two charges

before colliding with the plate at the end of
its flight?



Capacitor 2.67

8. At which point would a small positive
\J2gh b) ./
@) & (®) y2Eqh charge ¢ feel the greatest force?
2mh 2ghE (a) 4 (b) B
c) |— d) ,[—/—
© & D\ (© C d) D
3. Which of the following is true concerning PASSAGE-3
all objects ﬂ_lat follow Fhe path shown when | A thin insulating wire is stretched along the
propelled with a velocity v at an angle 67 diameter of an insulated circular loop of radius R.
(a) they must have the same mass A small bead of mass m and charge —q is threaded
(b) they must have the same charge on to the wire. Two small identical charges are
(c) they must have the same mass and the | tied to the hoop at points opposite to each other,
same charge so that the diameter passing through them is per-
(d) their mass to charge ratios must be the | pendicular to the thread (see figure). The bead is
same released at a point which is a distance X, from the
. . . centre of the loop. Assume that X, <<R.
4. Suppose Eis ION/C, mis 1 kg, qis—1 C, v
is 100 m/s and 6 is 30°. What is A?
(a) 25m (b) 45 m
(¢c) 80 m (d) 125
X
5. Which of the following is true concerning R
the flight of the projectile shown?
(a) Increasing the mass m decreases the
maximum height 4
(b) Increasing the charge g increases the
maximum height 4
(¢) Increasing the mass m decreases the
downward acceleration 9. The resultant force acting on the charged
(d) Increasing the charge g decreases the bead is
downward acceleration () Fe- IZZQ;IZ Xy
+
PASSAGE-2 ot R
k2 X
Related to the following diagram of two charges, (b) F=— ng —
+Q and —4Q s r
k20q x
+Q -4Q (© F=-m—g’
+-H-1-i-i-C*-F-I--I--I-C+0-+-i-f-H--H~ k20
A B D (@) F="201 %
X,—R" 1
6. The net electric field is zero near which
point? 10. The exact equation of motion of the bead
(a) 4 (b) B along the thread is
() C (d) D “ md_zx__ K200x
7. At which point does the net electric field dar’ (¢ +R )3/ :
vector point to the left?
d’x kQqx
(© C @D @ (s-r)
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d’x __ k20gx SUBJECTIVE QUESTIONS
(C) m dr? - N 2132
! (x -R ) 1. Two identical conducting of spheres (of
d*x kQgx negligible radius), having charges of oppo-
(d) == site sign, attract each other with a force of

11.

The time when will the velocity of the bead
vanish for the first time is

'mR® ’mR?
(@) ()
k20q kQq
©’mR® 21’ mR?
(©) (d)
k4Qq kQq
PASSAGE—4

In the figure shown m, = m, = 1 kg. Block 4 is
neutral while g, =—1 C. Sizes of 4 and B are neg-
ligible. B is released from rest at a distance 1.8
m from A. Initially, spring is neither compressed
nor elongated.

— > E=10N/C

K =18 N/m
I—\/\/\/\/\/\/\/\/_ A B
smooth x=0 x=1.8m x-axis

12.

13.

14.

If collision between A and B is perfectly
inelastic, what is the velocity of combined
mass just after collision?

(a) 6 m/s (b) 3 m/s

(¢) 9 m/s (d) 12 m/s

Equilibrium position of the combined mass
isatx=.....m
(a) -2/9
(c) -5/9

(b) —1/3
(d) ~7/9

The amplitude of oscillation of the com-
bined mass will be

2 124

0.108 N when separated by 0.5 metre. The
spheres are connected by a conducting wire,
which is then removed (when charge stops
flowing) and therefore repel each other with
a force of 0.036 N keeping the distance
same. What were the initial charges on
the spheres?

Two particles A and B having charges of
+2.00 x 10°C and of —4.00 x 10°°C respec-
tively are held fixed at a separation of 20.0
cm. Locate the point(s) on the line AB
where the electric field is zero.

Find the flux of the electric field through a
spherical surface of radius R due to a charge
of 18.85 x 10-%C at the centre and another
equal charge at a point 2R away from the
centre.

2R

A clock face has negative charges —g, —2¢,
3q, ... .. , —12¢q fixed at the position of
the corresponding numerals on the dial. The
clock hands do not disturb the net field due
to point charges. At what time does the hour
hand point in the same direction is electric
field at the centre of the dial.

The electric field in a region is given
-~ FE
by E= ad

inside a cubical volume bounded by the
surfaces x = 0, y =0, y = a, z = 0 and

i . Find the charge contained
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z=a. Take E, =5 x 10° N/C, [ = 2 cm and
a=1cm.

. A solid non-conducting sphere of radius R
has a non-uniform charge distribution of
lume ch, ity, p=p,— ; wh
volume charge density, p= pOE ; where p,
is a constant and 7 is the distance from the

centre of the sphere. Show that
(a) the total charge on the sphere is Q =

np, R’ and
(b) the electric field inside the sphere has a
2
magnitude given by, E = KI%F

. An eclectron beam after being accelerated
from rest through a potential difference of
500 V in vacuum is allowed to impinge nor-
mally on a fixed surface. If the incident cur-
rent is 100 puA4, determine the force exerted
on the surface assuming that it brings the
electrons to rest.

(e=1.6 x10"°C, m=9.0 x 103! kg)

. A charge Q is uniformly distributed over
a rod of length /. Consider a hypothetical
cube of edge / with the centre of the cube
at one end of the rod. Find the minimum
possible flux of the electric field through the
entire surface of the cube.

. A dipole is placed at origin of coordinate
system as shown in figure, find the electric
field at point P (0, y).

P1(0,y)

10. An infinitely long string uniformly charged

with a linear density A, and a segment of
length / uniformly charged with linear den-

11.

12.

sity A, lie in a plane at right angles to each
other and separated by a distance 7.
Determine the force with which these two
interact.

A very long charged thread (lying in the
xy plane) which is having a linear charge
density A is having one of its end at a point
P as shown in figure. What is electric field
intensity at point Q?

Two like charged, infinitely long rod with
the same linear charge density of 3 x 1078
C/cm are 2 cm apart. Find the electric force
per unit length on each rod due to the other
and the work done against that force per
unit length to be done in bringing them
closer by 1 cm.

PREVIOUS YEARS' lIT-JEE QUESTIONS

1.

A metallic solid sphere is placed in a uni-
form electric field. The lines of force follow
the path (s) shown in figure as

[1996]
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1 A triangle. The resulting lines of force should
be sketched as in
2 B [2001]
3 c <:}%;5'5§§i:>
4 M D (a) : .
X—
(a 1 (b) 2 \_/
(c) 3 (d) 4

. A positively charged thin metal ring of

radius R is fixed in the xy-plane with its cen-
tre at the O. A negatively charged particle P
is released from rest at the point (0, 0, z)),
where z, > 0. Then the motion of P is

[1998]

(a) Periodic for all values of z, satisfying 0
< ZO < 00

(b) Simple harmonic for all values of satis-
fying 0 <z, <R

(c) Approximately simple harmonic pro-
vided z, << R

(d) Such that P crosses O and continues to
move along the negative z-axis towards
z=-0

. A non-conducting solid sphere of radius R

is uniformly charged. The magnitude of the
electric field due to the sphere at a distance
r from its centre

[1998]

(a) Increases as r increases for » < R

(b) Decreases as r increases for 0 < r < oo
(c) Decreases as r increases for R < r < o
(d) Is discontinuous at » = R

. The dimension of (1/2) g E? (g,: permittivity

of free space, E: electric field) is
[2000]
(a) MLT"!
(b) ML?*T2
(c) ML'T2
(d) ML*T!

. Three positive charges of equal value g

are placed at the vertices of an equilateral

. A small ball of mass 2 x 10 kg having a

charge of 1 uC is suspended by a string of
length 0.8 m. Another identical ball hav-
ing the same charge is kept at the point of
suspension. Determine the minimum hori-
zontal velocity which should be imparted to
the lower ball so that it can make complete
revolution.

[2002]

. A metallic shell has a point charge g kept

inside its cavity. Which one of the follow-
ing diagrams correctly represents the elec-
tric lines of forces?

[2003]

(@ (b)
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10.

© @ (@ @

. A charge +Q is fixed at the origin of the

co-ordinate system while a small electric
dipole of dipole-moment p pointing away
from the charge along the x-axis is set free
from a point far away from the origin.

[2003]

(a) Calculate the K.E. of the dipole when it
reaches to a point (d, 0).

(b) Calculate the force on the charge +Q at
this moment.

Six charges, three positive and three nega-
tive of equal magnitude are to be placed at
the vertices of a regular hexagon such that
the electric field at O is double the electric
field when only one positive charge of same
magnitude is placed at R. Which of the fol-
lowing arrangements of charges is possible
for P O, R, S, T and U respectively?

(a) +5 ) +a R +
(b) +a B +a 5 +9 -
(C) +a +9 N\ +9 ER

(d) s +’ +3 ) +5 -

P Q

T S

Consider the charge configuration and
spherical Gaussian surface as shown in
the figure. When calculating the flux of the
electric field over the spherical surface the
electric field will be due to

[2004]

@ g,

(b) only the positive charges
(c) all the charges

(d) +q1 and 7q1

11.

12.

13.

a

Three infinitely long charge sheets are
placed as shown in figure. The electric field
at point P is

[2005]
P
(e} =
—2c °P T % = Ea
- z=-2a
@ 9% b) -2%%
80 80
© 2% @ -2of
80 80

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

[2007]

(a) negative and distributed uniformly over
the surface of the sphere

(b) negative and appears only at the point on
the sphere closest to the point charge

(c) negative and distributed non-uniformly
over the entire surface of the sphere

(d) zero

A spherical portion has been removed from
a solid sphere having a charge distributed
uniformly in its volume as shown in the
figure. The electric field inside the emptied
space is

[2007]
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14.

15.

(a) zero everywhere

(b) non-zero and uniform
(c) non-uniform

(d) zero only at its centre

Positive and negative point charge of equal
magnitude are kept at (0, 0, @/2) and
(0, 0, —a/2) respectively. The work done
by the electric field when another positive
point charge is moved from (—a, 0, 0) to
(0, a, 0) is

[2007]

(a) positive

(b) negative

(c) zero

(d) depends on the path connecting the ini-
tial and final positions

Consider a system of three charges g¢/3,
q/3 and 2q/3 placed at points 4, 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°

[2008]
y
B
¢ X
O
60°
A
(a) The electric field at point O is Lz
8ne,R

directed along the negative x-axis
(b) The potential energy of the system is
Zero

(¢) The magnitude of the force between the
2

q

charges at C and B is ———
54me R

q

d) The potential at point O is
@ P p 12nte,R

PASSAGE

Direction (Questions 16 to 18): The nuclear
charge (Ze) is non-uniformly distributed within
a nucleus of radius R. The charge density p (r)
[charge per unit volume] is dependent only on the
radial distance » from the centre of the nucleus as
shown in figure. The electric field is only along
the radial direction.

[2008]

p(r)

(0] a R

16. The electric field at » = R is
(a) independent of a
(b) directly proportional to a
(c) directly proportional to a?
(d) inversely proportional to a

17. For a = 0, the value of d (maximum value
of 1 as shown in the figure) is
3Ze 3Ze
a) —— b
@ 4nR? ®) R’
4Ze Ze
c d
© 3nR’ @ 3nR’

18. The electric field within the nucleus is
generally observed to be linearly dependent

on r. This implies

(@ a=0
(b) a=R/2
(¢) a=R
(d) a=2R/3
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ANSWERS
ONLY ONE CORRECT OPTION TYPE QUESTIONS
1. (¢) 2. (d) 3. (¢) 4. (d) 5. (¢) 6. (a) 7. (d) 8. (d)
9. (b) 10. (b) 11. (a) 12. (b) 13. (b) 14. (b) 15. (b) 16. (b)
17. (¢) 18. (d) 19. (d) 20. (b) 21. (c) 22. (¢) 23. (b) 24. (¢)
25. (d) 26. (a) 27. (b) 28. (b) 29. (b) 30. (a) 31. (d) 32. (¢)
33. (b) 34. (b) 35. (a) 36. (b) 37. (b) 38. (b) 39. (b) 40. (¢)
41. (b) 42. (b) 43. (a) 44. (b) 45. (¢) 46. (a) 47. (¢) 48. (a)
49. (d) 50. (c) 51. (b) 52. (d)
ONE OR MORE THAN ONE CHOICE MAY BE CORRECT
1. (a,c,d) 2.(a,b,c) 3.(a,b,d) 4. (c,d) 5. (a,b,c) 6. (c,d) 7. (b, ¢) 8. (a,d)
9. (a, ¢) 10. (c, d) 11. (b,c,d) 12. (b,c) 13. (b,c,d) 14. (a, b, )
ASSERTION AND REASON QUESTIONS
1. (d) 2. (a) 3. (b) 4. (a) 5. (a) 6. (¢ 7. (2) 8. (¢)
9. (a) 10. (¢) 11. (b) 12. (c¢) 13. (¢) 14. (b)
MATCH THE COLUMN TYPE QUESTIONS
1. (@) > ¢q,(b) > p,(c) > p,(d) > s 2. @A >p g b)>qgs)>pr,d—opr
3.(a>p g, ®)>r)>rd-os 4. () > ¢,(b) > p,(c) > r,d) >s
5.(@)—>p, (b)) >q,(c)>r,(d)—os 6. (a) >p,(b)>r,(c)>q,(d)—>s
PASSAGE BASED QUESTIONS
1. (b) 2. (d) 3. (d) 4. (d) 5. (¢) 6. (a) 7. (d) 8. (¢
9. (a) 10. (a) 11. (a) 12. (b) 13. (¢) 14. (d)
PREVIOUS YEARS' IIT-JEE QUESTIONS
1. (d) 2. (a, ¢) 3. (a, 0) 4. (¢) 5. (¢) 6. 5.86 m/s 7. (c) 8. (b)
9. (d) 10. (¢) 11. (b) 12. (a, b, c, d) 13. (b) 14. (¢) 15. (¢)
16. (a) 17. (b) 18. (¢)
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HINTS AND EXPLANATIONS

SUBJECTIVE QUESTIONS
1. +1.0x 10°C,

20

2. ————=48.3 cm from Allong B4

V21

N-m?

3. 10

4. 9.39
5. 22x10"2C

7. 7.5 x10°N
8. 0

2¢,

Y
\/zy3( J)

10. F :ﬁln[l+£]

2me, 7

NGY7REENGY 9%

11. |E|—— E=—

2k\?
r

In2=0.1129 J/m

12. B=

3 x10¢C

()

= 8.1 N/m, 2kA2,

PREVIOUS YEARS' lIT-JEE QUESTIONS

8.

15.

16.

17.

18.

KE = P o

9w &

2neg,d’

along posi-
tive x-axis

(c) Net electric field to both charges g¢/3,
will get cancelled. Electric field due to
(—2¢/3) will be directed in —ve axis.

E=

k(2qz/3) - q :
R 6me R

P.E. of system

. k4[24 g9(_24
_K@?3 , 30 3), 30 3

2R 2R sin 60° 2R cos60°

(a) E :%ZQ (O = Total charge within the
nucleus = Ze)

So, E = KZe
R?

So electric field is independent of a.

R
() g= j %(R —x)4nidx = Ze
0

3Ze
R}

d=

(c) If within a sphere p is constant £ oc



CHAPTER

Current Electricity

3.1 ELECTRIC CURRENT IN CONDUCTORS

If there is a continuous flow of something its constitute the current
For the electric current there must be a continuous flow of charge, in other words
they are two essential things for constituting an electric current:

(i) charge carrier
(i) its motion
The following can constitute the current:

(1) A fast beam of neutron
(i) Nuclear charge
(iii) Orbital electron

Instantaneous Current
i=+t—
dt
where, g is the charge flow of conductor.
Average current through a cross-section medium during the time interval z.
If i=f1),0<t<t

t

Iidt

Then <i>=0t_=_
t

Idt
0

=

Note:

1. Current is independent of a cross-sectional area of the medium.

2. Current is essentially a positive charge.

3. The flow of negative charge carrier in any direction is equivalent to the flow of
same amount of positive charge in opposite direction.

4. The direction of electric current is same as that of direction of flow of positive
charge carriers.



3.2 Current Electricity

(@) {b)

)
From figure (b) .[i dt = Area under curve = net charge flow

4

Steady current
D.C. current

Time variable current
A.C. current

(1) An electron circulates in a orbit of radius » with constant angular velocity .
Its equivalent current is obtained as
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(i1) An electron of sodium atom revolves in a orbit of a radius » with constant
angular speed. Its equivalent current is obtained as

. zew
i=—
21

(iii) A ring of radius r is non-uniformly charge ¢ and rotates with angular velocity
o about fixed axis passing through the centre of the ring and perpendicular to
its plane. Its equivalent current is given by

0]

o ®
di=—dg i=—
2n 4 2nq

Example

An air cylindrical capacitor with a D.C. voltage V=200 } applied to it is being
submerged vertically into a vessel filled with water at a velocity v = 5.0 mm/s.
The electrodes of the capacitor are separated by a distance d = 2.0 mm, the mean
curvature radius of the electrode is equal to » = 50 mm. Find the current flowing
in this case along lead wires, ifd <<r.

