ELECTROSTATICS [JEE ADVANCED PREVIOUS YEAR SOLVED PAPERS]

JEE Advanced

Single Correct Answer Type

1.

N

A hollow metal sphere of radius 5 ¢cm is charged such
that the potential on its surface is 19 V. The potential at
the center of the sphere is

a. zero

b. 10V

¢. same as at a point S ¢m away from the surface

d. same as at a point 25 cm away from the surface

(II'T-JEE 1983)

. Twe equal negauve charges —q are fixed at points (0, +a)

on the y-axis. A positive charge Q is released from rest
at the point (2a, V) on the x-axis. The charge Q will

a. execute simple harmonic motion about the ongin

b. move to the origin and remain at rest

¢. move to infinity

d. execute oscillatory but not simple harmonic motion

(IIT-JEE 1984)
A charge Q is placed at the center of the line joining two
equal charges Q. The system of the three charges will be
in equilibrium if ¢ 1s equal to
a. -Q/2 b. -Q/4
c. +Q/4 d. -Q/2

(IIT-JEE 1987)
A solid conducting sphere having charge Q is surrounded
by an uncharged concentric conducting hollow spherical
shell. Let the potential difference between the surface of
the solid sphere and the outer surface of the hollow shell
be V. It the shell is now given a charge of =30, the new
potential difference between the same two surfaces is
a. V b. 2V
c. 4V d. -2V

(II'T-JEE 1989)

. Seven capacitors, each of capacitance 2 uF, are to be

connected in a configuration to obtain an effective
capacitance of 10/11 puF. Which of the combination
(s) shown in the given graphs will achieve the desired
result?

N
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(IIT-JEE 1990)

. Two identica! thin rings. each of radius R meters, are

coaxially placed a distance r meters apart. If O, coulomb
and ¢; coulomb are, rcspcctwelv the charges uniformly
spread on the two rings, the work doue in moving a
charge g from the center of onc ring to that of the other is

b. q(Qz Q}(‘/__”

d. ZCro
{4\:;..}1'8 R)
. V20 +0) g 90 +0)N2+1)
- (47€,R) {4\/_1'[5“}?]

(IIT-JEE 1992)

. Two point charges +¢ and —¢ are held fixed at (-d, 0) and

(d. 0). respectively. of a xv coordinate system. Then

a. electne field £ at all points on the x-axis has the same
direction

b. electric field at all points on the y-axis 1s along the
X-axI1s

¢. work has to be done in bringing a test charge from o<
to the origin

d. the dipole moment is 2gd along the x-axis

(IIT-JEE 1995)

. A parallel plate capacitor of capacitance C is connected

to a battery and is charged to a potential difference V.
Another capacitor of capacitance 2 C is similarly charged
to potential difference 2V. The charging battery is now
disconnected and the capacitors are connected in parallel
to each other in such a way that the positive terminal of
one 1s connected to the negative terminal of the other.
The final energy of the combination is

a. zero b. 3 CVv? 25 =

2 6

d. 2 CV?
2

(IIT-JEE 1995)



9. The magnitude of electric field E‘ in the annular region

10.

11.

12,

13.

14.

of a charged cylindrical capacitor

a. i1s same throughout

b. is higher near the outer cylinder than near the inner
cylinder

c. vanes as |/r, where r is the distance from axis

d. varies as i/ where r is the distance from the axis

(ITT-JEE 1996)
A metallic sohd sphere is placed in a uniform electric

field. The lines of force __,7/\ »
e e e W >

follow the path(s) shown

I
2
3

o b b —

in the figure as > S
a. | b- p) P> K_—__‘,/"— » 4
c. 3 d. 4 (HT-JEE 1996)

An electron of mass m, initially at rest moves through a
certain distance in a uniform electric ficld in time r,. A
proton of mass m, also initially at rest takes time 7, to
move through an equal distance in this uniform electric
held. Neglecting the effect of gravity, the ratio 1,/1, is
nearly equal to

a. | b. (m,/m)"~ . {m,fmp}”z d. 1836

(ITT-JEE 1997)
A nonconducting ring of radius 0.5 m carries a total
charge of 1.11 x 107'° C distributed nonuniformly on its
circumference producing an electric field £ everywhere

in space. The value of the integral J"'"ﬁ_ E.dl (I=0being

center of the ring) in volts is
a. +2 b. -1 c. -2 d. zero
(IIT-JEE 1997)
A charge +q is fixed at each of the points x = x,. x = 3x,,
x =3x,, and so on, on the x-axis, and a charge - ¢ is
fixed at each of the points x =2x,,x = 4x,,x =6x,.and
so on. Here, x; 1s a positive constant. Take the electric
potential at a point due to charge Q at a distance r from
itto be Q/4ne ,r . Then, the potential at the origin due to

the above system of charges is

q
b. C. oo d.
87E, x, In 2

gin2
4re, x,

(IIT-JEE 1998)
Two identical metal plates are given positive charges
Q, and Q,(< Q,), respectively. If they are brought
ctose together to form a parallel plate capacitor with
capacitance C, the potential difference between them
will be

a. (Q, + 0,)2C

a.

b. (Q| + Q:VC
d. (Q,-0,)2C

(IIT-JEE 1999)
For the circuit shown in the figure, which of the following
statements 1s true?

16.

17.

18.

g V1=30V V=20V
L e Yt
C,=2pF L*“-T*PF
= =
a. With §, closed, V, = I5V. V, =20V

b. With S; closed, V,=V,=25V

c. With §, and S, closed, V, =V, =

d. With §, and §, closed, V, =30V. V, =20V
(ITT-JEE 1999)

Three charges ¢, +q. and +q are  Q

placed at the vertices of a right-

angled isosceles triangle as shown

in the figure. The net electrostatic

energy of the configuration is zero ' 41

if Q is equal to

g, b.

1+2 242

":4- _Eq

(HIT-JEE 2000)
A parallel plate capacitor of area A, plate separation d,
and capacitance C is filled with three different dielectric
materials having diclectric constants &;, k,. and &, as
shown n the figure.
If a singie dielectric

material i< to be used
to hove the same
capacitance C n this
capacitor, then its -
, , A = area of plates
dielectric constant k
IS given by (IIT-JEE 2000)
a'l=l+l_!__ b.—l-= l +I
kK k k. 2k, k k+k, 2k,
K.k =
C. k =———+2k, d. k=k +k,+2k,
k. +k,

Three positive charges of equal value g are placed at the
vertices of an equilateral triangle. The resulting lines of
force should be sketched as in (ITT-JEE 2001)

o S

19. Consider the situation shown in the ¢

figure. The capacitor A has a charge |*
q on 1t, whereas B is uncharged. The |-
charge appearing on the capacitor Ba |,
long time after the switch is closed is |+




20.

21.

22.

24.

25.

a. zero b. ¢/2 C. g d. 2g

(IIT-JEE 2001)
A uniform electric field pointing in the 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

a. Vi<Vy bV,>Vp, V<V, dV, >V,

(IIT-JEE 2001)
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 clectrical potential energy of Q, when
it is displaced by a small distance x along the x-axis, is
approximately proportional to

a. x b. x* C. X' d. 1/x

(ITIT-JEE 2002)
Two identical capacitors have the same capacitance C.
One of them is charged to potential V, and the other to
V,. The negative ends of the capacitors are connected
together. When the positive ends are also connected, the
decrease in energy of the combined system is

a. C(V'-v})/4 b. C(V} +V})/4
c. C(V,-V,)'/4 d. C(V,+V,)/4

(IIT-JEE 2002)

. A metallic shell has a point charge ¢ kept inside its

cavity. Which one of the following diagrams correctly
represents the electric lines of force?

0

(ITT-JEE 2003)
Six charges of equal magnitude, three positive and three
negative, are to be placed on PQRSTU .
corners of a regular hexagon, such
that field at the center is double that of U R
what it would have been if only one
positive charge is placed at R. r <
a 44— - D =+, 4,4, -

d. +,—. + -+ -

(IIT-JEE 2004)
A Gaussian surface in the figure is shown by dotted line.
The electric field on the surface will be
a. dueto 9, and 9: only

C =+ T = —

-l-'-ﬁ-

b. dueto g. only ' 9hoq
C. 2ero . |
d. due to all =2

(ITT-JEE 2004)

26.

27.

28.

29.

Three infinitely long charge 4z

sheets are placed as shownin © Z=3a

the figure. The electric field P

at point P is 20 Z=a

a. 2o E‘,,ﬂ: b. 4a££ﬂ£ iy .
Z=-a

¢. =20 £,k d. 4o /e k (IIT-JEE 2005)

A long hollow conducting cylinder is kept coaxially

inside another long hollow conducting cylinder of

larger radius. Both the cylinders are initially electrically

neutral. Then

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

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

¢. no potential difference appears between the two
cylinders when a uniform line charge is kept along the
axis of the cylinders

d. no potential difference appears between the two
cylinders when same charge density is given to both
the cylinders (ITT-JEE 2007)

Consider a neutral conducting sphere. A positive point

charge is placed outside the sphere. The net charge on

the sphere is then

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

¢. negative and distributed nonuniformly over the entire
surface of the sphere

d. zero (II'T-JEE 2007)
A spherical portion has been removed from a solid
sphere having a charge distributed
uniformly in its volume as shown in
the figure. The electric field inside
the empty space is

a. zero everywhere

b. nonzero and uniform

¢. nonuniform

d. zero only at its center

(II'T-JEE 2007)

Positive and negative point charges of equal magnitude
are kept at (0, 0, a/2) and (0, 0, —a/2), respectively. The
work done by the electric field when another positive
point charge is moved from ( —a, 0, 0) to (0, a. 0) is

a. positive

b. negative

C. zero

d. depends on the path connecting the initial and final
positions (IIT-JEE 2007)



shells, held together by pressing them with force F. F is

3. Consider a system of three charges g/3, q/ 3, and -2¢/3 proportional to

placed at points A, B, and C,

respectively, as shown in the L e l | o | o
hgure. Take O to be the 5 E”'OJR b. 'E_GJR s e R d. E_E"
. . 0 0
center of the circle of radius
X (ITT-JEE 2010)

