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"1 | ELECTRIC CHARGE

magnetic effects.
All bodies consist of atoms, which contain equal an

protons and electrons respectively. The numbe _ ing equal to the number of protons as an
% from a body, it gets positively charged. If the
electrons are transferred to a body, it gets.

“Similar charges (charges of %
opposite sign) attract one another.”

1.1 WAYS OF CHARGING A

(i)Charging by friction
When two bodies are rubbed together, a transfer of electrons takes place from one body to another. The
body from which electrons have been transferred is left with an excess of positive charge, so it gets

acquires an.equal positive charge.

(ii)Charging y electrostatic induction

itively charged rod is brought near an insulated conductor, the negative charges (electrons) in the
conductor will be attracted towards the rod. As a result, there will be an excess of negative charge at the
end of the conductor near the rod and the excess of positive charge at the far end. This is known as
‘electrostatic induction’.

The charges thus induced are found to be equal and opposite to each other. Now if we touch the far end
with a conductor connected to the earth, the positive charges here will be cancelled by negative charges
coming from the earth through the conducting wire. Now, if we remove the wire first and then the rod,
the induced negative charges which were held at the outer end will spread over the entire conductor. It
means that the conductor has become negatively charged by induction. In the same way one can induce a
positive charge on a conductor by bringing a negative charged rod near it.
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Important points regarding electrostatic induction
(a)Inducing body neither gains nor loses charges.

charge.
(d)Induction takes place only in bodies (either cond

(iii)Charging by conduction
Let us consider two conductors, one charg
contact with each other. The charge (whe
over both the conductors. Thus the co
by conduction (through contact)’. |
1.2 UNIT OF CHARGE
In SI units as current is assume

quantity with dimensions [AT] and unit (ampere x second) called ‘coulomb (C)'.
The coulomb is related to CGS units of charge through the basic relation

Several

electron. If the charge of an election (= 1.6 x 107*°C) is taken as the elementary unit, i.e., quanta of

charge, and is denoted by e, the charge on any body will be some integral multiple of e, i.e.,
g=1tne;n=1,2 3, ... . (1)

2e

experiments have established that the smallest charge that can exist in nature is the charge of an

charge on a body can never be [ ], (17.2) e or (107°) e etc.

(iii))Charge is conserved
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A large number of experiments show that in an isolated system, total charge does not change with time,
though individual charges may change, i.e., charge can neither be created nor be destroyed. This is known
as the principle of conservation of charge.

(iv)Charge is invariant

This means that charge is independent of frame of reference, i.e., charge on a body does not change
whatever be its speed.

1.4.CONDUCTORS AND INSULATORS

The conductors are materials, which allow electricity (electric charge) to pass through them due to the
presence of free elections. e.g., metals are good conductors.

The insulators are materials, which do not allow electric charge to pass through them as there is no free

electrons in them. e.g. wood, plastics, glass etc. [1 .;_.;‘
F-" - — b }:-: -!l'.'-\.:l?'ll

L Hlustration 1 | ”_| )
Question:How many electrons must be removed from a piece of metal so as to Ieau! It‘wlth ﬁ pnsiﬂve charge of
3.2 x 107" coulomb? . N _ﬁ,f'.-}.;-fq.;'f_-_h > 4
Solution: From ‘Quantization of charge’, we know Q = ne = ...::E,;
Q 3.2 x1 0—1? C p— :; ” A7
= - =T =200 l o Q. 4
e 1 .6 X 10 C 1..“-‘}. .:‘"I;,- xl‘l - 1_1_:_/)
i N elr ‘
Illustratmn 2 | « ': -*,

B

Questmn :A copper penny has a mass of 32 g. Being Electﬂeally neutral it cnntalns equal amounts of positive
andnegative charges. What is the magnitude of these charges mp,c A cupiper atom has a positive nuclear charge
of 3 x 1072 C. Atomic weight of copper is 64g/mole arfd Avogadro’ s ﬂnmher is 6 x 10 "*® atoms/mole.

Solution:1 mole i.e., 64 g of copper has 6 x 10’-*" afﬂms Timrefni'rg the number of atoms in copper penny of 32 g is

23 S
9210 xszxw"ﬁ_amm .

One atom of copper has each positive andmgatwﬁ charge of 3 x 107%® C. So each charge on the penny is
(3 x 101“) (3 x 10 -?E) sp.c

‘H‘ .

COULOMB’S LAW _| s

“Two statlnnaw pplhi; charges repel or attract each-other Qy
with a force which is d;feelly proportional to the product of the E
magnitudes of;helréhargesﬂ nd inversely proportional to the square
of the dlstanee betweenthem

Let g he,;t‘he dlﬁtance between two point charges g: and g..

AE@rd'ﬂE tﬂ ﬂt}ulnmh' law, we have Fox 9 ” 9 |
" A & - e, r

wherggf is the magnitude of the mutual force that acts on each of the two charges g, and g.. or,

K| g 9. |
r2

he value of K depends upon the medium in which two point charges are placed.

we o

F=

, where K is a constant of proportionality

In the Sl system. K= -1—~ for vacuum (or air)
4ng,

The constant £o ( = 8.85 x 1072 C%/N-m?) is called “permittivity” of the free space. Thus

F= 1 I Q1 ” qE I ~gx 109q 1q1fr2 L (2)
4ne, re

2.1.PERMITTIVITY OF A MEDIUM
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If the medium between the two point charges g: and g; is not a vacuum ( or air). Then the electrostatic
force between the two charges becomes

1T 1q,1lq,| 1 19,119, |
F= 411:8 1r2 2 =4“ L > 2 ..‘(3]
€€, r

where € = g, is called the ‘absolute permittivity’ or ‘permittivity’ of the medium and €, is a dimensionless
constant called ‘relative permittivity’ of the medium which is a constant for a given medium. ¢, is also
sometimes called “dielectric constant’ or ‘specific inductive capacity’ of the medium.

2.2.COLOUMB’S LAW IN VECTOR FORM

c_Kag ;
2

The vector form of Coulomb’s law is F= "

The unit vector I has its origin at the ‘source of the force”. For

.

example, to find the force on g3, the origin of I is at gi. The signs of
the charges must be explicitly included in equation (4). If F is the

_} .
magnitude of the force, then F = + FF means a repulsion, whereas |

—»
F = — FI means an attraction.

3 | PRINCIPLE OF SUPERPOSITION \

According to the principle of superposition, the force acti
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So, we can calculate the force separately for

and then take their vector sum or find the netforce
The figure shows a charge g; interactin \ the

Thus, to find the force on g, we first calculate exerted by

simply the vector sum F1 = Fi20+. . (5)
where Fi2 is the force on the charge g: due to the charge g, and so on.

Question:The and the proton in a hydrogen atom are 0.53 x 10™** m apart. Compare the electrostatic and
the gravitationa between them in power of 107,
Solution:The.. agnitude of the electrostatic force is

1 é
" 4ng, r?

~ (9x10°N-m*/C?)x(1.6x107"°C)?
i (5.3x107""'m)?

=8.2x10°N
The magnitude of the gravitational force is
my m,
r2

Fe

F=G
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- (6.67x10"""N-m?/kg®) (9.11x 107" kg) (1.67 x 107" kg)
) (5.3x107""'m)?

=3.6x10"% N
The ratio of the forces

“ The % is extremely small. So when we deal with the electrical interaction between elementary
E

particles,gravity may safely be ignored.

Hlustration 4

Question:Three charges lie along the x-axis as

g1 = 15.0 uCis at x = 2.0 m, and the positive charge g, = 6.00 uCis a O— ---------------------------
on the x-axis such that the resultant force on it is zero? (in mm) G

Solution:sSince g3 is negative and both g: and g; are positive, the

s —»
forces F31 and 32 are both attractive. Let x be the co-ordinate of
qs

We have

e Kol lal
(2-2)

Since the net force on the change gs is zero,

Klgl 1% _ Klgl gl
x° (2-x)*

or, (4—4x+ %) (6% 107°C) = x* (

Solving this quadratic equation for x, we

we have,

Hlustration 5 \
Question:Two identical Qﬂhﬂﬂ., each having a
mass of 3.0 x20™ an%ilibrium as shown below. If the length of each string |
45°, find th?@e charge on each sphere in nC. (g = 10 m/s?)

a
From the right angled triangle, we have sin 0 = I
a=LsinB=(15m)sin5°=0.013 m
Hence, the separation of the spheres is

20 =0.026 m

F.B.D. of one of the spheres:-
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Since the sphere is in equilibrium, the resultants of the forces in the horizontal and vertic ions must
separately addup to zero. thus
TsinB-F.=0
= TsinO=F.
and TcosO-mg=0
=5 TcosO=mg
Dividing equation (i) by equation (ii) , we get
tan0=—= or, F.=mgtan®
mg
= (3 x 102 kg) x (10 m/s?) (tan
=03 N
Let g be charge on each sphere.

According to Coulomb’s law

g =15puC

1 FORCE DUE TO CONTINUOUS CHARGE

r—

To find the force exer ntinuuus charge distribution
on a point charge, we divide the charge into infinitesimal charge
elements. Each infini harge element is then considered as a

N\

itude of the force dF exerted by the charge dg on the charge qo is given by

A 1 199114,
4T£u r2

point charg

©

where r is the distance between dg and go. The total force is then found by adding all the infinitesimal
force elements, which involves the integral

F=[dF

Taking dF = dF, i +dF, j + dF,K , we have
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Fo=[dF
F, =] dF,
E,_=J‘dFF_

... (6)

Because of the vector nature of the integration, the mathematical procedure must be carried out with

care. The symmetry of charge distribution will usually result in a simplified calculation.

Each type of charge distribution is described (in the table given below) by
parameter: A, G or p.
How we choose the charge element dg depends upon the particular type of t

an appropriate Greek letter

he charge distribution.

Charge distribution Relevant parameter Sl units
Along a line A, charge per unit length

On a surface o, charge per unit area

Throughout a volume p, charge per unit volume
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IHlustration 6

Question:A point charge g is situated at a distance ‘d’
from one end of a thin non-conducting rod of length L A B
having a charge Q (uniformly distributed along its length) ™

Q%70
Q

as shown. Find the magnitude of the electric force “ 3 >
between the two. (in N)

(take,g=10"°C,Q=9%107°C,d = 1m, L = 2m)

Solution: Consider an element of rod of length ‘dx ‘ at a <

distance x from the point charge g. Treating the element

as a point charge, the force between g and the charge P’

element will be i
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Hlustration 7

Question:A thin non-conducting rod of length L and having a y
charge Q (uniformly distributed along its length) is placed along x- T
axis, as shown. Find the force (in N) exerted by the rod on the Pl q

point charge gy located on the perpendicular bisector of the rod
(the positive y-axis) at a distance y from the centre (take y =1m,

L=2m,qo= V2 x 10°C, q=9x 102 C.)

A O B X
" L =~
Solution: Consider an element of rod of length ‘dx ‘ at a y '
distance x from the centre. Treating the element as a point charge,
the force between g and the charge element will be
dF = 1 qﬂ dq
4ne, r?
_}. 1
The direction of d F is shown in the figure. But dg = Adx dFcost
So, dF = 1 qu?;dr
Ane, r _
For every charge element dg located at position +x, there . 0 0
anothercharge element dg located at —x. When we add the X

rces ."rr: +
due to the charge elements at + x and — x, we find x S — y 0l . —> \HJB
Opposi — ) —————

components have equal magnitudes but point
directions. So their sum is zero, i.e., F,=0

or,

©

uating the integral, we obtain

& F, - 1 99 81
4 5 2
Yol + 2
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ELECTRIC FIELD J

An electric field is defined as a region in which there should be a force on a charge brought into that
region. Whenever a charge is being placed in an electric field, it experiences a force.
Electric fields that we will study are usually produced by
different types of charged bodies — point charges, charged plates. Qi r o)
Charged sphere etc. We can also define the electric field of a charged B
body as its region of influence within which it will exerts force on
other charges.
If two point charges are placed as shown, we describe the forces on them in two ways
(i) The charge g; is in the electric field of charge gi. Thus the electric field of charge qI enﬁrts force
on qa. g B !
(ii) The charge g: is in the electric field of charge g,. Hence the electrlc fleld nf r.fha;ge qz e’ierts a
force on gs. -

Electric field —=====->"— charges inside it. - d \

Electric field —sceted by 5 charged bodies. '~~.:;.__-:.

5.1 ELECTRIC INTENSITY OR ELECTRIC FIELD STRENGTH (E)
The electric field intensity at a point in an electric field is thetnrce EHﬂETIEﬂEEd hy a unit positive charge
placed at that point, it is being assumed that the unit charge dues nu; affect the field.

*’-- r

Thus, if a positive test charge go experiences a force F at a-_,gplnt 1-[;:-‘-_§__h{__1,_;electr|c field, then the electric field

intensity E at that point is given by -

—¥

> N & }
E= i @ “~:"_"=_'-':_-—_".;;.r" ses (7]
Jo - .‘:I:_':-_ﬁ__
Important points regarding electric Irﬂ.ens:ty \ )
(i) It is a vector quantity. The dfreetlum of the electric field intensity at a point inside the electric

field is the direction in which th&elﬁctnc fi elﬁi;e’xerts force on a (unit) positive charge.
(ii) Dimensions of the electmqfleld intensity

i--2
_ F _{MLT" 1_[MLT“3A'1]
" a5, [AT]

In S . S‘VSMSJ th*e um’t of Els N/C or V/m as
‘*N N*x‘m J V

C Cxﬂ'l “"Cxm m
5. Z.FORCED EXERTED BY A FIELD ON A CHARGE INSIDE IT

By deﬁri'ii‘iﬂna E ﬁ- , l.e.,

o

Fz%E
—» — -
If go is @ +ve charge, force F onitisin the direction of E. If go is a —ve charge, F on it is opposite to the

direction of E

M
I
mi
T
I
|
=
mi

+0qo

Page | 10




(' Illustration 8 ‘

Questlon An electrnn (g = - e) is placed near a charged body experiences a force in the positive y
direction of magnitude 3.60 x 10~® N.
(a) The electric field at that location is xx 10~ find x. (where xis in N)
(b) What would be the force exerted by the same charged body on an alpha particle
(g = +2¢e) placed at the location initially occupied by the electron?

Solution: Using equation (7), we have
-8
y=| F, | _3.60 x‘101EN — 225
|G| 1.60x107°C
The electric field is in the negative y direction.

(b) The force on the alpha particle is given by
Fy=qE,=2(+1.60x 107'° C) (2.25 x 10" N/C) = 72

The force is in the negative y direction, the same direction as the e!ectnc ﬁeld

5.3.ELECTRIC FIELD INTENSITY DUE TO A POINT CHARGE = ¥y

Let a positive test charge qo be placed at a distance rfroma O © . & P
point charge q. The magnitude of force acting on q is given by +.q . +:?o
Coulomb’s law,

4ne, r?
The magnitude of the electric field at the site of the charég"gjg,__' n

E=t - ! .. (8)

Qo 4neg, r ® N

The direction of E IS the same as the. ﬂlreetian af Ej

along a radial line from @, pointing outward if q is pﬂsl'!we \ -
and negative if g is negative. | '

The figure given below sh&ws tha dlrectlon of the '3
electric field E at various _.EDJNS near ?-5" positive point / 2

charge.

HHHHHHH

6 WH

elactnc: fl"e‘ild Tc: ealculate the electric field strength at a point due to a graup of N point charges.

We tq_rst ﬁnﬂ the individual field strengths E; due to Q1, Ez due to Qz, and so on
The resultant field strength is the vector sum of individual field strengths.

L4

E=z':_1 + Ez - E3+
=YE,(n=1,2,3, ... N
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! Hlustration 9 l

Question.A point charge g1 of + 1.5 uC is placed at a origin of a co-ordinate system, and the
second charge q; of + 2.3 uC is at a position x= L , where L = 13 cm. At what point P
along the x-axis is the electric field zero (in mm).

Solution:The point must lie between the charges because only A=t
_$—: P —}._@.......‘......"u.............. X
e, P B g
e H >
B B
We then have
Y .- 92 , where x is the co-ordinate of the point P.
4ne, x? 4ne, (L- x)?
Solving for x, we have
L
X

But the negative value of xis unacceptable
Hence, x= 58 mm

il \!
Substituting numerical values for L, g1 and @,
We obtain
x=58cmand x=-54.6 cm
>

6 | ELECTRIC FIELD OF CONTINUOUS CHARGE DISTRIBUTIONS

N

LY CHARGED RING AT A POINT ON THE AXIS

6.1 ELECTRIC FIELD DUE TOA
OF THE RING
ited uniformly on a thin, circular, non-conducting ring of
= at a point P on the axis of the ring, at a distance x from

dE
a »
o “" 2dEcosh  x
R g 2 =

dEsing
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Now, dE= aq

4ne, (d? +x?)
Hence, the resultant electric field at P is given by
-— .[dEx

= [dEcos 0

" 1 dq X
- Ang (0% +x%) a2 + 42

. ]

As we integrate around the ring, all the terms remain constant and |d g
So, the total field is _.

o ] xQ
41.[50 (32 + xE )3!2
1 Qv
or E= .. (9A
4ne, (a? + x?)3? A \ ¢ (9A)
6.2 ELECTRIC FIELD DUE TO A UNIFORMLY GHARGED DISC AT A POINT ON THE AXIS
OF THE DISC > '

density ¢ ¢/m?. We have to fII"ld the electric* f
disc. of
Let O be the centre of a uniformly'c
be an axial point, distant x from O, at whic
From the circular symmetry.of | '

of concentric circular rmgs and consider one such ring of radius r and an infinitesimally smal
width dr .

The area of the elemental ring = circumference x width = (2xnrdr)
The charge dq on the elemental ring = (2nrdr) o
Therefore, the electric field intensity at P due to the elementary ring is given by
oE — 1 (2nrdr) ox _ ox rdr
47e, (rz + xz)m 2¢, (r:z + IE)EIE ’
and is directed along the x-axis. Hence, the electric intensity E due to the whole disc is given by
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R

oX rar
E= 2Eﬂ j(rﬂ +x2)3.~"2
0
_ -R _ -
_ox|__ 1 o) 1 1
250 - (rE +x2)1;‘2_ﬂ £ I (R2+I2)1.~’2 x-
O X
=2_EOL-1_(R2+IE)”2-I (QB)

Hlustration 10;

Question:A thin insulating rod of length L carries a uniformly distributed charge Q. Find the electric
field strength at a point along its axis a distance ‘@ from one end. (In N/C)

(take Q=10°C,a=1m, L = 2m)

Solution:Let us consider an infinitesimal elemen ’
A

The magnitude of the electric field at P due to this element is
PORLIN. PR -
4“50 xz 41[50 X

and its direction is to the right since A is positive. The total elec lﬁ

- Q =3
" (4m,) a(a+Ll) W

MOTION OF A CHARGED PARTICLE IN AN UNIFORM ELECTRIC FIELD

E is given by

- e -
F=QE ¢ N
From Newton's seco

Since the field is uniform, the acceleration is constant in magnitude and direction. So we can use
the equation of kinematics for constant acceleration. Now, there are two possibilities.
(a) slf the particle is initially at rest
From equation v= u + at, we get

v=at= 95 [-.-u= 0: a =_}
m

1
From equation S = ut + Eatz, we have
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T 2
2a 2m

(b) (i) If the particle is projected perpendicular to the field with an initial velocity .

.

0000000
<

L

X = Vot
fnr motion along y-axis, we have

o i

[ u=0; a—qE:|
m

@ &

'8 | ELECTRIC LINES OF FORCE \

S ‘:_-_ fnw or the electric field lines introduced by Michel Faraday is a way

Electric lines of force due Electric lines of force due
to positive charge to negative charge

(i) The tangent to the curve at any point gives the direction of the electric field intensity at that
point.

(ii)Electric lines of force never intersect since if they cross at a point, electric field intensity at that
point will have two directions, which is not possible

. (iv)Electric lines of force do not pass but leave or end on a charged conductor normally.

Suppose the lines of force are not perpendicular to the conductor surface. In this situation, the
Page | 15




component of electric field parallel to the surface would cause the electrons to move and hence
conductor will not remain equipotential which is absurd as in electrostatics conductor is an
equipotential surface.

Fixed point charge near infinite
metal plate

(V) The number of electric lines of force that originate from or
proportional to the magnitude of the charge. '
(vi) As number of lines of force per unit area normal to
magnitude of intensity, crowded lines represent strong field '
if the lines of force are equidistant straight lines, the filed is.un

charge is

'ea at point represents
es weak field. Further,

=
- B
_—
< —
> ' g
: £ : Both magnitude and
Magnitude is nagnitude and  y.oction constant.

not constant )N not constant

¥ < . . e 2
“'\ O

oZ
force due to two equal positive charges (field is zero at O). O is a null
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PROFICIENCY TEST-1

The following questions deal with the basic concepts of this section. Answer the

following briefly. Go to the next section only if your score is at least 80%. Do not consult
the Study Material while attempting these questions.

: 1

10.

A typical charge produced by rubbing is 1nC. Roughly no. of elementary charges (e) does
this involve in n. If nis given as x x 107 .Find x

A positively charged glass rod is brought close to a suspended metal .needle._ What can
you say about the charge on the needle given that the needle is
(a) attracted; (b) repelled

A point charge q is placed at the mid-point between two eq,u_él 'pt;i_hzt-'chang'es of magnitude
Q, as shown in the figure. Is g in equilibrium? If so is_it stable or unstable equilibrium.
Consider g to have (a) the same sign and  (b) the opposite sign to Q.

Q q Q A W

Two point charges of unknown magnitudes and.signs are placed a distance d apart. If it is
possible to have E = 0 at any point not between the charges but on the line joining them,
what are the necessary conditions and where is the point located?

A positive charge is brought very close to uncharged conductor which is grounded. Is the
conductor charged positively, negatively, or not at all if

(a) the charge is taken away and then the ground connection is removed and

(b) the ground connection is removed and then the charge is taken away?

Two identical small'spheres.are charged positively. Each sphere is repelled from the other
with a force of 9 x '1'.0'_3 N'when the spheres are 2 m apart. Calculate the charge (in nC) on
each sphere/ .

In the:-g'_iven'-figUrE, find (a) the horizontal component +q a -q
of electric.force on the charge in the lower left corner T *
of the square. Assume that the charges are at rest.
. 1 : 1
(take kq” = [4——-] Slunitanda= —m) a a
& V2 V2
& ®
+2Q a -2q

Electric field lines never cross. Why?

A negatively charged particle of mass to charge ratio is 2, is accelerated eastward at 8
m/s? by an electric field. Determine the magnitude and direction of the electric field.

An alpha particle, the nucleus of a helium atom, has a mass of 6.4 x 107" kg and a
charge of +2e. What are the magnitude and the direction of the electric field that will
balance its weight?
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ANSWERS TO PROFICIENCY TEST-1

1. 325

2. (a) negative charge or uncharged

(b) positive charge Q
3. (a) Yes, the charge qis in stable equilibrium. q

(b) Yes, the charge q is in unstable equilibrium.

4. The charges must be of opposite signs and point s e charge of smaller

magnitude.

O (a) The conductor is not charged at all %
(b) the conductor is negatively charged.

