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Section-A

Fill in the Blanks

Five identical capacitor plates,
each of area A, are arranged
such that adjacent plates are
ata distance d apart, the plates
are connected to a source of
emf V as shown in the figure
(1984- 2 Marks)
The chargeon plate 1 is ..... and on plate 4 is .....
Figure shows line of constant
potential in a region in which an
electric field is present. The values
of the potential are written in
brackets. Of the points 4, B and C,
the magnitude of the electric field is
greatest at the point ...
(1984- 2 Marks)
Two small balls having equal positive charges O (coulomb)
on each are suspended by two insulating strings of equal
length L (metre) from a hook fixed to a stand. The whole set
up is taken in a satellite into space where there is no gravity
(state of weightlessness). The angle between the two strings
IS e, and the tension in each stringis ........ newtons.
(1986 - 2 Marks)
Two parallel plate capacitors of capacitances C and 2C are
connected in parallel and charged to a potential difference
V. The battery is then disconnected and the region between
the plates of the capacitor C is completely filled with a
material of dielectric constant XK. The potential differences
across the capacitors now becomes............. (1988 - 2 Marks)
A point charge ¢ moves from point
P to point S along the path PORS
(fig.) in a uniform electric field £
pointing parallel to the positive
direction of the X-axis. The
cooridnates of the points P, O, Rand
Sare(a, b, 0),(2a, 0,0)(a,-b,0)
and (O, O,0) respectively. The work
done by the field in the above
process is given by the expression

w2
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(1989 - 2 Marks)
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The electric potential V at any point x, y, z (all in metres) in
space is given by V= 4x? volts. The electric field at the point
(Im,0,2m)is ...oooreeeene. V/m. (1992 - 1 Mark)
Five point charges, each of value + ¢
coul, are placed on five vertices of a
regular hexagon of side L metres. The
magnitude of the force on the point
charge of value — g coul. placed at the
centre of the hexagen is...................
newton. (1992 - I Mark)

True/False

The work done in carrying a point charge from one point to
another in an electrostatic field depends on the path along
which the point charge is carried. (1981- 2 Marks)

Two identical metallic spheres of exactly equal masses are
taken. One is given a positive charge Q coulombs and the
other an equal negative charge. Their masses after charging
are different. (1983 - 2 Marks)

A small metal ball is suspended in a uniform electric field
with the help of an insulated thread. If high energy X-ray
beam falls on the ball, the ball will be deflected in the direction
of the field. (1983 - 2 Marks)

Two protons 4 and B are placed in
between the two plates of a parallel
plate capacitor charged to a
potential difference V" as shown in
the figure. The forces on the two
protons are identical.

(1986 - 3 Marks)
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A ring of radius R carries a uniformly distributed charge + Q.
A point charge — g is placed on the axis of the ring at a
distance 2R from the centre of the ring and released from
rest. The particle executes a simple harmonic motion along
the axis of the ring. (1988 - 2 Marks)

An electric line of forces in the x — y plane is given by the
equation x? + y? = 1. A particle with unit positive charge,
initially at rest at the pointx =1, y=01in the x —y plane, will
move along the circular line of force. (1988 - 2 Marks)
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MCQs with One Correct Answer

A hollow metal sphere of radius 5 cms is charged such that

the potential on its surface is 10 volts. The potential at the

centre of the sphere is (1983 - 1 Mark)

(@ zero

(b) 10volts

(c) sameas ata point 5 cms away from the surface

(d) same as ata point 25 cms away from the surface

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

(d, o) respectively of a x-y coordinate system. Then (1995S)

(@) The electric field E at all points on the x-axis has the
same direction

(b) Electric field at all points on y-axis is along x-axis

(c) Work has to be done in bringing a test charge from o

(d)

to the origin

The dipole moment is 2gd along the x-axis
A parallel plate capacitor of capacitance Cis connected to a
battery and is charged to a potential difference V. Another
capacitor of capacitance 2C is similarly charged to a 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 is connected to
the negative terminal of the other. The final energy of the

configuration is (1995S)
3 25 9
(@) zero (b) ECVZ © ?CVZ @ ECVz

Two identical metal plates are given positive charges O,
and Q, (<Q,) respectively. If they are now brought close
together to form a parallel plate capacitor with capacitance
C, the potential difference between them is
(1999 - 2 Marks)
@ (9,%0)/20) (b) (©+0,)/C
© (©0-0,)/C @ (0-0)/20)
For the circuit shown in Figure, which of the following
statements is true? (1999 - 2 Marks)
V=30V V,=20V
S) S; S

||||—

1 1L
1 I
C,=2pF C,=3pF

@@ With S closed V=15V, V,=20V

(b) With S, closed, V;=V,=25V

(¢) With S and S, closed, V1 =V, =0

(d) With S] and S3 closed, V] =30V, 1V, =20V

Three charges Q, +¢q and +q are placed at the vertices of a

right-angled isosceles triangle as shown. The net
electrostatic energy of the configuration is zero if Q is equal

to (2000S)
-9

@ 142
_2q

® 3 A . )

() —2¢q > 9

(d +q

10.

11.

A parallel plate capacitor of area 4, plate separation d and
capacitance C is filled with three different dielectric materials
having dielectric constants &, k, and k; as shown. If a
single dielectric material is to be used to have the same
capacitance C in this capacitor, then its dielectric constant

k is given by (20008 )
A2 A2
‘U777 0
s ==t
c:z' % Il v
K,
v 111
A
1 1 1 1 1 1 1
@ —=—+—3— (b —= —
K K K, 2K K K +K, 2K,
© k=212 ok @ K=K +K+2K
K1+K2

Three positive charges of equal value q are placed at the
vertices of an equilateral triangle. The resulting lines of force

should be sketched as in (2001S)
N\

@ (b) \/%\f)/{ﬁ/
/) |
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© A @ (@ G)
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Consider the situation shown in the figure. The capacitor A
has a charge ¢ on it whereas B is uncharged. The charge
appearing on the capacitor B a long time after the switch is
closed is (2001S)

@@) zero (b) g2

) ¢ d 2

Auniform electric field pointing in positive x-direction exists
in aregion. Let A be the origin, B be the point on the x-axis
atx=+1 cm and C be the point on the y-axis aty =+1 cm.
Then the potentials at the points 4, B and C satisfy:

(2001S)
@ V,<Vy b) V>V,
© V<V @ V,>V.
Two equal point charges are fixedatx=—agandx=+a on
the x-axis. Another point charge Q is placed at the origin.
The change in the electrical potential energy of O, when it is
displaced by a small distance x along the x-axis, is

approximately proportional to (2002S)
@ x b) x*
© x3 d 1k
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12.

13.

14.

15.

16.

Two identical capacitors, have the same capacitance C. One
of them is charged to potential V| and the other 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 (2002S)
Yafv2_2 1 2 2

@ ZC(r-73) & LC(7+73)
1 2 1 2

© 2C( -n) @ 4c(n +n)

A metallic shell has a point charge ‘g’ kept inside its cavity.
Which one of the following diagrams correctly represents

the electric lines of forces? (2003S)
@ ® @

Six charges of equal magnitude, 3 positive and 3 negative
are to be placed on PORSTU corners of a regular hexagon,
such that field at the centre is double that of what it would

have been if only one +ve charge is placed at R. Which of
the following arrangement of charge is possible for P, Q, R,

@)
©

S, T and U respectively. (2004S)
P Q
T S

(a) +7+?+’_7_’_ (b) _7+7+? +?_7_

(C) _’+’+=_>+’_ (d) +>_:+>_a+:_

A Gaussian surface in the figure is shown by dotted line.
The electric field on the surface will be (2004S)
(@) duetogq, and g, only

(b) due to g, only 9% 4,

(c) zero Lovq S

(d) duetoall

Three infinitely long charge sheets are placed as shown in

S S
......

figure. The electric field at point Pis (2005S)
H VA
2 : Z =3a
.
20 E Z=a
.......... .
. .
@ ok 0 oF @ ok @ ok

17.

18.

19.

20.

21.

A long, hollow conducting cylinder is kept coaxially inside

another long, hollow conducting cylinder of larger radius.

Both the cylinders are initially electricallyneutral. (2007)

(@ 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.

Consider a neutral conducting sphere. A positive point

charge is placed outside the sphere. The net charge on the

sphere is then (2007)

(a) negative and distributed uniformly over the surface of
the sphere

(b) negative and appears only at the point on the sphere
closest to the point charge

(c) negative and distributed non-uniformly over the entire
surface of the sphere

(d) zero

A spherical portion has been removed from a solid sphere

having a charge distributed uniformly in its volume as shown

in the figure. The electric field inside the emptied space is

(2007)

(a) zeroeverywhere
(b) non-zero and uniform
(¢c) non-uniform

(d) zero only at its center
Positive and negative point charges of equal magnitude are

a -
kept at [0>0:5) and (O,O,Ta) respectively. The work

done by the electric field when another positive point charge

ismoved from (—a, 0, 0)to (0, a, 0) is (2007)

(@) positive

(b) negative

(c) zero

(d) depends on the path connecting the initial and final
positions

Consider a system of three charges ¢/3, ¢/3 and —2¢/3 placed

at points 4, B and C, respectively, as shown in the figure.

Take O to be the centre of the circle of radius R and angle

CAB=60° (2008)

y
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22.

23.

24.

25.
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q

(@) Theelectric field at point O is 5
8TC€0R

directed along

the negative x-axis
(b) The potential energy of the system is zero
(¢) The magnitude of the force between the charges at C
2

and Bis q—z
S54neggR
(d) The potential at point O is 9
12meyR

A parallel plate capacitor C with plates of unit area and
separation d is filled with a liquid of dielectric constant

K=2.Thelevel of liquid is d/3 initially. Suppose the liquid
level decreases at a constant speed v, the time constant as a

function of time t is — (2008)
6gyR

@ Sgram

o (15d +9vt) 4R .
2d% =3dvt - e - R
6coR —T

© S 3w
(15d —9vt) g,R i

d .

@ 57 a0 '

Three concentric metallic spherical shells of radii R, 2R, 3R,
are given charges Q,, 0,, 05, respectively. It is found that
the surface charge densities on the outer surfaces of the
shells are equal. Then, the ratio of the charges given to the

shells, O, : Q,: 05,1s (2009)
(@ 1:2:3 (b) 1:3:5
() 1:4:9 (d 1:8:18

A disc of radius a / 4 having a uniformly distributed charge
6C is placed in the x - y plane with its centre at (—a / 2, 0, 0).
Arod oflength a carrying a uniformly distributed charge 8C
is placed on the x - axis fromx = a /4 tox=>5a /4. Two point
charges — 7 C and 3 C are placed at (a / 4, — a /4, 0) and
(=3a/4,3a/4,0), respectively. Consider a cubical surface

formed by six surfacesx= t+a/2,y=ta/2,z= ta/2.The

electric flux through this cubical surface is (2009)
° y
)
NI #
-2C el 10C 12C
@ — b 7 © — @ —
0 &

A unlfogrmly charged thin spherical sh(e):ll of radius R?:ames
uniform surface charge density of o per unit area. It is made
of two hemispherical shells, held together by pressing them
with force F (see figure). F is proportional to (2010)

F F

—_— e

26.

27.

28.

29.

30.

1o 1o
g R @5 g R*
A tiny spherical oil drop carrying a net charge q is balanced
in still air with a vertical uniform electric field of strength

1
8iz x10° Vm™. When the field is switched off, the drop

is observed to fall with terminal velocity 2 x 10> ms™

1 5.2
() —0“R

1 5
—o0“R
& (b & S ()

. Given
, viscosityofthe air =1.8x10™ Ns m and

, the magnitudeofqis (2010)

g=98m s7?
the density of 0il =900 kg m
@ 16x107°C b 32x107"°C
(©) 48x107"°C (d 8.0x107°C

Consider an electric field E = Ey% where E,is a constant.
The flux through the shaded area (as shown in the figure)

due to this field is z (2011)
@) 2E0a2 (a,0,a) (a,a,a)
(b) V2Eya?
(c) E,a’
Eqa? >y
d 0 0,0,0)0  (0,a,0)
@ == v

A 2 pF capacitor is charged as shown in the figure. The
percentage of its stored energy dissipated after the switch

S is turned to position 2 is 12 (2011)
@@ 0% S

(b) 20% o -

() 75% 2 uFT 8 mg

(d) 80%

Which of the field patterns given below is valid for electric
field as well as for magnetic field? (2011)

N /T\

© -f)

A wooden block performs SHM on a frictionless surface
with frequency, v,. The block carries a charge +Q on its

surface. Ifnow a uniform electric field E is switched-on as
shown, then the SHM of the block will be (2011)

—

EJW\/\_E
+Q
2

(@) ofthesame frequency and with shifted mean position.
(b) ofthe same frequency and with the same mean position
(c) ofchanged frequency and with shifted mean position.
(d) of changed frequency and with the same mean position.

GP_3481
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31.

32.

33.

34.

Two large vertical and parallel metal plates having a
separation of 1 cm are connected to a DC voltage source of
potential difference X. A proton is released at rest midway
between the two plates. It is found to move at 45° to the
vertical JUST after release. Then X is nearly

@ 1x10°V b 1x107 ¥V

() 1x10°V (@ 1x10710 p
Consider a thin spherical shell of radius R with centre at the
origin, carrying uniform positive surface charge
density. The variation of the magnitude of the electric field

(2012)

|E(r)| and the electric potential V() with the distance » from

the centre, is best represented by which graph? (2012)
| ) Vo)
o R >
|E(r) | v(r)
OO
|
O R r
| Er)l 146)
N «
© ] T
O IR r
| E) o)
C) [\
o R >r

In the given circuit, a charge of +80 uC is given to the upper
plate of the 4 puF capacitor. Then in the steady state, the charge
on the upper plate of the 3 pF capacitor is (2012)

@ +32uC w04 Cf
T 4unF
(b) +40nuC _[____\_
3uF
() +48uC a LT
(d) +80uC =

Charges Q, 20 and 4Q are uniformly distributed in three
dielectric solid spheres 1, 2 and 3 of radii R/2, R and 2R
respectively, as shown in figure. If magnitude of the electric
fields at point P at a distance R from the centre of sphere 1, 2
and 3 are E|, E, and E; respectively, then (JEE Adv. 2014)

P
P

R

0 20

R/2

Sphere 1 Sphere 2

1.

40

2R

Sphere 3
(b) E3>E|>E,
(d) E;>E,>E,

@ E, >E,>E;
© E,>E, >E,

1) Bl MCQs with One or More than One Correct

Two equal negative charges —q are fixed at points (0, — a)

and (0, a) on y — axis. A positive charge Q is released from

rest at the point (2a, 0) on the x - axis. The charge O will
(1984- 2 Marks)

(@) execute simple harmonic motion about the origin

(b) move to the origin remain at rest

(¢) moveto infinity

(d) execute oscillatory but not simple harmonic motion

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

quantities charge, voltage, electric field and energy

associated with this capacitor are given by Q,, V,, E, and

U, respectively. A dielectric slab is now introduced to fill

the space between the plates with battery still in connection.

The corresponding quantities now given by O, V, Eand U

are related to the previous one as (1985 - 2 Marks)

@ 9>0 b V>
(C) E>E0 (d) U>UO

A charge q is placed at the centre of the line joining two
equal charges Q. The system of the three charges will be in
equilibrium if q is equal to : (1987 - 2 Marks)

@ -2 -2 ©+£ .2
2 4 4 2
A parallel plate capacitor is charged and the charging battery
is then disconnected. Ifthe plates of the capacitor are moved
farther apart by means of insulating handles :
(1987 - 2 Marks)
(@) the charge on the capacitor increases.
(b) the voltage across the plates increases.
(c) the capacitance increases.
(d) theelectrostatic energy stored in the capacitor increases
A solid conducting sphere having a charge Q is surrounded
by an uncharged concentric conducting hollow spherical
shell. Let the potential difference between the surface of the
solid sphere and that of the outer surface of the hollow shell
be V. If the shell is now given a charge of — 30, the new
potential difference between the same two surfaces is :
(1989 - 2 Marks)
@ 7V
(c) 4V

®) 2V
@ -2v
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Seven capacitors each of capacitance 2uF are to be
connected in a configuration to obtain an effective

capacitance of ( ) W . Which ofthe combination (s) shown
in figure will achieve the desired result? (1990 - 2 Marks)

B alth e

© ><HHHF @ <>HHH"*

A parallel plate capacitor of plate area 4 and plate separation
d is charged to potential difference V" and then the batteryis
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 O, E and W denote respectively, the
magnitude of charge on each plate, the electric field between
the plates (after the slab is inserted), and work done on the
system, in question, in the process of inserting the slab,

then (1991 - 2 Marks)
( ) Q SoAV (b) Q= 80KAV
d
_ L _gdV [ 1
© E=7 @ W== [I'E}

Two identical thin rings, each of radius R metres, are coaxially
placed a distance R metres apart. If 0; coulomb, and O,

coulomb, are respectively the charges uniformly spread on
the two rings, the work done in moving a charge g from the
centre of one ring to that of the other is (1992 - 2 Marks)

901 -0) (V2-1)

(a) zero ® T i regk)
o D2@+2) @ 1@+ 2+
(4meyR) (42mggR)

The magnitude of electric field E in the annular region of

acharged cylindrical capacitor. (1996 - 2 Marks)

(a) is same throughout

(b) is higher near the outer cylinder than near the inner

cylinder

(c) variesas 1/r, wherer is the distance from axis

(d) wvaries as 1/r> wherer is the distance from the axis.