R and angle CAB = 60°. Then

a. the electric field at point
O 1s 4:;;/841'r.~\;"]ﬁ'2 directed

35. A tiny spherical oil drop carrying a net charge ¢ is
balanced in still air with a vertical uniform electric

alung the negalive x-axis 1 field of smzngth (8 l m"?) x 105 Vm". When the field is
b. the potential energy of the switched off, the drop is observed to fall with terminal
system iIs zero velocity 2 x 10~ ms™'. Given g = 9.8 ms >, viscosity of
¢. the magnitude of the force between the charges at C the airis 1.8 x 107 Ns m™*, and the density of oil is 900
and B is q:/54ﬂ'€uﬂ': kg m~, the magnitude of gis.
=19 -
d. the potential at point O is ¢/127€,R 2. 1.6x 107" C b.3.2x 107" C
(I'T-JEE 2008) c.48x 107" C d.8.0x10'C
32. A disk of radius a@/4 having a uniformly distributed ‘ _ (IIT-JEE 2010)
charge 6 C is placed in the xy plane with its center at 36. C;nnmder an clectric field 4
(—a/2,0,0). A rod of length ¥ E=Ex, where E, is a (q4.0. a) La. a a)
carrying a  uniformly constant. The flux through :
distributed charge 8 C is placed : the shaded area (as shown i
A = ——— - - - . - .
on the x-axis from x=a/4 1o l in the figure) due to this : ey
x =3a/4. Two point charges field is x 0.40) (Qa0)
-7 C and 3 C are placed at a. 2E,a b. \EEuaz
(a/4,-a/4,0) and (-3a/4,3a/4,0), respectively. :
Consider a cubical surface formed by six surfaces ¢. Ea’ ] Eqa (IIT-JEE 2011)
v=ta/2, y=%al/2, z=%*a/2 The electric flux V2
through this cubical surface is 37. A 2 uF capacitor is charged | 2
~2Cle, b. 2CVe, as shown in the figure. The s
percentage of its stored energy '
¢. 10C7g  d. 12C/g, (IIT-JEE 2009) dissipated after switch § is ¥V — - . u:ﬁ:
33. Three concentric metallic spherical shells of radii R, 2R, turned to position 2 is ) “T
and 3R are given charges O, Q, and Q. respectively. a. 0% b. 20%
It is found that the surface charge densities on the c. 75% d. 80% (IIT-JEE 2011)
outer surfaces of the shells are equal. Then, the ratio 38. A wooden block performs SHM on a frictionless surface
Q : Q,: Q, of the charges given to the shells is with frequency v;. The block carries a charge +Q on its
surface. If a uniform E
electric field E is +Q

switched on as shown,
then the SHM of the
block will be

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

(IIT-JEE 2011)
a 123 b. 1:3:5 ¢. 1:4:9 d. 1:8:18 39. Which of the following statement(s) is/are correct?
(ITT-JEE 2009) a. If the electric field due to a point charge varies as r°
3L A uniformly charged thin spherical shell of radius R instead of r*, then Gauss's law will still be valid.
carmes uniform surface charge b. Gauss’s law can be used to calculate the field distribution

density of o per unit area. It F F around an electric dipole.
% made of two hemispherical



40.

41.

42.

c¢. If the electric field between two point charges is zero

somewhere, then the sign of the two charges is the same.

d. The work done by the external force in moving a unit

positive charge from point A at potential V, to point B

at potential Vgis (V- V). (ITT-JEE 2011)
Consider a thin spherical shell of radius R with its
center at the origin, carrying uniform positive surface
charge density. The variation of the magnitude of the
electric field 1E{rJI and the electric potential V(r) with
the distance r from the center, i1s best represented by
which graph?

a o Vir) b. |E(r) M(r)
A 1\ , - | 3
“L E -F"r 0 R r
C. \Fr) vy e E) Vir)
) ‘ %
a\..:
0 R :
(IT-JEE 2012)

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° 1o the vertical just after release. Then X is nearly

a. I x107°V b. 1 <107V
c. I x10°V d.1x10'°V
(IIT-JEE 2012)

In the given circuit, a charge of
+80 uC is given to the upper plate
of the 4 uF capacitor. Then in the

+80 pl‘i
=i

pF

steady state, the charge on the 1 |
upper plate of the 3 pF capacitor 2HF — __ 3uF
IS
a. +32 j,lC b. +40 IJC _*_
c. +48 uC  d. +80 uC

(ITT-JEE 2012)

. Charges Q, 2Q and 4Q are uniformly distributed in three

dielectric solid spheres |, 2 and 3 of radu 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 E|, E, and E; respectively. then

p P
R -
0 w0 ! 4Q
R/2
Sphere | Sphere 2

a. E,>E,>E, b. E;>E, >E,
¢c. E,>E >E, d. £,>E,>E,
(JEE Advanced 2014)

. The figure below depict two situations in which two infi-

nitely long static line charges of constant positive line
charge density A arc kept parallel to each other. In their
resulting electric field, point charges g and —q are kept
in 2quilibrium between them. The point charges are con-
fined to move in the x-direction only. If they are given
a small displacement about their equilibrium positions,
then the correct statement(s) is (are):

a. Both charges execute simple harmonic motion.

b. Both charges will continue moving in the direction of
their dispiacement.

¢. Charge +¢q execules simple harmonic motion while
charge —¢ continues moving in the direction of its
displacement.

d. Charge —g executes simple harmonic motion while
charge +¢ continues moving in the direction of its
displacement. (JEE Advanced 2015)

45. A parallel plate capacitor having plaws of area § and

plate separation d. has capacitance C, in air. When two
dielectrics of different relative permuttivities (g, = 2 and
€ = 4) are introduced between the two plates as shown

: . .G
in the figure, the capacitance becomes C,. The ratio —=

1S

df2
//— —
e 1T
I r £, "
O—r---@ | T | &~4—0
+ - W, -
:j ---------- Sﬂ;'
et | s/
- d >
a. 6/5 b. 5/3 c. 7/5 d. 7/3

(JEE Advanced 2015)

. Consider a uniform spherical charge distribution of

radius R, centred at the origin O.
In this distribution, a spherical
cavity of rudius R., centred at P
with distance OP = a = R, - R,
(see figure) is made. If the electric

field inside the cavity at position 7

is E(¥). then the correct
statement(s) is(are)



a. E is uniform, its magnitude is independent of R, but
its direction depends on r

b. E is uniform, its magnitude depends of R, and its
direction depends on 7

¢. E isunifonm, its magnitude is independent of a but its
direction depends on a

d. E is uniform, and both its magnitude and direction
depends on a (JEE Advanced 2015)

Multiple Correct Answers Type

1. A parallel plate air capacitor is connected to a battery.

The quantities charge, voltage, electric field and energy
associated with the capacitor are given by Q,, V,. E,.
and U, respectively. A dielectric slab is now introduced
to fill the space between the plates with battery still in
connection. The corresponding quantities now given by
Q. V, E,and U are related to the previous one as
a. 0>0, b. V>V, c. E>E, d.U>U,
(1IT-JEE 1985)
. A parallel plate capacitor is charged and the charging
battery 1s then disconnected. If the plates of the capacitor
are moved farther apart by means of insulating handles
a. the charge on the capacitor increases
b. the voltage across the plates increases
¢. the capacitance increases
d. the electrostatic energy stored in the capacitor increases
(IIT-JEE 1987)
. A parallel plate capacitor of plate area a and plate
separation d 1is charged to potential difference V and
then the battery is disconnected. A slab of dielectric

constant K is then inserted between the plates of the
capacitor so as to fill the space between the plates. If

Q. E.and W denote, respectively, the magnitude of

charge on each plate, the electric field between the plates
(after the slab is inserted) and work done on the system,
1N question, in the process of inserting the slab, then

£ AV E.KAV
A - 9 b. - —
L Al ==
Q.Ez_f_ d. HJ':EQAL' ]_l-’
Kd 2d K|

(ITT-JEE 1991)

A dielectric slab of thickness 4 isinserted in a parallel-
-.ate capacitor whose negative plate i1s at x = 0 and
~ositve plate 1s x = 34. The slab is equidistant from
-=e¢ plates. The capacitor is given some charge. As x
s trom O to 34,

2 the magnitude of the electric field remains the same
b the direction of the electric field remains the same

¢. he electnic potential increases continuously

d. the electric potential increases at first, then decreases
and again increases (IIT-JEE 1998)

A positively charged thin metal ring of radius R is fixed in
the xy plane with its center at the origin O. A negatively
charged particle P is released from rest at the point
(0,0. z,), where z, > 0. Then the motion of P is
a. periodic, for all values of z, satsfying 0< z, < oo
b. simple harmonic, for all values of z, satisfying
0<z, <R
¢. approximately simple harmonic, provided z, << R
d. such that P crosses O and continues to move along
the negative z-axis toward z = —oo,
(IIT-JEE 1998)
A nonconducting solid sphere of radius R 1s uniformly
charged. The magnitude of the electric field due to the
sphere at a distance r from its center
a. increases as r increases. for r < R
b. decreases as r increases, for 0 <7 <eo
¢. decreases as r increases, for R<r <eo
d. is discontinuous at r = R (IIT-JEE 1998)

. An elliptical cavity 1S 39ih s st asm e o

carved within a perfect _

conductor (see figure). 85/ A

A positive charge ¢ is = -

placed at the center of i\

the cavity. The points A 7 3 e

and B are on the cavity * 7 T

surface as shown in the figure. Then

a. electric field near A in the cavity = clectric field near
B in the cavity

b. charge density at A = charge density at B

¢. potential at A = potential at B

d. total electric field flux through the surface of the cavity
is ¢/ €, (HHT-JEE 1999)

The electrostatic potential (@,) of a spherical symmetric
system, kept at origin, is shown in the figure, and given
as

i SR & =—0" ”
?, aner (rzR,), o, ) (r<R,)

h

b. Within r = 2 R,. total charge Ro
1s Q.

¢. There will be no charge anywhere except at r = R,

Which of the following option(s)
is/are correct?

a. For spherical region r< R,,
total electrostatic energy
stored is zero.

N

k

r—=m

d. Electric field is discontinuous ai r = R,
(IIT-JEE 2006)



9.

A few electric field lines
for a system of two charges
Q, and Q, fixed at two
different points on the
x-axis are shown in the
figure. These lines suggest
that

©,

a. 10,/>10,l
b. 10, < 1Q,l
¢. at a finite distance to the left of Q,, the electric field is
Zero
d. at a finite distance to the right of Q,, the electric field
IS zero (ITT-JEE 2010)
10. A spherical metal shell A of radius R, and a solid metal
sphere B of radius Ry (<R ) are kept far apart and each is
given charge (). Now they are connected by a thin metal
wire. Then
a. E;* =0 b. 0, >0,
C. % B d. E7"™ < EJM™
o, R,
(ITT-JEE 2011)
11. A cubical region of side a has its center at the origin. It
encloses three fixed :
point charges, —¢g at (0, e |
-al4,0), + 3g at (0,0.0), V
and -q at (0, +a/4, 0). .
Choose the correct i - 3
option(s). |
a. The npet electric flux o
crossing the plane x = | P
+a/2 1s equal to the net
electric flux crossing the plane x = —a/2.
b. The net electric flux crossing the plane v = +a/2 is more
than the net electric flux crossing the plane v = -a/2.
¢. The net electric flux crossing the enure origin 1< g/¢,,.
d. The net eleciric flux crossing the plane - = +a/2 is equal
to the net electric flux crossing the plane v = +a/2.
(ITT-JEE 2012)
12. Six point charges are kept at the vertices of a regular

hexagon of side L and center

O, as shown in figure. Given GRS

that K = q/4ne,L* , which of P

the following statement(s) is/ 4d S T “_ D

are correct? +29°. 21N -2

a. The electric field at O is 6K v SRS,
along OD. 3% ****** f:;{‘

b. The potential at O is zero.
¢. The potential at all points on the line PR is same.
d. The potential at all points on the line ST is same.

(IIT-JEE 2012)

13.

14.

16.

17.