& Solution Since, d < < r, the capacitance of the given capacitor can be calculated
using the formula for a parallel plate capacitor. Therefore, if the water (permittivity
€) is introduced up to an height x and the capacitor of length /, we have

_ggy2nrx LS (I-x)2nr
d d

C

_§2mr

(ex+1-x)
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Hence, the charge on the plate at that instant,

q=CV
Again we know that the electric current intensity
I—ﬁ _d(CV)
dt dt
Ve, 2mr d(ex+[—x)
dt
_ V2nre, @ —l)ﬂ
d dt
But @ =V
dt
- 27r 80(8—1)Vv
d
=0.11 pA

3.2 MECHANISM OF CONSTITUTING THE CURRENT
IN A CONDUCTING MEDIUM (METALLIC WIRE)

In an isolated conductor, the electric field inside, at any point is equal to zero. The
mobile electron inside an isolated conductor are in random motion. Therefore, the
velocity of free electron passing through any cross-section area of a conductor at any
instant of time will be equal to zero.

Let, there are » number electrons passing through a certain cross-section area of a
conductor with velocity v, v,... v, respectively. Then, the average velocity

<9>=v1+§2+...+v,, _0
n
When the potential difference is applied across the end of the conductor, an electric
field is set up in the conductor. With no time an short ejecting electric force on the
mobile electron throughout the conductor is setup and as a result we have a net flow
of electron opposite to direction of field inside the conductor. Hence, we have the
conventional current in the direction opposite to the direction of flow of electron.

In reality, the electrons do not move in straight line along the conductor. Instead
of they undergo readilly collision with other atom with metallic wire which result
in a zig-zag motion. The energy transferred from the electron to the atoms of the
conductor due to electric collision increases vibration energy of atom and therefore
corresponding increase in the temperature of the conductor.

E

AVEVAV.
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Average velocity of electrons during the time interval two equating collision.
(drift velocity)

-, _ eBy _, ¢€Et
<V >=| Y +— |+| V', + +
m(! mE
., eBt
+v,t
m{:‘

- Vi+V, Y el
<yp>=|——-—= " In+—

n m,
(tl+t2+...+tn):0+eEt
n m,
. ¢E
<v,>=—1
m,
. eE ,
<V>=y,=—I! ..(1)
m

v, T 1 E if charge carrier is positive.

v, 1 | Eif charge carrier is negative.

Note: The drift velocity is the average velocity of the charge carried during the
reaction time where as the current velocity in the velocity of the propagation of E

(electromagnetic wave) which is about % velocity of light.

Let us consider a conducting wire element of cross-sectional area S_and thickness
dx. The amount of charge contain this wire element

—>E
. -
X
dgq = pSdx
dg dx
or —=pS—=pSv
a Pa P
é: J=pv, [Here, j = current density]
In vector form  j = pv, ...(10)
In general J ™Mo . 1f pis positive

] N 0, if pisnegative
or i:j].dg
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From equations (i) and (i), we get

J=cE
Here, o is a constant of a particular temperature for a medium and is known as the
conductivity of medium, and

—=p is called the resistivity of the medium which is also a constant for a medium
c

for a particular temperature.

Note: In the strict sense, j is the property of point (which is also obvious)

From equation (iii), 1o E = _av
p Idx

SX
Idx
—dV =i| =— |=idR
Sx
Vhigher - Vlower =V=IR (IV)

Equation (iv) is not the Ohm’s law but it is a general formula which also contain
Ohm’s law. It is valid even for pourly medium.

sz[dRz»l.pS_Lix (V)
i=coS, (—;{ﬂ] ...(vi)
x
40 _y s, (_ﬂ) . (vii)
dt dr

Effect of Temperature on Resistance and Resistivity
The resistance and resistivity of all materials changes with temperature. In general:

(1) The resistance increases with the rise in temperature in case of metals (conduc-
tor).

(i) The resisance decreases with temperature in case of insulator and semiconduc-
tor (e.g. carbon, silicon.)

Temperature Coefficient of Resistivity
If p, and p, are resistivities of a meterial at temperature ¢, and ¢, respectively, then
p,=p, (1 +00)

where, 0 = £, — 1, is the temperature difference, and a, is known as temperature coef-
ficient of resistivity.

Temperature Coefficient of Resistance
IfR, and R, are resistance of a materials at temperature ¢, and ¢, respectively, then

R,=R, (1+a,0)
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where, 0 = £, — ¢, is the temperature difference, and a., is known as temperature coef-

ficient of resistance.
o, =0, -0
where, a = coefficient of linear expansion

= aR:ap(asoc<<ap)

Example

A certain electric conductor has a square cross-section 2.0 mm on a side and is

12 m long. The resistance between its ends is 0.072 Q.

(1) What is the resistivity of the materials?

(i1) If the electric field magnitude in the conductor is 0.12 K, what is the total

current?

m

(iii) If the material has 8 x 10%® free electron per cubic metre, find the average drift

velocity under the condition of part (ii).

&= Solution
(i) Here, A=(2x103)?=4x%x10°m?
=12 m,
R=0.072Q
R=2
A
_RA
/
—6
_0.072x4x10 —24%10°Om
12
(i1) Electric field in the conductor
V. 0.12
/

V=0.12 x 12 = 1.44 volt
v _14 o
R 0.072
(iii) Let drift velocity = v,
n =8 x 10? electron/m?
Current, i=enAv,
5 i
" enA

20

T 1610 " x8x10% x4x10°°

=3.9 x 10 m/sec.
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Example

A metal ball of radius a is surrounded by a thin concentric metal shell of radius
b. The space between these electrodes is filled up with a pourly conducting ho-
mogeneous medium of resistivity p. Find the resistance of the inter electrode gap.

Analyse the obtained solution at b = .

&= Solution Let a strip of length dx, then

dx
dR =p==
pA
Here, A = 4mx?
dR = pdxz
4mx
t pdx
or R=|dR=
j ;':47tx2
_gHb _1[1_1}
4n| x|, 4nla b
R=rP (-0
4t ab
If b—
N/
4pa

Example

In the given figure, the resistivity is p and the radii are a and b. The length is L

Find the resistance of this figure.

b

& Solution Let at the distance x, the radius is . Then,

r=a+Ar :a+(b;ajx

R = [ar = [2%

B f pdx
o _-([

oo}
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Let, a+(b;ajx=z (b%ajdx:dz

z—atob
t pl d ’
R=dR=[—F—%= a
"n(b—a)z
R=[dR = pl_rdz
n(b—a)° z
__pl (l_lj
wb-a)\a b “ ! 4
_pl pl
nab nab
Example

Two conductors of arbitrary shape are embedded into an infinite homogenous
poorly conducting medium with resistivity p and permittivity & Find the value
of product RC for this system, where R is the resistance of the medium between
the conductors and C is the mutual capacitance of the wires in the presence of
the medium.

@ Solution Let us mentally import charge +¢g and —q to the conductor. As the
medium is poorly conducting, the surface of conductors are equipotential and
the field configuration is same as in the absence of the medium.

Let us surround, for example, the positively charged conductor by a closed
surface s, just containing the conductor.

Then, R—V v ,as j TTE

J] -ds IGE s

gg, | E, ds

and, C:—:L

% v
1
RC = =peg, [ p= —j
c
Example

A homogenous poorly conducting medium of resistivity p fill up the space between
two thin coaxial ideally conductivity cylinders are equal to @ and b with a <b. The
length of each cylinder is /. Neglecting the edge effects, find the resistance of the
medium between the cylinders.

@ Solution dR =p dr :pi
s(r) 2nrl

R - IdR jpdr _p b

2mrl 2n a
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vV, -V

//
o
=

S
A
=

S

Series grouping of resistance

R, = ()

equi I
V,-V,=V, -V, +V, -V, +V, -V,
=R, + IR, + IR,
=I(R,+R,+R)

2=R,+R,+R, (i)

From equations (i) and (ii), we get
R =R, =R +R, +R,

Parallel grouping of resistance:

R, = N
o= 0)
I=1+L+1

=VI_VZ+VI_VZ+VI_Vz ..(il)
Rl RZ R3
Compare equation (i) with the equation (ii), we get

1 1

LI
RO Rl R2 R3
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Example

Find the equivalent resistance between the points a and b of the network shown
in the figure.

b-

& Solution Since 2 Q and 4 Q resistances are series, therefore
R=2+4)Q=6Q

— AN\

Since 3 Q and 6 Q are in parallel, therefore R, = 3XT() =20

Hence, equivalent resistance = 6 Q2

Example
Find the effective resistance between the points 4 and B in the figure given below.

Q
30 E 3 D
F 3Q
30 c
% 30
A
30 B

&= Solution In left side, 3 O and 3 Q are the series
_6x6 3 _6x6
M6+6 646

30
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66
Similarly, R, = 6i6 =30
R, = 6x6 -20

6+3

3.3 SEAT OF ELECTOMAGNETIC FIELD

A device (or a arrangement) by which electric energy can be abored at expense of
some other form of energy. A familiar example is simple cell.

If the small charge dq is transferred from the positive to negative terminal no mat-
ter in which way, there is a loss of electrical energy because in our case

(+) -

dW_ . =dq(V,-V)

= dg x V = positive
According to our requirement, we can utilize this electrical energy in some other
form. For example, operating a motor.
For simplicity, if we connect a resistance (R) between the cell, then seat electro-
magnetic field
dW =dgV = (idt)iR = i* Rdt = dH
H=]#Rdt=|Pdt

2

P:izR:?:Vi

field

P=i’R = ;°S’ (p%) = j’Spdx

P=p/?dv
Power density, P = p;*

Example
An electric tea kettle has two heating coils. When one of coil is switched on, the
kettle begins to boil in 6 minutes and when the other is switched on the kettle
begins to boil in 8 minutes. In what time will the boiling begin if both the coils
are switched simultaneously?

(1) In series
(i) Parallel
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& Solution Heat required to begin boiling is same for every case. Let this be H.
Let R, and R, be the resistances of the coils and V be the supply voltage.

t,= 6 min. and £, = 8 min.

Let ¢_is the time when they are series and Z is the time when they are in parallel.
H = power X time

g V? : V*(R,+R
H=V—ll=—t2= v t, = ( 1 2)t,,
R, R, R, +R, RR,
2 2
> R, = VHt‘ and R, = v,
Vi, Vg

Substituting, we get H = =—
R, +R, V(4 +t,)

=> t,=t, +t,= 14 minutes
Substituting in H, we get
VZ

H= (R, +R,)t,

17%2

oy (L
=> H=V% >t
PAVT VL,

4, 6x8 24 .
ES t = = :Tmlnutes.

Pt +t, 648

Example

A fuse made of lead wire has area of cross-sectional 0.2 mm?2 On short
circuit, the current in the fuse reaches 30 4. How long after short circuit
will the fuse begin to melt? Density = 11.34 g/cc, specific heat of lead
= 0.032 cal/g/°C, melting point 327°C, resistivity = 22 x 10° Q cm, initial
temperature 20°.2.

& Solution The fuse begins to melt when temperature rises to 327°C from 20°C.
Heat required = ms0 = (Ald) s0
where, / = length of wire

If ¢ is the time, then total dissipation
-2
=2 Rt cal/sec
4.18

2 2
= (Ald)so=RE_ TPl
418 418A
4.18A%ds0
A
i’p

4.18x(0.2x102) x11.34x0.032(327 - 20)
30x30x22x10°

=0.0945
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3.4 ELECTROMAGNETIC FIELD OF THE CELL

It is define as the workdone by the mechanism operating within the cell by unit posi-
tive charge to bring it from the negative to positive terminal of cell against the elec-
tric field set up inside it. The electro-magnetic field of the cell is denoted by e.

-
|

7 = internal resistance

Cell on Discharge

From energy conservation

+) (—
A ()“C) B
H
R
ANV~
(idf) e = > Rdt + i rdlt
e=RI+7r] 12
R=g—rl )
V,-V,=g—rl
or Y:s—rl 1 3 2
iTt1e
V,-V,=e+(-1r)
or V=¢g-1Ir
e—ri—Ri=0 ()
or -VV=0
jEdrzo
1 L] 2
E<—r
3 AAM- 4
R

This is nothing but energy conservation.

€  netEMF

Hence from equation (i) 1=
r+R R

0
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Cell on charge

From energy conservation
(idt)V = (idt) € + ri*dt

V=e¢+ri
V,-V,=¢e+ri
| AR .
el Ti £ r
(i) (i) (i)
Example
a R, R, R, R, b
— | — W — W —VWA—{—{ WA ——
g, g, &, g &
r1 r2 r3 r4 r5

Find the potential difference of given figure between a and b.

& SolutonV —V, =IR +¢g +rl—-g +IR, +Ir,—e +IR, +Ir,—g + IR, +rl+e
=g te (g, te, te)+I(r +r,tr,+r,+r)+1(R +R +R, +R)

Example

In the circuit shown in the figure, the source have emf’s ¢, =1.0 Vand ¢,=2.5 V
and the resistance have the values R, =10 Q2 and R, =20 ). The internal resistance
of the sources are negligible. Find a potential difference V,— V', between the points
A and B of the capacitor C.

€, R
I 1
1T

€

1|\ ||C
1T 1]
B
I R
S2 2
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& Solution No current passes through the capacitor

=578
R, +R,

(82 —& ) Rz _

R, +R,

= 81R1 + 81Rz + 82Rz - 81R2 - 82Rl - ngz

I

Vv

A~ V=8 +

€

_ (e, —&,)R, _
R, +R,

-0.5V.

Example
Find

(i) V,-V, when switch S is open.
(i) the flow of charge through the switch after closed it.
(iii) the change of charge on each capacitor.

&= Solution

‘18V
P

—6uF

ol

A

"’\.

3Q

3uF

||||}—

(1) When switch is open
V,-V, =18V

i:

18V

(ii) ¢, =18 x 3uF
=54uC

(ii)) When the switch is closed 1= % =2A
+
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18

o

3pF =

|1

1t
(o2}

=
M

1
VWY
w

Jfo

Potential difference between 2uF is

9,-9,=9,-9,=36C

Junction Point

It is the point of a network where atleast three conducting paths meet.

Point Rule

The algebraic sum of the current meeting at a junction point is equal to zero. That is,

R R
1 2
6 —WA———wwW——§
g,
I,y I,
R3
1 I VWA~ s 4
82r2 2
R
5§ |1
|1
2 A ——| I} 3
R4 83"3 £4I‘4

From XI=0
At the junction 1 or 4,
L+L-1,=0

In figure 1 and 4 are junction points.

The point rule is nothing but the conservative of charge. According to which the
net charge reaching per second at any junction point 1 and 4 is equal to the net charge
leaving per second.
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Loop Rule (Kirchhoff’s Second Law)
In a loop at the network Xe = XIR

To apply this rule take clockwise or interclockwise sense as positive
In the loop 12341

83+84_82:Il(Rs+R4+r4+r3)+12(R3+rz)+83+84_82_11(R5+R4+r4+r3)
712(R3+r2)7(83+84782)+11 (R5+R4+r4+r3)+12(R3+r2)

Some Important Points

(1) Before applying the point rule at a junction point, indicate the different currents
meeting at the junction point. But one should not indicate all the currents leav-
ing and reaching junction point. If there are n-junction points in our network,
apply point rule at (n — 1) of these junction point.

(i) Before applying the loop rule, one should never consider such a loop which can
be obtained by the super-position of the loop consider before.

(iii) For the application of loop rule, one should never consider such a loop which
can be obtained by the super-position of the loop consider before.

(iv) Be sure that the number of equations obtain by charge of energy conservation
are not less than the unknown involves in the problem. Hence, a problem of
multiloop.

Example

Find the potential difference V, — V', between the plates of a capacitor C in the
circuit shown in the figure, if the sources have emf’s ¢ =4.0 Vand ¢ = 1.0 V" and
the resistances are equal to R, = 10 Q, R, = 20 Q and R, = 30 Q. The internal
resistance of the sources are negligible.

é I
AB
€,
R, R,
1 — +—
81
1
&= Solution
[ =L+ (1)
Applying the loop rule in 123461
g, =IR +R] ..(ii)
In the loop 16781
g, =L R, -1 R ...(1ii)
g, =R (I, [)+R, 1,

g, =R +R)L+R L ..(1v)
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R C
8 n— 5
E,L
|3
1 AN A 4
| 6
LY 2 e
|
2 il 3
From equations (iii) and (iv), we get
R e, -R e =-[,(R,R +R R, +R R))]
or 1,=—— R TR (V)
RR,+R,R,; +RR,;
L eR; —Rjg,
From equation (ii) &, =I,R, +R, -
RR,+R,R,+R R,

gR,—R e
or SI_RZI: 173 1~2 j|

=R,
RR,+R,R;+R;R,

VAva =& Ile

V -V =g — 81_Rz (81R3_R182)
AP I RR, +R,R +RSR,

=-1.0V

Example

In the circuit shown in the figure, E, F, G, and H are cells of emft’s 2, 1, 3 and
1V respectively. The 2, 1, 3 and 1 Q are their respective internal resistances.
Calculate:

(i) the potential difference between B and D.

(i1) the potential differences across the terminals of each of the cells G and H.

