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Electrostatics

This chapter covers the following syllabus

Electric charge : Conservation of charge

Coulomb's law-forces between two charges, forces between multiple
charges

Superposition principle and continuous charge distribution
Electric field : Electric field due to a point charge

Electric field lines

Electric dipole, Electric field due to a dipole

Torque on a dipole in a uniform electric field

Electric flux

Gauss's law and its applications to find field due to infinitely long
uniformly charged straight wire

Uniformly charged infinite plane sheet and uniformly charged thin
spherical shell

Electric potential and its calculation for a point charge
Electric dipole and system of charges, Equipotential surfaces

Electrical potential energy of system of two point charges in an
electrostatics field




Revision Plan

Prepare Your Revision plan today!

After attempting Exercise Sheet, please fill below table as per the instruction given.
= Write Question Number (QN) which you are unable to solve at your own in column A.

= After discussing the Questions written in column A with faculty, strike off them in the manner so that you
can see at the time question number during Revision, to solve such questions again.

= Write down the Question Number you feel are important or good in the column B.

e N
COLUMN A COLUMN B
EXERCISE Questi o
uestions unable .
| rtant t
to solve in first attempt Good or Important questions
Exercise-1
Exercise-2
Exercise-3
Exercise-4
Exercise-5
. J

Revision Strategy:

Whenever you wish to revision this chapter, follow the following steps -

a Step-1: Review your theory notes.

a Step-2: Solve Questions of column A

a Step-3: Solve Questions of Column B

a Step-4: Solve questions from other Question Bank, Problem book etc.
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Electrostatics

KEY CONCEPT S.I. unit of charge — coulomb

1 coloumb =3 x 109 e.s.u. = 1 e.m.u.
Charge 10

Property of a substance by virtue of which it can

(e.s.u. and emu are CGS units)

repel or attract another charged substance.

Charges are of two types. Coulomb's law
(a) Positive charge : Lesser number of electrons If g1 & g2 are point charges in consideration, r the
than number of protons. distance between them and F the force acting
(b) Negative charge : More number of electrons between them
than number of protons qi qz
Important Points : Only electron is Tttt *
| T |

responsible for a substance to be charged

and not the proton.
= F=p 9 , where k = constant.

Properties of Charge : r?
(1) Like charges repel while unlike charges 1 9x%10°?
k= = Nm? coulomb-2
attract each other. 4ne K K
(i) Charge is quantized in nature i.e. The where,

magnitude of charge possessed by . o .
. . . . g0 = Electric permittivity of vacuum or air

different objects is always an integral

multiple of charge of electron (or proton) =8.85x 1012 coul” N"' m~? and

le.g=*newheren=1,2,3 ... K = Relative permittivity

(ii1)) The minimum possible charge that = Dielectric constant
can exist in nature is the charge of = Specific inductive capacity

electron which has a magnitude of

e = 1.60207 x 10-19 coulomb. This is also

known as quantum of charge or

Note:

(1) Coulomb's law is applicable to point

fundamental charge charges only. But it can be applied for

) ) ) distributed charges also (by considering
(iv) In an isolated system the algebraic sum of L
them to be combination of large no. of

total charge remains constant. This is the .
point charges.)

law of 'Conservation of charge'.

(1) K =1 for air or vacuum,

Note : The fact that electric charge is an integral

oo for conductors

multiple of electronic charge was > 1 for any other medium.

experimentally proved by Milliken.
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Medium K
Vacuum/air 1
Water 80
Mica 8
Glass 5-10
Metal ¥

Vector form of Coulombs Law :

Direction of the force acting between two charges
depends upon their nature and it is along the line
joining two charges.

—

Fp @ @ By

fe——11y —>

N
F,, = force on g1 due to g2

N
F,, = force on g2 due to q1

5 — unit vector from q1 to gz

Ty; — unit vector from g2 to g1

N .
— 99T
o = 142 212 (A)
4neoKry
5
- qq -
9= — 12— 5 21 ...(B)
4me Kry

Principle of superposition

The resultant force acting on a charge due to a
group of charges is equal to the vector sum of

R T
individual forces. F' = Fj+ Fy+ Fy

N
F (2

q1
N
F2 Ok}

Electric field

A charge produces an electric field in the space
around it and this electric field exerts a force on
any charge placed in it.

4 | Electrostatics

4.1 Electric field intensity -
Let qo be the positive test charge placed in an
-
electric field and F 1is the force experienced

by this charge, then

—

> F
E = Electric field intensity = lim —
20—0q

(1) Unit : Newton / coulomb or volt/metre
—
(i1) Since E is the force on unit charge, force
on charge ¢ is -
- -
F=qFE.
(i11) Dimension is [M! L1 T-3 A-1]

(iv) Electric field due to a point charge is

3
>

(v) Direction of electric field due to positive
charge i1s away from charge while
direction of electric field due to negative
charge is towards the charge.

Special point :

» If g1 and g2 are at a distance r and both
have the same type of charge, then the
distance 'd' of the point from q: where
electric field is =zero 1is given by

Qr

between line joining q: & qe.

d This point will lie

r
I
—d
r—eo—F»
qi p qz

» If qi and g2 have opposite charges then
distance 'd' of the point 'p' from g1 where
electric field is zero is given by

Ja
d= , (gl > lgel]
Jar —+as i

d

le——l

*r—e—o
q1 qz p



4.2 Principle of superposition for electric

field intensity :

Resultant electric field intensity at a point p
due to a number of charges is vector sum of
individual electric field intensities

- - - -

E,=E+E;+E;
Electric field is represented by electric lines of
forces.

The resultant of two electric fields E1 and E2 is

given by E = \/Elz+Ezz+2E1E2 cosO. If the
resultant field £, makes an angle B with E:

E,sin®

then —_—
E, +E,cosb

tan B =

4.3 Properties of electric lines of forces :

(1) Electric lines of force start from a positive
charge and end on a negative charge .

(1) No two lines of force can intersect each
other. If they does so then at the point of
intersection two tangents could be drawn,
which gives two directions of electric at
the same point, which is impossible.

(i11) The tangent drawn at any point on line of
force gives the direction of force acting on
a positive charge placed at that point.

(iv) These lines have a tendency to contract in
length like a stretched elastic string. This
attraction between

actually explains

opposite charges.

(v) These lines have a tendency to separate
other in the direction
their length. This
explains repulsion between like charges.

from each

perpendicular to

(vi) Intensity of electric field is given by the
number of electric lines of force in a unit
area at that point.

(vi)Lines of force of a uniform field are
parallel and at equal distance.

Electric potential

(viil) 1 esu charge gives Eﬂ lines in a medium
of dielectric constant K.

(ix) Important : Electric lines of force can
never enter the conductor, because inside
the conductor the intensity of electric filed

1s zero.

(x) Important : Lines of force leaves the

surface of conductor normally.

W = work done in bringing a positive charge qo

e . w
from infinity to that point, then, V= —

(a)

(b)

(©
(d)
(e)
®

(g)

(h)

@)

90

Electric potential at infinity is taken to be
zZero.

It is not path dependent quantity it simply
depends upon the starting and end points.

It is a scalar quantity.
Unit : Volt or Joule/Coulomb
Dimension : [M! L2 T-3A-1]

Potential due to a positive charge is positive
and potential due to a negative charge is
negative, here potential being positive and
negative implies whether work is done on the
charge or done by the charge respectively.

Potential due to a point charge ¢ at a distance

1 q

dney r

ris V=

1
= Vo -
r
Total potential at a point due to a group of

charges 1is algebraic sum of individual

potentials
Vp = Vl + VZ +....Vn

Electric field is gradient of electric potential at

that point. E = — @
dr
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() Work done in bringing a charge Q from
infinity to that point is

W = QV where Vis potential at that point.
(k) Potential of earth is taken to be zero.
5.1 Potential difference :

If W be work done in moving a charge qo form
B to A then the potential difference is given
by-

w

Va-Vp= —
90

(1) Unit of potential difference is volt.
(11) This is a scalar quantity

(111) Potential difference does not depend upon
the path followed. This is because electric
field is a conservative force field and work
done is conservative force field does not
depend upon path followed.

5.2 Relationship between electric potential
and intensity of electric field

—

5
(1) Va=— |E.dr, Va= electric potential at

8

point A .

(i1) Potential difference between two points in
an electric field is given by negative value
of line integral of electric field 1.e.

—

B
VB—Va=— .[E.dr
A

Gii) E =—VV =—grad V

V = (gradient) = il +i] + ik
ox oy oz

pe &V p_ VoLV
ox oy oz

(iv) If V'is a function of r only, then £ = — d—V

dr

(v) For a uniform electric field, £ =— AA—V and
r
its direction is along the decrease in the

value of V.
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5.3 Equipotential surface -

(1) These are the imaginary surface (drawn in
an electric field) where the potential at
any point on the surface has the same
value.

(1) No two equipotential surfaces ever
intersects

(i11) Equipotential surfaces are perpendicular
to the electric field lines

(iv) Work done in moving a charge from a one
point to the other on an equipotential
surface is zero irrespective of the path
followed and hence there is no change in
kinetic energy of the charge.

(v) Component of electric field parallel to
equipotential surface is zero.

(vi) Nearer the equipotential surfaces, stronger
the electric field intensity

particle in electric field

ﬂ Potential energy of charged

(a) Work done in bringing a charge from infinity
to a point against the electric field is equal to
the potential energy of that charge.

(b) Potential energy of a charge of a point is equal
to the product of magnitude of charge and
electric potential at that point i.e. P.E. = qV

(¢) Work done in moving a charge from one point
to other in an electric field is equal to change
in its potential energy i.e. work done in
moving @ from A to B=qVe—-qVa =Up- Ua

Va Vs
A B

6.1 Potential Energy of System :

(1) The electric potential energy of a system
of charges is the work that has been done
in bringing those charges from infinity to
near each other to form the system.



(1) Energy of a system of two charges

PE = 1 42

4n €p d
q1 d q2
r—

(i11) Energy of a system of three charges

pp=_1 {‘h‘h L 9293 +¢13¢11}
4meg | 1o Iy I3

(iv) Energy of a system of n charges.

2 4mg, ; ' ]Z:;‘ r
i#]
6.2 Work done in an electric field -

(1) If electric potential at a point is V then
potential energy (PE) of a charge placed at
that point will be ¢V.

(1) Total energy remains constant in an
electric field i.e. KEa + PEa=KEp + PEB

KE = Kinetic energy
PE = Potential energy

(i11) A free charge moves from higher PE to
lower PE state in an electric field. Hence

(a) a +ve charge will move form higher
potential to lower potential while,

(b) a —ve charge will move form lower
potential to higher potential

(Ml Motion of a charged particle in
an electric field

(a) Magnitude of force on a charge g in an electric
field E'is F=qFE

(b) Direction of force on a positive charge is same
as direction of electric field while it is opposite
to direction of electric field in case of negative
charge.

Uniform electric field

Case:1

Initial velocity is zero or in the direction of
electric field -

F =qFE

-9
m

= acceleration a

>v=utat
Distance travelled in time 't',

1
S=ut+ —at?
2

Case: 2

Initial velocity is perpendicular to electric
field -

Distance travelled in X direction = ut
. . . . 1
Distance travelled in Y direction =§ at?

9k
m

where a=

Locus of the path followed -

2
Y= 1ax” (a parabola)
2 42

v v

(i11) Accelerating a charge ¢q through a
potential difference V results in

(a) decrease in PE = ¢V,
(b) increase in KE = qV

E Electric flux

(a) It is defined as the total number of electric
force lines passing normally through a surface
placed in the field.

(b) It is given by the dot product of £ and area

N
vector ds

- >
do= E .ds
total flux from the surface is
- -
o= jE.ds: .[Eds cosO

where 0 = angle between electric field and
normal to the area

Electrostatics | 7
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(c) (a)if 6 =0, dp = Eds (maximum)
(b) if 6 =900 ¢ = zero
(d) Unit: (a) Newton - metre? / coulomb.
(b) Volt - meter
() Dimension : [M L3 T-3 A-1]

() Flux due to a positive charge goes out of the
surface while that due to negative change
comes into the surface.

(2) In case of close surface flux entering is taken
as positive while flux leaving is taken as
negative

m Gauss's law

This law states that electric flux ¢r through any
closed surface is equal to 1/eo times the net charge
'q' enclosed by the surface i.e

- -
o8 = §E.ds:i
€0

Note:

The closed surface can be hypothetical and
then it is called a Gaussian surface.

If the closed surface enclosed a number of
charges qi, g2 ....... gn etc. then

0= §E.do= 0= @02t
. €0 €

8 | Electrostatics

Flux from a closed surface are :
(1) Independent of distances between charges
inside the surface and their distribution.
(11) Independent of shape, size and nature of
surface.
(i11) Gauss law is valid only for the vector
fields which obey inverse square law
(iv) Gauss's and coulomb's law are comparable.
Note :

(1) A charge ¢ is placed at the centre of a
cube, then .....

(a) Total flux through cube = g
€0

(b) Flux through each surface = 2

€0
(11) A charge q is placed at the centre of a face
of a cube, then total flux through cube
_ q

2g

Explanation :

A second cube can be assumed adjacent to the

first cube total flux through both cubes = i,
€0
So flux through each cube = 2
€0

°q

(i11) Now ¢ is placed at a corner then the total

flux will be ~2—
€0



Application of Gauss's law

10.1 Electric field due to a charged solid
conducting sphere / Hollow conducting
sphere :

(1) In both spheres, charge resides only on the
outer surface of the sphere in order to
remain in minimum potential energy
state.

> C .
Case2: r=R E=—r
€9

Case3: r<R E =0

i.e. At point interior to a conducting or a
hollow sphere, electric field intensity is
zZero.

(1) For points outside the sphere, it behaves
like all the charge is present at the centre.

(i11) Intensity of electric field is maximum at
the surface

(iv) Electric field at the surface is always
perpendicular to the surface.

(v) For points, near the surface of the
conductor, E 1is perpendicular to the
surface

(vi) Graphically,

[u—

Electric potential :

Casel: r<R

1 R
Vsurface Q: G—
dngy R ¢
Case 3: r>R
1 R?
Vout = Q = o
4neg 1 T

(1) For points interior to a conducting or a
hollow sphere, potential 1s same
everywhere and equal to the potential at
the surface.

(1) Graph :

r=R

10.2 Electric field due to solid insulating
sphere

A charge given to a solid insulating sphere is
distributed equally throughout its volume

Electric Field

Casel:

Case 2 : r = R (point is at the surface)

>
E= 1 %f-
4ney R

Case 3 : r < R (point is inside the sphere)
L

E = 1 Ql" =
4ney R? 3¢

Epocr
atr=0, E=0
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(1) Graphically

Er

-—
™
8
-
m
8
8

r=R T

(1) Again for points outside the sphere, it behaves

as all the charge is present at the centre

(i11) For points outside, it obeys inverse square

law
Electric Potential

Casel: r>R

Vout = 1 Q
4ney 1
Case2: r=R
Vsurface = 1 Q
4dney R
Case3: r<R
Voo 1 Q(BR? -r?%)
" 4re, 2R?

At centrer =0

310

2 4ney R

Veentre =

Veentre = 3/2 Visurface

Graphically

10 | Electrostatics

10.3 Electric field due to infinitely long
charge distribution :

(1) A long wire is given a line charge density A.

(1) If wire is positively charged, direction of
E will be away from the wire while for a

5
negatively charged wire, direction of E
will be towards the wire .

(111) E at point p

>
E = A ror E= A
2mer 2mgg T
(iv)
L+
] +
E +H A B
+
1>
+
“—r —>
+
+
0)
r ——

(v) Potential difference between points A(r1) &

B(@rs) =Va-Vp= Z}L {n (F—ZJ

TEq n

(vi) If two charged wires (M) & (L2) are kept
parallel to each other at a distance 'd',
then the force on unit length of any of the
wire is:

Mg
2mend

10.4 Electric field at a point due to an
infinite sheet of charge

(1) If o = surface charge density. Intensity at

> c

E=—7
2g

points near to the sheet

(1) Direction of electric field is perpendicular
to the sheet of charge.



(111) Intensity of electric field does not depend
upon the distance of points from the sheet
for the points in front of sheet.

(iv) Potential difference between two points A
& B at distances r1 & r2 respectively is
Va—-Vs = i(r2 -n)
2g
10.5 Electric field due to infinite charged
metal sheet

(1) Intensity at points near the sheet

N
c .
E=—r
€9
where

o = surface charge density

(o}

E

—

R T S i S
+ o+ o+t

9

(1) E is independent of distance of the point
from the sheet and also of the area of
sheet.

(i11) Direction of electric field is perpendicular
to the sheet.

(iv) Potential difference between two point
A (r1) and B (r2) (r1 < r2) near the sheet is
AV=Va-Vi=(r, 1)
€0

10.6 Electric field due to two infinite
parallel plane sheet of charge :

(1) Both sheet have same type of charge

Eo =En+E="2+°%_-9
280 280 €p

Ep=E+E="2_9%5 _9
280 280

Ern=E+E="2.+95%5_°
280 280 &g

F]S  [F| O
+ +
E: 2 + E2E1+R
«— <o +(—0—)+ - —>
@) P E:
+ + —
+ +
+ +
1 2

(1) Two plates have opposite type of charge

(o) (o)

2e) Z2g
Ep=E +E, =2+ 2 =%
280 2¢p g
Er=E +E,=—= -2 -0
2e) Zg
F] 0 —] ©
—+ —
E, E B2 Byf R
—_— o — + 0> —> _ «—0 —>
0 P E, E
—+ —
—+ —
J’_ —
1 2

Note : In this case, we will have an uniform
electric field between the two plates
directed from positive to negative charged
plate. Electric field intensity is zero
elsewhere.

10.7 Electric field due to charged ring : Q charge is
distributed over a ring of radius R.

(1) Intensity of electric field at a distance x
from the centre of ring along it's axis is

E= .[dEcose

1 Qx

47g (R2 + 95?‘)3/2

or K=

ds

dE cos 6

p ¥
dE

axis of
the loop

(11) Intensity will be zero at the centre of the
ring.
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(111) Intensity will be maximum at a distance —

V2

2 1 @

from the centre and Enax=—— . —— . —
33 4ng, R?

(iv) Electric potential at a distance x from
1 Q
dneg \/(x2 +R?%)

centre, V =

10.8 Uniformly charged semi - circular arc

A

Ecentre =

2me R

where {=linear charge density = %
o

1 Q

4dney R

Veentre =

Electric dipole

(a) A system consisting of two equal and opposite
charges separated by a small distance 1is
termed an electric dipole.

fe———d———>

O——0O

-q q
Example : Na*tCl -, H* Cl - etc.