A metallic solid sphere is placed in a uniform electric fied.

The lines of force follow the path(s) shown in Figure as
(1996 - 2 Marks)

@@ 1
(© 3

11.

12.

13.

14.

15.

A dielectric slab of thickness d is inserted in a parallel plate
capacitor whose negative plate is at x = 0 and positive plate
is at x = 3d. The slab is equidistant from the plates. The
capacitor is given some charge. As one goes from 0 to 3d,
(a) themagnitude of the electric field remains the same.
(b) thedirection of the electric field remains the same.
(c) the electric potential increases continuously.
(d) the electric potential increases at first, then decreases
and again increases. (1998S - 2 Marks)
A charge +q is fixed at each of the points x = X X = 3x,,
X =5Xy,..... x=oco onthex axis, and a charge — is fixed at
each of the points x =2x, x =4x,, x =6x,.... x=oo. Herex,
is a positive constant. Take the electric potential at a point
due to a charge Q at a distance » from it to be Q/(4ne ).
Then, the potential at the origin due to the above system of

charges is (1998S - 2 Marks)
0 9
(a) (b) 87[80 X0 In2
qln2
(C) 0 47580 X0

A positively charged thin metal ring of radius R is fixed in

the xy plane with its centre at the origin O. A negatively

charged particle P is released fromrest at the point (0, 0, z )

where z > 0. Then the motion of Pis  (1998S - 2 Marks)

(2) periodic, for all values of z; satisfying 0 <z, <o

(b) simple harmonic, for all values ofz  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 towards z=—

A non-conducting solid sphere of radius R is uniformly

charged. The magnitude of the electric field due to the sphere

at a distance r from its centre (1998S - 2 Marks)

(a) increases as r increases, for » <R.

(b) decreases as r increases, for 0 < r < co.

(c) decreases as r increases, for R <r < oo,

(d) is discontinuous at ¥ = R.

An ellipsoidal cavity is carved within a perfect conductor. A

positive charge q is placed at the centre of the cavity. The

points 4 and B are on the cavity surface as shown in the

figure. Then (19998 - 3 Marks)

/

(@) electric field near 4 in the cavity= electric field near B
in the cavity

(b) charge density at 4 = charge density at B

(c) potential at 4 =potential at B

(d) total electric field flux through the surface of the cavity
is e,

GP_3481
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16.

17.

18.

19.

20.

o P-103

A spherical symmetric charge system is centered at origin.
Given, Electric potential (2006S - 5 Marks)
V= 0 (r<Ry), V=
4TL'SOR0 411.’807‘

VA

(r>Ry)

> T

R,
(@) Within r=2R, total enclosed net charge is O

(b) Electric field is discontinued at 7= R,

(c) Chargeis onlypresentatr=R,

(d) Electrostatic energy is zero for ¥ <R,

Under the influence of the Coulomb field of charge + Q, a
charge —g is moving around it in an elliptical orbit. Find out
the correct statement(s). (2009)
(@) The angular momentum of the charge — ¢ is constant
(b) The linear momentum of the charge — g is constant
(¢) The angular velocity of the charge —g is constant

(d) The linear speed of the charge —q is constant

A few electric field lines for a system of two charges O, and
0, fixed at two different points on the x-axis are shown in
the figure. These lines suggest that (2010)

Q1 QZ

(@ |Q1| > |Q2|

(®) 19,/<10,|

(c) ata finite distance to the left of O, the electric field is
Zero

(d) atafinite distance to the right of 0, the electric field is
Zero

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 ‘+Q’. Now they are connected by a thin metal

wire. Then (2011)

@ Ef=0 ® Q>Q
© O'_A= R_B @ Eznsurface < Egnsu}face
o Ry

Which of the following statement(s) is/are correct? (2011)

(@) Ifthe electric field due to a point charge varies as r2°
instead of r2, then the Gauss law will still be valid.

(b) The Gauss law can be used to calculate the field
distribution around an electric dipole.

(c) Ifthe 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 Vis (V- V).

21.

22.

23.

A cubical region of side a has its centre at the origin.
It encloses three fixed point charges, —q at (0, —a/4, 0), +3¢
at (0, 0, 0) and —q at (0, +a/4, 0). Choose the correct options(s)

(2012)

(@ The net electric flux crossing the plane x = +a/2
is equal to the net electric flux crossing the plane
x=-al2

(b) The net electric flux crossing the plane y = +a/2 is more
than the net electric flux crossing the plane
y=-al2.

. . . .. 4
(¢) Thenet electric flux crossing the entire region is a

(d) Thenet electric flux crossing the plane z =+a/2 is equal
to the net electric flux crossing the plane x =+a/2.

Six point charges are kept at the vertices of a regular hexagon

of side L and centre O, as shown in the figure. Given that

1 . . .
K= iz, which of the following statement(s) is (are)
41580 I
correct? (2012)
pe—L———>F_
+q ,"\“""""""'17\\ q
" ‘\ P I" Ay !
III \\\ K \\
,/I \\ ,Il \\\
ll W ’, ‘\
A"' : ( T % D
+2 q R /'l ‘\O // -2
\\\ ,'I \\ //
\\\ /: R \ 3 //
B‘ @ ccmmcm—ceem \)/
+9q -9

(@) Theelectric field at O is 6K along OD

(b) The potential at Oiszero

(c) The potential at all points on the line PR is same

(d) The potential at all points on the line ST is same

Two non-conducting 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 centre of the smaller sphere, along the line joining the

centres of the spheres, is zero. The ratio pp—l can be
2
(JEE Adv. 2013)
32
@ -4 ®) -~
32
© 25 @ 4
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25.

26.
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In the circuit shown in the figure, there are two parallel plate
capacitors each of capacitance C. The switch S is pressed
first to fully charge the capacitor C, and then released. The
switch S, is then pressed to charge the capacitor C,. After
some time, S, is released and then S, is pressed. After some
time (JEE Adv. 2013)

Sz/ S, 3

v, - =

(@) The charge on the upper plate of C, is 2CV/

(b) The charge on the upper plate of C, is CV,

() The charge on the upper plate of C, is 0

(d) The charge on the upper plate of C, is —CV,

Two non-conducting 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
figure. At all points in the overlapping region

(JEE Adv. 2013)

(@) The electrostatic field is zero

(b) The electrostatic potential is constant

(¢) The electrostatic field is constant in magnitude

(d) The electrostatic field has same direction

Let E| (), E,(r) and E5(r) be the respective electric field at a
distance r from a point charge O, an infinitely long wire with
constant linear charge density A, and an infinite plane with
uniform surface charge density 6. If E | (r,)) = E5(r) = E5(r,)
at a given distance r, then (JEE Adv. 2014)

@ Q=dong
-
® = 2nc
© E(r/2)=2E(r/2)
(d) E2 (VO /2) = 4E3 (VO /2)

A parallel plate capacitor has a dielectric slab of dielectric
constant K between its plates that covers 1/3 of the area of
its plates, as shown in the figure. The total capacitance of
the capacitor is C while that of the portion with dielectric in
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 £
and that in the other portion is E,. Choose the correct option/
options, ignoring edge effects. (JEE Adv. 2014)

28.

29.

=

E 1 cescssss
® F Tk

Q_3
© QZ_K 0,

C 2+K
@ ¢~ &

The figures below depict two situations in which two infinitely
long static line charges of constant positive line charge
density A are kept parallel to each other. In their resulting
electric field, point charges q and —q are kept in equilibrium
between them. The point charges are confined 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) (JEE Adv. 2015)

A A A A

An

(@) Both charges execute simple harmonic motion

(b) Both charges will continue moving in the direction of
their displacement

(¢) Charge +q executes simple harmonic motion while
charge —q continues moving in the direction of its
displacement

(d) Charge —q executes simple harmonic motion while

charge +q continues moving in the direction of its
displacement
Consider a uniform spherical charge distribution of radius
R, centred at the origin O. In this distribution, a spherical
cavity of radius R,, centred at P with distance OP = a
=R, — R, (see figure) is made. If the electric field inside the

cavity at position - is E(r), then the correct statement(s) is

(are) (JEE Adv. 2015)

(@) E isuniform, its magnitude is independent of R, but
its direction depends on

(b) E is uniform, its magnitude depends on R, and its
direction depends on

(¢) E isuniform, its magnitude is independent of a but its
direction depends on

(d) E is uniform and both its magnitude and direction

depend on
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30. A parallel plate capacitor having plates of area S and plate is approaximately simple harmonic. Calculate the time period
separation d, has capacitance C| in air. When two dielectrics of oscillations. (1982 - Smarks)
of different relative primitivities (¢, =2 and &, = 4) are 5.  The figure shows two identical S
introduced between the two plates as shown in the figure, parallel plate capacitors connected
G, to a battery with the switch S closed.
the capacitance becomes C,. The ratio F] is The switch is now opened and the ="y AZ=C B==C
free space between the plates of the T
(JEE Adv. 2015) capac?tors is filled withpa dielectric -‘V
dr2 . . .
«—> of dielectric constant (or relative

permittivity) 3. Find the ratio of the total electrostatic energy
stored in both capacitors before and after the introduction

ofthe dielectric. (1983 - 6 Marks)
6.  Two fixed, equal, positive charges, each A ¢+q

of magnitude 5 x 10~ coul are located

at points 4 and B separated by a —q

distance of 6 m. An equal and opposite
charge moves towards them along the D
line COD, the perpendicular bisector of
the line 4B. (1985 - 6 Marks) Be+q
The moving charge, when it reaches the point C at a
distance of 4 m from O, has a kinetic energy of 4 joules.
Calculate the distance of the farthest point D which the
> negative charge will reach before returning towards C.
@ 665 d ®) 53 7.  Three particles, each of mass 1 gm and cgrrying achargeq,
© 75 @ 73 are suspended from a common point by 1nsu!ated mgss}ess
strings, each 100 cm long. If the particles are in equilibrium

E Subjective Problems and are located at the corners of an equilateral triangle of

side length 3 cm, calculate the charge g on each particle.

Al
N

1. Three charges each of value g, are placed at the corners of (Take g =10 m/s?). (1988 - 5 Marks)
an equilateral triangle. A fourth charge Q is placed at the 8. A pointparticle of mass M is >
centre of the triangle. (1978) attached to one end of a —
() IfQ=-g,will the charges at the corners move towards massless rigid non- ik SN E
centre or fly away from it. conducting.rod of.length L. -q —
(ii) For what value of Q will the charges remain stationary? Another point particle of the -
In this situation how much work is done in removing same mass is attached to the i

other end of the rod. The two particles carry charges +¢ and
— g respectively. This arrangement is held in a region of a
uniform electric field £ such that the rod makes a small angle
0 (sayof about 5 degree) with the field direction, fig. Find
an expression for the minimum time needed for the rod to
30° 60° become parallel to the field after it is set free. (1989 - Smark)
€ 9.  Three concentric spherical metallic shells 4, Band C of radii
a, b and ¢ (a < b <c) have surface charge densities ¢ ,— o
and o respectively. (1990 -7 Marks)
() Find the potential of the three shells 4, B and C.

(i) Ifthe shells 4 and C are at the same potential, obtain

the relation between theradii a, b and c.

the charges to infinity?

2. Arigid insulated wire frame, in 4
the form of right triangle ABC'is
set in a vertical plane. Two beads
of equal masses m each carrying
charges g, and g, are connected
by a chord of length / and can 5
slide without friction on the wires. Considering the case
when the beads are stationary, determine : (1978)
(1) theanglea,

(i) the tension in the chord, and

(iif) the normal reactions on the beads. 10. Two fixed charges — 20 and Q are located at the points with
If the chord is now cut, what are the values of the charges coordinates (=34, 0) and (+ 3a, 0) respectively in the x-y
for which the beads continue to remain stationary? plane. (1991 - 4+ 2+ 2 Marks)
3. A charge ‘Q’ is distributed over two concentric hollow (a) Show that all points in the x-y plane where the electric
spheres of radii ‘7’ and ‘R’ (>r) such that the surface densities potential due to the two charges is zero, lie on a circle.

are equal. Find the potential at the common centre. Find its radius and the location of its centre.
(1981- 3 Marks) (b) Give the expression ¥ (x) at a general point on the
4.  Athin fixedring ofradius 1 metre has a positive charge 1 x 10~ x - axis and sketch the function ¥ (x) on the whole x-axis.
coulomb uniformly distributed over it. A particle of mass (c) Ifaparticle of charge + g starts form rest at the centre
0.9 gmand having a negative charge of 1 x 10~ coulomb is of the circle, show by a short quantative argument that
placed on the axis at a distance of 1 cm from the centre of the the particle eventually crosses the circle. Find its speed

ring. show that the motion of the negatively charged particle when it does so.



11.

12.

13.

14.

15.

Topic-wise Solved Papers - PHYSICS

(a) A charge of O coulomb is uniformly distributed over a
spherical volume of radius R metres. Obtain an
expression for the energy of the system.

What will be the corresponding expression for the

energy needed to completely disassemble the planet

earth against the gravitational pull amongst its
constituent particles ?

Assume the earth to be a sphere of uniform

mass density. Calculate this energy, given the product

of the mass and the radius of the earth to be

25x 103 kg. m.

(c) Ifthe same charge of Q coulomb as in part (a) above is
given to a spherical conductor of the same radius R,
what will be energy of the system ?(1992 - 10 Marks)

Two parallel plate capacitors 4 and B have the same

separation d = 8.85 x 10~ m between the plates. The plate

area of 4 and B are 0.04 m? and 0.02m? 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. (1993 - 2+ 3+ 2 Marks)

y bbb

(b)

I_
110V
(a (b) (©
(1) Thedielectric slabis placed inside A as shown in figure
(a). Ais then charged to a potential difference of 110V.
Calculate the capacitance of 4 and the energy stored in it.
(i) The battery is disconnected and then the dielectric
slab is moved from A4. Find the work done by the external
agency in removing the slab from 4.
The same dielectric slab is now placed inside B, filling
it completely. The two capacitors 4 and B are then
connected as shown in figure (c). Calculate the energy
stored in the system.
A circular ring of radius R with uniform positive charge
density A per unit length is located in the y-z plane with its
centre at the origin O. A particle of mass m and positive

charge q is projected from the point P (R\/g ,0,0)on the

positive x-axis directly towards O, with an initial speed v.
Find the smallest (non-zero) value of the speed v such that
the particle does not return to P. (1993-4 Marks)
Two square metal plates of side 1 m are kept 0.01 m apart like
a parallel plate capacitor in air in such a way that one of their
edges is perpendicular to an oil surface in a tank filled with
an insulating oil. The plates are connected to a battery of
emf500 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 107 2C?N"'m™) (1994 - 6 Marks)

(iii)

The capacitance of a parallel plate A

capacitor with plate area 4 and %HH” L
separation d is C. The space = Kz dT
between the plates is filled with £ Ki1=——=—(||

two wedges of dielectric constants i

K, and K, respectively. Find the capacitance of the resulting
capacitor. (1996 - 2 Marks)

16.

17.

18.

19.

20.

