PHYSICS

(A)

(B)

(©)
(D)

The following questions given below consist of
an "Assertion™ (A) and "Reason" (R) Type
guestions. Use the following Key to choose the
appropriate answer.

If both (A) and (R) are true, and (R) is the
correct explanation of (A).

If both (A) and (R) are true but (R) is not the
correct explanation of (A).

If (A) is true but (R) is false.

If (A) is false but (R) is true.

Q.1

Sol.

Q.2

Sol.

Q.3

Assertion : For a non-uniformly charged thin
circular ring with net charge zero, the electric
field at any point on axis of the ring is zero.
Reason For a non-uniformly charged thin
circular ring with net charge zero, the electric
potential at each point on axis of the ring is zero.
[D]
For a non-uniformly charged thin circular ring
with net zero charge, electric potential at each
point on its axis is zero. Hence electric field at
each point on it’s axis must be perpendiCular to
the axis. Therefore Assertion is false<and. Reason
is true.
Assertion : If the electric field-strength equals
zero at a given point, must the electric potential
be equal to zero for that painty
Reason : Electric field is’gradient of voltage or
electric potential [D]
A : False R: True

.V = constant
V can have any value
i.e. v =0 or constant

Assertion : If a proton and an electron are placed
in same uniform electric field. They experience
different acceleration.

Reason Electric force on test charge is
independent of mass. [B]

Sol.

Q.4

Q5

Q.6

Q7

Both assertion and reason are correct but reason is
not the correct explanation.

_—
o—>FX = qE
+q qE

—_— =

——eq m

_—

F«=qE

_GQE

m
The direction of acceleration are opposite hence
assertion is correct.
Fe - kqqu

r.2

Electric force-depends-on charge and not on mass.
Hence reasan iswalso correct but it is not the
correct explanation of assertion.

ax

Assertion” : Across the surface of a charged
eonductor potential is discontinuous.

Reason : Electrostatic force is a conservative
force.

[O]
Assertion Four electric charges of equal

magnitude are placed at four corners of a square.
Out of these four charges two are positive and two
are negative. Then the electrostatic potential
energy of system of these four charges must be
positive.

Reason : Electrostatic force may be attractive or

repulsive. [D]

Assertion : The change in potential energy of a
two charge system is independent of the choice of
zero potential energy reference.

Reason : Potential energy of a charge may

decreases when it moves opposite to electric field
(B]

Assertion : In any condition when a conducting

sphere is charged then the charge on it must be

distributed uniformly over it surface because it is

a sphere

Reason : The surface of a conducting body is a

equipotential surface [D]
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Q.9

Sol.

Q.10

Q.11

Q.12

Q.13

Q.14

Assertion : When charges are shared between
two bodies, there occurs no loss of charge, but
there does occur a loss of energy.

Reason In case of sharing of charges
conservation of energy fails. [C]

Assertion : A solid sphere and a hollow sphere of
same radius are charged to same potential, then
they will carry the same charge.

Reason : The charge on a sphere having given
potential is independent of the radius. [C]

[C] Capacitance C = % So both solid as well as

hollow sphere have same amount of charge

Assertion : Electrons move away from a region of

lower potential to a region of higher potential

Reason : Since an electron has a negative charge
[A]

Assertion : Insulators do not allow flow of

current through themselves.

Reason : They have no free charge carriers.

[Al

Assertion : If a point charge q is plagéd in, front
of an infinite grounded conducting‘plane, surface,
the point charge will experiencea foree.
Reason : This force is dug“tg the induced charge
on the conducting surface, which is at zero
potential

[A]
Assertion/a A metallic shield in the form of a
hollow( shell, ‘€an be built to block an electric
field:
Reason : In a hollow spherical shell, the electric
field inside is zero at every point.

[A]

Assertion : Work done in moving any charge

through any distance on an equipotential surface

is zero.
Reason : Potential difference between any two
points on an equipotential surface is zero. [A]

Q.15

Sol.

Q.16

Sol.

Assertion : When charged balloon is put against
on insulating wall, it get stick to the wall.

Reason :Wall acquire a net negative charge &
thus attract balloon. [C]
Wall become electrically polarized & attract
balloon.

Assertion : A charged metal plate hasythe same
potential at all points on its surfagé & different
distribution of charge.

Reason : As conductorsshave uniform distribution
of charge, so potential & charge distribution is
same at every, point. [C]

At sharpipeint metal has more charge density at

the edges,& corner charge density will be more.

Statements based Question :17

Q.17

Q.18

This  section contains  Statement-1  and

Statement-2. Of the four choices given here,

choose the one that best describes the two

Statement.

(A) Statement-1 is true, Statement-2 is true;
Statement-2 is 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 The electric field inside a charged
conductor is zero.

and

Statement — 2 The charge resides on the outer

surface in a conductor. [A]

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
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Sol.

Q.19

Sol.

Q.20

Sol.

the path connecting point P to point Q.
[AIEEE-2009]
Statement 2 : The net work done by a
conservative force on an object moving along a
closed loop is zero.
(A) Statement-1 is true, Statement-2 is false
(B) Statement-1 is true, Statement-2 is true;
Statement-2 is the correct explaination of
Statement-1
(C) Statement-1 is true, Statement-2 is true;
Statement-2 is not the correct explaination of
Statement-1
(D) Statement-1 is false, Statement-2 is true.
[B]
Both the statements are the definations of

conservative forces.

Assertion : Charge on body can have value
2 x107%°C.

Reason : Charge is quantized. [D]
q= ne

2x107°

n= ﬂ = —_
e 16x107°

(Not possible)

Do

. Assertion is wrong
& Reason is correct.

Assertion : Twp adjacent conductor carrying the
same positive chargé”have a potential difference
between them.

Reason™ The potential of a conductor depend

upen thexcharge given to it. [C]
Rotential of conductor depends upon size as well
as charge.

<. Reason is false

Thus potential of both conductor of different size
can have potential difference.

.. Assertion is true
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PHYSICS

Q1 Two short dipoles of dipole moment p; = p, =40  (C) (R) 90°< 6 <135°
MCm are oriented in two ways as shown in figure 450
A and B. If distance between dipoles is 2m then N
match the physical quantities given in column-I
with their magnitudes given in column-I1. (D) (S) 135° <4 < 1800
T»y = ty 30° 60°
P P2 P N
—l(_—P——l—H --- p2>
g4—> X g—> X
fig. A fig. B A —>S B >P
Column -1 Column -11 C->R D=Q
Physical quantities Magnitudes (in SI unit)
A) Torque experienced by 51 ) 36 Q.3 A charged particle (charge 1uC, mass 1 kg) is
N fired from a.peint on ground in vertically upward
in Fig. A
diregtion with velocity 20 m/s in a region where
(B) Torque experienced by 51 (Q) 5.4 N o
- an electric field E=(31—j) x 107 N/C also exists
in Fig. B
] R as’ shown. Match different characteristics of its
© Force experienced by p; RO ] ) . ] ] ) .
motion given in column-1 with their magnitudes in
in Fig. A
J S.1. units in column-11. (Take g = 10 m/s?)
(D) Torque experienced by p, (R) 1.8
in Fig. B 20 m/s E=(@-j)x10'N/C
A >R B »S
C->Q DR X
Q.2 Column-I shows graphs (©f\eléetric potential V Column -I Column -1
versus x and y in aicertain” region for four (A) Velocity of particleatits  (P) 10
situations. Column{ll shows the range of angle highest point
Whl_ch the electrig field=vector makes with positive ®) Distance from point of Q) 30
x-direction.
projection where it lands
Column,-1 Column -11 d
V Versus X \\V=versus y Range of angle on groun
© Maximum height reached  (R) 45
(A) (P) 0°<6<45° by particle above ground
| 450 |\@0 (D) Angle in degrees which its  (S) 60
velocity vector makes with
(B) (Q) 45°<6<90° horizontal at t = 3 sec.
135° 5
| A->Q B >S C-oP D->R
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Q4

Q5

Entries in column-1 shows four hollow metal
spheres each with internal radius a and external
radius b. Match each charge distribution in
column-I with the corresponding graph of electric
field versus radial distance r from centre as shown
in column-I11.
Column-1 Column-1I1
_Q E
) (P)
: JI\ r
E \
®) @ | 7
L r
+
Q £ \'
© (R)
LN ;
E
+2Q
—_—
©) © ‘ p
A->Q B >R C »P DS
Column-1 contains™seme physical quantities and
column-ll4contains their corresponding  units.
Matchsthe physical quantities of column-I with
their_possible units in column-I1.
Celumn-1 Column-I1
(A)“Electric flux (P) Coulomb/meter?
(B) Electric dipole  (Q) _Coulomb_
moment volt—meter
(C) Permittivity (R) volt-meter
(D) Surface charge (S) Coulomb-meter
density
A >R B —>S C->0Q Do>P

Q.6

Match the column for electric field given in
column 1l for the uniformly charged bodies in
column I.