& Solution Arrow the current of the circuit.
Applying Kirchhoff’s Law.
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Loop ABDA:

[+2(I,-1)+2l, =2~V

or I =-21=1V
Loop BCDB:

3L+ -2(I,—-1)=2v
or =2l +6l, =2V

From equation (i) and (ii)
L =iA and I, =£A
13 13
1

= A

I 2713

-1

(i) V-V, = (29)(%) - %

(i1) The potential difference across the cell G is
V.-V, =-(3Q)i,+3V
= (3\/ - ﬁj v_.2Ay
13 13
The potential difference across the cell H is
Vo-V,=(1Q)i,+1V
19

=—V
13

Equivalent Resistor or Mixed or Complex in Network

In the network the loop ABCDA:
2IR-RL-I-1)R=0
or -[+31 -1,=0

()

...(ii)

()
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E “7'3;'2) F
R
(I=1.-1,) R R
R (|1+|2)
D > C
l, I,
(=) R
| Id B
(T

In the loop DCFED:

LR+ +L)R-2R(I-1,-1)=0
=R,
_Va=Vy

1

equi

3.5 DELTA STARTRANSFORMATION

...(ii)

(@)

(i)

...(iii)

Calculate the values of R , R, and R  from equations (i), (ii) and (iii). Similarly, cal-

culate, R, R, and R.. For example,
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R
R
R R
R
d
R R
2R
R
F
R/2
R/2
d
R
a
3.6 R.C. CIRCUIT
Charging of a capacitor
Att:0,q:0—a+%+iR:0
—a+1+ﬂR=0
C dt
q t
= I dq :—Lj.dt
~Ce—qg  RCy
*q-q
1
iR
1
|
€
]nCS—q:_L
Ce RC
_t
Ce—g=Cege RC

()
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At t=w

9=q,,=Ce
Hence equation (i) becomes

4= G (1—&%}

where, T = RC = Time constant,

qmax

0.63

/t

Differentiating with respect to time of equation (i), we get

t

. & = .
i=—eRe ...(i1)
R
Att=0
i=i =2
max R
t
Here, i=i e’

Discharging of Capacitor

After charging, the switch is the connected to point 2.

Att=0,9=gq R-9 -0 +q,
max C q q

4 C
or R_q = 1

dt C

R

. t 1

Integrating, I 9q =———|dt
Ima q RC
qmax RC
4= G ©

Example

In a circuit shown in the figure the capacitance of each capacitor is equal to C
and the resistance R. One of the capacitors connected to a voltage V, and then at
the moment 7 = 0 was shorted by means of the switch Sw. Calculate
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22N

(1) a current I in the circuit as function of time 7.
(ii) the amount of generated heat provided a dependence 7 (7) is known.

<&~ Solution

(i) At =0, the switch is open to 2

—d(q—4q,) _dq _, m
dt dt MW
= i—u-i- iR=0 qO_q:: ::q
C C —-q
/.
= 2_q_q_0+d_qR:0
CcC C dt
= ﬁR: qo_zq
dt C
-2
= J.—dq :Ljdt = lln —qo 9 :_L
9,—2q9 RC 2 9, RC
2t
= mM:_i = CIO—ZC] =e RC
9 RC 9
_ﬁ l _ﬁ
= 90 =29 =qpe * qZEEIo[l_e RCJ
1 2 X P 2
izﬁ =—-q,——e R =CV;-—e X :&e RC
dt 2 RC RC R

(ii) Heat, H = i2dt

4t

t 2 \? 2 4 2| "RC
_ (Y “RC _ % “RC _V_O e _l 2
= _([[Ee ] Rdt = J'Fe Rdl = R 4 = 4 C‘/0

RC

Example

A capacitor of capacitance C = 5.0 p F is connected to a source of constant emf
= 200 V as shown in the figure. Then, the switch Sw was thrown over from
contact 1 to contact 2. Find the amount of heat generated in resistance R, if
R, =330Q
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& Solution When connected to 1,

(a2}

. . 1
Energy stored in capacitor = —Cg’

When connected to 2
The energy stored is distributed of heat proportional to R, and R...

Heat liberated in R, = leg— R _6omy.

R, +R,

3.7 ELECTRICAL INSTRUMENTS

Ammeter: Ammeter is connected in series in a circuit.
In the absence of ammeter

€ .
Iy =— ...(1)
£ R
@ rd
RA
In presence of ammeter
. € ..
i= .
R+R, @

For I=iQ
R, <<R
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Shunt:
From figure i :ZR—g l Ry
* R +R, S
. __iR,
¢ R, +R, '
R
f-;z_g VW
i, R, R$
R
= l%+1=—g+1 R
Iy R, | 2 o
€
i R, +R, \_@_‘
- TR ,
g s
R, =R
s n—l

When the shunt is connected in galvanometer, maximum current passes through the
shunt, because shunt resistance is small. Thus, save the galvanometer for large cur-
rent measurement.

Voltmeter: In the absence of voltmeter
i=—
R
In the presence of voltmeter
&
RR,
R+R,
V,-V,=iRatiR=i R,s0i=i
RR,
R+R,

R

£+1

v

Since R, is very large, therefore

=

or =R

R
RV
or R, =

Hence voltmeters are connected parallel in the circuit.

Example

A battery of emf 1.4 V" and internal resistance 2 Q) is connected to a resistor
of 100 Q resistance. In order to measure the current through the resistance
and the potential difference across its ends, an ammeter is connected in series
with it and a voltmeter is connected across its ends. The resistance of ammeter
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is 4/3 Q and that of voltmeter is 200 Q. What are the readings of the two instru-
ments? What would be their reading if they were ideal instrument?

€
RR,
R+R,

&= Solution [ =
r+R, +

B 1.4
~100x200 4
——+—+2
100+200 3

=0.02A
Hence the current through the ammeter is 0.02 A.
Reading of voltmeter = P-d across its terminals

R+R,
20.02(100x200j
100 +200
=ivolts
3
e e
®
W

If the ammeter and voltmeter would have been ideal, then
R,=0andR,=o

e 14 14
r+R 100+2 102

The reading of voltmeter = IR

The reading of ammeter =

_ 14 00=137V.
102

Potentiometer

We already know that, when a voltmeter is used to measure potential difference,
its finite resistance causes it to draw a current from the circuit. Hence, the potential
difference which is to be measured is changed due to the presence of the instrument
itself. Potentiometer is an instrument which allows the measurement of potential dif-
ference without drawing current from the circuit being measured. Hence, it acts as an
infinte resistance voltmeter.
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The resistance between A and B is of uniform wire of length /, with a sliding
contact C at a distance x from B. The potential difference V is measured by a sliding
contact until the galvanometer G reads zero. The no deflection condition of galva-
nometer ensures that there is no current through the branch containing G and po-
tential difference is to be measured. The length x for no deflection is called as the
balancing length.

Vs =V Pd to be measured.
If A is the resistance per unit length of AB, then
RCBVAB o >\‘x

V=Vgu= R ﬁ AB

V:(hjx
/

Potential to be measured = (potential gradient in wire AB) x (balancing
length)

AB

Example

A battery of emf 4V is connected across a 10 m long potentiometer wire having
a resistance per unit length 1.6 Q m™. A cell of emf 2.4 V'is connected so that its
negative terminal is connected to the low potential end of potentiometer wire and
the other end is connected through a galvanometer to a sliding contact along the
wire. It is found that the no-deflection point occurs against the balancing length
of 8 m. Calculate the internal resistance of the 4 V' battery.

& Solution The emf of the cell is the potential difference to be measured.
emf of cell = (potential gradient) x

or 2.4=hx:hx8
/ 10
V,, =3 Volt
g r
{} ANV
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_E
r+R,;

or 3=(ij(l.6x10)

But

VAB R AB

r+1.6x10

r=EQ.
3

Note that as there is no deflection in the galvanometer, so that battery E, internal
resistance r and potential wire AB are is series.

Wheatstone Bridge Network

The circuit shown in figure is called as Wheatstone bridge network. It can be shown
by solving the circuit that the current through the resistance R becomes zero if the
following condition are satisfied:

R _R
R, R,

In that condition, A and B are at the same potential and, hence a galvanometer
connected in series with R will not show any deflection. If the above condition is
satisfied, the network is called a balance network.

Metre Bridge

The Wheatstone network is used to determine unknown resistances. The metre bridge
is an instrument based on the balancing condition of the wheatstone network. The
resistances R and R, are two parts of a long wire (usually 1 m long) PQ. The por-
tion PA of the wire offers resistance R, and the portion QA offers resistance R,. The
sliding contact at A is adjusted so that galvanometer reads zero. In the no deflection
condition,
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R _X
R, R

x] R]
LA LAY
Left gap Right gap

If R is a known resistance, then X can be measured by measuring the lengths
[ and L.
1 2

Example

Two unknown resistances X and Y are placed in the left and right gaps of a
metre bridge. The null point in galvanometer is obtained at a distance of
80 cm from left. A resistance of 100 Q is now connected in parallel across X.
The null point is then found by shifting sliding contact towards left by 20 cm.
Calculate X and Y.

&= Solution

80 cm 20 cm
[v] [v]
X LY
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From first null point

X 80

Y 20

60 cm

40 cm

[

<

(i)

From second null point

100X
100+ X :@
Y 40

...(i)

From equations (i) and (ii), we have

Xz% QandY:%Q

WORKED OUT EXAMPLES

1. Find the equivalent resistance between
points A and B of the circuit shown in the
figure.

& Solution From the figure the current distribution
of each branch is as shown below.
Applying Kirchhoff’s Law in the loop
abef and bcde:

f r e () R d
|1
A B
o——f |3 r
I+,
a | R b

(L) T c
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IR-Lr-ILr=0
or rI[-RL+r[=0 ...(1)
or L+L)r-0,-1)R+Lr=0

or  —RI+Lr+Q@2r+R)L=0 ...(ii)
Then, the equivalent resistance
R. = VA — VB
I S
A -LR ...(iii)
I +1,
From equations (i) and (ii), we have
rl, = RL, =7l ..(1v)

Rl +7,=-2r+R) L, (V)
Multiplying equation (iv) by R, equation (v)
by » and adding, we get

-R*L+7r 1, =(mRI,-2r-rR) L,

2 +2rR
TR
_ 2r(r+R) L= 2r I
R+1)(R-r)° R-r’

or I, I,

From equation (v), we get

2r

—-r

2R
b= (R—JI

or I, = (?j I,
-r

From equation (iii), we have

P REP (RE R
R = R—r R-r

o R+r 2r
+ I,
R-r R-r
_r(R+r)+2rR
R +3r

R _|:r(r+3R)}
| R+3r

I, -R

2. Four resistances carrying a current as
shown in the figure are immersed in a
box containing ice at 0°C. How much ice
must be put in the box every 10 minutes
to keep the average quantity of ice in box
constant? Latent heat of ice is 80 cal g'.

5Q 10Q

10Q 50

& Solution The equivalent resistance
5x10 5x10 100
0 = + = Q
5410 5+10 15

Heat =1 R¢
=10><10><mx10><60
15
=4 x10° (1)
Heat gain by ice = mL
=mx80x4.2 ...(ii)
From equations (i) and (ii), we get
mx80x42=4x10°
4x10°
m=
80x4.2
_ 10x10x10x10x10 ~1190g.
20x4.2

3. What amount of heat will be generated
in coil of resistance R due to a charge ¢
passing through it, if the current in the
coil decreases down to zero uniformly
during a time interval A ¢?

& Solution It is very simple and basic problem
from the point of view of Physics, but its
mathematical analysis is interesting.

As the current decreases uniformly the
current (i) should be the linear function of
time (2) like

i=i +kt (1)
where, i is the initial current and & is some
constant.
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From the first condition of problem
i=0atr=Ar
Hence from equation (i),
iO

At

i .
z—zo[l Atj ...(11)

Similarly, from the second condition

At
q= Iidt
0
At .
At
= [, [l—L)dt =l
0 At 2
Hence, i, _24
At

Putting it in equation (ii) we get the original
linear equation of current varying with time as

290t
At At

Hence, the sought amount of heat liberated
through the coil of resistance R,

....(iiii)

H=[#2Rdt
or H= qu[l——j Rt
A
_49’R
3 At

In the above problem the variation of current
may be given in some another way, for exam-
ple the current decreases down to zero having
its value every A ¢ seconds.

In this case obviously the variation of cur-
rent with time becomes

t

. .(1)&
1=1| —
2

4. Find the emf (V) and internal resistance
(r) of a single battery which is equivalent
to a parallel combination of two batteries
of emf V, and V, and internal resistance

r, and r, respectively, with polarities as
shown in the figure.

A i}
I’2 V2
+ o—— ———o —
A B
L

r
1 1

& Solution Applying Kirckhoff's loop rule to the
loop abcda,
we get
=Ir,+V,+V -1r, =0
potential

VAB=—V2+Ir2(orVAB=V1—Ir)

11
nt+r,

_ V=V, 5, + Vi, + V,r,

K+r
_V]FZ—VZV]
n+n
|
ar—>—wWw——F—b
r v,

+ o— F—o —
A B
dbes—wn—}—c

r V

1

The emf V of a single equivalent cell will be
equal to V, . Its internal resistance is given as

R=r, [ r,

— rlrl

rtr,
5. In the circuit shown in the figure, the
battery is an ideal one, with emf V.

The capacitor is initially uncharged. The
switch § is closed at time 7= 0.
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S A R

J

Il
11
(@]

sR

AW
R B

(i) Find the charge O on the capacitor at
time t.

(i1) Find the current in AB at time ¢. What
is its limiting value as ¢ — o0?

<&~ Solution

(1) Atz — 0, switch is closed.
Applying Kirchhoff's law loop rule to the

loop abdea:
b | Az R d
V= I1
R, L
R
a W f c
q -
V-LR-=—(,+[,)R=0
C
or 2RIZ+RII+%:V (i)

In loop cdefc:
12R+%—11R=o ...(ii)

Eliminating I, from equations (i) and (ii),

we have
3RI, + 2_q =V
C
or 3R@ = (V 2—qj
dt C

Let, V—2—q=z
C

2
or ——dg=dz
C q

z —)VtoV—g
C

2Q
EJ' cdz__ 1 dt
29y z 3R
v-200C_ -2

rol =—
A% 3RC

or —_—=e

(ii) Current, I, =—=——e

From equation (ii),

I =1, +&
RC

2t 2t
Ve V) e
3R 2R

VoV

3RC

T2R6R

Finally, 1M :% (This is to be ex-

t—oo

pected as the capacitor is fully charged.)

6. Find the equivalent resistance of the
network shown in the figure between the
terminals 1 and 2.

R
VWA 0D
R R
R
3 4
R R
10 A
R
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@ Solution This is the familiar problem, which
can be solved using Kirchhoff’s rule. Here,
the problem is going to be simplified using
Delta-star Transformation. Before going
through the solution, let us understand
this Delta-Star Transformation. This

figure (a) and (b) show the Delta and Star
respectively.

For obtaining the expression for equiva-
lent we first derive expression for resistance
between points of terminals and then equat-
ing the expression for resistance of the cor-
responding terminals of two circuits.

Now for Delta Configuration, the equiva-
lent resistance between a and c,

R, R,

‘ R+R , +R,

Rl R3
" R,+R,+R,
_ R, R,
° R,+R,+R,
The given network can be reduced in the form
as shown using series and parallel grouping.

2 2

R 2R R/4 R/2

R/2

Using Delta-Star Transformation, the
figure (¢) can be reduced to figure (d). Now
the reduced network is very simple and us-
ing series and parallel grouping, the equiva-
lent resistance between terminal 1 and 2

becomes % R.

7. A circuit shown in the figure has resis-
tances R, = 20Q and R, = 30Q. At what
value of the resistance Rx will the thermal
power generated in it be practically inde-
pendent of small variations of that resis-
tance P. The voltage between the points
A and B is supposed to be constant in
this case.

R,$ ;Rx

Be

& Solution The equivalent resistance between
the point

R, =R, +—Rz R,
R, +R,
IR I,
A VWA
(=)
Vv R,3 3R,
B

Power generated by R =1° R

From the figure, 1=

R, +
R,

v
RR

* R+R
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2

VR, R
RR,+RR_+R,R, !

P, =R, {

dP
% (VR [RR,* RR, + RR)

2(RR,+RR +RR)[R +R)R ]

For maximum value

dP,__,
Rx

or  RR,+RR RR =2(R, +R)R

R,R, 20x30 _
20+30

or R = 20 Q

" R, +R,

8. At what value of resistance R_in the
circuit shown in the figure will the total
resistance between points 4 and B be
independent of the number of cells?

2R R 2R 2R
A e e MA-

&~ Solution Total resistance of the circuit will be
independent of the number of cells.

2R A

Ae—ry

R R =2R

r (R +2R)R

If .
R +2R+R
or R?+2RR -2R*=0

On solving and rejecting the negative root of
the quadratic equation, we have

R, =R(y3-1)

9. At the temperature 0°C, the electric resis-
tance of the conductor 2 is n times that

of conductor 1. Their temperature coeffi-
cients of resistance are equal to o, and o,
respectively. Find the temperature coef-
ficient of resistance of the circuit segment
consisting of these two conductors when
they are connected

(i) in series

(i1) in parallel

&~ Solution
(i) Let after time ¢, the resistances
and R =R (1+a Af)

Now R, =R, (1+a,A?

R=R +R,
=R, (1 +a, A)+R, (1 +a,A?)
=R, TRY[1+aA (1)
According to the problemR , = nR
...(ii)

From equations (i) and (ii)

R, (1+a, A +nR  (1+a,A)=(R
+nR) (1+aAr)

or l+o, At+ntna,At=1+aAt

+tnt+tnoaAt
o, +na,

or o =——=
1+n

(il))  In parallel combination
_ Ry d+an)nR; (1+0,1)

R, (A+at)+nR(1+0,)

=R (1 +a't)
where, R’ :n—RO
1+n

Now neglecting the terms proportional to the
product of temperature coefficient, being very
small, we get

oty

’

1+n

10. The resistance of a moving coil galvanom-
eter G is 25 ohms and it deflects full scale
with a current of 0.01 amperes. Find the
magnitude of resistances R, R, and R, to
convert the galvanometer into a multi-
range ammeter deflecting full scale with
currents 10 amp, 1 amp and 0.1 amp.
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@
©
R, R, R,
A AW A
[¢] [¢]
10A 1A 0.1A

&~ Solution In a galvanometer

I, S

i G+S

001 R, +R,+R; 1

0. G+R,+R,+R, 10

or  G+R +R,+R,=10(R,+R,+R)
or G=9(R +R,+R)=25

R,+R,+R; =§

or

i
i G+R,+R,+R;
_001_ 1
1 100
or  100(R, +R)=G+R +R, +R,

2542220
9 9

250
I{1 +R2 :%

L R
i G+R +R,+R,

011

10 1000
or  1000R,=G+R, +R,+R,

_o5y 2 20
9 9

250 1

" 9000 36

_250 _
900 !
B 1 1,
90 36 4

and R,=(R,+R,+R)- (R, +R,)
_25 25 25 5
90 90 90 2

11. An a meter bridge circuit, the two resis-

tances in the gap are S ohms and 10 ohms.
The wire resistance is 5 ohms. The emf of
the cell connected at the ends of wire is
5 volts and its internal resistance is 10 ohm.
What current will flow through the galva-
nometer of resistance 30 ohms if the con-
tact is made at the mid-point of wire?