In the circuit shown in the S, S, 9,
s —6 01— 00— 0
figure. there are two

parallel plate capacitors
cach of capacitance C.
The switch S, is pressed
first to fully charge the
capacitor | and then released. The switch § is then
pressed to charge the capacitor C,. After some time, $,
1s released and then § 1s pressed. After some time,

a. the charge on the upper plate of C, is 2CV,,

b. the charge on the upper plate of C, is CV,

C. the charge on the upper plate of C. 150

d. the charge on the upper plate of C, is -CV,

(JEE Advanced 2013)
Two nonconducting solid spheres of radii R and 2R,
having uniform volume charge densities p, and p,,
respectively. touch each other. The net electric field at a
distance 2R from the center of the smaller sphere, along
the line joining the center of the spheres is zero. The
ratio p, p- can be

ﬂ. _"'I b-l- _32}'25

I~
N

ll'.‘ LIS e o
"'". -rh —

c. 32/25 d. 4

. Two nonconducting spheres of radii

R, and R, and carrying uniform
volume charge densities +p and -p,
respectively, are placed such that they
partially overlap, as shown in the

(JEE Advanced 2013)
figure. At all points in the overlapping region,
a. the electrostatic field is zero

b. the electrostatic potential is constant

C. the electrostatic field is constant in magnitude
d. the electrostatic field has same direction

(JEE Advanced 2013)
Let £,(r). E5(r) and E;(r) be the respective electric fields
at a distance » from a point charge Q. an infinitely long
wire with constant linear charge density A, and an infinite
plane with unitorm surtace charge density o. If E (r,
=E-(r,)=E:(r, ) ataginen distance r,. then

a. Q=donr; b. r, =

(JEE Advanced 2014

A parallel plate capacitor has a dielectric slab of dielec-
tric constant K between its plates that covers 1/3 of the
area of its plates, as shown in the figure. The total capac-
itance of the capacitor is C while that

of the portion with dielectric in @, E,
between is C,. When the capacitor is
charged, the plate area covered by the

dielectric gets charge Q, and the rest
of the area gets charge Q,. The electric



field in the dielectric is E, and that in the other portion is
E,. Choose the correct option/options, ignoring edge

effects.

a. - b. L -~
E, E, K
. 4. 3 g C_2+K
0, K C, K

(JEE Advanced 2014)

Linked Comprehension Type

For Problems 1 and 2
A positive point charge g i1s fixed at origin. A dipole with a
dipole moment p is placed along the x-axis far away from the
origin with p pointing along the positive x-axis.
(ITT-JEE 2003)
1. Find the kinetic energy of the dipole when it reaches a
distance d from the origin.

3 P 3 P 1 pg o 1 Pg

a. : : - d.
4re, d’ 2ne, d* 2re, d* 4re, d’

2. Find the force experienced by the charge g at this

moment.
o 1 P9 b P9
4re, d’ 2ne, d*
. 1 _pa V2P
2\2ne, d° ne, d*
Fer Problems 3-5

The nuclear charge (Z,) is nonuniformly distributed within
a sucleus of radius R. The charge

deasity p(r) (charge per unit :

wolume) is dependent only on the '

mdial distance r from the center of E

e nuclcus as shown in the figure. . ; i

The electric field is only along the
=x&al direction. (II'T-JEE 2008)
3 The electric field at r =R is
a. independent of a
b. directly proportional to a
c. directly proportional to a’
d. inversely proportional to a
4. Fora =0, the value of d (maximum value of p as shown
m Fig. A1.173) is

3Ze . 37Ze 4Ze q Ze

el c. ;
- AxR’ TR izR’ 3InR’

& The electric field within the nucleus is generally observed
w be lhinearly dependent on r. This implies

R 2R
a a=0 h_a=-2— c.a=R d. ﬂ=T

Matching Column Type

1. Four charges Q,, Q,, Q5 and Q, of same magnitude are
fixed along the x axis at x = -2a, —a, +a and +2a, respec-
tively. A positive charge ¢ is placed on the positive y
axis at a distance b > (. Four options of the signs of these
charges are given in List I. The direction of the forces on
the charge q is given in List II1. Match List I with List II
and select the correct answer using the code given below
the lists.

q ®(+0. b)
————— - o o - -
Q, Q. e, Q.
(-2a,0) (-a, 0) (+a. 0) (+2a, 0)
List1 List IT

P. 0,, 0,, Q. O,all positive _

Q. 0, Q, positive; Q,, Q, negati

R. 0, O, positive ; @, O, negative | 3. +y .

S. 0y, O, positive; O,, O, negative (4. -y .

Code:

a. P-3,Q-1,R4,S2  b. P-4,Q-2,R-3, S-1

c. P-3,Q-1,R2,S4  d. P-4,Q2,R-1,S-3
(JEE Advanced 2014)

Integer Answer Type

1. A solid sphere of radius r has a charge Q distributed in

its volume with a charge density p= kr° where k and a
are constants and r is the distance from its centre. If the
electric field at r=R/2 is 1/8 tumes that at r = R, find

the value of a. (IIT-JEE 2009)
2. Aninfinitely long solid cylinder o5
of radius R has a uniform

volume charge density p. It has ©

a spherical cavity of radius R/2 i R+

with its center on the axis of the | R2 p
cylinder, as shown in the figure. )ﬁz&{—i‘"}
The magnitude of the electric : :
field at the point P, whichis at * | 5
a distance 2R from the axis of ©
the cylinder, i1s given by the expression 23pR/16kg, .
The value of k is (IIT-JEE 2012)

3. An infinitely long uniform line charge distribution of
charge per unit length A lies parallel to the y-axis in the

y-z plane at z = T3a (see figure). If the magnitude of the

flux of the electric field though the rectangular surface
ABCD lying in the x — y plane with its centre at the origin

18 AL (& = permittivity of free space), then the value of
ne,
nis ; (JEE Advanced 2015)




y

Assertion-Reasoning Type

Statement I is True. Statement I1 is True; Statement 11 is
the correct explanation for Statement 1.

. Statement | is True. Statement 11 i1s True: Statement Il is

NOT (he correct explanation for Statement 1.
Statement [ is True but Statement 1] is False.
Statement | is False but Statement 11 i1s True.

. Statement I: For practical purposes, the earth is used as

a reference at zero potential in electrical circuits.
Statement I1: The elecirical potential of a sphere of
radius R with charge Q uniformly distributed on the
surface 1s given by Q/4xe R.

Fill in the Blanks Type

. Figure shows line of constant

Five identical capacitor plates.
cach ol area A, are arranged
such that adjacent plates are at
distance d apart. The plates are
connected to a source of emf V
as shown in the hgure.

J—

F’“}ﬁn ‘T

L

.
§ i

(II'T-JEE 1984,

potenuals in a region in which _ \\\
an electric field is present. The

values of the potentials are
written in brackets. Of the points
A, B. and C, the magnitude of
the electric field is greater at the

point

(II'T-JEE 1984)
Two small balls, having equal positive charge Q
(coulomb) on each, are suspended by two insulating
strings of equal length L (meter) from a hook fixed to a
stand. The whole setup 1s taken in a satellite 1nto space
where there 1s no gravity (state of weightlessness). The
angle between the two strings is and the
tension in cach string is newlton.

(IIT-JEE 1986)

"

. A point charge ¢ moves from

. Two parallel plate capacitors of capacitances C and 2C

are connected in parallel and charged to potential
difference V. The battery is then disconnected. and
the region between the plates of the capacitor C is
compietely nlied with a material of dielectric constant K.
The potenual ditference across the capacitors now
becomes (IIT-JEE 1988)

"
point P to point § along the 4"

path PQRS in a uniform . >
clectric field E pointing 1 »>
parallel to the positive - 1 >

P\m>
: : : VB ot >E--»
direction of the x-axis (See 1\ 25

figure). The coordinates of the
pomnts P, Q. R, and § 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 (II'T-JEE 1989)
The electric potential Vv at any point x, y, z (all in meters)
in space is given by V = 4x” V. The electric field at the

point (1 m, 0,2 m)is Vm '

(IIT-JEE 1992)
Five point charges, each q q
of value +g coulomb, are 5
placed on five vertices of \ g
a regular hexagon of side
L meters. The magnitude ; > -

of the force on the point

charge of value - coulomb placed at the center of the
hexagon is newton. (ITT-JEE 1992)

True/False Type

I

thn

The work done in carrving a point charge from one point
10 another in an electrostatic field depends on the path
along which the point charge is carried.

(IIT-JEE 1981)

. Two identical metallic spheres of exactly equal masses

are taken. One 1s given a positive charge Q coulomb and
the other an equal negative charge. Their masses after
charging are different. (IHT-JEE 1983)
A small metal ball 1s suspended in a uniform electric
field with the help of an insulated thread. If a high-
energy X-ray beam falls on the ball. then the ball will be
deflected in the direction of the field. (IIT-JEE 1983)
Two protons A and B are placed in between the two
plates of a paraliel plate capacitor charged to a potential
difference V as shown in the ngure. The forces on the
two protons are identical. (ITT-JEE 1986)

. 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 center of the ring and reieased
from rest. The particle executes a simple harmonic
motion along the uxis of the ring. (IIT-JEE 1988)



Subjective Type

L. A pendulum bob of mass 80 mg and carrying a charge

of 2 x 107 coulomb is at rest in a horizontal uniform
electric field of 20,000 volt/metre. Find the tension in the
thread of the pendulum and the angle it makes with the
vertical. (IIT-JEE 1979)
A charged particle is free to move in an electric field.
Will it always move along an electric line of force?

(IIT-JEE 1979)
A charge 'Q’ is distributed over two concentric hollow
spheres of radii *r" and ‘R’ (>r) such that the surface den-
sities are equal. Find the potential at the common centre.

(IIT-JEE 1981)
A thin fixed ring of radius Im has a positive charge
I X 107 coulomb uniformly distributed over it. A par-
ticle of mass 0.9g and having a negative charge of 1 x
10 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 Simple Harmonic Motion.
Calculate the time period of oscillation.

(IIT-JEE 1982)

A
|
R,
: Wt p
e St
0 -4,
:.,:lr:m—b-l

. Figure shows two identical parallel plate capacitors con-

nected to a battery with the switch S closed. The switch
Is now opened, and the free space between the plates of
the capacitors is filled with a

dielectric of dielectric constant } ?L—'
(or relative permittivity) K =3, | ki

Find the ratio of the total elec- " P :"_‘B
trostatic energy stored in both

capacitors before and after the
introduction of the dielectric. (IIT-JEE 1983)
Two fixed, equal, positive charges, each of magnitude
5 x 10~ coulomb are located at points A and B separated
by a distance of 6 m. An equal and opposite charge
moves towards them along the line COD, the perpen-
dicular bisector of the line AB.
The moving charge, when it
reaches the point C at a distance of
4 m from O, has a kinetic energy 0
of 4 joules. Calculate the distances
of the farthest point D which the
negative charge will reach before B
returning towards C. (IIT-JEE 1985)
Three point charges g, 2q and 8¢ are to be placed on
2 9 cm long straight line. Find the position where the
charges should be placed such that the potential energy
of this system is minimum. In this situation. what is the

At +q

e
Ned

10.

11.

13.

. Find the

electric field at the position of the charge ¢ due to the
other two charges. (IIT-JEE 1987)
Three particles, each of mass 1 gm and carrying a charge
g, arc suspended from a common point by insulated
massless strings, each 100 cm long. If the particles are in
equilibrium and arce located at the corners of an equilat-
eral triangle of side length 3 cm, calculate the charge ¢
on each particle. (IIT-JEE 1988)

. A point particle of mass M is attached to one end of a

massless rigid non-conducting rod of length L. Another
point particle of the same mass is attached to the other
end of the rod. The two particles carry charges +¢ and
—q respectively. This arrangement is held in a region of a
uniform electric field £ such that the rod makes a small
time needed for the rod to become parallel to the field
after it is set free. (IIT-JEE 1989)

B

+q
B > E

.