Column-1 Column-11
. A
(A) hollow hemisphere at ~ (P) ————
Zﬁr&:ox
its centre
+ +
Q+‘
+ ‘
+
+ E
+
+
o+
(B) solid hemisphere at (Q) Q 5
8neyR
its centre
Q F+MR
e
(C).en the axis of ring (R) 3Q 5
8me (R

Q.7

(D) semi- infinite wire

near its centre

Q+

+ W+
+

H 4 E
+

+

A 3x°
S X—
( )280R2 { ZRZ}

D>P

Two spherical shells shown in figure have
uniformly distributed charge g1 and gz r is distance
from common centre consider the following.

E; = Electric field forr <Ry

E» = Electric field for R1 <r<R;

V1 = Electric potential forr <R,

V, = Electric potential for Ry <r<R;

the match the following columns.

ELECTROSTATICS



Q38

02
qbl
R2
Column-I Column-I1
(A) Ex (P) is constant for g2
and vary for q:
(B) V1 (Q) is zero for g2 and
vary for g1
(©) V2 (R) its constant
(D) Ez (S) is zero
A —>S B >R C-o>P Do>Q

For the situation shown in the figure below. match
the entries of column I with the entries of column
I1. (point charge is placed at a & b)

a & Conducting
sphere
Column-I Column-II

(A) If we displace the (P) distributién of.charge
inside charge on inner Surface of

cenductor is uniform

(B) If we displace the (Q)distribution of charge
out side chargewhile ~ on inner surface of
keepingdinside conductor is non-uniform
chargeatb
(C)dn theysituation (R) distribution of charge
shgwn i.e. charge on the outer surface
areplacedata &b of conductor is uniform
(D) If outside charge (S) distribution of charge
is not present and on the outer surface
inside charge is of conductor is
displaced non-uniform

A—>QS;B—>PS;C—PS;D—QR

Q.9

Ans)
Q.10

(A)

(B)

©

A small conducting spherical shell with inner
radius a and outer radius b is concentric with a
larger conducting spherical shell with inner radius
¢ and outer radius d. as shown in figure. The inner
shell has total charge +2q and the outer shell has
charge —4q. Match the column for the electric field
(magnitude and direction) in term of g and
distance r from the common centre of tweShells,

Column | Column 11
(A)r<a (P) IE[=0
(B) p&r<c @ IEI=
TE ol
(C)c<r<d (R) radially inward
D)=r>d (S) radially outward.

A—->P, B->QS C—->P D->QR

In figure, charges, each + g, are fixed at L and M.
O is the mid-point of distance LM. X and Y axes
are as shown. Consider the situations given in
column-1 and match them with the information in
column-II.

YI
.
+ i +
._q_ _________ S ,g _________ X
L 0 M
Column-I1 Column-11

Let us place a charge + g at (P) Force on the
O, displace it slightly along charge is zero
Z-axis and release. Assume

that it is allowed to move only

along X-axis. At position O,

Place a charge — q at O. (Q)Potential energy
Displace it slightly along X-axis  of the system is
and release. Assume that itis  maximum
allowed to move only along

X-axis. At position O,

Place a charge + g at O. (R)Potential energy

ELECTROSTATICS



Displace it slightly along Y-axis
and release. Assume that it is
allowed to move only along
Y-axis. At position O,

(D) Place a charge —qat O.

of the system is
maximum

(S)The charge is

Displace it slightly along Y-axis in equilibrium
and release. Assume that it is
allowed to move only along
Y-axis. At position O,
Ans. A->PRS;B—->PQS;C
Q.11 Columnl Column 11
(Potential function)  (Electric lines of force)
(A V=2 ®) ~~1—
y
TN
(B)V=x*~-y Q) %z z;
(C)V =x2+y? m)_,//\\\\
©V=xy © l’__/ﬁ

Ans. A->Q,B->R,C->S B3P

Match the force oriset of ‘forces in the left hand
column to a charaeteristic of force or set of forces
in the right-hand column.

Q.12

Column 1 Column 11
(Force) (Characteristic)
(A) Electric (Electrostatic) (P)Proportional to
1t
(distance)?
(B) Gravity (Q)Always attracts
(C) Both Electric and Gravity  (R) Always repels
(D) Neither electric nor (S) Attracts or
gravity repels

Ans. A->PS;B>PQ;C—o P;D—>R

Q.13 Two spherical shells shown in figure have
uniformly distributed charge g1 and @z, r is
distance from common centre consider the
following.

E1 = Electric field forr < Ry
E, = Electric field for R1 <r<R;
V1 = Electric potential for r <R
V, = Electric potential for R1 <r<R»
the match the following columns.
92
1
Rz
Column<l Column-I1
(ANEz (P) is constant for g2
and vary for g
(B) V1 (Q) is zero for g2 and
vary for gx
(C) V2 (R) its constant
(D) E2 (S) is zero

Ans. A->S;BoR;CHoP;D>Q

Q.14

In a certain region of x-y plane potential function
is given & corresponding electric lines of force
given.

Potential function Electric lines of force

(A)V =x% -y (P)

(B)V=xy (Q)‘)\\kf
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(B) V=xy
E:—yi—x]
dy_x
dx vy

y2=x?+c

S
R
// \\ Corresponding curve is shown.

==
2

(C)V=x2+y? (R)

Oyv=> (S)
y

Sol. (A)—>S, (B)—>R, (C) »pP, (D) »>Q
Tangent to electric lines of force will give
direction of electric field.

(C)V=xP+y?
E=-VV
E=—2xi —2y] D) V=2
Tangent to electric line of force will give direction Y
of electric field. ™ X -
LW By y & & vl
Cdx Ex x Y X
dy_x_y
Logy=logx+c dx y vy
%2(3 =>Yy=cX Ydy = xdx
Straight line equation xX+y=¢
Electric lines
\ / of force /\
(A)V =x% - y? _ o
E= o4 2y] Corresponding curve is given.
dy _ 2y
dx “X Q.15 Identical drops of a liquid each having charge g
logy.=—logx +c and radius coalesce:
OF Column-I Column-11
\ (A) Ebig = .. .Esma" (P) n1/3
(B) Vbig = .. .Vsmall (Q) n3
(C) Cbig = .. .Csmall (R) n2/3
(D) Gbig = -..Osmall (S) n71/3

Corresponding curve is drawn as electric lines of Sol. (A) = (P). (B) > (R). (C) = (P), (B) = (P)

force.

ELECTROSTATICS



Q.16

In each situation of column-l, some charge
distributions are given with all details explained.
The electrostatic potential energy and its nature is
given situation in column-11. Then match situation
in column-1 with the corresponding results in
column-1I -

Column-I Column-I1
. . 1 Q2.
(A) Athinshell of radius (P) ————in
8me, a
a and having magnitude

a charge —Q uniformly
distributed over its surface
as shown

@ |

2
(B) A thin shell of radius 22 (Q) —— "
2 20me, a
and having a charge —Q in magnitude
uniformly distributed over
its surface and a point
charge —Q placed at its centre
as shown
: : 24Q5
(C) Asolid sphere of radiusa  (R) ——
Smey @
and having a charge —Q in‘magnitude

uniformly distributed
throughout its volume
as shown

@ \

(D) A solid sphere of radius a
and having a charge —Q
unifopmly distributed
throughout its volume. The
solid sphere is surrounded
by a concentric thin
uniformly charged spherical
shell of radius 20 and carrying
charge —Q as shown

(S) positive in
sign

S -

(T)negative in
sign

Sol.

Q.17

(A

(B)

©

&)

A—>PS;B>QS;C—->Q,S; DS
(A) Electrostatic potential energy
_ 1 (@
dne, 2a 8neya
(B) Electrostatic potential energy
_ 1| (Qx(Q, ((Q* |_3 Q°
4 5a/2 2(5a/2) | 20 mepa
(C) Electrostatic potential energy
__1.3%° 3¢
4mey 5a 20 mepa
(D) Electrostatic potential energy
_113Q° (@), (:Qx(Q
dre, | 5a  2(2a) 2a
_27Q*
80me g2
In figure, chargesy,each +q, are fixed at L and M.
O is the mid peint of distance LM. x and y axes
are as{ shown: Consider the situations given in

ColUmn3l,_and match them with the information
givemin.column-1l -

y
A
[}
[}
:
|
|
I;- ————— R M ----- >X
+q O +q
Column-I Column-I1
Let us place a charge Q at (P) Force on the
O, displace it slightly charge of
along x-axis and release. magnitude Q is
Assume that it is allowed zero

to move only
x-axis. At position O

along

Placeacharge—QatO. It (Q) Charge of
is displaced slightly along magnitude Q
X-axis and release. ie. |Q] is in
Assume that it is allowed stable

to move only on x-axis. equilibrium

At position O

Place a charge +Q at O, (R) Charge of
displace it slightly along magnitude Q
y-axis  and release. ie. |Q] is in
Assume that it is allowed unstable

to move only along equilibrium

y-axis. At position O
Place a charge —Q at O,
displace it slightly along

(S) Kinetic energy
of charge is

y-axis  and release. maximum

Assume that it is allowed

to move only along y-axis.

At position O ©)] Potential
energy of charge is
minimum

ELECTROSTATICS



Sol.

Q.18

A->P QST B—-> P,R
C-> PR D> P, QST
<
FNet; FNet
O X

*q Q +Q Q +q

Q will come back to O

.. Itis in stable equilibrium

kinetic energy of charge Q is maximum at O.
Potential energy of system is minimum

When charge Q isat O

<« —>
FNet FNet

0]
+q Q Q -Q
— Q will not come back to O after displacing from
0.