50 \ 10Q
G
A / B
I
5V r=10Q
<&~ Solution

The distribution of currents is shown in the
figure. Applying Kirchhoff’s law to closed
mesh (1), (2) and (3), we have

(i-i,)5Q (--i-I) 100

5(—i)x30i -2ior5i-7i+30i =0
(1)
or  10(i—i—i)—2(i+i)-30i =0
or  10i-19/-42i =0 ...(ii)
20 +2( +i)+i=5

or 4 +2i +i=5 ...(iii)
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From equations (i) and (ii)
or 12i, +42i =14i - 601

g 1 g

102i =2i
g 1
or i, =51i, ...(1v)
From equations (ii) and (iii)
10i—-42i =15-3i-61

g g
or 13 i:36ig+ 15 (V)
Substituting equations (iv) and (v) in equation
(iii), we get
36i, +15
4(51i)+2i, +—F——=
36i, +15 _s

13
or  2652i +26i +36i +15=065
or 2714 i,= 50
P I
£ 1357

12. Find the resistance of wire frame shaped

as a cube shown in the figure when mea-
sured between points

or 204ig+2ig+

i 1-7
(i) 1-2
(i) 1-3
The resistance of each edge of the frame is R.
6 7
2 3
8
5
1 4

&= Solution

(1) The current are as shown.

From Ohm’s law applied between 1 and 7
via 1487 (say)

Then, R, = SR
6
|
3 |
6 3 7
| !
6 3
29> 3
(I N
= = |
6 6 AN
I\ > '
3 5 | 1
[ 6 67 1
3 6
| A1 f 4
3

(il)) From Ohm'’s law applied between 1 and 2
from the loop 14321

I[R=2[LR+IR
or [ =1,+21 .(1)
From the loop 48734
L-T)R+2 (1, -L)R+(I,-T)R=
LR
or 4(I,-1)=1,

4
or I, :glz
) 14
e :?Iz

So, from equation (i),

(L+2Rng=%§gRe

q

14
=IIR=?IZR
or R, :lR

‘12
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T
, /.
<
2 ! >
2
0k A 2(-1,)
| (|2_|3)
A N
1 5 > X 8
|2 (|2_|3)

1 N

| +21, | 4

(iii) From Ohm'’s law applied between 1 and
3 from the loop 15621

LR=IR+1R
2
|
or [,=3-1
2

Then, (I, +2L)R, =4I R_
=LR+IR
=3IR

Hence, R :ER
eq 4

6 2 7
Y
(0] L
¢ 3
? b
2 A li
Al 2
2 Al
|2 AN |1 5 |> 8
A
2 (0]
1 >
) 4
1,+2l,

SOLVED OBJECTIVE TYPE QUESTIONS

1. In a gas discharge tube if 3 x 10'® electrons

are flowing per sec from left to right and
2 x 10" protons are flowing per second
from right to left through a given cross
section. The magnitude and direction of
current through the cross section will be
(a) 0.48, left to right
(b) 0.48 A, right to left
(c) 0.80 A, left to right
(d) 0.80 A, right to left

& Explanation Since current is rate of flow of

charge in the direction in which positive
charge will move, then

n(.’ q(’,

current due to electron will be i, =

=3x10%x1.6x10"7=0.48A

(Opposite to the motion of electrons i.e., right
to left)

n/)q[’ :2 X 1018 X

Current due to protons, i, =
1.6 x 107"

=0.32 A (Right to left)

total [ =i + i

=0.48 +0.32 =0.80 A (Right to left)

2. In the network shown, each resistance
is equivalent to R. The equivalent resis-
tance between points 4 and B is

R 2R
(a) ? (b) T
© R @ %R
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<@~ Explanation If a potential is applied across A
and B, due to symmetry, the points C, O and
D will have same potentials. We can therefore
join all these points without affecting current
in any branch. The network then reduces to
Equivalent resistance,
R R 2R

R =—+—=—
“ 3 3 3

@)

C.D

= lo[ ] g
— A LJopl T

3. Three voltmeters A, B and C, having
resistances R, 1.5 R and 3R, respectively,
are connected as shown. When some
potential difference is applied between X
and Y, the voltmeter readings are V,, V,
and V_ respectively. Then
(@ V,#V, =V, (b) V,=V, =V,
(€) Vy=V, =V, d V, =V, =V

=)
X A B) y
— — ——e
©

<&~ Explanation The division of current I into the
two parallel branches will be as shown,
V, = IR

\A =(£jl.5R -IR
3
\A :(§j3R =R

VA:VB:VC

4. Two cells of unequal emfs ¢ and ¢,, and
internal resistances r, and r, are joined
as shown. V, and V, are the potential at
A and B respectively. Then

+ 80Ty
L

¥
2’ r2

|

€

(a) One cell will continuously supply
energy to the other.

(b) The potential difference across both the
cells will be equal

(c) The potential difference across both the
cell will be greater than its emf.

(d) All of these

& Explanation Let e, <e,

)
h+n

Current in the circuit, i =

V,—V,=¢,+ir,= potential difference across
eachs cell.

Here V, -V, >¢,.

Current flows in the cell of emf ¢, from the
positive plate to the negative plate inside the

cell and hence it absorbs energy.

5. An electric bulb rated for 500 W at
100 Vis used in a circuit having a 200
supply. The resistance R that must be put
in series with the bulb, so that the bulb
draws 500 W is
(a) 100 Q
(c) 20Q

(b) 50 Q
(d) 10Q

& Explanation For the bulb to draw 500 W,
there should be 100 V applied across it. The
remaining 100 V should be dropped in the
series resistance R.

Now, the current in the bulb is given by
P=VlI
1= £ _300_
V100
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@500 W

100V

200V

Since same current flows through R, therefore

R=L-19 50
I 5

6. The magnitude of momentum of elec-
trons in a straight wire of copper of
length 1 meter carrying a current of
16 ampere will be
(a) 14.56 x 102 kg m sec™
(b) 29.12 x 1072 kg m sec™
(c) 18.2 x 10" kg m sec
(d) 91 x 102 kg m sec™

<" Explanation If » is the number of electrons
per unit volume, then total number of free
electrons = nLLA
Hence Total mass of the electrons = nLAm,
Total momentum of electrons = nLAm_x V

I
=nLAm_ x —
e

_1x9.1x107' x16

L 6x107 =91x10"%kg sec™
.OX

7. A wire of length L and 3 identical cells
of negligible internal resistances are con-
nected in series. Due to the current, the
temperature of the wire is raised by AT
in a time 7. A number N of similar cells
is now connected in series with a wire of
the same material and cross-section but
of length 2L. The temperature of the wire
is raised by the same amount AT in the
same time 7. The value of NV is
(a) 4 (b) 6
(c) 8 (d 9

& Explanation In the first case, i = 3?]5

where E is the emf of each cells and R (oc L)
is the resistance of the wire.

Also > Rt =m.s.AT ..(1)

where m = mass of L length of wire and S is
the specific heat of the material of the wire

NE
In the second case, i’ = 7

where R’ oc 21
and i”? R't=m's.AT ..(il)
Dividing equation (ii) by equation (i), we

have
[L’M&j_ﬂ'
i R m
N* R w
= -
9 R m
2
N N1,
9 2
= N=6

8. Acelectric current of 16 A4 exists in a metal
wire of cross section 10-° m” and length
1m. Assuming one free electrons per
atom, the drift speed of the free electrons
in the wire will be (Density of metal =5 x
10° kg/m?, atomic weight = 60)

(a) 5% 103 m/s (b) 2 x 1073 m/s
(¢) 4 x 1073 m/s (d) 7.5 % 103 m/s

& Explanation According to Avogadro’s
hypothesis

N_m

N, M

So, n=Non, MmN
A\ VM M

Hence total number of atoms,

23 3
_ 6x10 ><5>3<10 —5%10% /m°
60x10"
As I=n_eAv,
Hence drift velocity,
1
V,=——
¢ neA
16 =2x10"m/s

T 5x10% x1.6x10 " x10°

3.4
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9. The effective resistance between points
P and Q of the electrical circuit shown in
the figure is

2Rr 8R(R+7r)
a b) —/——~ "/
@ R+r ®) 3R+r
(c) 2r+4R (d) %—iﬂr

<" Explanation From symmetry, the equivalent
circuit reduces to as shown in the figure.
2Rr

“ T (R+r)

10. A 100 ¥ bulb B, and two 60 W bulbs B,
are connected to a 250 V source, as shown
in the figure. Now W, W, and W, are the
output powers of the bulbs B, B, and B,
respectively. Then

@31 @BZ
@

250 V

(@) W, >W, =W,
(b) W, >W,>W,
() W, <W,=W,
(d) W, <W,<W,
& Explanation Voltage across bulb B, will be less

than that across B,
W, <W,

UNSOLVED OBJECTIVE TYPE QUESTIONS

1. Astraight conductor AB lies along the axis
of a hollow metal cylinder L, which is con-
nected to earth through a conductor C. A
quantity of charge will flow through C,

A

B

(a) if a current begins to flow through AB
(b) if the current through AB is reversed

(c) if AB is removed, and a beam of elec-
trons flows in its place.

(d) if AB is removed, and a beam of pro-
tons flows in its place.

2. The current in the resistance R will be
zero if

E r

1 1

I
.
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(@ Er, =Epr,
E FE

(b) =22
oo

1
() (E,+E)r =Epr,
(d) (El - Eg) rl = Ezrl

2

. A battery of emf 10 V' and internal resis-
tance r = 10, is connected to an external
resistance R = 4 ). What should be the
value of R so that the voltmetre reads
half the value it reads in the previous
case when connected across R?

(a) %Q (b) 1Q

2
() 2Q (d) 3 Q
. In a given circuit, R, # R, but the reading
of the voltmetre is same with switch S
open or close, then

(a) IR2 =1y
(©) IR3 =1y
. Find the equivalent resistance between A
and B of the given circuit.

(d) none of these

A
2Q 20
$20
2057
20
B
(a) 2Q (b) 4Q
©1Q (d) none of these

. In an household electric circuit,
(a) all electric appliance drawing power are
joined in parallel

5V

(b) a switch may be either in series or in par-
allel with the appliance which it controls

(c) if a switch is in parallel with an appli-
ance, it will draw power when the
switch is in the ‘off” position (open)

(d) if a switch is in parallel with an appli-
ance, the fuse will blow (burn out)
when the switch is put ‘on’ (closed)

All resistance shown in circuit are 2 Q
each. The current in the resistance
between D and E is

A AW B
c D E
F c H
(@) 5A (b) 2.5A
() 1A (d) 7.5A

The current in 1 Q resistance and charge
stored in the capacitor are

1Q 2Q
AW

Lav
40 é - 2“F ==x\Y

3Q
A

(a) 5A 10 uC
(c) 4A, 12 uC

(b) 7A, 12 uC
(d) 6 A, 6 uC

In the given, at time ¢ = 0, switch S| is
closed. When steady state is reached,
switch §, is again opened. Find the cur-
rent through resistance R, at the instant
when switch S, is opened.
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10.

11.

12.

E E
@ = () §,
E ExR
©) R+R, @ (R+R)R,

In the given circuit, R, =10 Q, R, =6 Q
and £ =10 V. Then

(a) Effective resistance of the circuit is 20 Q

(b) Reading of A is % amp.

(c) Reading of A, is % amp.
(d) All of these

In the given circuit, it is observed that
the current 7 is independent of the value
of the resistance R. Then the resistance
values must satisfy

(a) RRR

172775

=R,R R,
1 1 1

(b) L+—+ +
R, R, R, +R, R,+R,

(c) RR,=RR,
(d) RR,=RR,=RR,

In the circuit shown, the potential

10V 20V
P J ] Q
0.5Q 10
7.5Q 10
S R

“—1®

13.

(a) atPis—75V
(b)atQis—1V
(c) at s is zero
(d) all of these

A capacitor C is connected to two equal
resistances as shown in the figure. Then

s, R

AMAAMA———

14.

15.

(a) at the time of charging of capacitor time
constant of the circuit is 2 CR

(b) at the time of discharging of capacitor
time constant of the circuit is CR

(c) at the time of discharging of the
capacitor the time constant of the circuit
is 2 CR.

(d) at the time of charging of capacitor, the
time constant of the circuit is CR.

In the network shown in figure, each
resistance is R. The equivalent resistance
between 4 and B is

A B
20 19
8 R
(¢ ER (d) 5

In the network shown, points A, B and
C are at potential of 70 V, zero and 10 V
respectively, Then
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16.

17.

18.

B(0 V)
A D, 300
c(10V)

(a) point D is at a potential of 40 V

(b) currents in the sections. AD, DB, DC
areintheratio3 :2:1

(c) network draws a total power of 200 W.

(d) all of these

In the given circuit, with steady current,
the potential drop across the capacitor
must be

v R
|—/W\/\/\/\_
V, ¢
I 17
2V 2R
——— W]
(@ V b) %
A\Y 2V
© 3 @ =

A capacitor charges from a cell through a
series resistance. The time constant of the
circuit is 7. The time taken by the capaci-
tor to collect 10% of its final charge is

(a) T/ (0.1) (b) t/, (%}

© 1, (%j @ (%j

The given network is a part of a bigger
network. Determine the value of current

flowing in resistor R..

1,= 5A

(a) 9A
(b) 8A
() 7A
@ 1A

19. When the switch is closed, the initial cur-
rent through the 1 Q resistor is

1Q
— 6 p—
12V ¢
3Q
s
(@) 12A (b) 4 A
(c) 3A (d) %A

20. In the circuit shown in figure, the capaci-
tors are initially uncharged. The current
through resistor PQ just after closing the

switch is
12V 10
-~ A~
I P [
2uF 4uF

60
Q

(a) 2AfromPto Q
(b) 2 A from Qto P
(c) 6 A fromPto Q
(d) zero

21. The two ends of a uniform conductor are
joined to a cell of emf € and some internal
resistance starting from the midpoint P
of the conductor, we move in the direc-
tion of the current and return to P. The
potential }V at every point on the path is
plotted against the distance covered (x).
Which of the following best represent the
resulting curve?
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(a)

(b)

(©)

(d)

X—>

X—>

X—>

X—>

22,

23.

24,

The electron in a hydrogen atom moves

in circular orbit of radius 5 x 10" m with

a speed of 0.6 w x 10° m/s, then

(a) frequency of the electron is 6 x 10%
rev/s

(b) electron carries 1.6 x 10" C around the
loop

(c) current flows in the opposite direction
to the direction of the motion of elec-
tron.

(d) all of these

If a copper wire is stretched to make it
0.1% longer, the percentage change in its
resistance is

(a) 0.2% increase (b) 0.2% decrease
(c) 0.1% increase (d) 0.1% decrease

When an electric heater is switched on
the current flowing through it (i) is plot-
ted against time (7). Taking into account
the variation of resistance with tempera-
ture, which of the following best repre-
sents the resulting curve?

-

(2)

t——

(b)

t——>
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25.

26.

(©)

t——>

(d)

t——

The mass of the three wire of copper are
in the ratio 1 : 3 : 5, and their lengths are
in ratio 5 : 3 : 1. The ratio of their electri-
cal resistances is

(@ 1:3:5
(b)5:3:1
(¢) 1:15:125
(d) 125:15:1

A battery of 10 volts is connected to a
resistance of 20 ohm through a variable
resistance R, the amount of charge which
has passed in the circuit in 4 minutes, if
the variable resistance R is increased at
the rate of 5 ohm/min.

(a) 120 coulomb
(b) 120 log, 2 coulomb

©

coulomb
log,2

coulomb

d
@ log, 2

27.

(@

(®)

(©

(d

/@\

1 //r\
&

el

;/
<)
&

)
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28.

29.

In the circuit shown in A4, the galvanom-
eter shows zero deflection The resistance
Fs Iy ¥, and r, are now rearranged in
three different ways, shown in B, C
and D. The golvanometer will show zero
deflection in

(a) B only

(b) C only

(¢) Band D

(d) B,Cand D

Two resistances, R, and R,, are joined in
parallel to a source of emf of negligible
internal resistance. The power developed
in R, is P. If R is now removed, the
power developed in R, will be

(a) greater than P for all values of R, and R,
(b) less than P for all values of R and R,
(c) P for all values of R and R,

(d) Ponlyif R, =R,

An ideal cell is connected to a capaci-
tor through a voltmeter. The reading V'
of the voltmeter is plotted against time.
Which of the following best represents
the resulting curve?

-

(2)

t——

(b)

t——>

30.

(©)

t—

(d

t——>

The figure shows a potentiometer arr-
angement. D is the driving cell. Cis the cell
whose emf is to be determined. AB is the
potentiometer wire and G is a galvanom-
eter. Jis a sliding contact which can touch
any point on AB. Which of the follow-
ing are essential condition for obtaining
balance?

1D
L

C
[]
L

&
@

(a) The emf of D must be greater than the
emf of C.

(b) Either the positive terminals of both D
and C or the negative terminals of both
D and C must be joined to A.