(b) Dipole moment: The product of the magnitude
of charges and distance between them is
called the dipole moment.

e This is a vector quantity which is directed
from negative to positive charge.

o Unit : Coulomb - metre (C-m)

e Dimension : [M°L1T?Al]

- -
e Dipole moment p= gd

12 | Electrostatics

11.1 Electric field due to a dipole

(1) There are two components of electric field
at any point

5
(a) E,. — in the direction of r

5
(b) Eg — in the direction perpendicular to r

E = 1 . 2P cos6
4re, r
E, = 1 .[P s13n 6]
4re, r
Ee"'g*

(1) Resultant

E=E*+E} = PS

4neqr

V1+3cos®0

(1ii1) Angle between the resultant £ and E r, 0

is given by o = tan-! £y =tan-! ltan 0
E, 2
@iv) If 6 =0, i.e point is on the axis -

1 2P
T3

0 =0, 1.e. along the axis.

(v) If 6 = 90° 1i.e. point is on the line bisecting
the dipole perpendicularly

1 P

3

Eequator = .
g,

(Vl) SO, Eaxis = 2Eequator (fOI' same I')

1 2Pr

Vil Eaxis = ——.————
(vid) dmeg (r?—1%)?

1 P
dne, (r2 4 (2)32

Eequator =

where P =q. (20



— z +q
:q l_l - - = === R
R >
1 20
(viii) \% . a( )2C 0s9
4me, r
- -
1 Pcosb _ 1 P.r
dne,  r? dne, r?
-
_ 1 P.r
4ne, r?

- -
where 0 is the angle between P and r .

P

2
4ney .1

(IX) Ifo= 0, Vaxis =

(X) Ifo= 900, ‘/equator =0

(x1) Here we see that V=0 but E # 0 for points
at equator

(xi1) Again, if r >> 2/ is not true and d = 2/,
P
dney (r2—1%)

‘/equator =0

Vaxis =

Note:

(1) This is not essential that at a point, where
E =0, Vwill also be zero there eg. inside a
uniformly charged sphere, E=0but V=0

(1) Also if V=0, it is not essential for E to be
zero eg. in equatorial position of dipole V=0,
but E=0

11.2 Electric dipole in an electric field -
uniform electric field

(1) When an electric dipole is placed in an
uniform electric dipole, A torque acts on it
which subjects the dipole to rotatory
motion. This 1 is given by t = PE sinf or

- -

= PxE

5
T
(1) Potential energy of the dipole

- -
=—PEcosO=-P.E

Cases :

- >
(@) If 6 = 0° 1.e. P||E,t =0 and U = — PE,
dipole is in the minimum potential energy
state and no torque acting on it and hence
it is in the stable equilibrium state.
- -

(b) For 6 = 180°, i.e. PandE are in opposite
direction, then t = 0 but U = PE which is
maximum  potential  energy  state.
Although it is in equilibrium but it is not a
stable state and a slight perturbation can
disturb it.

- >
(¢) 6=900, 1.e. P LE, then
1 =PE (maximum) and U=0
Note :

(a) There is no net force acting on the dipole in
a uniform electric field.

(b) If dipole is placed in a nonuniform electric
field, it performs rotatory as well as
translator motion because now a net
force also acts on the dipole along with the
torque.

11.3 Work done in rotating on electric dipole
in an electric field

(1) Work done in rotating the dipole from
position 01 to 02 with field direction in an
uniform electric field is.

W = PE (cos6: — cosd2)
Force on the surface of a charged

conductor

(a) If surface charge density on a surface is o,
then electric field intensity at a point near

. . ©
this surface is — .
€0

(b) When a conductor is charged then it's entire
surface experiences an outward force
perpendicular to the surface.

(c) The force per unit area of the charged surface

is called as the electrical pressure,
2

(o}
Pelectrical. = —— N/m2.
€

(d) The direction of this force is perpendicular to
the surface.
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12.1 Energy associated with the electric field:

(1) The energy stored per unit volume in an
electric field E is given by

U:l go B2
2

This is also called energy density
(1) If in place of vacuum some medium is

1
present then U = 3 goer k2,

12.2 Drop of a charged liquid :

If n identical drops each having a charge ¢
and radius r coalesce to form a single large
drop of radius R and charge Q, then

(1) Charge will be conserved i.e. ng = Q

(1) Volume will be conserved i.e.

n. é1tr3: é1tR3orR:n1/3r
3 3

(111) Potential of each small drops

1
v=——1
4neg 1

(iv) Potential of large drop is given as

1 Q@ _

= — = n2/3 V
4dney R

(v) Electric field at surface of small drop is

E=-1 4

dng, r?

(vi) Electric field at surface of large drop = £’

E = 1 i
dng, R?
E' = n1/3 E

14 | Electrostatics



SOLVED EXAMPLES

Ex.1

Sol.

Note:

Ex.2

Sol.

Two small balls having equal charges @,
are suspended from a hook with two
insulating threads each of length L. This
arrangement is carried in the space, where
there is no gravitation. The tension in each
string will be -

kQ* kQ kQ®
A B = O
@ 417 ®0 © 417 ®) L
(A) F O T ° T F

———] —

(electrostatic force acting between two

2 2
charged balls) F'= k@ = kQ
(2L)?  4I?

T=F= ﬁ
417
In the above problem, the angle between
the 'threads will be 1800.' Because in the
absence of gravity, the tension in the
threads will be only due to columb-
repulsion. Therefore the angle between the
threads will be 1800.

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

[Avogadro number N = 6 X 1023/g. mole,
charge on an electron = —-1.6 X 10-19
coulomb]

63.5 g copper contains 6 X 1023 copper
atoms.

Therefore number of copper atoms in
6x102
63.5
As only one electron is transferred for
every 1000 atoms, therefore the number of
electron transferred

_ 6x10%x10
63.5x1000

10g copper = X 10

Ex.3

Sol.

Magnitude of charge
__6x10%x10
Qq=ne= ———
63.5x1000

Coul. = 1920 Coul.
127

x 1.6 x 10~19

Separation between pieces=1cm =102 m

One piece of copper has positive charge and
the other negative charge, therefore force
the  pieces

of attraction between

_ 1 aqq
dng, r?

92109 [ 1920 (1920
_ 127 127
1072)?
=2.057 x 1016N

A thin conducting ring of radius r has an
electric charge +@. What would be the
increase in the tension of wire, if a point
charge +q is placed at the centre of the
ring?

Charge on a small element d{ of the ring

d@ = id!f

2nr
Outward electric force on this element

i |7
dngy \ 2nr \ 2

Let the tension be increased by 7T, to
balance this force dF.

Net force towards centre on element d/ is

= 2T sin (d6/2) = 2T d6/2 = T dU/r

Are
radius

dF =

(.. &4=rd0O, Angle =

Electrostatics | 15



Hence for balance T' ﬂ =dF

r
-/ 1 [Qdﬂ][q]
T —= — | =
ro dngy \ 2mr \ 2
L= 2Qq .
8ngyr

Ex.4 (a) Two similar point charges q: and qz are

placed at a distance 'r' apart in air. If a
dielectric slab of thickness 't' (< r) and
dielectric constant 'K' is placed between the
charges, calculate the coulomb force of
repulsion (b). If the thickness of slab covers
half the distance, between the charges, the
coulomb repulsive force is reduced in the
ratio 9 : 4, calculate the dielectric constant
of slab.

Sol. (a) The repulsive force between the charges in

(b)

airis Fo=—— 992 )

drng, r?

If the space is completely filled with
medium of dielectric constant K, the

repulsive force becomes

1 qq

= — 1—5‘ ....(B)
4dney Kr

Now let us suppose that the repulsive force

is F in air if separation between charges

becomes r' so

- 1% )
mey ny
Equating (B) & (C) r1' = rvk
This gives equivalent air separation due to
presence of dielectric of dielectric constant
'K' and thickness r. If there exists a slab of
thickness t and dielectric constant K, the
effective air the
charges will be (r —t) + t\/E . Hence required
repulsive force between charges

_ 1 @192

dney (r—t+ k)2

Substituting t = r/2
1 9192

dme, roor 2
r—-—+—+k
[-5+5%)

_ 1 9>
ey (1+k)?r?

separation between

Then F =

16 | Electrostatics

Ex.5

Sol.

Ex.6

Force in air will be Fuy = —— 9192
TE r
F _ 4
Fair (1 + \/%)2
Given F = 4
Fair 9
S K=4

The bob of a pendulum carries an electric
charge of 39.2 X 10-1© coulomb in a
horizontal electric field of 20 X 103 V/m
and it is at rest. The angle made by the
pendulum with the vertical will be, if the
mass of pendulum is 8 X 10-¢ kg and
g=9.8m/s2 -

(A) 27° (B) 45°
(C) 87° (D) 127°
0
E
—
Tcos 6
T 0
T sin® qE
mg
Tsin 0 =qE
T cos O = mg
-10 3
tan O = ﬂ: 39.2x10 6><20><10
mg 8x107° x9.8
tan 0 =1
= 0 =450

A simple pendulum is oscillating between
the plates of a capacitor as shown in the
fig. If the bob and the capacitor both are
charged, what will be the effect on the
time-period of the pendulum?

S

T+ T+ FFT

|




Sol.

Ex.7

Q

++++++++ 4+
B> ifrnmmmmmmmm ey U2

Suppose the mass of the bob is m and the
length of its thread is £. When the bob and
the capacitor both are uncharged, then

time period is given by T' = 2n \/Z . Suppose
g

a charge +q 1s given to the bob. On
charging the capacitor, the equilibrium
position of the bob will change from A to B
and thread of the pendulum will now make

an angle o with the vertical, tan o = 9

mg
where gE is the electric force and mg is the
gravitational force. On displacing the bob
from the position B, it will oscillate under
the effective acceleration

V(mg)? + (¢E)?

g', where mg' =

(2]

Hence the new time
pendulum is
Jr

T'ZZn\/Z.ZZn 3 3
g [g” +(qE /m)

since g' > g hence T' < T. i.e. time period of
the pendulum will decrease

period of the

]1/4

A simple pendulum (length ¢, mass of the
bob m) is suspended between the parallel
plates of a capacitor as shown in the fig.
What will be the effect on its time period if
it is (1) positively charged, (i1) negatively-
charged? Assuming that the electric force
on the bob is less than the gravitational
force and the electric field £ between the
plates is uniform.

Il

Sol.

Ex.8

Sol. (4)

When both the bob and the capacitor are

uncharged, then T'=2n \/Z . Time-period in
g
case (1) is

T =

and in cae (ii) it is

in case

T>=2n

Clearly, (1) the time period
decreases (I1 < T) and in case (i1 it

increases (T2 > T)

A square of side 'a' has equal charge '¢' at
its corners. The magnitude of force at B

will be-

Dq qC
a
Asd e
1 kq? 1 k2
@) S5 1+242) ®B) 5 q
4kq (D) None of these
D g e
\\\ a
A a iR E-bFl
| %
Fy Fs

Force on the charge placed at B, due to

_kq®
charges at A, C, & D are I =——,

o
2 2 2
Fe= _kq2 & Fs3 = ko _ _kq2
a (aV2)?  2a
respectively. [Note BD = \/5 al
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Ex.9

Sol.

Resultant of F1 & F,

_\/ 2 2 0_\/_kq2
FIZ— Fl +F2 +2F1F200390 - 2a—2

Fi2 || F3
s F= |F%+F2 +2F,;.Fycos0 = Fiz + F

x@kq?‘ . kq?

a’ 2a°

Two identical charged spheres are
suspended in air by strings of equal
lengths and string make an angle of 30°
with each other. When suspended in a
liquid of density 0.8 gm cm-3, the angle
remains the same. What is the dielectric
constant of the liquid? (Density of the

material of the spheres is 1.6 gm cm-3)

Suppose the mass of each sphere is m kg,
the distance between them is r meter. Each
sphere is in equilibrium under the action of
three forces (i) weight of the sphere = mg
(11) electrical force of repulsion

1 q2

= and (ii1)) tension T of the

F =
dne, r?

string. Resolving these forces in vertical
and horizontal components, we have
T cos 15 =mg and

2
Tsin 15°=F= L
dne, r?
2
C. tan 15°= 1 2q ..(1)
47‘580K mgr2

On immersing in the liquid the (effective)
weight of each sphere and the force of
repulsion both decrease and hence the
tension also decreases. The angle is still
30°. In the liquid, we have

18 | Electrostatics

Ex.10

Sol.

Ex.11

(1) weight of the sphere = mg — U
= Vog - Vpg
= Vog (1 — p/o) = mg (1- 0.8/1.6)
= mg/2 (V volume of sphere )
(11) electrical force of repulsion
_ 1 ¢
- 4ne K 27

where K is dielectric constant of the liquid,

and
(i11) tension 7' (say). Now T cos 15° = mg/2

lq2

and 7T'sin 150 =
47‘580K r2

1 2q2
47‘580K mgr2

c. tan 159 =

..(2)

From eq. (1) and (2) we have
1 q2 _ 1 2q2

= =>K=2
4ney mgr?  4ne K mgr?®

An electron falls a distance of 4 ¢cm in a

uniform electric field of magnitude 5 X 10¢ N/C.

The time taken by electron in falling will

be-

(A)2.99%x107s

(C)2.99%x109s

(©)

pelapel B,
2 2 m ekl

[Putting y =4 X 102 m, m = 9.1 X 10-3! kg,
e=1.6%x10-19C, E=5 % 104 N/C]

t:‘/Zy’” =3x109s
el

In the adjacent fig. a unit positive charge

(B)2.99x 108 s
(D) 2.99 x 10-10 g

2ym

moves along the path ABC in an electric
field E. The potential difference between A
& C will be

C B

A® <

(A) 0 (B)Er  (C)Er/2 (D) Er/4



Sol.(B) Vjcdv _ jE -dr

Va Tz
V,—Va=—E (i, —74)
= E~fCA: Er,, cos 6

=FErcos0°=Er

Ex.12 Charge 2q, —q & —q lies at the vertices of a
equilateral triangle. The value of E and V
at the centroid of the triangle will be-

A E#0and V0 B)E=0and V=0
C)E#0and V=0 (D)E=0andV+#0

Sol. (C) 29

E = E:1 + (E2 cos 600 + E2 cos 600]
=Ei+E>

E#0

Ex.13 In the fig. given below, the potential energy
of the system will be -

ol 2
q q q
a
—q +q
3 4
kq® kq®
@ Mz @ E

k
©)0 (D) Fq(ﬁ ~4)
Sol. (A U=Uwi2+ Uss+ Uss+ Uiz + Urs + Uz

_ k{q(—q) 0@, @),
a a a

0@ , @@ , (—q)(—q)}
a a2 a2

Ex.14 Two particles A and B having masses equal
and charges ¢ and 4q. If these are
accelerated from rest through same
potential difference, then what will be the
ratio in their speeds?
A4:1
©2:1

Sol. (D)AK=AU= %mvz —gxV

B)1:4
D)y1:2

2
:}U:q_V
m
Va4 _ g _1
= Uvx , L= = = ==
\/E Up 4q 2

Ex.15 Two identical particles of mass m carry a
charge @ each. Initially one is at rest on a
smooth horizontal plane and the other is
projected along the plane directly towards
the first particle from a large distance,
with the speed v. Find the closest distance
of approach-

Sol. The masses are identical, each of mass m.
Therefore we cannot treat any particle too
heavier and hence at rest throughout.
Since external force on the system is zero.
So according to principle of conservation of
linear momentum.

Initial momentum = Final momentum

= mv + 0= mv1 + mve

S v=vituv

Where vi and vz are velocities of first and
second particles. As the particles are
identical, so by symmetry at nearest
approach vi = vz = v

If d is the distance of nearest approach,

then initial energy of system = Final

energy at nearest approach

2 2
:}lva:lmE +lm£
2 2 2 2 2
+ 1 @@
4ne, d
2
= lva: 1 Q_
4 4ne, d

.. Distance of nearest approach,
1 4Q°* )
- 2 _ kq
dney my® = —— (ﬁ—4)
a
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Ex.16

Sol.

Ex.17

Sol.

Ex.18

Sphere of radius 4 cm is suspended inside a
hollow spherical conductor of radius 6 cm
concentrically. The small sphere is charged
upto 3 e.s.u and the outer surface is
connected to earth. The potential difference
between the spheres will be-

(A) 36 e.s.u. (B) 54 e.s.u.
(C) 30 e.s.u. (D) 0.25 e.s.u.
(D) V= Vsman — ‘/large = k—q - k—q
r R
1 1
=kq|-—-=| .. 1
q L R} (1)

g=3esu,r=4cm, R=6cmand
In C.G.S. k£ =1 dyne cm?/stat. coulomb?

.. From (1) V= 3{1 —l} =0.25 e.s.u.

4 6
A sphere of radius 5 cm has electric field
5 x 106 V/m on its surface. What will be the
force acting on a charge of 5 x 10-8C placed
at distance of 20cm from the centre of

sphere-
(A) 1.5x 102 N (B) 40 N
(C)4N D)ON

(A) At surface, E = % = kq=ER?

At distance r =20 cm from the centre

= ka
2
So force on charge Q@ =5 x 103 C
2
F=QE-= QER”
2

Puting @ =5 x 108 C, Es = 5 x 106 V/m,
R=0.05m, r=0.20cm
F=15%x102N

A thin stationary ring of radius 1m has a
positive charge of 1 X 10-5 coulomb uniformly
distributed over it. A particle of mass
0.9 gram and having a negative charge of
1 X 10-6 coulomb is placed on the axis at a
distance of 1 cm from the centre of the ring.
Show that the motion of the negatively-
charged particle is approximately simple
harmonic. Calculate the time-period of
oscillation.

20 | Electrostatics

Sol.

Ex.19

The electric field on the axis of a charged
ring of radius R meter at a distance x from
its centre is given by
1 qx .
E = where is the
47‘580 (R2 +x2)3/2 q

charge on the ring. If the distance x is very
small compared to radius R, then x2 can be
neglected in R2 + x2. In this position, we
have

_ 1 g
dne, R3
If the particle of negative charge ¢' is

situated at a distance x, then the electric
force on the particle is

9

4ng, R®
Since the ring has positive charge and the
particle has negative charge, hence the
force F' will be of attraction (towards the
ring). Under the action of this force the
particle will perform periodic motion in line
on with side of the centre of the ring. The
acceleration of the particle is given by

:_q'E:_

_F
a = —
m
1 ! .
a=- 99 = _ g ....(D)
dne, mR?
aocx
. . 1 !
In equation (1) ® = qu
4ney mR

-5 -6
- li9x10? (1x107°)Ax107") - 10
\/( ) (0.9x1073)(1)3

Taxcx

Since the acceleration a 1is directly
proportional to the displacement x and is
directed towards the centre of the ring,
hence the motion of the particle is simple
harmonic. The time period of the particle is
]7:2_7-c :]7:2_7-c :E sec

® 10 5

A circular ring of radius R with uniform
positive charge density 'A' per unit length
is located in the y-z plane with its centre at
the origin O. A particle of mass m and
positive charge ¢q is projected from the
point P(JgR, 0, 0) on the positive x-axis
directly towards O, with an initial speed v.