. Itis in unstable equilibrium Potential energy of

system is maximum at O. Kinetic energy of — Q is

minimum at O.

.,

e
+q

— Q will come back to O
.. — Qs in stable equilibfium
Now we can say /abouty Potential energy and

kinetic energy

A _on eenducting ring has linear charge
density %, Match the following column regarding
this ring. 6 is the angle measured from A

y

Sol.

Column-I
(A) A =20 cb/m

(B) A =2Xocos 6 ch/m

where 0 <0< 2n

(C) A =Mosind cb/m

where 0 <0< 2n

(P)

Q

(R)

(D) A =Xo(1 — cos26) chim (S)

where 0 <B.<2x

A—> QT
C-> PR

(A

(B)

©

(M

Column-11
Electric field at
centre of the ring
is in the direction
to (-])

Electric field-at
center of the hing
is zéro

Electric potential
at.centre of ring is
zero

Electric field

intensity at centre

of the ring is
direction (—f)
Electrostatics
potential at centre
of ring is positive

B— SR

D> QT

ELECTROSTATICS



(D)

+
__\ Enet /

V=0
A =)o X 25sin%0

Q.19

Two spherical shells are as shown in figure.

Suppose r is the distance of a point from theix

common centre. Then,

match the entries™of

column | with the entries of column II.

Column/=i

@

Electric field for

r<R:
(b) Electric potential
forr<R;
(c) Electric potential
forRi<r<R;
Electric field for

(d)

Ri<r<R;

Column - 1l

()

is constant for q

and varying for q:
(q) is zero for g2 and
varying for g;

(r) is constant

(s) iszero

Aa—>s,b>r,c—>p,d—>q
B)a—>rb—>s,c—>qd—p

Ca—-pb—>gcor,d-os

(D)a—>qg,b—>p,cos,d-or [A]
02

Sol.
r<Ri
E=0+0=0
V= & + & = constant
R1 <% <R
g, g

r
X = & + &
r R,

Q.20 A charged sphere is enclosed by a concentric
neutral conducting sphere as shown. The three
region are marked as I, Il and Ill. Region 1| is
inside hollow charged sphere, region Il is outside
charged sphere and inside uncharged (outer)
sphere, while region Il is outside to both. Match
the entries of column | with the entries of
column II. All answers has to be given in steady
state.

S
i n
Column-I Column-II
(A) When S is open, then (P) Electric field
in region Il intensity is zero
(B) When S is open, thenin  (Q) Electric potential
region 111 is zero

(C) When S is closed, then

(R) Electric field

ELECTROSTATICS



in region | intensity is

nonzero
(D) When S is closed, then  (S) Electrical
in region Il potential is non
zero

So., A»>RS;B—> RS;C—>»>PS;D—>P,S

When S is open then in region Il E = k_g

L E#0 r

inregion Il E = k_g

L E#0

.. kg . .
Potential is Tq in both region
V=0
When S is closed then in region all change has gone
from inner sphere to outer sphere.

in region I and Il
E=0
inregionland 1V =0

ELECTROSTATICS



PHYSICS

*Q.1

Q.2

The figure shows the potential variation along
x-axis due to two point charges Q; and Q,
placed on x-axis. Examining this plot we can
deduce

that -

AY

Q v Q

AL

(A) 1Q4> Q]

(B) C is a point of stable equilibrium for
positive charge for displacement along x-
axis

(C) B is stable equilibrium point for positive
charge for displacement along x-axis

(D) work done by electric forces in bringing an
electron from point A to C through..a

circular path is negative [A;B,D]

Two particles of same mass and ‘charge are
thrown simultaneously in the same direction
along the horizontal with.Same velocity v from
two different heights“hy, and h, (h; < hy).

Initially they were located’on the same vertical

line above ground. Choose the wrong

alternative(s) -

(A) Both, theyparticle will always lie on a
vertical line

(B) \Both will take same time to reach ground

(CyrHorizontal displacement of the particle
lying at hy is less and the particle lying at
h, is more than the value which would had

been in the absence of charges on them
(D) Atany moment acceleration of the centre of

mass of two particles will be g downwards

[A,B,D]

Q.3

Sol.

Q.4

Q.5

A simple pendulum of length ¢ has a bob of
mass m, with a charge g on it. A vertical sheet
of charge, with charge o per unit area, passes
through the point of suspension of the
pendulum. At equilibrium, the string makes an
angle © with vertical. Its time. period of
oscillation is T in this position. Then,-

(A) tanp = —4 (B) tang.= 24
2¢, Mg € My

(C)T<2r Jllg (D).T >2n./t/g
[AD]
Toeos6

mg
E=0/2¢

To cos6 = mg
Tosind =qE

tano = 1 (6/2¢p)
mg

As To= y(mg)* +(qE)?

i.e. To>mg

i.e. the effective value of g is increased, hence
time period of oscillation decreases.

Two equal positive charges are fixed at the

points (0, a) and (0, —a) on the y-axis. An

electron is released from rest from point (—2a, 0)

on the

x-axis. The electron will -

(A) execute simple harmonic motion about the
origin

(B) move to the origin and remain at rest

(C) move to infinity

(D) be at a point of highest potential on x-axis at
the moment when the system of the two
fixed charges and electron is having
minimum electric potential energy

18

The figure shows three infinite thin non-
conducting charged plates perpendicular to the
plane of the paper with charge per unit area +o,
+2c and —3c. As we move from plate 1 to plate

ELECTROSTATICS



Sol.

2 magnitude of potential change occured is V,,

that from plate 2 to 3 is V,5 and that from plate

1to3isVy3. Then-
1 2

+ + -

c 2 30
+

o>
=
[ Joo)
|

Plate + + -

) 2m” "2m :

am 6m

(A) Ratio of net electric field at ponit A to that
at point B is 1/3 Q9

(B) 9V, =2 Vg

(C)2V3=7Vy,

(D) 3V;3 =5V,

In a uniform electric field,

surfaces must —

(A) be plane surface

(B) be normal to the direction of the field

(C) be spaced such that surfaces having equal
differences in potential are separated by
equal distance

(D) have increasing potentials in the direction
of the field [AB:€]

[A.B]
equipotential

In front of an earthed conductor a point,charge

+q is placed as shown in figure -

—
-
v

(A) On thessurface of conductor the net charge
isalways negative

(B)On the surface of conductor at the same Q.10
points charges are negative and at some
points charges may be positive distributed
non uniformly

(C) Inside the conductor electric field due to
point charge is non-zero

(D) None of these [AB,C]

Charge is distributed over the surface of
conductor in such a way that net field due to the

charge and outside charge q is zero inside. Field
due to only g is non-zero.

A dipole is placed in the electric field created by
a uniformly charged long wire. It is possible
that the dipole experiences —

(A) No net force but a net torque

(B) No net force and no net torque

(C) A net force but no net torque

(D) A net force and a net torque [AC,D]

A uniformly charged ring charge +q has radius R.
A uniformly charged solid sphere (over its total
volume) has>charge Q is placed on the axis of

ring at a‘distance x = V3R from centre of ring

as shown. Radius of sphere is also R, then —

q

+A+
+
R

+
+O

AR+t

+
H
+\U+
1

(A) Electric force on ring is

(B) Electric force on ring is

kQq
R2

(C) The increase in tension in ring due to sphere

kQq
167R?
(D) The increase in tension in ring due to sphere

. kQg
is A, C
8nR? [ ]

A uniformly charged (linear charge density A)
very long wire in placed fixed. A negative
charge particle —g of mass m revolves around

this wire in a circular path of radius r then —

++ﬂ++
W
3 o

ELECTROSTATICS



Q.11

Q.12

Q.13

Q.14

(A) Time period of mass m is 2xr
2kAq

. . . m
B) Time period of mass mis 2nr [—
(B) p n W/kkq

(C) Minimum work required to change the orbit
radius formr to 2r is kA gloge2
(D) Minimum work required to change the orbit
radius fromr to 2r is 2kA gloge2
[A.D]

A conductor A is given a charge +Q and then

placed inside a deep metal Can B, without

touching it. Then -

(A) potential of A does not change when it is
placed inside B

(B) if B is earthed, +Q amount of charge flows
from it into the earth

(C) if B is earthed, the potential of A is reduced

(D) if B is earthed, the potential of A is
increased [AB.C]

5
A point charge q is placed at origin. Let Ea,

- —

Eg and Ec be the electric fields at three paints
A(L, 2, 3),B(1, 1, -1) and C(2, 2, 2)due’to
charge g. Then

- -,
(A) Eais perpendicular to .Eg

- —
(B) Ea is parallel to Ep

5
©) 152l =g

| Ec|
(D) None'of these [A]

A particle™A of mass m and charge g moves
directly,towards a fixed point charge q. The
speed of A is v when it is far away from the
fixed point charge. Then the minimum
separation between the particles is proportional
to:

(A) (B) =
\'

(© % (D) All the above [D]

Four sphere each of different radius named

a', 'b', 'c’, 'd" are given, each are solid insulating

Q.15

Sol.