6. 2.C \

A 31N

8. Because electric field at a a unique direction

10. 200 nN/C upwar

9. 16 N/C towards west \'

©

VS\
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9 | FLUX OF AN ELECTRIC FIELD OR ELECTRIC FLUX \

Let us consider a plane surface of area S placed in an electr 2

mi

2ld E.

-
Electric flux through an elementary area d S is defined .

e scalar product of d§and E ie.

—¥ —3 -
dobe = E.dS, where dSis the area vector, who
agnitude is the area ds of the element and whose direction is along tt
itward normal to the elementary area.

Hence, the electric flux through the entire surface is given by
Oe = j EdS

or, bc = |EdS cos 0

If the electric field is uniform, then ¢¢ = [Eds cos 0 = E cos6)d!

When the electric flux through a closed surface is r
integration symbol;

small circular sign on the

—> —>

bce=E.dS
Important points regarding electric flux:
(i) The number of lines of force passing normall
field over the given area.

(ii) It is a real scalar physical quanti

« (1)

(iii) It will be maximum when cos 0 E
i.e., electric field iSs normal to the surfa I %
das
when |cos O] = min = 0, i.e t d§
rallel'to the area with (dde)min =0 £

Positive flux Negative flux
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IHlustration 11

Question: In a region of space the electric field is given by E =8f + 43 + 3k . Calculate the electric flux through a

surface of area 100 units in x-y plane.

Solution: A surface of area 100 units in the xy plane is represented by an area vector S = 100 k (direction along the
normal to the area). The electric flux through the surface is given by

b =E.S =(8i +4]+ 3k). (100k) Q
= 300 units
Hlustration 12 %

estion: Calculate the electric flux through a cube of sic
‘@“ as shown, where E, = bx'%
=E=0,a=10cmand b = 800 N/C-m'2 (
Nm?/C)

q—ah-_ ;'
[ g~
Solution:
The electric field throughout the r and its x-component is given by
E.= bx*/2, where b = 800 N/C¥

For the left face perpendicular ! 3 X-axis, we have x = a = 10 cm, while for the right face x = 2a

= 20 cm. Hence for the left face, the x-component of the field is
E.=800x(10x1
For the right face, w
E.' =800 x (
The area of eacl cm? = 107?m?

e left face

= E.'S =(358) (107%) = 3.58 N-m?/C

net flux through the other faces is zero, because E, = E, =0
ce, the net flux through the cube ¢ = 3.58 —2.53 =1 (approx)

10 | GAUSS’S LAW \

This law gives a relation between the electric flux through any closed hypothetical surface (called a
Gaussian surface) and the charge enclosed by the surface. It states, “ The electric flux (¢¢) through any closed

surface is equal to i times the ‘net’ charge enclosed by the surface.”
&g

That is,
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b= EdS = Zq . (12)

€9
where > g denotes the algebraic sum of all the charges enclosed by the surface.
If there are several charges +q1, + g2, + g3, —qa, —Qs ... etc inside the Gaussian surface, then

>G=q1+q2+qs—qa—gs ...
It is clear from equation (11) that the electric flux linked with a closed body is independent of the
shape and size of the body and position of charge inside it.

Applications of Gauss’s Law
Gauss'’s law is useful when there is symmetry in the charge distribution, as in the case of uniformly

charged sphere, long cylinders, and flat sheets. In such cases, it is possible to find a simple Gaussjan surface over
which the surface integral given by equation (10) can be easily evaluated. .
These are steps to apply the Gauss’'s law

(i) Use the symmetry of the charge distribution to determine the pattern of the hnes §
(ii) Choose a Gaussian surface for which E is either parallel to dSnr perpendlcular to dS

(iii) If E is parallel to dS then the magnitude of E should be cnnstamlﬂver this part uf thE surface.
The integral then reduces to a sum over area elements. | |
FIELD DUETO AN INFINITE LINE OF CHARGE | |
Consider an infinite line of charge has a linear charge dena:ty }... Usiﬂg Gauss’s law, let us find the

electric field at a distance ‘r’ from the line. |
The cylindrical symmetry tells us that the field strength \mll & s =P

Y
be the same at all points at a fixed distance r from the line. Since the + 43
line is infinite and uniform, for every charge element on one SIde, the A "
symmetrically located element on the other side. The compenent a Sz B E
long the line of the fields due to all such elements, cancel in‘pairs. +
Thus, the field lines are directed radlally nutward,perpendlcular to + . —E*
the line of charge. E+— | s,
The appropriate choice of Gaussaan surface is a cylinder of d§ | + dS
- +
radius r and Iength L. On the ﬂaiff-i end faces S; and S3 , E e
perpendicular dS Which rneans no flux crosses them. On the curve 33 ______ I | E
surface S;, E is < +
parallel dS so that E dS Ed.S d§

The charge enc]nsed by the cylinderis Q =
Applvmg Gatuss’s law to the curved su rface we have

E.dS =E(2nr) = ol or, E= £ .. (13A)
3 € 2ne,r
10.2-.;_'_._'._~--. -_ FIELD DUE TO AN INFINITE PLANE SHEET OF CHARGE
t 4+
+ +
st
e P + + 4 —»
E \* + ( 6 oE
-+ X + > R
dsS
-

Q
%))
+
4+ +
+ +
+

Let us consider a thin non-conducting plane sheet of charge, infinite in extent, and having a surface

charge density (charge per unit area) 6 C/m? Let P be a point, distant r from the sheet, at which the electric
intensity is required.
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Let us choose a point P ' symmetrical with P, on the other side of the sheet. Let us now draw a

Gaussian cylinder cutting through the sheet, with its plane ends parallel to the sheet and passing through P and
P'. Let A be the area of each plane end.
By symmetry, the electric intensity at all points on either side near the sheet will be perpendicular to

the sheet, directed outward (if the sheet is positively charged). Thus E is perpendicular to the plane ends of the

cylinder and parallel to the curved surface. Also its magnitude will be the same at P and P'. Therefore, the flux
through the two plane ends is

be = jE. ds +j§. dS =IEdS + [EdS = EA + EA = 2EA

The flux through the curved surface of the Gaussian cylinder is zero because E and d S' are at right
angles everywhere on the curved surfaces. |
Hence, the total flux through the Gaussian cylinder is
Oe = 2EA
The charge enclosed by the Gaussian surface g = A
Applying Gauss’s law, we have

2EA= SA
€0 |
2 a2 | .;..-(1331

10.3 ELECTRIC FIELD DUETO A UNIFORMLY CHARGED SPHERICAL SHELL
Using Gauss’s law, let us find the intensity uf the eler:l‘rlt: field due to a uniformly charged

spherical shell or a solid conducting sphere at

Case I: At an external point

At all points inside the charged sphencal_-
conductor or hollow spherical shell, electru: fi eld

E 0, as there is no charge inside such sphere In an - E‘é

isolated charged spherical conductor amy excess "

charge on it is distributed unifnrml?“nver" 'its outer ,
_____ «~ Gaussian

hollow sphere. Since the charge lines must point surface

radially outward. Also, the field strength will have
the same value at all .pﬁintﬁ'.gn"'aﬁv imaginary
spherical surface concentric with the charged
conducting sphere or the shell. This symmetry leads ‘
us to choose thE Gausslan stlrface to be a sphere of
radius >Ry, |

Any arbitrarvelement of area d S is parallel to the local E , SO E dS EdS at all points on the

sur['ace
Al:cardmg to Gauss’s law, dS = E(4nr)= =
€0
Therefore, E= 1 Q ... (13C)
4ne, r?

For points outside the charged conducting sphere or the charged spherical shell, the field is same
as that of a point charge at the centre.

Case ll: At an Internal Point (r<R)
The field still has the same symmetry and so we again pick a spherical Gaussian surface, but now
with radius r less than R. Since the enclosed charge is zero, from Gauss’s law we have
E(4nr?)=0
E=0 ... (13D)
Thus, we conclude that E = 0 at all points inside a uniformly charged conducting sphere or the
charged
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spherical shell.

Variation of E with The Distance from the centre (r)

El

1 Q ............... ‘
4n£ﬂ Rz k

O

>

r=R r

10.4 ELECTRIC FIELD DUETO A UNIFORMLY CHARGED SPHERE

A non-conducting uniformly charged sphere of radius R has a total charg
throughout its volume. Using the Gauss’s Law, Let us find the field

Casel:atan internal point (r< R)

Positive charge Q is uniformly distributed throughout the
volume of sphere of radius R. For finding the electric field at a
distance (r<R) from the centre, we choose a spherical Gaussian
surface of radius r, concentric with the charge distribution.
symmetry the magnitude E of the electric field has the sa

iformly distributed

Gaussian
surface

at every point on the Gaussian surface, and t
radial at every point on the surface.
So, applying Gauss’s law

= E (4nr?) = g
Here, Q= [i“rEJp LS s Qr3
3 R?

where p is volume d
Therefore

.. (13E)

increases linearly with distance from the centre
I: At an External point (r>R)
To find the electric field outside the charged sphere, we use a spherical Gaussian surface of radius

r (>R). This surface encloses the entire charged sphere. So, from Gauss’s law, we have
E(anry)=
&g
or. E=_1_ @ ... (13F)
4ne, r?

The field at points outside the sphere is the same as that of a point charge at the centre.

Variation of E with the distance from the centre (r)
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11

CONDUCTORS |

A conductor contains “free” electrons, which can move freely in the material; but Cannut laave it.
Now, when an excess charge is given to an insulated conductor, it sets up E|EEtrIC fi Eld inside the
conductor. The free electrons will redistribute themselves and within a fractinn of a semnd (apprnx 10

s) the internal field will vanish. Thus, in electrostatic equilibrium the value, cﬁ E aat all pmnts within a
conductor is zero. This idea, together with the Gauss’s law can be’ used ta pruve interesting facts
regarding a conductor.
11.1 CAVITY INSIDE A CONDCUTOR . A W

Consider a charge + go suspended in a cavity in a mﬂducfﬁr CﬂriSIder a Gaussian surface just

5 8
outside the cavity and inside the conductor. E =0 on tlus Gaussian surface as it is inside the conductor.

Hence from Gauss’s law

".' '.

Gausman -

Surface
,
EvdS= we have
® N :_1 ‘x
2q=0

ThIS conﬂludes that a charge of —g must reside on the metal surface of the cavity so that the sum
of ﬁus mdtfehd chafge —g and the original charge +g within the Gaussian surface is zero. In other words, a

charge q suspt-nded inside a cavity in a conductor induces an equal and opposite charge —q on the
surfac& of the cavity. Further as the conductor is electrically neutral, a charge +qg is induced on the outer

surface nf the conductor. As field inside the conductor is zero.
The field lines coming from g cannot penetrate into the conductor, as shown in the above figure.
The same line of approach can be used to show that the field inside the cavity of a conductor is
zero when no charge is kept inside it.

11.2 ELECTROSTATIC SHEILDING

Suppose we have a very sensitive electronic instrument that we want to protect from external
fields that might cause wrong measurements. We surround the instrument with a conducting box or we
keep the instrument inside the cavity of a conductor. By doing this, the charge in the conductor is so
distributed that the net electric field inside the cavity becomes zero and so instrument is protected from
the external fields. This is

called electrostatic shielding.
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| 12| FORCE ON THE SURFACE OF A CHARGED CONDUCTOR

In a charged conductor the charge resides entirely on the surface. This shows that every element
of the surface of the conductor experiences a normal outward force, which holds its charge there. This
force is produced as a result of repulsion of the charge on the element by the similar charge on the rest of
the surface of the conductor. Let us calculate this force.

Let dS be a small element of the surface of a charged
conductor. Let ¢ be the surface density of charge. Let us
consider a point P just outside the surface. The magnitude of the
electric intensity at P is given by

E=E, and is directed along the outward drawn
€9

normal to the element. _ S
The intensity E can be considered as made up of two parts: (i) an inte’ﬁéify £ due tﬂ the charge
on the element d§, and (ii) an intensity E; due to the charge on the rest uf thE surface of the conductor.
Since their directions are the same, we have
Ei=Ei1+E = 2 ';. N - . (i)
€g A N
Let us now consider a point Q just inside the surface The intens.lty at Q may again be considered
as made up of two parts. The intensity due to the charge on the el*ement dsSis equal and opposite to that
at P i.e., —=E;, since Q is very close to P but on the uppasrte 5|de of the surface. The intensity due to the
charge on the rest of the surface is same in magmtude and dfrectmn as at Pi.e, E; (since Q is very close to
P). But the resultant intensity at Q must be zerﬂ, smce Q hE{i lnsrde the conductor. Hence

-E1+E=0
or El = Ez :
Substituting this in equation (n), we get
;]
€0
£,= 9
2g,

This gives the:nﬂﬁ_ﬁa_fd"fqlrcéﬁexperienced by a unit positive charge on the elements dS due to the
charge on the res’_;,.uf__fﬁeisﬂrfﬁce.- Since the charge on the element is 6dS, the force on dS is

=E2{ﬁds) ) 52dS
W 2¢,
Fiéﬁ_;:_e th'é'ffornce per unit area of the surface is
N F_o (14A)
dS 2,

"-'Wh atever the sign of g, this force acts outward along the normal to the surface.
Now, from equation (i) E= ,Ei, so that ¢ = goE.
0
Substituting this value of o in equation (14A), the outward force per unit area of the surface
(€0E )°
2¢,
goE>

- B ... (14B)
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Hence the force per unit area (or electrostatic pressure) experienced by a charged conductor is ¢?
/2¢0 or £0E% /2 newton/meter? directed along the outward drawn normal to the surface.

13 | ENERGY DENSITY OF AN ELECTRIC FIELD

Let us consider an electrostatic field E around a charged conductor. The charged conductor
experiences a force of €0E%/2 Newton per meter” area, which is everywhere, directed along the outward

drawn normal to the surface. If the conductor is placed in a medium of dielectric constant K, the normal
force is KeoE?/2 newton.

Suppose the surface is displaced through a small distance of d/ meter everywhere along its
outward normal. The work done per meter? area of the surface

2
s B8E e
The volume swept out by 1 meter? area is dl meter’. Thu e ne in producing
dl meter® of the field
2
KeoE dl joule.

Hence the work done is producing unit volume of the @
= KEuE2

joule

e field.

This work is stored as energy of strain in the energy per meter?, or the energy

density u, of the field is

1

u=—Ke, E°

5 .. (15)
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‘ PROFICIENCY TEST- 11 \

The following questions deal with the basic concepts of this section. Answer the
following briefly. Go to the next section only if your score is at least 80%. Do not consult
the Study Material while attempting these questions.

1, Consider the Gaussian surface that surrounds partof e g, *Q

the charge distribution shown above. e — p

(a) Which of the charges contribute to the electric
field at point P?

(b) Would the value obtained for the flux through _
the surface, calculated using only the field due «
to g1 and g,, be greater than, equal to, or less |
than that obtained using the total field?

e 7 ..5__;::.1: ussian
. surface

2. A point charge is placed at the centre of a spherical Gaussian su e ch n
(a) if the surface is replaced by a cube of the same volume? |
(b) if the sphere is replaced by a cube of one-tenth the volume?y, ",

3. In the proceeding question, is ¢ changed
(a) if the charge is moved off-centre in the origi
(b) if the charge moved just outside the original'sphe

4, In question (2), will pechange A
(a) if a second charge is placed neaf, and
(b) if a second charge is placedinsid

w ] -
- r&. q___l.

iform elec

above, in a region of ic field. Find
the electric flux through the right face if the

the total flux through the cube for y
' b ¢
6. A point charge g = 24 is placed at the centre of a cube of edge a. What is the flux through each
of the cube faces?
7. A point charge g = 48 g is placed at one corner of a cube of edge a. What is the flux through each

of the cube faces?
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A point charge +g = 6gq is a distance d/2 from a square @ q
surface of side d and is directly above the centre of the
square, as shown above. Find the electric flux through the
square.

—— g —>

A hemisphere of radius R= -L-is placed in an uniform

>

5
electric field | E| = 1 N/C with its axis perpendicular to

_}
the electric field E. What is the electric flux through the

curved surface?

37°

10. A flat plate with dimensions 50 cm x 60 cm is set with it

i
-

-.*
plane at 37° to a uniform electric field E=—500
as shown below. What is the flux through the plate?

A J A4 v A4

/\
.
N\
)

©

VS\

Page | 28



ANSWERS TO PROFICIENCY TEST- 11

1. (a) g1, G2, 3 and ga
(b) equal

7 (a) No
(b) No

3. (a) No
(b) Yes
4, (a) No %
(b) Yes
5. (a) zero Q
(b) -8 Nm?*c?
(c) zero
(d) zero in each case
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14 | ELECTRIC POTENTIAL

The electric potential at a point in an electric field is the external work needed to bring a unit

positive charge, with constant, from infinity (point of zero potential) to the given point. Thus,

ve Wex ... (16)
Q%

Where W, is work done in moving a charge go from infinity to that point.
Important points regarding electric potential

(i) As electric field is conservative, We = U

So,
_Y
o
or, U=qoV

Thus, the electric potential at a point is numerically equal to the pote ergy per unit charge
at that point.
(ii) It is a scalar having S| unit (J/C) called volt (V).

1v-H
1C

(iii) If V4 and V5 are the electric potentials of two pointsA.z
A and B is equal to Vg — V.

Thus the potential difference between two poin
Was

Qo
where Wy_,5 is the work done by ane

he potential difference between

VE—VA=

r ving a positive test charge go from Ato B

(iv) We know that
AV = Wex
9o

nd opposite of the electrostatic force, we have

vows @ curved path in a non-uniform field. The
ce between the points A and B is given by

[ =:A17)

A

Since the electrostatic field is conservative, the value of this line integral depends only on the end
points A and B and not on the path taken. So the electric potential at a point can be interpreted as the

negative of the work done by the field in displacing a unit positive charge from some reference point
(usually taken at infinity) to the given point.

Hlustration 13
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Question: The electric potential at point A is 200 V and at B is —400 V. Find the work done by an external
force and electrostatics force in moving charge of 2 x 107 C slowly from B to A. (in pJ)
Solution: Here,
o =2x10°C; Va=200V;
Ve=—-400V
work done by the external force = Ws-4
=go (Va— Va)
= (2x 10°) [(200 - (-400)]
Work done by the electric force = — (Ws—a)extermal

=42
Hlustration 14!
Question: Find the work done by some external force in moving a charge g =2 uC point
where electric potential is 10°V. (in J)
Solution: (Esn)enmii 2221079 (D))
=2 p
14.1 ELECTRIC POTENTIAL AT APOINTDUETO A POINT CHARG
—> —> r - — |
As E= 1 9 r and V= 2
4ne, r r A
V= -j' 1 9 i =
* 4ney r
o a9 .. (18)
4ne, r

where ris the distance of A from the PO _ rge g
isipositive if the point charge q is positive. V4 will be negative if the

point charge g is negative. . : |

14.2 ELECTRIC POTENTIAL DUE TO'A( UP OF POINT CHARGES

The potential at any po :""j:'i_'_e;._?}:._ due to a grt

contributed at the same poi individual point charges.
PN o ,

.. (19)

llustration 1§|

Question:Th de. Ik

g:=3p
needed

: gGa = 1uC; g2 = 2 puC and G

s N ST g o
bring a charge
from infinity and to place it at P?

e

3m

QO

Solution: The external work is Wex = g[Vf— V]

In this case,V; = 0.
S0, Wex = gsVp = (2.5 x 107° C) (7.65 x 10° V) =19

14.3 ELECTRIC POTENTIAL DUETO A CONTINUOUS CHARGE DISTRIBUTION
The electric potential due to a continuous charge distribution is the sum of potentials of all the

infinitesimal charge elements in which the distribution may be divided.

V=[av
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V= ]' &
Ane,r
14.3.1 Electric Potential due to a charged ring
A charge Q is uniformly distributed over the circumference of a
ring. Let us calculate the electric potential at an axial point at a distance
r’ from the centre of the ring.

The electric potential at P due to the charge element dq of the ring is
given by

1 dq 1 aq
dV = =
4ng, Z  4neg, (R? +r?)V2 >+
Hence, the electric potential at P due to the uniformly charged ring is given by
1 dq 1 1
V — —
I4nen (R* +r®)V?2  4mey (R? +1r?)"? qu
1 Q

aney (R? + r?) |
14.3.2 Electric potential due to a charged disc at a point on thé axi '

A non-conducting disc of radius ‘R’ has a uniform surface charge d
the potential at a point on the axis of the disc at a distance ‘r’ fromjits centre

>/m?. Let us calculate

P

dqg = 6dA = 6 (2nxdx) and so the potential due to the ring is

gy 1 dg_ 1 o (2nxdy)

& Let us see how t behaves at large distances, when r>>R. We use binomial theorem
(1 + Ht I]_i.._. ____.:_-::--}-_.._Z-.1;'-______;; f "- 211

_"‘22_1.*2
2

X r

- R .
r 1+—2+...
2r

" 'Substituting this into the expression for V, we find
Ve 1
dng, r
Thus, we conclude that at large distances, the potential due to the disc is the same as that of a
point charge Q.
14.3.3 Electric Potential due to a closed disc at a point on the edge.

Let us calculate the potential at the edge of a thin disc of radius ‘R’ carrying a uniformly
distributed charge with surface density o

, where Q = ntr? is the total charge on the disc.
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Let AB be a diameter and A be a point where the potential is to
be calculated. From A as centre, we draw two arcs of radiirand r + dr
as shown. The infinitesimal region between these two arcs is an
element whose area is dA = (2r0) dr, where 20 is the angle subtended

by this element PQ at the point A. Potential at A due to the element PQ
IS

cdA _ZGrBdr _ 2c0dr

dV = =
dne,r  Amegyr 4ne,

From AAPB, we have
r = 2R cosO
or, dr =-2R sin 6dO
Hence
AL - 46 0Rsin6add
4ne,
Voo i- oRO sm 0dO
x/2 g,
V=—i -Bcosﬂ+sin9|“m V= ﬂ
gy : TE

14.3.4 Electric Potential due to a shell

potential at a point
(a) outside the shell; (r>R)
Q;

electric field is E: >
dney r

(a) At points outside a uniform spherical

- - —r
since E isradial, E.d r =Edr
since V(=) =0, we have

r

V(r)-V(e)= [ —

1. Q |

= V=

on the sur ny.point inside the shell is zero. Thus, the potential has a fixed value at all points within

the spherical shelland is equal to the potential at the surface.
ya 1 S ... (19E)
4ne, R
Variationofelectricpotential with the distance from the centre (r)
Vl
1 Q
4ne, R
>
O r=R r
&= All the above results hold for a “conducting sphere’ also whose charge lies entirely on the outer

surface.
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14.3.5 Electric Potential due to a non-conducting charged sphere
A charge Q is uniformly distributed throughout a non-conducting spherical volume of radius R. Let
us find expressions for the potential at an (a) external point (r>R); (b) internal point (r<R); where r is the
distance of the point from the centre of the sphere.
(a) At an external point

Let O be the centre of a non-conducting sphere f\
of radius R, having a charge Q distributed uniformly over /

ﬁm
/ \
its entire volume. / - \
Let P be a point distant r ( >R) from O at which ﬁh \ i
potential is required. Let p be the charge density J / | /I |
Let us divide the sphere into a large number of \ J//
thin concentric shells carrying charges g1, g2, gs ... etc. o

\\-\._____.—--"/
The potential at the point P due to the shell of charge g: \““‘a_

1 g
4ne, r

e

IS

Now, potential is a scalar quantity. Therefore the potentials V due le sphere is equal to

the sum of the potentials due to all the shells.