Find the smallest (non-zero) value of speed
v such that the particle does not return P



Sol.

Ex.20

Sol.

P(+/3 R,0,0)
(0] V& X

7

The electric field at the centre of ring is
zero. Therefore the force on charged
particle at the centre of ring is zero. Hence
if the particle reaches at the centre O of the
ring, then it will not return to P. For
minimum value of velocity v, the speed of
particle at the centre must be zero. By the
principle of conservation of energy.

K.E.+P.E)at P=(K.E.+P.E)atO
%mvz+qu=O+qu

1., 1 @rRug
2 dme, \/(ﬁR)2 L R?
1 (2nR\)q

=0+ ——""7%
4ne, R

— 1 =1 (2rRM)q  (2rnRM)q
R 2R

2 4ne,
/ A
V= d
2eym

The radii of internal and external spheres

of concentric spherical air capacitor are
1 cm and 4 cm respectively. A potential
difference of 3000 volts is applied between
the spheres. What velocity will be imparted
to an electron. When it approaches from a
distance of r1 = 3 cm to r2 = 2cm as
measured from the centre of spheres.

The potential differences between spherical

1 (g 4
dneg\a b

Here a = 1cm =102 m,
b=4cm=4x102m

conductors Vap =

1 1
. 3000 =9 x 109 _—
4 Lo‘? 4x 102}

=q= %X 10-8 coul.

Ex.21

Sol.

The potential at, a point distant 3 cm from
1 [ga_4q

dreg\ny, b

The potential at a point distant 2 cm from

1
centre, Vo = —— q4._49
dreg\ry b

The gain in K.E. of electron K = AU
=e(Va—V1)

centre, Vi=

K=9x109x% 1.6 x 1019 x

4 10 { 11 }
9 2x107% 3x1072
32

K= 5 x 10-19 Joule

= lmv2 = %X 10-19 joule

= v=154%107m/s [.. m =9 x 10-3 kg]

A charge @ 1is distributed over two
concentric hollow spheres of radii r and
R (> r) such that their surface charge
densities are equal. Find the potential at
the common centre.

Suppose the charges on the spheres of radii
r and R are @, and Qr respectively, Then
Q=Qr+Qr

Let the surface charge density be . Then

Anr?  4nR? @z R?
2
or QQr +1= r—2 1
R
or Q. +Qp r? + R?
Qr R*
2 2
or i _r +R
Qr R*

2
Similarly, @, = Q| ———
v, @ Q(r?‘ + R?
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Ex.22

Sol.

Suppose the potentials at the common
centre due to Qr and Q- be Vr and V;
respectively. Then

2
VR: QR — le .
dnegR 4ne R(r* + R*)
2
Vre @ _ Qrz
4me,r 4dngyr(r +R?)
S V=Vr+ V.= Q [ﬂ]
4mey \ r? + R?

A point particle of mass M is attached to
one end of a massless rigid non-conducting
rod of length £. Another point particle of
the same mass is attached to the other end
of the rod. The two particles carry charges
+q and —q respectively. This arrangement
is held in a region of a uniform electric field
E such that the rod makes angle 0 (say of
59 with the field direction. Find an
expression for the minimum time needed
for the rod to become parallel to the field
after it is set free.

P! .
i A
B‘/

—-q

v
m

The rod comes to equilibrium position due
to a torque applied by electric field. The
moment of inertia of system about O,

2 2 2
r=m{ L] +mfL] =X
2 2) " 2

The electric force gE and —gFE act on A and

B, along and opposite to the direction of

5

electric E field respectively.

Therefore net electric force on system
=qE—qE=0
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These two force form a couple of moment
which is given as

T=(qE) ¢/ sin 6
.. Restoring couple T=—qF ¢ sin 0
If o i1s angular acceleration, then from
relation T = Ia, we have
I o0 = —qE/sin® = —qE/O

[ sin © = 0, for small value of 0]

—qE0
I

.. Angular acceleration o =

= oax—0
1.e. motion is angular S.H.M. for which
standard equation is oL = —®?2 0

qE/ qE/ 2qFE

L2 = = =
| ﬂﬁz My
5!
_ |2qE
M/
Time period
® M/

..Time needed for the rod to become
parallel is

T M¢
4

t= E
2\ 2qFE



EXERCISE -1

' Q.7
Questions . .
%ot Charge & its properties

Q.1 Charges reside on the -
(A) Outer surface of the charged conductor
(B) Inner surface of the charged conductor
(C) Inner as well as outer surface of the
charged conductor Q.8
(D) None of the above

Q.2 An isolated solid metallic sphere is
charged with +Q charge .The distribution
of their +Q charge on the sphere will be- Q.9
(A) uniform but on the surface alone
(B) non uniform but on the surface alone
(C) uniform inside the volume
(D) non uniform inside the volume

Q.3 One quantum of charge should be at least
be equal to the charge in coulomb- Q.10

(A)1.6x1017C (B)1.6x1012C
(C) 1.6 x 1010 C (D) 4.8x 1010 C

Q.4 The unit of charge is coulomb in SI
system and esu of charge (or stat coul) in
C.G.S. system 1 coulomb equals -
(A) 3 x 109 esu (B) (1/3 x 109esu
(C) (1/83 x 108 esu (D) (9 x 109) esu Q.11

Q.5 If a body is charged by rubbing it, its weight-
(A) always decreases slightly
(B) always increases slightly
(C) may increase slightly or may decrease
slightly
(D) remains precisely the same Q.12

Q.6 An electron at rest has a charge of 1.6x 10-19C.
It starts moving with a velocity v = ¢/2,
where ¢ 1s the speed of light, then the
new charge on it is -

(A) 1.6 x 1012 Coulomb

Y Q.13
(B) 1.6 x 1010 l_[EJ Coulomb
22
(C) 1.6 x 1019 [TJ —1 Coulomb Q.14
-19
@) 1% coulomb

i

If a glass rod is rubbed with silk, it
acquires a positive charge because -

(A) Protons are added to it.

(B) Protons are removed from it.

(C) Electrons are added to it.

(D) Electrons are removed from it.

Which one of the following is the unit of
electric charge ?

(A) Coulomb (B) Newton

(C) Volt (D) Coulomb/Volt

An accelerated or retarded charge produces-

(A) Electric field only

(B) Magnetic field only

(C) Localised electric and magnetic fields

(D) Electric and magnetic fields that are
radiated

Which one of the following statement

regarding electrostatics is wrong ?

(A) Charge is quantized

(B) Charge is conserved

(C) There 1s an electric field near an
isolated charge at rest

(D) A stationary charge produces both
electric and magnetic fields

A stationary electric charge produces-
(A) Only electric fields

(B) Only magnetic field

(C) Both electric as magnetic field

(D) Neither electric Nor magnetic field

In M.K.S. System,

equals -
AN

(A) 9 x 109 N-m?/C2

(B) 1 N-m2/C2

(C) 1 dyne - cm2/ stat C2

(D) 9 X 109 dyne X cm2/ stat C2

The dimensional formula of eo 1s -
(A) [M-1L-3T+A2] (B) [M-1L-3T2A2]
(C) [M1L3T—A-2] (D) None of these

The ratio of electric force (Fe) to
gravitational force (Fg) acting between
two electrons situated in vacuum will be-
(A) 1 x 1036 (B) 2 x 1039

(C) 6 x 104 (D) 4 x 1042
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Q.15

Question
based on

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

F; and F. represent the gravitational and
electrostatic force respectively between
two protons situated at some distance in
vacuum. The ratio of Fy to Fe is of the
order of -
(A) 1043 (B) 10!

(C) 100 (D) 1036

Coulomb's Law

There are two charges +1 micro-coulomb
and +5 micro-coulomb, the ratio of force
on them will be —
(A)10## B)1:1 (C)10° (D) 1043
When the distance between two charged
particle is halved, the force between them
becomes -

(A) One fourth
(C) Double

(B) One half
(D) Four times

The force between two point charges in
vacuum is 15N, if a metal plate is
introduced between the two charges, then
force between them will -

(A) Becomes zero

(B) Remains the same

(C) Becomes 30 N

(D) Becomes 60 N

The force between an o-particle and an
electron separated by a distance of 1 A in
vacuum 1s -

(A) 2.3 x 10-8 N attractive

(B) 2.3 x 10-8 N Repulsive

(C) 4.6 x 10-8 N attractive

(D) 4.6 X 10-8 repulsive

Two charges are at distance (d) apart in
air. Coulomb force between them is F. If a
dielectric material of dielectric constant (K)
is placed between them, the coulomb
force now becomes-
(A)FIK B)FK (C)F/K2 (D)K2F
Two point charges in air at a distance of
20 cm. from each other interact with a
certain force. At what distance from each
other should these charges be placed in
oil of relative permittivity 5 to obtain the
same force of interaction —

(A) 894 x102m (B) 0.894 x 102 m
(C) 89.4 x102m (D) 8.94 x 102m
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Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

A certain charge Q is divided at first into
two parts, (q) and (Q—q). Later on the
charges are placed at a certain distance.
If the force of interaction between the two
charges is maximum then -

(A) (Q/g) = (4/1) (B) (Q/q) = (2/1)

O Q) = (3/1) D) Q) = (5/1)

1 esu charge is placed in vacuum at 1 cm
from an equal charge of the same kind.
Force between them is -

(A) 1 Newton (B) 1 dyne

(C) 2 dyne (D) 4 dyne

The permittivity of vacuum is 8.86 X 10-12
C2/N-m2 and the dielectric constant of
water is 81. The permittivity of water in
C2/N-m? is -

(A) 81 x 8.86 x 1012 (B) 8.86 x 10-12

(C) (8.86 x 10-12)/ 81 (D) 81/(8.86 x 10-12)

The force between two point charges
placed in vacuum at distance 1 mm is
18 N. If a glass plate of thickness 1 mm
and dielectric constant 6, be kept between
the charges then new force between them
would be-
(A) 18N
(C)3N

(B) 108 N
(D) 3x 106N

Two similar and equal charges repel each
other with force of 1.6 N, when placed 3m
apart. Strength of each charge is-

(A) 40 uC (B) 20uC

(C) 4uC (D) 2uC

Two similar charge of +Q , as shown in
figure are placed at A and B. —q charge is
placed at point C midway between A and
B. —q charge will oscillate if-

:(>05

(A) It is moved towards A

(B) It is moved towards B

(C) It is moved perpendicular to AB

(D) Distance between A and B is reduced



Question
based on

Q.28

Q.29

Q.30

Q.31

Superposition principle

Six charges are placed at the corner of a
regular hexagon of side a as shown. If an
electron is placed at its centre O, force on
it will be -

(A) zero ®) —! &£
4ney a
NERTS e
(C) —qz (D) q—z
dne,a 2ne,a

The three charges each of 5 x 10-6
coulomb are placed at vertex of an
equilateral triangle of side 10 cm. The
force exerted on the charge of 1 u C placed
at centre of triangle in Newton will be-
(A)13.5 (B)zero (C)4.5 (D) 6.75

Four charges are arranged at the corners
of a square ABCD, as shown. The force on
a +ve charge kept at the centre of the

square is -
B C
+q -q
|
- +2
| D
(A) zero

(B) along diagonal AC
(C) along diagonal BD
(D) perpendicular to the side AB

A mass particle (mass = m and charge = q)
is placed between two fixed point charges
of charge ¢ separation by 2L. The
frequency of oscillation of mass particle, if
it is displaced for a small distance along
the line joining the charges—

1 4
) L : ® L :
21\ mre, L 21\ mne,L
1 1
©Ll——" O
21\ 4mme L 2n \ 16mg,mL

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Two small balls having equal positive
charge @Q (Coulomb) on each are
suspended by two insulating strings of
equal length L' metre, from a hook fixed
to a stand. The whole set up is taken in a
satellite in to space where there is no
gravity (state of weightlessness) Then the
angle (0) between the two strings is -

A) 0° (B) 90°

(C) 180° (D) 0° <6 <180°

ABC is a right angle triangle AB = 3 cm,
BC = 4 cm charges + 15, +12, —12 esu are
placed at A, B and C respectively. The
magnitude of the force experienced by the
charge at B in dyne is-
(A) 125 (B) 35 (C) 22 D)o
Equal charges of each 2uC are placed at a
point x = 0, 2, 4, and 8 cm on the x-axis.
The force experienced by the charge at
x = 2 cm is equal to-
(A) 5 Newton

(C) 0 Newton

(B) 10 Newton
(D) 15 Newton

Three equal charges (q) are placed at
corners of a equilateral triangle. The

. 1
force on any charge is- | K =
4me,

(A) Zero ® V3K
a

© K& ®) 33 KT
a

V32’

Two identical charges of charge (q) are
placed at (—a,0) and (a, 0). Same nature
charge particle is placed at origin. It
executes S.H.M, if it is displaced -

(A) In x-direction

(B) In y-direction

(C) at an angle of 45° from the x-axis

(D) along perpendicular to the plane.

Two equal negative charge (—q) are fixed

at the points (0, a) and (0, —a) on the

y-axis. A positive charge (Q) is released

from rest at the point (2a, 0) on the

x-axis. The charge Q will —

(A) execute simple harmonic motion about
the origin.

(B) move to the origin and remains at rest

(C) move to infinity

(D) execute oscillatory but not simple
harmonic motion
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Q.38

Five point charges, each of value +q
coulomb, are placed on five vertices of a
regular hexagon of side L metre. The
magnitude of the force on a point charge
of value —q coulomb placed at the centre

of the hexagon is -
2

2
(&) X (B) V5L
L L

© V3EL (D) Zero
L

ﬁ .
Electric field

Q.39

Q.40

Q.41

Q.42

Q.43

A pendulum bob of mass 80 mg and

carrying a charge of 2 x 1078 coul. is at
rest in a horizontal uniform electric field
of 20,000 V m™. Find the tension in the
thread of pendulum -
(A) 8.8 x 102N
(C) 8.8 x 104N

(B) 8.8 x 103 N
(D) 8.8 x 105 N

Two charges 4q and q are placed 30 cm.

apart. At what point the value of electric

field will be zero-

(A) 10 cm. away from q and between the
charge

(B) 20 cm. away from q and between the
charge

(C) 10 cm. away from q and out side the
line joining the charge.

(D) 10 cm. away from 4q and out side the
line joining them.

Unit of electric field intensity is
Newton/Coulomb. The other unit of this
can be-
A Vm @B)YVmz (C)V/im (D) V/m2
If Q = 2 coulomb and force on it is F=100
Newton, then the value of field intensity
will be -

(A) 100 N/C

(C) 200 N/C

(B) 50 N/C
(D) 10 N/C

Four equal but like charge are placed at
four corners of a square. The electric field
intensity at the centre of the square due
to any one charge is E, then the resultant
electric field intensity at centre of square
will be :
(A) Zero (B) 4E

(C)E (D) 1/2E
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Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Two charges 9e and 3e are placed at a
distance r. The distance of the point where
the electric field intensity will be zero is-

(4)

T

1+«/§

J from 9e charge

T
(B) | ——=— from 9e charge
1++/1/3
T
© —J from 3e charge
1-43

J from 3e charge.

r
D)
1+4/1/3
A proton is first placed at A and then at B
between the two plates of a parallel plate
capacitor charged to a P.D. of V volt as
shown. Then force on proton at A is -

+ ]'3_

++ + + + F +
[

(A) more than at B

(B) less than at B

(C) equal to that at B
(D) nothing can be said

An electric field can deflect -
(A) X-rays (B) Neutrons
(C) a-particles (D) y- rays

Dimensional formula of electric field intensity
is -

(A) MLT-3A-! (B) MLT-3A

(C) MLT3A (D) None of these

If mass of the electron = 9.1 x 10-31 Kg.
Charge on the electron = 1.6 X 10-19
coulomb and g = 9.8 m/s2. Then the
intensity of the electric field required to
balance the weight of an electron is -

(A) 5.6 x102N/C (B)5.6x 1011 N/C
(C)5.6x108N/C (D)5.6x10-7"N/C

Five charges +Q each are placed at the
corners of a regular pentagon of side a, the
electric field at the centre of pentagon is -

2
(A) Zero ® —— X
dne, a
2 2
© —3 0 —— &
TEy a 4 g, aﬁ



Q.50

Q.51

Q.52

Q.53

Q.54

The surface charge density of a thin
uniformly charged disc of radius R is o.
The ratio of electric field at centre and on
the axis at distance R from centre is-

1
A — B) 4/2+2
<>ﬁ (B) V2 +

©) 2-42 D) ——

ﬁ+1

Four point charges +q, +q, —q and —q are
placed respectively at the corners A, B, C
and D of a square of side a, arranged in
the given order. Calculate the electric
field intensity at the centre of the square -

47'580.212 4x/5q
A) B) ——~
4x/5q 4meg.a
nso.az 4x/5q
©) D) >
4x/5q g .a
In electric field, a 6.75uC charge

experiences 2.5 N force, when placed at
distance of 5m from the origin. Then
potential gradient at this point will be-
(in M.K.S)) -
(A) 5.71 x 105
(C) 18.81 x 105

(B) 3.71 x 105
(D) 1.881 x 105

A ring of radius (R) carries a uniformly
distributed charge + Q. A point charge —q
is placed on the axis of the ring at a
distance 2R from the centre of the ring
and released from rest . The particle

(A) Becomes in rest condition immediately.
(B) Executes simple harmonic motion

(C) Motion is oscillatory but not SHM

(D) Come at the centre of ring immediately.

A small circular ring has a uniform
charge distribution. On a far-off axial
point distance x from the centre of the
ring, the electric field is proportional to -
(A) x-1 B) x-¥2  (C) x2 (D) x5/

Potential & Potential difference

Q.55

When charge of 3 coulomb is placed in a
Uniform electric field , it experiences a
force of 3000 Newton, within this field,
potential difference between two points
separated by a distance of 1 cm along
electric field is-

Q.56

Q.57

Q.58

Q.59

Q.60

Q.61

(A) 10 Volt
(C) 1000 Volt

(B) 90 Volt
(D) 3000 Volt.

A uniform electric field having a magnitude
Eo and direction along positive x-axis exists.
If the electric potential(V) is zero at x = 0
then its value at x = + x will be-

(A) Vi=x Eo (B) Vx=—=x.Eo

(C) Vx=x2 Eo (D) Vi =x2 Ko

The dimensions of potential difference in
MKSQ system -
(4) [ML2T2Q]
(€) [MT2Q?]