Q.16

Sol.

uniformly charged and carrying equal total
charge. Variation of electric field with distance r
from the centre is given. Then

r
(A) Radius of sphere a > Radius of sphere b
(B) Radius of sphere a < Radius of ‘sphere/b
(C) Volume charged density,of ¢ > volume
charged density of b
(D) Volume charged dehsity of ¢ < volume
charged density of b [B,C]

Two point charges Qi and Q: lie along a line at
a distance Afrom each other. Figure show the
potential'variation along the line of charges-

-J@\HQﬂ\ o
R

1
(A) Q1 is positive & Q 2 is negative
(B) Q1 isnegative & Q2 is positive
(C) Magnitude of Q1 is more than magnitude of Q;
(D) Magnitude of Q1 is less than magnitude of Q »
[AC]

Near positive charge net potential is positive
and near negative charge potential is negative.
Q1 is positive & Q> is negative, at 1 potential is
zero and this point is near to Q2

Magnitude of Q1 is more than magnitude of Q-,

Two identical conducting balls have positive
charges q1 & (2 respectively. The balls are
brought together so that they touch and then put
back in their original positions. The force
between the balls may be -

(A) remain same as it was before the balls

touched.
(B) greater than before the balls touched
(C) less than before the balls touched
(D) zero
[A, B]
Ifo1=092=Q

Fi o€ 0102 Fi o QZ

ELECTROSTATICS



After touching new charges on each

Q+Qx _ 2Q _
2 T2

Frew o< Q2
Fi = Fnew

ball is

if g1 # Q2

= (Q1+Q2T
2

2 2
_ %L 92, 2002
4 4 4

Fnew > Fi

Q.17  We have an infinite non-conducting sheet of
negligible thickness carrying a uniform surface
charge density — o and next to it, an infinite
parallel slab of thickness D with uniform
volume charge density +p. All charges are

fixed.

e

+p

i
[

(A) Magnitude of electricfield at a distance h
above the ‘negatively charged sheet is

pD-c
2¢gg
(B) Magnitude of electric field inside the slab at
avdistance h below the negatively charged
o+p(D-2h)

sheet (h < D) is
280
(C) Magnitude of electric field at a distance h

pD-c
€0

below the bottom of the slab is—

(D) Magnitude of electric field at a distance h

pD-oc
€

below the bottom of the slab is

Sol.

Q.18

Sol.

[A,B,D]
At a distance h above the sheet

E = Esheet + Estab

_©,pD_pb-o

280 280 280

At a distance h below the top surface gf slab

D-2h
Eslab = M
2¢gg
E = Esheet + Esiab = i + M
2¢g0 2¢
2¢gq

At a distance h below the bottom surface of the

slab= =2 4 D = pD-o

2eq 2¢gg 2¢gg

At distance of 5 cm and 10 cm outwards from

the surface of a uniformly charged solid sphere,

the potentials are 100V and 75V respectively.

Then -

(A) potential at its surface is 150V

(B) the charge on the sphere is (5/3) x 10 C

(C) the electric field on the surface is 1500 V/m

(D) the electric potential at its centre is 225 V
[A,C,D]

The potential at surface, 5 cm from surface and

10 cm from surface outwards is

_ KQ

Vs = = )
KQ _

_R+5 00 Ll 2)
KQ _

R210 =7 . 3)

From equation (2) and (3) = R=10cm

.. from equation (2)

-2
Q= 100x15x910 _ § X109 C
9x10 3

= B is false

ELECTROSTATICS



Q.19

Sol.

KQ _ 100x(R+5) _ 100x15

V. = — = = =150
surface R R 10
V = Als true
3 K
Vcentre = E?Q = 225 VO|tS
= D istrue
Esurface = K—? = LOZ = 1500V/m
R 10x10™
= Cistrue

Three concentric conducting spherical shells
have radii r, 2r and 3r and charges g1, g2 and gz
respectively. Innermost and outermost shells are
earthed as shown in the figure. Select the correct
alternatives:

(K]

Fig.
_ 05

(A)gi+gs=-02 (B)OIl—*T

qs _ g3 =l
() =3 D) F="%

d; a; 3

[AB,C]

Potential of innermostshell is'zero.
. q_1+q_2+q_3:0
Tro2r 3
or, 6g1 + 3gz2 + 203»=0 ...(1)

Similarly, potential on outermost shell is also
zero.
3§ q—l+ q—2 + q_3 =0

3 3r  3r
or,g1+03=-02 ...(2)
Solving equations (1) and (2), we get

_ 9 093 _
ql -~ 7y - 3

40

3

and, q_3:,_
a; 4

.. The options (A), (B) and (C) are correct.

Q.20

Sok.

We have an infinite non-conducting sheet of
negligible thickness carrying a uniform surface
charge density —c and next to it , an infinite
parallel slab of thickness D with uniform
volume charge density +p. All charges are
fixed.

[}

A
DI +p

(A) Magnitude of electric field at¢a distance h
above the negatively charged, sheet is
pD-oc

2gq
(B) Magnitude of electric, field inside the slab
at a distance h, below the negatively
c+p(D-2h)
2gg
(C) Magnitude, of electric field at a distance h

charged sheet (h < D) is

below-the-bottom of the slab is 22—
0]
(D) Magnitude of electric field at a distance h
pD-oc
2gq
[A,B,D]

below the bottom of the slab is

At a distance h above the sheet
E = Esheet + Eslab

- °,pD_pD-c
2eq 2¢gg 2¢g

At a distance h below the top surface of slab

D-2h
Estan = M
2¢g
D-2h
E = Esheet + Estan = o +M
= o+p(D-2h)

B 280
At a distance h below the bottom surface of the
- pD _ pD-o

slab= —+—
2eq 2¢gg 2¢g
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PHYSICS

Q.1

Sol.

A particle that carries a negative charge —q' is
placed at rest in a uniform electric field. 10 N/C.
It experiences a force and moves. In a certain
time't, it is observed to acquire a velocity

100 — 10] m/s. The given electric field

intersects a surface of area A m? in the x-z
plane. Electric flux through the surface is —

[7]

Force on a charge —q in an electric field

F- qF

This force acts in a direction opposite to E.
Therefore the particle, initially placed at rest,
will move opposite to E under the action of
force. Obviously, direction of V will be
opposite to E .

Now V =10i — 10 m/s (given)

unit vector in the direction of V,

10i -10]

v
(10)? + (-10)2

of
E—-

Magnitude of E {§20.N/C (given)

¢ P
Therefore' Ex= 10| ——=+— !
[ i ﬁJ )

The'surface of area Am? has been placed in the
Xsz ‘plane so that its area vector can be
expressed as,

A:A](A being normal to x-z plane, will be

along y-axis)
Electric flux, in case of a uniform electric field,

Aj

’i\ ’J: ~

=2 =52 ANMYC

V2

¢= EA :10{

Q.2

Q.3

Q.4

Q.5

Point charges g1 = — 4 nC and g2 = + 4 nC are
separated by 3 mm, forming an electric dipole.
The dipole is placed in uniform electric field
whose direction makes an angle of 30° with line
connecting the charges. What is the magnitude
of this field in N/C if the torque ‘exerted’on the
dipole has magnitude 7.2 x 10°8,N-m.
[1200]

As shown in figure sphere ¥ of mass 5 kg and
charge 100 uC/is, tiedh with a thread so that
spring of spring“constant 10 N/m is in its
natural length"while sphere B of same mass and
charges=.100 puC is fixed just below A at
seperatiopr d = 50 cm then the maximum
elongnation in spring in centimeters when the
thréad is burntis (g = 10 M/S?)....cccvvrviirirrinnen.

thread

A

d
//77?/7%/7//7/7/%/7/7
[0010]

A non coducting sphere of radius R =5 c¢cm has
its centre at origin O. It has a spherecial cavity
of radius r = 1 cm whose centre is at (0, 3 cm).
Solid meterial of sphere has uniform positive

: 10°° s :
charge density p = —— C/m®. Then potential
T

at point P(4 cm, 0) in voltsis .............. .
[0035]

In the figure two conducting concentric
spherical shells are shown. If the electric
potential at the centre is 2000 V and the electric
potential of the other shell is 1500 V. then the
potential of the inner shell is......... [2000 V]

ELECTROSTATICS



Sol.

Potential to centre is same as potential at the
inner surface of the spherical shell.