V1q,+1q2

— <+ ...
dng, r 4mg, I

. [g1+g.+qs+.....]
dne,r

Butgi+g:+gs+..=Q,the charge on -;__i_:j' 3

yo 1@ .
dne, r St

(b) Potential at an internal paint™

Suppose the point P lies inside the's at a distance r from the
centre O, If we draw a concentric sphere through the point P, the point P will
be external for the solid adi and internal for the outer spherical
shell of internal radius r and external

1 4/3 nr’p B rz_p

v -
\ dree 1 3
. now find the potential at P due to the outer spherical shell. Let us divide this shell into a
aber of thiniconcentric shells and consider one such shell of radius x and infinitesimally small thickness
. The'volume of this shell = surface area x thickness = 4 nx’d x. The charge on this shell, dg = 4nx’dxp.
tential at P due to this shell

1 dg 1 4nd(dv)p

dV; = =
) dneg, x  4dng, X
_ pxdk
€0
The potential V; at P due to the whole shell of internal radius r and external radius R is given by
R
R oxde P 2
V; = =
) € € | 2 r
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_p(R-r)
AR

Since the potential is a scalar quantity, the total potential V at P is given by
V =Vi+\;
_Pp  p(RE-r?)
3¢, 2¢,
_p(3R? - r?)

6 g,

But p = .
LR
3

1 Q
V = 3R’ -r .. (19G
4ng, 2R? : : = ) \

15 | CALCULATION OF ELECTRIC FIELD FROM ELECTRIC POTENTIAL

In rectangular components, the electric field is

E=E,i+E, j+E,k;

Thus,

dv=- E.dS

= — [E.dx + E,dy + E, dzZ]

for a displacement in the x-directio
dy =dz=0andso
dV = —E.dx. Therefore

__ (ﬂ)

s (21)
Hlustration 16
W . | 1 Q
ion: The electrical potential due to a point charge is givenby V = e i Find
0

the x-component of the electric field .( take r=2m, x=1m, Q= gx 107°C) (in N/C)

Solution: (a) The radial component is given by
E. = av = 1 Q
df' 4TE 0 r2

(b) In terms of rectangular components, the radial distance is r = (x? + y? + 2?)"? ; therefore, the
potential function

= 1 Q: 1 Q
dneg r Ameg (x2 4+ y? 4+ Z2%)V2

To find the x-component of the electric field, we treat y and z constants. Thus

Vv
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Ei= - —
cX
or E.=+ 1 S
. me, (x2 + y2 + 22)3/2
=IhIIHiI‘I=1
BIHTEEEE
16 | EQUIPOTENTIAL SURFACES

If we join the points in an electric field, which are at same potential, the surface (or curve) obtained
is known as equipotential surface (curve).
Important Points Regarding Equipotential surfaces

(1) The lines of forces are always normal to equipotential surfaces
(i1) The net work done in taking a charge from A to B is zero if A and B are r;}n same
equipotential surface. |
Examples | \
(1) In the field of a point charge, the equipotential surfaces are spheres céntered on the point charge.
(ii) In a uniform electric field, the equipotential surfaces are p!'EIHES Mﬂch are perpendmufar to the field
lines. : - |

(iii) In the field of an infinite line charge, the equipotential mrfafes are co-axial c ‘ylinders having their

axes at the line charge.

(iv) The surface of a conductor is an equipotential surface amf the m.sufe of conductor is equipotential
space. Hence there is no electric field (and charge) u:i.ﬂde the conductor’ s surface. The lines of
forces are always normal to the surface of a conductor.

17

ELECTRIC POTENTIAL ENERGY

If a charge is moved between two points in an electric
field, work is usually done against the field or by the field. In'
the figure, if a charge +q is moved from B to Cin the electric
field of charge +Q, the work will have to be done by some
outside agency in pushing the charge +q agamst the force of +q B
field of +0Q. .. C

This situation is very similar to that of @ mass moved in gravitational field of earth away from it.
Work done against the gravitational pull of €arth is stored in Gravitational potential energy and can be
recovered back. Similarly in El_et:fﬁ't;.- field, work done against an electric field is stored in the form of
electric potential energy &.can be recovered back. If the charge +g is taken back from C to B, the electric
force will try to accelerate the charge and hence to recover the potential stored in the form of kinetic
energy. | -

As the wu_rk-.dnn_ﬁ__ agjainst an electric field can be recovered back, electrostatic forces and fields
fall under the category.of conservative forces and fields. Another property of these fields is that the work
done is independent of path taken from one point to the another.

17.1 POTENTIAL ENERGY OF A SYSTEM OF TWO POINT CHARGES

. The potential energy possessed by a system of two-point charges g1 and g2 separated by a
distancer is the work done required to bring them to this arrangements from infinity. This
electrostatic potential energy is given by

U= d:9;
4?!3{}1"

17.2 ELECTRIC POTENTIAL ENERGY OF ASYSTEM OF POINT CHARGES

The electric potential energy of such a system is the work done in assembling this system
starting from infinite separation between any two-point charges.

For a system uf puint charges g1, g2 .... gn, the potential energy is

ZZ q'q" (Hﬁf) . (23)

i=1 j=1
If simply means that we have to consider all the pairs that are possible.

- (22)
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Important points regarding Electrostatic potetnail energy
(i) Work done required by an external agency to move a charge g from A to B in an electric

field with constant speed
Wass =q [Vs— V4]

(ii) When a charge g is let free in an electric field, it loses potential energy and gains kinetic
energy, if it goes from A to B, then loss in potential energy = gain in kinetic energy

or, g (Vs—Va) = %mvg —% mV;

Hlustration 17

Question: Three point charges 1uC, 2uC and 3uC are placed at the A1C
corner of an equilateral triangle of side 1m. Calculate the \
work required to move these charges to the corners of a
smaller equilateral triangle of side 0.5 m as shown. (in mJ)

C
3C

Solution: As the potential energy of two point charges se arate a distance ‘r ’ is given by
U= % 92 ], the initial and the final potential en
4ne o1 |
=12
U = 10
4ne
=9x10°x 11
10~
U= =
F 4’“5{1
=198 x107Q
So, the work done in chan
W =UrsUp=(19.8-
= 99 Mj

18 | ELECTRIC DIPOLE |

Two q aan_pnsite point charges placed at a short distance apart constitute an electric
dipole.
: Rl

IPOLE MOMENT

E —

D - ectric dipole moment is a vector p directed along the axis of -Qq S +q
the dipole, from the negative to the positive charge. g 2a :
'The magnitude of dipole moment is
p=(2a)qg
where 2a is the distance between the two charges. ... (24)

Page | 37




18.2 ELECTRIC POTENTIAL DUE TO AN ELECTRIC DIPOLE

Suppose, the negative charge —qg is placed at a point A and a
positive charge q is placed at a point B. The separation
AB = 2a

The middle point of AB is O. The potential is to be evaluated at

A
a point P where OP =rand POB = 0. Let AA’ be the perpendicular

from A to PO and BB’ be the perpendicular from B to PO. As 2a is very
small compared tor,

AP=A'P =0P+0OA'=r+acos 0
Similarly, BP=B'P = OP-0OB' = r-a cos 0
The potential at P due to the charge —q is

V= LI, . . and that due to:

""" 4ng, AP 4ng, (r+acosd)
V. = 1 q_ 1 q
? 4ne, BP 4ng, (r-acosb)
The net potential at P due to the -
V=V +\V\; “

= (25)
18.3
-e'r from O making an angle 0
cement in the direction of OP and PP;
ndicular to OP. Thus PP, is in radial
direction anc s in transve se direction. In going from P to P,
the angle s notichange and the distance OP changes from r
tor+dr. T dr In gnlng from P to Pz, the angle O changes
A
{q

The component of the electric field at P in the radial direction PP; is
dav._ ov_ 1 & [pcosﬁ] _ 2pcoso

Bl = —m >
dr or drnegor\ r

Angyr®

The component of the electric field at P in the transverse direction PP; is
_dv  dv 18V 10 [pcnsﬂ} _ psin®

" PP, ra® r o0 roe

4ne r:3

Ane,r?
9 0

The resultant electric field at P, E = JErz + E:
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. 4 [2;1::099)2 jt:tt;inléi]2
4ng, r =

1
411:50 re

J3 cos® 0+1

.. (26)

If the resultant field makes an angle a with the radial direction OP, we have

psind
3 tano
tang= —98=—TF _
E, 2pcoso 2
r
_ _1[1:3“9)
or o= tan | ——
2

Now consider some special cases
Case I:0 = 0. In this case, the point P is on the axis of the dipole

v=_P
dne,r

L
4me,r

2

3

Such a position of the puint is called an end-on pnsitiun

Case I1:0 = 90°.
V=0,

E=_P

3
4naur

tan0
tano= —(— =

2
o =90°
The field is anti-parallel to the «
position.

18.4 DIPOLEIN AN EXTER NIFORM

Q ¢

or of the dipole
... (28C)

.. (28D)

E1 +E2 =0

Thus, the net force on a dipole in a uniform electric field is zero.

The torque of E1 about O,
11=0AxF1 = q (OAXE)

-
The torque of F2 about O,

.

+2=0B5%Fs=—1 (OBXE)
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= (EOX é

The net torque acting on the dipole is
t =11+ 12=q (OAxE)+q (BOXE)
_ g(OA +BO)xE
- q(BAx E)

- =

or, =p x E .. (29)

Thus, the magnltude of the torque is T = pE sinb. The direction of torque is perpendicular to the
plane of paper and inwards. Further this torque is zero at 6 = 0° or 6 = 180°, i.e,, when the drpnle is

Y
parallel or antiparallel to E and maximum at 0 = 90°.

18.5 POTENTIAL ENERGY OF DIPOLE -
o T y
When an electric dipole is placed in an electric field E 3 tnrque TN pKE acts on it. If we
rotate the dipole through a small angle dO, the work done by the turque ‘fs A U '

dW = 1d0
or, dW = —-pEsinBdo
The work is negative as the rotation dO is opposite ta the turque The cha nge in electric potential

energy of the dipole is therefore
dU =—-dW = pE sinBdO

Now at angle 0 = 90°, the electric potential energy af the dipole may be assumed to be zero as net
work done by the electric forces in brining the dipale from mf'n;ty to this position will be zero.

dU pEsmGdB from 90° to 6, we have

j duU = j'pEs.neaﬁ

a0° '
or, U(B]-U(QU) pE[smB]E

or U(0) = - pEcosO = —...;p. E Yy ... (30)
It the dipole is rotated fromian angle 0, to 05, then

work done by external forces =(0,) - U (6:)

or, Wex = —pE coﬁz — (pEcos0,)

or, Wex S pE (ﬁﬂ581 .cos0,) .. (31)
Work done. by electric force
ngr..:m == Wm- PE [cos0;- cosh] .. (32)

18.6 EQUI.LIBRIUM OF DIPOLE

WlTen an. elettrlt dipole is placed in a uniform electric field, the net force on it is zero for any
pasition of the dipole in the electric field. But torque acting on it is zero only at 0 = 0° and 180°. Thus, we
can saythat at these two positions of the dipole, net force or torque on it is zero or the dipole is in
equi"lli__‘bﬁﬂﬁ't.‘bf this 0 = 0° is the ‘stable equilibrium’ position of the dipole because potential energy in this
position is minimum (U = —pE cosB® = —pE) and when displaced from this position, a torque starts acting
on it which is restoring in nature and which has a tendency to bring the dipole back in its equilibrium
position. On the other hand, at O = 180°, the potential energy of the dipole is maximum (U = —-pE cos 180°
= + pE) and when it is displaced from this position, the torque has a tendency to rotate it in other
direction. This torque is not restoring in nature. So this equilibrium is known as ‘unstable equilibrium

position’.
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-_E’ PE
-Je % -:q ;q
P i p )
0=0° 0 =180°
U = minimum = pE U= max. = +pE
—» -3 =) - - -+ = —»
Free=0; 1= 0 Fre=0; 1=0

18.7 ANGULAR SHM OF DIPOLE

When a dipole is suspended in a uniform electric field, it will align itself parallel to
it is given a small angular displacement 0 about its equilibrium, the (restoring) couple will

d. Now if

C=-pEsinO
or, C = - pED [as sin0=0, for small 0)
2
2
o 9O pE
at? /
2
or, %-- ®?0
E
where ©’= pT
This is standard equation of angular simple har i n with time-period T[= E] . So the
®
dipole will execute angular SHM with time-
/
T=2n |— .. (33)
\J pE
18.8 FORCE ACTING ON A DIPO N EXTERNAL NON-UNIFORM FIELD
When dipole lies in a non=uniform electric field the charges of the K“‘“--Hm
dipole experience unequal forces. Therefore, the net force on the dipole B PR ™
is not equal to zero. The magnitude ofthe force is given by the negative “‘“m,h_;‘““«-ﬁ__m
derivative of the potential e Nith respect to distance along the axis y b b
of the dipole
x e a
o ',,f**'f
- - ,.-—-""‘r--- |
Ilustration 18
Question: A dipole whose dipole moment is p lies along the x-axis (;= pf ) in @ non-uniform field E= Ef .
X

What is the magnitude of the force on the dipole? (take, P = 2 S| unit,
C =1 Sl unit, x = 1 Sl unit) (in Sl unit)

Solution: We have U =—p.E=—p}:,9f=-E
¢ X
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stion:  An Electric quadrupole consists of two equal and opposite dipoles
rranged that their electric effects do not quite cancel each-other at distant
its. In the figure given, Calculate electric potential V for the point P on the

of this quadrupole.
(take g = §x10‘9 C,d=1,r=2)

4
Solution: The electric potential at P is given by %
v [ 9 ,-29, g J
4reg | r-d r r+d %

1 2qd*? 1 2qd*

CAmeg r(r2-d?) 4meg

P

dE
Because d<<r, we can neglect — G pared to 1, ich case the potential becomes
r < C

1 2qd?
4'.HED ra

tuation, one dipole is in the field of other dipole. Depending on the positions of dipoles
her, force, couple and potential energy are different.

Potential Force (F) Couple (C)
Relative Position of Dipole energy (U)

[ r ( 1 2pp, 1 6pp, ¢
— —_— 3 4
1 D1 D2 Ane, r ( 141'[80) r
along r
2 1 p1 pE
: 4ne, rd .1 3pp;
4ne, rt 0
(along r)
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P [ r " P2
3 F
: ‘ F 0 + 1 3PP, on
t 4n re 1 2
P1 p2 80 & p1 = p‘lfz
= S (perpendicular + or) ane, 1
3 r ¥ )
Lr

19 | EARTHING A CONDUCTOR

1 Hllustration 20_|

Question:

Solution:

TRt
LI L
p e ==

1
{k= }
4ne,
Hlustration 21
Question: In the previous example, if the outer sphere carries a Qo
charge go and the inner sphere is earthed, then find the
charge on the inner sphere. (Take go = 2C, r=1m, R = 2m)
(in C)
Solution: Let g be the charge on the inner sphere.

The potential of the inner sphere is given by

kq k 1
Vi="1-Z2 k= ——)
r R 4ne,

Page | 43




Since it is connected to earth, V1 =0
K
Kq 3 Qo

={)
r R

— q:—qoiz—l
R

PROFICIENCY TEST- 111

The following questions deal with the basic concepts of this section.,Answer the

following briefly. Go to the next section only if your score is at least 80%. Do ﬁtj'tfﬁ_q;pnsuft
the Study Material while attempung these quesﬂons = N D

1.

m“-'.-_'-';pharges +q, —q, +q, —q are placed at the corners A B
"ABCD of a square of side a. A charge +q is placed

An electric field is given E 2xi — 3y j N/C. Find the change |n pulentlaf from the

position rA = (.' —21) m to ra = (21 +j +3k)m

Find the potential function V(x) corresponding to the elem::fleld é’ff': 1m where A=2

e #

—}

E=(A)i: Take V=0atx=0

External work equal to (4 x 107") J is neede:iﬂ;'_;t_o ﬁioﬁg a— 5nC charge at constant speed
to a point at which the potential is —20 '*é_.;;;WHat Tﬁ';zt_he ﬁ'ﬁféntial at the initial point?

In the above figure, points A and, B ara -4 cm’ apart >
along the lines of a uniform, tzeld E - 600 f Wrn ° s > -
What is the change in pntennal mergy (Us — Un) as B A, E

the point charge g = BpC IS mﬁmad f_lom Ato Binpud

A uniform electric fleld OMUU ﬁ Wm is directed at
45° below the x-axis as. shOWh Find the changes in
potential (takeAB BC ‘8cm)

(@) Ve—Va @ Ry N

(b) Ve Ve, ©,

at the centre of square. Find the interaction energy
of the system.

ttake —I— = (4- 22)md-m, & = 1m) D c
4mng,

It requires 1 mJ of work to move two identical positive charges +q from infinity so that they
are separated by a distance a. How much work is required to move three identical positive
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10.

charges +q from infinity so that they are arranged at the vertices of an equilateral triangle
with edge length a in mJ.

An electric dipole, consisting of charges of magnitude 1 uC separated by 1 um, is in an
electric field of strength 1000 N/C.

(a) What is magnitude of the electric dipole moment (in pico-C-m)

(b) What is difference in potential energy corresponding to dipole orientatio
antiparallel to the field in nJ.

llel and

in an
the dipole

An electric dipole consists of charges +2e and —2e separated by

electric field of strength 3.4 x 10° N/C. Calculate the magnitude of
when the dipole moment is (a) parallel, and (b) opposite the electric

andicular bisector. The

A charge g = 3.16 uC is 1 um from a small dipole ¢ F
ipole in nCm.

force on the charge equals 9 N. Find the dipole mome

4
O,
X
)

O

\
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ANSWERS TO PROFICIENCY TEST- 111

1. 6V

2. —%Ax2=—1

3. 60 V

4. 72 nJ

5. (a-12V,
(b) =12 V

6. 12 J

F i 3mJ

8. (@) 1 pico- C-m

b) 2nJ
9 @ 0

(b) O
10. 1
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CAPACITY OF AN ISOLATED CONDUCTOR

20

When charge is given to an isolated body, its potential increases i.e.,
QxV
or, Q=CV ... (34)
where Cis a constant called capacity of the body.
if V=1 thenC= Q,
So Capacity of a body is numerically equal to the charge required to raise its potential by

unity.
In S| system, the unit of capacity is (Coulomb/volt) and is called farad (F).

1C  3x10° esu of charge

- =9 x 10" esu of capacity. ¢
[—} esu of potential
300

The capacity of a body is independent of the charge given to.it and depends on its shape
and size only. X |

L

21

CAPACITOR ‘

Capacitor is an arrangement of two conductors carrying charges of equal magnitude and
opposite sign and separated by an insulating medium The fe[lowmg points may be carefully
noted

(i) The net charge on the capacitor as a whole is zero..When we say that a capacitor has
a charge Q, we mean that positively charged eenductur has a charge +Q and the negatively
charged conductor has a charge —Q. -

(ii) The positively charged cenducter is at a htgher potential than negatively charged
conductor. The potential difference V between the eonductors is proportional to the magnitude of
charge Q and the ratio Q/Vis knownras capacitance C of the capacitor.

Q

4 |

Unit of capacitance is farad (F). The capacitance is usually measured in microfarad pF.
1pF=10°F__ "

(iii) In a circuit, a capae.lter is represented by the symbol:—

211 PARALLEL PLATE CAPACITOR

A parallel plate capacitor consists of two metal plates
placed paralle! toreach other and separated by a distance d that is
very small as compared to the dimensions of the plates. The area
of each plate is A. The electric field between the plates is given by

| o) O O

E= . o
N . 280 289 Eg
_Where o is surface charge density on either plate.
. the potential difference (V) between plates is given by
\V=Ed -

l_
|

F+ + FF+F++
|

Hence, C= —= . (39)
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21.2 CYLINDRICAL CAPACITOR
Cylindrical capacitor consists of two co-axial cylinders of

radii @ and b and length /. If a charge g is given to the inner §A
cylinder, induced charge —q will reach to the inner surface of the -+ ,_“: + —|B
outer cylinder. By symmetry, the electric field in region between the B : n
cylinders is radially outward. - H i"' b

By Gauss’s theorem, the electric field at a distance r from the Ll Y™
axis of the cylinders is given by i | 1

== 1 g . -
2negyl r

The potential difference between the cylinders is given by

V=—I_E}d? = — . E
b 2nggl 5T
= a
- In—
2“50!( b] .
or, V= 9 _ 2mE,! -~ - .-'_,:, (36)

21.3 SPHERICAL CAPACITOR i | y
A spherical capacitor consists of two concentric sphﬂres of D
radii a and b as shown. The inner sphere is pusnwely charged to ‘d Q
potential V and outer sphere is at zero potential. - ‘l
The inner surface of the outer sphere ‘has an ‘equal

negative charge. A U . QE’W

The potential difference between the a:heres is

V = Q Q
4:rrﬂﬂa 4ﬂ80b"
Hence, capacitance <« o
Q 411:Eﬂab
C= Vi NN = (37)
21.4 ISOLATED SF.!-._I_E_,RE.AS A CAPACITOR
A conducting sphere of radius R carrying a charge Q can
be treated as a eapai:itor"'iavim high potential conductor as the
sphere |tself and the, low potential conductor as a sphere of
infinite radlus The potential difference between these two
spheres ls
Ny @ - Q

-0

dne R

Hence capacitance C = % = 4ngoR

(38)
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' 22 | ENERGY STORED IN CHARGED CAPACITOR

If dg charge is given to a capacitor at potential V
dW=dq (V)

or, E=E[%]dq [q=CV]

.
or. w=9__lcy ——qV

2C 2
This work is stored as electrical potential energy i.e., a capacitor stores electncal Bnergy
1 ql’! 1 G i !
U=-CVe="— = — os 39 H
2 2c - 2% P ( )— *

221 ENERGY DENSITY OF A CHARGED CAPACITOR N
This energy is note localized on the charges or the plates ,bui Is dl&tributed in the field.

Since in case of a parallel plate capacitor, the electric field is only betwgen the plates, i.e., in a
volume (A x d), the energy densﬁy . O |

2
g U _ECV B e
® volume  Axd 2[ d |Ad .o
1 (V)1 v 10N
or, U P e a5 EE o Lo . e 40
- 25”[0’J Ik [ dyy } -

22.2 FORCE BETWEEN THE PLATES OFA CAPACITOR
In a capacitor as plates carry Bﬂual and eppaélte charges, there is a force of attraction

between the plates. To calculate this, fnrce we use the fact that the electric field is conservative

au
and in a conservative field F= I % ln Gase of parallel plate capacitor

¢* _1q°x e&-ﬂ
U= C-—
20 2 EEA [as X
3 -wm_ _1
SO, F=- -d"'[- qz Ly | = q" .. (41)

=

The nagaﬂve sugn unphes that the force is attractive.