>

Three concentric spherical metallic shells A, B and C of

radii @, b and ¢ (a < b < ¢) have surface charge densities

0, —0 and o respectively. (IIT-JEE 1990)

i. Find the potential of the three shells A, B and C.

ii. If the shells A and C are at the same potential, obtain
the relation between the radii a, b and ¢

Two fixed charges -2Q and Q are located at the points

with coordinates (-3a. 0) and (+3a, 0) respectively in the

x-y plane. (IIT-JEE 1991)

a. Show that all points in the x-y plane where the electric
potential due to the two charges is zero lic on a circle.
Find its radius and the location of its centre.

b. Give the expression V(x) at a general point on the x-axis
and sketch the function V(x) on the whole x-axis.

c¢. If a particle of charge +¢ starts form rest at the centre
of the circle, show by a short quantitative argument
that the particle eventually crosses the circle. Find its
speed when it does so.

elec-

tric work done in

bringing a charge

g from A to B in R—»8C
a sphere of charge
Q@ distributed uni-
formly throughout
its volume. (IIT-JEE 1992)

Two parallel plate capacitors A and B have the same sep-
aration d = 8.85 x 10 m between the flates. The plate
areas of A and B are 0.04 m* and 0.02 m?, respectively. A
slab of dielectric constant (relative permittivity) K =9 has
dimensions such that it can exactly fill the space between
the plates of capacitor B.



14.

15.

16.

17.

18.

1oV
(a) (b) (c)

i. The dielectric slab is placed inside A as shown in
figure (a). A is then charged to a potential difference of
110 V. Calculate the capacitance of A and the energy
stored in it.

ii. The battery is disconnected, and then the dielecwic slab
1s removed from A. Find the work done by the external
agency in removing the slab from A.

iii. The same dielectric slab is now placed inside B, filling
it completely. The two capacitors A and B are then
connected as shown in figure (c¢). Calculate the energy
stored in the system. (IIT-JEE 1993)

A circular ring of radius R with uniform positive charge

density A per unit length is located in the yz plane with its

center at the origin O. A particle of mass m and positive
charge g is projected from the point p(-V3R. 0, 0) on the

negative x-axis directly toward O, with initial speed v.

Find the smallest (nonzero) value of the speed such that

the particle does not return to P? (IIT-JEE 1993)

Two square metal plates of side 1 m are kept 0.0l m

apart like a parallel plate capacitor in air in such a way

that one of their edges is perpendicular to an oil surface
in a tank filled with an insulating oil. The plates are con-
nected to a battery of emf 500 V. The plates are then
lowered vertically into the oil at a speed of 0.001 ms™'.

Calculate the current drawn from the battery during the

process. (Dielectric constant of oil = 11, & = 8.85 x

10~ HC*N*m™) (IIT-JEE 1994)

The capacitance of a parallel plate capacitor with plate
area A and separation d is C. The space between the
plates is filled with two wedges of dielectric constants K,
and K, respectively. Find the capacitance of the result-
Ing capacitor.

(IIT-JEE 1996)

Two isolated metallic solid spheres of radii R and 2R are
charged such that both of these have same charge density
0. The spheres are located far away from each other and
connected by a thin conducting wire. Find the new charge
density on the bigger sphere. (IIT-JEE 1996)
Two capacitors A and B with capacities 3 uF and 2 pF
are charged to a potential difference of 100 V and 180
V. respectively. The plates of the capacitors are con-

19.

20.

21.

nected as shown in the figure with one wire free from

each capacitor. The upper plate of A is positive and that

of B 1s negative. An uncharged 2 uF capacitor C with

lead wires falls on the free ends to complete the circuit.

i. Calculate the final charge on the three capacitors.

ii. Find the amount of electrostatic energy stored in the
system before and after the completion of the circuit.

2pF;
| |

+| 3 uF - W
AT 100V 180\ | B

(HT-JEE 1997)

A conducting sphere S, of radius r is attached to an insu-

lang handle. Another conducting sphere S. of radius

R 1s mounted on an insulating stand. S, is initially

uncharged.

S, 1s given a charge Q. brought into contact with S. and

removed. S, 1s recharged such that the charge on it is

again Q, and it 1s again brought into contact with §, and

removed. This procedure is repeated n times.

i. Find the electrostatic energy of S, after n such contacts
with §,.

ii. What is the limiting value of this energy as n — oo?

(IIT-JEE 1998)

A nonconducting disk of radius a and uniform positive
surface charge density ois placed on the ground, with its
axis vertical. A particle of mass m and positive charge g
is dropped, along the axis of the disk, from a height H
with zero initial velocity. The particle has g/m = 4¢€.g/0.
i. Find the value of H if the particle just reaches the disk.
ii. Sketch the potential energy of the particle as a function
of its height and find its equilibrium position.

(IIT-JEE 1999)

Four point charges +8 mC, -1 mC. -1 mC and +8 mC are

. 27 3 3 27
fixed at the points —-,\l—j—m.—\im.-ﬁ-yim and + > m

respectively on the y-axis. A particle of mass 6 x 10~
kg and charge +0.1 uC moves along the x-direction. Its
speed at x = 400 is v,,. Find the least value of v, for which
the particle will cross the ongin. Find also the kinetic
energy of the particle at the origin. Assume that space is

=9x10°Nm*/C* .

gravity free. Given
4ne,

(ITT-JEE 2000)
A small ball of mass 2 x 10™ kg having a charge of | u
C 1s suspended by a string of length 0.8 m. another iden-
tical ball having the same charge is kept at the point of
suspension. Determine the minimum horizontal velocity
which should be imparted to the lower ball, so that it can
make complete revolution. (IIT-JEE 2001)



23. Charges +q and —q are located at the corners of a cube of

24.

side as show in the figure. Find the work done to separate
the charges to infinite distance. (IIT-JEE 2003)

+q ‘*11-' J'I- - -q

) L,
+q
o/ o/

_q +q

A charge +Q is fixed at the origin of the co-ordinate
system while a small electric dipole of dipole moment p

26.

pointing away from the charge along the x-axis is set free
from a point far away from the origin.
a. Calculate the K.E. of the dipole when it reaches to a
point (d, 0).
b. Calculate the force on the charge +Q at this moment.
(ITT-JEE 2003)
Two uniformly charged large plane sheets S, and S,
having charge densities 0, and 0,(0, > 0,) are placed at
a distance d parallel to each other. A charge g, 1s moved
along a line of length a(a < d) at an angle 45° with the
normal to §,. Calculate the work done by the electric
field. (IIT-JEE 2004)
A conducting liquid bubble of radius a and thickness
1(t << a) is charged to potenual V. If the bubble collapses
to a droplet, find the potenual on the droplet.

(IIT-JEE 2005)
ANSWER KEY
JEE Advanced
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1. b. 2. d. 3. b 4. a. 5. a. I. b
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13. b.d 14. b., d. 1§. c., d. I Q(R+r)
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1. d 2. b. 3. a. 4. b. 5. ¢ a. r:-gsec
Matching Column Type 3
1. a.(P)=(3),(Q)—=(1).(R)=(4),(S)-(2) 5. ;
Integer Answer Type 6. Maximum distance from O = 8.48 m
1. (2) 2. (6) 3. (6) 7. (a) Charge g should be at a distance of 3 cm from 2¢g

(b) Electric field =0
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HINTS AND SOLUTIONS
JEE Advanced

Single Correct Answer Type

1. b. The potential at the surface of a sphere is the same as the
potential at the center of the sphere.

2.d. Let us consider the positive charge Q at any instant of time ¢ at a
distance x from the origin. It is under the influence of two forces,
F, (=1) and F,(= F). On resolving these two forces, we find that
F sin 6 cancels out. The resultant force 1s

_ L. IV
F,=2Fcos0=2 m m

_ 2kQgx

- {Iz +al)lal
Since Fg is not proportional to x, the motion is not simple
harmonic. The charge Q will accelerate till the origin and gain
velocity. At the origin, the net force is zero but due to momentum
it will cross the origin and move toward left. As it comes

on the negative x-axis, the force is again toward the origin.
3. b. g has to be negative for equilibrium.

Considering equilibrium of 1, = | Fua 2 Py 3
Fi; 44— 4+—> -
Fi3=Fy +Q Fys T +Q
KOXO kQg 0 D o e
or —m——Or ] =—
(20) / 4

4. a. The potential inside the shell will be the same everywhere as on
its surface. As we add 3Q charge on the surface, the potential
on the surface changes by the same amount as that inside.
Therefore, the potential difference remains the same.

5.a. The equivalent capacitance
(see figure) is
_l__l+l+ I 11 E CC
C., 2 2 2x5 10 1 HHE
11
or C_=—AF
10

6. b. The work done in moving a charge from A to B is
" TPE = Total potential energy

(TPE), = [PE due to Q, + PE due to O, ]
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7. b. If we take a point M on the x-axis as shown in the figure, then
the net electric field is in the x-direction.

Therefore, option (a) 1s y
incorrect. If we take a point N &
on y-axis, we find net electric N ¢

field along +x-direction. The
same will be true for any
point on Y-axis. (~d. 0)
Option (c) 1s incorrect. The
direction of dipole moment

is from negative to positive.
Therefore, (d) is incorrect.

b

8. b. Energy stored, 4 IC
i | : 25
U =2 Ca =500V
(see figure) ; I_z ¥
3 2C

==CV*
2

9. c. Let A be the charge per unit length. Let us consider a Gaussian
surface (dotted cylinder) (see -

figure). =

Applying Gauss's law, we get i
-$E&=2

& -

For the flat portions of the
Gaussian surface, the angle
between electric field and -
surface is 90°. Hence, flux
through flat portions is zero. By symmetry, the electric field on
the curved surface is the same throughout. The angle between
E and ds is 0° (for curved surface)

Ejds-ﬁanxhrf E::lrrE-- A

£, Ei 27€ ,r

10. d. The electnc lines of force cannot enter the metallic sphere as
electnic field inside the solid metallic sphere is zero. Also, the
onginauon and terminanon of the electric lines of force from
the metallic surface is normal (directed toward the center).

11. b. Let the distance 10 be traveled be x. Let the strength of uniform
clectric field be E. For the electron.

u= i:I."JT-Jl:.-:r-f I={
ml‘
' '
S= ur+la.' nrt-lef (1)
2 2m,
For the proton,
ek
u=0,s=x,a=—,1=1,
mp
S = ur+lar nr.r-—lféxr' (1)
2 2m

P

From Eqgs. (1) and (1),

3 12
£,~:=.’"_rﬂrﬁ.=[f.a]

m,
12.. V, =KL v =0
R

" i m K 9x10° x1.11x107"°
[-E-di=v,-v.==2-0=

= r 0.5
13. d. Potential at origin will be given by

V=ql_l+l_l+_”
e, | x, 2x, 3x, 4x,

— 4 I[l-l.l.l_l.q..]
4re, x, 2 3 4

=—2 _In(2)
4ne, x,

=2V

14. d. For the capacitor to get charged upto 0.75 V, the charge on the

plates should be -1  C= IO"’
g=CV=10"x0.75 —'W.«\r |
=0.75x107°C
Using the equation of charging of
capacitor - { b
E=]15V

g =CE [1 -e"R), we get

0.75x107* =10" xl.S[l — g0 10" ]

I - e 4
or 5-[1—«9r Jore -E
Taking log on both sides, we get
~t=In2
or 1=0693s

15. b. With the closing of switch §,, the potential across C, and C,
would become identical to the average of V, and V,, i.c.,

30V+20V)2=25V

16. b. Here, we have = Qq q Qq

a a2
or Qﬁ+qJ§+Q=0mQ(J5+1)=-qJ§



qﬁ_ 2q

or = —-——=

V2+1  2+2

17. b. The effective capacitance is given by

gA[ 11 %
d | (k +ky) 2k,

The capacitance of a single capacitor will be (£,4/d)k.

l . | |
k= + or—= +
[f*ﬁ*ﬂ 2%] ko (k +k,) 2k,

18. c. Option (a) is not possible because all the three charges are

positive and the electric lines of force will expand laterally and
not contract longitudinally.
Option (b) is not possible as electric lines of force are
continuous lines but there are three lines that end up abruptly
somewhere in between the electric field, which is not possible.
Option (d) makes no sense.