Two capacitors 4 and B with capacities 3 uF and 2 uF are
charged to a potential difference of 100 V and 180 V
respectively. The plates of the capacitors are connected as
shown in the figure with one wire from each capacitor free.
The upper plate of 4 is positive and that of B is negative. An
uncharged 2 pF capacitor C with lead wires falls on the free
ends to complete the circuit. Calculate (1997 - 5 Marks)

2}LFI | o]
I
+l 3uF 2uF l_
A ‘{ 100V 180 v( B

() the final charge on the three capacitors. and
(i) the amount of electrostatic energy stored in the system
before and after the completion of the circuit.
A conducting sphere S, of radius r is attached to an insulating
handle. Another conducting sphere S, of radius R is
mounted on an insulating stand. S, is initially uncharged.
S| is given a charge 0, brought into contact with S,, and
removed. S, is recharged such that the charge on it is again
0; and it is again brought into contact with S, and removed.
This procedure is repeated n times. (1 598 - 8 Marks)
(2) Find the electrostatic energy of S, after n such contacts
with ..
(b) What is the limiting value of this energyas n — o ?
A non-conducting disc of radius a and uniform positive
surface charge density o is placed on the ground, with its
axis vertical. A particle of mass m and positive charge g is
dropped, along the axis of the disc, from a height H with

zero initial velocity. The particle has g/m=4 ¢, g/c

(1999 - 10 Marks)

(@) Find the value of H ifthe particle just reaches the disc.

(b) Sketch the potential energy of the particle as a function
ofits height and find its equilibrium position.

Four point charges +8mC, —1mC, —1mC, and +8mC are fixed

at the points —Jﬂm,_\/gm,+\/§m and+ fﬂm
2 2 2 2

respectively on the y-axis. A particle of mass 6 x 10~ kg and
charge +0.1 nC moves along the -x direction. Its speed at
x=+00 is V. Find the least value of ¥, for which the particle
will cross the origin. Find also the kinetic energy of the
particle at the origin. Assume that space is gravity free.

Given =9x10°Nm?/C?. (2000 - 10 Marks)

g,
Charges +q and —q are located at the corners of a cube of
side as show in the figure. Find the work done to separate
the charges to infinite distance. (2003 - 2 Marks)

—q +q
—-q

*q

+q —q
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21. A charge +Qisfixed at the origin of the co-ordinate system  22. Two uniformly charged large plane sheets S, and S, having
charge densities 6, and c, (6, > 6,) are placed at a distance

while asmall electric dipole of dipole moment p pointing d parallel to each other. A charge g, is moved along a line of

away from the charge along the x-axis is set free from a point length a(a < d) at an angle 45° with the normal to.S,. Calculate
far away from the origin. ) 2 003 - 4 Marks) the work done by the electric field (2004)
(a) Calculate the K.E. of the dipole when it reachestoa 23, A conducting liquid bubble of radius a and thickness
point (d, 0). ) t (t<<a) is charged to potential V. If the bubble collapses to
(b) Calculate the force on the charge +(Q at this moment. a droplet, find the potential on the droplet. (2005 - 2 Marks)
F Match the Following
DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be Pqgr s t

matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-1I are
labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR MORE
statement(s) in Column-1I. The appropriate bubbles corresponding to the answers to these questions
have to be darkened as illustrated in the following example :

00000
®00®®
QO0OG®
®OO0®

caowm >

If'the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of
bubbles will look like the given.

1. Six point charges, each of the same magnitude g, are arranged in different manners as shown in Column-II. In each case, a point
M and line PQ passing through M are shown. Let E be the electric field and ¥ be the electric potential at M (potential at infinity
is zero) due to the given charge distribution when it is at rest. Now, the whole system is set into rotation with a constant angular
velocity about the line PQ. Let B be the magnetic field at M and p be the magnetic moment of the system in this condition.
Assume each rotating charge to the equivalent to a steady current. (2009)

Column-I Column-II

A) E=0 ®) Charges are at the corners of a regular hexagon. M is at the centre of

the hexagon. PQ is perpendicular to the plane of the hexagon

B) Vz0 100) Qs SNl s <SS Charges are on a line perpendicular to PQ at equal intervals. M is the
mid-point between the two innermost charges.

© B=0 @ Charges are placed on two coplanar insulating rings at equal intervals.
M is the common centre of the rings. PQ is perpendicular to the plane

of the rings.

O u=0 ) 7 M 0 Charges are placed at the corners of a rectangle of sides a and 2a and
at the mid points of the longer sides. M is at the centre of the rectangle.
PQ is parallel to the longer sides.

+ | n
® /.\ /.\ Charges are placed on two coplanar, identical insulating rings at equal
b\/‘ b\/‘ intervals. M is the mid-point between the centres of the rings. PQ is

Q perpendicular to the line joining the centres and coplanar to therings.
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DIRECTIONS (Q. No. 2) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of

which ONLY ONE is correct.

2. Four charges Q,, 0,, 05 and Q, of same magnitude are fixed along the x axis atx =—2a,—a, + a and + 2a, respectively. A positive
charge ¢ is placed on the positive y axis at a distance b > 0. Four options of the signs of these charges are given in List-1. The
direction of the forces on the charge ¢ is given in List-II. Match List-I with List-II and select the correct answer using the code

given below the lists.
List-1

P.  0,,0,,05 0,all
positive

Q. 0y, O, positive;
03, Q4 negative

R 0, O, positive;
0,, O negative

(JEE Adv. 2014)

List-11
1. +x q(07 b)
2. —x
3. +y O ) 05 Oy

(-2a,0) (—a,0) +a,0) (+2a,0)

S.  Q,, Q5 positive; 4. -y
0,, O, negative

Codes:

(@ P-3,Q-1,R4,S-2 (b) P4,Q-2,R-3,S8-1

(¢c) P3,Q-1,R-2,S4 (d) P4,Q-2,R-1,S-3

G

Comprehension Based Questions

PASSAGE-I
The nuclear charge (Ze) is non-uniformly distributed within a
nucleus of radius R. The charge density p (r) [charge per unit
volume] is dependent only on the radial distance r from the centre
of the nucleus as shown in figure The electric field is only along
the radial direction. (2008)

9<’r)

0 a R
1.  Theelectric fieldatr=Ris

(a) independent ofa

(b) directly proportional to a

(c) directly proportional to a?

(d) inversely proportional to a
2. Fora=0, the value of d (maximum value of p as shown in the

figure) is —
3Ze 3Ze
@ o ®) 5
47¢
© e @ S

3. The electric field within the nucleus is generally observed
to be linearly dependent on r. This implies.

(@ a=0 (b) a=R2
(© a=R (d) a=2R/3
PASSAGE-II

Consider an evacuated cylindrical chamber of height h having
rigid conducting plates at the ends and an insulating curved
surface as shown in the figure. A number of spherical balls made

of a light weight and soft material and coated with a conducting
material are placed on the bottom plate. The balls have a radius r
<<h. Now a high voltage source (HV) is connected across the
conducting plates such that the bottom plate is at +V and the
top plate at -V . Due to their conducting surface, the balls will
get charged, will become equipotential with the plate and are
repelled by it. The balls will eventually collide with the top plate,
where the coefficient of restitution can be taken to be zero due to
the soft nature of the material of the balls. The electric field in the
chamber can be considered to be that ofa parallel plate capacitor.
Assume that there are no collisions between the balls and the
interaction between them is negligible. (Ignore gravity)

®

4.  Which one of the following statements is correct?
(JEE Adbv. 2016)
(@) Theballs will stick to the top plate and remain there
(b) Theballs will bounce back to the bottom plate carrying
the same charge they went up with
(¢) Theballs will bounce back to the bottom plate carrying
the opposite charge they went up with
(d) Theballs will execute simple harmonic motion between
the two plates
5. The average current in the steady state registered by the
ammeter in the circuit will be (JEE Adv. 2016)
(a) zero
(b) proportional to the potential V|

©
(d

proportional to Vé/ 2

proportional to Vg
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Assertion & Reason Type Questions

STATEMENT-1 : For practical purposes, the earth is used
as areference at zero potential in electrical circuits.

and

STATEMENT-2 : The electrical potential of a sphere of
radius R with charge Q uniformly distributed on the surface

is given by m . (2008)

(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

Integer Value Correct Type

A solid sphere of radius R has a charge Q distributed in its
volume with a charge density p = k7%, where £ and a are
constants and  is the distance from its centre.

R. 1
Ifthe electric field at 7 = Eis § times that at » = R, find the

value of a. (2009)

Four point charges, each of +q, are rigidly fixed at the four
corners of a square planar soap film of side ‘a’. The surface
tension of the soap film is y. The system of charges and

2

/N
planar film are in equilibrium, and a = k[%} , where k’

is a constant. Then N is (2011)

An infinitely long solid cylinder of radius R has a uniform
volume charge density p. It has a spherical cavity of radius
R/2 with its centre on the axis of the cylinder, as shown in

Section-B

On moving a charge of 20 coulomb by 2 cm, 2 J of work is
done, then the potential difference between the points is
@ 01V (b) 8V [2002]
() 2V (d 05V.

Ifthere are n capacitors in parallel connected to V' volt source,

then the energy stored is equal to 12002]
1

(@ Cv (b) 5 nCV?

(c CV? d € Ccr?
2n

A charged particle g is placed at the centre O of cube of
length L (4 B C D E F G H). Another same charge g is placed
at a distance L from O. Then the electric flux through ABCD
is [2002]

the figure. The magnitude ofthe electric field at the point P,
which is at a distance 2R from the axis of the cylinder, is

23pR
€0

given by the expression . The value of k is

(2012)

¥

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
3 .

z= EX a (see figure). If the magnitude of the flux of the

electric field through the rectangular surface ABCD lying in

AL

the x — y plane with its centre at the origin is 7 - P

(g9 = permittivity of free space), then the value of n is

JEE Main / GIEEE

B
2

a

>X (JEE Adv. 2015)

(@ qldneyl E D
(b) zero o, __/i .
q
(©) g2 neyl G d C
4 B

d gB3rmeglL
If a charge q is placed at the centre of the line joining two
equal charges O such that the system is in equilibrium then

the value of g is 12002]
@@ 02 (b) -02
(© 04 (d -04
Capacitance (in F) of a spherical conductor with radius 1 m
is 12002]
@ 1.1x1071° ® 10°

©) 9x107° @ 1073
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If the electric flux entering and leaving an enclosed surface

respectivelyis ¢4 and ¢5 , the electric charge inside the surface
willbe [2003]

@ ($2—91)eo ®) (91 +d2)/ e
(©) (92 -91)/ &0 (@ (d1+d2)e0

A sheet of aluminium foil of negligible thickness is
introduced between the plates of a capacitor. The
capacitance of the capacitor [2003]
(a) decreases (b) remains unchanged

(¢c) becomesinfinite  (d) increases

A thin spherical conducting shell of radius R has a charge g.
Another charge Q is placed at the centre of the shell. The

. . . . R
electrostatic potential at a point P a distance — from the

2
centre of the shell is [2003]
20 20 2
@ 4ne R ®) 4ne R~ 4nme, R
20 4 (¢+90)2
© 4ne,R 4nme,R 4ne R

The work done in placing a charge of 8x 107'8 coulomb on
a condenser of capacity 100 micro-farad is 2003]

@ 16x10%joule (b)) 3.1x1072%joule

© 4x10%0ule  (d) 32x107joule

Three charges —¢, , +¢, and —g, are place as shown in the
figure. The x - component of the force on—g, is proportional
to [2003]

9, 4 q9, 4
(a) b—g——;cose ®) b—2+—35in6

q q q q, .
© —§+—;cose (d) —3——§sm6
b a b a

The length of a given cylindrical wire is increased by 100%.
Due to the consequent decrease in diameter the change in

the resistance of the wire will be 2003]
(@ 200% (b) 100%
(©) 50% (@ 300%

Two spherical conductors B and C having equal radii and
carrying equal charges on them repel each other with a force
F when kept apart at some distance. A third spherical
conductor having same radius as that B but uncharged is

13.

14.

15.

16.

17.

18.

brought in contact with B, then brought in contact with C
and finally removed away from both. The new force of

repulsion between B and C is 12004]
(@ FI8 (b) 3F/4
(c) F/A (d 3F8

A charge particle ‘g’ is shot towards another charged particle

‘@’ which is fixed, with a speed ‘v’. It approaches ‘Q’ upto

a closest distance » and then returns. If ¢ were given a

speed of “2v’ the closest distances of approach would be
12004]

@ 2 b) 2r

() r d »4

Four charges equal to -Q are placed at the four corners of a

square and a charge ¢ is at its centre. If the system is in

equilibrium the value of g is 12004]

@) —%(1+2«/E) () %(nzﬁ)

© -La+2n) @ Las22)

A charged oil drop is suspended in a uniform field of 3x10*
v/m so that it neither falls nor rises. The charge on the drop
will be (Take the mass of the charge = 9.9x107!° kg and
g=10m/s?) 12004]
(@) 1.6x10718C (b) 32x10718C

(¢) 33x1078C (d) 48x10718C

Two point charges + 8¢q and — 2¢ are located at x = 0 and
x = L respectively. The location of a point on the x axis at
which the net electric field due to these two point charges is

Zerois 12005]
L

@ 7 () 2L

(¢ 4L d 8L

Two thin wire rings each having a radius R are placed at a
distance d apart with their axes coinciding. The charges on
the two rings are +q and -q. The potential difference
between the centres of the two rings is 12005]

g |1 1
(@) ma|R JRaid?

qR
() 4r g, d?

q 1 1
c —_—
© 4neO[R \/R2+d2}
(d) zero
A parallel plate capacitor is made by stacking n equally

spaced plates connected alternatively. If the capacitance
between any two adjacent plates is ‘C’ then the resultant

capacitance is 12005]
(@ (m+1)C b (n-1)C
(¢) nC @ C
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24,
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A charged ball B hangs from a silk thread S, which makes an
angle @ with a large charged conducting sheet P, as shown
in the figure. The surface charge density ¢ of the sheet is
proportional to [2005]
(@ coto P
(b) cos 0

(c) tan @

(d) sin o B

A fully charged capacitor has a capacitance ‘C’. It is
discharged through a small coil of resistance wire embed-

ded in a thermally insulated block of specific heat capacity
‘s’ and mass ‘m’. If the temperature of the block is raised by

° AT ’, the potential difference ‘ V” across the capacitance is

+++F++H++
D
w2

@) mCAT ®) 2mCAT [2005]
2msAT msAT
© C @ C

An electric dipole is placed at an angle of 30° to a non-
uniform electric field. The dipole will experience ~ [2006]

(a) atranslational force only in the direction ofthe field

(b) atranslational force only in a direction normal to the
direction of the field

(c) atorque as well as a translational force

(d) atorque only

Two insulating plates are both uniformly charged in such a
way that the potential difference between them is
V,—V,=20V. (i.e, plate 2 is at a higher potential). The
plates are separated by d = 0.1 m and can be treated as
infinitely large. An electron is released from rest on the inner
surface of plate 1. What is its speed when it hits plate 2?
(e=1.6x10"°C,m,=9.11 x 103! kg) [2006]

(@ 2.65x10m/s v

(b) 7.02x102m/s 01 m—>
X

(©) 1.87x10m/s
1 2

@ 32x10"°m/s

Two spherical conductors 4 and B of radii 1 mm and 2 mm
are separated by a distance of 5 cm and are uniformly
charged. Ifthe spheres are connected by a conducting wire
then in equilibrium condition, the ratio of the magnitude of
the electric fields at the surfaces of spheres 4 and B is

(@ 4:1 ) 1:2 [2006]
(© 2:1 d 1:4

An electric charge 1073 p C is placed at the origin (0, 0) of
X—-Y co-ordinate system. Two points 4 and B are situated at

(ﬁ 2 ) and (2, 0) respectively. The potential difference
between the points 4 and B will be

(@) 4.5volts (b) 9 volts
(¢) Zero (d) 2volt

[2007]

25.

26.

27.

28.

29.

30.

Charges are placed on the vertices of a square as shown.

Let E be the electric field and V' the potential at the centre.
Ifthe charges on 4 and B are interchanged with those on D

and C respectively, then 12007]
@ E changes, ¥ remains unchanged % N Bq
(b) E remains unchanged, ¥ changes

(c) both E and V change b .

(d) E and Vremain unchanged —q -

The potential at a point x (measured in pm) due to some
charges situated on the x-axis is given by
V(x) =20/(x* - 4) volt

The electric field Eatx=4 pm is given by 12007]

(a) (10/9) volt/ u m and in the +ve x direction

(b) (5/3) volt/ u m and in the —ve x direction

(¢) (5/3) volt/ p m and in the +ve x direction

(d) (10/9) volt/ p m and in the —ve x direction

A parallel plate condenser with a dielectric of dielectric
constant K between the plates has a capacity C and is
charged to a potential ¥ volt. The dielectric slab is slowly

removed from between the plates and then reinserted. The
net work done by the system in this process is 12007]

(@) zero () %(K -1y cv?