Q.6 A copper ball of density 8.6 g/cm® 1 cm in
diameter is immersed in oil of density 0.8 Q.8
g/cm?. What is the charge in puC on the ball, if it
remains just suspended in an electric field of
intensity 3600 V/m acting in upward direction.
[0034]
Sol.

qE
4
§TCR3 XPoil X9

Q.9

%nRgxpCqu
For equilibrium
qE + %TfRsXPonXg: gTCR?’XPCu g
Q.10

4
ETCRs(PCu —Poi)d
= E

%x3.14x(0.5x10*2)3(7.8)x103 A0
3600

q:

%x3.14x7.8x0.125><10*2

3600
q=3.4x%x40°"C
= 34%,10%C
=\34 1iC

Qa7 As shown in figure sphere A of mass 5 kg and
charge 100 pC is tied with a thread so that
spring of spring constant 10 N/m is in its
natural length while sphere B of same mass and
charge — 100 pC is fixed just below A at
separation d = 50 cm then the maximum
elongation in spring in centimeters when the
thread is burntis (g =10 M/S?).....ccccceveirirennes

q:

Sol.

thread

d

//77}3/7%/7/7/7/7/7/7/7/7 [0010]

A non conducting sphere of radius\R = 5 cm

has its centre at origin O. 1thas)a’ spherical

cavity of radius r = 1 cm whose centre is at (0, 3

cm). Solid material , 6f\sphere has uniform
-6

positive charge densityyp = - C/m3. Then

Y

potential at>pointy'P(4 cm, 0) in volts is
............... [0035]
Three charges — g, + 2q and — q are placed at
the Vertices of an isosceles right angled triangle
ABC, angle B being 90° and AB = BC = a. If
q°= 1.6 x 10° C and a = 1.5 x 107°m then
energy required to dissociate the system of
charges is x x 10728, then the value of x is -
[0005]

AB is a vertical rigid infinite wire carrying a
linear of density A = 10 uC/m. A particle having
mass

m = 2 gm and charge Q = 1uC is fixed to the
wire by means of a light, insulating and

inextensible string having length = 242 m.
Find the vertical velocity u in with which it
should be projected under gravity from the
shown position so that the string slacks when its
angle with vertical becomes 45°.

gk

m A
B

[0006]

ELECTROSTATICS



Q.11

Sol.

Q.12
Sol.
Equation of circular motion
; 2
mg cos 0 2k7@_sm9 _mv ()
£sin@ 0
Using work energy principle
/sin®
—mgl cos 0 + I M:Em(v2 -u?) .. (2
/ X 2 Q.13
By using (1) & (2)
u=57 mfs
~ 6 m/s
A non-conducting sphere of radius R =5 cm has
its centre at origin O of co-ordinate system. It
has a spherical cavity of radius r = 1 ¢cm having
its centre at (0, 3 cm). Solid material of sphere
has uniform positive charge density p =
-6
C coulomb m=. Calculate potential af point
T
P (4 cm, 0). [in volt] [0035]
y sol.

P\
X

Assume given sphere is solid, potential V1 at P
is to be_calculated. But in cavity there is no
chargé\therefore potential V. due to charge
asstmed i cavity must be subtracted from V.

Charge on solid sphere = gnRS xp

=9 x 100 ¢ch
3

Potential at P can be calculated say V:
V, = Potential due to cavity sphere

4 3
—mr
4re ga

Potential at P = V1 — V> =35.16 volt

=0.24v

In a certain region of space, electric potential V

is given by V = ax? + ay? + 2az? (where a is a

constant of proper dimensions). Work done by

electric field in bringing a 2uC charge from

origin to (0,0,0.1m) is (- 5 x 10 8)joule.

Find the approximate value of a in VV/m?.

[1]

W by electric field = -5 x 1078 J

W against electric field = + 5 x1078 joule
2x10°[2xax(0.1)>-0]

=+5x10°joule

4x10*6xaxi =5x107°
100

4x108xa=5x10"
a= E =1.2V/m?
4

In the diagrami{shown, the charge + Q is fixed.
Another\charge +2q, is projected from a
distance=Rafrom the fixed charge. Minimum
separation between two charges if the velocity

1 . . .
becomes —— times of the projected velocity at

V3

this moment is (assume gravity to be present)
in cm (R = 10cm given)-
%

(8]
VX\
/,, \\\\
,”, \\\\
N
F'min, 7 AN
/, \\
’/, V
/, 0
AL o o e oo ?_)0___
+Q

Angular momentum about A is conserved as

Texternal = 0
mvsin30° X R = vi X M X rpin

Re_ 1
2 ‘\/§ min
Fmin = ‘/ER - L7A3x10 _ g 565 =g em

ELECTROSTATICS



Q.14

Sol.

Q.15

Ans.

Q.16

A beam of charged particles accelerated using a
potential difference of 5000 V falls to rest on a
metal plate normally constituting a current of
500 pA. Find the force exerted by the beam on
the plate ? (specific charge = 4 x 106 Ckg1 for
[0025]

Let m, g = mass and charge of each particle
V = accelerating voltage

v, p = velocity and momentum acquired by
each particle

each particle). (in uN).

1
= m2=qV
> q

or v =(2qv/m)l2
p =mv=(2mqV)¥2
Number of particles reaching the plate per second
=i/g, where i = current

Momentum delivered to plate per second = force
on plate

oV jl/ 2

=Np= = (2mqV)1/2 = |[
g/m

— 500 x 10-6 [zxsooo}z

4x10°
=25x 106N

0[0]2]5]

A solid sphere of radius R¢{has a charge Q
distributed in its volume4yith,a charge density
p = xr?, where k ang-a-are,constants and r is the
distance from its, _centie/ If the electric field at

r= % is 1 times that at r = R, find the value of a.

[11T-2009]

Two equal point charges of same sign are fixed
on y-axis, on the either sides of the origin
equidistant from it, distance between them d. A
third charge moves along x axis. Find the
distance of third charge from either of the two
fixed charges when force on third charge is
maximum. [d = 10 cm] give answer in cm.
[0012]

Sol.

Q.17

Ans. [4]

Q.18

+Q® (0, +d)
q
. >X
=
+Q® (0, — d)
e . 2KQq X
net (d2+X2) [d2+X2]l/2
dl:Net —
dx
x= 4
2
2
Reduired distance ,|d? + d2 d£ =10x1.2

=12.2cm

A straight infinitely long cylinder of radius
Ro = 10 c¢m is uniformly charged with a surface
charge density ¢ = + 10712 C/m?. The cylinder
serves as a source of electrons, with the velocity
of the emitted electrons perpendicular to its
surface. Electron velocity must be ... x 10° m/s
to ensure that electrons can move away, from
the axis of the cylinder to a distance greater than
r=10°m

1 2 —
=mv?= Iogn
2 271: =N
Xe r

V= Iog—

negm Ry
oo Q

2nR, x L

r=Q o x2mRo - /ZGERol
L EO m
3.7 x10°m/s or 4 x10°m/s

Two equal point charges of same sign fixed are
on y axis, to the two sides of the origin
equidistant from it, distance being d. A third
charge moves along x axis. Find the distance
from either of the two fixed charges, when force

. . 10 . .
is maximum. [d = — cm] Give answer incm.

ELECTROSTATICS

V3



Sol. [5]

Q.19

Sol.

+Qy (0,+d)

l— X —>

+Qv (0,-d)
2kQq
(d? +x?)
d FNet =0

dx

Fret =

X
|:[d2 +X2]1/2:|

X= —

J2

2
Required distance 1/dz +d7 =¥

A thin ring of radius R = 3m has been uniformly
charged with an amount of 20 uC and placed in
relation to a conducting sphere in such a way
that the centre of the sphere O, lies on the rings
axis at a distance of ¢ = 4m from the plane of
the ring. The potential of the sphere is.......... X
18 x 10% volt.

V4% +32 5
_ 9x10°x20x107®
5

kQ kQ

poteptialat C =

4
= 18107 _ 3 6510%volt

Q.20

Sol.

A charged dust particle of radius 5 x 107 m is
located in a horizontal electric field having an
intensity of 6.28 x 10° V/m. The surrounding
medium is air with coefficient of viscosity
n = 1.6 x 10° N-s/m2. If the particle moves
with a uniform horizontal speed 0.02 m/s, the

number of electrons on it is.......... x10.

[3]

As dust particle is movingy, with uniform
velocity along horizontalythe dust particle is in
dynamic-equilibrium .and as the forces acting on
dust particle along“harizontal are electric force
(gE) and viscousforce (6mnrv).

So, qE = 6xnry or

nek = 67ty rv [as g = ne]

and hence.n = 6m1_rv
e

_ 6x3.14x1.6x107° x5x10~" x0.02
(1.6x10719)(6.28 x10°)

~30
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PHYSICS

Q.1

Sol.

Q.2

Sol.

Q3

The electric field inside a sphere which carries a
charge density proportional to the distance from
the origin p = oc r (e is a constant) is:

3 2
(s (B) T
480 480
2
©) xr (D) None of these
380

[B]
We can consider all the charge inside the sphere
to be concentrated at the centre of sphere,
consider an elementary shell of radius x and
thickness dx

_ocr
r2 r2 480

At a point in space, the electric field points
towards north. In the region surrounding this
point, the rate of change of potential will be
zero along —

(A) North

(B) South

(C) North-South

(D) East-West [D]

dv
Eeast west=0 = [d— =0
r east—west

A particle of massi1 kg ‘and charge 1 uC is
projected towards_anether point charge 1 pC
fixed at origin\/as” shown in figure. The
minimumyinitial velocity of projection required
for thesparticle to move along a trajectory
having\minimum distance from fixed charge
equakto 2rmm is -

Yy
T ———‘-l'&-from )
1mm
1uC' A X

(B) 32 mis

(A) \/% m/s
© \E m/s

(D) 23 mis [D]

Q4 Two unlike charges of the same magnitude Q
are placed at a distance d. The intensity of the
electric field at the middle point in the line
joining the two charge is -

8Q
A) zero B) ——
(A) (B) Iz 2
6Q 4Q
C) —— D) &—— B
© 41t80d2 ©) 4Tt£od2 6]
Sol.
1 e ogb 2
eI STE 0
27 4
Enet = E1 + Ea= kQZ + kQZ = 8 5
d d 4reod
2 2
Q.5 Calculate the tension in the thread during
equilibrium condition -
LLLLLLL
>E=2x10"N/C
+1+
+O+ 2x10°C
+ +
(A)8.8N (B) 8.8 x 10°N
(C)8.8x10*N (D)8.8x10°N [C]
Sol.