!' Illustration 22 |

Quemon The plates of a parallel plate capacitor are 5 mm apart and 2m? in area. The
plates are in vacuum. A potential difference of 10,000 V is applied across a capacitor.
Caleulate -

(a) the capac:tance (in fm)
(b) the charge on each plate ; (in nC)

_8A_885x10""x2 _ .,
d 5x107°
(b) Q= CV=(0.00354 x 10°) x (10,000) = 3540
The plate at higher potential has a positive charge of +3.54 uC and the plate at lower
potential has a negative charge of — 3.54 uC.

Solution: (a)
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23

EFFECT OF DIELECTRIC

When certain non-conducting materials such as glass, paper or plastic are introduced
between the plates of a capacitor, its capacity increases. These materials are called ‘dielectrics’
and the ratio of capacity of a capacitor when completely filled with dielectric C to that without

dielectric Co is called ‘dielectric constant K, or relative permitivity €, or specific inductive capacity

(S.1.C)i.e.,

C

Co
The effect of dielectric on other physical quantities such as charges, potential difference,

field and energy associated with a capacitor depends on the fact that whether the charge

i .. (42)

capacitor is isolated (i.e., charge held constant) or battery attached (i.e., paiEh'fiai- is held

constant).

23.1 INTRODUCTION OF A DIELECTRIC SLAB OF DIELECTRIC CONSTANT K BETWEEN
THE PLATES

(a) When the battery is disconnected

2 ) E
+|l\

- ) ++[+ +| +| 3
TR EEETL. K
Co, Vo, Eo, Up (B

Let qo, Co, Vo, Eo and Uo represents the charge, capacity, potential difference electric field
and energy associated with charged air capacitor respectively. With the introduction of a dielectric
slab of dielectric constant K between the plams and the battery disconnected.

(i) Charge remains oonstant . & g = Qo , as in an isolated system charge is

conserved.

(i) Capacity increases, i.e., C KCg as by the presence of a dielectric capacity
becomes Ktimes. |

(iii)  potential diffe_réhﬁa_between the plates decreases, i.e., V= [—RE'-J ,as
q qﬂ 'D and C= KCO
& Kg SK [ q= Qo ]
E
(iv) '_E_ieldm..g:em_aen the plates decreases, i.e., E =?”, as
— — v_
_ i kd K VK]
Nand B = %}
_-'_(v) Energy stored in the capacitor decreases i.e.,
) ( i
=| % , as
2 2
q Qo Vo
=—= =— (asg=qand C=K
2C 2KC, K 289 Gl

(b)When the battery remains connected (potential is held constant)

(i) Potential difference remains constant, i.e., V = W, as battery is a source of
constant potential difference.
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(i) Capacity increases, i.e., C = KCq, as by presence of a dielectric capacity becomes
K times.
(iii)  Charge on capacitor increases, i.e., g= Kqo , as
q=CV=(KCo)V=Kaq|" q=CV]
(iv) Electric field remains unchanged, i.e., E= Eo, as
_V_WY%_ - Vo _
E = - =E, [as V=V and - =E,]

(v) Energy stored in the capacitor increases,

l.e., U=KlUs,as U= %CW: ~12- (KCo) (Vo)? = ";‘KUD

1
[as C= KCy and U, =§Cﬂv”2]

Il'lustratmn 23 I

Questron. A parallel plate capacitor has plates of area 4 m? separated hy a dlstanee al‘ ﬂ 5 mm.
The capacitor is connected across a cell of emf 100 V.
Find the energy store in the capacitor (in mJ) if a diﬁectﬂc slab nf dielectric
strength 3 thickness 0.5 mm is inserted inside thm eapacitnr nfter it has been
disconnected from the cell. i |

N "‘_. a-':’

Ke. A ffhfﬁ? %
Solution: C= —2— = KCo=0.2124 pF  \\J
Q_ Q& VY% _ 100 ’ 2 Yudd
V == V Y s
C KCD K 3 R e
Q& |
26 2KG K
=118

24 | GROUPING OF CAPACITORS

Replacing a combination of ¢: upac:tor& by a single equivalent capacitor is called ‘grouping
of capacitors'. It simplifies the problem and is divided into two types
241 SERIES COMBINATIOH OF GAPACTTORS

q p q < f-':? q q
_ “~'. . g
I -| o '.' _ + = =
. N Po—
+=l x
A Y, W |y v
“I -4 = ;_ =, — V >
Caﬁaeitﬂrs are sald to be in series if charge on each individual capacitor is same.
In this situation,
N V=Vi+ Vot Vs
We know V= ( J SO
9.9.,9.9
& & &
o Lo tplg! . (43)
c G Cz B

In case the two capacitors connected in series, we have

v[ G ]v; vz_[ G Jv
Ci+G Gi+G
24.2 PARALLEL COMBINATION OF CAPACITORS
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o & y N .
/ b

When capacitors are connected in parallel, the potential difference V across each is same
and the charge on Ci, C; is different, i.e., Q and Q,
The total charge Qis given as
Q=Q1+ Q

Q=CV+ GV or --3--=c.,+c2

Hence, the equivalent capacitance between aand b is
C=0C+
The charges on capacitors is given as

¢
Q= :
1 (C1+02JQ

(G
Qz-[C1+ChQ

In case of more than two capacitors.
C=C+GC+C+ ...

Hlustration 24

Question:  Two capacitors of ca
across a cell of emf 18 V.

(i) The equival paci 2 (in pF)
(ii) the potmtiz%nce across each capacitor (in V)

.. (44)

= 6 uF and C; = 3uF are connected in series

- |-|—
6 3 Ll |+—'
X 4— +—
=2
6+3 o E
=[ B %18 =12V v
+3
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Hlustration 25

I ’

Question: In the circuit shown above, the capacitors are C,

Ci =15 uF ; C2 = 10 pF and C; = 25 pF. Find | "
(i) the charge on each capacitor (in uC) A

(i) the potential difference across each
capacitor.(in V)

Solution:

(i) Q = total charge suppli

Charge on Ci = Q1 =

25 | REDISTRIBUTION OF CHARGE

wlf_there are two spherical conductors of radii Ry and R: at potentials Vi and V-

ectively, far apart from each-other (so that charge on one does not affect the potential of the
other). The charge on them will be

gi=CiViand = CV>
The total charge of the system
q=q:1 + Q2
The total capacity of the system
C=0C+
Now if they are connected through a wire, charge will flow from conductor at higher
potential to that at lower potential till both acquire same potential.
Ve (9, +q;) CVi+CV, RV, +R,V, (- Cx R)
(C, +C,) C, +C, R, + R,
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If " and @’ are the charges on two conductors after sharing, then
g = CiVand ¢’ = GV, where

G'+q ' =(q+q)=q
" G R
So, 9 1 = as C
Q'zr C, R [ o

I.e., charge is shared in proportion to capacity.
25.1 LOSS OF ENERGY DURING REDISTRIBUTION OF CHARGE
Initial potential energy of the system is

1 1
UJ' = EC1v|2 +EC:EV22

1
Final potential energy = Ur= — (C‘1 + C) V?

Putting V= 012;"'2% and simplifying, we get
+
T . (g fc - (Vi- oy .

Now as Ci, C; and (Vi ~ V.)? are always positive, thera |s decraase in energy of the

system, i.e., in sharing energy is lost. This energy is lost mamly as heat when charge flows from

one body to the other through the connecting wire and also as Iight and sound if sparking takes
place h @

[ Hlustration 26 |

Two isolated metallic solid sphal'es of radlus R and 2R are charged such that both of

Questmn.
these have same charge dmslty n Tha spheres are located far away from each-
other and connected by @ thin cnndunting wire. Find the new charge density (in Si
units) on the bigger sphere. (o =6 Sl units)

Solution: As charge density ¢ on bnth spheres is same, total charge
g=q+ ¢ =4n (R% + 47 (2R}"’cr 20nR%c ()
Now in shanng, charge is shared in proportion to capacity i.e., radius, so charge on the

bigger sphere ",
P Lﬂ :;RJQ_[RHR]‘?_ 3

s@marge denmty on bigger sphere after sharing

5

: g,

G2 = =
: 4n(2R)*> 167R?  21R?
", Putting the value of g from equation (i), we get
., 20nR%*c _ 50
g2 = ™
241R? 6

(not in cbse)

26 | VAN DE GRAFF GENERATOR

Van de graff generator is a machine that can build up high voltages of the order of a few
million volts. The resulting large electric fields are used to accelerate charged particles like
electrons, protons and ions to high energies needed for nuclear transmutation of one element into
other. The high energy particles can be used to probe the small scale structure of matter.
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PRINCIPLE

Let us consider a large spherical conducting shell of radius R with uniform charge density.
Let the charge on the shell is Q. The corresponding potential due to the shell at various points
having distance rfrom the centre of the shell is given by

V= Q r> R
4me,r

V= d r<R
4ne, R

Next imagine that a sphere of radius r,(r, < R) carrying a total charge q (uniformly

distributed over it) is introduced in the larger conducting shell and placed at its r::entre Pﬂtentlal
due to inner sphere at all points distant rfrom centre is given by |

q
dne,r

Applying superposition theorem, the potential due to the system (sphera |n3|de ‘the shell) is

WR)j=——-192,9]
4ne, | R 1

1 [Q gq]
ro)= dne,r| R N Iy

V—

r>r,

—

the potential difference between the points, r= f"u 'aﬂd r=Ris

g [1 1] |

vir,)- viR)= - — . : o (A8
(ro)= v dney | Ih 4R e

Thus for positive value of g, whatever be the magnitude and sign of Q, the small sphere is
at a higher potential than the shell. If inner and outer conductors are connected, charge would
flow from the small sphere to the shell. By repeating the process, a large amount of charge can
be piled up on the shell, thereby raising its potential.

CONSTRUCTION AND WORKING

To implement the prin¢iple in.practice a large spherical conducting shell with radius of few
metres is supported on an insulating column several metres high. The conducting shell is made
highly polished and is known as metal dome. There are two pulleys, one at the centre of the shell
and the other at_the g’.rnu'nd.' A long narrow belt made of insulating material passes over the
pulleys. Charge is sprayed on to the belt at the lower pulley by means of a discharge through a
metallic brush with sharp points connected to a high voltage source. The belt is moved rapidly by
a motor drwlng the lower pulley. The positive charge is carried upward by the belt and collected
by a metallic brush connected to the shell. As more and more charge is transferred to the sphere
S, its putentlai goes on rising. In this way, the shell builds up a huge voltage of the order of mega
volts:
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Collecting comb <

*Conveyor belt

Insulating colu

Spray comb < Ground
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PROFICIENCY TEST-1V

The following questions deal with the basic concepts of this section. Answer the

following briefly. Go to the next section only if your score is at least 80%. Do not consult
the Study Material while attempting these questions.

1.

e

_equivalent capacitance?

When a dielectric is inserted to fill the space between a charged parallel plate capacitor,
does the stored energy increase or decrease given that (a) the battery remains
connected; or (b) the battery is first disconnected?

The potential difference across a capacitor is doubled. How does each of the following
quantities change: (a) the capacitance; (b) the stored energy; (c) the stored -_;_charg'a?

Given a battery, how would you connect two capacitors, in series or in para!lel far them to
store the greater; (a) total charge; (b) total energy '

A parallel plate capacitor with large plates is charged an.d"ﬂ"!aﬁ disconnected from the
battery. As the plates are pulled apart, does the potential difference increase, decrease or
remain the same? How is the stored energy affected? '

A parallel-plate capacitor is connected to a battery Con3|der what happens as you move
the plates closer together. . g

(a) How are the charge, potential difference, and energy affected?

(b) Would you do positive or negative work in moving the plates?

Two identical capacitors are connected as shown in the
above diagram. A dielectric slab is inserted between the
plated of one capacitor, the battery remaining o
connected so that a constant.potential difference AVis AV «—

. .

maintained. Describe:qualitatively what happens to the B— K
charge, the capacutanaa the potentlal difference for
each capacitor. (%, W b

Given two capacitors, Ci =1 uFand C; = 2 uF, and a 12 V battery, find the charge and
potential difference for each if they are connected in series.

All the ‘eapacitors in the above diagram C

are identical, with C = 3 uF. What is their P

Consider the combination of capacitor ©
In the diagram. The energy stored in the

5 pF capacitor is 200 mJ. What is the 4 1F =
energy stored in the 4 uF capacitor.

— 3 uF

— 6 uF

i
||

5 1F =
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10.

Find the equivalent capacitance and charge on
5uF capacitor

12uF

10uF

S5uF | SuF 8uF

1=
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ANSWERS TO PROFICIENCY TEST-1V

1. (a) Increase
(b) Decrease

2. (a) No changed
(b) Increases four times

(c) Increases two times
3. (a) Parallel
(b) Parallel
4. (a) Potential difference increases

(b) Energy stored increases

Di (a) Charge increase, potential difference does not chan
(b) Negative work

6. Charge increases for each capacitor: the cap %ammr A does not change
while that of B increase: potential difference reases and that across B

decreases.

7.  8uCfor C:&C,: 8 V for C:& 4 V for C,

_ N\
{\\?)
@
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SOLVED OBJECIVE EXAMPLES .

Example 1:

A charge g is placed at the centre of the line joining two equal charges Q. The system of the three charges
will be in equilibrium if g is equal to

Q Q Q Q
a) —— b) - — c) +— d) + —
(a) > (b) A (c) 2 (d) >
Solution:
Let 2/ = distance between the equal charges. For equilibrium of each outer charge,
2
Qq2+ Q 2=D:>q+9=0
4ne lc 4meqy(2) <
—_— = - E
4
(b)
Example 2:

Three point charges 4g, Q and g are placed on a straight line s distant 0, % and [/

(a) g (b)-2q %] (d) 4q
Solution:

Force between charges 4gand g =

Force between chargesQand g =

Example 3:

A cha each of the two opposite corners of a square. A charge g is placed at each of the
utﬁr t rne If the resultant electric force on Q is zero, then Q is equal to

—q
—= -242 242
( \ ) 575 (c) —2v2q (d) 2V2q

3-- bviously Q and g should be of opposite signs and the resultant intensity
=¥ = 3

Sa

E.+E,+E;=0

2> 2 1 Qq
=E = N

B |=IE, T

> > -
Now |E;+E,|=E, JE=|E3| which gives Q = -2 ﬁq
(c)
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Example 4:
The wedge-shaped surface in figure is in a region of
uniform electric field E; along x axis. The net electric flux

for the entire closed surface is

(2a)9 E; (b) 15 E
(c) 12 & (d) zero

Y
A

3m

Z
Solution:

Since field is uniform, the net flux for the closed surface is zero.

(d)

Example 5:
A charge Q is placed at the centre of a cube. The flux of the e ugh the six surfaces of the
cube is
Q Q Q
a) — ) — c d) —
Hﬁﬂu HE“ ()5 (13,_2
Solution:
' QEI"E'
From Gauss’'s law ¢g =—E-—
0
(b)
Example 6:

A block of mass m carrying a
horizontal table, which ends in a vertic

rge q is placed on a smooth
all situated at a distance d

from block. An electric is sw on towards right. Assuming
elastic collisions, find the period of resultant oscillation.
2qEd
P o i Smd
m qE
(c) 2md md
K qE
Solution: ¢
IN he blocka = E
m
d = 1 a2
2
Required time =2t= 8md
qE

(b)

Example 7:

An electric dipole is placed in an electric field generated by a point charge. Then
(a) the net electric force on the dipole must be zero

(b) the net electric force on the dipole may be zero

(c) the torque on the dipole due to the field may be zero

(d) the torque on the dipole due to the field must be zero
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Solution:

The field is not uniform. However, the torque on the dipole can be zero if it is aligned along the line of
force.

(c)

Example 8:

An electron having a charge — e located at A in the presence of a point charge +Q located at B is moved to
a point C so that ABCis an equilateral triangle. The work done in this process is

1 Q 1 Qe 1 -Qe
(a) 4nz, AC (b) 4z, AC (c) 47z, AB (d) zero

Solution:

Electron is moved from A to C. A and C are equidistant from B and hence the potenti
+Q = potential at C due to the same charge. Since there is no potential difference
is done in moving a charge from A to C.

(d)

Example 9:

An infinite number of charges each equal to g are plac
x =4, x =8 and so on. The resultant potential at x = 0 will be

_q ‘W 9
) e ) Guee :
Solution:
V= 9
4“50
Example 10:

e Q is surrounded by an uncharged concentric conducting spherical
e between the sphere and the shell is V. If the shell is now given a charge of
‘difference between them will be

A solid conducting sphere
shell. The potential di
-3Q, the new p

(a) V b)2vVv (c)avV (d)-2Vv
Solution: ®

The [d\l di nce depends only on the charge on the inner sphere.
Example 11:

In a parallel plate capacitor, the plate separation of 10 mm is very small compared with the size of the
plates. A potential difference of 5.0 kV is maintained across the plates. The electric field intensity
between the plates is

(a) 500 V/m (b) 2.5 x 10° V/m () 5% 10°V/m (d) 2.5 x 10° V/m
Solution:
3
E=v= 5x10 =5x105\i[m
d 10x107°
(c)
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Example 12: ::.

Three uncharged capacitors of capacities C;, C;, C; are connected
as shown in figure to one another and to points A, B and C at
potentials Vi, V> and V;. Then the potential at O will be

C +G +G G +C +G
Vi(V, +V5) AL \/
(c) (d)
C(C, +C;) GGG
BO/\ G,

Solution:

Taking into account the relation between capacitance, voltage and charge of a capaci
following equations for the three capacitors.

Vi-Yo =%* V, -V, =‘g'g‘; Vs -V, =g§-
1 2 3

where G, C; and C; are the capacitances of corresponding capacitors and g,
plates. According to charge conservation law, g1 + g2 + gs = 0 and hence

V,C, +V,C; +V;3C;
C,+C+Cy

pointis Vg =
(a)

Example 13: _
Two capacitors A (2 pF) and B(5 |1F) are connectec

B
s
o
-
5
™
-1
=
@
2
-
| |
| |
n

(o3

Solution:

(18 —11) = 9

4 ——
2uF  5uF

The effective capacitance between A and B K M

is ( each capacitor is of 1 uF) A I.T_l I.—
15

@ —HF . &
2 |
) Ly P 0
3 |
1 . |

—uF
(c) 8“

19
d —pF
@ SH
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Solution:

Example 15:

Solution:

Circuit can be redrawn as

Two identical thin rings, each of radius R metres
are coaxially placed at a distance R metres apart.
If Q: and Q; charges are spread uniformly on the
two rings, the work done in moving a charge g
from the centre of one ring to that of the other is
(a) zero

(b) g(Q—Q) (V2 —1¥V/2 (4n g, R)
(€) gv2(Q, + Q, )/(4wg,R)

) QQ, + Q, )(V2 + 1) /N2(4ngR)
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SOLVED SUBJECTIVE EXAMPLES

Example 1:

Two charged balls are attached by silk threads of length [ to the same point. Their velocity is , Where

X

K is a constant and x is the distance between the balls, x is very small in comparison to /. Find the rate of
leakage of charge in 107 C/s.

(takeL=10,k=4J§)
mg

Solution:

Let T be the tension in each of the silk threads.
TsinO=F, TcosO=mg
2
tan 0 = F =_ Y i 1
mg 4nme, x> mg

. . . x
Since O is small, tanO=sinB= —

21
_2F_21  ¢q°
mg mg 4ne,x°
s 2 q° l 2

_mg 41E:u =21Eun'g q

e

.. (i)

... (ii)

... (i)

20 uC/s

Example 2:
A rigid insulated wire frame in the form of a right-angled
triangle BAC is set in a vertical plane as shown in the Figure.
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Two beads of equal masses m =1 kg each and carrying

the charges g; =10uC and g, =100uC are connected by a cord
of length / = 1m and can slide without friction on the wires.
Considering the case when the beads are stationary

determine (1) angle o, (2) tension in cord and (3) normal
reaction on beads. (/3 =1.7)

Solution:

Example 3:

The bead is at P, having charge giand weight mg acting vertically downwards. The tension in the string is
acting along PQ. The electrical force F between the beads acting along length PQ is

T 9
4'.'13.[] fz

F=

R: is the normal reaction of the wire on the bead. The forces acting are resolved al ong an
AB. .y
For the equilibrium of bead at P,

mg cos 60° = (T—F) cos o (parallel to AB)

R1=mg cos 30° + (T—- F) sin
For equilibrium of bead at Q,

mg sin 60° = (T—F) sin o

R; =mg sin 30° + (T-F) cos o
Dividing equation (iii) by equation (i) tan 60° = tan a
This givesa =60° '-
From equation (3), T-F=mg

d14-
or T- = mg
41:5,3!2
q19;
or T = + e (V
e &

From equations (2) and (4)
Ri1 =mgcos 30°4

R:> =mag sin
o~ N\ +q +q
Four charges +'¢ 4, = g and - g are placed respectively at the corners A | B
> “are the midpoints of sides BC and CD respectively, Ql ---------------------- E
‘the work done in carrying a charge go from O to E and A
DL C
,Go= /5 uC) —q [= —q

"ABCD is the given square of side a. The charges are placed at the corners as shown. O is the midpoint of
square.

a
OA=0B=0C=0D=r(say)= —=

V2

Potential at O due to the charges at the corners = : [q - 1 9 q) =0
ms\r r r F

Therefore O is at zero potential. The electric field at O due to charge at A

.t ol along OC.

4ne, r?

To find the work done in carrying a charge e from Oto E
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Potentialat 0=0
Potential at E = g9 [ 1 1 1 1 }

-+ —_— —_—
4ne,| AE BE DE CE
Since AE =DE and BE = CE the summation in bracket vanishes. So potential at E = 0.

Hence no work is done in moving the charge from O to E.
To find the work done in carrying the charge from O to P

. q 1 1 1 1 2q [ 1 1
P I P - —_ —_— = o
otential at 4“&0 [AP - B8P DP CP]

2
7 _ |2 a) B
JAD? +DP -‘/a 4{2] 2

Now AP

pp =2
2
Potential at P

v _2q | 2|_ 29 2-2J5 _q 4(1-5)

2
4ne _\/Ea_a_ 4, Jsa 4m, .[5a

Potential difference between O and P = 0 -

4,

Work done in carrying a charge e from O to P=

Example 4:
A particle of positive charge Q = 8qq, is havinga
charge g = 10 uC moves at a constant speed in
that must be done to increase the radi

Solution:

Let g orbit round Q in a circle of %
K.E. of orbiting particle = lmv’. | )

where v is orbital velocity.