(c) The positive terminal of D and C must
be joined to A.

(d) The resistance of G must be less than
the resistance of AB.
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ANSWERS

1. (c,d) 2. (b) 3. (d) 4. (a) 5. () 6. c,d) 7. (b) 8. (b)
9. (c) 10. (d) 11. (c) 12. (d) 13. (cd)  14. (d) 15. (d) 16. (c)
17. (c) 18. (¢) 19. (b) 20. (d) 21. (b) 22. (c) 23. (a) 24. (b)
25. (d) 26. (b) 27. (d) 28. (c) 29. (b) 30. (a)

PRACTICE EXERCISE 1

1. The walls of a closed cubical box of edge a resistance of 1.5 ohm is connected

50 cm are made of a material of thickness
1 mm and thermal conductivity 4 x 10~
cal s em™ (°C)\. The interior of the box is
maintained 100°C above the outside tem-
perature by a heater placed inside the box
and connected across 400 V" dc. Calculate
the resistance of the heater. [IIT, 1971]
[Ans. 6.35 Q]

. Three equal resistors connected in series
across a source of emf together dissipate
10 watt of power. What would be the
power dissipated if the same resistors
are connected in parallel across the same
source of emf? [IIT, 1972]
[Ans. 90 watt]

. (a) A galvanometer having a coil resis-
tance of 100 ohm gives a full scale
deflection when a current of one milli-
ampere is passed through it. What is
the value of resistance which can con-
vert this galvanometer into ammeter
giving a full scale of deflection for a
current of 10 ampere?

(b) A resistance of the required value is
available but it will get burnt if the
energy dissipated in it is greater than
one watt. Can it be used for the above
described conversion of the galva-
nometer?

(c) When this modified galvanometer is
connected across the terminals of
battery, it shows a current 4 amp.
The current drops to 1 amp. When

in series with modified galvanometer.

Find the emf and internal resistance

of the battery. [II'T, 1972]
[Ans. (a) 0.01 Q, (b) Yes, (c) 0.49 Q]

. A wire of resistance 0.1 ohm cm™ is bent

to form a square ABCD of side 10 cm.
A similar wire is connected between the
corners B and D to form the diagonal BD.
Find the effective resistance of this combi-
nation between the corners 4 and C. If a
2V battery of negligible internal resistance
is connected across 4 and C, calculate the
total power dissipated. [IIT, 1971]
[Ans. 4 watts]

. Agalvanometer together with an unknown

resistance in series is connected across two
identical batteries each of 1.5 V. When
the batteries are connected in series, the
galvanometer records a current of 14,
and when the batteries are in parallel,
the current is 0.6 4. What is the internal
resistance of the battery? [IIT, 1973]

[Ans.l Q}
3

. Two heater coils made of same mate-

rial are connected in parallel across the
mains. The length and diameter of the
wire of one of coils are double that of
the other. Which one of them will pro-
duce more heat? [II'T, 1973]
[Ans. More heat will be produced in the
second coil.]
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7.

10.

An electric current of 5 amp. is divided in
three branches forming a parallel combi-
nation. The length of the wire in the three
branches are in the ratio 2, 3 and 4. Their
diameters are in the ratio 3, 4 and 5. Find
the current in each branch if the wires
are of the same material.

[IIT, 1975]
[Ans. i = 1.40 amp, i, = 1.66 amp, i, =
1.94 amp]

. A battery of emf 1.4 V" and internal resis-

tance 2 ohm is connected to a resistance
of 100 ohm through an ammeter. The

4
resistance of ammeter is E ohm. A volt-

meter has also been connected to find the

potential difference across the resistor.

(a) The ammeter reads 0.02 A. What is the
resistance of the voltmeter?

(b) The voltmeter reads 1.10 V. What is the
error in the reading? [IIT, 1975]

[Anms. (a) 200 Q, (b) 0.23 V]

Five resistances are connected as shown
in the figure. Find the effective resistance
between the points A and B. [IIT, 1976]

P
20 3Q
A s7Q B
Q
[Ans. EQ}
3

A potentiometer wire of length 100 cm
has a resistance of 10 ohm. It is con-
nected in series with a resistance and
an accumulator of emf 2} and of negli-
gible internal resistance. A source of emf

11.

12.

13.

14.

10 mV is balanced against a length of 40
cm of the potentiometer wire. What is the
value of external resistance?

[IIT, 1976]
[Ans. 790 ohms]

12 cells each having the same emf are
connected in series and are kept in a
closed box. Some of the cells are wrongly
connected. This battery is connected in
series with an ammeter and the two cells
identical with the others. The current is
34 when the cells and battery aid each
other and is 24 when the cells and bat-
tery oppose each other. How many cells
are wrongly connected? [IIT, 1976]
[Ans. 1]

A fuse of lead wire has an area of cross
section 0.2 mm?® On short circuiting, the
current in the fuse wire reaches 30 A. How
long after the short circuiting will fuse
begin to melt? For lead, specific heat =
0.032 cal g!' (°C)”', melting point = 327°C,
density = 11.34 g-cm, and resistivity = 22
x 10 Q-cm. The initial temp. of wire is
20°C. Neglect heat losses. [II'T, 1976]
[Ans. 0.093 second]

A potential difference of 220 volt is main-
tained across a 12000 Q rheostat as shown
in the figure. The voltmeter has a resis-
tance of 6000 Q and point C is at one-
fourth of the distance from a to b. What is
the reading of voltmeter? [IIT, 1977]

e

b

Cc

220v (—l
| io

[Ans. 40 volts]

All the resistance in the figure are in
ohms. Find the effective resistance bet-
ween points A and B. [IIT, 1977]
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15.

16.

17.

18.

19.

[Ans. 2 Q]

Two electric bulbs each designed to oper-
ate with a power of 500 watt in a 220 V'
line are put in series in 110 V' line. What
will be the power generated in each bulb?

[IIT, 1977]
[Ans. 31.23 watts]

A heater is designed to operate with a
power of 1000 watt in a 100 V line. It is
connected in combination with a resis-
tance of 10 Q and a resistance R, to 100 V
mains, as shown in the figure. What will
be the value of R so that the heater oper-
ates with a power of 62.5 watt?

[IIT, 1978]

[Ans. 5 Q]

Two resistors R, and R, may be connected
either in series or in parallel across a
battery of zero internal resistance. It is
required that the joule heating for the
parallel combination be five times that for
series combination. If R is 100 Q, find R,

[MNR, 1978]
[Ans. 261.8 Q or 38.2 Q]

A copper wire is stretched to make it 0.1%
longer. What is the percentage change in
its resistance?

[IIT, 1978; MNR, 1990]
[Ans. 0.2%]

Each of the resistance in the network
below is equal to R. What is the resis-

20.

21.

tance between the terminal 4 and B for
Fig. (a) and Fig. (b).
[IIT, 1978]

D F

[Ans. R, =R]

A copper wire having cross-sectional area
0.5 mm? and a length of 0.1 m is initially
at 25°C and is thermally insulated from
the surroundings. If a current of 10 A is
set up in the wire,

(a) find the time in which the wire will
start melting. The change of resistance
with temperature of the wire may be
neglected.

(b) what will be the time taken if the length
of the wire is doubled?
Given, density of copper =9 x 10° kg/
m?, specific heat =9 x 1072 kilo cal kg
(°C)™!, melting point = 1075°C, specific
resistance = 1.6 x 10-* ohm meter.

[IIT, 1979]

[Ans. (a) 558.14 sec., (b) The time after
which it melts remains unchanged.]

In the circuit shown in the figure, a volt-
meter reads 30 V' when it is connected
across 400 ohm resistance. Calculate
what the same voltmeter will read when
it is connected across the 300 ohm resis-
tance. [IIT, 1980]

30v, v c

300Q B 400Q

oB60vo

[Ans. 22.49 V]
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22. 1In the circuit shown in the figure, £, =3
volt, E, =2 volt, E,=1voltand R=r =r,
=r,=1 ohm.

(a) Find the potential difference between
the points 4 and B and the current
through each branch.

(b) If r, is short circuited and the point 4 is
connected to point B, find the currents
through E, E,, E, and the resistor R.

[IIT, 1981]

O r1 HE1 P
A‘—/\/ < ¢ {H D B
R Iy J%E?’
N ‘ M

[Ans. (a) 2 volt, (b) 1 ampere, 2 ampere,
—1 ampere]

23. In the circuit shown in the figure, E, F, G,
H are cells of emf 2, 1, 3 and 1 volt and
their internal resistances are 2,1, 3 and 1
ohm respectively. Calculate:

(a) the potential difference between B and
D, and
(b) the potential difference across the ter-
minals of each of the cells G and H.
[IIT, 1981]

A +“E_ B
F=—= 20 —H
+
_“+
D G C
A 2Q II2V B
|1
i
193 20 L1y
v i l’]Q
N 3Q
f 1
D i, 3v C

Ans. (a)%volt, (b) Potential difference

across the cell G=1.61 V, Potential
difference across the cell=1.46 V

24. A hollow copper tube of 5 m length has
got external diameter equal to 10 cm and
the walls are 5 mm thick.

If specific resistance of copper is 1.7 X
10-® ohm x meter, calculate the resistance
of the tube.

[MNR, 1982]
[Ans. 5.69 x 1075 Q]

25. Calculate the steady state current in a
2 Q resistor shown in the figure. The
internal resistance of the battery is
negligible and the capacitance of the
condenser is 0.2 pF.

[IIT, 1982]

i 20
P Q
. I 30
|
A f B
C 40
|
6v 2.8Q

[Ans. 0.9 A]

26. Find the curreAnt I in the circuit shown
in the figure.

i A

30Q
30Q

c 300

[IIT, 1983]
[Ans. 0.1 A]



Current Electricity 3.53

27.

Find the potential difference between the
points 4 and D of the circuit shown in the
figure.

60 A c 12v

10v <20

3Q

5Q

28.

29.

30.

32.

in
6v B 50

[Ans. 2.67 volts]

A 220 volt 100 watt bulb is connected to
110 volt source. Calculate the power con-
sumed by the bulb. [Roorkee, 1986]
[Ans. 25 watts]

A part of the circuit in a steady state along
with the currents flowing in the branches,
the value of resistance etc. is shown in the
figure. Calculate the energy stored in the
capacitor C (4 pF). [IIT, 1986]

1A

30
50

'V
C=F4uF

/\/

D
%19

/\/

B 20 C 40

<30

1A

[Ans. 0.8 x 107 joule]

An electric bulb rated for 500 watt at 100
volt is used in a circuit having a 200 volt
supply. Calculate the resistance R that
one must put in series with the bulb, so
that the bulb delivers 500 watt.

[IIT, 1987]
[Ans. 20 ohms]

An infinite ladder network of resistance
is constructed with 1 ohm and 2 ohm
resistances as shown in the figure. The
6-volt battery between 4 and B has neg-
ligible resistance.

(a) Show that the effective resistance
between A and B is 2 ohm.

(b) What is the current that passes through
the 2 ohm resistance nearest the bat-

tery. [IIT, 1987, Roorkee, 1989]
A
\ s
J 10 10 10 10
—( 20 20 20 20
B
[Ans. (a) 2 ohm or —1 ohm (b) 1.5 A]
31. In the given circuit,
E =3E,=2E, = 6 volts
R, =2R, =6 ohm
R,=2R,=4 ohm
C=S5ur
A /61 B {ﬁ c
C+ Iy Iy
D 41 Y Y
E, % E Q (i, +1,)
i2 i2
i \/

G E‘3 R, H
Find the current in R, and the energy
stored in the capacitor. [IIT, 1988]
[Ans. (a) 1.5 A, from F to E. 144 x 10
joule]

32. A cell of emf 3.4 volt and internal resis-

tance 3 Q is connected to an amme-
ter having resistance 2 ohm and to an
external resistance of 100 ohm. When
a voltmeter is connected across the 100
ohm resistance the ammeter reading is
0.04 amp. Find the voltage read by the
voltmeter and its resistance. Had the
voltmeter been an ideal one, what would
have been its reading? [Roorkee, 1990]
[Ans. Voltage read by the voltmeter 3.2
volts, 3.238 volts.]
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33.

A circuit containing a two-position switch
S is shown in the figure.

34.

10mH

(a) The switch is in position 1. Find the
potential difference V, — V, and the
rate of production of Joule heat in R .

(b) If now the switch S is put in position
2 atr=0, find
(i) steady current in R, and
(ii)) the time when the current in

R, is half the steady value. Also
calculate the energy stored in the
inductor L at that time.

[IIT, 1991]

[Ans. (a) V, =V, =~ 5 volt, (b) (1) i = 0.6

A, (i1) t = 0.0014 second]

A thermocouple circuit consists of two
thermal junctions and a low resistance
galvanometer, all in series. The
galvanometer has a resistance of 8 ohm
and the rest of the circuit a resistance of
1.6 ohm. The thermocouple develops an
emf of 10 microvolt per degree Celsius

3S.

difference of temperature between the
two junctions. When one junction is kept
at 0°C and the other in a molten metal,
the galvanometer reads 8 millivolt. What
is the temperature of the molten metal?
You may assume that the emf varies
linearly with the temperature difference.

[MNR, 1992]
[Ans. ¢ = 960°C]

Find the potential difference across the
plates of capacitor C in the circuit shown
in the figure.

- R,=10Q
A B~ 1 B
i
E =1v
P i IS Q
M N
i
E i} D
E,=2.5v R,=20Q
[Ans. 0.5 volt]
36. The scale of a galvanometer is divided

into 150 equal divisions. The galvanom-
eter has the current sensitivity of 10 divi-
sions per mA and the voltage sensitivity
of 2 divisions per mV. How the galva-
nometer be designed to read

(a) 6 A per division, and

(b) 1V per division? [Roorkee, 1999]
[Ans. (a) S 1.67 x 10° R Q,
b)R’=2x10°R Q]
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QUESTION BANK

CONCEPTUAL QUESTIONS

1.

10.

11.

Ammeters often contains fuses that protect
them from large currents, while voltmeters
seldom do. Explain.

When batteries are connected in parallel,
they should have the same emf. However,
batteries connected in series need not have
the same emf. Explain

Why do light bulbs usually burn out just
after they are switched on and not when
they have been on for a while?

. When electrons drift in a metal from lower

to higher potential, does it mean that all the
‘free’ electrons of the metal are moving in
the same direction?

. Think of a wire of length L as two wires of

length L/2 in series. Construct an argument
for why the resistance of a wire must be
proportional to its length.

. Why are electric stoves and clothes dyres

supplied with 240V, but lights, radios and
clocks are supplied with 120 V?

. Is the electric field inside a conductor

always zero? If not, when it is not zero?
Explain.

. Are the paths of electrons straight lines

between successive collisions (with the
positive ions of the metal) in the (i) absence
of electric field, (ii) presence of electric
field?

. A friend says that electric current “follows

the path of least resistance.” Is that true?
Explain.

The electron drift speed is estimated to be
only a few mm s~ for currents in the range
of a few amperes? Then how is current
established almost instant when a circuit is
closed?

Some batteries can be “recharged”. Does
that mean that the battery has a supply of

12.

13.

14.

15.

16.

charge that is depleted as the battery is
used? If “recharging” does not literally
mean to put charge back into the battery,
what does it mean?

The electron drift arises due to the force
experienced by electrons in the electric field
inside the conductor. But force should cause
acceleration. Why then do the electrons
acquire a steady average drift speed?

Why does the resistivity of a metallic con-
ductor increase with increasing tempera-
ture?

A 15-A circuit breaker trips repeatedly.
Explain why it would be dangerous to
replace it with a 20-A circuit breaker.

Why are ammeters connected in series with
a circuit element in which the current is to
be measured and voltmeters connected in
parallel across the element for which the
potential difference is to be measured?

If the electron drift speed is so small, and
the electron’s charge is small, how can we
still obtain large amounts of current in a
conductor?

ONLY ONE OPTION IS CORRECT

1.

Eight resistances each of resistance 5 W
are connected in the circuit shown in fig-
ure. The equivalent resistance between
A and B is

(a) (8/3)Q
() (15/7) Q

(b) (16/3) Q
(d) (192) Q
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2.

The equivalent resistance between points A
and B is

R R
A AV B
R R
(a) 2R (b) (3/4)R
(c) (4/3)R (d) (3/5)R

In the circuit shown in figure, potential
difference between points 4 and B is 16 V.
The current passing through 2Q) resistance
will be

9V 3V
A —w———w+——oB
40 10 4Q
20
(a) 2.54 (b) 3.54
(c) 4.04 (d) zero

At what temperature would the resistance
of a copper conductor be doubled of its
value at 0°C. Does this same temperature
hold for all copper conductors regardless of
shape and size? o, = 4.0 x 10°/°C.

(a) 250°C (b) 50°C

(c) 150°C (d) 200°C

. Three voltmeters 4, B and C having resis-

tances R, 1.5 R and 3R, respectively, are
connected as shown. When come potential
difference is applied between X and Y, the
voltmeter readings are V,, V, and V' respec-
tively. Then

®
X o(A) oY
©
(a)I/AiVB:VC (b)I/A:VBiVC
© V,#V,=7V @A) V,=V,=V,

10.

11.

An electric bulb rated for 500 W at 100 V is
used in a circuit having a 200 V supply. The
resistance R that must be put in series with
the bulb, so that the bulb draws 500 W is
(a) 100Q2 (b) 500

(c) 20Q (d) 10Q

The length of a potentiometer wire is L.
A cell of emf E is balanced at a length £/3
from the positive end of the wire. If the
length of the wire is increased by £/2. At
what distance will the same cell give a bal-
ance point?
(a) 2473

(c) Ui6

(b) €12
(d) 4473

Find equivalent resistance between the
points 4 and B.