T cos O

1 0
+'+ (_} +
++O++ —>F,=qE

+[+

Tsin0O mg

during equilibrium

T cos6=mg

ELECTROSTATICS



Tsin®=qE

T =(mg)? +(qE)*

T =/(80x10x10%)2 + (2x10 8 x 2x10%)2

T =/64x10 +16x10°
T=v80x10° =8.8x 104N

Q.6 A charge —q is placed at (0, 0, — z) where z <<

a. On releasing —q from this position -

AY

a
Q Q
Y I S
Q— % Q

(A) —q will move towards z = — o

(B) —q will move towards z = o

(C) —qg will move to and fro about the origin
(D) —q will remain stationary at (0, 0, —z) [C]

Sol. —q will experience a restoring force and will
perform SHM

Q.7 Two small identical spheres~having charges
+ 10uC and —-90uC attract‘each other with a
force of F newton. If they are keépt in contact
and then separated by&the“same distance, the
new force between them ISy

(A) F/6 (B) 16F

(C) 16F/9 (D) 9F ]
Sol. - F= k(10_)2@0) ........ (i)

charge Orn each when contact is made

0 =2 = w:—mm

“. New force F' = k(L)z(‘lo)

r

Q38

Sol.

Q.9

Sol.

A charge Q is 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 —

[AIEEE-2009]

(A) —24/2 B) -1

1
©1 D) ——= (Al

V2

V2a a
(08 D
Q —-q

Sinee~net force on charge Q is zero (Placed at

corner A).

KQ2 |: 2 @:l =
a7 ]
- kQ* _ —v2kQq

2a? a’
= % = 22

So option (1) is correct.

Two points P and Q are maintained at the
potentials of 10V and -4V, respectively. The
work done in moving 100 electrons from P to Q
is . [AIEEE-2009]
(A)—9.60 x 1017
(B) 9.60 x 10717 J
(C)—2.24x 10716
(D) 2.24 x 10726 [D]
W =g (AV)

=q(Vi—Vi)

=-100x 1.6 x 1071 (— 4 - 10)

=16x14x 107"

=224 x10%)

ELECTROSTATICS



Q.10

Two uniformly long charged wires with linear
densities A and 3\ are placed along X and Y
axis respectively. Determined the slope of

electric field at any point on the line y = J3x.

V3
32

(D) V3 [C]

(A) 343 (B)
© L A
3/3
Sol.
y .

.
’
,
s
.

3 ’/1’(X, \/§x)

, 1

3 s, A
2 e X3

1 Lgo L

j

Q.11

Three charges each of +qg, are placed at the
vertices of an equilateral triangle. The<charge
needed at the centre of the triangle for Sthe
charges to be in equilibrium is —

A = (8) ~¥3q

N
(©) V3q (R) %3q [A]

Sol.

q qC

\/FKB + F,ic + (2Fag, Fac)c0s30°
2 2

& Jirie1 = Y3

! /

q.Qe

Feenter = >

Tn
1

Sol.

F + Feenter =0

> X Q.13

Q.14

V39° , 34Q _

0? 7
_3qQ _ /3¢?
IV
Q:,izfﬁ
J3 2

The electric field and electric potential at,a/point
are E and V respectively, then&

(A) If E =0, V must be zero

(B) If V =0, E must be, zero

(C) IfE =0, V may be zero

(D) If V # 0, E¢cannot be zero [C]

Electries=charges are distributed in a small
volume. The flux of the electric field through a
spherical surface of radius 20 cm surrounding
the total charge is 50 V-m. The flux over a

concentric sphere of radius 40 cm will be —

(A) 25 V-m (B) 50 V-m
(C) 100 V-m (D) 200 V-m [B]
Some point charges are placed on the

circumference of circle at equal distance. (See
fig.) The direction of electric field at centre O
will be along -

(A) OA
(C) OC

(B) OB
(D) OD [A]

Since magnitude of each charges are same and

situated at equal distance from centre O so all

ELECTROSTATICS



charge will produce same magnitude of electric

field at centre.

2E

2E Q.19
A

2E

ENet

> oJA

Q.15 20 J of work has to be done against an existing
electric field to take a charge of — 0.1 C from A

to B, then potential difference Vg — Va is —

(A) 20 V (B) 120 V
(C)-80V (D) — 200 V D]
Soly

Q.16 A non-conducting sheet of large surface area and

thickness d = 10 cm contains uniform charge

distribution of density 17.7 x 10° C/m3xEleCtric

field intensity at a point inside the\plate/at a

distance x = 2 cm from one of thie outer surfaces is

(A) 30 V/m (B) 60,VIm

(C) 120 V/m (D) 180 V/m [B]

- 2 n

Q.17 A uniform electrig’field E=al+ b ], intersects

a surface ‘of‘area A. What is the flux through 0.20

this areadif the surface lies in the yz plane —

(A) aA (B)O

(C) bA (D) Ava?+b?  [A]

Q.18 A solid sphere of radius R is charged uniformly.
At what distance from its surface is the
electrostatic potential half of the potential at the

centre ?

(AR ® 5

©) % (D) 2R [c]

Two particles having positive charges + Q and
+ 2Q are fixed at equal distance x from centre
of an conducting sphere having zero st eharge
and radius r as shown. Initially thé switch' S is
open. After the switch S is closed, the net
charge flowing out of sphere is =

+8__x__ __x__l-.ZQ
S
1

AL ® X
X X

©) ¥ o) & [c]
X X

Initially the potential at centre of sphere is

_ 1 Q 1 2Q 1 3Q
Ve = =+ —= —
dney X 4dme, X 4mey X

After the sphere grounded, potential at centre
becomes zero. Let the net charge on sphere
finally be g.

Lﬂ + L@:Oorq_ ﬁ
dneg ' Ame, X X
.. The charge flowing out of sphere is %

Four equal positive charges each +Q are placed
at corners of a square of side length L. A charge
particle having negative charge —q is placed at
centre of square and the system of these five
charges becomes in equilibrium —
(A) The presence of —gi charge makes the
electric potential energy of system negative
(B) The presence of — g1 charge cannot makes

the electric potential energy negative

ELECTROSTATICS



Q.21

Q.22

Q.23

(C) The presence of — g1 charge makes the
electric potential energy zero
(D) All of the above can possible [C]

A charged soap bubble having surface charge
density o and radius r. If pressure inside soap
bubble and pressure outside it is same then the

surface tension for soap bubble is-

2 2
A)T=R ® T=2R
8eq 4g,
2 2
o°R o°R
©T=2" OT="" Al
2¢g €9

A ring of radius R is marked in six equal parts
and these parts are charged uniformly with a
charge of magnitude Q but positive and
negative alternately as shown. Then the electric
field at centre of ring will be —

(A) ka where A = E

nR
(B) % where A = 3Q
r R
(© Sk where = R
r TR
(D) None of these [D]

Three‘wires AB, BC, CD of equal length ¢ are
chargedyuniformly with linear charge density A
andyare placed as shown. P is a point which lies at
g distance ¢ from the wire BC on its perpendicular

bisector. Then the electric field at P is —

B
+++++++++ 4+

FH+++++

e
+
+
+
+
+
+
+

D

A P

Q.24

Sol.

Q.25

Q.26

2k,
2.5 —
*) Jéf( >

©) % (245 -3)

2K\
(B) E(ﬁ -1)

(D) None of these [A]

Figure shows three circular arcs, each of radius
R and total charge as indicated. The nét electric

potential at the centre of curvature’is,-

Q
\\\%;o- ////
2Q .
R +30
Q Q
A 2megR ) 4me R
2Q Q
©) — (D) — [A]

V=V;+V,+ V3
_ 1 Q 1[-29] 1[%
dreg R 4mey| R drey | R

_L[ﬁ}
_47'(80. R

The electric potential decreases uniformly from

120 V to 80 V as one moves on the x-axis from
=—1cmto x = +1 cm. Then the electric field

at origin -

(A) may be equal to 20 V/cm

(B) may be equal to 30 V/cm

(C) may be equal to 100 V/cm
(D) All of the above are possible [D]

Consider a solid cube of uniform charge density
of insulating material. What is the ratio of the
electrostatic potential at a corner to that at the
centre. (Take the potential to be zero at infinity,
as usual )

oF ® 5

ELECTROSTATICS



Q.27

Q.28

Sol.

1 1
© 3 ©) 3 [B]

A thin conducting plate is inserted in half way

between the plates of a parallel plates capacitor
of capacitance C.

Conducting plate
N

What does the value of capacitance, if both the
plate of capacitor is connected by conducting
wire ?
(A)C

(C)3C

(B) 2C
(D) 4C [D]

A conducting shell of radius R carries charge
—Q. A point charge +Q is placed at the centre
of shell. The electric field E varies with distance
r (from the centre of the shell) as :

E E
A \ ®) \N
R r —>II? r
E E
© _ O /\
f | AN N
R R

[A]
Using gauss thegrem,

E=

.gfor r<RandE=0forr>R
47'(80 rz

.. copect graph is (A)

*Q.29 Electric lines of force are as shown in the figure

=T hen potential at point P :

(|

< *p

Wi
(A) is zero

(C) may be zero also

W

(B) is not zero
(D) is not defined

Sol.