(B) [IMLT2Q]
D) ML2 T Q]

Three equal charges are placed at the
three corners of an equilateral triangle as
shown in the figure. The statement which
is true for electric potential V and the
field intensity E at the centre of the
triangle is-

AV=0,E=0
O©V=0,E=0

BV=0,E=0
D)V+0,E=0

Electric potential at centre of ring of
radius R and wuniform linear charge
density A is -

Y Y
@) 2¢e, ®) 4e,
© o 2
€ €

Electric potential is a -

(A) Vector quantity

(B) Scalar quantity

(C) Neither vector Nor scalar
(D) Fictious quantity

At a point situated at certain distance
from a point charge the electric field 1is
500 V/m and the potential is 3000 V.
What is the distance of the point from
point charge ?
(A) 6 m

(C) 36 m

B) 12 m
(D) 144 m
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Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

The electric potential V at any point (x, y, z)
in space is given by V = 4x2 volt. The
electric field E (in V/m) at the point (1, 0, 2)
is -

(A) +8 in x direction

(B) 8 in —x direction

(C) 16 in + x direction

(D) 16 in —x direction

ABC is equilateral triangle of side 1m.
Charges are placed at its corners as
shown in fig. O is the mid-point of side
BC. The potential at point (O) is-

—6uC

—3uC
C

(B) 1.52 X 105 V
(D) - 1.52 X 105 V

(A)2.7%x103V
(C)1.3x103V

In a region where E = 0, the potential (V)
varies with distance r as -

(A) V< 1/r

B)Vor

(C) V o 1/x2

(D) V = const. (independent of 1)

Charges of +[?J x 10-9 are placed at

each of the four corners of a square of side
8 cm. The potential at the intersection of
the diagonals is

(A) 1502 Volt
(C) 90042 Volt

(B) 15002 Volt
(D) 900 Volt

An equipotential surface is that surface -

(A) On which each and every point has
the same potential

(B) Which has negative potential

(C) Which has positive potential

(D) Which has zero potential

The surface of a conductor -
(A) is a non-equipotential surface
(B) has all the points at the same potential

(C) has different points at different
potential

(D) has at least two points at the same
potential
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Q.68

Q.69

Q.70

The electron potential (V) as a function of
distance (x) [in meters] is given by
V=(5x2+10x - 9)Volt.

The value of electric field at x =1m would
be -

(A) 20 Volt/m
(C) 11 Volt/m

(B) 6 Volt/m
(D) —23 Volt/m

Some equipotential lines are as shown is
fig. E1, E2 and E3 are the electric fields at
points 1, 2 and 3 then -

~ [ \
~
N \ \ \

-—a \ \
~
*31 N \ \
<
\

[ ]
W

\
\

\

'

'

'

1

1

|
!
1

~

’

70V /b

60V 50V 40V30V20V
(A) Ei=E2=Es (B) E1 > E2> Es
(C)E1>E2, Ea<Es (D) Ei<E2<Es

Three charges 2q, —q, —q are located at

the vertices of an equilateral triangle. At

the circumcentre of the triangle.

(A) The field is zero but potential is not
Zero.

(B) The field is non-zero but the potential
1s zero.

(C) Both, field and potential are zero.

(D) Both, field and potential are non- zero

Electric potential energy & work done

Q.71

Q.72

A point positive charge of Q' units is
moved round another point positive
charge of Q units in circular path. If the
radius of the circle is r. The work done on
the charge Q' in making one complete
revolution is -

Q QQ'
@) dneyr ®) dneyr
© 2 ®)0
dneyr

A particle has a mass 400 times than that
of the electron and charge is double than
that of a electron. It is accelerated by 5 V
of potential difference. Initially the
particle was at rest. Then its final kinetic
energy will be -
(A) 5eV

(C) 100 eV

(B) 10 eV
(D) 2000 eV



Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

Q.79

Three charges are placed as shown in fig.
If the electric potential energy of system
is zero, then Q : q is -

—-q Q 4

@ 2-2 ®)
q 1

Q_-1
(C)E_ 5 D)

If a unit charge is taken from one point to
another over an equipotential surface
then-

(A) Work is done on the charge

(B) Work is done by the charge

(C) Work on the charge is constant

(D) No work is done

In an electric field the work done in
moving a unit positive charge between
two points is the measures of-

(A) Resistance

(B) Potential difference

(C) Intensity of electric field

(D) Capacitance

State which one of the following is correct ?
(A) Joule = Coulomb x Volt

(B) Joule = Coulomb / Volt

(C) Joule = Volt / Ampere

(D) Joule = Volt x Ampere

One electron volt (eV) of energy is equal to -
(A) 1.6 x 1012 ergs (B) 4.8 X 10-10 ergs
(C) 9 x 10 ergs (D) 3 x 109 ergs

The K.E. in electron Volt gained by an
o-particle when it moves from rest at
point where its potential is 70 to a point
where potential is 50 volts, is -

(A) 20 eV (B) 20 MeV.

(C) 40 eV (D) 40 MeV.

A o-particle moves towards a rest nucleus,
if kinetic energy of a-particle is 10 MeV
and atomic number of nucleus is 50. The
closest distance of approach will be -
(A)1.44%x10%m  (B)2.88x 10-14 m
(C)1.44x10-0m (D) 2.88x 10-10m

Q.80

Q.81

Point charge (q) moves from point (P) to
point (S) along the path PQRS as shown
in fig. in a uniform electric field E.
Pointing along to the positive direction of
the x-axis. The co-ordinates of the points
P,Q,R and S are (a, b, 0), (2a, 0, 0), (a, —b, 0)
and (0, 0, 0) respectively. The work done
by the field in the above process is given
by the expression -

es]

v v v

AN
S<o----- > Q- X-axi
~/

A v v

R
A qEa (B)qEa
(C) qE a2 (D) gE /(22)> +b>

Two identical thin rings, each of radius
R metres, are coaxially placed at a distance
(R) metres apart. If Q1 coul and Q2 coul
are respectively the charges uniformly
distributed on the two rings. The work
done in moving a charge (q) from the
centre of one ring to that of other is -

N 5 9Q -2

(A) zero ® V2 (4g,mR)

a(Q, +Q,)V2+1)
V2 (48075R)

V2(Q, +Q,)

q
© e, m) ®)

uestion .
Electric Flux and Gauss Law

Q.82

Q.83

The tangent drawn at a point on a line of
electric force shows the-

(A) intensity of gravity field

(B) intensity of magnetic field

(C) intensity of electric field

(D) direction of electric field

Which of the following statements

concerning the electrostatics field line is

correct-

(A) electric line of force never intersect
each other

(B) electric lines of force start from
positive charge and end at the
negative charge

(C) electric lines of force start or ends
perpendicular to the surface of a
charged metal.

(D) all of the above
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Q.84

Q.85

Q.86

Q.87

Q.88

Q.89

Q.90

Figure shows a closed surface which
intersects a conducting sphere. If a positive
charge is placed at the point P, the flux of
the electric field through the closed surface -

4 \

: *P
Clos)e, (\1~ -7 Conducting
sphere
surface

(A) will remain zero

(B) will become positive
(C) will become negative
(D) will become undefined

If electric field flux coming out of a closed
surface 1s zero, the electric field at the
surface will be -

(A) zero

(B) same at all places

(C) dependent upon the location of points
(D) infinite

If three electric dipoles are placed in a
closed surface, then the electric flux
emitting from the surface will be -

(A) zero (B) positive

(C) negative (D) None

For which of the following fields, Gauss’s

law is valid for-

(A) fields of point charge with distance
following inverse square law

(B) uniform field

(C) all types of field

(D) this law has no concern with the field

The electric flux coming out of the
equi-potential surface is-

(A) perpendicular to the surface

(B) parallel to the surface

(C) in all directions

(D) zero

A charge of Q coulomb is located at the
centre of a cube. If the corner of the cube
is taken as the origin, then the flux
coming out from the faces of the cube in
the direction of X- axis will be-

(A) 4 nQ (B) Q/6 o

(C) QI3 o (D) Q/4 o

A rectangular surface of 2 metre width and
4 metre length, is placed in an electric
field of intensity 20 Newton/C, there is an
angle of 60° between the perpendicular to
surface and electrical field intensity.
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Q.91

Q.92

Q.93

Q.94

Then total flux emitted from the surface
will be - (In Volt- metre)

(A) 80 (B) 40 (©) 20 (D) 160

A charge q is inside a closed surface and
charge — q is outside. The out going
electric flux is-
(A) —qg/ o

(©) d/ eo

(B) zero
D) 2q/ o

If the electric field is uniform, then the
electric lines of forces are-

(A) Divergent (B) Convergent

(C) Circular (D) Parallel

Electric lines of forces -

(A) Exist everywhere

(B) Are imaginary

(C) Exist only in the immediate vicinity of
electric charges

(D) None of the above

Which one of the following diagrams
shows the correct lines of force ?

NN
RN
NV
JZARN



Q.95

Q.96

Q.97

Q.98

Q.99

Q.100

In given figure the electric lines of force
emerging from a charged body. If the
electric fields at A and B are Ea and Es
are respectively and the distance between
A and Bis r then -

A <;— -e B
(A) Ea> EB (B) Ea<Es
(C) Ea= EB (D) Ea= (EB)/r2

Three charges q1 = 1pC, q2 = 2 uC and
g3 =—3 pC and four surfaces S1, Sz, S3 and
Ss4 are shown. The flux emerging through
surface Sz in N-m2/ C is -

S4
(A) 36m x 103 (B) —36m x 103
(C) 36m x 109 (D) —36m x 109

A surface enclosed an electric dipole, the
flux through the surface is-

(A) Infinite (B) Positive

(C) Negative (D) Zero

Total flux coming out of some closed
surface in vacuum which encloses a point
charge 8.85 uC is-

(A) 108 V-m (B) 2 x 106 V-m

(C) 102 V-m (D) 2 x 1012 V-m

A square of side 20 cm is enclosed by a
surface of sphere of radius 80 cm. Square
and sphere have the same centre. Four
charges +2 X 106 C, -5 x 106 C, -3 x 10-6 C,
+6 X 10-6C are located at the four corners of
a square, Then out going total flux from
spherical surface in N-m2/C will be-

(A) zero (B) (16m) x 10-¢

(C) (8n) x 106 (D) (36 ®) x 10-6

The flux emerging out from any one face

of the cube when a point charge q is
placed at its centre-

a4 a4 4 4
(A) 6o B) e, ©) . D) Jeg

Q.101 A charge (q) is located at one corner of a
cube. The total electric flux through the

cube is-

) Ei ®) 5 fEO

©) 6% (D) 8%
Question

NOUT Application of Gauss Law

Q.102 The electric field inside a spherical shell
of uniform surface charge density is -
(A) Zero
(B) Constant, different from zero
(C) Proportional to the distance from the
centre
(D) None of the above

Q.103 A and B are two concentric hollow
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 non zero
(D) The field inside and outside B is zero

Q.104 The electric potential at the surface of an atomic
nucleus (Z = 50) of radius 9 x 105 m is -
(A) 80V (B)8x 105V
(C)8x10*V (D) 8 x 102V

Q.105 A cubical box of side 1m is immersed in a
uniform electric field of strength 104 N/C.
The flux through the cube is -
(A) 104 (B) 6 x 104
(C) 2 x 104 (D) Zero

Q.106 A charge Q 1is distributed over two
concentric hollow spheres of radii r and R
(> r) such that their surface charge
densities are equal. Find the potential at
the common centre-
Q (+R) o QR+’
4ne, (R +1)> 4meg(r+R)

Q(r+R)

4mey(R? +12)

(D) none of these
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Q.107

Q.108

Q.109

Q.110

Q.111

Q.112

A hollow charged metal sphere has radius r.
If the potential difference between its
surface and a point at distance 3r from the
centre is V, then the electric field intensity at
a distance (3r) from the centre is -

A)Vier (B)V/i4ar (C)V/3r (D) V/i2r

A Dall of radius R carries a positive charge
whose volume charge density depends only on
separation r from the ball's centre as

p = po [1—%} where po is a constant.

Assuming the permitivity of the ball and the
environment to be equal to unity. The electric
field at distance r1 from centre (For r1 <R) is -

A) Poli [1_3ij B) Poli [1_ij
3, | 4R 3 | R

Pohi n
C) =L j1-—L D) N
© 26, [ 2R] (D) None

A spherical conductor of radius 50 cm has a
surface charge density of 8.85 X 106 C/m2. The
electric field near the surface in N/C is-

(A) 8.85 x 106 (B) 8.85 x 106
(C)1x10¢ (D) Zero

A hollow metal sphere of radius 5cm is

charged such that the potential on its

surface is 10V. The potential at the

centre of the sphere is —

(A) OV

(B) 10V

(C) Same as at point 5cm away from the
surface

(D) Same as at point 25cm away from the
surface

A solid conducting sphere having a
charge Q is surrounded by an uncharged
concentric conducting hollow spherical
shell. Let the potential difference
between the surface of the solid sphere
and that of the outer surface of the hollow
shell be V. If the shell is now given a
charge of 3Q, the new potential difference
between the same two surfaces is

Aav B 2v (C) 4V (D) -2V

The electric field intensity at a point located
at distance r (r < R) from the centre of a

spherical insulator (radius R) having
uniform volume charge density p is -
r r r
R (O
2¢e, €0 2¢, 3e

32 | Electrostatics

Q.113

©)

Question
based on

Q.114

Q.115

Q.116

Q.117

Q.118

The dependence of electric potential V on
the distance 'r' from the centre of a
charged spherical shell of radius R 1is
shown by.

Electric dipole

If an electric dipole is kept in a uniform
electric field. Then it will experience-

(A) a force

(B) a couple and moves

(C) a couple and rotates

(D) a force and moves.

An electric dipole consists of two opposite
charges each of magnitude 1 X 106 C
separated by a distance 2 cm. The dipole
is placed in an external field of
10 x 10°N/C. The maximum torque on the
dipole is -

(A) 0.2 X 10-3 N-m
(C) 2x 102 N-m

(B) 1.0 X 103 N-m
(D) 4 x 10-3 N-m

The ratio of the electric field due to a
short electric dipole on its axis and on the

perpendicular bisector of the dipole is-
A1:2 B2:1 ©C)1:4 D)4:1

The region surrounding a stationary electric
dipole has -

(A) electric field only

(B) magnetic field only

(C) both electric and magnetic fields

(D) neither electric nor magnetic field

The electric potential at distance r due to

an electric dipole of moment 3 will be-

1 - - 1 - -
A p.r B p.r
@) dne, ® dne, 1
1 Xr 1 XT

© (px1) D) (p2 )
dne, 1 dney, r



EXERCISE - 2

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

5 X 10° lines of electric force are entering
in a closed surface and 4 x 105 lines come
out of the surface. The charge enclosed by
the surface is -

(A) 0.885 x 10-6C
(C) -8.85 x 10-7C

(B) 8.85 x 10-5C
(D) 8.85 x 10-8C

A cylinder of radius (R) and length (L) is
placed in a uniform electrical field (E)
parallel to the axis of the cylinder. The
total flux from the surface of the cylinder
is given by -

(A) 2nR2E (B) nR2E
2 2
©) % (D) zero

A hemisphere (radius R) is placed in
electric field as shown in fig. Total
outgoing flux is —

N~
N\

R )
/

\L—

(A) nR?E (B) 2nR2E
(C) 47R2E (D) (rR2E)/2

es]

v v v v

Three identical charges each of 1 puC are
kept on the circumference of a circle of
radius 1 metre forming equilateral triangle.
The electric field intensity at the centre of
the circle in N/C is -
(A) 9 x103

(C) 27 x 103

(B) 13.5 x 103
(D) Zero

The number of electrons, falling on
spherical conductor (radius = 0.1 m) to
produce 0.036 N/C electric field at the
surface of conductor, is-

(A) 2.7 x 105 (B) 2.5 x 105

(C) 2.6 x 105 (D) 2.4 x 105

A particle of mass 6 ug carrying a charge
of 109 C, is placed in the electric field of
strength E = 6 X 105 V/m, the acceleration
acquired by the particle is -

(A) 102 m/sec 2 (B) 10° m/sec?

(C) 103 m/sec? (D) 1020 m/sec?

Q.7

Q.8

Q.9

Q.10

Two small balls having equal positive
charge Q on each are suspended by two
insulating strings at equal length L
metre, from a hook fixed to a stand. The
whole set up is taken in a satellite into
space where there is no gravity. Then the
angle 0 between two strings and tension
in each string is-

kq? kq?
A) 0, — B)n, —
@0, = ®)7
kq? n kq?
On, — D) -, —
C)n e ( )2 NE

The magnitude of the electric field
strength (E) such that an electron placed
in the field would experience an electrical
force equal to its  weight s
[assume g = 10 m/see?]

(A) 5.68 X 10-1t N/ Coul. Vertically up

(B) 5.68 x 10-1t N/ Coul. Vertically down
(C) 5.68 x 10-10 N/ Coul. Vertically up.
(D) 5.68 x 10-10 N/ Coul. Vertically down

Electric potential in an electric field is
given as V= K/r, (K being constant, r is
distance from origin). At position vector

g A A A
r =21+ 3j+6k the electric field will be -

@ (21 + 3]+ 6k)K (m(ﬁ+$+6bK
243 343

@)@haﬁﬁbK @)@haﬁﬁbK
243 343

At any point ( %, 0, 0) the electric potential

V is [1OOO+15OO 500] volt, then

+
X X2 X3

electric field atx=1m -
(A) 5500(+k) V/m
(B) 55001 V/m

5500
©)
NG
@) 25968 Vim

NG

G+k) V/m
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Q.11

Q.12

Q.13

Q.14

Q.15

The electric field at the surface of a
charged spherical conductor is 10 KV/m.
The electric field at a distance equal to
the diameter from its centre will be -

(A) 2.5 V/m (B) 2.5 KV/m
(C) 5.0 KV/m (D) 5.0 Vim

Potential difference between centre and
the surface of a sphere of radius R with
uniform charge density ¢ will be

2 2
A) oR B) oR
6eq 4¢e
2
(C) zero D) oR
2¢

Three charge +4q, Q and q are placed in a
straight line of length ¢ such that +q &
+4q are on the ends of line & Q is at the
mid point of line. What should be the
value of Q in order to make the net force
on q to be zero ?