19. a. When § is closed, there will be no shifting of negative charge
from plate A to B as the charge —¢ is held by the charge +q.
Neither there will be any shifting of charge from B to A.

0. b. As we move along the direction of electric field, potential
decreases. So V, < V,,

y

>E
T -
B

— - x

A + >
M. U= .p =_Q‘?_[ L, ]
- dne,(a) ' 4dme la+x a-x

0 0

U-U, = (Qgx ;" [for x << a. x* can be neglected in
2nE,a comparison 10 a° in denominator]

22. ¢. Iniually,

C
o |
v,

ifi g:= CV; | |

| 1.
Vs

.- q:

. ! :
Initial energy = —Z—C(VTI +V7)q +q. =CV, +CV,

% = %- or g, =g, (charge conservation)
, _C(V +V))
9 = 2
| C(V, +V,)
Final energy = % :

Therefore, change in energy = Initial energy - Final energy

] b ] C 4 b
= ;C(H' 'l"I"':')—:{VI' + I‘f:' + 2#‘11":}

C b | b b C b
GRS AR A BT U

23. c. Electric field is perpendicular to the equipotential surfaces and
iIs zero everywhere inside the metal.
U.c. |52
23
Electric field due to Pon O is
canceled by electric field due
to § on O (figure). Similarly,
electric field due to Q 1o O is
canceled by electric field due
to T and O. The electric field
due to R on O in the same
direction as that of U and O.

Therefore. the net electric
field is 2F.

25. d. The flux through the Gaussian surface is due to the charges
inside the Gaussian surface. But the electric field on the
Gaussian surface will be due to the charges present in the
Gaussian surface and outside it. It will be due to all the charges.

26. ¢. Figure shows the electric fields due to the sheets 1. 2, and 3 at

point P. The direction of D
electric fields is according to 7= 13, - '}
. £

the charge on the sheets _ i E

(away from positively £y g "Q
charged sheet and toward the Z - 3a ~ 20
negatively charged sheet and a
perpendicular). 7°0 —_— —

The total electric field is
E — Et + E: - E:
= E,(-k) + E,(-k) + E, (k)

p. .
= 9 -+ -.{T+ = {—k]
2, 26, 2,
2¢T -
-
E'D

27. a. When a charge density is given to the inner cylinder, the

potential developed at its surface is different from that on the
outer cylinder. This is because the potential decreases with
distance from a charged conducting cylinder when the point of
consideration is outside the cylinder.
But when a charge density 1s given to the outer cylinder, it will
change its potential by the same amount as that of the inner
cylinder. Therefore, no potential difference will be produced
between the cylinders in this case.

28.d. When a positive point charge
s placed outside a conducting
sphere, a rearrangement of
charge takes place on the
surface. But the total chargeon -+ ¢
the sphere is zero as no charge
has left or entered the sphere.

29. b. Let us consider a uniformly charged solid sphere without an\
cavity. Let the charge per unit volume be o
and O be the center of the sphere. Let us
consider a uniformly charged sphere of
negative charged density o having its center
at @'. Also, let 00’ be equal to a (figure).

Net charge = 0




Let us consider an arbitrary point P in the small sphere. The
electric field due to charge on big sphere £ = (o73¢, )OP.

Also, the electric field due to small sphere is

Therefore, the total electric field is

i

=E + E: =—(0P+P0)=-2-00
k# 3£II
This will have a finite value, which will be uniform.
30. c. The charges make an electric dipole. Points A and B lie on
the equatorial plane of the dipole. Therefore, potential at A =
potential at B=0

W=g(V,-Vp)=gx0=0

y
&

B I{ﬂ'. a, ﬂ} -

r
'

—Tr‘[ﬂ', 0, -a !'2}

1 (g)(?] g’

3l.c. F. = =
* dre, (RN3)  S4ne,R’

32. a. Total charge enclosed by cube is -2C. Hence, electric flux
through the cube is -2CJe,.

33. b Qr - QI+QL=Q|+QJ+QJ_
47R’ 4n(2R)’  4n(3R)
or 0:0,:0 :1:3:5
2 2

34. a. Pr:smre=%—-and force = ;_—:-:ER’

0 0

4
35. b. ;xﬂ’pg = qE = 6 pnRy,
;q=8.0x%10"C

—»

36.c. A= Acosd5° — Asind5°k

= Za"*?l;-f— la -\—/-_5.=ﬂll'-—ﬂ1£

37.d. =-I_:.|2].l': = V-

After connecung S 10 2.

;- GV +CV, 2V4+48x0 ¥V

= C+C. 2+8 5
LTI LN
Ur=3@+®15 ) =3
o U-U
Percent energy dissipated = - x 100
F:_f:

3 %100=80%
V-

38. a. The frequency will be the same v =Jb_m /.‘br . Frequency
is independent of any external constant force. But due to the
constant force gE toward right, the equilibrium position gets
shifted by gE/K in forward direction.

39. c.

a. This option is wrong, because flux due a charge through a
Gaussian surface (in which the charge is present) will depend
upon the shape and size of the surface.

b. Itis almost impossible to calculate the field distribution around
an electric dipole using Gauss's law because proper symmetry
will not be formed.

¢. This is obvious.

d. This option is not correct because it is not given that charge is
moving slowly.

40. d.
v
A\E
K 4
E.'?Q V_-Eﬁncnntum
! L TTe= KQ
E.=0 wf’ \"_"_
{ " by O
>-r
41. c. mg = gE
l.67xlﬂ‘z’x10=l.6xlﬂ'”x~uim
=297 100 V=1x10°V
1.6
1
Es: ;
- | em '
|
XV
42. c. e gr Q

G+C

3 3
=——X80=—x%x80=48uC
% 3+2 5 W



43. c. Electric field due to uniformly charged dielectric solid sphere dn dr

of radius R at a point P is given by L q r.r<R _'F*} & |
ane, R £ £
+Q L O— oam—"
Cll‘
p e
‘ Ml
r - d
26 4C,
0 ]
r == r>R | -
e,
07 o— 0
For solid sphere 1, E, = : Q, |
4”{, R# |
-
_ o 20 ¢
For solid sphere 2. E, = > = 2E,
- 4”{} RF 5
I 2€ 2 26,8
4 : 5
For solid sphere 3, E, = 2 = Qlf - iﬂf - f}'— S
TE, (2R) 2R 2 ) €, 4€,S
. E|:EJ:E’ 8 =F2.'= d =4Cl
44. c. For positive charge: If the charge displaced towards right by a S
distance x 2€ 3 E8
C”: - £ — L - CI
d d
C.= c'C u-_ifns.,,f'ﬂS:ZEﬂ
- e 3 d d 3d
’q R 7 N
=y This gives : —JIL = 3
| 46. d. Since the sphere carries a uniform charge density it will be
Hence restoring force on the charge a non-conducting sphere. Hence, no concept of conducting
- Aq Aq sphere/cavity should be used.
™ dme,(I-x) 2n €, (1 + x) For a sphenical cavity, in a uniformly charged sphere, we use
the standard result that:
_ Aq(2x) =
2re, (I° - x*%) Eall
3e,
~ Agux
= g™ R = Frey = Where a = position vector of centre of cavity WRT centre of
= ltexecutes SHM. perc,
. Hence (d).
For negative charge:

Multiple Correct Answer Type

1. a..d.

. s £ Z

If we displace the charge towards right. The force in the direc- .| - |
tion of displacement increases. Hence the net force on the ' '
charge particle will be towards right hence the particle keeps
going towards nght.

4F d. A capacitance of the capacitor without dielectric.

Vo Fo
Before introducing dielectric slab:
Potential difference = V
Capacitance = C

C| = % Chﬂl‘gt‘:. q“ - CVn
Now consider the case with filled dielectric. The given capaci- PE. U, = %C' lf

tor can be divided into three capacitors as shown. 1 ‘ . _
Alter introduction of dielectric slab:



Potenual difference = V,,

Capacitance = KC [K is the dielectric constant of slab; K > 1]
New charge, Q = KCV,

New PE. U = % KCV;

2. b.,d.
9 -9
. | | -9
d d’
From figure, charge on plate is g
E,A4 £,A4
C=—"; C="-0orC<C
d d’

g=CV or lr”=i; V= q,nr ViV
C
l ’ 1 ’ r .
U=—gxV; U==gV orU >U
27 2?

3- ﬂ... C'u, d--

c=54 =257
d d
—ry_Eod , _E AV
Q=CV= xV =
d d

[Q will remain the same as no — —
charge is leaving or entering the
plates during the process of slab
insertion. ] c
Q=CV'=CEd

0 [EnAWd}xd__V_

C'd (Ke,Ad)  Kd
Work done 1s the change in encrgy stored, i.e.,

W = 1(':!-!: _ _l__('*F:
2

or E’

a?
e,
x
b
_
1
v
<
i
=
, IR |

4.b., c.
In regions I and I11, there will be electric field Eo directed from
positive to negative. In region I1, due to orientation of dipoles,
there is an electric field Eo present in the opposite direction of
Lo. Butsince Ey is also present, the net electric field is E,-E,
in the direction of Eo as shown in the figure (" E, > E,).

Also. please note that when one moves opposite to the direction
of electnc field. the potential always increases. The stronger
the electnc held. the more is the increase in potential. Since in
region II. the electnc held is less as compared to regions | and
[11. the increase in potential will be less but there has to be an
increase in potential in all the regions from x =0 to x = 3d.
5.a.,c.
Let Q be the charge on the nng: the negative charge —g is
released from point P(0. 0. Z,1. The electric field at P due to
the charged ring will be along positive z-axis and its magnitude
will be
l 7,

C4me, (RP+2Z:-4pt)' -

Therefore, force on charge P will be toward the center as
shown, and its magnitude is

I
E:qf: ‘Q‘?‘ == zﬂ ’
dre, (R +2;]) (1)
Similarly, when it crosses the origin, the force is again
toward center O. Thus, the motion of the particle is periodic
for all values of Z; lying between 0 and oo. Secondly, if

Z, <R, (R°+Z))* =R

F = x99, 7 (fromEq. (i)
“ 4pe, R
That s, the restoring force F, «< =Z,. Hence, the motion of the
particle will be simple harmonic. (Here, negative sign implies
that the force is toward its mean position. )
6. a.,c.
The expressions of the electrical field are

Inside the sphere (r<R), E = : q.r
dne, R

Outside the sphere (R<r <), E = I Q
4ne, r

Hence, E increases for r < R and decreases for R < r < oo,

1.c., d.
When two points are connected with a conducting path in
clectrostatic condition, then the potential of the two points is
equal. Therefore, option (c) is the correct option. Option (d)
follows from Gauss's law. Options (a) and (b) are dependent
on the curvature, which are different at points A and B.