(a) R2
(©) R

(b) R/A

(d) R/8
Temperature of a resistance at temperature
©°Cis R = R (1 + at + br*). Here R is the
temperature at 0°C. the temperature coef-
ficient of resistance at temperature ¢ is

= :‘; ibz;z (b) (a +2b0)
2
(c) % (d) constant

Calculate the drift velocity of electrons in
silver wire with cross-sectional area 3.14
x 10°m? carrying a current of 20 4. Given
atomic weight of Ag = 108, density of silver
=10.5 x 10% kg/m’

(a) 2.798 x 10~*m/sec

(b) 67.98 x 10*m/sec

(¢) 0.67 x 10*m/sec

(d) 6.798 x 10*m/sec

In the given circuit, it is observed that the
current / is independent of the value of the
resistance R,. Then the resistance values
must satisfy
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12.

13.

R,
I
(@ RRR,=RRR,
1 1 1 1
b) —+— = +
R, R, R+R, R,+R,

(c) RR,=RR,
(d) RR,=RR,=RR,

Current passing through 32 resistance is
A
10VJ_ 20 J‘4V
B
30
C

(a) (14/3) 4

(b) 34

(c) 24

(d) (12/5) 4

Potential difference across the terminals of

the battery shown in figure is — (» = internal
resistance of battery)

Ih —
10V =10
4Q

(a) 8V

(b) 10V

(c) 6V

(d) zero

14. In the circuit shown in figure

15.

16.

17.

VWA
20Q

4Q 20V —+ 5Q

(a) current passing through 2Q) resistance
is zero

(b) current passing through 4Q resistance
is5A4

(c) current passing through 5Q resistance
is4 4

(d) all of the above

A voltmeter with resistance 500 W is used
to measure the emf of a cell of internal
resistance 4Q). The percentage error in the
reading of the voltmeter will be

(a) 0.2%

(b) 0.8%

(c) 1.4%

(d) 2.2%

Find the resistance of galvanometer in
which maximum deflection of 50 div is
reduced to 20 div when shunted by a 12 Q
resistance.

(a) 8Q

(b) 18Q2

(c) 12Q

(d) 10Q2

The net resistance between point P and Q in
the circuit shown in figure is

R
R
(a) R2 (b) 2R/5
(c) 3R/5 (d) R3
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18. The effective resistance between points P 8.5 x 10%/m* and resistivity p = 1.7 x 103
and Q of the electrical circuit shown in the mho-m. Given k= 1.38 x 102J/K.
figure is (a) 25 A (b) 20 A
(c) SA (d) 30 A

22. A battery is suppling power to a tape-
recorder by cable of resistance of 0.02 Q. If
the battery is generating 50 W power at 5 'V,
then power received by tape-recorder is
(a) S0 W (b) 45W
(c) 30 W (d) 48 W

23. In the diagram shown, all the wires have
resistance R. The equivalent resistance bet-
ween the upper and lower dots shown in the

2Rr 8R(R+7) . .
a b) —— diagram is
@ R+r ®) 3R+r £
(c) 2r +4R (d) SR 1 2
2+2R 3
19. All the edges of a block with parallel faces — \;
NS — N —
are unequal. Its longest edge is twice its
shortest edge. The ratio of the maximum
to minimum resistance between parallel
faces is
(a) 2
(b) 4
(c) 8 <\ =
(d) indeterminate unless the length of the < §

third edge is specified

20. In the circuit shown, when the switch is (a) R/8 (b) R
closed, the capacitor charges with a time (¢) 2R/5 (d) 3R/8
constant

24. A 100 W bulb B, and two 60 W bulbs B,
and B,, are connected to a 250 V source, as

C ﬂi‘,\/ shown in the figure. Now W, W, and W,
! are the output powers of the bulbs B, B,
R and B, respectively. Then
VWA
P B, B,
+]| = o
5 — 5 5
B,
(a) RC (b) 2RC
(c) (I/2)RC (d) RCIn2 %
21. Calculate the relaxation time and mean

free path in Cu at room temperature 300 l
K, if number density of free electrons is !
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25.

26.

27.

28.

29.

(a) W,>W,=W,
o) W,>W,> W,
() W,<W,=W,
) W, <W,<W,

A capacitor is charged and then made to
discharge through a resistance. The time
constant is ¢. In what time will the potential
difference across the capacitor decrease by
10%?

(a) t1In (0.1)
(c) t1n (10/9)

(b) ¢1n (0.9)
(d) ¢1In (11/10)

A uniform wire has electric resistance R.
The wire is cut into n equal parts. All wires
are put parallel to each other and joined at
the ends. The resistance of the combination
is

(a) R/n
(c) R

(b) R/n?
(d) none of these

A galvanometer of resistance 12Q) shows
full scale deflection for a current of 2.5
mA. How will you convert it to ammeter of
range 7.5 4 and voltmeter of range 10 volt.
Resistance of metre is
(a) 200002

(c) 400Q2

(b) 5000Q
(d) 4000Q

In the circuit shown, each resistances is 2Q.
The potential V| as indicated in the circuit,
is equal to

]

.........

VWY

R.

.[5V

() 11V
)9V

(b) 11V
d -9V

To get maximum current through a resis-
tance of 2.5Q, one can use ‘m’ rows of
cells, each row having ‘n’ cells. The internal
resistance of each cell is 0.5Q. What are the

30.

31.

32.

33.

values of n and m, if the total number of
cells is 45?
(a) 3,15
©) 9,5

(b) 5,9
(d) 15,3

A battery of internal resistance 2Q) is con-

nected to a variable resistor whose value

can vary from 4Q to 10Q. The resistance is

initially set at 4Q. If the resistance is now

increased then

(a) power consumed by it will decrease

(b) power consumed by it will increase

(c) power consumed by it may increase or
may decrease

(d) power consumed will first increase then
decrease

A cell of emf £ having an internal resistance
‘r’ is connected to an external resistance R.
The potential difference ‘v’ across the resis-
tance R varies with R as shown by the
curve

Vv
E :
E/2
[ —
R
(@ A (b) B
(c) C (d) D

‘n’ identical light bulbs, each designed to
draw P power from a certain voltage supply
are joined in series and that combination is
connected across that supply. The power
consumed by one bulb will be

(a) nP (b) P

(c) P/n (d) Pm?

Two long coaxial and conducting cylinders
of radius a and bare separated by a material
of conductivity ¢ and a constant potential
difference V is maintained between them,
by a battery. Then the current, per unit
length of the cylinder flowing from one
cylinder the other is
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34.

3s.

36.

37.

4nc 4nc
@ T va) ® Gra)
2noc 2no
© @) @D 7o)

How many electrons flow through the fila-
ment of a 120 volt, 60 W electric lamp in
one second?

(a) 3.125 x 10"
(c) 0.3 x 10

(b) 31.25 x 108
(d) 312.5 x 108

The charge on a capacitor decreases / times
in time ¢, when it discharges through a cir-
cuit with a time constant ¢

(a) t=ht (b) t=hInt

(d) t:rln[l—lJ
n

In the circuit shown, the cell is ideal, with
emf = 15 V. Each resistance is of 3 W.

The potential difference across the capaci-
tor is

() t=1t(In h-1)

R=30 CE3uF
AN | }
N
R R
AW WY
+1.15V
{1
(a) zero (b) 9V
(c) 12V (d 15V

In the circuit shown in figure, the power
which is dissipated as heat in the 6Q resis-
tor is 6 W. What is the value of resistance R
in the circuit?

6Q

8Q

R
<

38.

39.

(a) 6Q
(b) 10Q2
(c) 13Q
(d) 24Q

The two ends of a uniform conductor are
joined to a cell of emf e and some internal
resistance. Starting from the midpoint P of
the conductor, we move in the direction of
the current and return to P. The potential
V at every point on the path is plotted
against the distance covered (x). Which of
the following best represents the resulting
curve?

(a)

X—>

(d

X—>

Calculate the effective resistance between 4
and B in following network.
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40.

41.

42.

50 100 150
100 100 —B
10Q 200 300
(a) 5Q (b) 10Q
(c) 20Q (d) 30Q

The Wheatstone bridge shown in the figure
is balanced. If the positions of the cell C and
the galvanometer G are now interchanged,
G will show zero deflection

[
[
C

(a) in all cases

(b) only if all the resistances are equal
(c) onlyif R, =R, and R, = R,

(d) only if R /R,/R /R,

A current of 0.5 4 is passing through a
CuSO0, solution. How many Cu™ ions will
be deposited on cathode in 10 second?

(a) 0.15 x 10" (b) 4 x 10"

(c) 15.625 x 10v (d) 1.5625 x 10"

In case of hydrogen atom an electron moves
in an orbit of radius 5 x 10" m with a
speed of 2.2 x 10° m/s. Calculate equivalent
current.

(a) 1.12 mA
(c) 1.2mA

(b) 0.12 mA
(d) 2 mA

43.

44.

45.

46.

47.

Three resistances R, 2R and 3R are con-

nected in parallel to a battery. Then

(a) The potential drop across 3R is
maximum

(b) The current through each resistance is
same

(c) The heat developed in 3R is maximum

(d) The heat developed in R is maximum.

An ammeter and a voltmeter are joined in
series to a cell. Their readings are 4 and V'
respectively. If a resistance is now joined in
parallel with the voltmeter.

(a) both 4 and V will increase

(b) both 4 and V will decrease

(c) A will decrease, V will increase

(d) A4 will increase, V will decrease.

A wire of length L and 3 identical cells
of negligible internal resistances are con-
nected in series. Due to the current, the
temperature of the wire is raised by AT in a
time ¢. A number N of similar cells is now
connected in series with a wire of the same
material and cross-section but of length 2L.
the temperature of the wire is raised by the
same amount A7 in the same time ¢. The
value of N is
(a) 4

(c) 8

(b) 3
o

In the given circuit, it is observed that the
current / is independent of the value of the
resistance R.. Then the resistance values
must satisfy

(@) RRR,=RRR,

I 1 1 1
®) —+— = +

R, R, R+R, R,+R,

(¢) RR,=RR,
(d) RR,=RR,=RR,

An ideal cell is connected to a capacitor
and a voltmeter in series. The reading V
of the voltmeter (added in parallel with
resistor) is plotted against time. Which of
the following best represents the resulting
curve?
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(a)

(b)

(a)

(b)

48. A wire of resistance 10Q2 is bent to form
a circle. P and Q are the points on the

<—>

<—>

<—>

t—>

49.

50.

51.

circumference of the circuit dividing it into
a quadrant and are connected to a 3 V bat-
tery having internal resistance 1C2 as shown
in the figure. The currents in the two parts
of the circle are

(a) (5/26) A and (15/26) A

(b) (4/25) A and (12/25)4

(c) (3/35) 4 and (9/25) 4

(d) (6/23) A and (18/23)4

Figure shows a wire of uniform resistance
between 4 and B with a total resistance of
R,. The contact C can divide the wire into
resistances fR and (1 - /)R,

The batteries are identical and have

zero internal resistances. The value of f for
which ammeter reads maximum is

(a) 0

b) 1

(c) Oor 1

(d) Cannot be found

50 V battery is supplying current of 10
amp when connected to a resistor. If the
efficiency of battery at this current is 25%.
Then internal resistance of battery is

(a) 2.5Q

(b) 3.75Q

(c) 1.25Q

(d) 50

In the circuit shown, the value of R in ohm
that will result in no current through the
30 V battery, is
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52.

53.

Lsov
R
—30V
200
100
(a) 10Q (b) 25Q
(c) 30Q (d) 40Q

The correct circuit for the determination
of internal resistance of a primary cell by
using potentiometer is

-

@1, g

i

e

—||_—NW\NW\,—

(b)

(©)

(d)

A piece of copper and another of germa-
nium are cooled from room temperature to
80°K. The resistance of

(a) Each of them increases

(b) Each of them decreases

54.

5S.

56.

(c) Copper increases and germanium
decreases

(d) Copper decreases and germanium
increases

A milliammeter of range 10 mA and resis-
tance 9Q) is joined in a circuit as shown.
The metre gives full-scale deflection for
current | when 4 and B are used as its ter-
minals, i.e., current entres at 4 and leaves at
B (C is left isolated). The value of I is

90, 10 mA
%)
A
0.1Q 0.90
A B C
(a) 100 mA (b) 900 mA
() 1A @ 1.1A

Calculate potential difference between
points d and b in the circuit.

10Q 10
10V
—
40 b 20
al A WWY c
1A d 40
AWWN
(a) 2 volt (b) 1 volt
(c) 5 volt (d) 8 volt

When a voltmeter is connected across a
400Q resistance, it reads 30 V. When it
is connected with 300Q resistance, it will
read

L

300Q2 400Q

30V

60V
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57.

58.

59.

(a) 30V
() 20V

(b) 22.5V
d) 25V

The charge flowing through a resistance
R varies with time ¢ as Q = at — bf*. The
total heat produced in R by the time current
ceases is

(a) @*R/6b (b) @*R/3b
a’R @’R
d
(c) b (d) 5

A wire has linear resistance p (in Ohm/m).
Find the resistance R between points 4 and
B if the side of the larger square is ‘d’.

A

(a) pd/\/z

(b) V2pd

(c) 2pd

(d) None of these

In the house of a person who is weak of
hearing, a light bulb is also lit when some-
body rings the door bell. The ring can be
operated both from the garden gate and
from the door of the house. Select the cor-
rect possible circuit required.

@

—
~

(b)

60.

61.

62.

63.

(©)

(d

(-)):L
L

n identical cells, each of emf € and internal
resistance r, are joined in series to form a
closed circuit. One cell (4) is joined with
reversed polarity. The potential difference
across each cell, except 4, is

n-1

@ = ) “Le
n n

n—2 n—2
€ €

(d)

n n

(©)

In the circuit, the heat produced in the
5 ohm resistor due to the current flowing
through it is 10 calories per second. The
heat generated in the 4 ohms resistor is

(a) 1 calorie/sec (b) 2 calories/sec
(c) 3 calories/sec (d) 4 calories/sec

The current i in the circuit (see figure) is
(a) (1/45) 4 (b) (1/15) 4
(c) (1/10) 4 (d) (1/5)4

In the circuit shown, all resistances are of
4 Q) and all batteries have an emf 10 V. The
current 7 is
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64.

65.

66.

(a) 4 amp upward
(b) 4 amp downward
(c) 2 amp upward
(d) 2 amp downward

In the circuit shown, the current i, is
2.00 10V
VAW |
20V
I
4.00 200 20
AWM H
4'0|V 4.0Q
]
2.0Q 2.0Q | 4.0Q
AW
4.0Q
— WWWW——
4.00 1|°V
AW |

(a) 4 amp leftward
(b) 4 amp rightward
(c) 3 amp leftward
(d) 3 amp rightward

If two bulbs of power 25 W and 100 W
respectively chrated at 220 V are connected
in series with the supply of 440 V. Which
bulb will fuse?
(a) 25 W bulb
(¢) None of these

(b) 40 watts
(d) both 1 and 2

Four resistances carrying a current shown
in the circuit diagram are immersed in a
box containing ice at 0°C. How much ice
must be put in the box every 10 minutes to
keep the average quantity of ice in the box
constant?

(Latent heat of ice is 80 cal/gm)

10Q 10Q
10A WWWW WWWWW/ 10A
-— — —o—
P 3R Q
50 100

67.

68.

69.

70.

71.

(a) 5kg
(c) 3kg

The thermo emf E (in volts) of a cer-
tain thermocouple is found to vary with
0 (in °C) according to equation £ = 200
— 0%20, where 0 is temperature of the hot
junction, the cold junction being kept at
0°C. Then the neutral temperature of the
thermocouple is
(a) 300°C

(c) 100°C

(b) 1.19 kg
(d) 2.29 kg

(b) 400°C
(d) 200°C

The thermo emf of a thermocouple is given
by E =2164 t — 6.2¢2, where {°C is the tem-
perature of hot junction and cold junction
is at 0°C. The values of neutral temperature
and temperature of inversion will be

(a) 180°C, 360°C

(b) 170°C, 340°C

(c) 174.5°C, 349°C

(d) 166.4°C, 332.8°C

If 100 kwh of energy is consumed at 66 V in
a copper voltmeter, then the mass of copper
liberated will be (given e.c.e. of Cu = 0.33
x 106 kg C1)
(a) 1.65kg
(c) 3.3 kg

(b) 1.8 kg
(d) 3.6 kg

A heater with power rating 220 V, 1000 W
heats a volume of water in 5 minute time.
If the voltage drops to 110 V, then the time
taken to heat the same amount of water
will be

(a) 20 min.
(c) 5 min

(b) 10 min.
(d) 2.5 min.
Which of the following graphs represent
the variation of thermo emf(E) of a thermo-

couple with temperature 6 of hot junction
(the cold junction being kept at 0°C)?

E

(@

D
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E

b L 9

m

(©) 0

(d b—0

ONE OR MORE THAN ONE CHOICE
MAY BE CORRECT

1.

The charge flowing in a conductor varies
with line as O = at — b#*. Then, the current

(a) decreases linearly with time

(b) reaches a maximum and then decreases
(c) fall to zero after time ¢t = a/2b

(d) changes at a rate — 2b

. Two batteries 4 and B and three resistors

are connected. Internal resistance of both
batteries is 1Q2 each as shown. EMF of
battery B is 5 V, the potential difference
between P and Q is zero. Which of the fol-
lowing is/are true?

E, 1Q 5V,1Q
O | I ‘unuu P ' I—N\’I\NV\N‘-—Q
"A . ..B_

3Q

MMM
w
Q
WWAMAA
I3
Q
MM

(a) the current through 5Q is 34

(b) the current through the battery 4 is 84
(c) the emf of the source 4 is 474

(d) the p.d. between O and P is 8 V

. In a potentiometer arrangement, E| is the

cell establishing current in primary cir-
cuit, £, is the cell to be measured. 4B is
the potentiometer wire and G is a galva-
nometer. Which of the following is/are
the essential condition/s for balance to be
obtained.