A)-q @B)-2¢q

(C)—a/2 (D) 4q

Two large metal plates each of area (A)
carry charges +q and -q and facing each
other. The plates are separated by a
small distance (d) the electric field
between the plates would be -

2q q
@) €9 A ®) 2€5 A

q A
(©) < A D) e,

Two parallel thin sheets of infinite
dimensions are uniformly charged. The
surface charge density on one is ca and
on the other is oB, field intensity at point
C will be -

°D
+ o+ o+ o+ + + o+
A o
o C
B
- - - - -~ o

(A) Proportional to( ca—oB)
(B) Proportional to( ca + oB)
(C) Zero
(D) 204
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Q.16

Q.17

Q.18

Q.19

Q.20

A charged particle of mass (m) is kept in
equilibrium in the electric field between
the plates of Millikan oil drop experiment.
If the direction of the electric field
between the plate 1s reversed, then
acceleration of the charged particle will
be-

(A) Zero

Bg/2 ©g

D) 2¢g
Two conducting spheres of radii r1 and rs
are equally charged. The ratio of their
potential is-
(A) 112/ ro?
©)r1/r2

(B) r22/ 112
D) r2/ 11

Two identical small balls, each of mass m
and charge q, are suspended in vacuum
by two light inelastic non conducting
threads each of length £ from the same
fixed point support. If the distance (d)
between two balls is very small in

equilibrium, then d is equal to- (k = 1 J

4me
k 2 1/3 k 9 2/3
@) (2 fq J ®) (2 fq J
mg mg
k/q2 2/3
© (— J

(D) none of these
2mg

A small metal sphere A has a charge Q on
it. The field at a point B outside the
sphere is E. Now another sphere of same
radius having a charge —3Q is placed at
point B. The total field at a point mid-
way between A and B due to both sphere
is-

(A) 4E
(C) 12E

(B) 8E
(D) 16E

Two similar rings P and Q (radius = 0.1 m)
are placed co-axially at a distance 0.5 m
apart. The charge on P and Q is 2uC and
4uC respectively. Work done to move a
5uC charge from centre of P to the center

of Q is-
(A)1.28d (B)0.72J
(C)0.144 J D)1.44d



Q.21

Q.22

Q.23

Q.24

Q.25

A uniformly charged rod with charge per
unit length A is bent in to the shape of a
semicircle of radius R. The electric field

. 1
at the centre is - | k =
4re,

2k ki
@) == B

M (C) Zero

(D) None

A thin stationary ring of radius 1 m has a
positive charge 10 uC uniformly distributed
over it. A particle of mass 0.9 gm and
having a negative charge of 1 uC is placed
on the axis at a distance of 1 ¢cm from the
centre of the ring and released then time
period of oscillation of particle will be—

(A) 0.6 sec (B) 0.2 sec

(C) 0.3 sec (D) 0.4 sec

Three point charge -q, +q and -q are
placed along a straight line at equal
distances( say r metre) Electric potential
energy of this system of charges will be
(if +q charge is in the middle)-

~3q° —8q>2
&) —4 (B) —

dneyr 3meyr

_3q2 2
) —_ (D)

8neyr 8neyr

Four equal charges each of charge q are
placed at corner of a square of side a.
Potential energy of the whole system is-

-]
4me

4kq

s

kq? 1
D) =2 _—
® (4+2\/§J

1 kq?

C
()2\/_

The potential of a charged spherical drop
is V. This is divided into n similar
spherical drops, then each drop will have
the potential as ;
(A) ntV
(C) n32V

(B) n23V
(D) n28V

Q.26

Q.27

Q.28

Q.29

8 small droplets of water of same size and
same charge form a large spherical drop.
The potential of the large drop in
comparison to potential of a small drop
will be -

(A) 2 times
(C) 8 times

(B) 4 times
(D) same

Three charges +3q, +q and Q are placed
on a straight line with equal separation.
In order to make the net force on q to be
zero, the value of Q will be

(A) +3¢q (B) +2¢q

(C) -3¢ (D) —4q

In Millikan's oil drop experiment an oil
drop carrying a charge Q 1is held
stationary by a potential difference
2400V between the plates. To keep a drop
of half the radius stationary the potential
difference had to be made 600 V. What is
the charge on the second drop -

Q Q
@& B) 5

©Q D) ?

In given figure, a point charge +q is
placed at the origin O. Work done in
taking another point charge —Q from the
point A [co-ordinates (0, a)] to another
point B [co-ordinates (a,0)] along the
straight path AB is-

Yu
A
0 B X
(A) Zero B) (‘ aQ %)ﬁa
4ne, a
Q 1) a Q 1
(©) (47‘580 =z J\/— D) (4 . az}ﬁa
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Q.30

Q.31

Q.32

Q.33

The electric field due to an electric dipole
at a distance r from its centre in axial
position is E. If the dipole is rotated
through an angle of 90° about its
perpendicular axis, the electric field at
the same point will be-

(A E (B) E/4

(C) E/2 (D) 2E

Two electric dipoles of moment P and
64 P are placed in opposite direction on a
line at a distance of 25 cm. The electric
field will be zero at point between the
dipoles whose distance from the dipole of
moment P is-

(A) 5cm B) % cm

(C) 10 em D) % em

When an electric dipole P is placed in a
uniform electric field E then at what

angle between P and E the value of
torque will be maximum-

(A) 90° B) 0°

(C) 180° (D) 45°

A thin disc of radius R has a concentric
hole of radius r in it as shown in figure.
Its surface charge density is o. The
electric potential on its axis at distance d
1s given as-

@A) -° _«/R2+d2—\/r2+d2}

2¢

B) -° _«/R2+r2—\/R2+d2}

2¢,L
©) -2 |yR? + 42 —d}
2¢,L
D) 2" Vr? +d? —d}
GO L
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Q.34

Q.35

Q.36

An electric dipole has the magnitude of
its charge as q and its dipole moment is p.
It is placed in a uniform electric field E. If
its dipole moment is along the direction of
the field, the force on it and its potential
energy are respectively-

(A) 2qE and minimum

(B) qE and pE

(C) Zero and minimum

(D) qE and maximum

Two opposite and equal charges 4 X 10-8
coulomb when placed 2 X 10-2 cm away,
form a dipole. If this dipole is placed in an
external electric field 4 X 108 Newton/coulomb,
the value of maximum torque and the work
done in rotating it through 180° from field
direction will be -

(A) 64 x 104 Nm and 64 X 104 J

(B) 32 x 104 Nm and 32 X 104 J

(C) 64 x 104 Nm and 32 X 104 J

(D) 32X 104 Nm and 64 x 104 J

The arc AB with the centre C and the
infinitely long wire having linear charge
density A are lying in the same plane. The
minimum amount of work to be done to
move a point charge qo from point A to B
through a circular path AB of radius a is

equal to -
+00
1
1
1
+
+
+ 5
+ a|
+ L--A
C
+ a
+ 2a
+
+
+I
1
1
—00
2
o 2 qo 3
A loge| = B) ——loge| —
@) 2me 8 [3] ®) 2me 8 [2]

(©) ;S—” loge [gj (D) qo /2 meo

€0



Q.37

Q.38

Q.39

A ball of mass 1 g and charge 10-8C
moves from a point A, where potential is
600 volt to the point B where potential is
zero. Velocity of the ball at the point B is
20 cm/s. The velocity of the ball at the

point A will be -
(A) 22.8 cm/s (B) 228 cm/s
(C) 16.8 cm/s (D) 168 m/s

An electric dipole is placed along the x-axis
at the origin O. A point P is at a distance
of 20cm from this origin such that OP

makes an angle g with the x-axis. If the

electric field at P makes an angle 6 with
the x-axis, the value of 0 would be —

A) g (B) %mﬂ(é}
©) 2?“ D) tan{%}

An electric dipole of moment p is placed

normal to the lines of force of electric

intensity E , then the work done in
deflecting it through an angle of 180°is -
(A) pE (B) + 2pE

(C) — 2pE (D) Zero

NUMERIC RESPONSE TYPE QUESTIONS

Q.40

Q.41

The electric field strength depends only on
the x, y and z coordinates according to the

a(xi + yj + Zf{)

law E = o

ey 122y , where a = 122.5
SI unit and is a constant. Find the
potential difference (in volt) between (3, 2, 6)
and (0, 3, 4).

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 e, and

Q.42

Q.43

Q.44

density p,. Find the density p of the bob

in g/cm3 for which the angle of divergence
of the strings to be the same in the air
and in the liquid (er = 3, po = 2g/cm3) ?

An inclined plane makes an angle of 30°
with the horizontal electric field E of
100 V/m. A particle of mass 1 kg and
charge 0.01 C slides down from a height
of 1 m. If the coefficient of friction is 0.2,
find the time taken for the particle to
reach the bottom. (in sec)

E=100Vim—>

1m

30°

A particle of mass m carrying charge 'q' is
projected with velocity (v) from point P
towards an infinite line charge from a
distance 'a'. Its speed reduces to zero
momentarily at point Q which is at a
distance a/2 from the line charge. If
another particle with mass m and charge
—q 1s projected with the same velocity v
from point P towards the line charge. Its
Nv

V2

speed is found to be at point 'Q'. Find

the value of N.

A thread carrying a charge (uniform) A
per unit length has configuration shown

in figure.

A D

0)
B R/C

Assuming a curvature radius R to be
considerably less than the length of
thread. Find the magnitude of electric
field strength at point O.
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Q.45

Q.46

Q.47

A flat plate with dimensions 4 cm X 6 cm
is set with its plane at 37° to a uniform
electric field E= 6005N/C, as shown

below. What is the flux (in Nm2/C) through
the plate ?

A charge Q is uniformly distributed over
a large plastic plate. The electric field at
a point P close to the centre of the plate is
10 V/m. If the plastic plate is replaced by
a copper plate of the same geometrical
dimensions and carrying the same charge
Q, the electric field (in V/m) at the point P

will become -

Electric charges are distributed in a small
volume. The flux of the electric field through
a spherical surface of radius 10 cm
surrounding the total charge is 25 V-m.
The flux (in V-m) over a concentric sphere

of radius 20 cm will be -
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Q.48

Q.49

Electric flux through a surface of area
100 m2 lying in the xy plane is (in V-m) if

E=1+J2] +/3 k.

Figure shows, in cross section, two solid
distributed
charge throughout their volumes. Each

spheres with  uniformly
has radius R. Point P lies on a line
connecting the centres of the spheres, at
radial distance R/2 from the center of
sphere 1. If the net electric field at point P
is zero and Q1 is 64 uC, what is Q2 (in pC)




EXERCISE - 3

Q.1

Q.2

Q.3

Q.4

If an electron enters into a space between
the plates of a parallel plate capacitor at
an angle o with the plates and leaves at
an angle B to the plates. The ratio of its
kinetic

energy while entering the

capacitor to that while leaving Will be -
A) | S0 B B COSB
@) (sm a ® cos a
2 . 2
©) cos a D) sin o
cos B sin P

Force between two identical charges

placed at a distance of r in vacuum is F.
Now a slab of dielectric constant K = 4 is
inserted between these two charges. The
thickness of the slab is r/2. The force
between the charges will now become -
(A) F/4 (B) F/2

3 4
C)-F D) - F
©) = D) 9
A conducting sphere of radius R is
charged to a potential of V volt. Then the
electric field at a distance r (>R) from the
centre of the sphere would be -

) @ (®) %
Vv R?V
(©) ? D) —

The variation of electric potential with
distance from a fixed point is shown in
figure. What is the value of electric field

at x =2m -
Y|
T 6
4 E
V(Volt) |
0 R
x(m)—>
(A) Zero (B) 6/2 (C)6/1 (D) 6/3

Q.5

Q.6

Q.7

Q.8

Q.9

In a certain region of surface there exists a

uniform electric field of 2 x 103 k V/m. A
rectangular coil of dimensions 10 cm X 20 cm
is placed in x-y plane. The electric flux
through the coil is -
(A) Zero

(C) 40 V-m

(B) 30 V-m
(D) 50 V-m

The electric flux from a cube of edge ¢ is
¢0. What will be its value if edge of cube is

made 2/ and charge enclosed is halved -

A2 B2 ©4 Do

Each of the two point charges are doubled
and their distance is halved. Force of
interaction becomes n times, where n 1s -
(A) 4 B)1 (C)1/16 (D) 16

Two point charges repel each other with a
force of 100 N. One of the charges is
increased by 10% and other is reduced by
10%. The new force of repulsion at the
same distance would be-

(A) 100 N (B) 121N

(C) 99N (D) None of these

A positive point charge q is carried from a
point B to a point A in the electric field of
a point charge +Q at O. If the permittivity
of free space 1s €0, the work done in the process
is given by (where a = 0OA and b =0B) -

qQ
@) 4me [a b]

B) aQ

s
[

()qQ

4re,

;/
| =

1 J
3.2

1 1
D) O‘Q[—Z —2]

dne, \ a
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Q.10

Q.11

Q.12

Q.13

A spherical charged conductor has o
surface charge density. The electric field
on its surface is E. If the radius of the
sphere is doubled keeping the surface
charge density unchanged, what will be
the electric field on the surface of the new

sphere -

E E
CA):I (B)Ef
O E D)2E

Three equal and similar charges are
placed at (—a, 0, 0), (0, 0, 0) and (+a, 0, 0).
What is the nature of equilibrium of the
charge at the origin-

(A) Stable when moved along the Y-axis
(B) Stable when moved along Z-axis

(C) Stable when moved along X-axis

(D) Unstable in all of the above cases

Two conducting spheres each of radius R
carry charge q. They are placed at a
distance r from each other, where r > 2 R.
The neutral point lies at a distance r/2
from either sphere. If the electric field at
the neutral point due to either sphere be
E, then the total electric potential at that
point will be -
A rE/2

(C) RE/2

B)rE
(D) RE

A ring of radius R carries a charge +q. A
test charge —qo is released on its axis at a

distance ﬁ R from its centre. How much

kinetic energy will be acquired by the test

charge when it reaches the centre of the

ring -
1 1
4neg R 4ney 2R
1 a9 1 aq
C D) ——=
© 4me, /3R ®) 4ne, 3R
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Q.14

Q.15

Q.16

Q.17

Two spheres of radii r1 and r2 are at the
same potentials. If their surface densities
of charges be o1 and o2 respectively, then
o1i/o2 -

(A) ra/re
(C) (ri/r2)?

(B) r2/11
(D) (rafr1)?

A proton and an electron are released

infinite distance apart and they attracted

towards each other. Which of the following

statement about their kinetic energy is

true -

(A) Kinetic energy of electron is more
than that of proton

(B) Kinetic energy of electron is less than
that of proton

(C) Kinetic energy of electron = Kkinetic
energy of proton

(D) None of the above is true as it
depending on the distance between
the particles

The electric field strength due to a ring of
radius R at a distance x from its centre on
the axis of ring carrying charge Q is given
by

E= 1 Qx

h dmey (R2 +x2)%2

At what distance from the centre will the
electric field be maximum -

@A) x=R (B) x =R/2
(C) x =R/2 M)x=+v2R

Two conducting spheres of radii r1 and rs
are charged such that they have the same
electric field on their surfaces. The ratio of
the electric potential at their centres is -

A) ry /1y

(B) ri/r2

(C) r12/re2

(D) None of the above



Q.18 Five equal and similar charges are placed
at the corners of a regular hexagon as
shown in the figure. What is the electric
field and potential at the centre of the
hexagon -

q
l

5 a

5
@ ——4, :
dney £ 4meg ¢

1 5
(B) 4 -
dney £ 4meg ¢

©-L 4 5 4

4meg £_2’41t80 !

D) 1 q 1 q

4ney 0 4me, (2

Q.19 A half ring of radius R has a charge of A
per unit length. The potential at the

centre of the half ring is (k — J

4n e,

A) k% B) kniR ©) k% D) ki

Q.20 A charge +Q at A (See figure) produces
electric field E and electric potential V at
D. If we now put charges —2Q and +Q at
B and C respectively, then the electric
field and potential at D will be —

a C
60°
a \\\\ a
60°  120°)%
A a B
(A)Eand 0
(B) 0 and V

(C) ¥2 E and %

D) 2= and L

V2o W2

Q.21

Q.22

Q.23

Q.24

Q.25

A and B are two points on the axis and
the perpendicular bisector respectively of
an electric dipole. A and B are far away
from the dipole and at equal distances

from it. The fields at A and B are E, and

E are respectively such that -

A) E, =By (B) B, =2E;g

- - — 1 -

(C) EA=_2EB (D) EA=§EB

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

(A) M/ g0 B) V2 Al /e
(C) 6102/ & D) 3 M/ e

If a positive charge is shifted from a low-
potential region to a high-potential
region, the electric potential energy -

(A) increases

(B) decreases

(C) remains the same

(D) May increase or decrease

A particle of mass 0.002 kg and a charge
1uC is held at rest on a frictionless
horizontal surface at a distance of 1m
from a fixed charge of 1mC. If the particle
is released, it will be repelled. The speed
of the particle when it is at a distance of
10m from the fixed charge is -

(A) 60 ms! (B) 75 ms!

(C) 90 ms! (D) 100 ms!

A charge Q is placed at each of two
opposite corners of a square. A charge q is
placed at each of the two opposite corners
of the square. If the resultant electric
field on Q is zero, then -

ANQ=-_—L B) Q = -24/2
A) Q ) (B) Q=-2v2 q
€)Q=-2q (D) Q=2v2 q
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Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Electric potential is given by :

V = 6x — 8xy2 — 8y + 6yz — 4z2
Electric field at the origin is -
(A) - 61+8]) (B) 6i-8]

© i +j (D) Zero

A hollow conducting sphere of radius R
The
electric potential within the sphere at a

has charge (+Q) on its surface.
Q.32

. R .
distance r = E from the centre is -

(A) Zero ® L Q
4ney r

1 Q 1 Q

(C) 47'(80§ (D) 47‘5801‘_2

The electric field outside a charged long
. L 5000 1

straight wire is given by E = R— Vm™.

It is radially inward. The value of VB —Va is -

[Given rB = 60 cm and ra = 30 cm]

(A) 5000 loge2 volt  (B)OV

© 2V (D) 2500 V

A proton 1is projected with velocity

7.45 X 105 m/s towards an another proton

which is at rest from very large distance.

The minimum distance of approach is-

(A) 102 m (B) 1014 m

(C) 10-10m (D) 10-8m

Two equal positive charges are kept at
points A and B. The electric potential at
the points between A and B (excluding
these points) is studied while moving
from A to B. The potential-

(A) Continuously increases

(B) Continuously decreases

(C) Increases then decreases

(D) Decreases then increases
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An electron moves with velocity v in
x-direction. An electric field acts on it in
y-direction. The force on the electron acts
in -

(A) +ve direction of Y-axis

(B) —ve direction of Y-axis

(C) +ve direction of Z-axis

(D) —ve direction of Z-axis

Two identical simple pendulums A and B,

are suspended from the same point. The

bobs are given positive charges, with A

having more charge than B. They diverge

and reach equilibrium, with A and B

making angles 01 and 62 with the vertical

respectively. Which of the following is

correct -

(A) 61> 02

(B) 61 <02

(C) 61 =02

(D) The tension in A is greater than that
in B



EXERCISE - 4
Old Examination Questions [AIEEE/JEE Main]

Q.1

Q.2

Q.3

Q.4

When two charges are placed at distance
a apart. Find the magnitude of third
charge which is placed at mid point the
line joining the charge, so that system is
in equilibrium - [ATEEE-2002]

Q _Q
@ -7 ® -2
© —% D)-Q

On moving a charge of 20 coulombs by

2 cm, along electric field 2J of work is

done, then the potential difference between
[AIEEE-2002]

B8V

D)os5V

the points is -
A)0.1V
©) 2V

A charged particle q is placed at the centre
O of cube of length L. (ABCDEFGH).
Another same charge q is placed at a
distance L from O. Then the electric flux

through BCFG is - [AIEEE-2002]
E F
? o el .,
H 4 g ¢
A B
le L »l
(A) L (B) zero
47180
q
C D
© 27‘C € ©) 3mey L

Three charges —q1, +q2 and —qs are placed

as shown in figure. The x-component of

the force on —qu is proportional to -
[ATEEE-2003]

>

Q.5

Q.6

Q.7

@ L2 4 B ging
a?