... (ii)

o (11)

o (1)

4w, r
From (1) and (4)
15 1 Qq
KE. =— =
va 4ne , 2r
Total energy of the orbiting charge
= K.E. + P.E.
11 Q) 1 Qg_ 1 1 Q
2\ 4ne, r 4ne, r 2 4ne, r

The total energy of q when in orbit of radius r,
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11 Qq

E1 -— —"
2 4me, n
When it is in orbit of radius r,
1 1 Qq
E, = -
2 4ne, 1,
The work done on g = change in energy
=Ez'-E1
1.1 Qg [ 1 1 Qq Qq
2 4ne, I, 2 4ne, I, 8ne
_8g° (1 1 —
8meg\ I

Example 5:
A ball of mass m = 100 gm with a charge g can rotate in a vertical
plane at the end of a string of length / = 1 m in a uniform
electrostatic field whose lines of force are directed upwards. What
horizontal velocity must be imparted to the ball in the u
position so that the tension in the string in the lower positi
the ball is 15 times the weight of the ball? (given gE =3

Solution:
As per principle of conservation of energy
K.E.atB+P.E.atB=KE.atA+P.E. at
Gainin K.E.=K.E.at A-K.E. atB
.. (i)

... (iii)

(T, + gE—mg) ... (iv)
From equation (4) mv3 =1 (T»+gE-mg)
. 2(mg—qE)2 1+ mv?  =I[(T,+ gE-mg)

2
mv;

i.e., 4 mg— 4qE + =T, +qE-mg e (V)
Given in problem, T; =15 mg
m
". 4 mg— 4qE + [T) vf =15 mg + gE— mg

m

or [TJ v.lz = 10 mg + 5gE

or v.f =% (10 mg + 5qgE)
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1/2
Horizontal velocity to be imparted to the ball, v, =|:i(10mg+5q5)] =50 m/s
m

Example 6: —q
In the figure shown alternative positive and negative charges / /' q
of magnitude g = 10uC are placed at the corners of a cube of +q —q

side length a = 1m. What is the work done (in mJ) in moving
the charges far from each other.

Solution:
Initial electrostatics potential energy of the system

~-12xKq? 12K’q 4Kq

a J2a «/§a

Ka? | 15
=—1 |-12+6 5_ 4
a | J3

_ Kq°
= ﬁ[t-:.\/6-12\/§-4]

Final electrostatics potential energy of the system.i
i.e., Us=0 |

Kq [_6\/_+12\/_+ 4
J3a % N

work done = 2Kq2

J3a

U,'=

Example 7.
.
m. The dielectrics of dielectric
, = 40 are filled within the gap, as shown in d
en capacitance in nF. (log. 2 = 0.69, &= M

._The capacitor is made of two small capacitors in series, one of
dielectric constants K; and the other of dielectric constant K;. Let dC;
“and dG; be the capacitances of the small capacitors.

~ Kgpady Kseqadx .
= e (i)
dC, = (d—y) ,dC, ¢ i
y =xtan0= _,r-E
a

Kiggadr KIE.DE
= [ d_ﬂ} d(a-x)

a

Page | 6S




wz 2 Kzﬂuﬂdf - Kzﬂnaz dx
xd xd

——

a
The equivalent capacitance of efgh

=1=1+1=d(a—1)+ xd
dC dC, dC, Kgya’dr K,e,a’dx

_ Kyd(a—x)+Kxd

) ’(1’{28&32&

ie. dC = KiK,eoa” dx _ K,Kyeqa” di
K,d(a-x)+Kxd K,da+(K,-K,)dx

. KiKygea®dx

dlikea+ (K, —Ky)x) Q
The differential capacitors are in parallel and x varies from 0 to a. The effective equivale eCis
o - KiKzgod® i dx
d . Kra+(K;, -K;)x
K,Kyeqa? [log, {Kya+(K, —K;)x}]®

B

_ KiKjepa? [
(K, —Ky)d 2

Fiv c , two batteries and two switches are connected as shown in the Figure. Initially S; and §;
pen all the capacitors are uncharged. After S; and §; are closed and steady state is attained, find
o

&hﬂmen the terminals of the 3 uF and 5 pF capacitor.
b
da
e NI A

| | [ ]
2 uF SuF
S Vi
E; .
c::4pF — 13V
s/ &
3|pF 4IpF
—I [+ ) —1 I+ '
d =

Solution:
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Assume that the p.d. across the capacitor C connected in the middle is V.
Effective p.d. across left branch = (55 -V) V

2:{3:6“!:
243 5

Equivalent capacity C=

charge in 2 uF capacitor Q=CV= (55—V)x§

Effective p.d. across 5 pF capacitor= (13 + V) V
5x4 20

5+4 9"

Equivalent capacity of the right branch = F

Charge in 5 pF capacitor = %{13&‘!}

Equating the charges in the capacitors, (55-v1x§=%(13+w+4v

e, %0(13+V)+4V=§(55-v1

260+20V+36V 3306V
9 5
or 1300+ 100V +180V=2970-54V or 334V =16700

P.d. across 3 puF capacitor = g— = (55 -5) x -; =20V

P.d. across 5 puF capacitor = (13+5)x% =8V

A\ b
JB
-———-g-——-—mlp ‘
[
D
Example 9:
Find the electric g the wire frame ABCD of length
I = 1m width b and v enter is at a distance OP = d(=b/2) from an
infini ine with linear charge density

ugh the element of width dx as shown in figure is

A

=J' Eds, E-=

and ds = ldx

 2me  dseco

coso

s I 2me, dsecO

-b/2

Al

rl

TE g

—
—

ldx

bi2
B 21:500'_‘!;2[‘/}‘2 + 2

tan"[i]
2d

2
d]m
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Example 10:
A capacitor of capacitance C; = 1 puF can withstand a maximum voltage of V; = 6kV and another capacitor
of capacitance C; = 2 pF can withstand a maximum voltage of V; = 4 kV. If they are connected in series
what maximum voltage (in volts) will the system withstand.

Solution:
Maximum charge C; and hold, @, = C;V; =1x107° x6x103, Q, = 6x10~3 C and maximum charge C;
can hold Q, =C,V, =2x10° x4x10%, Q, =8x1072 Cwhen connected in series, both will have

equal charges and so each can have charge Qi which is smaller of the two.
In this case
Voltage across C; =6 kV

-3
And voltage across C, = S S0 3 kV

C, 2x10°°
maximum voltage across the system = (6 + 3) kV =9000 V

1. Coulomb’s Law 3. Electric flux through a surface

T g9 B pcs
E= e =1 Ed
dre, r? be _[ S
1 4. Gauss’s law
where —— = 9x10° Nm?C=2 A 4
4ne E.dS=—zq
2. (i) Electric field intensity due €0
to a point charge 5. Electric field intensity
1 |q] (i) at a point near an infinite
E= dncy I plane sheet of charge
G
(i) Force exerted by an electric ‘—'*2?'
0

field on a charge inside it
(il)at a point near an infinite

) —
F=q,E conducting sheet of charge
E=—
&0
V. v

ELECTRIC FIELD
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>

1. (i) Electric potential at a point due to a
point charge

1 q +q

Ay r G r A

The electric potential at A is positive, if the
point charge q is positive and negative if
the point charge is negative.

(i) Electric potential V=£’“—

Qo
(iii) The p.d. between two points, A and B,
IS given by
H—} —»
Vy -V, =—jE.ctr

uniformly charged ring.

. 2. Electric potential at an axial point of a

V= 1 Q + 0 f
4neg \/R2 4 2 R+ T
hs

3. Electric potential at an axial point of a
uniformly charged non-conducting disc
of surface charge density o.

4. Electric potential due to a uniformly
charged spherical shell or conducting
sphere at
(i) an external point

1 Q 0
V= ©
dre, I ++R Hr: "IP
+ +
1 Q

5. Electric potential due to a uniformly
charged non-conducting sphere at

(i) an external point
+ +
e 1 Q Tor £d
475{]. r r

R

ii) an internal point




1. Electric dipole
When two equal and opposite point charges
are placed at a very short distance it forms
an electric dipole. The magnitude of electric

dipole moment
_‘.

p
p=q2a 9% —, — %1

Electric dipole moment is a vector quantity
and is directed along the axis of the dipole
from the negative to the positive charge.

V..

-

"5
-
"
i"
L}
.
‘.
.

,

3. Dipole in an uniform electric field
(i) Torque on a dipole

= - -
T = p X E
(i) Potential Energy of a Dipole

- —
U=-p.E.

(ii)Work-done by the external agent
Wex = pE [cosO1 — cosz]

*
l.‘
=
®
i"

L]
L]
"
=

L
L]
L]
ol

o
&
a¥

2. Electric potential and electric field due to
an electric dipole

(i) End-on position

L 0 | [T
y_ 1 p 9 +q P
- 4ne, r2 [zt r J
1 2p e
E= rr— (along p)

(i) Broad-side-on-position

1 p (oppositeto p)

g 08

I“

4. (iii) At any point (r, 6)




A\
| Mwowwe

-

1. Capacitance of capacitor, C = Q 2. Energy stored in a charged capacitor
v
1 1
Capacitance of U= = V= ;2(2; =5 qV
(a) Parallel plate capacitor, C = %ﬂ (a) Energy density of charged capacitor

. . 4z gab U= 1o
(b) Spherical capacitor, C= 2

b-a
(b) Force between the plates of capacitor
2ne ol
(b) Cylindrical capacitor, C= — o
Ir{;J 2 EnA
.-"'i
CAPACITOR
e
3. Effect of dielectric 4. Grouping of capacitors
(i) When battery is disconnected
C=KGCo (i) When capacitors are in series
v-Yo
K 1 1 i 1 i 1
%= "f_; C G G G
=0
K
(i) When battery is connected (i) When capacitors are in parallel
C=KGCo
V=W C=C+C+0GCs....
q =Kqo
E=FEs
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(electrostatics question bank for Jee Main/Neet )

IIT JEE & NEET-SINGLE CHOICE CORRECT

1. In induction, the charge induced in the near surface of a dielectric is
(a) equal and similar (b) greater and dissi
(c) lesser and dissimilar (d) equal and diss

Z A soap bubble is given a negative charge. Then its radius

(a) decreases
(b) increases

(c) remains unchanged

(d) will change but the information is insu ether it will increase or decrease.

together to form a bigger drop. If each

drop will be

16qg (d) 64qg

3 64 charged drops of capacity C and pote

small drop had a charge g, then th
(@) g (b) 4q

4. Charges 2Q and —Q are place point at which electric
field intensity is zero will b "é’ +é0
(a) somewhere betwee and 2Q B
(b) somewhere on t
(c) somewhere on
(d) somewher ight bisector of line joining —Q and 2Q
5 A pos y pendulum is oscillating in a uniform electric |
fieldas s gure. Its time period as compared to that when el
i EIN 44 4 4
ill increase (b) will decrease @
il not change (d) will first increase then decrease T
6 In which of the following states is the potential energy of an electric dipole maximum?
+q
-q +q iuiin .
(a) —o——= (b) "~ E
E
—q
ol
-|-q =
GRS (d) —o————="
E
®
—q
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10.

11.

158

3.

14.

15.

The equivalent capacitance between A and B in the figure is A

1uF. Then the value of the capacitance Cis
(a) 1.4 uF (b) 2.5 pF
(c) 3.5 uF (d) 1.2 puF

A d— |

Three capacitors each of 1 uF are connected as shown. The TuF
capacitance between the points A and B is

(a) 3 uF (b) 1 uF
(c) (2/3) uF (d) (1/3) pF IuF

A hollow charged sphere of radius R has a constant surface charge density o. The ﬁg{_iatiﬁﬁ-_-_.pf the
electric field strength E with distance x from the centre of the sphereis ! h

E E E
(a) (b) (c)
0™ x= 0 x= O
In the figure, the potential at X due to the charges +Q and-—Q P 2d __,_d X
is, using S| units, . QG & 1€ =Q
20 -Q N 34 J +Q
(@) 5 (b) N2 (@
The three capacitors in figure, storea tutal .'é:rig[_gv of | S GF
(c) 48 wJ f N (d) 80 |
. | v
Four metallic plates, Eacﬁ"-ﬁaving area A, are placed as shown. A- &
. o B . .. . W N
The distance between the consecutive plates is d. Alternate 7 B

plates are cnnn_e&'é;l_ to points A and B. The equivalent
capacitance of the system between A and B is

(a) e6A/d amy [ 7 (b) 2e0A/d (c) 3s0A/d (d) 4e0A/d
A gg‘?ti_;l.é::ﬁf mass m and charge q is placed at rest in a
uniformelectric field £ as shown and released. The kinetic + + + + +
~W,._energy it attains after moving a distance y is ‘g
\V S (b) qEy SR
1
(c) gE%y (d) Em(qEY)

A and B are two concentric spheres. If A is given a charge Q

while B is earthed as shown in figure,

(a) the charge density of A and B are same
(b) the field inside and outside A is zero

(c) the field between A and B is not zero
(d) the field inside and outside B is zero

A capacitor connected to a 10V battery collects a charge 40 microcoulomb with air as dielectric
and 100 microcoulomb with oil as dielectric. The dielectric constant of the oil is
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16.

17.

18.

19.

20.

21.

22,

(a) 4 (b) 2.5
(c) 0.4 (d) 1.0

A dielectric slab is inserted between the plates of an isolated capacitor. The force between the
plates will (Thickness of slab is less than separation between plates)

(a) increase (b) decrease

(c) remain unchanged (d) become zero

A thin metal plate P is inserted between the plates of a parallel- 1 )
plate capacitor of capacitance C in such a ways that its edges \
touch the two plates (see the figure). The capacitance now ' I
becomes

(a) ¢/2 (b) 2C

(c) O (d) o

Three identicel metallic uncharged spheres A, B and C of radius a are, kepi: at fﬁé’--—'mrhéfs of an

A and is then removed to a pDSItIDn far away. B is earthed and th_e_n the earth eenneetmn is
removed. Cis then earthed. The charge on Cis | D

w B

(o) (20 (b "3[2" a] \
2d\ 2d 2d A
(©) _qe(d—e"‘ (d ) 2qa(ﬂ a}
2d\ d od )

Two similar conducting balls of mass m erehung from silk threeds of
length L and carry similar charges g as shown in the figure. Assuming
0 to be small, the distance x between the halis s ¢

» 5 —1/3 . Ar 2 —1/3
qg°L - \ 7 gL
(a) P o (b
4negymg | W 2meamg |
gL 32 | v &L 1/2
(c) | .. (d)
4ne,mg V 2ney,mg

A charge Q is placed at ?ﬁﬁh__-;?f the two opposite corners of a square. A charge q is placed at each
of the other two carners. If the'resultant force on Q is zero, then

(@) Q=429 gmy N\ 7 (b) Q=—2q
(0 Q=2y2q ( d) Q=-22¢
If i’i‘ier_e aren Ie;epeeitere in parallel connected to V volt source, then the energy stored equal to
@cv N (b) EnCv‘2
(a)cvﬂ (d) 1 ov?
" Three charges —q1, +g> and —gs are placed as shown in the figure. Y
The x-component of the force on —g: is proportional to —Q3
(a) q; %3 >sino (b) q; + q; cos0
b a’ b* a A\
d
(c) 22 -2 sing (d) T2 -3 cosp
b* a° b* & —q f
b 42

23.

If the electric flux entering and leaving an enclosed surface respectively is ¢:1 and ¢,, electric
charge inside the surface will be
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(EI) (4’1 i ¢2) (h) (¢2 = ¢1)
€0 €0

(c) (¢ + d2)eo (d) ($2= d1)eo

24. A thin spherical conducting shell of radius R has a charge g. Another charge Q is placed at the
centre of the shell. The electrostatic potential at a point P a distance R/2 from the centre of the

shell is
() 2Q 2q (b) 2Q . q
4ne, R  4ngyR 4ne,R  4ng,R
(©) (g+Q) 2 (d) 2Q
4ne, R 4neyR

25. A charged particle g is shot from infinity towards another charged g
particle Q, which is fixed, with a speed v. It approaches Q upto a
closest distance r and then returns. If g were given a speed of 2v
the closest distance of approach would be

(a) r (b) 2r
(c) r/2 (d) r/4 q

/\
o
3
o)

©

VLQ
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(electrostatics question bank for Jee Main/Neet)

lIT-JEE-SINGLE CHOICE CORRECT

point. When taken to a place where they are in a state of
the balls will be

L
(@) 2L (b) —=
V2
y A particle of mass m and charge g starts movin
= Ep — ax where a is a positive constant and x is the di

travelled by the particle till the mo

(a) E (b) _ﬂ

3. The charge on a drop of wate its surface potential is 500V, its radius must be

equal to
(a) 81 cm (c) 27 cm (d) 108 cm
4, A and B are two thin concentric hulluw conductors having radii @ and b and charges Q; and Q;

respectively >b and P is a point between the two spheres and distance of P from the

common % a) The pntentlal at P is proportional to
Q Q Q Q
(b)—+— () —+—= (d) —+—
r a b b a
. | 3
5. How should 5 capacitors each of value 1 uF be connected so as to produce a total capacitance ?
a) Two capacitors in parallel and the combination in series with other three capacitors
(b) Three capacitors in parallel and the combination in series with other two capacitors
(c) Four capacitors in parallel and combination in series with fifth capacitor
(d) All capacitors in parallel
6. In the network shown, we have three identical |C
capacitors. Each of them can withstand a 1 ﬁ
maximum 100 V p.d. What maximum voltage can . C I 2

be applied across A and B so that no capacitor
gets spoiled?
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10.

11;

12.

(a) 150 V (b) 120 V
(c) 180 V (d) 200 vV

Three point charges g, g, —2q are placed on an equilateral —2q
triangle of side a. The magnitude of dipole moment of the
arrangement is

(a) V3qa (b) gqa
(c) 2‘/§q3 (d) 2qga 9% s =

Four plates of area A are arranged as shown. The equivalent
capacitance between A and B is

2A¢, 3Ag,

5
@) g b) =4
(c) 4;2*’ (d) none

Three positive and three negative charges of equal ma 4 de are 7 Q
placed at the corners of a regular hexagon PQRSTU. |felec U R
O due to all the charges is twice the field at O dt
charge at R only, the order in which the chal T S
PQRSTU is : \
(@) +—%—4— (b)—+++— | _fc)+++- (d)—++—+—
Three charges qs, -g: and g, are'p shewn. S is a spherical e
Gaussian surface. Electric field at any. | & ;" ‘\1
(a) due to g2 only (b n on all the points { - -
(c) zero on all the point due to all charges ‘xhﬁ'u ‘_f
ing charge Q, and plate area A, is pulled
late at fixed position , as shown in figure N
applied by the man such that , plate moves
o
2 Q? Q?
b c) zero d
(b) 3 Ag, (c (d) 2¢, A

paicle A has charge +g and particle B has charge + 4g with each of them having the same mass
'm, when allowed to fall from rest through the same electrical potential difference in a gravity

free space, the ratio of their speeds v,/ vg will become
(a) 1:2 (b) 2:1 (c) 1:4 (d 4:1
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13,

14,

15.

16.

17.

..-_-s”ﬂhfénding an angle n/2 at its centre. Another charge —g is

Charge,q is distributed uniformly on an arc of radius R

" placed at the centre of the arc. The electric dipole moment of
the system is

In the circuit shown, a potential difference of 60 V is A 29 M
applied across AB. The potential difference T | I
between the points M and N is
(a) 10V (b) 15 V 60V CT C—
(c)20V (d) 30V
' I
B oc N

A conducting sphere of radius 10 cm is charged with 10uC. Another uncharged sphere of radius
20 cm is allowed to touch it for some time. After that if the spheres are separated;'then surface

density of charges on the spheres will be in the ratio of %

(@)1:4 (b)1:3 e} 1:2 (dlll

Five vertices of a regular hexagon of side L are occupied by five point « cha rges ThE value of each
point charge is +g. Another point charge —g is placed at the centre nf the hexagnn What is the

magnitude of the force on —g due to all the charges placed at the M’El‘tICES of hexagnn?

3 2 & _ 2
(@) —= o 2 ) zerl N\ Nutd) T
4\/511:50!_2 4ne, L g 4ne, L

A, B, C, D corners of a square are occupied by q,n—q, ZQ and ﬂ charges respectively. The side of

square is 2a. The field at the mid point of ﬂde CD IS ze‘m What is the value of g ?

wE wel

() =2= | 4 ). = ) >
i 2

The variation of electric field betw*eenthe two charges g: and
gz along the line joining'the charges is plotted against distance

- [T

from g1 (taking rightward Ellrectmn of electric field as positive)

as shown in the fi gure Then the correct statement is
(@) g and G488 pﬂsjtwe ‘¢harge and <
(b) 9 and qz are pesmve charges and g,.> @,

(c)., Q) and ﬂz ahenegatwe chargesand ¢, <@,

{d) q and q2 are negative charges and Q. > Qy

) Zx/qu

T T

{c) —
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19. Two thin different dielectrics are inserted between a parallel

plate capacitor. Then electric field verses separation graph is
(k1<ks)

J
LL]
m,
..
m,
m,

El
(a)

.
(b) (c) d |

20. A uniform rod of length / and mass m charged with a ) @?
charge g is hanging from one of its ends as shown in E
figure. At t = 0 a horizontal electric field E is switched on
in the horizontal direction perpendicular to the rod. Find
the minimum value of E so that the rod rotates upto «~ %,
horizontal level. .

™ T %
m

(a) 22 (b) T Oty & (d)none
q q AN Y )

ONE OR MORE THAN ONE.CHOICE CORRECT

1. Which statement(s) is/are currect_?_‘:” ,_
(a) Electric field at the equatorial bai_nt on a dipole will be anti parallel to the dipole moment.
(b) Electric field lines begin frum{+q')cha rgé: and terminate in (—g) charge.
(c) Electric field lines intersect at only one point
(d) Charge is always ass&ﬁﬁ;gd with mass

2. A particle of ma_s_slfﬁ'jand':ﬁharge g is fastened to one end of a
string of Iengﬁh'f.x._"[hé"'q,ther end of the string is fixed to the
point. O. The wﬁplé_.}-’ﬂystem lies on a frictionless horizontal
pléhq. Imtlally,the mass is at rest at A. A uniform electric field
in,thé"-'d_i_re&i_pn éhnwn is then switched on. Then

(a{)" :-'the sﬁééd of the particle when it reaches B is 295
(b) the speed of the particle when it reaches B is qcl
: E

(c) the tension in the string when particles reaches at B is 2gE
(d) the tension in the string when the particle reaches at B is zero

3. 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 2CV?
(b) The total charge that passes through batteryis 2 CV.
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(c) The initial energy of the capacitor is greater than the final energy of the capacitor
(d) The heat generated in the circuit is 2CV?

Three identical metallic plates are placed at a separation of d; and d- Q

as shown in figure. A charge Q is given to middle plate which is free

to move, then _
(a) it will slide towards left if d>>d; W
(b) it will slide towards right if d,<d,

(c) it will remain in equilibrium if d; = ds

(d) it will remain in equilibrium in all the cases

Three capacitors each having capacitance C = 2uF are / S
connected to battery of emf 30 V as shown in the figure.

When the switch is closed. AI il \CI_

(a) the amount of charge flow through the battery is 20 uC s
(b) heat generated in the circuit is 0.6 m)J
l——

(c) work done by the battery is 0.6 mJ F 30V
(d) the charge flow through the switch is 60 uC Ll A W

Three charged particles are in equilibrium under their electrstatic force only. Then choose the correct
statements R | %

(a) the particles must be collinear _

(b) all charges cannot have same magnitude

(c) all charges cannot have same nature

(d) the equilibrium is unstable ..