(a) The emf of £, must be greater than the
emf of E,.

(b) Either the positive terminals of both £,
and E, or the negative terminals of both
E, and E, must be joined to one end of
potentiometer wire.

(c) The positive terminals of E, and E,
must be joined to one end of potentiom-
eter wire.

(d) The resistance of G must be less than
the resistance of AB

. Two cells of unequal emfs £, and E, and

internal resistances 7, and r, are joined as
shown in figure. v, and V, are the potential
at P and Q respectively.

Er
|
K

I
E.r

22

(a) The potential difference across both the
cells will be equal.

(b) One of the cell, will supply energy to
the other cell.

(c) The potential difference across one of
the cells will be greater than its emf.

(d) V -V :E]r2+E2’/i
P Q

K+
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5. A conductor is made of an isotropic mate- 6. In the circuit shown in figure
rial and has shape of a truncated cone.
A
40
6Q
+] =

; I

- B
A battery of constant emf is connected
across it and its left end is earthed as shown
in figure. If at a section distance x from left WAV I l
end, electric field intensity, potential and 20V

the rate of generation of heat per unit length

are E, V and H respectively, which of the (a) power supplied by the battery is

following graphs is/are correct? 200 watt
E (b) current flowing in the circuit is 54
(c) potential difference across 4Q resis-
tance is equal to the potential difference
across 6Q resistance
(d) current in wire AB is zero
@) o) X 7. In the given circuit.
H 100 100 100
X \ 100 E 100 F 100
®) f———3 N N
| N
H 6V

(a) Current measured by ammeter is
0.4 amp

(b) Potential of point C and F are equal

(c) Potential of point B and £ are equal

(d) If 5 ohm resistances are replaced by
10 ohm resistance each, then current
in all the 10 ohm resistance will be
same.

(©) §——F

8. Two heaters designed for the same volt-

age V have different power ratings. When
) connected individually across a source of
voltage V, they produce H amount of heat

®)
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10.

each in times ¢, and ¢, respectively. When
used together across the same source, they
produce H amount of heat in time ¢

(a) if they are in series, t =, + 1,

(b) if they are in series, ¢ = 2(¢, + t,)

(c) if they are in parallel, ¢ = LUE
t+1)

(d) if they are in parallel, ¢ = _hh
24 +1,)

. In the circuit shown E, F', G and H are cells

ofem.f.2V,1V,3Vand 1V respectively
and their internal resistance are 2Q, 1Q2, 3Q
and 1Q respectively.

- |+ A +| =
= |?‘
D B

2
@ Vo =Vy=—73V

2
b) V, -V, ==V
®) ¥, =V, 13

1 e
() V, = 2—31V = Potential difference across

d) gV, :%V = Potential difference ac-

ross H.

Which of the following statements is/are

correct?

(a) Potential difference between terminals
of a non-ideal battery can never be
greater than its emf.

(b) If a non-ideal battery is short circuited
by a wire, heat generated in the wire is
less than electric energy developed in
the battery.

(c) EMF of an ideal battery is, first, mea-
sured by a potentiometer and than by a
voltmeter. Both the measurements are
equally correct.

11.

12.

(d) The terminal potential difference of a
battery can never be zero in any closed
circuit containing other batteries.

For the circuit shown in the figure,

20
D E
20 20
C
20 20
A B
(a) R,,=4Q

(b) R, = 4/3Q
(©) R, =430
(d) R, =130

For a cell, a graph is plotted between the
potential difference V across the terminals
of the cell and the current / drawn from the
cell. The e.m.f. and internal resistance of
the cell is £ and r respectively.

V(volt)
2.0+
1.5+
1.0+
0.5+
t t t t t I(am
1 2 3 4 (amp)

(@) E=2V,r=0.5Q
(b) E=2V, r=0.4Q
(©) =040
(d) r=0.5Q
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13.

14.

15.

The diagram shows a circuit with two
identical resistors. The battery has a negli-
gible internal resistance. When switch S is
closed

Ot
_/\/\R}\/\__/\/\li\/\_

(a) Equivalent resistance of the circuit
decreases

(b) Ammeter reading will increase
(c) Voltmeter reading will increase

(d) Power dissipated across R in right br-
anch will become zero.

A uniform wire of resistance R is shaped
into a regular n-sided polygon (n is even).
The equivalent resistance between any two
corners can have

(a) the maximum value R/4

(b) the maximum value R/n

(c) the minimum value R ( o lj

nZ
(d) the minimum value R/n

For the circuit shown in the figure, (each
wire of resistance 7). Then

P Q

A B

(@) R,,=5r/6
(©) RAQ =5r/6

(b) R, =3r/4
(d) R,.=7r/12

ASSERTION AND REASON QUESTIONS

Note: Each question contains STATEMENT-1
(Assertion) and STATEMENT-2 (Reason). Each
question has 4 choices (a), (b), (c) and (d) out of
which ONLY ONE is correct.

(2)

(b)

(©)
(d)

Statement-1 is True, Statement-2 is True;
Statement-2 is a correct explanation for
Statement-1.

Statement-1 is True, Statement-2 is True;
Statement-2 is NOT a correct explanation
for Statement-1.

Statement-1 is True, Statement-2 is False.
Statement-1 is False, Statement-2 is True.

Statement 1: When an electric current at
the junction of two wires of same material
is directed from the thick wire to the thin
wire, the drift speed or electrons increases
as they pass through this junction.
Statement 2: The drift speed of electrons
is directly proportional to the electric field
in the wire.

Statement 1: When a battery is short-
circuited, the terminal voltage is zero.
Statement 2: In the situation of a short-
circuit, the current is zero.

Statement 1: The equation V= RI does not
apply to those conducting devices which do
not obey Ohm’s law.

Statement 2: 7 = R/ is a statement of
Ohm’s law.

Statement 1: The emf of a battery equal the
potential difference between its terminals
when the terminals are not corrected exter-
nally.

Statement 2: Terminals potential differ-
ence can be greater than emf of cell.

Statement 1: A current flows in a con-
ductor only when there is an electric field
within the conductor.

Statement 2: The drift velocity of electron
in presence of electric field decreases.

Statement 1: A resistor of resistance R is
connected to an ideal battery. If the value of
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10.

11.

12.

R is decreased, the power dissipated in the
circuit will increase.

Statement 2: The power dissipated in the
circuit is directly proportional to the resis-
tance of the circuit.

Statement 1: All electric devices shown in
the circuit are ideal. The reading of ammeter
(A) is zero and that of voltmeter (V) is E.

E
N
g

O

A

<
=

<
p=
b=
=
p=

Statement 2: An ideal voltmeter draws
almost no current due to very large resis-
tance, and hence (V) and (4) will read zero.

Statement 1: A potentiometer of longer
wire is preferred to a potentiometer of
shorter wire.

Statement 2: In case of longer wire, the
potential gradient is small, and hence the
measured value is more accurate.

Statement 1: The conductivity of molten
electrolytes is smaller than the common
metallic conductors.

Statement 2: Positive and negative ions
flow in opposite directions.

Statement 1: The potential difference
across a battery is always less than its emf.
Statement 2: Because V'=FE + IR

Statement 1: If p, and p, be the resistivities
of the materials of two resistors of resis-
tances R, and R, respectively and R, > R,,
then p, > p,

Statement 2: The resistivity (p) doesn’t
depend on R.

Statement 1: The product of resistivity and
conductivity of a conductor is constant.
Statement 2: Because each of resistivity
and conductivity depends on the material of
the conductor.

13.

14.

15.

16.

17.

18.

Statement 1: Voltmeter is much better than
a potentiometer for measuring emf of cell.
Statement 2: A potentiometer draws no
current while measuring emf of a cell.
Statement 1: A voltmeter and ammeter can
be used together to measure resistance and
power.

Statement 2: Resistance and power both
are proportional to voltage and current.
Statement 1: A torch bulb give light if
operated on 4C of same voltage and current
as DC.

Statement 2: Heating effect is common to
both AC and DC.

Statement 1: Long distance power trans-
mission is done at high voltage.

Statement 2: At high voltage supply power
losses are less.

Statement 1: Resistance of 50 W bulb is
greater than that of 100 W.

Statement 2: Resistance of bulb is inversely
proportional to rated power.

Statement 1: 40 W tube light give more
light in comparison to 40 W bulb.
Statement 2: Light produced is same from
same power.

MATCH THE COLUMN TYPE QUESTIONS

Each question contains statements given in two
columns which have to be matched. Statements
(A, B, C, D) in column I have to be matched with
statements (p, g, 1, s) in column II.

1.

In the circuit shown, battery, ammeter and
voltmeter are ideal and the switch S is ini-
tially as shown. What will be the changes
in parameters as stated in left column if the
switch S is opened? Possible changes are
stated in right column.

R R
v S
| A
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Column I Column II

(a) Equivalent (p) Remains same
resistance
across the
battery

(b) Power dis-
sipated by left
resistance R

(c) Voltmeter
reading

(d) Ammeter
reading

(@) Increases

(r) Decreases

(s) Becomes zero

. For a potentiometer circuit, match the
column.
Column IT

(p) increases with
length of wire

Column I

(a) Sensitivity

(q) decreases with
length of wire

(b) Accuracy

(¢) Range (r) increases with
emf of primary
cell

(d) Potential gra- (s) maximum

dient if internal
resistance

and rheostat
resistance is
Zero.

. Column II gives nature of temperature coef-
ficient of resistance for materials written in
column I.

Column I
(a) Metal
(b) Insulator
(¢) Semi-conductor
(d) Alloys

Column II
(p) Zero
(q) positive
(r) negative
(s) unknown

. A voltmeter and an ammeter are connected

in series to an ideal cell of emf E. The volt-
meter reading is ¥ and the ammeter reading
is I.

Column I Column II
(a) Voltmeter P E-V
resistance

(b) Potential dif- (q) V/1
ference across
ammeter

(c) Voltmeter (r) EN
resistance plus
ammeter resis-
tance

(d) Potential dif- (s) V
ference across
voltmeter

. Column I gives physical quantities of a situ-

ation in which a current i passes through two
rods I and II of equal length that are joined
in series. The ratio of free electron density
(n), resistivity (p) and cross-section area (4)
of both are in ratio n, : n, =2 : 1, p;;p, =
2 :1and 4.:4, = 1 : 2 respectively. Col-
umn II gives corresponding results. Match
the ratios in Column I with the values in
Column II.

Column I

Driff velocity of free electron in rod I

(2)

Drift velocity of free electron in rod II

Electric field in rod I
Electric field in rod II

Potential difference across rod I

(®)

(c)

Potential difference across rod 11

Average time taken by free elctron to
move from 4 to B

(d

Average time taken by free electron to
move from B to C

Column II '
_r
-
A B C
(p) 0.5
(@1
(r) 2
(s) 4

. Column II gives name of material used for

device given in column L.
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Column I Column II Column I

(8) Resistance of (p) Tungsten (@) The balance
resistance box point is at

(®) Fuse wire (9) manganin length ¢

© Bulb (f) tin-leadalloy (®) EMF. of the cell

(@) potentiometer (s)

wire

Column II gives order

materials in column 1.

nichrome

of resistivity for

(©

(d)

Value of the
resistance R

Maximum emf
that can be mea-

d
Column I Column II sure
(a) Semi-conductor  (p) 3 x 10° Q-m +50 L
(b) Conductor (@ 10° Q-m Tt
(¢) Insulator (r) 10" Q-m (mA) i
(d) Super conductor (s) 1 Q-m 0 200 2\g0 401 60 (Cﬁg 100
8. Match the column: =50
Column I Column II
(@) Range and (p) Inverse -100
least amount of relation
ammeter -150 Granh
() 1 east count and (@) Linear rap
sensitivity of relation Column II
ammeter (p) 20cm
(©) Range and accu- (r) Quadratic @ 120V
racy of ammeter relation 30 oh
(d) ] ) (r) ohm
Range and mul- (s) Exponential s) 6V
tiplication factor relation S

of a voltmeter 10. In the circuit, the battery is ideal. A voltme-
ter of resistance 600Q2 is connected in turn
across R, and R,, giving readings V, and V,

respectively.

9. In the circuit shown below, the internal
resistance of the cell is negligible. The
distance of the slider from the left hand end
of the slide wire is £. The graph shows the
variation with € of the current I in the cell.
Match the column:

-+

600 V d.c.

R,= 6000

100 cm F=120V

Slider":\‘100
cm

slider wire

R,= 3000

i |
i
Cell

Centre zero
milliammeter
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11.

12.

13.

Column I Column II
(@) V, (p) 30 volt
(b) V, (q) 60 volt

(¢) Error in V| reading (r) —20 volt
(d) Error in V, reading (s) —10 volt

For the circuit shown in figure, match the
columns:

Column I Column II
(@) The currentindb (p) 1/13 amp
() The PD across db (@) 2/13 volt
(©)  The PD across the (r) 21/13 volt
cell (C)
() The PD across the (s) 19/13 volt
cell (B)

Ammeter and voltmeter connected in the
circuit are ideal. Then match the column.

Column I Column II

@) Current pass-  (p) 6
ing through 3Q
resistance

®)  Current passing (q) 2
through 10Q
resistance

© Reading of (r 8
ammeter

(d) Reading of (s) 26
voltmeter

Column II gives reading of ideal ammeter
A,, A, A, and A, in ampere for the circuit
shown.

10V

& @ @
10 $10 $10 10 10

[ (A)
Y

Column I Column II
(a) 4, (p) 2
(b) 4, (@5
(c) 4, (r 1
(d) 4, (s) 3

PASSAGE BASED QUESTIONS
PASSAGE-1

A resistor circuit is constructed such that twelve
resistors are arranged to form a cube as shown in
figure. Each resistor has a resistance of 2 Ohm.

B A

- 30V

The potential difference of 30 V is applied across
two of the opposing points as shown.

1.

The points having the same potential are
(A) BDE B)CFEHI(C) CE
(a) only (A) is correct

(b) (A), (B) and (C) are correct

(c) only (B) is correct

(d) both (A) and (B) are correct

If we replace resistors between 4 and B and
resistors between G and H by resistors with
wires of zero resistance, then the points
having the same potential are

(A)YD, E C F B)4, B

O G H
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(a) only (A) is correct
(b) only (B) is correct
(c) only (C) is correct
(d) (A), (B), (C) are correct

3. In the above question, the potential differ-
ence between the points C and G is

(a) 15V (b) 10V
(c) 20V d) 7.5V
PASSAGE-2

A highway emergency flasher uses a 120 volt bat-
tery, a 1 MW resistor, a 1 mF capacitor, a neon
flash lamp in the circuit shown in the figure. The
flash lamp has a resistance more than 10" W
when the voltage across it is less than 110 V.

Above 110V, the neon gas ionizes, the resist-
ance of the lamp drops to 10 W, and the capaci-
tor discharges completely. Until the capacitor
voltage reaches the breakdown voltage V, = 110
V, the large resistance of the flash lamp ensures
that it draws a negligible current. The capacitor
charges as if the lamp were absent. At V,, how-
ever, the lamp resistance quickly becomes neg-
ligible, and the capacitor discharges through the
lamp as if the battery and the series resistor were
absent. The time between the flashes is the time
for the capacitor to charge to V.

The flash duration is roughly the time for the
capacitor to discharge through the lamp, or about
the time constant of the capacitor-lamp circuit.

@) flash lamp

R=1MQ

|
e =120V

The flash energy is the stored energy in the
capacitor at 110 volt.

4. The flash interval is found by solving for
the time when the capacitor voltage is

V,=110 V. V, = g(l — "), In 12 = 2.5).
The flash interval is

(a) 2 sec (b) 2/5 sec
(c) 5/2 sec (d) 1 sec
5. Time constant (t,) of the capacitor-lamp
circuit is
(a) 20 us (b) 15 us
(c) 30 us (d) 10 ps
6. Flash duration is
(a) 10 ps (b) 20 ps
(c) 30 us (d) 5pus
7. The energy in the flash is
(a) 6.1 mJ (b) 6.171
(¢) 3m] (d) 122 mJ
PASSAGE-3

Most of the times we connect remote speakers
to play music in another room along with the
built-in speakers. These speakers are connected
in parallel with the music system. At the instant
represented in the picture, the a.c. voltage across
the speakers is 6.00 V. The main speaker resist-
ance is 8.00 Q2 and the remote speaker has 4.00Q
resistance.

main speaker
(built-in)

—

system

8. The equivalent resistance of the speakers is

Remote

(a) 12Q (b) 4Q
(c) 2.67Q (d) 0.375Q
9. The total current supplied by the music
system is
(a) 2254 (b) 14
(c) 164 (d) 154

10. The power dissipated in the speaker of
4.00 Q resistance is
(a) 9 watts
(c) 13.5 watts

(b) 4.5 watts
(d) 0
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11. The total power delivered by the music
system is
(a) 13.5 watts
(c) 4.5 watts

PASSAGE—+4

(b) O
(d) 9 watts

Potentiometer is an ideal voltmeter as volt-
meter draws some current through the circuit
while potentiometer needs no current to work.
Potentiometer works on the principle of e.m.f.
comparison. In working condition, a constant
current flows through out the wire of potentiom-
eter using standard cell of e.m.f.e,. The wire of
potentiometer is made of uniform material and
cross sectional area and it has uniform resistance
per unit length. The potential gradient, depends
upon the current in the wire.