(B) qz + q3 cos 0
a?

(C) — — sin 0
a?

q3 cos 0

qd2
@) 225
If the electric flux entering and leaving

an enclosed surface respectively is ¢1 and
02, the electric charge inside the surface

will be - [ATEEE-2003]
(A) (¢1 +d2)/e0 (B) (¢2 —d1)/e0
(C) (61 + do)eo (D) ($p2— d1)eo

A thin spherical conducting shell of
radius R has a charge q. 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 - [AIEEE-2003]

@W-_2Q 2 g 20 , a
4negR - 4meyR 4negR - 4mggR
+ 2 2

©) (q+Q) 2 D) Q
4ne, R 4negR

Two spherical conductors B and C having
equal radii and carrying equal charges on
them repel each other with a force F
when kept apart at some distance. A
third spherical conductor having same
radius as that of B but uncharged is
brought in contact with B, then brought
in contact with C and finally removed
away from both. The new force of
repulsion between B and C is -
[ATEEE-2004]
(B) 3F/4
(D) 3F/8

(A) F/4
(C) F/8
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Q.8

Q.9

Q.10

Q.11

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

be - [ATEEE-2004]
A)r B)2r
(©) r/2 D) r/4

Four charges equal to — Q are placed at
the four corners of a square and a charge
q is at its centre. If the system is in
equilibrium the value of q is —
[ATEEE-2004]

W-2a+2y2) ® Fa+22)

©-2a+2/2) @ Fa+z2)

A charged oil drop is suspended in a
uniform field of 3 X 104 v/m so that it
neither falls nor rises. The charge on the
drop will be (Take the mass of the charge
=9.9x 1015 kg and g = 10 m/s?) -
[ATEEE-2004]
(B) 3.2x1018C
(D) 4.8 x 1018 C

(A) 3.3x1018C
(C) 1.6 x1018C

A charged ball B hangs from a silk thread
S which makes an angle 6 with a large
charged conducting sheet P, as shown in
the figure. The surface charge density o
of the sheet is proportional to -
[ATEEE-2005]

+
+
Py

+10

+ S

+

+

+ B
(A) cos © (B) cot 6
(C) sin © (D) tan 6
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Q.12

Q.13

Q.14

Q.15

Two point charges +8q and —-2q are
located at x = 0 and x = L respectively.
The location of a point on the x axis at
which the net electric field due to these
two point charges is zero is-
[ATEEE-2005]
(B) L/4
D)4L

A) 2 L
(C) 8 L

Two thin wire rings each having a radius
R are placed at a distance d apart with
their axes coinciding. The charges on the
two rings are +q and —q. The potential
difference between the centres of the two
rings is - [AIEEE-2005]
(A) QR/4meod?

.
ey | R JR2 £ g2

(C) zero
Rl
4n €y R R2 +d2

An electric dipole is placed at an angle of

30° to a non-uniform electric field. The

dipole will experience - [AIEEE 2006]

(A) a torque as well as a translational
force

(B) a torque only

(C) a translational force only in the
direction of the field

(D) a translational force only in a

direction normal to the direction of

the field

Two insulating plates are both uniformly
charged in such a way that the potential
difference between them is Vo — V1 =20 V.
(i.e. plate 2 is at a higher potential). The
plates are separated by d = 0.1 m and can
be treated as infinitely large. An electron
is released from rest on the inner surface
of plate 1. What 1is its speed when it hits
plate 27 (e = 1.6 X 1019 C,

me = 9.11 X 10-31 kg) - [AIEEE 2006]



Q.16

Q.17

Q.18

0.1 m Y

A
A

1 2

(A) 1.87 x 106 m/s
(B) 32 x 1019 m/s
(C) 2.65 x 106 m/s
(D) 7.02 x 102 m/s

Two spherical conductors A and B of radii
1 mm and 2 mm are separated by a
distance of 5 cm and are uniformly
charged. If the sphere are connected by a
conducting wire then in equilibrium
condition, the ratio of the magnitude of
the electric fields at the surfaces of
[ATEEE-2006]
B)1:4
D)1:2

spheres A and B is —
A2:1
©C)4:1

An electric charge 10-3 uC is placed at the
origin (0, 0) of X - Y co-ordinate system.
Two points A and B are situated at
(ﬁ A2 ) and (2, 0) respectively. The
potential difference between the points A
and B will be — [AIEEE-2007]
(A) 9 volt (B) zero

(C) 2 volt (D) 4.5 volt

Charges are placed on the vertices of a
square as shown. Let E be the electric
field and V the potential at the centre. If
the charges on A and B are interchanged
with those on D and C respectively, then
[ATIEEE - 2007]

q q

Q.19

Q.20

Q.21

(A) E remains unchanged, V changes
(B) Both E and V change
© E and V remain unchanged

D) E changes, V remains unchanged

The potential at a point x (measured
in pm) due to some changes situated on
the x-axis is given by V (x) = 20 /(x2 — 4)
volts. The electric field E at x = 4 um is
given by [AIEEE 2007]
(A) 5/3 Volt/um and in the —ve x direction
(B) 5/3 Volt/um and in the +ve x direction
(C) 10/9 Volt/um and in the —-ve x
direction
(D) 10/9 Volt/um and in the +ve x
direction

If g and gm are the accelerations due to
gravity on the surfaces of the earth and
the moon respectively and if Millikan’s oil
drop experiment could be performed on
the two surfaces, one will find the ratio
(electronic charge on the moon/electronic
charge on the earth) to be -

[AIEEE 2007]
A1 B) o
(C) gr/gm (D) gm/gk

A thin spherical shell of radius R has
charge Q spread uniformly over its
surface. Which of the following graphs
most closely represents the electric field
E (r) produced by the shell in the range
0 <r <o, where r is the distance from the
centre of the shell? [AIEEE 2008]

E(I‘) E(r)
@) \ ®)
ol Rr ! ol R :
E(r) E(r)
(© D) K
of & ! ol R !
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Q.22

Q.23

This question contains Statement-1 and
Statement-2. Of the four choices given
after the statements, choose the one that
best describes the two statements.
Statement-1 :

For a mass M kept at the centre of a cube
of side ‘a’, the flux of gravitational field
passing through its sides is 4 tGM.

and

Statement-2 :

If the direction of a field due to a point
source 1s radial and its dependence on the

. .. 1
distance ‘v’ from the source is given as—,
2

its flux through a closed surface depends

only on the strength of the source

enclosed by the surface and not on the

size or shape of the surface.

[ATEEE-2008]

(A) Statement-1 is true, Statement-2 is
true; Statement-2 1s a correct
explanation for Statement-1

(B) Statement-1 is true. Statement-2 is
true; Statement-2 is not a correct
explanation for Statement-1

(C) Statement-1 is true, Statement-2 is
false.

(D) Statement-1 is false, Statement-2 is
true.

Statement-1 : For a charged particle

moving from point P to point Q, the net

work done by an electrostatic field on the

particle is independent of the path

connecting point P to point Q.

Statement-2 : The net work done by a

conservative force on an object moving

along a closed loop is zero. [AIEEE-2009]

(A) Statement-1 is true, Statement-2 is
true; Statement-2 1s a correct
explanation for Statement-1

(B) Statement-1 is true. Statement-2 is
true; Statement-2 is not a correct
explanation for Statement-1

(C) Statement-1 is true, Statement-2 is
false.

(D) Statement-1 is false, Statement-2 is
true.

46 | Electrostatics

Q.24

Q.25

Q.26

Q.27

Let p(r) = 3 T be the volume charge
T

density distribution for a solid sphere of
radius R and total charge Q. For point 'p'
inside the sphere at distance ri from the
centre of the sphere, the magnitude of

electric field is — [AIEEE-2009]

)0 ® —
4n g 1f
Q! Q!
C) ——— D) ———
© 4n e, R* ()3neoR4

Two points P and Q are maintained at
of 10 V and -4V,
respectively. The work done in moving
100 electrons from P to Q is —
[ATEEE-2009]
(B) 9.60 x 1017 J
(D) 2.24 x 1016 J

the potentials

(A) —9.60 x 1017 J
(C) —2.24 x 10-16 J

A charge Q 1is placed at each of the
opposite corners of a square. A charge q is
placed at each of the other two corners. If
the net electrical force on Q is zero, then

Q/q equals — [ATEEE-2009]
(A) — 242 B)-1
©1 D) - =

V2

A thin semi-circular ring of radius r has a

positive charge q distributed uniformly

N
over it. The net field E at the centre O

is — [AIEEE-2010]
j
5 >i
q = q =
A) —— B) ——7
2ng 1> 4ntg

q g q :

©) ——5——=1] D) -———=1
4n280r2 2n280r2



Q.28

Q.29

Q.30

Q.31

Let there be a spherically symmetric
charge distribution with charge density

varying as p(r) =p0[%—%] upto r = R,

and p(r) = 0 for r > R, where r is the
distance from the origin. The electric field
at a distance r (r < R) from the origin is
given by - [ATEEE-2010]

A) ﬂ[é_ij (B) M[E_i
3e\4 R 3gp \3 R

Por(5 T 4por(5 T
et TR

Two 1identical charged spheres are
suspended by strings of equal lengths.
The strings make an angle of 30° with
each other. When suspended in a liquid of
density 0.8 g cm-3, the angle remains the
same. If density of the material of the
sphere 1s 1.6 g cm=3, the dielectric

constant of the liquid is - [ATIEEE-2010]

A1 (B) 4 ©) 3 D) 2
The electrostatic potential inside a
charged spherical ball is given by

¢ = a r2 + b where r is the distance from

the centre; a, b are constants. Then the

charge density inside the ball is :
[ATEEE-2011]

(B) — 6 acgor

(D) — 6 ago

(A) — 247 agor
(C) — 241 ago

Two identical charged spheres suspended
from a common point by two massless
strings of length [ are initially a distance
d(d<<l) apart because of their mutual
repulsion. The charge begins to leak from
both the spheres at a constant rate. As a
result the charges approach each other
with a velocity v. Then as a function of
distance x between them, [AIEEE-2011]

(A) v oc x-12 (B) v oc x1

(C) v oc x12 D) vcx

Q.32

Q.33

Q.34

Two positive charges of magnitude 'q' are
placed at the ends of a side (side 1) of a
square of side '2a'. Two negative charges
of the same magnitude are kept at the
other corners. Starting from rest, if a
charges Q moves from the middle of side
1 to the centre of square, its kinetic
energy at the centre of square is -
[AIEEE-2011]
(A) zero
® - 299 |y, ]
dne, a JE

(C) 1 24Q 1- 2

dng, a J5

(D) 1 24Q 1_L

dne, a J5

In a uniformly charged sphere of total
charge Q and radius R, the electric field E
is plotted as a function of distance from
the centre. The graph which would
correspond to the above will be-

[AIEEE-2012]

E 4 E ¢
f f
(A) B)
—R = &'R .
E 4 E 4

©)

R r— R r—

This question has Statement-1 and
Statement-2. Of the four choices given
after the Statements, choose the one that
best describes the two Statements. An
insulating solid sphere of radius R has a
uniformly positive charge density p. As a
result of this uniform charge distribution
there is a finite value of electric potential
at the centre of the sphere, at the surface
of the sphere and also at a point out side
the sphere. The electric potential at
infinity is zero. [ATEEE-2012]
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Q.35

Q.36

Statement 1 : When a charge 'q' is taken
from the centre to the surface of the sphere,

ap
= ’

its potential energy changes by

Statement 2 : The electric field at a
distance r (r < R) from the centre of the

pr
€o

sphere is

(A) Statement 1 is true, Statement 2 is
false

(B) Statement 1 is false, Statement 2 is
true.

(C) Statement 1 is true, Statement 2 is
true, Statement 2 1is the correct
explanation for Statement 1

(D) Statement 1 is true, Statement 2 is
true, Statement 2 is not the correct

explanation of Statement 1

Three positive charges of equal value q
are placed at vertices of an equilateral
triangle. The resulting lines of force
should be sketched as in

[AIEEE Online-2012]

The electric potential V(x)
around the origin is given by V(x) = 4x2

in a region

volts. The electric charge enclosed in a
cube of 1 m side with its centre at the
origin is (in colomb) :
[AIEEE Online-2012]
B)0
(D) —4eo

(A) 8eo
(C) —8<o
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Q.37

Q.38

Q.39

The flat base of a hemisphere of radius a
with no charge inside it lies in a

horizontal plane. A uniform electric

field E is applied at an angle % with the

electric flux
curved surface of the
[ATEEE Online-2012]

verticals direction. The
through the
hemisphere is :

=

2 2
A na“‘k B na“‘k
@ ®
© = *;jgazE (D) na’E

A charge of total amount Q is distributed
over two concentric hollow spheres of
radii r and R(R > r) such that the surface
charge densities on the two spheres are
equal. The electric potential at the
common centre is :

[ATEEE Online-2012]

1 [R-1Q 1 R+rQ
A B
@) dne, 2(R? +1?) dne, (R? +1?2)
1 R+1)Q Dy L R- r)Q

(©)

4mey 2R? +1?) 4me; (R? +1?)

A charge Q is uniformly distributed over
a long rod AB of length L as shown in the
figure. The electric potential at the point

O lying at a distance L from the end A
is — [JEE Main-2013]

0 Azzzzzzzz48
< T > < T >

Q Qln2
4n ey LIn2 4ney L

o o) 2
8mey L 4ney L

(A) B)

©)




Q.40

Q.41

Q.42

Q.43

Q.44

Two charges, each equal to q, are kept at
X =—a and x = a on the x-axis. A particle

of mass m and charge qo = % is placed at

the origin. If charge qo is given a small
displacement (y << a) along the y-axis,
the net force acting on the particle is
proportional to - [JEE Main-2013]

wi ®-1 oy o-y
y y

A uniform electric field E exists between
the plates of a charged condenser. A
charged particle enters the space between
the plates and perpendicular to E. The
path of the particle between the plates is a -

[JEE Main Online-2013]

(B) hyperbola
(D) circle

(A) straight line
(C) parabola

Two point dipoles of dipole moment p,
and p, are at a distance x from each
other and p, | |p,. The force between
the dipoles is- [JEE Main Online-2013]

1 4 1 3
(A) p14p2 (B) p1§)2
4ne, x dne, x
1 6 1 6
(C) p12p2 (D) p14p2
4re, dne, x

Two balls of same mass and carrying
equal charge are hung from a fixed
support of length /¢. At electrostatic
equilibrium, assuming that angles made
by each thread is small, the separation x

between the balls is proportional
to: [JEE Main Online-2013]
(A) ¢ (B) ¢2 (C) 23 (D) (3

A point charge of magnitude + 1uC is
fixed at (0, 0, 0). An isolated uncharged
spherical conductor, i1s fixed with its
centre at (4cm, 0, 0). The potential and
the induced electric field at the centre of
the sphere is- [JEE Main Online-2013]
(A) 1.8 x 105 V and —5.625 X 106 V/m

(B) 0 Vand OV/m

(C) 2.25 x 105V and —5.625 X 106 V/m

(D) 2.25 x 105V and 0V/m

Q.45

Q.46

Q.47

Q.48

Two small equal point charges of
magnitude q are suspended from a
common point on the ceiling by insulating
massless strings of equal lengths. They
come to equilibrium with each string
making angle 0 from the vertical. If the
mass of each charge is m, then the
electrostatic potential at the centre of line

joining them will be ( L k).
TE,

[JEE Main Online-2013]

(A) kmg tan 0 (B) ykmgtan6
(©) 4 Jkmg/tan® (D) 4 kmgtan6

Consider a finite insulated, uncharged
conductor placed near a finite positively
charged conductor. The uncharged body
must have a potential —
[JEE Main Online-2013]
(A) less than the charged conductor and
more than at infinity
(B) more than the charged conductor and
les than at infinity
(C) more than the charged conductor and
more than at infinity
(D) less than the charged conductor and
less than at infinity

A liquid drop having 6 excess electrons is
kept stationary under a uniform electric
field of 25.5 kV m-!. the density of liquid is
1.26 X 103 kg m=3. The radius of the drop
is (neglect buoyancy) —

[JEE Main Online-2013]
(B) 7.8 x 10" m
(D) 3.4%x10"m

(A) 4.3 x 10" m
(C) 0.078 X 10" m

This question has statement-1 and
statement-2. of the four choices given
after the statements, choose the one that
best describes the two statements.
Statement-1 : No work is required to be
done to move a test charge between any
two points on an equipotential surface.
Statement-2 : Electric lines of force at
the equipotential surfaces are mutually
perpendicular to each other

[JEE Main Online-2013]
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Q.49

Q.50

Q.51

Q.52

(A) Statement-1 is true, Statement 2 is
true, Statement-2 is the correct
explanation of Statement-1

(B) Statement-1 is true, Statement 2 is
true, Statement-2 is not correct
explanation of Statement-1

(C) Statement-1 is true, Statement-2 is
false

(D) Statement-1 is false, Statement-2 is
true

The surface charge density of a thin
charged disc of radius R is 6. The value of
the electric field at the centre of the disc

(¢}

is . With respect to the field at the

<o

centre, the electric field along the axis at

a distance R from the centre of the disc.
[JEE Main Online-2013]

(A) reduces by 70.7%

(B) reduces by 29.3%

(C) reduces by 9.7 %

(D) reduces by 14.6%

Assume that an electric field E=30x%
exists in space. Then the potential
difference Va — Vo, where Vo is the
potential at the original and Va the
potential at x =2 m is -

[JEE Main-2014]
(A)-120V(B)-80V (C)80V (D)120V

The magnitude of the average electric
field normally present in the atmosphere
just above the surface of the Earth is
about 150 N/C, directed inward towards
the centre of Earth. This gives the total
net surface charge carried by the Earth to

be : [JEE Main Online-2014]
[Given & = 8 .85x 1012 C¥N-m2
RE = 6.37x106 m]

(A) + 670 kC (B) 670 kC

(C) —680 kC (D) + 680 kC

A cone of base radius R and height h is

5
located in a uniform electric field E
parallel to its base. The electric flux
entering the cone is :

[JEE Main Online-2014]
A) %EhR (B)EhR
(C)2EhR D) 4EhR
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Q.53

Q.54

Q.55

A spherically symmetric charge distribution
is characterized by a charge density having
the following variation :

p(r) = po[l—%] forr <R

p(r)=0 forr>R

Where r is the distance from the centre of
the charge distribution and po is a constant.
The electric field at an internal point (r <R)
is: [JEE Main Online-2014]

2 2
o | T ol T
@ Lo 2o @) B Lo
4e,13 4R €, (3 4R
2 2
o |T T o |T T
© Lo - D) P Do
3e,(3 4R 12€,13 4R
The electric field in a region of space is
given by, E=E_i+2E, j where Eo= 100 N/C.
The flux of this field through a circular
surface of radius 0.02 m parallel to the
Y-Z plane is nearly:
[JEE Main Online-2014]

(A) 0.125 Nm2/C (B) 0.02 Nm?/C
(C) 0.005 Nm¥C (D) 3.14 Nm2?/C

A long cylindrical shell carries positive
surface charge o in the upper half and
negative surface charge —c in the lower
half. The electric field lines around the
cylinder will look like figure given in -

(Figure are schematic and not drawn to
scale)

[JEE Main -2015]




Q.56

Q.57

Q.58

Q.59

A uniformly charged solid sphere of

radius R has potential Vo (measured with

respect to ) on its surface. For this

sphere the equipotential surfaces with

potentials Al , 5V , Vo
2 4

radius Ri, Re, Rs and Rs respectively.