8.a., b, c.d.

d¢ O

For r>R, . E=—= -
dr  4Anme,r’

Therefore, charge enclosed by concentric spherical surface of
ris

3 Q 2
2R, = =€ —4nr- =
o= bt =S 4H£ﬂr1 =g

For r-r:R,,E=-d—V=ﬂ
dr
dVv .

and forr> Ry, £E=-——=4nr¢e,r" (Here, V= ¢)

r
9- I“ d-l-

A number of electric field lines of forces emerging from Q, are
larger than terminating at Q,.



10.a, b, c., d. 13. b, d.

From conservation of charge: After switch §, is closed, C, is charged by 2CV,,. when switch
Q,+Q5=20 (1) S, is closed, C, and C, both have upper plate charge CV,,. When
Potential of both should be the same: S, is closed, then upper plate of C, becomes charged by —CV,

and lower plate by +CV,,

’f‘ = '?' (ii) 14. b., d.
A [ ]
At point p=—" AMRR _ pR
+0 +Q dne, 4R’ 3,
________ 2 .. '
P,
From Eqs. (i) and (ii) | - —£
2 = 24 (i) LI LR
Oy R, 12 3 P,
Solving Eqgs. (i) and (iii), we get At point P,
20 g 0 0
‘_RJ+R. '—RJ+R, A B ( ) )
2 oo A =l
Oy 21Ny 0 using Eq. (iii) p, 25
95 Lit8El; R 15. c., d.
Op > Oy (as R, > Rg) In triangle PC,C,. n=d +1,
Onsurface, £ =24 and E. =22 The electrostatic field at point P is
. 4" " R
£ &
: 4 = 4 =
or E,<E (- o,<0,) e K(Piﬂﬂxj]’z K(Pjﬂ@](’i)
E= +
11. a.,c.,d. R} R;
Position of all the charges are symmetric about the planes A e o= 5
=Kp—nmn(rn—-n)= -p—d
x = +a/2 and x = —a/2. So net electric flux through them will be - Pj & o= 3g,
same. Similarly, flux through y = +a/2 is equal to flux through
y =-al2 16.a., b, c
' ' We have E,(ry) = Ey(rg) = E;(rp) (given)
‘ = E‘- = Jq — q: q = 9 A | _Q_ . A, _ l
& % “ o Ameyrd 2mEy, 26,
By symmetry flux through z = +¢/2 is equal to flux through | Q0 o
et L Then ame, 2 26
12.a, b, c. ) 2 n
Electric field at 0 :Ir Q =ﬂ2afr*; e
E,=2K+2%2K cos 60° TRy NP %
=2K+4K Now, —=— =% or pyu-2-
Hence,  E,=6 K (along OD) ey 26 ad

Hence option (b) 1s correct.

Al r=2
2

. 4 0
E fy.)= = =4F
|( y) 4% (rufz)l 4% rui ],(rﬂJ

1 o
or E,(rh]--—El(z)

o) _ A _ 24 Y
E’(z] 2MEG(ry/2)  2MEQR, (%)

Potential on line PR is zero.

| r;
or E,(r) > 1[2]



E\(rg) = Ex(rp) dU| pg d (|
IEI=EEI[_2'1] de| 4me, dv\ x
= pq (__214}_ P"? i
E, [51] " 351[5}.] 4re,0 2RE, X
2 "\ 2 | I pq
Hence, option (c) is correct. Force on dipole |F| =~ =
- 0
E}(Ea_] =L = E,(r) 3.a.,4.b.5.c
2/ 26 Net charge within r < R is constant: hence. electric field is independen
Ey(rg) = Ex(r) of a.
151(fﬂ.)=53(iJ 'y
2 *\2 2 ) q=IE(R_x)4,”:dr=zf
0
o(3)-20(3)
N Y e b 3Ze
. . d=—-
Hence, option (d) is incorrect. xR’
18 4. | If within a sphere p is constant, then E o r.
_ -::,I 1 . Matching Column Type
[« > = | 1. a.
3 an (P)=(3), (Q) - (1), (R) - (4), (S) - (2)
C=2%then Cy=ke  Cy=2c (P)-(3)
F F
C F, :
Ci+C=C=>(k+2)c=C= c=—— ; F,
S : i k+2
ke 2c C 2+k
C = B e — =
T .I:+:';=:'r4.’_ﬁ'.l k
If charging voltage is V: charges will be in the ratio of capaci- 0 <0 W0 +0
ties and as potential difference is same. Electric field should be
equal. All x components of force will be cancelled only v will exist,
. . . 1.e., along +y direction.
Linked Comprehension Type Q- (1) )

1.d.,, 2. b.
Conserving energy (see figure)

(-pE), ... +(KE)_. = constant

or 0+0=-px . +KE
neg ¢° +Q  +0 0 -0
or KE = = Pq All y components of force will be cancelled and only +ve x will
' 0 exist.
! . : (R)-(4)
q $_ L"g:, _lsuncc e
| Initially  Dipole
: E
1 :
' I
: I
. :
I :
: <— Dipole | Each pair will cancel x of each other and y of +ve pair will be
q ?‘_ q o E smaller than —ve so net will be along -ve y.
: d r : (S)-(2)

o+

X

e+
?



Each dipole pair will cancel y of each other and x of Q, - Q,
pair along —ve x is stronger than that of Q, - Q, along +ve x.

Integer Answer Type

1.(2) p=kr~*

q“:hld - 1 Q
4ne,(R2)° 84ne, R’

O 329encioned= @

Genclosed = €
R2 4?[* Rhl-l!
or e = | Kr'4n ‘dr = [—}
T -,! T @3\ 2
ark ...y
or =
O (a+3)
or Q =2Hﬂ!
4 encioned
or 2°'=132
or a=2
2
2. (6) E = A _PRR" _pR
2mE 2R Amg,R 4,
4 R
_ 1 P37y
dne, (2R)
BopsPS___ PR =p‘q[|—l]
T de, E,-24x4 A4, 24
_23pR _ 23pR k=6
96e, 16kg,

3. (6) Suppose that an infinite, charged wire is placed parallel to a
rectangular area. Then, number of field lines passing through
the rectangular area (denoted by ADC in figure) is equal to
number of field lines passing through portion ABC of cylindri-

cal surface.
Hence flux through both of them will be the same.

A

4 rectangular
surface
- -
D B
C
2k
v ="

Let us redraw the figure from the point of view of an observer
sitting y-axis.

Consider a cylindrical surface of length L. centred on the

2 = \3
charged wire, having a radius r = J[%] - [ avs .

2 )

From the figure, it is clear that the flux passing through the

rectangular area 1s equal to L of the flux passing through this
cylindrical surface. 6

So. ’:l%

6 g,

1 AL
=2 = ——
6 &,
n==6

Assertion-Reasoning Type

1. b. Both are basic facts and have no relation with each other

Fill in the Blanks Type

1. For plate | (see figure):

b
g= CV = i" %V
d
For plate 2:
26,4
2g=—"—xV
L
2. Itis greatest at point B since at B, the equipotential surfaces are
closest.

3. Where there is no gravitational force, then in this case only
electrostatic force of repulsion is acting which will take the
two balls as far as possible. The angle between the two strings
will be 180°. The tension in the string will be equal to the
electrostatic force of repulsion, i.e.,

L. x{? el o o’
ane, (2L) 4me, 4L

4. Initially, charge on capacitance Cis g, = CV .
Charge on capacitance C
2Ci1s ¢, =2CV.
Finally, charge on capacitance
Cisgq = KCV". 2C
Charge on capacitance
2Cis g, = 2CV".
Since charge will not change, v
we gel

CV+2CV =KCV'+2CV’ or V' =3VI(k +2)-4pt

e

S. Since electric field is conservative in nature, the work done by
the field along PQRS will be the same as along PtoM 1o §
(see figure).

Work done from PloM = F-PM = F (PM)cos90° =0

i#.

: —p
: E
r >
: P (a, b, 0)
s
oS! B g
o s
>




. If we place a charge g at the <ixth

Work done from Mo S = F-MS = F(MS)cos180° = —gFa

V=4x'V
The electric potential changes only along x-axis. We know that
-dV d

= ——=——(4x") = -8y
dx dx
The electric hield at point (1. 0. 2) will be there v = |
E=-8V

vertex of the regular hexagon,
then the net force on the
charge —g placed at the center
of hexagon will be zero due to
symmetry.

The force on charge —¢g due to
the charge g placed on the sixth
vertex balances the net force on charge —¢g due to the other five
charges placed at the five vertices. The force on charge —¢ due
to charge g placed at the sixth vertex will be

! X
F = q 1‘?
drne, L
where [ is the distance of the center of hexagon from any vertex
(directed from O to C). The magnitude of force on the point

charge of value ~g coulomb placed at the center of the hexagon
is (Ve Mg’ /L") directed from O to F.

True/False Type

1.

Let us consider two points A and

B in an electric field. Let the Q
potentials at A and B be V, and

Ve, respectively. Now, by the

defimition of potential difference,

the potential difference between p
two points B and A 1s the amount

of work done in carrying a unit

positive charge from A 10 B.

Mathematically, for path 2
A—- P - B,
W
el AL
q
Wen =qVy=V,) (1)
For path 4 —» Q0 - B,
H'l' | .
‘ = Vl - {
q
or W, ,=qV,-V,) (1)
Since the RHS of Eqgs. (i) and (ii) is the same,
Weps =W ion (1ii)

The statement 1s true. The metallic sphere that gets negatively
charged gains electrons and hence its mass increases. The
metallic sphere which gets positively charged loses electrons
and hence 1ts mass decreases.

3. When a high-energy X-ray beam falls, it will knock out

electrons from the small metal ball making it positively
charged. Therefore, the ball will be deflected in the direction
of electric field.

. The electnic field produced between the parallel plate capacitor

is unitorm. The force acing on a charged particle placed in an
electnc field 1s given by F = gE. In the case of two protons, g
and E are equal and hence force will be equal. The statement
1s true.

. Force on charge —g due 1o small charge dg situated at length

dl 1s

dF = k3%,

5R-

Resolving this force into two parts dF cos@ and dF sin@ as
shown in the figure.
If we take another diametnically opposite length dl, the charge
on it being dq, then the force
on charge —g by this small
charge dg will be

aF = k3%

SR’
Again, resolving this force,

we find dFsin@ cancels
out with dFsin@ of the

previous force and dF cosé

components add up.
PO InR P 2xR

5
F = decusﬂz I kq{qx 2K
) BTN
Charge on length 27R =Q
dl
Charge on length df=.Q_=d
. . R 1
xR
2 dl
F= .l kq _x Q
? sJSR® 2nR
=
= X9 x2nR = "qu,
5JSx 2R 5JS R’

This 1s not an equation of simple harmonic motion. Therefore,
the statement 1s false.

Subjective Type

l.a. Wearegiven80x10'g=80x10°%kg, ¢g=2-10"%C;

E=20.000 V/im

For equilibrium of bob.
T'sin @=mg (1)
T cos @ =mg (11)
3 89 4
s o p SN H2XN0 05
mg 80x10"x10

o)

Squaring and adding equation (i) and (11)
= T=9x10*N

. No. When a positively charged particle starts from rest in a uni-

form electric field, it will move along the direction of electric
field. But if the electnic field is variable the charged particle

will move under the influence of instantaneous velocity and the
force of electnic field.