© CrAK-1
K

If g5 and g;, are the accelerations due to gravity on the

surfaces of the earth and the moon respectively and if

Millikan’s oil drop experiment could be performed on the

two surfaces, one will find the ratio 12007]

d (x-1cr?

electronic charge on the moon
electronic charge on the earth

@ &gu/gk b 1

(© 0 d) gr/gm

A parallel plate capacitor with air between the plates has
capacitance of 9 pF. The separation between its plates is
‘d’. The space between the plates is now filled with two
dielectrics. One of the dielectrics has dielectric constant £,

d
= 3 and thickness — while the other one has dielectric

3
. 2d .
constant k, = 6 and thickness ER Capacitance of the
capacitor is now 12008]
(@) 1.8pF (b) 45pF
(c) 40.5pF (d 2025pF

A thin spherical shell of radus R has charge Q spread
uniformly over its surface. Which of the following graphs
most closely represents the electric field £(r) produced by
the shell in the range 0 < » < oo, where r is the distance from
the centre of the shell? 12008]



31.

32.

33.

34.

35.
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E(r) E(r) 36. Letthere be a spherically symmetric charge distribution with
5 r
[\ K charge density varying as P(r) = Po| 4 R/ uptor= R,
@) Ol 2 ¢ (b) o & ! and p(r)=0 for » > R, where 1 is the distance from the
E() origin. The electric field at a distance A» < R) from the origin
\/\ is given by 12010]
por(S r) 47tp0r(§_1)
k (@ ot @ 4,37 R ® 3, 37R
Two pomts P and Q are mamtamed at the potentials of Apyr (5 r) Po” (5 r)
10 V and — 4 V, respectively. The work done in moving (©) 4¢q 1R (d) E 1R

100 electrons from Pto Qs :

(@ 9.60x10717] (b) —2.24x10716]
(¢) 2.24x10716] (d) -9.60x10717]
A charge Q is placed at each of the opposite corners of a
square. A charge ¢ is placed at each of the other two corners.
Ifthe net electrical force on Q is zero, then (/q equals: [2009]

(@ -1 (1 © "2 (d 242

This question contains Statement-1 and Statement-2. Of

the four choices given after the statements, choose the one

that best describes the two statements. 12009]

Statement-1 : For a charged particle moving from point P to

point O, the net work done by an electrostatic field on the

particle is independent of the path connecting point P to

point Q.

Statement-2 : The net work done by a conservative force

on an object moving along a closed loop is zero.

(a) Statement-1 is true, Statement-2 is true; Statement-2 is
the correct explanation of Statement-1.

(b) Statement-1 is true, Statement-2 is true; Statement-2 is
not the correct explanation of Statement-1.

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

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

Let P(r) = % r be the charge density distribution for a
m

12009]

solid sphere of radius R and total charge Q. For a point ‘p’
inside the sphere at distance | from the centre of the sphere,

the magnitude of electric field is : 12009|
9 on’
a 2 —
@ 4n € A ®) 4T g r*
o’ 2 o
© 3 g R (@)

A thin semi-circular ring of radius r has a positive charge g

distributed uniformly over it. The net field E at the centre O
is 12010]

P ~

—j ]
@) 47r250r2

. E—
(b) 471'2807'2 )
A 0 1
5 5 J
(C) 271'2807'2

A

q
J
(d) 27'[2807'2

37.

38.

39.

40.

Two identical charged spheres suspended from a common
point by two massless strings of length / are initially a
distance d(d <</) apart because of their mutual repulsion.
The charge begins to leak from both the spheres at a constant
rate. As aresult charges approach each other with a velocity
v. Then as a function of distance x between them, |2011]
(@ vox! (b) vocx”

() vecx (d) veex™”

The electrostatic potential inside a charged spherical ball is
given by ¢ = ar? + b where r is the distance from the centre
and a, b are constants. Then the charge density inside the

ball is : 12011]
(@) —bagyr (b) —24mag,
(c) —6bag, (d) —24magyr

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

will be: [2012]
£l el
@ (b
Rr— ~ Ri—
ET ET
© (d)
=

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

Statement -1 : When a charge q is take from the centre of
the surface of the sphere its potential energy changes by
e

380 .

GP_3481
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41.

42.

43.

44.

45.

Statement -2 : The electric field at a distance 7 (» <R) from
. pr
the centre of the sphere is L
380
Statement 1 is true, Statement 2 is true; Statement 2 is
not the correct explanation of statement 1.

@

(b) Statement 1 is true Statement 2 is false.
(c)

(d

Statement 1 is false Statement 2 is true.
Statement 1 is true, Statement 2 is true, Statement 2 is
the correct explanation of Statement 1

Two capacitors C; and C, are charged to 120 V and 200 V
respectively. It is found that connecting them together the
potential on each one can be made zero. Then

JJEE Main 2013]
@ 5C =3C, () 3C,=5C,
(© 3C +5C, =0 @ 9¢ = 4G,

Two charges, each equal to g, are kept at x=—aand x =a on

the x-axis. A particle of mass m and charge q,= % isplaced

at the origin. If charge q is given a small displacement
(y <<a) along the y-axis, the net force acting on the particle

is proportional to |JEE Main 2013]
@ vy (b) -y

1 1
© = @ -

y y

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

|JEE Main 2013]
0] AV 7aB
< L >€ L >
_Q 30
(@) 8meoL (b) 4meyL
QOln2
© 4nggLin2 Gl 4neggL S

Assume that an electric field E = 3(0x?] exists in space. Then

the potential difference V, —V,,, where V, is the potential

at the origin and V, the potential at x=2 mis:

|JEE Main 2014]
(@ 120J/C (b) -120J/C
(c) -80J/C (d) 80J/C
A parallel plate capacitor is made of two circular plates
separated by a distance 5 mm and with a dielectric of dielectric
constant 2.2 between them. When the electric field in the
dielectric is 3x10* V/m the charge density of the positive
plate will be close to: |JEE Main 2014]

46.

47.

(@ 6x107C/m? (b) 3x107C/m?

(©) 3x10*C/m? (d 6x10*C/m’

In the given circuit, charge Q, on the 2uF capacitor changes
as Cis varied from 1pF to 3uF. Q, asa function of 'C' is given
properly by: (figures are drawn schematically and are not

to scale) |JEE Main 2015]
——{
C
2uF
|}
L
Charge
Q, ;
1uF 3uF ¢
Charge
®) .
1pF 3uF ¢
Charge
Q, :
© |
: : C
1uF 3uF
Charge
Q2 /_E
@ ,
1pF 3uF

A uniformly charged solid sphere of radius R has potential
V,, (measured with respect to «0) on its surface. For this sphere
. . ) 3V, 5V 3V,

the equipotential surfaces with potentials B
Vo
4
(@ R;=0andR,<(R;-R;)

(b) 2R<R,

(© R;=0andR,>(R,-Ry)

(d R;#0and(R,-R))>([R,—R;)

and have radius Ry, R,, R; and R, respectively. Then

[JEE Main 2015]



114 °

48. A long cylindrical shell carries positive surface charge ¢ in
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the upper half and negative surface charge - ¢ in the lower
half. The electric field lines around the cylinder will look like
figure given in : (figures are schematic and not drawn to
scale) |JEE Main 2015]

%\.

© G%:D) @

49. A combination of capacitors is set up as shown in the figure.

The magnitude of the electric field, due to a point charge Q
(having a charge equal to the sum of the charges on the 4
uFand 9 pF capacitors), at a point distance 30 m from it,

would equal : |JEE Main 2016]
3puF
4nF
— 9uF

2uF -
L
I
1F

8V

50.

(@) 420N/C (b) 480N/C
(c) 240N/C (d) 360N/C
The region between two concentric spheres of radii 'a’ and

'b', respectively (see figure), have volume charge density
A . . .
p= T where A is a constant and r is the distance from the

centre. At the centre of the spheres is a point charge Q. The
value of A such that the electric field in the region between

the spheres will be constant, is : |JEE Main 2016
g
_2Q 2Q
2 42 —
@ (a-v?) Ol
_Q
2 .2
© 5.2 @ 2n(b?-a?)
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Section-A : JEE Advanced/ IIT-JEE

gq4 . 2gq94 o 1 xQ_2 3
1. OTXV,TOXV 2. B 3. 180,4n80 L2 4 T
1 gxq
5. —qEa 6. -8 7. EL_Z
B 1. F 2. T 3. T 4, T 5. F 6. F
C 1. (b 2. (b) 3. (b 4. @ 5 @ 6. (b 7. ()
8. (0 9. (@ 10. (b) 11. (b) 12. (¢) 13. (¢) 14. (¢)
15. (d) 16. (¢) 17. (@) 18. (d) 19. (b) 20. (¢ 21. (0)
22. (a) 23. (b) 24. (a) 25. (a) 26. (d) 27. (¢) 28. (d)
29. (¢) 30. (a) 31. (¢) 32. (d) 33. (¢) 34. (o)
D 1. (d 2. (a,d 3. () 4. (b,d) 5 (@ 6. (@ 7. (a,cd)
8. (b 9. (© 10. (d) 11. (b,¢) 12. (d) 13. (a,¢) 14. (a,¢)
15. (c,d) 16. (ab,d) 17. (@) 18. (a,d) 19. (a,b,c,d) 20. (c,d) 21. (a,c,d)
22. (a,b,c) 23. (@) 24. (b,d) 25. (c,d) 26. (¢) 27. (a,d) 28. (¢)
29. (d) 30. (d)
2
E 1. (i) Move towards centre; (ii) Q=@, 32+3)K q_2
a
KQO(R+7r) 3
2. (i) 60°; (ii) mg=4_rkq%;(iii) N, =\3mg ;N,=mg 3. % 0628sec. 5. 3
n | ML
6. 848m 7. 3.16x10°C 8. E‘/Zq_E
c o [ a? ) c (az —b2+cz\
9. () g(a-bﬂ),g 7-’3“‘}, gLfJ (ii) c=a+b
[ 1 2 1 (99
10. (a) 4a,(5a,0) (b) KQ_3a—x_mi| (©) A eo(2ma)
307 3GM? ” §
11 (a) 20m g (b) = — 15x10%7 (¢) 37 R
Ag
12. ()2x10°F, 121 x 10-5J (i) 4.84 x 10-5J (iii) 1.1x10-5]J B. e m

KK, A4
1K24 logﬁ
d(Ki—-Ky) "K;
16. ()90x10°C,210x10°C,150 x106C (ii)4.74x102J,1.8 x1072]

14. 4425x107°A. 15.
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2
Lot Jerl (=Y
L (a)2 dm g R {r [1 (R+rj ]} by

19. 3m/s, 3% 1074]

_ QR
2(4neg)r?

4n
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4a a
18. — —=
(a) > (b) NG

2

20. —q—.i6(3ﬁ—3ﬁ—«/5)

€ 4

e

1 po 1 2pQ- q90(01 —0y)a V(a]m
21. (a) 47‘[’,60 dz (b) 4Tt€0 d3 \/560 23. 5
E 1. (A)-p,rs):B)-s);(C)(p,q,1); (D)-(r,s) 2. (a)
G 1. (a) 2. (b) 3. (0 4. (o) 5 (d)
H 1. (a
I 1. 2 2. 3 3. 6 4. 6
Section-B : JEE Main/ AIEEE
1. (a) 2. (b) 3. (b 4. (d) 5 (a 6. (a) 7. (b) 8 (0 9. (d)
10. (b) 11. (d) 12. (d) 13. (d) 14. (b) 15. (¢) 16. (b) 17. (a) 18. (b)
19. (¢ 20. (c) 21. (c) 22. (a) 23. (¢) 24. (¢) 25. (a) 26. (a) 27. (a)
28. (b) 29. (¢ 30. (a) 31. (¢ 32. (d) 33. () 34. (b) 35. (¢) 36. (a)
37. (d) 38. (¢) 39. (¢) 40. (c) 41. (b) 42. (a) 43. (d) 44. (¢ 45. (a)
46. (d) 47. (ab) 48. (¢ 49. (a) 50. (¢
| LD N JEE Advanced/ IIT-)EE
A. Fill in the Blanks C KC
|
1.  Ontheplate 1 there is +ve charge iz
£0d i | 2C I
q=CV = ——xV i 4
d lV 2C
On the plate 4 the charge is
2end Finally charge on capacitance C=¢q,'=KCV"
—2g= —LxV Charge on capacitance 2C=g,'=2CV"
Total charge will remain conserved
2. It is greatest at point B because at B the equipotential k124
CV+2CV=KCV'+2CV"' or,V'= ——
surfaces are closest. K+2
3. There is no gravitational force acting. Only electrostatic 5, NOTE : Since electric field is conservative in nature, the

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

o
e, X 9
T T

N

pa
<

1 ox0 1 @
= X = X =
4ney (2L)? 4mey 417

4.  Initially charge on capacitance C=gq,=CV
Charge on capacitance C=gq,=2CV

work done by the field along PQRS will be same as along
PMS

Work done from Pto M = F.PM
=F(PM)cos90°=0

Ya >
' P(a,b,o0)
N 0 >
0N T NY ____
N SN \> >X
R

GP_3481
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° p-s-147

Work done from Mto S= F.MS

= F (MS) cos 180° [~ F=¢FE]
=—qFEa
Electric potential V= 4x? volts
The electric potential changes only along x-axis,
We know that
—dv d(4x*
Ex=? :Ex= —%=—8x
The electric field at point (1, 0, 2) will be (herex=1)
E =-8volt/m.

q L 9

Force on (—q) due to charge at D will get cancelled out by
force on (—q) due to change on A. Similarly force on —q due
to charge at E will get cancelled out due to charge on B. So

L4
dne, [?

the net force will be because of chargeon C ¥ =

directed from O to C.
B. True/ False

Electrostatic force is conservative in nature, therefore work
done is path independent.

The metallic sphere which gets negatively charged gains
electrons and hence its mass increases.

The metallic sphere which gets positively charged loses
electrons and hence its mass decreases.

When 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. j/ 4

|ty

X-Rays
The electric field produced between the parallel plate
capacitor is uniform. The force acting on charged particle
placed in an electric field is given by F=gE.
In the case of two protons, ¢ and E are equal and hence

force will be equal.
KEY CONCEPT : Force on charge (—g) due to small charge

dq situated at length d( is given by

Resolving this force into two parts dFcos 0 and dFsin 9 as
shown in figure.

If we take another diametrically opposite length d{, the

charge on it being dg. Then the force on charge (- g) by this
small charge dq will be

dF=k qd‘g
5R
Again resolving this force, we find dFsin® components of
the two forces cancel out and dFcos® component adds up.

The total force
kqdq 2R
F=
[ e coso - [
Charge on length 2R =Q
Qd¢
==2"—4
Charge on length 4/ R q
Ian 2kq Qdﬂ
“Jo 55 R 2nR
- % x 2MR = Zqu2
545 x 2nR 5J5R

This is not an equation of simple harmonic motion.

For a particle to move in circular motion, weneed a centripetal
force which is not available.

The statement is false.

C. MCQs with ONE Correct Answer

(b) The potential at the surface of a hollow or conducting
sphere is same as the potential at the centre of the
sphere and any point inside the sphere.

() The two charges form an electric dipole. If we take a
point M on the X-axis as shown in the figure, then the
net electric field is in —X-direction.

Option (a) is incorrect.

If we take a point N on Y-
axis, we find net electric
fieldalong + X direction.
The same will be true for
any point on Y-axis. (b) is
a correct option.
NOTE : For any point on
the equatorial line of a
dipole, the electric field is
opposite to the direction
of dipole moment.
®) W, y=q(VV)=q(0-0)=0

~(c)is lncorrect The direction of dipole moment is
ﬁom —ve to + ve. Therefore (d) is incorrect.

() Cand 2C are in parallel to each other.