Then - [JEE Main -2015]

(A) Ri=0and R2> (R4 —Ry3)

(B) R1# 0 and (Rz — R1) > (R« — Ra)

(C) Ri=0 and Rz < (R4 — Rs)

(D) 2R < R4

and % have

A wire, of length L(= 20 cm), is bent into
a semi-circular arc. If the two equal
halves, of the arc, were each to be
uniformly charged with charges + Q,
[1Q] = 103 g0 Coulomb where g is the
permittivity (in SI units) of free space]
the net electric field at the centre O of the
semi-circular arc would be :

[JEE Main Online-2015]

0 X
(A) (25 x 103 N/C) i
(C) (25 x 103 N/C) ]

(B) (50 x 10% N/C) ]
D) (50 x 103 N/C)i

An electric field }_T: = (25i + 305)NC’1 exists

in a region of space. If the potential at the

origin is taken to be zero then the

potential at x =2 m,y =2 mis:

[JEE Main Online-2015]
B)-120V
D)-110V

(A)-140V
(C)-130V

A thin disc of radius b = 2a has a
concentric hole of radius 'a' in it (see
figure). It carries uniform surface charge
's' on it. If the electric field on its axis at
height 'h' (h << a) from its centre is given
as 'Ch' then value of 'C' is :

[JEE Main Online-2015]

Q.60

Q.61

0
/////////////////////

(o} (¢ (o} (o}
@) 4ag b 8ag © 2ag ®) g

Shown in the figure are two point charges
+Q and —Q inside the cavity of a spherical
shell. The charges are kept near the
surface of the cavity on opposite sides of
the centre of the shell. If o1 is the surface
charge on the inner surface and Q: net
charge on it and o2 the surface charge on
the outer surface and Q2 net charge on it
then : [JEE Main Online-2015]

A)oc1#20,Q#0;02#0,Q220

B)o120,Q:1=0;062=0,Q2=0
C)01=0,Q1=0; 62=0,Q2=0
D)6120,Q1=0;02#0,Q2=0

The region between two concentric spheres
of radii 'a' and 'b', respectively (see figure),

. A
has volume charge density p= — , where A
r

is a constant and r is the distance from
the centre. At the centre of the spheres is
a point charge Q. The value of A such
that the electric field in the region
between the spheres will be constant, is

[JEE-Main 2016]
(&

Q Q
A B —~
® 2na’ ®) 2n(b? —a?)
2Q 2Q
c) ——= D) =
© n(a? -b?) ©) na’
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Q.62

Q.63

Q.64

The potential (in volts) of a charge

distribution is given by

V(z) =30—-5z2for |z| <1m

V(z) =35—-10 |z]| for |z| 21 m

V(z) does not depend on x and y. If this

potential 1s generated by a constant

charge per unit volume po (in units of €o)

which is spread over a certain region,

then choose the correct statement.

[JEE-Main Online - 2016]

(A) po =10 eo for |z| <1 m and po =0
elsewhere

(B) po=20 eoin the entire region

(C) po=40eo in the entire region

D) po=20 eo for |z] <1 mand po=0
elsewhere

Within a spherical charge distribution of
charge density p(r), N equipotential
surfaces of potential Vo, Vo + AV, Vo + 2AV,
...... Vo + NAV (AV > 0), are drawn and
have increasing radii ro, ri, rs, ....... N,
respectively. If the difference in the radii
of the surfaces is constant for all values of
Vo and AV then :

[JEE-Main Online - 2016]

1
A o —
@ p0) o =
(B) p(x) o« v
(©) p(r) o« =

r

(D) p(r) = constant

An electric dipole has fixed dipole

moment p, which makes angle 6 with
respect to x-axis. When subjected to an
electric field El = Ei, it experience a
torque T,= k . When subjected to another
electric field E, =43 E13 it experiences
a torque T,=—T,. The angle  is.
[JEE-Main 2017]

(B) 45°
(D) 90°

(A) 30°
(C) 60°
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Q.65

Q.66

Q.67

There is a uniform electrostatic field in a
region. The potential at various points on
a small sphere centred at P, in the region,
is found to vary between in limits 589.0 V
to 589.8 V. What is the potential at a
point on the sphere whose radius vector
makes an angle of 60° with the direction
of the field ? [JEE-Main Online - 2017]
(A) 589.4V (B) 589.5V

(C) 589.2V (D) 589.6 V

Four closed surfaces and corresponding
charge distributions are shown below

Si

S3
Let the respective electric fluxes through
the surfaces be ¢1, ¢2, ¢p3 and ¢ps. Then —
[JEE-Main Online - 2017]
(A) 01> d2> ¢ > ¢u
B) 1< ¢2= ¢ > ¢4
(C) 1> 35 h2> ¢4
(D) ¢1=¢2= ¢3 = s

Three concentric metal shells A, B and C
of respective radii @, b and ¢ (@ < b < ¢)
have surface charge densities + ¢, — ¢ and

+ o respectively. The potential of shell B

is : [JEE Main - 2018]
2 2 2 2
&) i{“ —b +c} (B) i{“ —b +c}
€0 a € b
2 2 2 2
©) i{b —C | @ 2| EC +a}
€ b € c




Q.68

Q.69

Q.70

Q.71

A body of mass M and charge q is
connected to a spring of spring constant
k. It is oscillating along x-direction about
its equilibrium position, taken to be at
x = 0, with an amplitude A. An electric
field E is applied along the x-direction.
Which of the following statements is
correct ? [JEE-Main Online-2018]
(A) The total energy of the system is

lm(o?‘A2 +=

(B) The new equilibrium position is at a
distance : % fromx =0
(C) The new equilibrium position is at a
distance: ak fromx =0
2k
(D) The total energy of the system is
1 _1¢°E?

—mon?A?
2 2 k

A solid ball of radius R has a change
density p given by p = po [1—%] for

0 <r <R. The electric field outside the ball is -
[JEE-Main Online-2018]

3 3
@) 2o} ® o
gor €0
R? R?
(€) 3[30_2 (D) pO_Z
4gor 12¢4r

Two identical conducting spheres, A and
B, carry equal charge. They are separated
by a distance much larger than their
diameter, and the force between them is
F. A third identical conducting sphere, C,
is uncharged. Sphere C is first touched to
A, then to B, and then removed. As a
result, the force between A and B would
be equal to -

[JEE-Main Online-2018]

3F F 3F
@& B35 ©OF D) Y

A system of three charges are placed as
shown in the figure :

+q ](_ AR Q

If D >> d, the potential energy of the
system is best given by : [Main-2019]

Q.72

Q.73

Q.74

2
@a)— |49, 9
dney | d D?

B _%_mﬂ

4n ey | D?
1 | ¢ 2q0d
(© —i+@}
dney | d D
1 | ¢ qQd
D 4 q
( )47'C eo L d 2D2

Four point charges —q, +q, +q and —q are
placed on y-axis aty =—-2d, y =—d, y = +d,
y = +2d, respectively. The magnitude of
the electric field E at a point a the x-axis
at x =D, with D >> d, will behave as :
[Main-2019]

I 1
® Bt ®) Bor—
©) Eoc# D) Eoc#

In free space, a particle A of charge 1uC
is held fixed at a point P. Another particle
B of the same charge and mass 4ug is
kept at a distance of 1 mm from P. If B is
released, then its velocity at a distance of
9 mm from P is -

Take =9x10°Nm2C™?

4 g,

[Main-2019]
(B) 3.0 x 104 m/s
(D) 1.5 X 102 m/s

(A) 1.0 m/s
(C) 2.0 X 10% m/s

Shown in the figure is a shell made of a
conductor. It has inner radius a and outer
radius b, and carries charge Q. At its

centre is a dipole P as shown. In this
case; [Main-2019]

(A) surface charge density on the inner

Q/2)

4ma®

(B) surface charge density on the outer
surface depends on |f)|

surface is uniform and equal to

(C) surface charge density on the inner
surface of the shell is zero everywhere

(D) electric field outside the shell is the
same as that of a point charge at the
centre of the shell
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Q.75

Q.76

Q.77

A small point mass carrying some
positive charge on it, is released from the
edge of a table. There is a uniform electric
field in this region in the horizontal
direction. Which of the following options
then correctly describe the trajectory of
the mass ? (Curves are drawn schematically
and are not to scale) [JEE Main 2020]

% X
@) y'\ ‘4 |

Concentric metallic hollow spheres radii
R and 4R hold charges Q: and Q2
respectively. Given that surface charge

densities of the concentric spheres
are equal, the potential difference
VR)-VU4R) is : [JEE Main 2020]
3 3
16me R 4ngoR
3
(C) & (D) &
4ne R 4ne R

Two infinite planes each with uniform
surface charge density + o are kept in
such a way that the angle between them
is 30°. The electric field in the region
shown between them is given by —

[JEE Main 2020]