Y-q

(o

Let the charge on the inner surface on outer sphere. Q and

Q-9
AQS su‘f'f&ct charge densities arc equal.
9 _Q-4
dnr’ 4xR?
gR*=(Q - @)’
gR?=Qr - gr?
__or
&= R+ r?

Potential at common center O due to inner sphere

o : r\R*+r°
_ k| O -

R R R4 13
_ k[QR*+Qr* - 0r?)
R [Rz+rz}
kOR
= Ywe= 3

The total potential V=V,___

kQr . kOR  kQ(R+r)
R+r® R+ p2 R+ r?
1 Q(R+r)

4ne, R +r?

. The electric field intensity due to the charged ring R at a dis-
tance x from its centre

¥ Vogicc

. The force on the negative charge (—g,) placed at axis at a
distance x from centre

F = -quE

As x << R, hence ¥* << R?, we can wrile

. 1
P ‘;";"i (i)
0

If @ be the its acceleration of the charged particle, then

1
Then ma = - —— 290

are, R’
i=-——>3%20 3 (ii)
4”!’-‘0 mR
.. Qaex-—3X

It is necessary and sufficient condition for simple harmonic
motion. It means motion of negatively charged particle on the
axis of a charged ring under the condition x << R is S.H.M.

The standard equation of S.H.M.
d=-0'F (iii)
Comparing (ii) and (iii) we get o = 990
ane, mR’

1.e., angular frequency, @ = £ = I ﬁg}_
/ § Ane, mR

3
or  Time period T = zn\/[‘m‘*"'ﬂ J (iv)
440

Now substituting the given

Mass of particle m = 0.9g = 0.9 x 10~ kg. charge on particle,
2=1%10°C,

Radwsof ring, R=1m

and Charge on ring, g = 1 x 10~ coulomb

Substituting the values in (iv) we get 7 = -;E sec

. Iniually, when the switch is closed, both the capacitors A and B

are in parallel and, therefore, the energy stored in the capacitors
1S '

U, =2x2CV =V’ (i)
When switch S is opened, B gets disconnected from the battery.
The capacitor B is now isolated, and the charge on an isolated
capacitor remains constant, often referred to as bound charge.
On the other hand, A remains connected to the battery. Hence,
potential V remains constant on it.

When the capacitors are filled with dielectric, their capaci-
tance increases to KC. Therefore, energy stored in B changes
to Q*/2KC, where Q = CV is the charge on B, which remains
constant, and energy stored in A changes to 1/2 KCV?, where
Vis the potential on A, which remains constant. Thus, the final
total energy stored in the capacitors is

I

L(Ccvy 1. .., 1 ,[ ] .
U, =————+—=KCV* ' ==CV’| K+— (11)
2 KC +3 e zc +x

From Eqgs. (1) and (11), we find

U _ 2K
U, K+l
It is given that X = 3. Therefore, we have
/R
u, S

The electric field of the charged particles at A and B moves
the negative charge along the line COD. Total energy of the
system of three charges will be same of potential and kinetic
energy. When the charge g isat A, = P.E. + K.E.

=[quq . K@x-9) | K(q){-q}]+4
6 S 5

(1)




Final energy of the system of three charges when —g 1s at B and
momentarily at rest

E, - Kyxg, X909 , 29CY)
6 x+3 Vx°©+ 3?
Kgxq 2Kq(-9) .
s m—up (n)
6 f 2433
Using principle of conservation of energy from (i) and (i)
Kqxq 2Kq(-q) , Kgxq 2Kq(-q)

6 5 6 JII+31
zqu:[l— I ]
5" +3
Wcamgivcnq=5>clﬂ‘5c S x=848m

. For the potential energy to be minimum the bigger charges
should be farthest. Therefore the combination would be as
shown in the figure.

The potential energy of the system is

Uu [qu2q+8¢ixq+ q(29) ]

dre,| 0.09 x  (0.09-x)

For potential energy 10 be minimum using % =0
|t-8q:~cq_q:¢:2q[-l)]=u
2 (0.09%xx7)
4 I
x? -{0*09-.1:}1
2009 -x)=x
2x009-2x=x

=2x009 _,.003=006m

X

Electric field at g due to the two charges

]
F= k xﬁaq _ k(29 :
x- (0.09 - x)°
- 9x10°x 8¢9 _9x lﬂqxli__o
" (0.06)° (0.03°

. Each charge will be in equilibrium under the action of three
forces namely tension of string, weight, resultant electrostatic
force of the two other charges.

F is the resultant of electrostatic forces on A due to charges at
B and C. Let @be the angle of string with horizontal in equilib-
rum.

From figure | F ac 1= F s
Fe =2 F,~cos 30°

B B S N
|_4ms‘u a” | 2
_Exlﬂqxgxq:xaﬁ
T (3x107%) x2

r (af2)sec 30°

CDE\&:‘?: ]
= = = 3
V3l 10043
6= 89°

Now, the particle is in equilibrium under three concurrent
forces, F. T and mg. Therefore, applying Lami’s theorem:
F mg

sin (90°+ 8) _ sin (180° - 6)
or 3 x10"¢*=(1 x 10”)(10)cot 89°
solving this equation, we get
g=0317x10"°C
or ¢=317x107°C

. Torque acting on the dipole

T=gExLsin @
If 81is small then sin 6= 6
t=gqEL @or la=(qEL)@ (i)
or a=(5££]6'
I
- [ qEL

In vector form & = (T)é= 0

Comparing with a=-w’6 (1)

af:[ i 1

ML /2 )

ML ML _ ML
4 4 2

Now, [ =



10.

11. a.

2
From (1) and (11): Eé—m.—z-c;.h!i[.::tn w-,F E

2 [2g ML
—::—=:T2‘
= T ML

This is the time period of complete nscnllauun
*. Time for the dipole to align along the direction of electric

sttt T2 [M_x
2gE 2\ 2qE

Charge on Shell A = g, = 0 (47a’)

Charge on Shell B=gz=-0 (4nb?)
Charge on Shell C = g, = -0 (47c°)
The potenual of shell A

v, Maa _kay | kac
a b ¢
_ko(4na’) ko(4nb’) X ko (4mc?)
a b C
2 2 2
_ 1 Mx‘m ~ | o(4nb }+ ] _o(4nc”)
dre, a dre, b 4me, ¢
=E[ﬂ-b+{‘]
€

Similarly, V,= k94 + s . Mc
b b ¢

and Vc-:kq“ + M, Rac
e € ¢

2 - Y
Vﬂ=£[a—+b+c]andvf=5[a i i :l
ELb £g c
GiventhatV, = V..

(4] (4] az bl+ 2
i {"
—f{a—-b+c)= [ ]
Eu Eﬁ L

ac-bc+ct=a-b+cF=c=a+b
Let P be a point in the X-Y plane with co-ordinates (x. v) at
which the potential due to charges -2Q and +(Q placed at A and
B respectively be zero.

La Pix. v)
—IQ
< —oi.—.—.—..
(—30 0 O < .
(30 0)

< (la+x) —» <>

(3a - x)
1 (-2Q) | (+Q)

dre, ;)(3:: +X)+y 4nz, ;}(3& -x)°+ _1;3

2J(3a-x)+y? =(3a+x)2+ 2

=  4{(3a- x) + _yz] =[(3a+x)*+ )'2]

4(6a’ + X* - 12ax + y*] = [6a* + X* + 12ax + y*)

327 + 3y’ - 30ax + 27a* =0

Z+y - 10ax+9a* =0

(x - 5a)* + (v - 0)* = (4a)*
This is the equation of a circle with centre at (5a, 0) and radius
4a. Thus c (5a, 0) is the centre of the circle.

b. Forx> 3a.
To find V(x) at any point X-axis let us consider a point (arbi-
trary) M at a distance x from the origin.

The potential at M will be
VgL 20 1 (0)
4ne, x+3a 4ne, (x-3a)
1 1 2
Vix)=—— - Forlx|>3
(x) 4%{2[:“3‘1 x+3a] orlxl>3a

Similarly, for 0 < Ixd < 3a
| l 2
V(x)= Q[ - ]

4me, |3a-x 3a+x

Since circle of zero potential cuts the x-axis at (a, 0) and (9a, 0)
hence V(x) =0 atx=aqg at x = 9a.
From the above expressions
V(x) = oo at x — 3a and V(x) = —eo and x — -3a
V(x) - 0 as X — oo

V(x) varies as m general.

l Vi

Qa

X

o e

+3a

¢. Applying energy conservation
(KEE. 4+ P.E.) o = (K.E. + P.E.) srcumference

i) [Qq ZQq] g . ] [Qq 2@‘?]
4ne,L2a 8a 4m=:n 6a 12a

1
2

l —

2 4::eu 4a \/ ane, 2ma

12. The work done by electric force in bringing charge ¢ from A to



13. i

iiii.

Hence,

i o B O
ele & q a -
TEGR  4AmegR ) 8meyR
Alternative method:
The work done from A to B can

also be given by W, = qrj Edr, dr

where

E= Q’-J;rﬂk Fe
4, R

= Q0 99
N W_qj“[**mﬁ“ ]d 87ey R

Capacitor A with a dielectric can be regarded as two capaci-
tors in parallel, one having a dielectric and the other having
no diclectric state. Such a capacitor has an area of A72. So the
combined capacitance is

. (42 , (4K _Ag
C=G+C =—-= y y W, {I+K]

-12
-

Thus, energy stored is

-;-t'j‘lf‘I =%x2xlﬂ“§x{l 10> =1.21%107 )

Work done in removing the dielectric state = (Energy stored in
capacitor without dielectric) - (Energy stored in capacitor with
dielectric).

It may be noted that on taking out the dielectric, the charge on

the capacitor plate remains the same.

_ 9 q

2C° 2C

Here,
C=2xI10°F

-1d
C,___ieizt_):gus.asmo
d 8.85x10™

g=CV=2x10"x110=22x10" C
wz(z.:xm“{)’[ S

2 04x107° 2x10”°
=484x107° ]

=04x10°F

The capacitance of B is £,KA,/d . So

C,=18x10"F

The charge on A, g, = 2.2 x 1077 C, gets distributed into two

parts g, and g,. So.
g, +9,=22x107C

Also. the potential difference across A is equal to the potential
difference across B. Thus,

9
@ _49: —Ed. 04x10°
L, . SN =0.2
C, G 8T, %" 1ax100 2 =040
or  0229.+q.=22x10"
or qz=~l;2—21xlﬂ' -IBHI'[’_ C
and ¢,=04x107C
Total energy stored is
2 2
2‘2 +;€“ =02x10" +09x10" =1.1x10" )
A [

Alternatively, the combined capacitance of the two capacitors
can be found. The total charge on the two capacitors is known.
The energy can be found using the formula Q*/2C,..