. Resultant capacity=(2C+ C)

Cr=3C
Net potential =2V -V
Ve=V

Y

Ne—E

+q ME 4 E
(=d, 0) 13__ d,0)M

. 1
. Final energy = ECR(VR ) = %(3C)(V)2 = %CVZ
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4. (d) Within the capacitor, d d d
= +
E. = A E) = S +0 +0, KAgy  Ag (Kl +K2) 24g¢K3
I 2g04’ 204’ .
0 0 i. 1 1 1

where A4 =area of each plate z or

—= +—.
. E K K +K, 2K
d = separation between two plate | «—— 1772 3

8. (¢) Electric field lines do not form closed loops. Therefore

B 1 —d —> options (a), (b) and (d) are wrong.
E=E -E, = G -) Option (c) is correct. There is repulsion between similar
_ charges.
Hence, V'=Ed 9. (@ When Sis closed, there will be no shifting of negative
1 0 -0 charge from plate 4 to B as the charge — g is held by the
— _xl 2 . . 1.
= Es—A(Ql -0) = e charge + ¢. Neither there will be any shifting of charge
0 from Bto A.
5. (@ With the closing of switch §; and S, the negative 10. (b)) NOTE : As we move along the direction of electric
charge on C, will attract the positive charge on C, field the potential decreases.
thereby maintaining the negative charge on C,. The s V>V
negative charge on C; will attract the positive charge y
on C,. No transfer of charge will take place. Therefore
p.dacross C; and C, will be 30 Vand 20 V.
0. Hpc
6. () Herewehave =2 Qq q + % E
Tz
(0,0) (1,0
0=- q‘/i S A 5
V2+1 2442 11. () Initial energy
7. () ? U, = 20q q 0 q
1\ 1 4111800 x=-a ) 0 x=+a
d 4 4 d Initially
2 K. Ky 2 q 0 q
* Y Final energy x> )
d e >le >
E K3, 4 atx Finally o
1 og[ 1 1] - 2092
U = + 2_2
) ) ) dngyla+x a-x 4“80(51 o )
Let C, = Capacity of capacitor with K
C, = Capacity of capacitor with K, 20q | 1 a
C, = Capacity of capacitor with K Ui-Ur = P R
4neg | a (a —x )
A €g X 2 AS()KI
ablPTaTa
_ 20q a?-x*-a* _ —2qu2
Gy =K, [ﬁ) g X2 _ AgoKy 4neg a(a2 -x? ) 4ngga’
2/ d d
2 > AenK when x << g then x2 is neglected in denominator.
gy X €
L G =K3(4) 0 o3 ( \
d =% 2
C,and C,arein parallel Ui U L2ne 0d J
Ae 12. (c) Initially we know that
Coq = 20 (K, +Ky) © y
_1 G C2 (V A
Ceq and G5 are in series T2 G+ 2
1__ 4 ., 4 AU =Lx CXC(VI A%
C A80 (Kl + Kz) 2A80K3 2 2C
C
K4e . . . U==(-N)
But C= for single equivalent capacitor 4

d
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13. (o) Electfic field everywhere inside the metallic portionof 18, (d) When a positive point charge is
shell is zero. placed outside a conducting net charge = 0
Hence options (a) and (d) are incorrect. sphere, a rearrangement of " _-7777" !
Electric field lines are always normal to a surface. Hence chargetakes place on the surface. | = i
option (b) is incorrect. Only option (c) represents the But the total charge on the o} = i
correct answer. sphere is zero as no charge has 4! — + |
left or entered the sphere. (g [
14 oA Kq 19. () Let us consider a uniformly
- © JEF— charged solid sphere without
. any cavity. Let the charge per
Electric field dueto Pon O unit volume be ¢ and O be the
is cancelled by electric field = £Q centre of the sphere. Let us
due to Son O. consider a uniformly charged
Similarly Electric field due v sphere of negative charged
to O on O is cancelled by U -X---+=-- >R density o having its centre at
electric field due to Tand O. £ I(jet Also let dOO' be el()l'ltlal toa.  Pinfh flsch
. us consider an arbitrary point P in the small sphere.
The electric field due to R - The electric field due to charge on big sphere
on O is in the same T S
direction as that of U on 0 E| = o OP
Therefore the net electric 3¢
fieldis 2E . Also the electric field due to small sphere
15. (d) The flux through the Gaussian surface is due to the %, =% PO )
charges inside the Gaussian surface. But the electric 2= 3¢, <. The total electric field
field on the Gaussian surface will be due to the charges
p{esent in side the Gaussian surface and outside it. It E=FE +E; = o [O—P + P—O] -9 00"
will be due to all the charges. 3gg 3gg
16. (c) Figure shows the electric fields due to the sheets 1, 2 Thus electric field will have a finite value which will be
and 3 at point P. The direction of electric fields are uniform.
according to the charge on the sheets (away from 20. (c) Thecharges make an electric dipole. A and B points lie
positively charge sheet and towards the negatively on the equatorial plane of the dipole.
charged sheet and perpendicular). Therefore, potential at 4 =potential at B=0
W=q(V,~Vp=g*x0=0
©) Y
= P -
Z=ga a%ﬂc B[0,a,0) #-Z
—~vE, &
E @) 4 20,0,-a/2)
Z=a : -2¢ A S /
E ERGnEEE X
(-a, O, 0) | q
® (0,0, a/2)
Z=-a -c 7
Th | electric field 21. (¢) The electric field due to A and B at O are equal and
¢ total electric fie opposite producing a resultant which is zero. The
E=E +Ey+E3 electric field at O due to Cis
,\ A A 1 2q/3 q
1 2( 3( ) 47t GO R2 61‘t EO R2
_|o . 20 LS - I;) _ 20 i Option [A] is not correct. The electric potential at O is
280 280 280 €0 ;
17. (@) 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 for a charged conducting
cylinder when the point of consideration is outside the
cylinder.

But when a charge density s given to the outer cylinder,
it will change its potential by the same amount as that
ofthe inner cylinder. Therefore no potential difference
will be produced between the cylinders in this case.

/ / 2/
K i el
R R R

.. Option [D] is wrong
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22. (a)
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@
I AABC—AC— in30° >AC=—=R
n AB—Sln . )
BC J3AB
— =sin60° = BC=~———=f3R
AlsoAB sin 60° = C > 3

Potential energy of the system

K [(q/3)(2/3)}+K[(q/3)(1—{2q/3)}+K[(q/3)(—2q/3)]

2R V3R
kq?[1 2
=—1 |—_2_—
9K [2 5 ] *0
.. Option [B] is wrong
Magnitude of force between B and C is
1 (29/3)(a/3) ¢

Cane, (vaR) ~ Sdne, R?

Let the level of liquid at an instant of time 't' be x. Then

=& =>dx = —vdt
dt

d
= X=——-Wt
3
Also the capacitance can be considered as an equivalent
of two capacitances in series such that

| | |
=4 —

Ceq ¢ G

- 11 . 1 d-x X

Ceq A & AK A g AK
d-x X

.. SAK

T Kd+x(1-K)

d
ButA=1, K=2andx=§—vt

LC = g x1x2 b
. eq_ -
2d+[g—vt}(l—2) Sd+3vt
: 6R &
T1meconstant1:=RCeq= 5+ 3vi

23. () Thechargeson the surfaces ofthe metallic spheres are

shown in the diagram. It is given that the surface charge
densities on the outer surfaces of the shells are equal.
Therefore

24. (a)
25. (@
26. @

O _0+0 _0+0,+0,

4GR? Al

4nR?  4n(2R)?
O, = 4nR%x

O, +0, = 4n(2R)* k = 4[47R*x]

= Q) =44nR’x]-Q
= 4[47R?x] - 4nR*x =3[4nR%]

Also O + 0, + Q5 = 4n(3R)* x = Y[4nR>x]

0; = 94nR*x]- 0, - O; = Y4nR>x]-[4nR?x]

—3[4nR%x] = 5[4nR%x]

= QI:QZ:Q3=1:3:5

From the figure it is clear that the charge enclosed in
the cubical surface is 3C + 2C — 7C =-2C. Therefore
the electric flux through the cube is

Y4

Z
9in -2C
o=—""= X
€ %o 2C
AC .
1c

The electrostatic pressure at a point on the surface of
o2

auniformly charged sphere = 2.
o

2

c
.. The force on a hemispherical shell = 2e. xmR?
0

When the electric field is on
Force due to electric field = weight
qE=mg
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27. (¢)

28. @

° p-s-151
L g Here, C, = 24F, C, 8 uF, V,= V, V, =0
gE=3mRpg =3F (1) . AU <Ly 2><8(V 0)? _4)
5

When the electric field is switched off
Weight = viscous drag force

mg= 6nnRy,

Iy,
2pg

4
gnR3 pg =6mnRv, - R= ..(ii)

3
4 2
From (i) & (ii) ¢ = 5“[921:)—2} x %

3
4 [9x1.8x10_5x2x10_3]2 900x9.8x7
=—XT X

81m x10°

2x900x9.8
=78x1071°C

Given E=E,

This shows that the electric field acts along + x direction
and is a constant. The area vector makes an angle

of 45° with the electric field. Therefore the electric
flux through the shaded portion whose area is

2a=+2d"is ¢ = E. A= EAcos®=Ey(v2 a?) cos

450= Ey(N2a*) x

P

W)l(nen S and 1 are connected
The 2pF capacitor gets charged. The potential
difference across its plates will be V.
The potential energy stored in 2 uF capacitor
1 2 1 2 _ 2

U ==CV*==x2xV* =V

2 2
When S and 2 are connected
The 8uF capacitor also gets charged. During this
charging process current flows in the wire and some
amount of energy is dissipated as heat. The energy
loss is

1 G 02

AU= >

VY2
3G+ (1 2)

29. (¢)

30. (@

31. (o)

32. d

. AU
The percentage of the energy dissipated = T 100

ﬂVZ

=3 4100=80%
V2

The pattern of field lines shown in option (c) is correct
because

(a) acurrent carrying toroid produces magnetic field
lines of such pattern

a changing magnetic field with respect to time in
a region perpendicular to the paper produces
induced electric field lines of such pattern.

The frequency of SHM performed by wooden block is

(b)

E
1 [k —
V0=£ — +Q

when electric field is switched on, the value of k and m
is not affected and therefore the frequency of SHM
remains the same. But as an external force QE starts
acting on the block towards right, the mean position of
SHM shifts towards right by %

correct option is (a).

Note : In SHM if a constant additional force is applied
then it only shift the quilibrium position and does not
change the frequency fo SHM.

The two forces acting on the [ ]
proton just after the release are

shown in the figure. In this
situation

qE=mg [. 6=45
(7
—27 -2
V=mgd 1.67x107 x10x10~ ~10°V

q 1.6x1071°

For a thin uniformly positive charged spherical shell
(1) Inside the shell at any point

E=Q0and V = 1 i=constt.
4ney R

where = charge on sphere
R =Radius of sphere

(i) Outside the shell at any point at any distance

from the centre E o« 1 and V o 1
r2 r
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33. (c) Thetotal charge on plate 4 will be—80 uC. Ifgzand g~ i Pd= _Vo Pd.= Vo
be the charges on plate B and C then Capacitance= C Capacitance= KC
gz +qc=80puC (1) i Q,=CV, [K is the dielectric constant of
Also 2uF and 3pF capacitors are _L+80 c slab K> 1]
in parallel. Therefore, H ) New chargg =KCV,
[ dpf —— T | (iii) Potential Energy New potential energy
q_B = q_c ! —80 HC A I 1 1
2 3 ! : = —CV = —KCV§
i*98 B +qc|C 2 2
80-4c _9c oo ______ R
= 2UF—— —_ : Yo Yo
2 3 ~s —c (v) E= i E= i
240-3q,=24 a9 ZSﬂ = 48 3. () qhastobe negative for equilibrium.
This charge will obviously be positive. oo Fro 2 Fa3
F,s +Q = _ +Q
1 0 Fyr G
n& R A e
Considering equilibrium of 1
g L 2 .1 on Fi3=Fp
P ane B2 4ne R KoxQ _KQ(-q9) o
Clearly E,> E, > Ey e 2 1Ty
where 0/2 is the charge enclosed in a sphere of radius 4. (b,d) +gq -
R concentric with the given sphere. Charge on plate is g
goAd
=292
9 0 d
4 3 4 3
—n(2R)” —nR = =4
37(2R) 3 g=Cr=r=1,
1 d
D. MCQs with ONE or MORE THAN ONE Correct U= Eq xV
1. (@) Letusconsider the positive charge Q at any instant of Charge on plateis ¢
time ¢ at a distance x from the origin. It is under the o god c<c +q -
influence of two forces F; (= F) and F, (= F). On P ’
resolving these two forces we find that F'sin 6 cancels . q ,
out. The resultant force is & V= Volind >y
“—
: Fsin® 1 d
Fp=2F cos® 4103 U= EqV':U’=U
o (2a. 0) 5. (@) The potential inside the shell will be the same
kQq x 2Fcos® 90 everywhere as on its surface. As we add — 30 charge
=2x 2+ 2) x \/ﬁ F on the surface, the potential on the surface changes
xora X" +a” - $(0,-a) Fin6 by the same amount as that inside. Therefore the
2kQ0qx potential difference remains the same.
= m M 6. (a) The equivalent capacitance
.. 11 10
Since Fy is not proportional to x, the motion is NOT LI + 1 + L 0 = C= T uF
simple harmonic. The charge Q will accelerate till the Cqq 2 2 2%5
origin and gain velocity. At the origin the net force is
zero but due to momentum it will cross the origin and
more towards left. As it comes on negative x-axis, the
force is again towards the origin.
C
2.

(a,d) | \

Z

a_/O

o Ao o
€T
T
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7. (a,c,d)

€0
A —_A
sC=

0=CV

=MXV

d

QO will remain same as no charge is leaving or entering the

_ SoAV
d

plates during the process of slab insertion

=CIVI

Now,Q=C'V'=C'E'd
EoAV
o d I
= == X—=—
E C'd Ked d Kd
d
Work done is the change in energy stored
Loy Lown
2 2
2 2
_ Leodv _leOAX(K) e
2 d 2 d K
1594 2[ 1]
= 20020 _
w 2 d K
8. () Thework done in moving a charge from 4 to B
9, 0
R \\‘ R\/E R\\

W=(TPE.) ,—(TPE.)ywhere TPE. =Total Potential Energy

(TPE),=

O \q
4 L4Tt80\/R2+R2J
__4 (%]
B 4megR [Ql +\/§}
)
g Jq

(LPE), = L4 — RJ L4n80\/R2+R2

9
4n80R [QZ 2 }

0% a9

W= 4TIZEOR

_ 90 -0 (V2 -1)
4TIZEOR L \/EJ

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

Applying Gauss's law 1 A
L L= B,
]
o= PEds === 1T Lo
€0 :+ + !
For the flat portions of 7 _| 1, 41 |-
Gaussian surface, the I P
angle between electric | -| [t |7 |+ =
field and surface is 90°. : 4 |
Hence flux through flat ¥ - )L -p==<}-I"~
portions is zero. e o iy

NOTE : Bysymmetry, the electric field on the curved surface
is same throughout.

The angle between E and ds is 0° (for curved surface)

= Ejds=ﬂ = Ex o=t
€9 €0
= E= A = Eocl
2megr r

(d) The electric lines of force cannot enter the metallic
sphere as electric field inside the solid metallic sphere
is zero. Also, the origination and termination of the
electric lines of force from the metallic surface is
normally (directed towards the centre).

(b,0)
In region I and III, there will be electric field E,directed
from positive to negative. In region II, due to orientation of

dipoles, there is an electric field Ek present in opposite
direction of Eo. Butsince Eg isalso present, the net electric

field is E, — E in the direction of Eo as shown in the
diagram. (- Ey>E))

® O
Ek
o o= ¢t
Ea neI:ED_Ek Eo
- +
] DIELECTRIC I
SLAB
I )i 1
® ©
—d——————d—
x=0 “F=yg P P
E
d 2d  3d
0 g x
Ef—
4 y
B
A5 i
H ; .
O g 24 3d

NOTE : When one moves opposite to the direction of electric
field, the potential always increases. The stronger the electric
field, the more is the potential increase. Since in region II,
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12.

13.

14.

15.
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the electric field is less as compared to I and III therefore the
increase in potential will be less but there has to be increase
in potential in all the regions from x = 0 tox = 3d. Also where

.. dav
E 1s uniform, — = constt.
dx

(d) Potential at origin will be given by

o 4 [L_L+L_L+m}

- 47580 XO 2x0 3x0 4x0
y=—21m()
4megxg
(a,0)

Let O be the charge on the ring, the negative charge — g is
released from point P (0, 0, Z,)). The electric field at P due to
the charged ring will be along positive z-axis and its
magnitude will be

e 07,

Therefore, force on charge P will be towards centre as
shown, and its magnitude is

1 Qq
. V4 ..(1
ansg ez 0
Similarly, when it crosses the origin, the force is again towards
centre O.

Thus the motion of the particle is periodic for all values of
Z, lying between 0 and o.

Secondly if Z, << R, (R2+ 22 )*? ~ R}

1 Oq .
L= 4n80'F'ZO [From equation 1]

Fe=qE=

1.e. the restoring force F, oc — Z;. Hence the motion of the
particle will be simple harmonic. (Here negative sign implies

that the force is towards its mean position).

(ac¢)
KEY CONCEPT : Theexpressions of the electric field inside
1 .
the sphere (r < R) E = 4mg % r; outside the sphere
E
51 4
(R<r<w)E= %
4T[80 r : B
0 r=R r
Hence, E increases for ¥ < R and decreases for R <1 < oo.
(c,d)

When two points are connected with a conducting path in
electrostatic condition, then the potential of the two points
is equal. Thus potential at 4 = Potential at B

(c) is the correct option.