Charges Qi and Q; are inside anﬂ*Wfﬁid‘_Ei resbectiuelv of a closed surface S. Let E be the field at any
point on S and ¢ be the flux.of E over S. Then choose the correct statements

(a) if Q: changes, both and Eand ¢ will change

(b) if Q; changes, E will c'hain_gje' but ¢ will not change

(c)ifQ:=0and Q3= (.),.iihen E# 0 but $»=0

(d) if Q: = 0 and Q= Opthen E=0and ¢ =0

Tw:_ﬁ pqiﬁ"tl:j_char.*'g.'és +g and —q are held fixed at (—d, 0) and (d, 0) respectively of a (x, y) co-ordinate
system, the n:
., (a) The electric field E at all points on the x-axis has the same direction.

| _.-I-(E)"é-'-at all points on the y-axis is parallel to x-axis
“.(c) Work has to be done in bringing a test charge from infinity to the origin
(d) The dipole moment is 2qd directed along — ve x-axis.

A parallel plate capacitor of plate area A and plate separation d is charged to potential difference
V and then the battery is 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 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
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B _ ggKAV _i _E{,AVE 1
(@) Q= = (b) Q= = (c) E_Kd (d) w= e [1 K:|

10. Anelliptical cavity is carved within a perfect conductor. A positive charge q is placed at the centre of the cavity.

The points A and B are on the cavity surface as shown in the figure. Then
(a) electric field near A in the cavity = electric field near B in the cavity.
(b) charge density at A = charge density at B

(c) potential at A = potential at B

(d) total electric field flux through the surface of the cavity is g/so.

ARIHANT

(electrostatics question bank for Jee Main/Neet )

-

MATCH THE FOLLOWING:
Note: Each statement in column -1 has one one match in column —lI.

1. A parallel plate capacitor with ai 1 its plates is charged using a battery and then

disconnected from the battery.
Column - |

. Potential difference be n the plates | A. Separation between the plates is increased
will decrease if to K/2 times the initial value and space
between the plates after the separation has

increased, is completely filled with a
P N dielectric (here Kis the dielectric constant)

- d “ strength™ between the [ B. ~Separation between the plates is increased
plateswill réduce’

Jyistored in the capacitor | ¢ A gielectric with K> 1 is filled between the
plates of capacitor.
Separation between the plates is reduced
Area of the plates is increased

Column -l

{ ..I
Q.
D
-
@,

<
3
Q.
D
0
-
(D
(44 ]
w
4]
=

mo

REASONING TYPE

Directions: Read the following questions and choose
(A) If both the statements are true and statement-2 is the correct explanation of statement-1.

(B) If both the statements are true but statement-2 is not the correct explanation of statement-1.
(C) If statement-1is True and statement-2 is False.
(D) If statement-1 is False and statement-2 is True.

1. Statement-1: A positively charged particle always moves along an electric line of force.
Statement-2: Force on a charged particle is tangential to electric line of force.

(a) (A) (b) (B) (c) (C) (d) (D)
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1.

3.

Statement-1: If the electric field intensity E is zero at a point, then electric potential should be
necessarily zero at that point (assuming potential is zero at infinity)
Statement-2: Electric field is zero at a point exactly midway between two equal and similar charge.

(a) (A) (b) (B) (c) (C) (d) (D)

Statement-1: Electric field is discontinuous across the surface of a charged conductor.
Statement-2: Electric potential is constant on the surface of conductor.

(a) (A) (b) (B) (c) (C) (d) (D)

will be zero.
Statement-2: electrostatic field is a conservative field.

(a) (A) (b) (B) (c) (C)

Statement-1: Electric lines of forces are perpendicular to equipote
Statement-2: Work done by electric field on moving a posit
always zero.

(a) (A) (b) (B)

narge on equipotential surface is

(d) (D)

(b) 5.2V
(d) 7.2V

| Now. the key S is closed. What is the potential of point a?
(b) 9.4V
(c) 9.6V (d) 7.8V

How much charge flowed through the switch when it was closed?

(@) 3.36 uC
(c) 336 uC

(b) 33.6uC
(d) 0.336uC
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EXERCISE -1V

s SUBJECTIVE PROBLEMS

ssssl.

nce r from each other. A third charge g is placed on the
ch that all the three charges are in equilibrium. What is the

Two charges 500 uC each are at a di
line joining the above harges

magnitude (in pC) of

Two uniformly ge plane sheets S, and S, having charge densities 61 and 6 (5, > 5,)

nce d parallel to each other. A charge go is moved along a line of length

le having a charge 1.6 x 107 C enters midway between the plates of a parallel plate
condenser. The initial velocity of the particle is parallel to the plane of the plates. A potential
ifference of 300 V is applied to the capacitor plates. If the length of the plates be 10 cm and the
plates are separated by a distance of 2 cm, calculate the greatest initial velocity (in km/s)for which
the particle will not be able to come out of the capacitor plates. The mass of the charged particle

i512x 107" kg

Two spherical bobs of same mass and radius having equal charges are suspended from the same
point by strings of same length. The bobs are immersed in a liquid of relative permittivity €, and
density po. Find the density & of the bob (kg/m?) for which the angle of divergence of the strings
to be the same in the air and in the liquid? (Take po = 200 kg/m?, £,=5)
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5. A thread carrying a uniform charge A = 107¢/m has the
configuration shown in figure. Assuming the curvature radius R
= 42 m to be considerably less than the length of the thread,
find the magnitude of the electric field strength at the point O.
(in N/C)

&

6. Find the energy stored (in J) in the electric field produced by a metal sphere of radius 1m

containing a charge of 100 uC.

y An isolated conductor initially free from charge is charged by repeated contacts. .“:_;; plate
20,uC is the

which after each contact is replenished to a charge 100 puCfrom an electrophorus. If 20,
in pC) which can be

charge on the conductor after the first operation, find the maximum
given to the conductor.

8. A parallel plate capacitor has a capacity C = 200 uF. The' g
filled with a glass plate of dielectric constant K = 6. The sy fem is connected across a d.c voltage
source E = 100 V. Find the amount of mechanical work done 'Emuving the dielectric plate,
battery still connected. |

9 What amount of heat will be generated i

figure after the switch Sw is shifted
position 2?
GivenC=1F, Co=4Fand g =

rical shells A, Band Chaveradiia=10cm,b=20cm and ¢ = 30

_ nost shell A is earthed and charge g, = 4 uC and gs = 3uC are
espectively. Calculate energy (in mJ) stored in the system.

10. Three concentric, conducti
cm respectively,
given to shells B

®

VS\

Page | 88




ANSWERS

EXERCISE -1

IIT JEE & NEET-SINGLE CHOICE CORRECT

1. (c) 2. (b) 3. (d) 4. (b) | 5. (a)

6. (a) 7. (a) 8. (c) 9. (d) 10. (b)
21. (b) 22. (a) 23. (d) 24. (b) 25. (d)

EXERCISE - 11

IT-JEE-SINGLE CHOICE CORRECT

EXERCISE - 111

MATCH THE FOLLOWING
+ =&, C, D, E;: [I=&,C, Elll=A;D,CE V=&, C,E

ASSERTION AND REASON

| 1. (d) | 2. (d) ‘ 3. (b) I 4. (a) l 5. (a) |

PASSAGE BASED PROBLEMS
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EXERCISE - 1V

N =

- U

10.

125

10
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ARIHANT

(ELECTROSTATICS)

o P | The capacitance of a metallic sphere will be 1uF, if its radiusisn
(1) 9 km (2) 10 m
(3)1.11m (4) 1.11cm

J

rly-

Q.2 The energy of a charged conductor is given by the ex
2 2

2
i 9 q
U5 @& B)2qC (4) =

Q.3 No current flows between two charged b
(1) capacitance or Q/V ratio
(2) charge
(3) resistance
(4) potential or Q/C ratio

e together when they have the same-

Q.4 Two spherical conducto
they are conne

(1) flow from A to
(2) flow from B to A

(3) remain on nductor
(4) e es

and B of‘radii R and 2R respectively are each given a charge Q. When
metallic wire. The charge will-

Q.5 | energy of a charged conductor of charge (q) and potential (V) is given by-

1
2) = g2V
()zq

1
4) 1 q\2
()zq

Q.6 A conductor of capacitance 0.5uF has been charged to 100 volts. It is now connected to
uncharged conductor of capacitance 0.2uF. The loss in potential energy is nearly -
(1) 7 %104} (2)3.5x10%1
(3) 14 x 104} (4) 7 x 103

Q.7 Two spherical conductors of capacitance 3.0uF and 5.0uF are charged to potentials of 300 volt
and 500 volt. The two are connected resulting in redistribution of charges. Then the final potential

is -
(1) 300 volt (2) 500 volt
(3) 425 volt (4) 400 volt
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Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

N drops of mercury of equal radii and possessing equal charges combine to form a big spherical
drop. Then the capacitance of the bigger drop compared to each individual drop is-

(1) N times (2) N2/3 times

(3) N3 times (4) N5/3 times

The capacity of a parallel plate condenser is C. Its capacity when the separation between the

plates is halved will be-
(1)4C (2)2C¢  (3)C/2 (4) C/4

A parallel plate condenser has a capacitance 50uF in air and 110 uF, when immersed in an oil. The

dielectric constant K of the oil is-
(1045 (21055 {(3)1.10 (4) 2.20

The capacity of a parallel plate condenser is 5uF. When glass plate is placed betwéen the plates of
the conductor, its potential becomes 1/8th of the original value. The 1u'f:-ilue of dlelectnc constant
will be - |

(1)1.6 (2)5 (3) 8 (4) 40

If the p.d. across the ends of a capacitor 4uF is 1.0 kilovolt. Then i,ts--gléﬁl;ric.ﬁl'ﬁbte’ﬁ:’t-i'él energy will
be- W

(1) 4 x 10 3erg (2) 2 erg

(3) 2 joule (4) 4 joule

A 6uF capacitor charged from 10 volts to 20 volts. Increase in energy wall he -
(1) 18 x 104 ) (2)9x104) '
(3) 4.5 x 1074 | (4) 9 x 1079

The energy of a charged capacitor resides | ln -
(1) the electric field only

(2) the magnetic field only

(3) both the electric and magnetic ﬁeld

(4) neither in electric nor magnetic field

The capacity and the energy Stored;.-'fi'g a parallel plate condenser with air between its plates are
respectively C,and W, If the air is replaced by glass (dielectric constant = 5) between the plates,

the capacity of the plate'g-'_ﬁpd the energy stored in it will respectively be -

(1) 5C,, 5W, | --_(z.].g_cg,.,. Eﬂg
' 4 0 , 0
( RN

By lns.ertmg a plate ﬂf dielectric material between the plates of a parallel plate capacitor, the
energy is increased five times. The dielectric constant of the material is -
(1) 1/25 (2) 1/5 (3)5 (4) 25

A Ea_pamtm;-uf capacity C has charge Q and stored energy is W. If the charge is increased to 2Q the

'- ;sj:qréd;:&nergv will be -
(2w (Qw/2  (3)aw (4 W/4

A glass slab is put with in the plates of a charged parallel plate condenser. Which of the following

quantities does not change?
(1) energy of the condenser
(2) capacity
(3) intensity of electric field
(4) charge

A parallel plate capacitor is connected to a battery and inserted a dielectric plate between the
place of plates then which quantity increase-

(1) potential difference

(2) electric field

(3) stored energy
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Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q26

(4) E. M . F of battery

A parallel plate capacitor is connected to a battery and decreased the distance between the
plates then which quantity is same on the parallel plate capacitor-

(1) potential difference

(2) capacitance

(3) intensity of electric field

(4) stored energy

A parallel plate capacitor is charged by a battery after charging the capacitor , battery is
disconnected. And if a dielectric plate is inserted between the place of plates. Then which one of
the following statements is not correct-

(1) increase in the stored energy

(2) decrease in the potential difference

(3) decrease in the electric field

(4) increase in the capacitance

A parallel plate capacitor has a capacity C. The separation between platee is deubled and a
dielectric medium is inserted between plates. The new ca pemt’y is 3C4 The dtelectne constant of
medium is- 0
(1)1.5 (2)3.0 (3) 6.0 (4) 12.0 .. i_

A parallel plate capacitor is charged by a battEI"f efter c‘nargmg the capacitor, battery is
disconnected and decrease the distance between the p!‘ates then which following statement is
correct ?

(1) electric field is not constant

(2) potential difference is increased

(3) decrease the capacitance

(4) decrease the stored energy

The capacitance of a parallel pIat&mndemer dees not depend upon-

(1) the distance between the piates

(2) area of the plates :

(3) medium between the plates

(4) metal of the plates ©

A metallic plate of th‘idﬂless (‘tl and face area of one side (A) is inserted between the plates of a
parallel plate alr cepamter with a separation (d) and face are (A). Then the equivalent capacitance
is - i
| €y A

AN € A
3) —— 4
RS Y@

“WAn _e?;iﬁ;e.eepeciter of 1uuF is immersed in a transformer oil of dielectric constant 3. The capacitance

_.of the oil capacitor is-

Q.27

WD) 1ppF (2) - upF

(3) 3ppF (4) ZHHF

Two metal plates form a parallel plate condenser. The distance between the plates in d. Now a
metal plate of thickness d/2 and of same area is inserted completely between the plates, the
capacitance -

(1) remains unchanged

(2) is doubled

(3) is halved

(4) reduced to one fourth
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Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

The capacity of a parallel plate capacitor with air as medium is 2uF. After inserting a sheet of mica
a equal air thickness , it becomes 5uF. The dielectric constant of mica is -

(1) 0.1 (2) 0.4

(3) 2.5 (4) 10

A parallel plate capacitor has rectangular plates of 400 cm? and are separated by a distance of
2 mm with air as medium. What charge will appear on the plates. If a 200 volt potential
difference is applied across the condenser?

(1)3.54x10%C (2)3.54x10°8C

(3)3.54x1019C (4) 1770.8 x 10713 C

A parallel plate condenser is immersed in an oil of dielectric constant 2. The fleld between the
plates is- |

(1) increased proportional to 2.

(2) decreased proportional to 1/2

(3) increased proportional to V2

(4) decreased proportional to 1/2

A parallel plate capacitor consists of two plates of 2m x 1m. Tl‘i’é space between the plates is of
Imm and filled with a dielectric of relative permittivity of »7, A potentlal difference of 300 V is
applied across the plates. Find the potential gradient - f

(1) 6 x 10° N/C (2) 3x10° N/C

(3) 18 x 10° N/C (4) 12 x 10° N/C

Two conductors insulated from each other, _charg‘ed,_-by transferring electrons from one conductor
to the other. After 25 x 1012 electrons have been transferred. The potential difference between
the conductors is found to be 16V. The capacitance of the system is-

(1) 25uF (2) .25uF | |

(3) 25 nF (4) 25 PF

The energy density in a parallel 'pﬁ;_te ::a'p;_acitnr is given as 2.2 x 10710 J/m3. The value of the
electric field in the region between the plates is-

(1) 7 NC? (2)3.6 NC1

(3) 72NC? (4)84 NC

If a 10uF capacltnr is to have an energy content of 1 Joule. It must be placed across a p.d. of (in
volts)- _

(1)900 (2) 4*50" #f-;lﬂﬂ'ﬁﬂ 200 (4) 450

A capaeltor of capaeitance —pF is connected to a battery of 300 volt and charged. Then the

Energy stured in ca pacitor is-
(1) 3 x 1072 joule (2) 1.5 x 102 joule

~ (3) 6:x 102 joule (4) 12 x 104 joule

Q.36

Q.37

Q.38

The two parallel plates of a condenser have been connected to a battery of 300V and the charge
collected at each plate is 1}1C. The energy supplied by battery is -

(1) 6 x 1074} (2)3x 1074
(3) 1.5 x 1074 (4) 4.5 x 1074)

The plates of a parallel plate capacitor are charged with a battery so that the plates of the
capacitor have acquired the P.D. equal to e.m.f of the battery. The ratio of the work done by the
battery and the energy stored in capacitor is-

(12:1 Z)1:1 {3)1:2 (4)1:4

A parallel plate condenser has plates of area 200 cm? and separation 0.05cm has been filled with
a dielectric having K = 8 and then charged to 300volts. The final energy of condenser is -
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(1) 1.6 x 1075 J (2) 2.0 x 1076 J
(3) 12.8 x 107 (4) 64 x 10~ )
Q.39 Three capacitors of capacity C, , C, , C; are connected in series. Their total capacity will be-

1
(C,+C,+Cy)
(3) (cl" +C5" +c5') (4) none of these

(1) Cy ¥ T, #C; (2)

Q.40 Three capacitors each of capacitance 1uF are connected in parallel. To this combination a fourth
capacitor of capacitance 1uF connected in series. The resultant capacitance of the system is-
(1) 4pF (2) 2 uF
(3) 4/3 uF (4) 3/4 uF

Q.41 Two capacitances of capacity C, and C, are connected in series and potentiz Vis
applied across it. Then the potential difference across C, will be-
v =2 (2) vt

C, C
C, G
3)V 4)V
G) C, +C, (4 C, +C,

Q.42 Two condensers of capacities 1puF and 2F are connected in series @ [ Setem charged to
120 volts. Then the P.D on 1uF capacitor (in volts) wi |J@'

(1) 40 (2) 60 (3) 80 (4) 120 _ .

Q.43 Two condensers of capacity 0.3uF and 0.6LF resy ' nnected in series. The
combination is connected across a putent The ratio of energies stored by the
condensers will be - |
(1)1/2 (2)2 (3)1/4

Q.44 Three capacitors C_< C,< C_

Q.45

— |-
3uF
(2) 2uF  (3) 1.5 pF (4) 3puF

Q.46 Three capacitors of capacitance 3uF , 9uF and 18uF are connected once in series and another

time in parallel. The ratio of equivalent capacitance in the two cases (E—’] will be -
p

(1)1:15 (2)15:1

(3)1:1 (4)1:3
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Q.47 Three equal capacitors, each with capacitance C are connected as shown in figure. Then the
equivalent capacitance between Aand B is -

¢ €] €
Av—H+—— B

(1) C (2) 3C
(3) /3 (4) 3¢/2

Q.48 Three capacitors are connected to D.C. source of 100 volts as shown in the adjoining figure. If the
charge accumulated on platesof C, ,C,and C; areq,, q,, 9., 94, 9. » 9 respectively then -

o i

(1) g, + g4+ g, = 100/9 Coulomb

(2) gy +gq+9;=0
(3) g, +q_+q, =50 Coulomb

(4) g, =q4=0q;

Q.49 A capacitor C; = 4uF is connected in series with anothe

(1)1:4 (2)4:1 (3)1:2

Q.50 Two condensers of 20 and 30 microfarad
Find the charge on each condenser ?
(1) 2400 uC (2) 4200uC
(3) 2600uC (4) 3000uC

Q.51 The three condensers of capacitan
connected |
(1)1:11
(3)1:6

0, 20 and 30uF are first connected in series and then
f the resultant capacitance in the two cases is -

Q.52

1.5C (3) C/5 (4) 3C
'otal capacity of the system of capacitors shown in adjoining figure between the points A and

2u
|

Ae ,
InF L
lpFZ\ B C2uF
Be ' l/\

11
2uF
(1) 1uF  (2)2uF  (3)3uF  (4) 4pF
Q.54 The equivalent capacitance between the points A and B in the given diagram is -

T ™
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Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

A ZI“iF B

——2uF 2uF .
2uF

(1) 8uF  (2) 6F (3l§uF (4) guF

Five capacitors of 10uF capacitor each are connected to a D.C. potential of 100 volts as shown in
the adjoining figure. The equivalent capacitance between the points A and B will be equal to-

10uF 10puF
‘\—</ ::ID%B

10puF 10pF

100V
€ —

(1) 40uF (2) 20 pF
(3) 30 uF (4) 10 pF
Three capacitors of capacity 10uF , SuF and 5uF are in parallel. The total capacity will
be-
(1) 10uF (2) SuF
(3) 20 uF (4) none of the above.

Two capacitors connected in parallel having the capacities C, and C, are given 'q' charge, which is
distributed among them. The ratio®©f the charge_on C, and C, will be -

<
(1) ,

(3) €,C,

In an adjoining figur 1 three capacitors C, , C, and C; joined to battery. The correct

condition will be-

V, C, Q2
v, G Q | |
V3G Qs

N\

Q,;5Q,=Q;andV,=V,=V,;=V
)Q,=Q,+Q;and V=V, +V,+V,
3)Q;=Q,+Qzand V=V, +V,
(4)Q,=Q;and V, =V,

(Symbols have their usual meanings)

Two capacitors of equal capacity are first connected in parallel and then in series. The ratio of the total
capacities in the two cases will be -

(1)2:1 (2)1:2 (3)4:1 (4)1:4

A 4uF condenser is connected in parallel to another condenser of 8uF. Both the condensers are
then connected in series with a 12uF condenser and charged to 20 volts. The charge on the plate
of 4uF condenser is-

(1) 3.3 nuC (2) 40uC
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(3) 80 uC (4) 240 pC

Q.61 If three capacitors each of capacity 1uF are connected in such a way that the resultant capacity is
1.5uF then-
(1) all the three are connected in series
(2) all the three are connected in parallel
(3) two of them are in parallel and then connected in series to the third
(4) two of them are in series and then connected in parallel to the third

Q.62 Two capacitor each of 1uF capacitance are connected in parallel and are then charged by 200
volts D.C. supply. The total energy of their charges (in joule is)-

(1) 0.01 (2) 0.02

(3) 0.04 (4) 0.06
Q.63 Four capacitors are connected as shown in the fig. The equivalent capacita

Pand Qis-

[1] 2
P

(1) 4pF (2) 1/4 uF

(3) 3/4 uF (4) 4/3 uF
Q.64 The total capacity of the system o capaci in the adjoining figure between the points A

and B will be-

3u
|
|

T ™

Ae

Q.65 labs of constant K, and K, have been filled in between the plates of a capacitor as

below. What will be the capacitance of the capacitor -
e R R R ey

M v ARRRAAN SRERRRRRRRRY
SURRRRRRRRRN LY

Y Y

2e,A 2¢,A | K, +K 2e,A | K, xK
1 0 K. +K 2 0 1 2 1(3 4 0 1 2
2 (k) (2 R (g e

Q.66 A parallel plate capacitor with air as medium between the plates has a capacitance of 10uF. The
area of capacitor is divided into two equal halves and filled with two media having dielectric

constant K; =2 and K, = 4. The capacitance of the system will now be-
(1) 10puF (2) 20 uF  (3) 30 pF (4) 40 uF

Q.67 Separation between the plates of a parallel plate capacitor is d and the area of each plate is A.
When a slab of material of dielectric constant K and thickness t (t < d) is introduced between the
plates , its capacitance becomes-
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Q.68

Q.69

Q.70

Q.71

Q.72

(1) EpA (2) €A

d+t[l-i] d+t[l+i}
K K

) - o2 (4) —2
d-t[l-—i] d—t[l+-l~)
K K

If area of each plate is A and plates are separated from each other by a distance d then C_,

between AandB is -
oA
oB

3e, A €En A
1 U 2] =Y
(1) - (}3d

3c, A 2e, A
3 0 4 0
{) 2d [) 3d

The capacitance of a capacitor, filled with two dielectrics of same dtmensmns but of dielectric
constants K, and K, respectively as shown will be - - - \

(1) E;,f K, +K,) (2) En (K, +K,)

3) EUA( K,K, } () Eﬂa( K,K, ]

2d | K, +K, d (K, +K,

The capacitance of a parallel p!atg---taﬁgcifﬁi"?;i_s 2.5uF when it is half filled with a dielectric as
shown in the figure, Its capacitance becomes 5uF , the dielectric constant of the dielectric is-

Air

(175 (2)3.0 __(.3.._)':"*31"’-5‘?_ __ ..(4) 4.0

The capacitance. uf a spherlﬂal condenser is 1uF. If the spacing between the two spheres is 1mm,
then the radius nf thE outer sphere is-
(1) 30cm {2) 6 rn (3) 5cm (4) 3m

The capal:ltance (C] for an isolated conducting sphere of radius (a) is given by 4ne,.a. If the

sphere is Endnsed with an earthed concentric sphere. The ratio of the radii of the sphere being
(n/n—l) t‘hen the capacitance of such a sphere will be increased by a factor -

S (2) n/(n-1)

Q.74

| ___..(3) (n—l]/n (4) a.n
Q.73":.__"A1 is @ spherical conductor of radius (r) placed concentrically inside a thin spherical hollow

‘conductor A, of radius (R). A, is earthed and A, is given a charge +Q then the charge on A, is -

(1)-Q (2) Qr/R
(3) -rQ/R (4) -Q (R-r)/R

Two spherical conductors A, and A, of radii (r,) and (r,) (r,> r, ) are placed concentrically in air.
A, is given a charge +Q while A, in earthed. Then the capacitance of the system is -

- I

(1) 4TL‘EG (2) 4ney(ry +1,)

I —q

(3) 4ne,. 1, (4) 4ne,
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Q.75 A capacitor of capacitance 100uF is charged by connecting it to a battery of emf 12V and internal
resistance 2Q). The time taken before 99% of the maximum charge is stored on the capacitor-
(1) 0.92 ms (2) 0.4 ms
(3) 0.8 ms (4) 0.1 ms

Q.76 A capacitor of capacitance 0.1 pF is charged to certain potential and allow to discharge through a
resistance of 10 MQ2. How long will it take for the potential to fall to one half of its original value-
(1) 0.1s (2) 0.2346 s
(3)1.386s (4) 0.693 s

Q.77 A 500uF capacitor is charged at a steady rate of 100uC/sec. The potential difference across the
capacitor will be 10V after an interval of-
(1) 5sec. (2)20sec. (3) 25sec. (4) 50 sec.