A potentiometer with a cell of em.f. 2 V and
internal resistance 0.4Q) is used across the wire
AB. A standard cadmium cell of em.f. 1.02 V
gives a balance point at 66.3 cm length of wire.
The standard cell is then replaced by a cell of un-
known e.m.f.e and the balance point found simi-
larly turns out to be 82.3 cm length of the wire.
The length of potentiometer wire 4B is 1 m.

12. The value of e is
(a) 1.26 V
(c) 1.83V

(b) 2.63V
(d) none

13. The reading of potentiometer if 4 V battery
is used instead of e, is
(a) 88.3 cm
(b) 47.3 cm
(c) 95 cm
(d) can not be calculated

14. If the resistance is connected across the cell
e, the balancing length will be
(a) increase (b) decrease
(c) remains same (d) None

SUBJECTIVE QUESTIONS

1. Abattery of emf 9 V and negligible internal
resistance is connected to a 3k resistor.
The potential drop across a part of the
resistor (between points 4 and B in fig-
ure) is measured by (i) a 20kQ voltmeter,

(ii)) a 1kQ voltmeter. In (iii) both the
voltmeters are connected across A4B. In
which case would you get the (1) highest,
(2) lowest reading?

N 20kQ

W)
A B
ANV

3kQ

2. The current in a conductor is 5 4 when the

voltage between the ends of the conductor

is 12 V.

(i) What is the
conductor?

(il) What will be the current in the same
conductor if the voltage is increased
to 42 V?

resistance of the
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3.

4.

(a) In a metre bridge, (Figure) the balance
point is found to be at 39.5 cm from the
end A4, when the resistor Y is of 12.5Q.
Determine the resistance of X. Why are
the connections between resistors in
a Wheatstone or metre bride made of
thick copper strips?

(b) Determine the balance point of the
bridge above if X and Y are inter-
changed.

(c) What happens if the galvanometer and
cell are interchanged at the balance
point of the bridge? Would the galva-
nometer show any current?

[

+| =
T+

X 5 |[QYQ;1|
o
A H C

_@

In the circuit shown what are the potentials
at B, C and D?

12V

ov

6 Vo

10.

A battery of emf 10 V and internal resis-
tance 3Q) is connected to a resistor. If the
current in the circuit is 0.54, what is the
resistance of the resistor? What is the termi-
nal voltage of the battery when the circuit is
closed?

A fuse made of lead wire has an area of
cross-section 0.2 mm?. On short circuiting,
the current in the fuse wire reaches 30 amp.
How long after the short circuiting will the
fuse begin to melt? Specific heat capacity of
lead = 134.3 J/kg-K.

Melting point of lead = 327°C

Density of lead = 11340 kg/m?

Resistivity of lead = 22 x 10® ohm-h
Initial temperature of the wire = 20°C
Neglect heat loss.

Find the current in the three resistors shown
in figure.

1Q

2V

Flow of charge through a surface is given
as: Q = 4# + 2t (for 0 to 10 sec.)
(a) Find the current through the surface at
t = 5sec. (b) Find the average current for
(0 - 10 sec)

At the temperature 0°C electric resistance of
conductor 2 is 1 times that of conductor 1.
Their temperature coefficients of resistance
are equal to o, and o, respectively. Find
the temperature coefficient of resistance of
a circuit segment consisting of these two
conductors when they are connected (a) in
series (b) in parallel

Figure shows a conductor of length / having
a circular cross-section. The radius of cross-
section varies linearly from a to b. The
resistivity of the material is p. Assuming
that b — a <<, the resistance of the conduc-
tor is
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FQ -
o

11. The region between two concentric con-

ducting spheres of radii r, and r, is filled
with a material of resistivity p.
(a) Show that the resistance between the

spheres is given by, R = Pl 1
4n\r, 1,

(b) Drive an expression for the current den-
sity as a function of radius, if the poten-
tial difference between the spheres is
14

ab’

12. In the circuit shown,

(i) Find current i,

(i) Find current i,
(iii) Find potential difference (V.- V)
(iv) Find potential difference (V, - V)

13. Six cells are connected (a) in series, (b) in

parallel and (c) in 2 rows each containing
3 cells. The emf of each cell is 1.08 V and
its internal resistance is 1 ohm. Calculate
the currents that would flow through an
external resistance of 5 ohm in the three
cases.

PREVIOUS YEARS' IIT-JEE QUESTIONS

1. A battery of internal resistance 4Q is con-

nected to the network of resistances as
shown. In order that the maximum power
can be delivered to the network, the value
of R in Q should be

[1995]

E|
40

(a) 4/9 () 2
(c) 8/3 (d 18

. A steady current flows in a metallic conduc-

tor of nonuniform cross-section. The quan-
tity/quantities constant along the length of
the conductor is/are

[1997]

(a) current, electric field and drift speed
(b) drift speed only

(c) current and drift speed

(d) current only

. Find the emf (E) and internal resistance (r)

of a single battery which is equivalent to
a parallel combination of two batteries of
emfs V, and V, internal resistances », and 7,
respectively with their similar polarity con-
nected to each other.

[1997]

. In the circuit shown in the figure, the cur-

rent through
[1998]

3Q 20 2Q

9V 8Q
2Q

(a) the 3Q resistor is 0.50 A
(b) the 3Q) resistor is 0.25 A
(c) 4Q resistor is 0.50 A

(d) the 4Q resistor is 0.25 A

. In the circuit shown P # R, the reading of

the galvanometer is same with switch S
open or closed. Then

[1999]
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P Q 8. The effective resistance between the points
—’\/\/\/\/\—|—’V\/\/\/\— P and Q of the electrical circuit shown in
S the figure is
R W I\ [2002]
&)
I
HRY;
() I,=1, (b) 1,=1,
() I,=1, (d) 1,=1,

6. In the given circuit, it is observed that the
current | is independent of the value of the
resistance R.. Then the resistance values

must satisfy (@) 2Rr/(R+ 1)
[2001] (b) 8RR+ r)/BR+r)
(c) 2r+4R
AAAAA (d) 5R/2 +2r
R 9. A 100 W bulb B,, and two 60 W bulbs B,
R, R and B,, are connected to a 250 V source, as
R shown in the figure. Now W, W, and W, are

[INES
o

- the output powers of the bulbs B, B, and B,
respectively. Then

R R [2002]

(a) RR,R,= RRR,

25

(b) L+L 1! + !
R, R, R+R, R +R,

(¢) RR,=R,R,

(d) RR,=R,R,=RR,

7. A wire of length L and 3 identical cells B,
of negligible internal resistances are con-
nected in series. Due to the current, the
temperature of the wire is raised by AT in a
time ¢. A number N of similar cells is now

connected in series with a wire of the same 250V

material and cross-section but of length 2L.

The temperature of the wire is raised by the (@) W,>W,=W, (b) w,>w,>W,
same amount AT in the same time z. The () W,<W,=W, (d) W, <W,<Ww,

value of N is ] ] ]
10. A thin uniform wire AB of length 1 m,

[2001] an unknown resistance X and a resistance
(a) 4 (b) 6 of 12Q are connected by thick conduc-
(c) 8 (d) 9 ing strips, as shown in figure. A battery
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11.

and a galvanometer (with a sliding jockey
connected to it) are also available. Con-
nections are to be made to measure the
unknown resistance X using the principle of
Wheatstone bridge. Answer the following
question.

D

(a) Are there positive and negative termi-
nals on the galvanometer?

(b) Copy the figure in your answer book
and show the battery and the galva-
nometer (with jockey) connected at
appropriate points.

(c) After appropriate connections are made,
it is found that no deflection takes place
in the galvanometer when the sliding
jockey touches the wire at a distance
of 60 cm from 4. Obtain the value of
resistance X.

Express which of the following set-up can
be used to verify Ohm’s law?

[2003]

12.

13.

14.

In the given circuit, no current is passing
through the galvanometer.

If the cross-sectional diameter of AB is
doubled then for null point of galvanometer
the value of AC would

[2003]
]
R, R,
AKTMC B
(a) x (b) x/2
(c) 2x (d) none

The three resistance of equal value are
arranged in the different combinations
shown below. Arrange them in increasing
order of power dissipation.

[2003]

AN —AAAA

I i —

Ir i

FAA—

IV i~

(@ M<I<IV<I
(©) I<IV<HI<II

(b) I<MI<IV<I
d I<II<II<IV
How a battery is to be connected so that

shown rheostat will behave like a potential
divider?

A VWA B
R

Also indicate the points about which output
can be taken.

[2003]
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15.

16.

17.

Six equal resistances are connected between
points P, O and R as shown in the figure.

P

Q R

Then the net resistance will be maximum
between

[2004]

(b) Qand R
(d) any two points

(a) Pand O
(c) Pand R

For the post office box arrangement to
determine the value of unknown resistance,
the unknown resistance should be con-
nected between

[2004]

B C D

O 00 ® 000 @
v

Q

\

A
[N HONONONONONONONONS,

O L8
P e

1 1

(a) Band C
(c) Aand D

(b) Cand D
(d) B, and C,

In an RC circuit while charging, the graph
of In I versus time is as shown by the dotted
line in the adjoining diagram where [/ is the
current.

18.

19.

20.

21.

22,

When the value of the resistance is doubled,
which of the solid curves best represents the
variation of In I versus time?

[2004]
(a) P
(©) R

(b) 0
(s

Draw the circuit for experimental verifica-
tion of Ohm’s law using a source of variable
D.C. voltage, a main resistance of 100€2,
two galvanometers and two resistances of
values 10°Q and 103Q) respectively. Clearly
show the positions of the voltmeter and the
ammeter.

[2004]

A moving coil galvanometer of resistance
100Q is used as an ammeter using a resis-
tance 0.1Q2. The maximum deflection cur-
rent in the galvanometer is 100 pA. Find
the minimum current in the circuit so that
the ammeter shows maximum deflection.

[2005]

(b) 1000.1 mA
(d) 1.01 mA

(a) 100.1 mA
(c) 10.01 mA

An ideal gas is filled in a closed rigid
and thermally insulated container. A coil
of 100Q2 resistor carrying current 1 A4 for
5 minutes supplies heat to the gas. The
change in internal energy of the gas is

[2005]
() 10kJ
(c) 20 kJ

(b) 30kJ
(d) 0kJ

Find the value of current through 2Q resis-
tance for the given circuit.

[2005]

10V 20V
50 10Q
L : S ; 1

(a) 54
(c) zero

(b) 24
(d) 44

An unknown resistance X is to be deter-
mined using resistances R, R, or R,. Their
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corresponding null points are 4, B and C.
Find which of the above will give the most
accurate reading and why?

[2005]

R=R,orR,orR,

23. Two wires AB and BC, each of length
L/2 are made of the same material. The
radius of wire AB is 2r and of wire BC is r.
The current I flows through the composite
wire (figure). Choose the correct of the

following:
[2006]
A — B
I
L/2 L/2

(a) Potential difference across BC is twice
that across B

(b) Potential dissipated in BC is four times
the power dissipated in 4B

(¢) Current densities in 4B and BC are
equal

(d) Electric field in AB and BC are equal.

24, A resistance of 2Q) is connected across one
gap of a meter-bridge (the length of the
wire is 100 cm.) and an unknown resis-
tance, greater 2Q), is connected across the
other gap. When these resistances are inter-
changed, the balance point shifts by 20 cm.
Neglecting end corrections, the unknown
resistance is

[2007]

(a) 3Q
(c) 5Q

(b) 4Q
(d) 6Q

25. Figure shows three resistor configurations
R, R, and R, connected to 3 V battery. If the
power dissipated by the configuration R , R
and R, is P, P, and P,, respectively, then

2

[2008]
10
10
10 —_ 3V
10
10
R1
10 10
210 ——3v
10 10
R2
10 10
—_ 3V
10 10
R3
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26.

() P,>P,>P,
(c) P,>P >P,

(b) P,>P,>P,
(d) P,>P,>P,

STATEMENT-1: In a meter bridge experi-
ment, null point for an unknown resistance
is measured. Now, the unknown resistance
is put inside an enclosure maintained at a
higher temperature. The null point can be
obtained at the same point as before by

(a) STATEMENT-1 is True, STATE-
MENT-2 is True; STATEMENT-2
is a correct explanation for STATE-
MENT-1

(b) STATEMENT-1 is True, STATE-
MENT-2 is True; STATEMENT-2

is NOT a correct explanation for
STATEMENT-1

decreasing the value of the standard resis- (c) STATEMENT-1 is True, STATE-
tance. MENT-2 is False
STATEMENT-2: Resistance of a metal (d) STATEMENT-1 is False, STATE-
increases with increase in temperature. MENT-2 is True
[2008] [2008]
ANSWERS
ONLY ONE OPTION IS CORRECT
1. (a) 2. (d) 3. (b) 4. (a) 5. (d) 6. (c) 7. (b) 8. (a)
9. (a) 10. (d) 11. (c) 12. () 13. (b) 14. (d) 15. (b) 16. (b)
17. (b) 18. (a) 19. (b) 20. (a) 21. (a) 22. (d) 23. (d) 24. (d)
25. (c) 26. (b) 27. (d) 28. (d) 29. (d) 30. (a) 31. (b) 32. (d)
33. () 34. (a) 35. (b) 36. (c) 37. (d) 38. (b) 39. (c) 40. (a)
41. (d) 42. (a) 43. (d) 4. (d) 45. (b) 46. (c) 47. (b) 48. (d)
49. (c) 50. (b) 51. () 52. (d) 53. (d) 54. () 55. (a) 56. (b)
57. (a) 58. (a) 59. (d) 60. (a) 61. (b) 62. (c) 63. (a) 64. (d)
65. (a) 66. (b) 67. (d) 68. (c) 69. (b) 70. (a) 71. (c)
ONE OR MORE THAN ONE CHOICE MAY BE CORRECT
1. (a,c,d) 2.(a,b,c) 3. (a,b) 4. (a,b,c,d) 5. (b, c) 6. (a, c) 7. (a,b,c) 8. (a,c)
9. (a, d) 10. (b, ¢) 11. (a, b, c) 12. (b,c) 13. (a,b,c,d)14. (a,c) 15. (a, b, c, d)
ASSERTION AND REASON QUESTIONS
1. (b) 2. (c) 3. (d) 4. (b) 5. (0) 6. (c) 7. (0) 8. (a)
9. (b) 10. (d) 11. (d) 12. () 13. (d) 14. (¢) 15. (a) 16. (a)
17. (a) 18. (¢)
MATCH THE COLUMN TYPE QUESTIONS
1. @>q b)) —>r)>rd->r 2. (@)—>q,(b)>p,(c)>rs(d)—>rs
3.@—>q b —>t)>rd—>p 4. @) > q,(b) > p,(c)>r,(d)—>s
5. (@ —>q,(b) >s,(c)>s,(d—>q 6. @) > q, (b)) >r,(c)>p, (d)—>q
7.(@)—>q () >r(c)—>p (d—>q 8. (@—>q () —>p(c)>q W@—>p
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9. (a) >p, (b)) >q,(c)—>r,(d)—>s

11. (@) > p,(b) > q, (c) > 1, (d) > s

1

3.(a>q,(b)>r,(c)>r,(d)—>p

10. (a) > q,(b) > p,(c) > 1, (d) > s

12. (a) > p,(b) > q,(c) > 1,(d) —>s

PASSAGE BASED QUESTIONS
1. (d) 2. (c) 3. (a) 4. (c) 5. (d) 6. (c) 7. (a) 8. (c)
9. (a) 10. (a) 11. (a) 12. (a) 13. (d) 14. (¢)
HINTS AND EXPLANATIONS
SUBJECTIVE QUESTIONS The required to melt the wire
1. The 20K voltmeter gives the highest read- QO _ LAdx134.4x307 % 4
ing; the last case (both the voltmeters across I R IxpL
AB) gives the 1 t reading.
) gives the lowest reading A J
2. (i) Giventhatl=54; V=12V;R=?
yo_12r
R=—= =2.4Q
7 54 7. 0 Amp
(ii) It the voltage applied becomes 42 V 8. (a) Instantaneous current
_y_ar I= Q0 _ d(4t +2t)=8t+2
17.54 d
R 2.40hm d
L ) at t=5sec;[=8x5+2=42 Amp
3. (a) X = 8.2Q) to minimise resistance of the
connection which are not accounted for in (b) Average current
the bridge formula. AQ Q 4x (10> +2x10
(b) 60.5 cm From 4, (c) The galvanometer —_—
; At ot 10
will show no current.
_420
4. 11 Volt, 9 Volt, 6 Volt To - =42 Amp.
5. 17,85V
9. (@ a=(a, +na,)(l +n) (b) a=(a,+
6. If L be the length of the wire, its resistance no)/(1 +mn)
. 10. pf/mab
R%:% 1. (b) J_L nr,
A (02x107°)m . o\ —r
Heat produced in the wire in one second =
PR = (30)*RJ 12. (i) 14 (ii) 24 (ii) 5 V (iv) 30 V
Heat required to raise the temperature of the | 3. (a) The cells in series.

wire to 327°C
O =msAT = (LAd)(134.4)(307)J

Given that e =1.08 V, n =
R =5 ohm

6, r =1 ohm,
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The total emf=ne =6 x 1.08 V
The total internal resistance
nr=6x1=6ohm
The current in the circuit
ne  6x1.08
546

I =
S R+nr

(b) The cells in parallel,

=0.589 4

Here e =108 v, m =6, r=1ohm, R=5

ohm
me  6x1.08 6.48

[ = = = =0.209 4
 mR+r 6x5+1 31

(¢) The cells in multiple are with n=3, m=2

mnée
] =

mR + nr

_ 6x1.08 648
(2x5)+@Bx1) 13

=0.498 4

PREVIOUS YEARS' lIT-JEE QUESTIONS
1. (b)
2. (d)
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