Option (d) is a result of Gauss's law

Total electric flux through cavity = 4
S

16.

17.

18.

19.

Option (a) and (b) are dependent on the curvature which is
different at points 4 and B.

(abd) ]
(@) The whole charge
O will be enclosed in a
sphere of diameter 2R,,.

(b) Electric field £ =
zero inside the sphere.
Hence electric field is
discontinued at r = R,,.
(¢) ChangesinV and
E are continuously
present for
r> R, Option () is
Incorrect.

(d For r < R, the
potential V is constant
and the electric
intensity is zero.
Obviously, the
electrostatic energy is
zerofor r<R,,

(a) Thesituation is shown in
the figure which is similar v
to a planet revolving
around sun. The distance —q
of — g from + Q is
changing, therefore, force
between

the charges will change.

The speed of the charge — g will be greater when the
charge is nearer to + Q as compared to when it is far.
Therefore, the angular velocity of charge — g is also
variable. The direction of the velocity changes
continously, therefore, linear momentum is also variable.
The angular momentum of (— ¢) about Q is constant
because the torque about + Q is zero.

(ad)

The electric field lines are orginating from Q, and terminating

on Q,. Therefore Q, is positive and O, is negative.

As the number of lines associated with Q, is greater than

that associated with 0,, therefore |Q,|>(0,|.

Option (a) is correct.

At a finite distance on the left of Q, , the electric field

intensity cannot be zero because the electric field created

by O, will be greater than Q5. This is because the magnitude

. 1Y
of Q) is greater and the distance smaller [E oc r_2

At a finite distance to the right of 0, the electric field is
zero. Here, the electric field created by O, at a particular
point will cancel out the electric field created by Q.
(a,b,c,d)

Electric field inside a spherical metallic shell with charge on
the surface is always zero. Therefore option [a] is correct.
When the shells are connected with a thin metal wire then
electric potentials will be equal, say V.

L 94 _

L0,
4n ey Ry

4n ) Ry
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As R ;> Ry therefore Q ,> 4. option [b] is also correct.

QA

As 4_ 4nRy _RE 24 R} Ameg RaV
oB QB R2 OB R2 4m ey RpV

41tR B
Sa_Rp
‘o5 R, Option (c) is also correct 23.

Also EA =G—A & EB =G—B
<0 S
E—A -4 _ R—B <l . E <E
E B (¢} B R A A B
Option (d) is also correct
20. (c,d)
(@) isnot correct because it is valid only when E oc 172
(b) isnot correct
(c) 1is correct as between two point charges we will get a
point where the electric field due to the two point
charges cancel out each other.
(d) is correct when the work done is without accelerating
the charge.
21. (a,c,d)

. . a
The electric flux passing through x = +E ,

__2
x= 2 ,Z=
The net electric flux through the cubical region is
—q+34-9 _ 4

€0 €0

a .
+ 5 is same due to symmetry.

E 24,

22. (a,b,¢)

25.

ONJZHP E, E, P

EF +EC

£ —
I I T AR AR
Ep=E, +Ep+(Ep+Ey)cos60°+ (Eg+ E ) cos 60°
1 1
=2K+2K+(K+K) x 5+ (K+K) x 5 =6K

The electric potential at O is

= +q+q9-9-q9-2q]=

Vo Ineg L [29+q9+q-9-q-2q]=0

PR is perpendicular bisector (the equatorial line) for the
electric dipoles 4B, FE and BC. Therefore the electric
potential will be zero at any point on PR.

At any point ST, the electric field will be directed from Sto T.
The potential decreases along the electric field line.

(b,d)

Electric field E; due to smaller sphere at P is

El = X =
4r g 3 4 g x3
Electric field E, due to bigger sphere at P is
B, =228
3 €p
1ol
As E, =E, PR PR =y

4gx3 3g P2

Option (d) is correct.

(b,d)

Step 1 : When S is pressed. The capacitor C, gets charged
such that its upper plate acquires a positive charge +2 CV,,
and lower plate—2 CV,,

Step 2 : When S, is pressed (S, open). As C; = C, the
charge gets distributed equal. The upper plates of
C, and C, now take charge + CV, each and lower plate

—CV, each.
(b) and (d) are correct option.

(c,d
Let us consider a point P on the overlapping region. The
electric field intensity at P due to positively charged sphere

3g
The electric field intensity at P due to negatively charged

pr2 )
~ . The total electric field,

sphere=360
S_PN_Ph_ P [-
E= + I +r
3¢ 3 g 3€0L1 2]
E=-P ¢
3 &

Therefore the electric field is same in magnitude and
direction option (c) and (d) are correct.
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27. (a,d) c,
K
A A3 O, E |
E2
24/3 | O
26. (c) <—d —>
) 1 0 This is a combination of two capacitors in parallel.
+0e * F=—= Therefore
4 1y C=C+C, " C=C-C,
N _ 1 2A kA 24
+ 1 Z_E Yo whereC1=3 p andC—C1=3€.7
4
Ty 2q q k
) _ C 1= 2
1 Q_ 1 2
4T[€0 rg 4r S) I'O . £ — 2 +1
"k
- Q=21 (1)
E,=E; (Given) C 2 '
L2 o & Gk
dneg 1y 2§ on .. (d) is a correct option.
.. (b) is incorrect A
E| =E; (Given) Now, 0, =C,V= @ xV
" 1 %=i:Q=2norg 24
ng g 29 and 0, =(C-Cy)V'=3——xV
*. (a)isincorrect a
4Q O k .
= — L= .. (¢) 1s incorrect
Now E; (4/2)= 37 o 2 0, 2 ©
Also V=E
1 4 18 soV=Exd
4m € r02 4ney 1 s E= g =F =E, .. (a) isa correct option

and 2E, (r,/2) = 2[ ! ﬂ} L 8

4ney 15 =4rteog
. (c) is correct

E, (ry2)= 1 22 _ 1 4 _ &
dng /2 4dne 1y TN

oo 20 2 3
3(1'0 )_ 260 € €y Ty

.. (d) is incorrect.

28 (c¢) Forceon change qwhen itis given a small displacement

xisF,,=F -F,
1 A 3 1 A
Foer= 2ngy d—x 2mep d+x

A |d+x—d+x
Fnet= 27580 d2 _x2
A 2x
.'. Fnet= 21':80 d2 _x2

When x << d then

A A

___——é—o—nﬁ-'———)x

>
2d ;
line charge | line charge 2

GP_3481
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F = = and is directed towards th iti 2605 , 4 €08
net = mgo * and is directed towards the mean position € xC, e 4 54 e
therefore the charge +q will execute SHM. 4 G+G 3 6gys d
A A d
_ A& | &
—q 34 d
T,
1 T egs 7 €oS
= —— =— b C = —
Ca=3q 3° [ 1=y }

line charge 1 line charge 2

In case of charge (—q)

F, > F, therefore the charge —g continues to move in the
direction of its displacement.

[C] is the correct option.

29. (d) Assume the cavityto contain similar charge distribution

of positive and negative charge as the rest of sphere.
Electric field at M due to uniformly distributed charge
of the whole sphere of radius R,
=_P

3¢ '
Electric field at M due the
negative charge distribution
in the cavity

B, =P
3¢
The total electric field at M 1s

(d) is the correct option

30. @

«—d2 —

E. Subjective Problems

(i) The force on charge g kept at A due to charges kept at
Band C
F,=2F cos 30°

F1=\/§x(9x109z—z]

The force on g due to charge (— g) kept at D
2 ( 2)
q 3 =2><L9><109 xq—zJ
(2a/3)- 4 a
Clearly the two forces are not equal. Also as F, > F, the
charges will move towards the centre.

F,=9x10°

2F cos 30°

09302

(ii) For charges to remain stationary

2 2
@ 39 7’0  43gq
2 x K_a2 ><—2 —Z><K><—a2 = —9 =0
The charge Q should be negative.

The potential energy of the system is

2 2
=3[1<‘f7 +1<“’—}+3[1<><ﬂ *9 ]

a_2 a? 9 (2a/ 3)2

a2

This is the amount of work needed to move the charges to
infinity.

Because of equilibrium of charge g,
N,=mgsin 60°+ (T-F)sina. ... (1)
and (T- F) cos a.=mg cos 60° ...(ii)

2 2 2
=6k x L +33k L =302+B)k L
a a
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Because of equilibrium of charge g,
(T—-F)sin o= mg cos 30° ... (iii)
and N,=(T-F)cosa+mgsin30° .. (iv)

ol
- m’l\90—

AT
«~ g sin 30

(T_F') Ccos O mg COs 30°
\
n/ig \\\
| \
| I — A
From (i) and (iii)
N, =mg sin 60° + mg cos 30°
(
From (ii) and (iv)

1 1
N, mgcos60°+mgsm30°—mg(2 2] mg

Also, F= k192
[;2

Now from eqn. (ii) and (iii), we get
(T—-F)? cos? o+ (T—F)? sin? o
= m?g? cos? 60° + m*g? cos? 30°

= (T-F?=m?g [%+%} =m’g?
= T-F=tmg (V)

= T=mg+F =mg+ k% . (V1)
[Taking positive sign]
From (ii) and (v)
mg cos o = mg cos 60° = cos o = cos 60°
a=60°
when the string is cut, 7=0
From (vi)

2
4= mgl
k
Now the charges should be unlike for equilibrium.
Let g be the charge on the inner sphere and (Q — g) be the
charge on outer sphere.

mg=+ k182 ‘Zlq2

Given that surface charge densities are equal.

9 _9-¢ [Surface charge density,c = l)
4mr? 4nR? 4
o, qR>=(Q-q)r* or, qR*=Qr*—qr
_ o7
1= g2, ,2

Potential at O due to inner sphere

q _£( or? )
Vi= K: VLR2+r2J
or
Vi—KR2+r2

Potential at O due to outer sphere

= ©-a) = [Q— or }
0 R

R% 472

k[OR?+07 -0 k(or _KOR
R (R* +r%) R(R2+r ) (R +r2)
The total potential at the common centre

K KOR KQ(R+r
V=Vi+h= 2Qr2+ 2Q2 = QZ( 2)
R°+r" R +r R +r
KEY CONCEPT : The electric field due a uniformly charged
ring of radius r at a point distant x from its center on its axis

is given by 0
+ T+
+ N+
=k L?»/Z oy \‘\+
(r +x ) : \‘ &
r=1m ¥ je——
+ L. |

Q= 10_5 C 4 Il +

mass of particle m=0.9 x 1073 kg AT
+

charge on particle g =106 C Fixed Ring

Force on the negative charge g will be F'=gFE

—kQq —kQq
= XX or, mA= XX
2 + 232 (% +x2)32
9q
o, A=- X X
m@? +x2)3'2
For x <<r A——ﬂxx
r

= Themotion is simple harmonic in nature.

Comparing the above equation with 4 =—m?x we get

k k
o= Qg or o= kQq

mr3 mr3

3

2 197 1oy, [
T md kQq

1/2

-3 3
T=2x3.14 0‘99XI0 5><1 -
9%x107 x107° x10™

=6.28[0.01]"2=6.28[0.1]
T=0.628 sec
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5.

The potential difference across each capacitor is V.
Total Energy = Energy in 4 + Energyin B

1 2 1 9
==CV +=CV* =
> > Ccr?
When the switch opened and a dielectric is inserted between

the plates of capacitors, the new capacitance is 3C.

1 3 .
Energyin 4 = 5(3C)V2 = ECVZ (Vis the same)

Energyin B=

2
= (charge on capacitor B remains same when

switch is opened)
Total Energy = Energy in 4 + Energyin B

1

3 5 ..
Total Energy = ECVZ +ECV2 = §CV2 ... (10)

Total Energyinitially  C y?
Total energy finally 5 cr?
3

3
5

Total energy of the system of three charges when the charge
—qisatC
=PE.+KE.

_ [Kq xq  K@)(=9) , Kq(—q)]+4
6 5 5

+q
72

3m

Sm

C
% Sm‘ 4m

35 5m

D

*q

Final energy of the system of three charges when — g is at D
and momentarily at rest
=PE.+KE.

[quq Kq(-9) , Kq(- q)]+0
6 \/x +32 \/x +32
_Kgxq  2Kq(-9)

6 \/x +3?

By the principle of conservation of energy from (i) and (ii),
we get

...(ii)

kq><q+2/«1(—q)+ kqxq 2kq(—q)
6 5 \/x +32
2= kq [1 —1 ]
5 Jx2 132
x2+9=81 ..x=848m

Each mass will be in equilibrium under the act of three force
namely tension of string, weight, resultant electrostatic force
of the two other charges out of these three forces F'and mg
are perpendicular.

Let T'make an angle 0 with the vertical

2
- _\/(0.03)2 ~(0.015)2 =0.0173m

OM= 0 9997
NOTE THIS STEP : Resolving T'in the direction of mg and
Fand applying the condition of equilibrium, we get

T cos @ = mg; Tsin® =F

tanf = )
an g

F=\[F&, + Fl + 2Fc,Fep cosa

F= \/FCZ'A +FC2A +2F(,%A X%

_ kq? ..
F= \/§FCA = \/§X 5 ...(ll)
(C4)
[where F -, = Force on C due to B
F,=Force on C due to 4

|Fep |=|Fca | anda=60°]
oC 0.0173

Also, tan@ = 0_M= 0.9997

From (i), (i) and (iii)
0.0173 _ V3x9x10° xq>
0.9997  (0.03)>x107> x9.8

On solving, we getg=3.16 x 10° C.
Time for the dipole to align along the direction of electric
field will be

T 27!: ML n (ML
2qE 2 2qE
Charge on Shell4=¢,= o (4na?) -
Charge on Shell B= g, = o (4nb?)

....(iii)

Charge on Shell C=g.=oc (4nc?)
The potential of shell 4 “ c
ki
y,= kaq  kqp , kac I~
a b c
_ ko(4na®) k(-o) (4mb?) , ko(4nc?)
a b c
1 4ma? 1 (dmb?) 1 (4nc?)
= X O X - + XO
4ng a  4ng, b 4ng c
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k
= %[a—bﬂ:] Similarly, V= kZA +k‘ZB + ZC
k k
and V.= ‘iA +kZB + ZC
2 2 42,2
VB=z[a__b+c] and ¥~ 1[0 B +c }
€0 b €0 4

10.

Giventhat V, =V

2 42,2

g(a_bw):z[u}
€g €g C

or ac—bc+c?=a?-b*+c? orc=a+b

(@) Let Pbe apoint in the X-Y plane with coordinates (x, y)
at which the potential due to charges — 2Q and + Q
placed at 4 and B respectively be zero.

P(x, )
)
A(//-;/Q. A: \\LB '
X (3a0) OF% 0 C X 0
— Gato) (3a,0) (54,0
(3a-x)
Yy
K(20) K(+0)

\/(3a+x)2 +y2 \/(3a —x)2 +y2

= 2JBa-x2 4+ =Ga+x)? +y*

= (x=5a)?+(y-0)*=(4a)

This is the equation of a circle with centre at (54, 0) and
radius 4a. Thus C (54, 0) is the centre of the circle.

() Forx>3a

To find ¥ (x) at any point on X-axis, let us consider a point
(arbitrary) M at a distance x from the origin.

20 , 9
(3a0) 0 (3a0) M

1€ ]
L X 14

The potential at M will be

K(220) . K(+Q) 1
x+3a * (x—3a) where k= 47g

1 2

_x—3a_x+3a_
Similarly, for 0 <|x|<3a

12
|13a—x 3a+x]

Vx)=

V(x)=KQ for |x|>3a

Vx)=KQ

Since circle of zero potential cuts the x-axis at (¢,0) and
(94,0)
Hence, V(x)=0atx=a,atx=9a
»  From the above expressions
V(x) >oatx —3aand V(x) >—atx —> —3a
o VE—o0asx—>tw

11.

e V(x)varies 1 in general.
x

1 I
1 I
1 I
1 1
I 1
I 1
| : 1
\ ta .’30 9a
1 % I
1 1
I 1
1 1
I 1
I 1

(c) Applying Energy Conservation
(KE.+PE)_ . =(KE.+PE)

centre

0 20¢7 1 5 [0q 204
0+K[———]—2mv +K[6a 12a]
—mv

v=JKQq: ! (qu
2 4a 2ma 4mey \2ma

(@) Letus consider a shell ofthe thickness dx at a distance
x from the centre of a sphere

circumference

1 »_KOq

——_———-—

n[(x+dx)3—%nx3]

n[(x+dx)3 —x3]

=§nﬁ{0+%g3—@

= i1th3[1+%—1}
3 x

4 3

B PEL = 4rue’dx
3 x

Let p be the charge per unit volume of the sphere
Charge of the shell = dg = 4nx2pdx )
Potential at the surface of the sphere of radius x

x b3
1 y P 3 [ V= ki]
4ne x r

.. Potential at the surface of the sphere of radius x =

s
380

GP_3481
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Work done in bringing the charge dg on the sphere of radius x

2 2

px )
xdqg = dW= 3% X 4nx-pdx

px
aw =
380
Therefore the work done in accumulating the charge Q over
a spherical volume of radius R meters

R
2 21 .5
R
_ 4mp x4dx=4np x|
0 380 380 5 o

4n[ 0 ]zR_S_ 302
" 3g9\4/37R3

41tp2 R_5
380 5

5 20megyR

This is also the energy stored in the system.
(b) The above energy calculated is

2 2

= 30 = 3KO where K =
S5x(4neg)R SR 4ng
NOTE : In case of earth and gravitational pull, K may be
replaced by G. Therefore the energy required to disassemble
the planet earth against the gravitational pull amongst its
constituent particle is the work required to make earth from
its constituent particles.