+c
l y
+c 30° L) X

c . X
&) E{(Pr\/g)}”rg}

~~~

@)

p—
IL
~

[

+
&
N
<>

|
ILI

D)

2¢,

c \/g . X
1-— |y—=

2¢, 2 2
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Q.78

Q.79

Q.80

A cube of side 'a' has point charges +Q located
at each of its vertices except at the origin
where the charge 1s —Q. The electric field at
the centre of cube is : [JEE Main 2021]

X

+Q HQ

A A A

(A) 3x/_75808 (X+y+2)
-2Q . . .

B —=<

( )3x/§nsoa2

2Q A A
© ———
) Sﬁnsoaz

D —2 3i§+2)

Sﬁnsoaz

An inclined plane making an angle of 30° with
the horizontal is placed in a uniform

horizontal electric field ZOO% as shown in

the figure. A body of mass 1kg and charge
5 mC is allowed to slide down from rest at a
height of 1m. If the coefficient of friction is 0.2,
find the time taken by the body to reach the
bottom. [JEE Main 2021]

7

[g =9.8 m/s2, sin 30° = ; ; COS 30°:7]

E =200N/C

(A)0.92s (B)0.46s (C)2.3s (D)1.3s

The electric field in a region is given
o 4 o .
E= (%Eol +§E03j%. The ratio of flux of

reported field through the rectangular
surface of area 0.2 m?2 (parallel to y — z
plane) to that of the surface of area 0.3 m2
(parallel to x — z plane) is a : b, where
a= . [JEE Main 2021]

[Here i, 3 and k are unit vectors along

X, y and z-axes respectively]



Q.81

Q.82

Q.83

Given below are two statements :
[JEE Main 2021]
Statement I : An electric dipole is placed
at the centre of a hollow sphere. The flux
of electric field through the sphere is zero
but the electric field is not zero anywhere
in the sphere.
Statement II : If R is the radius of a
solid metallic sphere and Q be the total
charge on it. The electric field at any
point on the spherical surface of radius
r (< R) is zero but the electric flux passing
through this closed spherical surface of
radius r is not zero.
In the light of the above statements,
choose the correct answer from the
options given below :
(A) Both Statement I and Statement II
are true
(B) Statement I is true but Statement II
is false
(C) Both Statement I and Statement II
are false
(D) Statement I is false but Statement II
1s true.

The three charges %, q and % are placed
at the corners A, B and C of a square of side

‘@’ as shown in figure. The magnitude of
electric field (E) at the corner D of the

square 18 [JEE Main 2022]
A D
q/2
< a2| ¢

q I 1
D) —4 | - _-
®) 4re,a’ [\5 2)
Two identical positive charges Q each are

fixed at a distance of '2a' apart from each
other. Another point charge qo with mass

Q.84

Q.85

'm' is placed at midpoint between two
fixed charges. For a small displacement
along the line joining the fixed charges,
the charge qo executes SHM. The time
period of oscillation of charge qo will be
[JEE Main 2022]

4 soma aQ
475380mal3
f2n soma 875380mal3
q0Q

A uniform electric field E = (8m/e) V/m is
created between two parallel plates of
length 1 m as shown in figure, (where
m = mass of electron and e = charge of
electron). An electron enters the field
symmetrically between the plates with a
speed of 2 m/s. The angle of the deviation
(0) of the path of the electron as it comes
out of the field will be .

[JEE Main 2022]

< Im

)

(A) tan-1(4) (B) tan—1(2)

L1
(C) tan {3]

A spherically symmetric charge
distribution is considered with charge
density varying as

(D) tan—t (3)

3 r

———| forr<R
p(r) = "0(4 Rj

Zero forr >R

Where, r(r < R) is the distance from
the centre O (as shown in figure). The
electric field at point P will be :

[JEE Main 2022]

P31 Pot(3_ T
® 4e {4 R] ® 3e, (4 Rj

Pl T Polfy L
© 480(1 R] ®) 580{1 R]
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Q.86

Q.87

Q.88

Q.89

Two identical metallic spheres A and B
when placed at certain distance in air
repel each other with a force of F.
Another identical uncharged sphere C is
first placed in contact with A and then in
contact with B and finally placed at
midpoint between spheres A and B. The
force experienced by sphere C will be :
[JEE Main 2022]
OF (D) 2F

The volume charge density of a sphere of

(A) 3F/2  (B) 3F/4

radius 6 m is 2 pC ecm-3. The number of
lines of force per unit surface area coming
out from the surface of the sphere is
x 1010 NC-1. [Given : Permittivity

of vacuum o = 8.85 X 10-12 C2 N-1 — m~2]
[JEE Main 2022]

The electric potential at the centre of two

concentric half rings of radii R: and Re,

having same linear charge density A is:
[JEE Main 2023]

A+
+ + + 4

o o2

0]
A
2¢, € g

@ ®
4e,

A uniform electric field of 10 N/C is
created between two parallel charged
plates (as shown in figure). An electron
enters the field symmetrically between
the plates with a kinetic energy 0.5 eV.
The length of each plate is 10 cm. The
angle (0) of deviation of the path of
electron as it comes out of the field is _____
(in degree). [JEE Main 2023]

FH+rFFrrrrT :’8
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Q.90

Q.91

Q.92

As shown in figure, a cuboid lies in a
region with electric field

E=2x%- 4yj + 612% . The magnitude of

charge within the cuboid is neoC. The
value of n is (if dimension of
cuboid is 1 X 2 X 3 m3). [JEE Main 2023]

z

(0,0,3)

(0,0,0)] 1(0,2,0)

(1,0,0)

X

An electron revolves around an infinite
cylindrical wire having uniform linear
charge density 2 X 108 C m-! in circular
path under the influence of attractive
electrostatic field as shown in the figure.
The velocity of electron with which it is
revolving is X 106 m s-!. Given
mass of electron =9 x 10-3! kg

[JEE Main 2023]

>

Qr+++F++++0

As shown in the figure, a configuration of
two equal point charges (qo = +2p C) is
placed on an inclined plane. Mass of each
point charge is 20 g. Assume that there is
no friction between charge and plane. For
the system of two point charges to be in
equilibrium (at rest) the height h =x x 10-3 m.
The value of x is

(Take

=9x 109N m2C-2 g =10 ms2)

g,

[JEE Main 2023]




Q.93

Q.94

Q.95

Q.96

Two identical charged spheres are
suspended by strings of equal lengths. The
strings make an angle 6 with each other.
When suspended in water the angle
remains the same. If density of the material
of the sphere is 1.5 glcc, the dielectric
constant of water will be
(Take density of water = 1 g/cc)

[JEE Main 2024]

A electron is moving under the influence
of the electric field of a uniformly charged
infinite plane sheet S having surface
charge density +c. The electron at t = 0 is
at a distance of 1 m from S and has a
speed of 1 m/s. The maximum value of ¢
if the electron strikes S at t = 1 s is

a[m So }L the value of a 1s

’
€ mz

[JEE Main 2024]
A particle of charge '-q' and mass 'm'
moves in a circle of radius 'r' around an
infinitely long line charge of linear charge
density '+A'. Then time period will be
given as :
(Consider k as Coulomb's constant)

[JEE Main 2024]

1 m

2
@ T=-L 0 @e= T
2nr '\ 2kiq 2k\q

C©)T=2r |—2 @OT= 1 /%
2k\q 2n ¥ m

C:1 and Cz are two hollow concentric cubes
enclosing charges 2Q and 3Q respectively
as shown in figure. The ratio of electric
flux passing through C: and Cz is :

[JEE Main 2024]

r3

B)5:2
D)3:2

Q.97

Q.98

Q.99

Two charges of 5Q and —2Q are situated
0) and (-ba, 0)
respectively. The electric flux through a

at the points (3a,

sphere of radius ‘4a’ having center at

origin is- [JEE Main 2024]
@ 22 ® 2

€9 €9
© @) 2

€9 €9

An electron is made to enters
symmetrically between two parallel and
equally but oppositely charged metal
plates, each of 10 cm length. The electron
emerges out of the field region with a
horizontal component of velocity 106 m/s.
If the magnitude of the electric field
between the plates is 9.1 V/cm, then the
vertical component of velocity of electron
is (mass of electron = 9.1 X 10-31 kg and
charge of electron = 1.6 X 10-1® C)

[JEE Main 2025]
B)0
(D) 16 X 104 m/s

(A) 1 x10¢m/s
(C) 16 x 10¢ m/s

For a short dipole placed at origin O, the
dipole moment P is along x-axis, as
shown in the figure. If the electric
potential and electric field at A are Vo
and Eo , respectively, then the correct
combination of the electric potential and
electric field, respectively, at point B on

the y-axis is given by [JEE Main 2025]

{\y
-—¢B
2r
P“\ B S
_b rd ;X - x
—t

E,

A) & and — (B) zero and E
2 16 8

E
(C) zero and =% (D) Vo and E
16 4
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Q.100

A point particle of charge Q is located at
P along the axis of an electric dipole 1 at
a distance r as shown in the figure. The
point P is also on the equatorial plane of
a second electric dipole 2 at a distance r.
The dipoles are made of opposite charge q
separated by a distance 2a. For the charge
particle at P not to experience any net
force, which of the following correctly
describes the situation? [JEE Main 2025]

N 4 —’:q _q
! Dipole 1}
-
. ] ]
| i< 0 —>
"_'q v _
! Dipole 2
1 €— 2a—>1
1
@) 220 B) 2 ~10
T T
© 2~05 o 23
T T
Q.101
A G B A Gtq, B
-|—q‘J T +qﬂ i
S R o R
+qn +qu
D y C D } C
+q, H T H+qn
Configuration(1) Configuration(2)

In the first configuration (1) as shown in
the figure, four identical charges (qo) are
kept at the corners A, B, C and D of
square of side length 'a'. In the second
configuration (2), the same charges are
shifted to mid points G, E, H and F, of the

square, If K = , the difference between

g,

the potential energies of configuration (2)
and (1) is given by : [JEE Main 2025]

2 2
@) %(4&—2) ®) %(3—@

2 2
© X422y @ Xpz-2
a a

58 | Electrostatics

Q.102 A square loop of sides a = 1 m is held

normally in front of a point charge
q = 1C. The flux of the electric field
1 Nm?

through the shaded region is zx —
p g C

’

where the value of p is .

[JEE Main 2025]
/
&
2




EXERCISE - 5
Old Examination Questions [IIT JEE Advanced]

Q.1

Q.2

Q.3

Q.4

Two identical thin rings, each of radius R,
are coaxially placed a distance R apart. If
Q1 and Q2 are respectively the charges
uniformly spread on the two rings, the
work done in moving a charge q from the
centre of one ring to that of the other is-

[IIT - 92]
(A) zero

B 9@ -Q)62-1)
4\/§ﬂ80R
o 0/2(Q; +Q,)
4ne R
a(Q; +Qy)(2 +1)
4\/§ﬂ80R

(

D)

The electric potential V at any point x, y, z in

space is given by V = 4x2 volt/ meter2. The

electric field at the point (1m, 0, 2m) is —
[IIT - 92]

(B) 4 V/im

(D) 4/3 V/m

(A) 8 Vim
(C) 16 V/im

Five point charges, each of value + g, are
placed on five vertices of a regular
hexagon of side L. The magnitude of the
force on a point charge of value — q placed
at the centre of the hexagon is - [IIT - 92]

Kq2 Kq2

A B
A) - B) nE
2 2
(©) Rd ) Ka
212 812

Two point charges +q and —q are held

fixed at (—d, 0) and (d, 0) respectively of a

(%, y) coordinate system, then —
[IIT-1995]

(A) The electric field E at all points on
the x-axis has the same direction

e A
(B) E at all points on the Y-axis is along 1
(C) Work has to be done in bringing a

test charge from infinity to the origin
(D) The dipole moment is 2qd directed

along i

Q.5

Q.6

Q.7

Q.8

A metallic solid sphere is placed in a

uniform electric field. The lines of force

follow the path(s) shown in figure as
[IIT-1996]

1 1

2
3
e gy

A1 B 2 ©) 3 (D) 4

AW DN

An electron of mass me, initially at rest,
moves through a certain distance in a
uniform electric field in time t1 A proton
of mass myp, also initially at rest, takes
time t2 to move through an equal distance
in this uniform electric field. Neglecting
the effect of gravity, the ratio to/ ti1 is
nearly equal to — [IIT-1997]
A1 (B) (mp/me)V2

(C) (me / mp)12 (D) 1836

A charge + q is fixed at each of the point
X = X0, X = 3X0, X = 5 X0, .eeee.. oo on the
x-axis , and charges —q is fixed at each of
the point X = 2Xo, X = 4%0, X = 6
X0yeeenens ad inf. Here xo is a positive
constant. Take the electric potential at a
point due to a charge Q at a distance r
from it to be Q / ( 4meor). Then the
potential at the origin due to the above

system of charges is- [IIT-1998]
q
A)O B ————
@) ®) 8negx,In2
(©) o0 (D) 4102
4menx

An ellipsoidal 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 - [IIT-1999]

%
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Q.9

Q.10

Q.11

(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/eo.

Three charges Q, +q and +q are placed at
the vertices of a right angled isosceles
triangle as shown in figure. The net
electrostatics energy of the configuration

is zero if Q 1s equal to - [II'T-2000]
Q
q +q
| |
a
_ ~2q
A) — B —
@) 1+ \/5 2+ x/E
(C) —2q (D) +q

Three positive charges of equal value q
are placed at the vertices of an equilateral
triangle. The resulting lines of force
should be sketched as in — [IIT-2001]

%

i

e

F

A uniform electric field pointing in

D)

(© >

:

positive x-direction exists in a region. Let
A be the origin, B be the point on the x-axis
at x =+ 1 cm and C be the point on the y
axis at y =+ 1 cm. Then the potentials at
the points A, B, and C satisfy. [IIT-2001]
(A) Va<Vs (B) Va>Vs

(C) Va<Ve (D) Va> V¢
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Q.12

Q.13

Q.14

Q.15

Two equal point charges are fixed at
X =—a and x = + a on the x-axis. Another
point charge Q is placed at the origin.
The change in the electrical potential
energy of Q, when it is displaced by a
small distance x along the x-axis, is
approximately proportional to —
[IIT-2002]
(A) x
(C) x3

(B) x2
D)1/x

A point charge ‘@ is placed at a point
inside a hollow conducting sphere which
of the following electric lines of force
pattern is correct ? [IIT-2003]

56
& -4

In the given figure, charges qi and —q:
are inside a Gaussian surface, where as
charge q2 is outside the surface. Electric
field on the Gaussian surface will be
[IIT-2004]

®)
D)

- -
-7 ~

N L]
/ ANN¢P)
. Y
— \
q, |
Y 1
1

~
~o -

(A) only due to qz

(B) zero on the Gaussian surface

(C) uniform on the Gaussian surface
(D) due to all

Six charges of equal magnitude are
placed at six corners of a regular
hexagon. Find arrangement the charges
in order PQRSTU which produce double
electric field at centre as compared to
electric filed produce by single charges +q
atR - [IIT-2004]



Q.16

Q.17

Q.18

U R
T S
(A) +++ ——— B +—+-—+-—
©C)—++-—+-— D) —+++——
Three large charged sheets having

surface charge density as shown in the
figure. The sheets are placed parallel to
XY plane. Then electric field at point P —

[IIT-2005]
g
N
O
Z=3a epP
—2c
/Z=a
— O
Z=0
@A) 29 ®) 9k
=) =)
© ©x ) - 29k
=) =)

Consider a neutral conducting sphere. A

positive point charge is placed outside the

sphere. The net charge on the sphere is

then, [II'T-2007]

(A) negative and distributed uniformly
over the surface of the sphere

(B) negative and appears only at the point
on the sphere closest to the point charge

(C) negative and distributed non-uniformly
over the entire surface of the sphere

(D) zero

Positive and negative point charges of

equal magnitude are kept at [0,0,%] and

[0,0,%}, respectively. The work done

by the electric field when another positive
point charge is moved from (-a, 0, 0) to
(0, a, 0) is- [IIT -2007]
(A) positive

(B) negative

(C) zero

(D) depends on the path connecting the

initial and final positions

Q.19

Q.20

Consider a system of three charges %, %

and _23_q placed at points A, B and C
respectively, as shown in the figure. Take
O to be the centre of the circle of radius R
and angle CAB = 60°.

Figure : [II'T-2008]

Y.

q
87‘(80R2
directed along the negative x-axis
(B) The potential energy of the system is

(A)The electric field at point O is

Zero
(C) The magnitude of the force between
2
the charges at C and B is q—z
54ne R
(D) The potential at point O is 127;01{
STATEMENT-1 [IIT-2008]

For practical purposes the earth is used
as a reference at zero potential in
electrical circuits.

and

STATEMENT-2

The electrical potential of a sphere of
radius R with charge @Q uniformly
distributed on the surface is given by

Q
4negR

(A) Statement-1 is true, Statement-2 is
true; Statement-2 1s a correct
explanation for Statement-1

(B) Statement-1 is true, Statement-2 is
true; Statement -2 is not a correct
explanation for Statement-1

(C) Statement-1 is true, Statement-2 is
false

(D) Statement-1 is false, Statement-2 is
true
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Q.21

Q.22

Q.23

Q.24

Three concentric metallic spherical shells
of radii R, 2R, 3R are given charges Q1,
Q2, Qs respectively. It is found that the
surface charge densities on the outer
surfaces of the shells are equal. Then, the
ratio of the charges given to the shells

Q1:Q2:Qsis - [IIT-2009]
A)1:2:3 B)1:3:5
C)1:4:9 D)1:8:18

A disk of radius a/4 having a uniformly
distributed charge 6C is placed in the x-y
plane with its centre at (—a/2, 0, 0). A rod
of length 'a' carrying a uniformly
distributed charge 8C is placed on the
x-axis from x = a/4 to x = 5a/4. Two point
charges —7C and 3C are placed at
(a/4, —al4, 0) and (-3a/4, 3a/4, O0)
respectively. Consider a cubical surface
formed by six surfaces x = + a/2, y = +a/2,
z = xa/2. The electric flux this cubical
surface is- [II'T-2009]

° y

AN
N

W= ®»E o o

0 0 €9 €9

A solid sphere of radius R has a charge Q
distributed in its volume with a charge
density p = «xra, where k and a are
constants and r is the distance from its
centre. If the electric field at r = % is %
times that at r = R, find the value of a.

[IIT-2009]

A uniformly charged thin spherical shell
of radius R carries uniform surface
charge density of per unit area. It is made
of two hemispherical shells, held together
by pressing them with force F (see
figure). F is proportional to — [IIT-2010]
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Q.25

Q.26

F F
@A) L o?R? ®) LR
€9 €9
1 o2 1 o2
©€) —2- D) —2
€q R g R

Consider and electric field E = E % , where
E, is a constant. The flux through the
shaded area (as shown in the figure) due

to this field is — [IIT-2011]
z
(a’o’a) T (aaaaa)

/ 00,0 (040 °
X

(B) V2Eqa’

2
Ejpa

1z

(A) 2Eoa2

(C) Eoa2 D)

A wooden block performs SHM on a
frictionless surface with frequency, v,.

The block carries a charge + Q on its
surface. If now a uniform electric field

E is switched-on as shown, then SHM of
the block will be — [II'T-2011]

E
_—

+0

(A) of the same frequency and with
shifted mean position

(B) of the same frequency and with the
same mean position

(C) of changed frequency and with shifted
mean position.

(D) of changed frequency and with the
same mean position

ANANANANNNNNNN




Q.27

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

The variation of the magnitude of the

electric field |]::(r)| and the electric

potential V(r) with the distance r from

the centre, is best represented by which

graph ? [IIT-2012]

|E(n)] V()

(A)

Q.28

Q.29

Q.30

Two large vertical and parallel metal
plates having a separation of 1 cm are
connected to a DC voltage source of
potential difference X. A proton is
released at rest midway between the two
plates. It is found to move at 45° to the

vertical just after release. Then X is

nearly. [II'T-2012]
(A)1x105°V B)1x107V
C)1x10°V D)1x10-10V

Let Ex(R) and E2 (r) and Es (r) be the
respective electric fields at a distance r from
a point charge Q, an infinitely long wire with
constant linear charge density A, and an
infinite plane with uniform surface charge
density o. If Ei (ro) = Ez2 (ro) = Es (r0) at a
given distance ro, then

[JEE-Advanced 2014]
(A) Q = donry
A
B = _
®) o 2nc

(C) E1 (ro/ 2) = 2E2 (ro /2)
(D) E2 (ro/2) = 4Es3 (ro0 /2)

Charges Q, 2Q and 4Q are uniformly
distributed in three dielectric solid
spheres 1, 2 and 3 of radii R/2, R and 2R
respectively, as shown in figure. If
magnitudes of the electric fields at point
P at a distance R from the centre of
spheres 1, 2 and 3 are Ei, E2 and Es
respectively, then —

[JEE-Advanced 2014]

P P
o8, =)
R/2
2R

Sphere 1

Sphere 2

A Ei>E2>E3
(B) Es>E1 > Eq
(C) E2>E1>Es
(D) Es> Ez2 > Ex

Sphere 3
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Q.31

An electric dipole is formed by two
charges +q and —q located in xy-plane at
(0,2) mm and (0, —2) mm, respectively, as
shown in the figure. The electric potential
at point P (100, 100) mm due to the dipole
is Vo. The charges +q and —q are then moved
to the points (-1, 2) mm and (1, —2) mm,
respectively. What is the value of electric
potential at P due to the new dipole?
[JEE Advanced 2023]

X P (100,100) mm
///
= /ip'/
+ /
(-1,2) mm 1 (o, 22 mm
\ yd
\\ /'/
0 : @ > x
N
\\
\
—qé o(1,—2) mm
(0,—2) mm
(A) Vo /4 B) Vo /2
(C) Vo /2 (D) 3Vo /4

Q.32

Two beads, each with charge q and mass
m, are on a horizontal, frictionless, non-
conducting, circular hoop of radius R. One
of the beads is glued to the hoop at some
point, while the other one performs small
oscillations about its equilibrium position
along the hoop. The square of the angular
frequency of the small oscillations is
given by [eo is the permittivity of free
[JEE Advanced 2024]
(B) q2/(32me0R3m)
(D) q%/(16me0R3m)

space.]
(A) q2/(4meoR3m)
(C) q2/(8neoR3m)
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Q.33

Two co-axial conducting cylinders of same

length ¢ with radii x/E R and 2R are kept, as
shown in Fig. 1. The charge on the inner
cylinder is Q and the outer cylinder is
grounded. The annular region between the
cylinders is filled with a material of dielectric
constant k = 5. Consider an imaginary plane
of the same length ¢ at a distance R from the
common axis of the cylinders. This plane is
parallel to the axis of the cylinders. The cross-
sectional view of this arrangement is shown in
Fig. 2. Ignoring edge effects, the flux of the
electric field through the plane is (eo is the
permittivity of free space):
[JEE-Advanced-2025]

A

Fig. 1 Fig. 2
Q Q
A B
@ 30¢, ® 15¢,
Q Q
C D
()6060 ( )120e0



ANSWER KEY

EXERCISE - 1

1. (A) 2. (A) 3. (B) 4. (A) 5. (C) 6. (A) 7. D)
8. (A) 9. D) 10. (D) 11. (A) 12. (A) 13. (A) 14. (D)
15. (D) 16. (B) 17. (D) 18. (A) 19. (C) 20. (A) 21. (A)
22. (B) 23. (B) 24. (A) 25. (C) 26. (A) 27. (C) 28. (D)
29. (B) 30. (D) 31. (A) 32. (C) 33. (C) 34. (B) 35. (B)
36. (A) 37. (D) 38. (A) 39. (C) 40. (A) 41. (C) 42. (B)
43. (A) 44. (B) 45. (C) 46. (C) 47. (A) 48. (B) 49. (A)
50. (B) 51. (B) 52. (B) 53. (C) 54. (C) 55. (A) 56. (B)
57. (A) 58. (C) 59. (A) 60. (B) 61. (A) 62. (B) 63. (D)
64. (D) 65. (B) 66. (A) 67. (B) 68. (A) 69. (C) 70. (B)
71. (D) 72. (B) 73. (D) 74. (D) 75. (B) 76. (A) 77. (A)
78. (C) 79. (A) 80. (B) 81. (B) 82. (D) 83. (D) 84. (B)
85. (C) 86. (A) 87. (A) 88. (A) 89. (C) 90. (A) 91. (C)
92. (D) 93. (B) 94. (B) 95. (A) 96. (B) 97. (D) 98. (A)
99. (A) 100. (A) 101. (D) 102. (A) 103. (C) 104. (B) 105. (D)
106. (C) 107. (A) 108. (A) 109. (C) 110. (B) 111. (A) 112. D)
113. (B) 114. (C) 115. (C) 116. (B) 117. (A) 118. (A)
EXERCISE - 2
1. (C) 2. (D) 3. (A) 4. (D) 5. (B) 6. (B) 7. (C)
8. (B) 9. (B) 10. (B) 11. (B) 12. (C) 13. (A) 14. (C)
15. (B) 16. (D) 17. D) 18. (A) 19. D) 20. (B) 21. (A)
22. (A) 23. (C) 24. (B) 25. (D) 26. (B) 27. (A) 28. (B)
29. (A) 30. (C) 31. (A) 32. (A) 33. (A) 34. (C) 35. (D)
36. (B) 37. (C) 38. (B) 39. (D) 40. 7.00 41. 3.00 42.1.34
43. 2.00 44.0.00 45.1.15 46. 10.00 47. 25.00 48.173.20 49. 72.00
EXERCISE - 3
1. (B) 2. (D) 3. (A) 4. (A) 5. (C) 6. (A) 7. D)
8. (C) 9. (B) 10. (C) 11. (C) 12. (B) 13. (B) 14. (B)
15. (A) 16. (C) 17. (B) 18. (C) 19. (D) 20. (A) 21. (C)
22. (D) 23. (A) 24. (C) 25. (B) 26. (A) 27. (C) 28. (A)
29. (A) 30. (D) 31. (B) 32. (C)
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1. (A)
8. (D)

15.
22.
29.
36.
43.
50.
57.
64.
71.
78.
85.
92.
99.

©
(A)
D)
©
D)
B)
(A)
(©
B)
B)
©
300
©

1. (B)
8. (D)

15.
22,
29.
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©)
(A)

©)

2. (A)
9. (B)

16.
23.
30.
317.
44.
51.
58.
65.
72.
79.
86.
93.
100. (D)

(A)
(A)
D)
B)
©
©
D)
(A)
©
D)
B)
3

2. (A)
9. (B)

16.
23.
30.

D)
2
©

EXERCISE - 4

3. (B) 4. (A) 5. (D)

10. (A) 11. (D) 12. (A)
17. (B) 18. (D) 19. (D)
24. (C) 25. (D) 26. (A)
31. (A) 32. (D) 33. (B)
38. (B) 39. (B) 40. (C)
45. (D) 46. (A) 47. (B)
52. (B) 53. (B) 54. (A)
59. (A) 60. (C) 61. (A)
66. (D) 67. (B) 68. (A)
73. (C) 74. (D) 75. (D)
80. 1 81. (B) 82. (A)
87. 45.00 88. (B) 89. 45
94. 8 95. (C) 96. (C)
101. (D) 102. 48.00

EXERCISE - 5

3. (4) 4. (B) 5. (D)
10. (C) 11. (B) 12. (B)
17. (D) 18. (C) 19. (C)
24. (A) 25. (C) 26. (A)
31. (B) 32. (B) 33. (C)

6. (B)

13.
20.
27.
34.
41.
48.
55.
62.
69.
76.
83.
90.
97.

B)
(A)
D)
B)
©
©
(A)
(A)
D)
(A)
(A)
12

D)

6. (B)

13.
20.
27.

©)
(A)
D)

7. D)

14.
21.
28.
35.
42.
49.
56.
63.
70.
71.
84.
91.
98.

(A)
D)
©
(A)
D)
(A)
(C,D)
©
D)
D)
B)

©)

7. (D)

14.
21.
28.

D)
B)
©
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