Q.78 A C. R series circuit is connected to a battery of e.m.f E. The time re
acquire maximum charge, depends upon -

(1) R only

(2) Conly

(3) RC

(4) applied potential difference

(1) 24C (2) 12uC
(3) 6uC (4) 3uC

Q.81 Two condensers of capacities 2C and C are joined in parallel and charged upto potential V. The
battery is removed and the condenser of capacity C is filled completely with a medium of
dielectric constant K. The p.d. across the capacitors will now be -
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Q.82

Q.33

Q.84

Q.85

Q.86

V&\

3V 3V
(1) — 2) —

K+2
\Y V
(3) =5 (4) =

0.2F capacitor is charged to 600V by a battery. On removing the battery. It is connected with
another parallel plate condenser (1.0F). The potential decreases to-

(1) 100 volts (2) 120 volts

(3) 300 volts (4) 600 volts

A 0.01uF capacitor is charged to a potential of 500v. It is then connected to an instrument of
input capacitance 1.0uF. The p.d across the instrument in V is now-
(1)1.00 (2)4.95 (3)5.00 (4) 50.0

other
nce of another

A condenser of capacitance 10uF has been charged to 100V. It is now
uncharged condenser. The common potential becomes 40V. T
condenser is -

(1) SuF  (2) 10uF  (3) 15uF  (4) 20uF

nn
aci

noved and connected in
y charge on each capacitor is

A capacitor having capacitance C is charged to a voltage
parallel with another identical capacitor which is uncharg

now-
(1) cv (2) cv/2 (3) 2¢cV (4) CV/4
arged
' rall

Two capacitors of capacities C, and C, ar voltages V, and V, respectively. There will
f-

be no exchange of energy in connecting them
(¢, =€, (2) C.V, =C.V

r |
_ G

C
3)V, =V 4) — =
(3)V,=V,; (]V]q

©
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IMPORTANT PRACTICE QUESTION SERIES FOR IIT-JEE EXAM - 2

Q.1

Q.2

Q.3

Q.4

pt conne cted with the battery. If now a dielectric slab

change in the charge, potential and electric field intensity between the plates
respectively - |

(3) increases , constant ,.dec
(4) constant, decreasesy; decr

field, and ;-.."':-:.._r:'.-.-,-:__;, iz ed with this capacitor are given by Q,, V,, E, and U, respectively. A

dielectric slab is t introduced to fill the space between the plates with battery still in
e corresponding quantities now given by Q, V, E, and U are related of the previous

(2) V>V,
(4)U>U,

A battery charges a parallel plate capacitor of thickness (d) so that an energy [U,] is stored in the

system. A slab of dielectric constant (K) and thickness (d) is then introduced between the plates of
the capacitor. The new energy of the system is given by -
(1) KU, (2) K2U,

Uy 2
(3) = (4) Uy/K

Two spheres of radii R, and R, have equal charge are joint together with a copper wire. If the
potential on each sphere after they are separated to each other is V, then initial charge on any
1
)=
4n g,

sphere was (k =

Page | 102




(1) { (R* R,) (2) % (R, + R,)

V (R|R,)
k R, +R,

(3) { (R, +R,) ()

Q.5 Calculate the reading of voltmeter between X and Y then (V, -V, ) is equal to -

IF
- —
N X1 1
i J
I1F
A '/ B
—| 1
3F Y 6F
| |
l I
20V
(1) 10V (2) 13.33V
(3)3.33V (4) 10.33 V
Q.6  The capacitance of two capacitors was compared with the g n electrometer. The capacitors
were charged to & potential of

V, = 300V and V, = 100V and were connected in paralle otential difference between the

plates measured by the electrometer was 250V
(1] 3:1 (2)1:3
13]1:25 (4)25:1

Q.7  Three capacitors 2, 3 and 4].1F are

(3) 3 3ucC |
llel plate capacitor. One plate is given a charge +q while the
%, P, and P, are taken as shown in adjoining figure. Then the

Q.8

P

(2) P, only
(4)P,P,andP,

Q.9 ultant capacitance between (A) and (B) in the following figure is -

Ae— | | | |

3uF 3uF 3uF

2uF~  2uF__ —3uF

Be—f —— ——|

3|1F 3uF 3uF
(1)1uF (2) 3uF
(3) 2uF (4) 1.5uF

Q.10 The diameter of the plate of a parallel plate condenser is 6 cm. If its capacity is equal to a sphere
of diameter 200 cm, the separation between the plates of the condenser is -
(1) 4.5%x10%m (2) 2.25x 10*m
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

(3)6.75x10% m (4)9x 104 m

Four metallic plates of each with a surface area of one side (A) , are placed at a distance (d) from
each other. The alternate plate are connected to point (A) and (B) as shown in the fig. The

capacitance of the system is
A /
AN N
&

(1) Eﬂdh (2) ZE;] A

A sheet of aluminium foil of negligible thickness is placed between. of a capacitor of

capacitance C as shown in the figure then capacitance of capacitor

Foil ‘

3
(1) 2C (2)C (3)C/2 (4) zer %

of capacitor by means of conducting wire

In above problem if foil is connected to any
then capacitance of capacitor becomes -
(12 (2C  (3)¢/2

For circuit, the equivalent capacita

| — -
&

. I by
2| € €
(1) 6C (2) 4C

The figure shows a cil
Bis~—

mguF tslg uF (4) 1uF

he p.d. across the capacitance of 2uF in the figure along with is -

3uF
— I
6uF| 2uF
| | { —
— =
3uF
il =
70V

(1) 10V (2)60v  (3)28V  (4) 56V

A circuit is shown in the figure below. Find out the charge of the condenser having capacity SuF-
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(1)4.5pC (2)6.0uC (3)9.0uC (4)30uC

Q.18 In the circuit shown in the following fig. The p.d across 3uF capacitor is -

(1)4vV (2)6v  (3)10V (4)16V

in the figure. The points A, B

Q.19 Three capacitors of capacitors C,, C,, C; are c |
ential at O will be -

and C are at potential Vl, V, and V, respectivel

N

(1) Vi +V2+V3 V, +V, Vi + VoV,
V, +V;
C1+C3

Q.20 Thre nd C are connected to a battery of 25volt as shown in the figure. The ratio of
arges on capacitors A , B and C will be
\ I I

g\/io’)\

SHF B C
25V =
8uF 12uF
1)15:2:3 (215232
13)2:5:3 {412:3:5

Q.21 Four equal capacitors , each with a capacitance (C) are connected to a battery of E.M.F 10volts as
shown in the adjoining figure. The mid point of the capacitor system is connected to earth. Then

the potentials of B and D are respectively-
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Q.22

Q.23

Q.24

Q.25

Q.26

BU— b —

= Earthed

(1) +10 volt , zero volt (2) +5 volt , =5 volt
(3) -5 volt, +5volt  (4) zero volt, 10 volt

A circuit has a section AB as shown in the fig. With E = 10V, C; = 1.0uF, C, = 2.0uF and the
potential difference V,—V, = 5V. The voltage across C, is -

E

T A
Cl 2

(1) zero (2)5vV  (3) 10V (4) 15V

The potential difference between points (A) and (B) of the circuit is- %

A
C, ‘(\’/52

e, @
Cg«/\c_!; Q
B
1|
sh ow. The e.m.f of the cell is 2 volts and internal
have values 4 ohm and 1 ohm respectively. The charge

CLC

(1) (Cz'cﬂ E (2) (C4-C3) E
(3) (Cng —C1C4 JE (4] (C1C3 —C1C4]E
(C,+C,+C;+C)) (C, + G, )Gy

4
A 1uF capacitor is connected in thecirc
an

resistance is 0.5 ohm. The resi
on the capacitor must be-

E=2V,r=0.5Q
IuF R
Ik AW——
R,
—— AW
(1) 2uC  (2) 1 (3)1.33uC (4) zero
In th 0 capacity of the condenser Cis 2uF. The current in 2€2 resistor is-

©

e
AW

wfF 32 40
I 1

N\

MW—
| AN
6V 2.80
(1)9A  (2)09A (3) é A (4) (,1—9 A

In the circuit shown here C, = 6uF, C, = 3uF and battery B = 20V. The Switch S, is first closed. It is
then opened and afterwards S, is closed. What is the charge finallyon C, ?

C,, 3uF
I
NS,
Ci) (6uF |
[ |
\s,
| |
I '"B=20V
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Q.27

Q.28

Q.29

Q.30

Q.31

(1) 120uC (2) 80uC  (3) 40uC (4) 20uC

As in figure shown, if a capacitor C is charged by connecting it with resistance R, then energy is
given by the battery will be -

C
| |
R
| ——WWW—
=
(1) %CVE (2) More than %cvl

(3) Less than %C‘*».r'1 (4) Zero

A parallel plate capacitor has plate area A and separation d. It is charged to aﬂntenual dlfference
V,. The charging battery is disconnected and the plates are pulled apart to three tlmEs th&’lnltla|

separation. The work required to separate the plates is -

AV? AV
(1) oo (2) 22

d 2d )i
g BAY g wAVS

P - '
fioad - f . o=, . |
W g . N S
LA I . e L
'._I"" F -I.-' '|_||'.. S—
o — Lo r " "
a - i 1

A capacitor of capacity C, is charged to the potential nf Vo, On dISCGn necting with the battery, it is
connected with a capacitor of capacity C, as shfmn in thE ad mlmng figure. The ratio of energies
before and after the connection of SW|tch S will be -

b S
: Rl
,
y
’

CiVo_

—G

I
| |

(1) (€, + /T, () C/(C, + Clnd |
(3)C.C, (4) C1/€ 0 4

Condenser A has a capaclw of 151.1F when it is filled with a medium of dielectric constant 15.
Another condenser (B has a ‘capacity of 1uF with air between the plates. Both are charged
separately by a bathry of 100 V. After charging, both are connected in parallel without the
battery and the dlelectrie medium being removed. The common potential now is -

(1) 400V . 1 (2) 800V
(3) 120& v " (4) 1600V

A paraliel plate ca pacltur is charged to a P.d. of 50 V. it is discharged through a resistance. After
15, the P.d. between plates becomes 40 V. Then -

M:[1) Fractlnn of stored energy after 1s is 16/25
2 __;[2] R. d between the plates after 2 s will be 32V
) P.d. between the plates after 2 s.will be 20 V

Q.32

" (4) Fraction of stored energy after 1s. is 4/5

Three identical capacitors are given a charge Q each and they are then allowed to discharge
through resistance R,, R, and R;. Their charges, as a function of time shown in the graph below.

The smallest of the three resistance is -

(1) Ry (2) R,
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(3) Ry (4) Cannot be predicted

Q.33 Aglassslab is put with in the plates of a charged parallel plate condenser. Which of the following
quantities does not change?
(1) energy of the condenser  (2) capacity
(3) intensity of electric field (4) charge

Q.34 A parallel plate capacitor is connected to a battery and inserted a dielectric plate between the
place of plates then which quantity increase-

(1) potential difference (2) electric field
(3) stored energy (4) e.m.f. of battery

Q.35 A parallel plate capacitor is charged by a battery after charging the /capaci

statement is correct-

(1) electric field is not constant

(2) potential difference is increased
(3) decrease the capacitance

(4) decrease the stored energy

Q.36 A parallel plate capacitor has rectangular plates of 400'c 12and ar
2mm with air as medium. What charge will appear ¢ plates. If a 200 volt potential
difference is applied across the condenser.?
(1)3.54x10°°C (2)3.54x107° C
(3)3.54x107°C (4) 1770.8x 1072 C 4

F.are to be so connected to have total capacity 10

Q.37 Seven capacitors each of capacitance =

uF. Which will be the necessary ire

(1) (| |

Q.38 infinite number of identical capacitors each of capacitance 1uF are connected as in adjoining

figure. Then the equivalent capacitance between A and B is-
| |
11

| —

{ 8 capacitor }—|

16 cj:gacitnr I
Ae o0 ¢B

(1) 1uF  (2) 2uF (3J%MF (4) o0

| NP, i O
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Q.39

Q.40

Q.41

Q.42

An air capacitor, a capacitor with a dielectric and a capacitor with a conducting slab (thickness one
half the separation introducing between the plates of parallel plate air capacitor in both case) has
capacity C;, C; and C; respectively then-

(1) C>C> (G5 [2] C:>Ci> (4

(3) Ca>(C>(C4 [4] C>Ci>(C

Two spheres of radii 1 cm and 2 cm have been charged with 1.5 x 10~ and 0.3 x 10 coulomb of

positive charge. When they are connected with a wire, charge-

(1) will flow from the first to the second

(2) will flow from the second to the first

(3) will not flow at all

(4) may flow either from first to second, or from the second to first, depending upon.
the connecting wire

the length of

A number of capacitors, each of capacitance 1uF and each one of which
potential difference just exceeding 500 volt is applied are provideds,.
suitable for giving a capacitor of capacitance 3uF across which 2000 vo
at least -

(1) 4 component capacitors
(2) 12 component capacitors
(3) 48 component capacitors
(4) 16 component capacitors

A circuit has a section AB as shown in the figure

potential difference Va — Vg = 5V. The volta

E
| =1 |—o

A‘lzl . CzB A

(1) zero(2) 5V (3) 10V (4) 15V
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0.1

Q.2

Q.3

Q.5

Q.6

IMPORTANT PRACTICE QUESTION SERIES FOR IIT-JEE EXAM - 3

The effective capacity of the network between termi rﬁ and B isz

(1) 6 pF (2) 20 pF

plate capacitor are U and C respectively. Now a

The energy and capacity of a_charg
Y ‘. energy and Eapacity becomes (Assuming Ehﬂl’gE on

dielectric slab of €, = 6 is inse
plates remains constant)

(1) 6U, 6C (3) %, 6C  (4)U,6C

A capacitor is charget
capacitor of same.c

1 capacitor of capacity C; charged upto V and then connected to an uncharged capacitor of

capacity C,. Then final potential difference across each will be-

G,V GV C, C,
v @ e 3) [1+C—I] v (4) [I—C—I}V

Three capacitors each of capacity 4 uF are to be connected in such a way that the effective
capacitance of 6 uF. This can be done by-

(1) connecting all of them in series

(2) connecting them in parallel

(3) connecting two in series and one in parallel

(4) connecting two in parallel and one in series
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Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15"

A network of four capacitors of capacity equal to C; = C, C; = 2C, C3 = 3C and Cs = 4C are connected
to a battery as shown in the figure. The ratio of the charges on C; and C; is-

[
||
O
(®
1
||

7 2 4
(1) 7 (2) = (3) = (4) -

A parallel plate air capacitor is charged to a potential difference of V volts. After discunnecting the
charging battery the distance between the plates of the capacitor is increased usmg an lnsulatlng
handle. As aresult the potential difference between the plates- 3

(1) Decreases (2) Does not change (3) Becomes zero (4) .l_,hcrease"s-' |

%, are cdﬁ,nect?qd.tu a V-volt battery,

as shown. The work done in charging fully both the condensers |s- h

Two condensers, one of capacity C and the other of capacity

—V — 3 =C/2

(1) L cvl (2) 2 CV2 3) 1 Leve . '(4)._-.-§cv2

If the distance between the plates of a parallel p!ate cundenser is halved and the dielectric is
doubled, then its capacity will- |
(1) remain the same  (2) increase by 2 tll'nES (3) lncrease by 4 times (4) increase by 6 times

What is the area of the plate uf a 3F parai]el plate tapacltnr if the separation between the plates
isS5mm?
(1) 1.694x 10°m*  (2) 4.569x 10?’-:‘1-.1 (3)9.281x 10° m? (4) 12.918 x 10° m?

The dimensions of RC isequal to- |

(1) time  (2) inverse time (3) square of inverse time (4) square of time
Minimum number Qf EuF and 250 V capacitors used to make a combination of 16 puF and
1000V are -

(1) 32 (2) 46, 'taj g8 (4) 4

Three capacitors uf capamtance 3uF, 10uF and 15uF are connected in series to a voltage source of
100 V. The charge on 15pF is-

(1) 50 pC (2) 160 pC

(3)_ 200 uC (4) 280 pC

..Twﬁ‘-materials of dielectric constant ki and k; are filled between two parallel plates of a capacitor

\ . as shown in figure. The capacity of the capacitor is-

Q.16

NNZ

1 2

(1) A< (zk(;-r-kz] 2) 2A< [ kk, J
Ag,| kk, AED k, +k,
o 8ait) WA

A conducting sphere of radius 10 cm is charged with 10 uC. Another uncharged sphere of radius
20 cm is allowed to touch it for some time. After that if the sphere are separated, then surface
density of charged on the spheres will be in the ratio of-

(1)1:4 (2)1:3 (3)2:1 (4)1:1
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Q.17

Q.18

Q.19

Q.20

Q.21

In the given figure, the capacitors C,, C3, Cs, Cs have a capacitance 4puF each. If the capacitor C;
has a capacitance 10uF, then effective capacitance between A and B will be-

C,

(|

(1) 2uF (2) 4uF (3) 6uF (4) 8pF

A 40 pF capacitor in a defibrillator is charged to 3000 V. The energy stored in the ¢z
through the patient during a pulse of duration 2 ms. The power delivered to the pa

(1) 45 kW (2) 90 Kw (3) 180 kW (4) 360 kW
Five capacitors, each of capacitance value C are connected as show figure. The ratio of
capacitance between P and R, and the capacitance between P and Q. is

acitor is sent

P

C\(yc
0

(1)3:1 (2)5:2

Three capacitors each of capacitance C ar
capacitance and breakdown voltage

(1) 3¢, 3V (2) % A4

electric field E (V/m) in the space between the plates. If
m) and area of each plate is A (m?) the energy (joules)

A parallel plate condenser has
the distance between the_plates is
stored in the condenser is:

(3) % eoF? (4) eoEAd

Page | 112




IMPORTANT PRACTICE QUESTION SERIES FOR IIT-JEE EXAM - 4

Q.1  Two capacitors of 1uF and 2uF are connected in series and this co s charged upto a
potential difference of 120V. What will be the potential dlfferen o capacitor ?
(1)40V (2) 60V
(3)80V (4) 120V

Q.2 The capacity of a parallel plate air capamtur is Q shown in the figure this capacltur is
divided into two equal parts, these parts are filled. jelectric constants K; = 2 and K, =

capacity of this arrangement will be -

(1) 20 uF (3) 10 uF (4) 40 uF

Q.3 , each of value 10 uF is charged by 200 volt d.c. Total

(3)0.4 (4) 0.6

S;€aChn( Hlue 1uF are such combined that the resultant capacity is 1.5 uF. Then
rs are connected in parallel.
capacitors'are connected in series.
citor is in series with parallel combination of others two.
pacitor is in parallel with series combination of others two.

Q4 Three capacltnr S, eac

(2)

(1) Q> Q. (2) Qi< Qa
(3) Q1 =Q: (4) None of the above

Q.6 Charge and the energy stored of a capacitor of value C are respectively Q and W. If its charge is
increased to 2Q, then the stored energy will be -
(1)2W (2)W/2 (3)4W (4) W/4

Q.7 A capacitor of capacity C is charged to a potential V. Then it is taken out and connected in parallel
with an uncharged identical capacitor. Then charge on each capacitor will be -
(1) cV (2) CV/2 (3) CVv/8 (4) CV/4
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Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q18

Q.19

Two capacitors of value 0.3 uF and 0.6uF are connected in series with a source of 6 volt, then the
ratio of energy stored in each capacitor will be -

1 1
(1) 5 (2) 2 (3) a (4) 4

A parallel plate capacitor is connected with a battery whose potential is constant. If the plates
capacitor are shifted apart then the intensity of electric field -

(1) Decrease and charge on plates also decreases.

(2) Remains constant but charge on plates decreases.

(3) Remains constant but charge on plates increases.

(4) Increase but charge on plates decreases.