3GM?
5R

E=

[ - Qisreplaced by M]

GM 2
But g—R— = MR—G%

quq2 . Gmlm2
F= 2 F= 2
r r

E=% MR=%X10><2.5><103‘ =1.5x10%2]

(¢) During the charging process, let at any instant the
spherical conductor has a charge g on its surface.

q

X —

4ney, R
q '

The potential at the surface =

Small amount of work done in
increasing charge dg more on
the surface will be

q
X =— X d
4ney R 7

Total amount of work done in bringing charge Q on the
surface of spherical conductor.

Q 2
1 (0 1| ¢
negR 70 4dnegyR| 2 ) (8neyR)

(i) NOTE : The capacitor 4 with dielectric slab can be
considered as two capacitors in parallel, one having dielectric
slab and one not having dielectric slab. Each capacitor has

dw=

A
an area of —.
2

The combined capacitance is
+
110V + |+ + [+

-

C=C,+C,
_ (A/2).90+ (4/2)ege, _Agg E0l14g,]
d d 24
_ 04x885 10712
x2.0X +9] =2x10°F

[1
2x8.85x107*

1 1
Energy stored=5CV2= 5% 2% 1079 x (110)?

=121x10°]
(i) Work done in removing the dielectric slab = (Energy
stored in capacitor without dielectric) — (Energy stored in
capacitor with dielectric).
NOTE : While taking out the dielectric, the charge on the
capacitor plate remains the same.

¢ 4
_ 4 4 — 9
W= 2 2C Here, C=2x107F,
Agy  0.04x8.85x10714
C'=—>-= ———=04x10°F
d 8.85x10
g=CV=2x109x110=22x10"C
_(2.2><10-7)2[ 11 }
2 04x107 2x107°
=4.84x107]
. €9 &, 4p
(ili) The capacitance of B= DV
_ 8.85x107"2 x9x0.02
8.85x107™*
Cp=18x10°F

Thechargeon 4, g ,=2.2 x 1077 C gets distributed into two
parts.

g,t9,=22x107C
also the potential difference across 4 = p.d. across B

a _92
Cy Cp
-9
. Cy 0.4x10 o
Nh= e 27 1 gx10? 270

0.22¢,+g,=22x107

22
> g¢,= E><1o7-18x 107 ¢

= ,=04x107C
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2 2
4 D

Total energy stored = 2¢, T2c,

_ 04x04x107% 1.8x1.8x107"
2x04x107°  2x1.8x1078
=02x105+0.9x105=1.1x10"5]
13. Potential energy can be found at the initial point 4 and final

point O. The difference in potential energy has to be
provided by the K.E. of the charge at 4.

.)/7
R \4
(0) 4 P X
q
X
3R
zZ
1 Y
Vix)= ——at A.
() 4me) /R2+x2
1 2nR
Vo= -n—h’ato- or v, =
4ney R o 2¢,
1 27RA A

P= 4me, \/R2+(\/§R)2 =E

Potential difference between points O and P=V

V=Vo-Vp
or V=L—L or V=L
280 480 480

The kinetic energy of the charged particle is converted into
its potential energy at O.
Potential energy of charge (q) =gV

Kinetic energy of charged particle = %mv2

For minimum speed of particle so that it does not return to P,

lmv2 =qurv2 =2q_V= 2q A
2 m  mx4g,
or v= /L
2gym
14. Theadjacent figure is a case of parallel plate capacitor. The
combined capacitance will be g
C=C,+C, .y
_ keerx1)  gold—x)x1)
d d 1 —xI -
f
el &

€ .
C=—etl-x] .0 VE,

Differentiating the above quation w.r.t. time

dc ) dx )
—=—(k-1)—=—(k-1
a g g T ey
dx
where v=E
dq dc
= A _ypZ=
We know thatg = CV, &t &

From (iii) and (iv)

)
N 7 Uys |
1 d( )%

;- 500x8.85x10'2
0.01
=4.425x 107 Amp.
15. Case (i) When no dielectric :
_ 54
=7
Case (ii) When dielectric is filled : A small dotted element
of thickness dx is considered as shown in the figure.

(11-1)x0.001
Given

dx
e}/} Wi 4’)/,',"'. /
=y

————F s

= l
:—rl—>dx

L

._\
=54
=
)
~7
v
Q—»

=K
II

»
»

The small capacitance of the dotted portion

1 1 1 . )
— = ——+—— where dC, = capacitance of capacitor
ac ~dc, Tac, " 1T cap P
with dielectric K

dC, = capacitance of capacitor with dielectric K.
Let (,bthe length and breadth of the capacitor plate.
Therefore (xb= 4.
K, (bdx)¢,
==
d

x
= _=d 1__
d=d xﬂ [ ﬂ]

_ Kidgy(dy)

Klb(dX) €g Klbﬂ(dX) €g _
B d(l-x)

d[l_ﬂ d(L-x)

K2 So(bdx)_ K2 8()bdx
d-d' d—d+%

dc, =

Similarly, dC, =

K280b.ﬂ.dx _ K2 80Adx
xd  xd

GP_3481
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1 d(l-x) + xd
dC B KIASO (dX) K2A80 (dX')

KiKydegds -
Kyld+d(Ky—-Kjy)x
To find the capacitance of the whole capacitor, we integrate
the above equation.
= J- ¢ KK, Agydx
0 Ky0d +d(K) —Kjy)x

¢ dx
=Kk, [, Kyld+d(K, - Ky)x

{
— K K s, [mg[KZﬂd +d(K - Kz)x]}
d(K) - K3) 0
_ K1K2A80 logﬁ
d(K -K,) " K,

16. (i) KEY CONCEPT : Use charge conservation to solve
this problem.
INITIALLY :

Charge on capacitor 4
q,=3 x10%x100=3x107*C {1z
Charge on capacitor B # i =
gp=2 x10x180=3.6x10*C  3uF ouF
FINALLY: % )
Let the charge on capacitor 4, 100v 180V
C and B be q,, q, and ¢,
respectively.
By charge conservation.
The sum of charge on +ve plate
of capacitor 4 and C should be
equal to g,

g, +g,=3% 10*C... (i) A B
Similarly the sum of charge on 12 ]2
—ve plates of capacitor C and A0+

B will be equal to g

A B ‘

9, C(2uF)

+|‘

o —_—
+1Z

3uF  2uF
S —g—q;=-3.6x107C 9 9,
= ¢,+t¢;=3.6x107%C ..(i))

Applying Kirchoff's law in the closed loop, we get

"W D B
3x10°% 2x10  2x107
= 2¢9,-3q,%3¢;=0 ....(iii)
On solving (1), (ii) and (iii), we get
q,=90x10%C,g,=210x10C,
and ¢;=150x107C,
(ii) Amount of electrostatic energy in the system initially

1 1
U, =U,+Ug =5CA(VA)2+5CB(VB)2

1 1
= 5 %3 %106 (1002 + - x 2x 106 (180)?
=474 x10°2]

17.

18.

Amount of electrostatic energy stored finally

_lat 14 14

U, =
I72¢c, 2¢5 2Cc

190x107%)2  1(210x107%)% 1(150x107%)2
= — +— +—=
2 3x10® 2 2x10% 2 2x107®

. 1(150x107%)?
2 2x107°

Limiting value of energy as n — .
Let us calculate g, when n tends to co.

=1.8x1072]J

a .
ForGP, S, = T where = common ratio
—A

OR 1 OR

= Of g ==

9o =R +r R o =7,
R+r

2 2
Uwzqﬂ=(@] < 1

2C \r 2x(4meg) x(R)
2p2 2
or Uoo = ZQ—R = LZ
r° x2x4mgyR 2(4n80)r

(@) KEY CONCEPT : The K.E. of the particle, when it
reaches the disc is zero.

Given that a = radius of disc, ¢ = surface charge density,
g/m=4gglc

Potential due to a charged disc at any axial point situated at
adistance x from O is,

H
V()= %[\/az +x% —x] T o

0

[ H
Hence, V(H)= —22 [ a®+ H? -H]
0

and V(O = ﬂ @

2¢
NOTE : Accgrding to law of conservation of energy,
loss of gravitational potential energy = gain in electric
potential energy
mgH=qAV
=q[0)-V(H)]

mgH=q % la- W@ +H) -H}]  .(1)
0

From the given relation : 20_q =2mg

€0
Putting this in equation (1), we get,

mgH=2mg [a - {\/(a® + H?) - H}]

4
or H=—a

3 [~ H= O1is not valid]
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(b) Total potential energy of the particle at height H
U(x)=mgx+qV(x)

= mgx + ﬂ(\]az +x? -x)
280
=mgx +2mg [\/(a2 +x2) —x] (2

U(A) =mgH+2mg[ a’+H? —H}
=mg[2 a® +H? —Hz] (3

For equilibrium : ay =0
dH

a

This gives : H= ﬁ S Upin = 3 mga

From equation (2), graph between U(x) and x is as shown
above.
Lf

4

2mga

\/gmga

: iy
O 43 H-al3
Let the particle at some instant be at a point P distant x from
the origin. As shown in the figure, there are two forces of
repulsion acting due to two charges of + 8 mC. The net force
is 2F cos o towards right.
Similarly there are two forces of attraction due to two charges
of — 1 mC. The net force due to these force is 2F cos
towards left.

The net force on charge 0.1 uC is zero when
2F cos a=2F'cos B

K><8><10_6><0.1><10_6X x
2 2
( L 242
W 2 2

K x1x1070 x0.1x107° x

X
2
(/sz%) x2+%

20.

21.

- —i\ﬁ
X 2

This means that we need to move the charge from — oo to

5 .
\/; . Thereafter the attractive forces will make the charge

move to origin.

5.
The electric potential of the four charges at x = \/; is

_ 2x9x10° x8x107%  2x9x10° x107°
\/5 o] \/5 3
202 22
8 1
=2><9><]09><]0‘6[2—5]=2.7X104V

Kinetic energy is required to overcome the force of repulsion

5
fromOCtox—\/;.

The work done in this process is W=gq (V)

5
where V'=p.d between o and x = \/; .
W=0.1x10%%x27x10*=2.7x103]

By energy conservation %m V02 =27x107

= %x6x10—4V02 =2.7x107

= V,=3m/s
K.E. at the origin
Potential at origin
2x9x10° x8x10™°  2x9x10° x1076
Vx=0 = —
27 3
2 2
=24x10*

Again by energy conservation
K.E. = q [Z:ﬁ - Vx=0:|
2

KE. =0.1x107[2.7 x 10*-2.4 x 10%]
=0.1x10%x0.3x10*

=3x104]
1 ¢*[-3 3 1
/4 =APE= —|—+t—=—-—F|x4
external 4Tt80 a [ 1 ﬁ \/gi|x
1 q2 4
=—2 Z[33-3J6-2
4ney a \/E[ V3-3e ]

(a) Potential energy of the dipole-charge system
U, =0 (since the charge is far away)

GP_3481
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~ y ) v 1 ><41t.90V><a E 3 and (i

Uf—— 0 x 4meg 42 [at a point (d, ®) o, Viroplet= 4meg [3a2t]1 E [From (i) and (ii)]
_ _ ro Pk

K.E. | Uf - (]l | 4T[80 d2 or, le’Oplet = V|:§:|

(b) Electric field at origin due to dipole

P 1 2p : F. Match the Following

4neg g3 + .70

Thus, force on charge Q is given by

FoQF=—2P2;

47I80d3
s
22. Electricfielddueto S, E, = A ! S
80 EZ EI
D4

c
Electric field due to S,, E, = -2

&0 G4 4(25" Oy

E=E,-E,
=%17%

2 (201>0)

Work done by electric field  _,

. a
W= (qoE)acos45’ =qyEx N

90(01—0)a
W= —fFp—"—
\/5 =)
23. LIQUID BUBBLE : The potential of the liquid bubble is V.
1
- y=—1 )
4megy a

where ¢ is the charge on the liquid bubble.

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

%nr3=§n(a+t)3—§na3 q

o, P=a+8+3a%+3al-a3

o, r=3d%

(- tisvery small as compared to a)

o, r=[3a%]" ... (iii)

NOTE : By charge conservation we can conclude that
charge on liquid bubble is equal to charge on liquid droplet
Let charge on liquid droplet is g.
Potential on liquid droplet
1 ¢

roplet 4T[80 r

Va

P o 4
The electric field at M due to the charges at the corners of
regular hexagon is as shown

Here | E_ |=| E_|. The symmetry of the situation shows

that E=0at M.

Therefore (A) is the correct option.

The electric potential due to all the charges at M is zero.
Therefore (B) is incorrect option.

When the system of charges is rotated about line PM, the
net current will be zero.

Therefore the magnetic field at M is zero.

(C) is the correct option.

When magnetic field is zero, then p=0

(D) is incorrect option.
@ B
S il b S W
Q

The electric field due to the inner most positive and negative

chargesat Mis E| = Z[k q } towards left. The electic field

2
r
due to the next positive and negative charges at M is

E,=2\k q 5 towards right. The electric field due to
| (2r)

the outermost positive and negative charges at M is

E;=2k (3q)2} towards left. Clearly the vector sum of
r

these three electric field is not zero.

(A) is incorrect option.

The electric potential due to the charges at M

=k ﬂ—_q+l_i+l_l =0
r r 2r 2r 3r 3r
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(B) is incorrect option.

The net current due to the innermost positive and negative
charges is zero. Similarly the net current due to other charges
in pairs is zero. Therefore the magnetic field at M is zero.
Also the magnetic moment is zero.
(C) is the correct option

(D) is incorrect option.

(@)

The net electric field due to negative
charges in the inner circle is zero.
Similarly the net electric field due to
positive charges in the outercircle is
Z€ro.

(A) is the correct option.

The electric potential due to negative charges at M is
different from the electric potential due to positive charges
at M. Therefore the electric potential at M is not equal to
Z€ro.

(B) is the correct option.

When the system of charges rotate, we get a current /; due
to negative charges and another current / due to positive
charges. The magnitude of the magnetic at M due to the
currents is different. Therefore B =0 and p#0.

(©) isincorrect option

(D) is the correct option.

(s) 2a

— . —

o .
Py 0
. . d
The electric field at M due to all the charges is zero because
the electric field due to different charges cancel out in pairs.
(A) is the correct option.
The potential at M due to the charges is

Pt I B SR SR N
al2 al2 J5a

4

(B) is the correct option.

When the whole system is set into rotation with a constant
angular velocity about the line PQ we get three loops in
which current is flowing.

The magnetic field due to these currents produce a resultant
magneic field at M which is not equal to zero. Therefore a
net magnetic dipole moment will be produced.

(C)is an incorrect option.

(D) is correct option.

p
+

o LA
kA
Q

There will be a net electric field due to the arrangement of
charges at M towards the right side.

(A) is an incorrect option.

The electic potential at M will can out in pairs by positive
and negative charges, due to symmetrical arrangement of
charges.

(B) is an incorrect option.

When the system of charges rotates about PQ, the net
current is zero due to symmetrical arrangement of charges.
Therefore B=0and n=0

(C) is the correct option.

(D) is the incorrect option.

18. (@)
1. (@
2. O

IfQ,, 0,, 05 and Q, are all positive, then the force will
be along + y-direction.

If 0y, Q, are positive and Q;, O, are negative the force
will act along + x-direction.

If Q,, Q, are positive and Q,, Q5 are negative then
attractive force will dominate repulsive force and the
force will be along — y direction.