. As the electric field at the center of a ring is zero, thcpamcle

will not come back due to repulsion if it crosses the center (see
figure), i.c.,

-l—mv1+ : qQ}__l fQ
dme, r 4ne, R

Buthere, 0=2xr RAandr = J(JER): +R*=2R

So

or

Therefore, v = ____‘;"q
26 m

. The adjacent figure is a case of parallel plate capacitor. The

combined capacitance will be

1.V i:v

)
C, (I-x)
G X

J jy

C=CI'+CI
B kco(.rxl}+ﬂl[{l—x}x 1]
d d

£°[h+l - x] G)



Charge in capacitor g = CV
Hence current drown from battery

dq _,,4C
dt dt
dx £V
= f=v5‘lfk—1(-—]=—°- k—1)v i
y de d( )V (1)

After substituting the given values we get
[=4.425% 107 amp
Case (1) When no dielectric :

A
Given C = %—

Case (11) When dielectnic is filled: A small dotted element is
considered of thickness dx as shown in the figure.

The small capacitance of the dotted portion
1 _ l . 1
dC dC, dC,

dielectric k,

dC, = capacitance of capacitor with dielectric &,.

Let /, b the length and breadth of the capacitor plate. Therefore
Ixb=A

where dC, = capacitance of capacitor with

dC, = EQKI(fnir}
d
d'=d—xlan9=d—.r(%]=d[l —Tt:|
ic = £ Kibdx _ €K bldx _ €5K Adx
al1- X dil-x) d(l-x)
[
Similarly, dC, = 28200 _ _&RAC _ BAK
d-d'° ~ ,_ .. t; xd
1 du- x) . xd | | Ild-xd . xd
dc £,K Adx snk' Adc £,Adx| K, K,

| _ l ___:_l'd Kj.rd+led

dC ~ g,Adx K K,

I I I
= b

dC e Adx KK,
EoK K, Adx

To find the capacitance of the whole capacitor, we integrate the
above c:qua:iun

|Kyid +d(K, - K,)x]

=dC

1d+d[ﬂ' K'\].I

) Kyld +d(K, - K,)x

17.

=£ﬂK,K1A[

log[K,ld +d(K, - K,)]x
d(K,-K,)

£, K. K,A
= =122 (log (K,ld +d(K, - K, ) - log K, Id]

dK,-K,)
€K, K-.
= [Iugufzfd+dxt -dK,l}-logK,ld]
dK, -
£,K, KEA K,

T d(K, - K,) EE

For sphere of radius R (see figure).

q,
4R’

or g, =0Xx4rnk’ =
For sphere of radius 2R (see figure),

g =

W , wire
=0 x16nR’ A, TR
When the two spheres are connected, the potential on the two
spheres will be the same. There will be a rearrangement of
charge for this to happen.

Let ¢! and ¢, be the new charges on the two spheres. Since
the total charge remains the same, we get

o § 8 - e

g +q9' =q,+q, =0 x20r R’ (i)

ﬁlﬁﬂ. ﬁim Vl = V-I

I .

. R 4me, 2R
s L
. 34, (n)
q, 5

Substituting the value of g; from Eq. (i1) in Eq. (1)

91—:+q'_, =0 x 207 R’

or qu—-ax"(hrR

4. _©O
ar(2R)° 3

5
or X —
2

New charge density on the bigger sphere is
q; i

47(2R) 6
Method 1: Initial charge on
capacitorAisg,=3x100= P )
300 pC. Inital charge on 91— A B~ ¢
capafitorﬂisq,=2><l_30 - ;MF AuF
= 360 uC. After completing
the circuit, let the charge on
capacitor A be g,, on B be g,, and on C be g, with polarities as
shown in the figure. Applying conservation of charge for plates
2 and 3, we get

g, +4q;=300+0=300 i

& |t
=
n

Lad
NS




il
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Applying conservation of charge for plates 4 and 5. we get

~42-qy=-360+0o0r g, +g, =360 (1)
Applying Kirchhoff’s law in the whole circuit. we get
9@ 4, 9% _, (i1)
3 2 2

On solving, we get g, =90 uC, g, = 150 uC, and ¢, = 210 uC.
Method 2: After completing the circuit, let the charge ¢ flow in
the circuit in the clockwise direction. Then the final charges on
the capacitors will be as shown in the figure.

(2uF
b YT
9 q
X S Wy
3IuF___ 300-q 2uF 360
Applying Kirchhoff’s law, we get
M_L 360-¢ —0 org=210puC
3 2 2
Now charges on all three capacitors can be found.
Initially, energy stored is

=%x3x10"‘x(100}’ +%x2xi0“{lﬂﬂ]’

=4.74x%107°)
Finally, the energy stored is

_ (90x107)"  (150x107)° = (210x10°*)’
7 2x3x10*  2x2x10*  2x2x10*
=1.8x107J

When §, and §, come in contact, there is transfer of charges

till the potentials of the two spheres become equal. During first

contact,
V,=V,

(g, charge shifts from §, t0 S,)

= K{Q‘QJ=K‘?I ﬂl'ti'.=Q[ R ]

r R R+r
Dunng second contact, again
Vi=V,
_  KIQ-(4,-9))_Kg,
r R

[(q; = q,) charge shifts from §, to0 §,]

q’=Q[Rfr+(Rij]

On third contact, again
V1=V2
e K[Q-(‘?J-QJ}]=KQ]
r R
[(g: — g5) charge shifts from §, to0 ;]
[ R (RY.(RY
y = +
. QLR+r+(R+r) (R+r]:l

On nth contact, by svmmetry
Vi=V;

20. i.

_  KI@-(,-9.))_Kq,
r R
(g, —q, ) charge shift from S to S, ]

R R Y R Y
q"=Q!"E+r+[R+r] +“'+(R+rJ]

£

L w

r "R""rr'

L -

The electrostatic energy of S. after n contacts is

E."l'.=]_x ! % 2&. |_IIIr R )
C 2 ane R | r| \Rer

The limiting value is

I
U_=E

— -

_ 1.1 JoRl (R "r
Rl A 4::£,R{r {' (R+r)]

__OR
2(4ne )’
Given that a is the radius of disk, o'is the surface charge density
and g/ m=4¢e,g/0 . The kinetic H

energy of the particle, when it reaches
the disk, can be taken as zero.
Potential due to a charged disk at any
axial point situated at a distance x
from O is

Vix)= —;——[m - .r]

0

T“kfm. q)

Hence.
V(H)=2(Ja* + H - H)
2
and y(0)=24
2,

According to the law of conservation of energy, we have the loss
of gravitation potential energy is equal to the gain in electric

potential energy.

= ala=tltat« HA - 2 (i)
=qla-{J(a@’ + H®) il
We are given
-a-—=2mg
2,
Putung this in Eq. (i). we get
mg H =2mgla-{\J(a’ + H?) - H})

or  H=2a+H-\(a' +H")]

=2a+2H -EJ(a:+H=}

or  2J(@’+H)=H +2a

or 4da’+4H* = H? + 4a* + 4aH
or 3H? = 4aH

4
or H’=—ﬂ

3 (Since H =0 is not valid)



ii. The total potential energy of the particle at height x is

U(x)=mgx+qV(x)=mgx+ %{Jal +x? -x)
0

= mgx + 2mg+[J(a1 +.rl)—.r]

=mg [ZJ{a: +x°)=x) (11)
For equilibrium U |
/ &
IMmga K===-====eens- /
This gives o ."\_/ |
x= af\[_‘; :

From Eq. (ii), graph
between U(x) and x can

. . L .
be plotted as shown in the 0 aii H= a7 » X
figure.

|
i
i
|
|
I

- O . S . . .

21. If we throw the charge particle upto neutral point. Thereafter
the attractive forces will make the charge is move to origin.
Let the particle be, at some instant, at a point P distant x from
the ongin. As shown in the figure, electric field due to two
charges of +8mC will be 2E cos o towards right.

- -
MIII.--I H|t_'=]

o]

e
B

Similarly the electric field due to two charges of -1 mC will be

2E cos B towards left.
At neutral point

2Ecosa=2E cosf8
Kx8x107® X Kx1x107® X

(2.2F  |2.27 5.3 ]z 8
x4+ - x4 = X+ x4+
2 2 2 2
8§
- 7 342
2
2 2

Which gives x =% \E

This means that we need to move the charge from —= to J: .

- | LA

Thereafter the artractive forces will make the charge move to
orngin.

The electric potential of the force charges at x = g 1S

_2x9x10°x8x10° 2x9x10°x10®

v -
fﬁ 27 3.3
el i S Wt
Z 2 2 2

1
=2x9xlﬂqxlﬁ'ﬁ[g——l-J=-2.7xlﬂ‘V
4 2

Kinetic energy is required to overcome the force of repulsion

JE
fromectox=,/—.
2

The work done in this process is W = g(V) where V = p.d.

between oo and .r=‘[-§'-.

W=01x10%x27%x10*=27x10"]
By energy conservation %mv& =2 7% 10>

= -;-xﬁxlﬂ"v§=2.7xlﬂ'3

= 'lr",u, = 3 I'I'Ifs
K.E. at the origin
Again by energy conservation

I=-——

2

_2x9x10°x8x10°  2x9x10°x10™°

V
x=l) E 3

2 2

=2.4x10*

KE =0.1x10°%[27%x10*-24x%10]
=0.1x10°x03x10*=3x10"]
22. Let u be the speed of the particle at its lowest point and v its

speed at highest point

At highest point three forces are acting on the particle.

a. Electrostatic repulsion F, = T; (outwards)
0

b. weight W=mg (inwards)

¢. TensionT (inwards)

T = 0, 1f the particle has just to complete the circle and the

necessary centripetal force is provided by W~ F, i.e,

g
i

= =w-F
[
| o2
- ,.z._.L[,,,g._ q;]
m 4“‘;}!

Giveng=1uC=10°C
m=2x10"kgand /=08 m



; : . 9. " (107 ) i 5

P = 083 2x107x10- 0x10 ::-:EIB } m-/s*
2x10 (0.8)

or  v'=24m¥s (i)

Now, the electrostatic potential energy at the lowest and high-
est point are equal. Hence, from conservation of mechanical
energy.
Increase in gravitational potential energy = Decrease in kinetic
energy.

I y s
or mg(2l) = = m(u - v)

or w =+ 4gl
Substituting the values of v* from equation (i), we get
W' =2.4+4(10)(0.8) = 34.4 m¥/g’
u=3586m/s
Therefore, minimum horizontal velocity imparted lower ball,
so that it can make complete revolution. is 5.86 mys.

| ¢°[ 3 3 I
23. W . =APE-= SRty by AE

1 ¢° 4
=—3 . 3J3-3J6 -2
dne, a 6

24. a. Iniual potential energy of the dipole-charge system

U=0 (Since the charge is far away)

: |
Final potential energy U g X —— 4

4nE, d”

KE=1U Ul =~ ' ’:?
RE, d°

b. Forces on charge

25. Electric field due to left plane E, = L

2€,

2¢€,

Work done by electric field

- vl

26. The potential of the liquid bubble is V.
l ¢ :
V=—-= = g=4nc,aV (1)
4nE, a < o

where g is the charge on the liquid bubble.

W=F_cos45°

‘¥

The volume of liquid droplet = Volume (of the liquid) in liquid
bubble.

4 4
—nr = drat
3

r = 3at

r=[3a%)'"?3 (ii)
By charge conservation we can conclude that charge on liquid
bubble is equal to charge on liquid droplet
= Charge on liquid droplet is g.

I ¢

——

4?[80 r

1/3

! t4ﬂ qVa) a|

Vv = x =V = V[—:l
droplet 4H£‘ﬂ [3!:]'1!]“3 dropler 3

Potential on liquid droplet Varopier =