Q.30

Sol.

[C]

The dotted lines may be surface boundary of a
conductor. Electric lines of force do not enter a
conductor. Potential of a conductor is constant
but not necessarily zero.

It may be zero also. So, Point P may be inside a
conductor (solid or hollow).

An insulating solid sphere of radius,'R' is
charged in a non-uniform manner“suchy that

. A .
volume charge density p = T where A is a

positive constant and r the distaneg/from centre.
Electric field strength 4t any inside point at
distance ry is -

1 4tA 1 A
® Ameg 1 ® meg T
© A 0 2
7[80 280
D]

P_issany inside point at distance r; from O. we
take a spherical surface of radius r, as Gaussian
=sUrface of radius ri as Gaussian-surface.

§E.OTS:%

By symmetry, E at all points on the surface is

~ -
same and angle between Eand dsis zero
everywhere.
- > . .
§E.ds =Es= din o E4nr? = Gin 0]
< €0 €0

Qin : The sphere can be regarded as consisting
of a large number of spherical shells.Consider a
shell of inner and outer radii r and r +dr. Its
volume will be dV = 4nr? dr. Charge in the
shell,

dq=pdV = é4nr2dr

Total charge enclosed by Gaussian-surface,

n 2

Qin = jdq = jrdr =4nA = LS

0 2

h r2

Qin = 4pA JerI’= 4rA %
0

2
From Eq. (1) E4nr? = 4TLA%/80
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Q.31

Sol.

Q.32

280

The figure shows a charge g placed inside a
cavity in an uncharged conductor. Now if an
external electric field is switched on then :

1{»

(A) only induced charge on outer surface will
redistribute.

(B) only induced charge on inner surface will
redistribute

(C) Both induced charge on outer and inner
surface will redistribute.

(D) force on charge q placed inside the cavity
will change

[A]

The distribution of charge on the outer surface,
depends only on the charges outside, and it
distributes itself such that the net electric field
inside the outer surface due to the charge on
outer surface and all the outer charges is zero.
Similarly the distribution of charge on the inper
surface, depends only on the charges insideythe
inner surface, and it distributes itself such'that,the
net, electric field outside the inner surface, due to
the charge on inner surface ahd allthe inner
charges is zero.

Also the force on chargeé, inside’the cavity is due

to the charge on(the inner surface. Hence
answer is option(A):

The grid (each square of 1m x 1m), represents a
region in‘space containing a uniform electric
field.4f potentials at point O, A, B, C, D, E, F,
G, H. are'respectively 0, -1,-2, 1, 2,0,-1, 1 and
0 volts.’find the electric field intensity.

y o

1t

D G |H

e >

0 B X
—>
im

(A) (i + J)VIm B) (i — j)V/Im

Sol.

Q.33

Sol.

(C) (=1 + J)V/m (D) (=i — j)VIm

[B]

OEH is an equipotential surface, the uniform
E.F. must be perpendicular to it pointing from

higher to lower potential as shown.

y
1
V:l D L, G . H > :0
L Sl /'\_/v
M T EF _wv=t
0 A [B X

HenceE:(%J
_(ve-vg) £0-(=2) _
E= e 7 =2

> AR (i-) _: »
CE=ENBe2 Y oo
JE J

A _small charged ball is hovering in the state of
equilibrium at a height h over a large horizontal.
uniformly charged dielectric plate. What would
be the acceleration of the ball if a disc of radius
r = 0.00lh is removed from the plate directly

underneath the ball ?

g(ry g (hY’
A) > [Ej (B) > (?J

© QHZ (D) g(ﬂf
4\ h 4\ r

[A]
Equilibrium mg = qE

I .
mg

Now 6 x nr? charged disc is removed as r is
very less we can treat disc as a point charge

Q

4nth?

.. unbalanced acceleration = X g
m

Q=6 xnr?
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Q.34

Sol.

Q.35

_m
qE

putting in acceleration expression

g(rY
i

A conducting shell of radius R carries charge
— Q. A point charge +Q is placed at the centre.
The electric field E varies with distance r (from
the center of the shell) as-

E4 E4

N e
© \\r (D)_A.r

(A _

[A]

Using Gauss theorem

Q

E= i.—forrsR
4T580 r2

andE=0forr>R
.. The correct graph is (a).

A positive point charge is placed at P ir*froht ofan
earthed metal sheet S. Q & R.are 'two’ points
between P & S as shown in figure. If the electric
field strength at Q & R aré, respectively Eq & Er
and potential at Q & R.aredespectively Vo & Vr.
Then-

Sol.

(B) Eo < Er
(D) Vo < Vk

(A) Eq > Er
(C) VQ > VR

[C]

Q.36

Sol

[ ©S

As we are are moving away from P toward
sheet S spacing between electricilings of force is
increasing. .. Er < Eq Indirection of electric
field potential decreases. \Vr'< Vq

Consider a solid¢c€tibe ofuniform charge density
of insulating,material. What is the ratio of the
electrostatiC patential at a corner to that at the
centre. (Take the potential to be zero at infinity,
as ustal?)

1 1
(A) 3 (B) >

1 1
(€ 2 (D) 3
[B]
p- charge density of the cube

A/
/

V ©mer = potential at the corner of a cube of side /.
V@ = potential at the centre of a cube of side .

V@™ = potential at the centre of a cube of side g .

. !
V™™ = potential at the corner of a cube of side 5

Q

=p/?
ZP

By dimensional analysis V%™

V/corner = 4 Vuzcomer

But by super position Ve = 8 \/,,eomer
because the centre of the larger cube lies at a
corner of the eight smaller cubes of which it is
made

/COI’I’IE‘I’ 3 4V€c/02ner 1

Therefore = =
centre centre
\% 8Vi; -~ 2
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Q.37

Sol.

Q.38

A uniformly charged and infinitely long line
having a linear charge density "A' is placed at a
normal distance y from a point O. Consider a
sphere of radius R with O as centre and R > .
Electric flux through the surface of the sphere
is-

Q.39

@) 2R
€

0
c 2 R2-y? 5 MRZ +y2
©) o ( )T
[C]

Electric flux §E.d_é _Yin
€o
S

(A) zero

Qin IS the charge

enclosed by the Gaussian-surface which, in the
present case, is the surface of given sphere. As
shown, length AB of the line lies inside the

sphere.
B
A
(Y<R)

InAOO'A R2=y? + (O'A)?
O'A= R —y?
and AB=2,R?-y?
Charge on length AB =2 R2 —y2 XA

= QIRY —y?

€0

Q.40

Q.41

.. electric flux =
S

Two identical small balls, each of mass m and
having charge g are suspended by two light
inelastic tinsulating threads each of length ¢
fromsthe” same fixed point support. If the
distance (d) between two balls is very less than

oK/ 2 2/3
(B)[ d J

mg

Q.42

7, 'then d is equal to-

oK/ 2 1/3
(A)[ d J

mg

K/ 2\2/3
ol
mg

(D) none of these

Q.43
[A]

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 6 between two strings and tension in each
string is —

L L
Q Q
(A 0, ‘%2 ® %
© % ©) 3. ‘;i; [C]

Two. bals A and B having equal charges are
placed at a fixed distance experience a force F.
A similar uncharged ball after touching one of
them is placed at the middle point between the
two balls. The force experienced by this ball is —
(A) F/2 (B)F

(C) 2F (D) 4F [B]
Two point charges placed at a distance r in air
exert a force F on each other. The value of
distance R at which they experience force 4F
when placed in a medium of dielectric constant
K=16is-
(A)r
C)r/a

(B) /8
(D) r/2 [B]

Three charge +4g, Q and g are placed in a
straight line of length ¢ at point distance 0, ¢/2
and ¢ respectively. What should be the value of Q
in order to make the net force on g to be zero ?
(A)-q (B)-2q

(C)-a/2 (D) 4q [A]

A proton and an electron are placed in a uniform
electric field.
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Q.44

Q.45

Q.46

Q.47

(A) The electric forces acting on them will be
equal

(B) The magnitudes of the forces will be equal

(C) Their accelerations will be equal

(D) The magnitudes of acceleration will be equal
[B]

A charged water drop of radius 0.1 pm is in

equilibrium in an electric field. If charge on it is

equal to charge on an electron, then intensity of

electric field will be : (g = 10 m/s? and density of

water = 1000 kg/m?®)

(A) 1.61 N/C

(C) 262 N/IC

(B) 26.2 N/C
(C) 1610 N/C [C]

Four charges ¢, 2q, — 4q and 2q are placed in
order at the four corners of a square of side b.
The net field at the centre of the square is —

(A) quobz from + g to—4q
(B) 2;:b2 from+qto-4q
© 2:(12 from + g to — 4q
(D) %012 from—4qto+q [B]

Point charges g, — q, 2Q and Q are placed in
order at the corners A, B, C, D, of asSquare of
side 2b. If the field at the midpoint'CDAis,zero,

then a is -
Q
A1 (B2
©) ¥ (D) # [D]

Figure represents, arsguare carrying charges +q,
+q, -0, — g at its)four corners as shown. Then
the potential will be zero at points -

+q *q

+----410

Afommmmbooe- C

—-q

O _———

-

(A)A/B,C,P and Q

(B)A,Band C

(C)A/P,CandQ

(D)P,Band Q [B]

Q.48

Q.49

Q.50

Sol.