G. Comprehension Based Questions

When the point of observation is on the surface of
sphere then the whole charge inside the sphere (when
distributed symmetrically about the centre) behaves as
a point charge on the centre. Therefore until the charge
distribution is symmetrical about the centre it does not
matter what is the ratio a/R. The electric field remains
constant and is equal to

X XXX XXX XX %
KXXXXXXXXX X
FAXXXKX XX XS
’\XXXXXX/

wxxw *toX
g %

For a =0, the graph is as shown. The equation for the
graph line is

0 R ‘T Fig (2)

Fig (1)

The charge in the dotted element shown in Fig (2) is

dq:

p x 4nr2dr

R R
d 2 4nd
dq= (d_ir) 4mr2dr = Ze={47€df dl'—{?ljdr

3 4
Ze= 4ndR__4_ndR_
3 R 4
Ze. 1 1 1  3Ze

41'|;dR3 - S_Z=E

3. (©

nd=—7F
aR3
If the volume charge density is constant then E oc 1.
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4. (c) After colliding the top plate, the ball will gain negative kq2 ’
charge and get repelled by the top plate and bounce — kq
back to the bottom plate. 2a L
Q ~ ke 5%
5. @ I, v 1) _(i : Q
HereQ <V, (i) a ;
1 : :
Also  S=ut+> at? :
h= ; QE % (%) x t? As the system of charges and planar film is in equlibrium,
m therefore
1
tc— —(iii - QuV, 2
v, (i) [+ Qoe Vo q_2 x constant =ya x constant
From (i), (ii) and (iii) a
v, 2 1/3
o Ao av € V0 ( y J N =3
. . 6  We suppose that the cavity is filled up by a positive as
H. Assertion & Reason Type Questions well as negative volume charge of p. So the electric
1. (a) Both the statements are true and statement-2 is the field now produced at P is the superposition of two
correct explanation of statement-1 electric fields.
(@ Theelectric field created due to the infinitely long
I. Integer Value Correct Type solid cylinder is
1. 2 Let us consider a spherical E = PR directed towards the +Y directi
shell ofradius x and thickness ! 4g recteciowarasthe ection
dx. Thezvolume of this shell (b) The electric field created due to the spherical
Is 4nx“(dx). The charge negative charge density
enclosed in this spherical oR
shell is , E, = 966 & directed towards the —Y direction.
— a
dq = (4nx~)dx >2< f: The net electric field is
dq = 4nkx"" "dx .
Forr=R: E=E1—E2=l[23pR]
The total charge enclosed in the sphere of radius R is 6 | 16gg
rea R3+a © LerT T ~~ cylinder
0 = [4mk " dx = 4k - L
3+a- ’ \
0 / A
The electric field at ¥= Ris / \
1 4mkR34 1 4nk R+ { line charge \
! 4ney 3+a)R? 4ngy 3+a \ A I.'
Forr=R/2: \‘\ PCITAN /
The total charge enclosed in the sphere of radius R/2 is oS R N
R/2 Ank(R) D AN I SN
Q'= I 4nkx2+“dx=L SNl ar T
3+¢  m==="
The electric field at » = R/2 a2 _ 2
e electric field at » : is . tan0 B2 B
1 4nk (R/2)1°* 1 4nk ( 5] 0=30°
~ 4ne 03+a (R/2)? ~ s 03+a The flux through the dotted cylinder by Gauss’s law is
. 1 q.
Given, E; —gEl o cylinder = si=g
l+a 0
1 4nk [ﬁ) =i3x 1 4nk Rl+a AL
4neg 3+a)\2 2° 4mgp3+a For 360° angle the flux is "_—
- — 0
= 1+a=3>= a=2
2. 3

2

E —| = q_ x constant
V2 ]

€

_k* | kg
lectric = 2a —+2 _2

AL
For 60° angle the flux will be 620

Thereforen =6
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I Section-B ]33y [\ VA3
W .. The net electric potential at point P is
AB
1. (@ Weknowthat — =Vp-Vy
® q V=V1+V2=L£+ 1 g
4ng, R 4me, R
Vg =Vy= 27 0.1J/C=0.1V 9. () The work done is stored as the potential energy. The
20C potential energy stored in a capacitor is given by
2. () Theequivalent capacitance of nidentical capacitors of )
capac@tance C is equal to nC. Energy stored in this 1 Q2 1 (8x10‘18) 0
capaCItOI' U=EF=EXW =32x10 J
1 1
E=—(nCW?*==nCV? aa
2 2 10. (b) Force on charge g, duetog,is F, =k-—= 1 2
3. (b) Boththechargesareidentical and placed symmetrically
about ABCD. The flux crossing ABCD due to each .
1 3
1| ¢q Force on charge g, due to g, is Fiy =k=—>=
charge is 6l e but in opposite directions. Therefore
€ The X - component of the force (F) on
the resultant is zero. qis Fjp + Fi3sin@
4. (d) Forequilibrium of charge QO
. _ N2, N9 .
KQ g_'_KQq 0 q——g - Fe=k=35+k 2 sin© F,
(2x) x 4 F,u no
5—x—><—x—> " Foc 2 q; sin 0
Q q Q . b° a F,cos0
5. (a) For an isolated sphere, the capacitance is given by 1. @ R=n%R, )
Here n =2 (length becomes twice)
C=4m g r=——gx1=11x10"0F - Re=4Ry
9x10 New reresistance = 400 of R,
6. (a) The flux entering an enclosed surface is taken as - Increase =300%
negative and the flux leaving the surface is taken as 0,0
positive, by convention. Therefore the net flux leaving 12, @) F =4xC
x
1 face = ¢, — ) .
the enclosed surface . 6201 , . x is distance between the spheres. After first operation
.. the charge enclosed in the surface by Gauss’s law is
g9=< (92 —91) charge on Bis halved i.e % and charge on third sphere
7. () Thecapacitance of a parallel plate capacitor in which a
metal plate of thickness t is inserted is given by becomes [9 Now it is touched to C, charge then
g,4 g, A 2 ’
C= do_ PR Here 1 >0 . C= ; equally distributes them selves to make potential same,
8. (¢) Electricpotential due to charge Q placed at the centre hence charge on C becomes ( 0+ Q) 1_30 .
of the spherical shell at point P is 2 4
1 Q 1 20
M= e, RIZT 4ne, R 0rOj5 (%) (% 302
c N7 res S
* L'new 2 x2 - 8 x2
3
Foop ==F
/ or fpew )
q
1 2 kQq
Electric potential due to charge g on the surface ofthe  13. @ —mv™ = = = omy )2 = kqQ
spherical shell at any point inside the shell is 14. () Net fieldat 4 shoul d be zero
V= L4 V2 E +E, = E

4ne, R
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° P-5-169

" kaﬁ+

KQ _ kg

Q‘/_ Q_z Sg== (2J5+1)
15. (¢) At equlhbrlum, electric force on drop balances weight
of drop.
mg  9.9x10715x10 18
E=mg=>qg=—2 =———=33x10""°C
mEmem Ty 3x10*
-K2 K38 1 4
6. 6) — St 02—
(x-L) x (x-L)" «x
1 2
or =—=>x=2x-2L or x=2L
x—L x
+q —-q
17. (@)
18. ()

Vi =Vseit Ve 1o (2)

1 |g q
=y, = 4 1
4TC80 I:R "RZ +d2]

VB =Velr +Vaue 10 (1)

1 |—¢q q
4TC80[R ‘,R2+d2]

AV =V, —Vp

1 9.9 _ 4 q

b 1_ _q
As n plates are joined, it means (n — 1) capacitor joined

in parallel.
.. resultant capacitance= (n—1) C

20. (¢)
21. (¢)
22. (@
23. (0)

. c .
TsinG=——. ...
ek q 6
Tcos®=mg ... (1)
Dividing (i) by (ii),
__ 99
tan6 = coK.mg 5 G o tan®

Applying conservation of energy,

The electric field will be different at the location of the
two charges. Therefore the two forces will be unequal.
This will result in a force as well as torque.

eV=lmv2
2

2eV \/2x 1.6x1071% x 20
D Vv= =

m 9.1x107!

=2.65x10%m/s

After connection, V, =V,
+Q Q,
1
=K a =K 9 e
| 6]
n n

The ratio of electric fields
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24. (o)
25. (@)
26. (a)

Topic-wise Solved Papers - PHYSICS

El_ﬁxr22:E1 r2_2

Ey wxn E n 1
Since the distance between the spheres is large as
compared to their diameters, the induced effects may

be ignored.
Y

A(2\2)

L

O s> X

0,0) T, B0
The distance of point A4 (\/5 ~N2 ) from the origin,
04=111=V2)* +(2)* = V4 =2 units.
The distance of point B(2, 0) from the origin,

0B=17|=y(2)* +(0)* =2 units.

. 1 0
Now, potential at 4, V,= —_—
W PO 17 an e (04)
Potential at B, V= —i
*"B 4n ¢, (OB)

.. Potential difference between the points 4 and B is
Z€T0.

As shown in the figure, the resultant electric fields
before and after interchanging the charges will have
the same magnitude, but opposite directions.

Also, the potential will be same in both cases asitis a

scalar quantity.
q q —-q —q

o B A - B

. . \’ R E R
1.7
x ok
PR T

D e D o]
-q < 4 a
Here, N(x)= volt

X2 -

We know that E = _%=_i[ 20 ]

dx\x? —4
or, E= +%
(x"—4)
Atx=4um,
40x 4 160

=t—— =+—=+Evolt/;,tm.
4° -4) 144 9

Positive sign indicates that E isin +vex-direction.

27. (a) The potential energy of a charged capacitor before

28. ()
29. (¢)
30. @

2
removing the dielectric slatis U = g_C
The potential energy of the capacitor when the
dielectric slat is first removed and the reinserted in the

Qz

gap between the plates is U = 5
There is no change in potential energy, therefore work
done is zero.
Electronic charge does not depend on acceleration due
to gravity as it is a universal constant.
So, electronic charge on earth
= electronic charge on moon
. Requiredratio=1.

d/3 2d/3
—

The given capacitance is equal to two capacitances
connected in series where

kA  3hed  3x3gA4  9¢yd

C = =

a3 d d d
and

_kzeoA 3 3kye04 B 3x6 €y 4 3 9¢y4
27 24/3 24 24 d
The equivalent capacitance C,, is

1 1 1 d d 2d
—_— =t —= + =

Ceq G G 9¢4 9¢A4 9¢ 4
. 9 ¢4 9
..Ceq =5 7=5X9 pF=405pF

The electric field inside a thin spherical shell of radius
R has charge Q spread uniformly over its surface is
Z€ro.

9
2
characteristics are represented by graph (a).

Outside the shell the electric field is £ = k= . These

GP_3481
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Electric field at O due to dg is

P
3. (o) —Q=(VQ—VP) dE—_Y 9 1 g 4,
1 dney 2 dney mpl

= W, po =49 (VQ ~Vp) The component JEcos® will be counter balanced by
=(-100x 1.6 x 10719) (-4 -10) another element on left portion. Hence resultant field at O is
=+2.24 x 10716] the resultant of the component dE sin® only.
32. (d) Let Fbethe force between Q and Q. The force between n
! _ . _ q .
g and Q should be attractive for net force on Q to be - E= IdE sin® = stm 040
zero. Let F ' be the force between Q and g . For
equilibrium Q q
=—2 [-cosO] _ 94
JF=_F 41t2 2 0[ ]0 i) - (+1+1)
\/_X Qq Q2 A R=+2F AF L
t,z ( NG (,)2 = ot =N
The direction of E is towards negative y-axis.
L2, . < Q E=——12 ;
9 F - 2%t
33. (a) Statement 1 istrue. F

Statement 2 is true and is the correct explanation of (1) 36. (a) Let us consider a spherical shell of radius x and

thickness dx.
4. ® Charge on this shell
5 x 2
- 20 =po| ——— [4nx“dx

dq = p.4Anx“dx 90(4 RJ X

.. Total charge in the spherical region from centre to »

(r<R)is

(5 x
= qu =4npoj (———szdx
Let us consider a spherical shell of thickness dx and 0 4 R
radius x. The volume of this spherical shell = 4nr2dr .
The charge enclosed within shell
or £ ix
=7 [4nr?dr]
The charge enclosed in a sphere of radius 7, is
1 4
_40 (3, 40t 0 4
= = 1
R* Y R*| 4 R*
4
. The electric field at point p inside the sphere at a — 4mp, i r_ l o npor ( S r )
distance r| from the centre of the sphere is B 43 R 4|0 3 R
9 gt . q
1 | r*1! 1 0 » - Electricfieldatr, E= =
E= = —4r T€y r
4re, r12 4neg R
3
35. (¢) Letusconsidera differential element /. charge on this __ 1 mppr (é_L) bo” (5 _r j

element. J 4n €9 r2 3 R 4 € 3 R

37. () At any instant

q x|+

dg = (;) di " ) dl T cos® =mg (i)

* X Tsin @ =F, ..(i)
= L(rd0) (.-l = ) S sind  F,

cos® mg

— ~ ., —~>F,=mgtan0
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38. (¢)
39. (o)
40. (o)
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kZ
= L =mgtan® = g cx2tan 6
X

s X
sin 0= 2
For small 0, sin 6 ~ tan 0 ooqr o’

3/2

gex?y = *Pox?y [ ?ocx’]
= ypocyxl?
Electric field
dé .
E=—"—"7F=_
ar 2ar (1)

By Gauss's theorem
1 ¢

4meg 2z ...(i1)
From (i) and (ii),

q=-8 mejar’
= dgq=- 241t$Oar2 dr

E:

q9
ity pP=——5— =—
Charge density, Awrdr 6gya
E, <r

1
Eout o —
r2

The electric field inside a uniformly charged sphere is

pr
3 GO
The electric potential inside a uniformly charged sphere

_ﬁ[3_i]
6€0 R2

.. Potential difference between centre and surface

2 2
=£[3—2] =&
6€0 6€0
R2
Au= 222

- 660

C, G,
i i

41. (b) 11 11
120V 200V

For potential to be made zero, after connection

120C,=200C, [ C= Q]

v
= 3C1 = 5C2 AY
42. @ =F =2Fcosb
,,E/ec\li\
2@(%) , e e T
Fror = 2 T2 o
( /y2+a2) \/y +a
q
24 3)
) kq )Yk 7y
net (2 +a?y? JE
So, Fecy
43. @) < L >< L >
5 W, oy,
A dx B
Electric potential is given by,
1] i
p_ e (1) - L)
70X y 4neg  x &g
44. (c) Potential difference between any two points in an
electric field is given by,
dV=-F dx
V4 2
[ av =-[30x7ax
Vo 0

Vy—Vo=—10x"3 =-80J /C
Electric field in presence of dielectric between the two
plates of a parallel plate capacitor is given by,

45. (@)

ez

- K¢
Then, charge density
oc=Kg) E
=22x885x10712x3 x 10*~ 6 x 107 C/m?
Q W

46. @ S
LI j_
A —>—

Q, 2uF
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2 2
From figure, Q, = mQ = EQ

Cx3
=E -
Q (c+3)
_g(BCE) _2CE
Q =3\l c+3) " Cce3

Therefore graph d correctly dipicts.

\ Charge

TuF 3uF

Kq
47. (ab) Weknow, V= R Vsurface

48. (o)

K
Now, V= %(Rz -1*) [Forr<R]

At the centre of sphare r = 0. Here

3
V==V
5 V0

»|Z

5 Kq 2 2
2 =1 3R%2-¢
Now, 1 2R3( )

R_

AW
Aka

=|E =|F
| I
~ m|A §||7°

N
|
&~ |a

4R
Also,R;=0andR, <(R,-R;)

R
Il

Field lines originate perpendicular from positive charge
and terminate perpendicular at negative charge. Further
this system can be treated as an electric dipole.

3uF _ _
49. (a) 4puF E:jlf Cl_"ﬁ‘F I%PF—CP

i = I
2uF
II8V II8V
ChargeonC, 1sq, = (L]XS x4 =24puc
geont B = 42 W
The volt: C’V—LXS—Z
e voltage across Cpis Vp = 1210 87 v

.. Voltage across 9uF is also 2V
.. Charge on 9pF capacitor =9 x 2=18uC
.. Total charge on 4 uF and 9uF = 42c

KQ 42x1076
WE=—""=9%x10"x———— =420Nc’!
2 3030 ¢
50. (¢) Applying Gauss's law
$sEds-2
€0
2 2
- Exdm?= Q+4mar” —4nAa
dr
pP= v )
v Gaussiam
Q= p4nr? surface

rA
Q=] —4mr'dr =4mA (12 -a?]
a

4n g, 2

_ 2
B — [Q dnAa +41tA]
T

For E to be independent of 'r'
Q-2nAa’?=0

Q

2ma?

A
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