Half of the space between parallel plate capacitor is filled with a medium of dielectric. constant K
parallel to the plates. If initially the capacity is C, then the new capacity will be -

(1) 2KC/(1+K) (2) C(K+1)/2 (3) CK/(1+4K) (4) KC

The distance between the plates of a circular parallel capacitor of diameter 40 mm, whose
capacity is equal to that of a metallic sphere of radius 1m will be - 4 '
(1) 0.01 mm (2) 0.1 mm (3) 1.0 mm (4) 10mm

When a slab of dielectric medium is placed between platessof a parallel plate capacitor high is
connected with a battery, then the charge on plates in comparison. with.earlier charge -

(1) Is less (2) Is same (3) Is.more '

(4) Depends on the nature of the material inserted

Two identical parallel plate capacitors are cnnnécted in series and then joined with a battery of
100 V. A sheet of dielectric constant 4.0 isdnserted between the plates of second capacitor. The
potential difference across the capacitors will be respectively -

(1) 50V, 50V (2) 80V, 20V (3).20V, 80V (4) 75V, 25V

If a capacitor, with air as dielectric, is so charged that the potential difference across the plates
becomes 100V. If now the space between plates is filled with a medium of dielectric constant 10,
then the potential difference across the plates will be -

(1) 1000 V (2) 100 V | (3) 10V (4) zero

A capacitor of value 4uFcharged at 50V is connected with another capacitor of value 2uF charged
at 100V, in such a way that plates of similar charges are connected together. Before joining and
after joining the total energy in multiple 1072 J will be -

(1) 1.5and 1.33"%, (2)1.33and 1.5 (3) 3.0and 2.67 (4) 2.67 and 3.0

64 small drops of water, whose charge and radius are same, are joined to make a big drop. The
capacity.of bigidrop'is following times that of small drop -
(1) 4% | (2) 8 (3) 16 (4) 64

The radii of a spherical capacitor are 0.5 m and 0.6 m. If the empty space is completely filled by a

medium of dielectric constant 6, then the capacity of the capacitor will be -
(1)'3.3 x 1071°F (2)2x 10°F (3)2F (4) 18 F

The distance between plates of a parallel plate capacitor is 'd'. Another thick metal plate of
thickness d/2 and area same as that of plates is so plated between the plates, that it does not
touch the plates. The capacity of the resultant capacitor —

(1) remains same (2) becomes double

(3) becomes half (4) becomes one fourth

When air is replaced by a dielectric medium from the space between the plates of a charged
parallel plate capacitor, then the intensity of electric field -

(1) Decreases (2) Remain same

(3) Becomes zero (4) Increases
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Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

In a parallel plate capacitor, sheets of thickness t; and t; with dielectric constant of K; and K;
respectively are placed. Capacity of this condenser will be -

1 bl 4 K, . K,
()EQA/{.LKl-l-KI. ( )EUA/{ | tl}

s s

3) oA {1 4.2 4) €0A Kl gy
(B) <o/ v (@ /{ LR
When a capacitor of value 200uF charged to 200V is discharged separately through resistance of 2
Q) and 8 €2, then heat produced in joule will respectively be -

(1) 4 and 16 (2) 16and 4

(3)4and 8 (4) 4 and 4

A series combination of two capacitors of value 0.1 uF and 1uF is cnnnected wuth a suurce of
voltage 500 volt. The p.d. in volt across the capacitor of value 0.1 pF will bE--

(1) 50 (2) 500 "

(3) 45.5 (4) 454.5

The magnitude of storing capacity of a PPC does not dependon -«
(1) area of the plate

(2) medium between the plates

(3) distance between the plates

(4) metal of the plate

An uncharged capacitor is connected with a batterv on l;hargmg the capamtnr fully -
(1) The total energy given is stored in capacitor. A,

(2) Half of the energy given is stored in capacitor.

(3) The energy stored depends only on capacity of capamtﬂr

(4) The energy stored depends on the: tlrne taken to charge the capacitor.

Three capacitors of value 6, 3 and QuF are ]mned according to the circuit and then the
combination is connected with a hatterv nf 10 volt. The potential difference across the third
capacitor plates will be -

(aV  (2)5VN(3)6V (4) 2V
Two uncharged capacltnrs are charged with a battery of E volt. The ratio of charges produced on

these Eapacltnrs Q.1/Q; will be-
. J- Xfp
Cl_|_4p,F 2

=E

11:2 (2)2:1 (3)41 (4)1:1

A parallel plate capacitor is charged with a battery and afterwards the battery is removed. If now
with the help of insulating handles, the distance between plates is increased, then -
(1) charge on capacitor increases and capacity decreases.
(2) potential difference between plates increases.
(3) capacity of capacitor increases.
(4) value of energy stored in capacitor decreases.
Capacity of a capacitor is C and the potential given to it is V. Now if it is connected with a
resistance RQ), then the energy across the resistance RC2 liberated as the form of heat will be
(1) 1/2 CV? (2) 1/2 CV
(3) @/2C (4) QV? /2
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Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

A 3uF capacitor is charged to a potential of 300 V and 2uF capacitor is charged to 200 V. The capacitor
are then connected in parallel with plates of opposite polarity joined together. What amount of
charge will flow, when the plates are so connected ?

(1) 1300 uC (2) 800 uC

(3) 600 uC (4) 300 uC

The value of capacitor formed by a thin metallic foil is 2 puF. The foil is attached to both sides of

paper having a thickness of 0.015 mm. The dielectric constant of the paper is 2.5 and its breadth
is 40 mm. The length of the foil used is-

(1) 0.34m (2)1.33m
(3) 13.4 mm (4)33.9m
The value of equivalent capacitance of the combination shown in fig., between thépumtﬁP and Q
-ﬁap : A, -
ch__L:E o o W . W4
T "'(;I- Q '
(1)3C {2)2C (3)C (4)C/3

e #

2 5
(1) S W (2) SHF

(3) EIJF (4) E“F

The effective capacitance hetw{éi!nffﬁé_puin{s P and Q of the arrangement shown in the fig. is -
[ e »

oH 2 “AuF o

(1) (1/2) uF 3 (2 -_:f-l o

(312 1k, N, ' (4) 133 pF

In thé.é::g_iﬁéén,i.girﬁﬁ?“t if point C is connected to the earth and a potential of + 2000 V is given to point
A, the potential at B is -

.EIpF l{ill.l.l: llipF C
A B
\ LT 8
(1) 1500 V (2) 1000 V
(3) 500 V (4) 400 V

A capacitor of capacitance 5 uF is connected as shown in the fig. The internal resistance of the
cell is 0.5 Q. The amount of charge on the capacitor plate is -

—/\VV—— AN
1Q2 1Q
SuF 200
—I| VAN
2.5V
- +,| -

(1) O puC (2) 5 uC
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Q.36

Q.37

Q.38

Q.39

Q.40

(3) 10 uC (4) 25 pC

Choose the incorrect statement from the following when two identical capacitors are charged
individually to different potentials and connected parallel to each other after disconnecting them
from the source-
(1) Net charge equals the sum of initial charges
(2) The net energy stored in the two capacitors is less than the sum of the initial individual
energies.
(3) The net potential difference across them is different from the sum of the individual
initial potential difference.
(4) The net potential difference across them equals the sum of the individual initial
potential differences.

The area of the plates of a parallel plate condenser is A and the distance betweeﬁ'.the pl'a'tes s 10
mm. There are two dielectric sheets in it, one of dielectric constant 10 and thickness 6 mm and
the uther of dielectric constant 5 and thickness 4 mm. The capacity of the condenseriis- '

(1) 53 EnA (2) %eﬂA
(3) — €0A (4) 1500 oA
Two condensers C; and C; in a circuit are joined as shown in flg The pntentlal of point Ais V; and

that of B is V,. The potential of point D will be - y

A D !
V] CI C_,‘E v.’-‘l' :
1 C,V,+C,V, N
1) —(Vi+V 2) —= =
()2(1 2) (2) C,1C.
C,V,+C,V C,V,-C, V
@) 22 (g
C, +C, C +C

An air capacitor of capacity C =10 pF IS con nected to a constant voltage battery of 12 V. Now the
space between the plates is filled with a liquid of dielectric constant 5. The additional charge that
flows now from battery to the capacitor is -

(1) 120 pC (2).600 uC "

(3) 480 uC (4)24,uC

The capacitance of @ paraliel pl‘ate capacitor is C and distance between the plates is d. If the space

between the plates is filled 'with a substance of dielectric constant K as shown in the fig. then
what will be the new capacitance of the capacitor -

A A/2 A/2
1 J 8
d
F N € I-Condition I1-Condition
- (3)92. | (4)2¢C

Q.41

Q.42

|If there are three capacitors and a source which has an e.m.f. V then how the three capacitors

should be connected across the source for the stored energy to be maximum -
(1) All the three capacitors should be connected in parallel

(2) All the three capacitors should be connected in series

(3) The stored energy will be same in all cases

(4) Nothing can be said

A capacitor is charged, now the battery is removed and a dielectric plate is entered, then choose
the correct statement -

(1) Charge increases, voltage decreases and electrostatic energy increases

(2) Charge remains constant, voltage increases and electrostatic energy decreases

(3) Charge remains constant and voltage and electrostatic energy both decrease
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(4) None of these

Q.43 Inthe given circuit, the potential difference across 3uF capacitor will be -

A ———
_[ 20V
3uF

—SuF
L

(1)16v  (2)10V (3)6V (4)4V

Q.44 A parallel plate capacitor has the space between its plates filled by two slabs of thickness d/2 each
and dielectric constant K; and K; . d is the plate separation of the capacitor. The capacitance of
the capacitor is -

W 2eA Kt | ) 25084 k)

d | KK,
2¢, Al KK 2¢,d[ K, +K
(3) 0 152 (4) () 2
d | K, +K, A K,K,

Q.45 A 10 pF capacitor is charged to a potential difference of 50 &/ and is connected to another
uncharged capacitor in parallel. Now the common putentlal difference becomes 20 volt. The
capacitance of second capacitor is - | |
(1) 10 uF  (2) 20 uF (3) 30 wF (4) 15 pF

Q.46 The equivalent capacitance of three capacitors of é@paﬁtaﬂce Cy, C; and C; are connected in
parallel is 12 units and product C; . C,. C3 = 48..When the capacitors C; and C; are connected in
parallel, the equivalent capacitance is 6 units. Then the capacitance are -

(12,3, 7 (2)15,25,8 y
3)1, 56 (4)2,4,6

Q.47 Two charged spheres having radu a and b ai‘e Jnlned wrth a wire then the ratio of electric field

E./Es on their surface is - _.
[1) E/b (2] b/ﬂ (3) Eszl | [4] bl/a

Q.48 Two capacitors A and B are cunneﬁed in series with a battery as shown in the figure when the

switch S is closed and the two capacitors get charged fully, then -
| 2uF 3uF

/o—
Tov

(1) The p.d: acruss the plates of Ais 4 V and across the plates of B is 6V
(2):The p.d across the plates of A is 6V and across the plates B is 4V
(3) The ratin of electrical energies storedinAandBis2:3
(4] The" ratio of chargesonAandBis3:2
Q49 Inaca pacitor of capacitance 20 uF the distance between the plates is 2mm. If a dielectric slab of
N ,w_;dth 1 mm and dielectric constant 2 is inserted between the plates, then the new capacitance

Awill'be -
(1) 22 uF (2) 26.6 pF
(3)52.2 uF (4) 13 pF

Q.50 An automobile spring extends 0.2 m for 5000 N load. The ratio of potential energy stored in this
spring when it has been compressed by 0.2 m to the potential energy stored in a 10 uF capacitor
at a potential difference of 10000 V will be

| 1
) - (2)1 i3} o (4) 2

Q.51 Inthe given figure the steady state current is -
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v  2.802
(1)zero (2)0.6A (3)09A (4)1.5A

Q.52 The charge on capacitors shown in fig. and the potential difference across each will be
respectively -

‘Flz
'C i1
T HE
3uF “c3
duF
1o 120V
[1]1

(1) 240 uC, 80 uC, 160 uCand80V,40V,40V  (2) 300 puC, 75 u
(3) 220 uC, 70 uC, 140 uCand 60V, 50V, 40V (4) none of t

Q.53 Three capacitor 2uF, 3uF and 6uF are connected in —@

capacitor is -
(1) 5uC (2) 10uC
(3) 11 nuC (4) 15 uC

Q.54 Two capacitors C; = 2uF and C; = 6pF |
Cs = 4pF. This arrangement is theniconne
much energy is given by the b '

(1) 22x 10™°)

f radius Rz2. The capacitance of this assembly is proportional to -
» -
2 K

R, +R

(2) 2 1

R\R, R|R,
R;R R,R

(3) R 142 (4) 152

1 +R, R, —-R,

Q.56 Two conducting spheres of radii R; and R; are charged with charges Q; and Q. respectively. On
bringing them in contact there is -
(1) No change in the energy of the system
(2) Anincrease in the energy of the system if Qi1R»# QaR;
(3) Always a decrease in energy of the system
(4) A decrease in energy of the system if QiR:# Q:R;
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Q.57

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

When the key is pressed at time t = 0 then which of the following statement about the currenti in
the resistor AB of the given circuit is true -

R e B

vV 10002

1Y IuWF==C

(1) att=0, i = 2mA and with time it goes to 1ImA
(2) i oscillates between 1 mA and 2 mA

(3)i= 2mA atallt

(4)i=1mAatallt

Time constant of a series R—C circuit is -

(1) + RC (2) - RC o
R C ._ . - '.-x;_ ﬂ
B3) = (@) = —~ PN

Two capacitors of capacitances 3uF and 6uF are charged to a petentieli'"hf 12}?"each They are now
connected to each other with the positive plate of each joined tﬂ the negetwe plate of the other.
The potential difference across each will be - - ¥

(1) 3V (2) Zero (3) 6V (4) 4V Yy 2
A capacitor of 0.2 pF capacitance is charged to 600 ’U’ On rerh:eviﬁ:g the battery, it is connected
with a 1.0 uF capacitor in the parallel then the potent‘r‘el ﬂfeepiamter will become -

(1) 300V (2) 600V R |

(3) 100V (4) 120V

Mean electric energy density between theplates lf a cherged capacitor is -
Here g = Charge on capacitor | -
A = Area of the plate of the cepemter
(1) g°/2€0A’  w) quEw
(3) g?/2€0A (4] Nene of these

If potential difference across a cepag_;in;er is changed from 15 V to 30 V, work done is W. The work
done when potential diffél*ence is chenged from 30 Vto 60V, will be -
(1) W (2) 4w _ (3} 3w (4) 2W

The cambma‘tien ﬂf capemters with C; =3uF, C;=4uF and C3=2uF is charged by connecting AB to a
betterv ConStder the following statements —

(1) Enefgy stered in C1 = Energy stored in C; + Energy stored in C;3

(II]Chergeen C1—Cherge on C; + Charge on C;

(1) Potential drop across C; = Potential drop across C; = Potential drop across Cs

Whlqh of these are correct -

Q.64

C
I
Ae—| —eB
]
(1) land Il (2) Il only
(3) Iand 1l (4) Il only

A capacitor is connected to 10 V. The charge on plates is 40 uC. If medium between plates is air.
The charge on plates will become 100uC if the space between the plates is filled with oil. The
dielectric constant of oil is-

(1)2.5 (2)4 (3) 6.25 (4) 10
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Q.65 The energy density of electric field is proportional to -
@E @) (4) E2

Q.66 |If the distance between plates of a capacitor having capacity C and charge Q is increased to
double then work done will be -

(1) @°/4C (2)@°/2C (3)Q%/C (4) 2Q°/C

Q.67 A slab of copper of thickness d/2 is introduced between the plates of a parallel plate capacitor
where d is the separation between its two plates. If the capacitance of the capacitor without

¥

copper slab is C and with copper slab is C' then % IS -

1
(1) V2 (2)2 (3)1 (4) =

Q.68 Two capacitor each having a capacitance C and break down voltage V are, Jﬂlﬂed |n sene:-s The
effective capamtance and maximum wnrking voltage of the cumbmatlun iy, ¢

(1) 2C, 2V (2] S 2 (3) 2C, V (4) =N

Q.69 The capacitance of a capacitor is 4 x 10 F and its vultage ls 1ﬂ0 ‘U The energv required to

discharge it completely - { \\J
(1) 0.025J (2) 0.05J N W Y
(3) 0.02 ) (4) 0.04 )

Q.70 Between the plates of parallel plate capacitors of capamty(:twn parallel plates of the same metal
and area same as the plates of the original capacitoriare,placed. If the thickness of each plate is

3
new capacitor s -

5 3 3 ", 10
B3c @Zc @ 10 ¢ m{fiﬁ C

equal to ! th of the distance between,:fghe*-gla:\tfééqu__the-'-'briginal capacitor then the capacity of the

Q.71 The charge on any _gﬁé ofthEZ].lF capacitor and IuF capacitor will be given respectively (in uC) as

AW

T2 (221 (3)11 (4)2.2

Q.72 The electric field between the plates of a parallel plate capacitor when connected to a certain
battery is Eo. If the spaced between the plates of the capacitor is filled by introducing a material of
dielectric constant K without disturbing the battery connections, the field between the plates

shall be -
(1) KEo (2) Eo
(3) Ef“ (4) None of the above

Q.73 Two capacitor with capacity C; and C; , when connected in series, have a capacitance C; and when
connected in parallel have a capacitance C,. Which of the following is true -
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GG,

1] G=CPE 210 =
(1) 1 +Cy HPC1+C2

C, = ﬂ (4) CCpo = GG,

€, G

(3)

Q.74 A parallel plate capacitor C has a charge g and potential V between the plates. Work required to
double the distance between the plates is -

1 1,
(1) ECV (2) ICV

1 Vv g 2
(3) EC(E] (4) cv

Q.75 Two metallic spheres of radii R; and R, are connected by a thin wire. If
charges on the two spheres then -

2 R
(1) L Rl2 (2) L -
. R3 92 R,
(3) 9 _ R @) 9 _Ri-R:
q-» Rsz q-» (R|2+R§

Q.76 Two same sphere having radii 10 cm and 20 cm. the n given total charge 150 uC and
connected by a wire. Their common potential will be

(1) 9 x 10° volt

(2) 4.5 x 10° volt

(3) 1.8 x 10° volt
(4) 1.35 x 10° volt
A
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IMPORTANT PRACTICE QUESTION SERIES FOR IIT-JEE EXAM - 5

0.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q7

Q.8

These questions of two statements each, printed as Assertion and Reason. While answering
these Questions you are required to choose any one of the following four responses..
(A) If both Assertion & Reason are true & the Reason is a correct explanation of the Assertion.

(B) If both Assertion and Reason are true but Reason is not a correct explanation of the
Assertion. N

(C) If Assertion is true but the Reason is false.
(D) If Assertion & Reason both are false.

Assertion: Farad is too big a unit of capacity.
Reason: Capacity of earth- which is the largest sphere is in mfcrﬂfarad
(1) A (2)B (3)C (4) D '

Assertion : Capacity of a parallel plate condenser mcreases on introducing a conducting or
insulating slab between the plates. |

Reason : In both the cases, electric field inte n5|ty hetween the plates reduces.

(1) A (2)B (3)C (4) D

Assertion : When charges are shared b_etWE_eﬁ any two bodies, some charge is lost, and some loss
of energy does occur.

Reason : Some energy disappears,in the form of heat, sparking etc.
(1) A (2)B 3)Cl (4D

Assertion : The whole charge of a body can be transferred to another body.

Reason : Charge can notbe transferred partially.
(1A  (2)B (3)Chs (4D

Assertion : In a series.combination of capacitors, charge on each capacitor is same.
Reason : In such a cﬂ__r_nbinatiun, charge can move only along one route.
(1) Aq. f2)B IS3)C (4)D

Assertion : Increasing the charge on the plates of a capacitor means increasing the capacitance.
Reason:: Because Q= CV = Q « C.
(1) A . (2)B (3)C (4)D

| Assértlnn : The capacitance of a capacitor depends on the shape, size and geometrical placing of

the conductors and its medium between them.

Reason : When a charge q passes through a battery of emf E from the negative terminal to an

positive terminal, an amount gE of work is done by the battery.
(1) A (2)B (3)C (4)D

Assertion : A dielectric slab is inserted between the plates of an isolated charged capacitor. The
charge on the capacitor will remain the same.

Reason : Charge on a isolated system is conserved.
(1) A (2)B (3) C (4)D
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IMPORTANT PRACTICE QUESTION SERIES FOR IIT-JEE EXAM - 1 (ANSWERS)

QNo.| 1 | 2 | 3 |4 |5 |6 |7 (8 (9 |10(11 (12|13 |14 |15 |16 | 17| 18| 19| 20
Ans. | 1 1 4 1 1 1 3 3 2 14| 3] 3 2 1 2 12| 3] 4] 3 1

QNo.| 21 | 22 (2312412526 |27 |28 |29 (30|31 |32 (33|34 |35|36|37|38|39](40
Ans.| 1 31 4] 4] 3 31 2] 3 2 | 2| 2] 2 ] 4 | 2| 2 ] 3141 4
Q.No. [ 41 | 42 | 43 | 44 | 45 | 46 [ 47 [ 48 | 49 | 50 | 51 [ 52 [ 53 |54 | 55|56 | 57|58 ]59] 60

Ans.| 3 3 2 | 3 l I 2 | 4 i I I 1 21 3| 4] 3 l 313 2
QNo.| 61 | 62| 63|64 |65| 66|67 68|69 )|70|71 72737475176 |77 |78 |79 /| 80
Ans.| 4 31 41 2] 4] 3 3 3 l 2 | 4 1 3 ] l 4 | 4 3 l 3

Q.No.| 81 | 82 | 83 | 84 | 85 | 86

-+

Ans.| 1 1 2 3 2 3

IMPORTANT PRACTICE QUESTION SERIES FOR IIT-JEE EXAM - 2 (ANSWERS)

QNo.[ 1 | 2 [ 3 |4 |5 |6 (7 |89 (10]11 |12 |13 (14|15 16|17 |18 | 19| 20
Ans. | 2 1 1 2 | 3 1 1 1 1 2 | 342 1 3|1 2] 3] 3 3 1

4
Q.No.| 21 | 22 | 23 | 24 25126 | 27 | 28 | 29 30.31 32 |33 |34 | 35136 37| 38| 39| 40
3

Ans. | 2 3 4 3 2 3 2 4 | 2 112 3 4 4 2 l 2 3 3
Q.No. | 41 | 42
Ans. 3 3

IMPORTANT PRACTICE QUESTION SERIES FOR IIT-JEE EXAM - 3 (ANSWERS)

Ques. | 1 |2 |3 |4 |56 |7 |8]|9|10|11|[12]13|14]15
Ans. | 1| 3| 2| 1] 233|443 |1f1]3]1
Ques. | 16 | 17 | 18 | 19 | 20 | 21
Ans. | 3| 2| 2] 3| 4|1

IMPORTANT PRACTICE QUESTION SERIES FOR IIT-JEE EXAM - 4 (ANSWERS)

QNo.| 1 [ 2 | 3 | 4 | S5 |6 |7 |8 |9 |10|11 |12 |13 |14 | 15|16 | 17 | 18 | 19| 20

Ans. | 3 2 3 4 2 | 3 2 | 2 1 ] 2 3 21 3 1 1 2 | 2 l 1

Q.No.| 21 [ 22 | 23 | 24 | 25126 |27 |28 29|30 |31 |32 (33134 (3513637 [38]139]{40

Ans.| 4 B 4 2 2 2 2 1 3 A 1 3 2 3 3 4 3 3 3 1

Q.No.| 41 | 42 [ 43 |44 | 45 146 | 47 | 48 |49 [ 50 | 51 [ 52 153 [54|55[56|57]|58]359]60

Ans.| 1 3 2 3 4 4 2 2 2 2 4 1 | 2 | -4 -+ 1 l 4 3

Q.No.| 61 | 62 [ 63 | 64 | 65|66 (67 |68 |69]|70 (7172|173 (74| 75|76
Ans.| 1 2 2 ] 4 2 2 -4 3 1 4 2] 4 1 2 2

IMPORTANT PRACTICE QUESTION SERIES FOR IIT-JEE EXAM - 5 (ANSWERS)
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