At a certain distance from a point charge the
electric field is 500 V/m and the potential is
3000 V. What is the distance ?

(A)6m (B)12m

(C)36m (D) 144 m [A]

A charge of 5 C is given a displacement of
0.5 m, the work done in the process«is\0 J; The
potential difference between the twonpoints will
be -

A2V
©1lv

(B) 0.25 V
(D) 25V [A]

A hollow charged{metal sphere has radius r. If
the potential difference between its surface and
a point“at a,distance 3r from the centre is V,
thencelectrie- field intensity at distance 3 r from
the.centreris -

v V
(A)§ (B)E
V V
(C)a (D)E
[C] VA_VB:Q_K_Q
r 3r
_KQz \,_2KQ
3r 3r
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PHYSICS

Q.1(a)

(b)

Ans.

Q.2

Ans.

Q.3

Ans

Q4

An infinite number of charges of equal magnitude
g, but of opposite sign consecutively are placed

along the x-axis at x = V1 m, x =2 m, X =

JY3mand x = v/4 mand so on upto + m. What is
the value of net electrostatic force at the point, x =
0 where positive charge g is present?

Two conducting spheres carry equal charges. The
distance between the spheres can not be
considered large in comparison with the
diameters of the spheres. In which case will the
force of interaction between the spheres be
greater (in absolute value) : when they carry like
charges [fig .(a)] or when they carry unlike
charges [fig. (b)]

Fig (a)

)

Fig (b)

q90log 2
4dn g,

(@)

(b) When they carry unlike charges

Two identical conducting spheres, having charges
of opposite sign, attract each other'with a force of
0.108 N when separated by Q:5¥n. Thhe spheres are
connected by a conducting wire, which is then
removed, and there after\tepél each other with a
force of 0.036 N. What were the initial charges on
the spheres ?

+3puC, F1uC

Tenridentical charges of 500 uC each are spaced
equally around a circle of radius 2 m. Evaluate the
electrostatic  force on a charge of
—20 pC located on the positive z- axis, 2 m from
the x —y plane of the circle.

F =79.56 (k)N

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

AnNs.

Q5

AnNs,

Q.6

Ans.

Q7

(@)

(b)

€, and density p,. Find the density p of the bob

for which the angle of divergence of the strings to
be the same in the air and in the liquid ?

_ €l

P e —1

An inclined plane makes an angle of 302 with the
horizontal electric field E of 100°W//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 takenfor the particle to reach
the bottom.

—)E

30°

B=1.34s

A square of side ‘a’ centred on the origin and with
its sides parallel to the axes of x and y carries a

surface charge density oo within its boundaries :
o(X, ¥)= oo xy. Calculate the value of total charge
on the square.

y <

A clock face has —ve point charges —q, —2q, 3q,
.., —12q fixed at the positions of the
corresponding numerals. The clock hands do not
disturb the net field due to the point charges. At
what time does the hour hand point in the same
direction as the electric field vector at the centre
of the dial ?

(@) zero, (b) 9.30

Inside a ball charged uniformly with volume
density p there is a spherical cavity. The centre of
the cavity is displaced with respect to the centre of

N
the ball by a distance a. Find the field strength E

ELECTROSTATICS
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Ans.

Q.8

Ans.

Q.9

inside the cavity, assuming the permittivity in the
cavity equal to unity.

E =ap/3g

A particle of mass m with a charge +q is thrown
upward at an angle o to the horizontal with an
initial velocity vy. All along its path a uniform

electric field E exists and it is directed vertically
downward. Find the time of flight, range and the
maximum height reached by it. Consider
gravitational field also.

_VPsinfa  Vgsin2a

H= Eq , R= B
Z(Q*mJ (g*m)

A thin straight rod of length 2a carrying a
uniformly distributed charge q is located in
vacuum. Find the magnitude of the electric field
strength as a function of the distance r from the
rod’s centre along the straight line:

(@) perpendicular to the rod and passing through its

centre;

(b) coinciding with rod’s direction (at the points [ying

Ans.

Q.10

Ans:

Q.11(a)

outside the rod). the .. 0btained

expressions at r >> a.

Investigate

(@) E= g

Ame ol (@2 +12)

Two positive charges gaanthgz are located at the

- - - _> _) -
points with radius wectors r, and r,. Find a

_)
negative charge gs-and a radius vector rs of the

point «atywhich it has to be placed for the force
acting oneach of the three charges to be equal to
zero

0102

e daef

A thin wire ring of radius r has an electric charge
g. What will be the increment of the force
stretching the wire if a point charge g is placed at

the ring’s centre ?

(b) A thin wire ring with a radius R and mass m

carries an electric charge q. The centre of the ring
contains a charge Q of the same sign as q and Q
>>(. If the ring rotates with an angular velocity
o about its centre. Find the tension developed in
the ring.

2n3
Ans. (@ T= 2% () |7=dmc MR 2+Qq
8 gor 8n° e¢R

Q.12 A solid spherical region having a‘spherical cavity
whose diameter R is equél to the radius of the
spherical region, has total eharge Q. Find the
electric field and petentiakat a point P as shown in
figure.

Ans,

E:pR3 1 1 V:pR3 7x—4R
3| x? R(@2x-R)? |’ 3¢y | 4x(2x—R)
Q.13 A thread carrying a charge (uniform) A per unit
length has configuration shown in figure.

A D
Bl \2Jc
Assuming a curvature radius R to be considerably
less than the length of thread. Find the magnitude of
electric field strength at point O.
Ans.  Zero
Q.14 A block of mass m containing a net positive

charge g is placed on a smooth horizontal table
which terminates in a vertical wall as shown in
figure. The distance of the block from the wall is
d. A horizontal electric field E towards right is
switched on. Assuming elastic collisions (if any)
find the time period of the resulting oscillatory
motion. Is it a simple harmonic motion ?

ELECTROSTATICS
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[ ]a

Ans. @

qE

Q.15(A)Let us consider the configuration of an
electrostatic field as shown in the fig. Is this
configuration of the field possible ? Explain
clearly.

If field potential has the form, V (x, y) = — axy,
where ‘a’ is a constant then find electric field
intensity vector.

B

~

Ans.  E=a(yi+xj)

Q.16  Two point charges of unknown sign bdt jequat
magnitude are fixed at positions A aad B. ty the
figs. below, (a) to (d), potential variationybetween
A and B is shown as we move/from A‘to B. What
can we conclude about the“signs, of charges at A
and B for each case

Ans. o = -

Q.17(a) In a typical lightning flash, the potential difference
between discharge points is about 10° V and the
quantity of charge transferred is about 30 C. How
much ice would it melt at 0°C if all the energy
released could be used for this purpose ?

(b) Three concentric hollow spheres of radii 4, 6 and
8 cm have charges of +8, — 6 and 4 puC
respectively. What are the potentialséand‘fiéld
strengths at points 2, 5, 7 and 1@ ¢m from the
centre?

Ans. (@) 9 x 104 kg, (b) 1.35.V, 0.99°V, 0.77 V,
0.54 V; 0 V/m, 28.8 V/m{ 367 V/m, 5.4 V/m

Q.18  Two co-axial rings;"each’of radius R, made of thin
wire are separated by a small distance
£(¢ << R) and carry the charges q and —g. Find the
electricesfield potential and strength on the
axis(_of “ythe system as a function of
X=co=ordinate. Draw V versus x and E versus x
diagrams. Investigate these functions at [x|>>R.

+q\ X
V4
qlx _ —qgl(R?-2x?)

dney R2+x2)¥2 " 7 dney (R?+x%)°/2

V (x>>R) = gl /4t ey X2 ,E(X>>R)

Ans. V=

=ql/2ne X3

Q.19  Two plane parallel conducting plates 1.5 x 102 m
apart are held horizontally one above the other in
air. The upper plate is maintained at positive
potential of 1.5 kV while the other plate is
earthed. Calculate the number of electrons which
must be attached to a small oil drop of mass 4.9 x
1015 kg between the plates to maintain it at rest.
If the potential of upper plate is suddenly changed
to — 1.5 kV, what is the initial acceleration of the
charged drop ? Also obtain the terminal velocity
of the drop if its radius is 5 x 10% m and
coefficient of viscosity of air is 1.8 x 10> N-

ELECTROSTATICS



Ans.

Q.20

Ans.

s/m2. Assuming that the density of air is
negligible in comparison with that of oil.
[3, 19.6 ms2 downward, 5.7 x 105 ms 1]

Two small equally charged identical conducting
balls are suspended from long threads secured at
one point. The charges and masses of the balls are
such that they are in equilibrium when the
distance between them is 10 cm (the length of the
threads >> 10 cm.) One of the balls is then
discharged. How will the balls behave after this ?
What will be the distance between the balls when
equilibrium is restored?

[10(1/4)13 cm]

ELECTROSTATICS



