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PRACTICE EXERCISES

SINGLE CORRECT CHOICE TYPE QUESTIONS

This section contains Single Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

1.

An insulating long light rod of length L pivoted at its
centre O and balanced with a weight W at a distance
x from the left end as shown in figure. Charges g and
2q are fixed to the ends of the rod. Exactly below each
of these charges at a distance 1 a positive charge Q is
fixed. Then x is
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Three point charges gy, g, and gq; are taken such that
when ¢, and g, are placed close together to form a
single point charge, the force on g, at distance L from
this combination is a repulsion of 2 unit in magnitude.
When ¢, and g; are so combined the force on g; at
distance L is an attractive force of magnitude 4 unit.
Also g3 and ¢q; when combined exert an attractive
force on g, of magnitude 18 unit at same distance L.
The algebraic ratio of charges ¢;, g, and g5 is

(A) 1:2:3 (B) 2:-3:4

(C) 4:-3:1 (D) 4:-3:2

In the process, when two bodies are charged by rub-

bing against the other, one becomes positively charged

while the other becomes negatively charged. Then

(A) mass of each body remains unchanged

(B) mass of each body changes marginally

(C) mass of each body changes slightly and hence the
total mass

(D) mass of each body changes slightly but the total
mass remains the same

A small block of mass m, charge +q is kept at the
top of a smooth inclined plane of angle 30° placed in
an elevator moving upward with an acceleration 4,

Electric field E exists between the vertical side walls
of the elevator. The time taken by the block to come
to the lowest point of inclined plane is (assuming the
surface to be smooth)
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An electron of mass m, initially at rest, moves through
a certain distance in a uniform electric field in time ¢.
A proton of mass M, also initially at rest, takes time
T to move through an equal distance in this uniform
electric field. Neglecting the effect of gravity, the ratio

(D) t=

n is nearly equal to

) M ® "
m

© \/E o 4
m m

A proton of mass m and accelerated by a potential
difference V' gets into a uniform electric field of a
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parallel plate capacitor parallel to plates of length !
at mid point of its separation between plates. The field
strength in it varies with time as E=af, where a is
a positive constant. Find the angle of deviation of the
proton as it comes out of the capacitor. (Assume that it
does not collide with any of the plates).

2
(A) O=tan’ i ]
8eV
2
] ﬁ]
2w \ev
2
© f=tan| " /ﬂ]
4\ 2eV
2
(D) 6=tan™ ar i}
V \2eV

Consider two identical positive charges which are
fixed on the y-axis, at (0, a) and (0, —a). Let a par-
ticle having a negative charge start for the origin O
from a point P(x, 0) at a large distance for O, move
along the x-axis, passes through O and moves far
away from O. Let the acceleration a be taken as posi-
tive along its direction of motion. The particle’s accel-
eration a is plotted against its x-coordinate. Then a vs
X curveis given by

) a (B) a
) a (D) a
;|<O X %O X

A non-conducting ring of radius 0.5 m carries a total
charge of 1.11x10™ C distributed non-uniformly on

its circumference producing an electric field E every-
1=0

where in space. The value of the line integral j -E-dl,

l=o0

(I=0 being the centre of the ring) in volt is
(A) +2 (B) -1
© 2 (D) 0

In a regular polygon of n sides, each corner is at a
distance a from the centre. Identical charges of

10.

11.

12.
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magnitude q are placed at (n—1) corners. The field
at the centre is

A —1I B) (n-1)

dmega” 47r£0a

© ( ﬁ ] 4ngoa2 ®) ( HT_] ] 4Jr£qoaz

An infinite dielectric sheet having charge density o
has a hole of radius R in it. An electron is released on
the axis of the hole at a distance v3R from the centre.
The speed with which it crosses the centre of the hole.

oeR oeR
®) 3 ® [
meﬂ meﬂ
20¢eR
(@) oe (D) None of these
mgo

Two identical point charges are placed at a separation
of I. P is a point on the line joining the charges, at a
distance x from any one charge. The resultant field at
P due to them is E. E is plotted against x for val-
ues of x from close to zero to slightly less than I. The
curve that best represents the resulting plot of E for x
values ranging from very close to zero to slightly less

than [ is
(A)
O :
©
L L
A charge +q is fixed at each of the points

X=Xy, x=3x), x=5xp,... ad infinitum on the x-
axis and a charge —q is fixed at each of points
x=2xy, x =4x;, x =6x.... ad infinitum. Here x; is a
positive constant. The potential at the origin due to the
above system of charges is
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A B) — 1

(A) zero ®) 8meyx, log, 2
log, 2

(C) = (D) 908, <
dmeyx,

Asolid spherical region has a spherical having a diam-
eter R (equal to the radius of the spherical region),
has a total charge Q. The electric field and potential at
apoint P at x=2R asshownis

——x - 2R ——
2
o )
27\ g ) 12| g
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27 36\ &
2
o ) i%)
2
oz )

An electron enters the region between the plates of a
parallel-plate capacitor with same initial velocity at an
angle @ to the plates. The plate width is [ and the
plate separation is d. The electron follows the path
shown, just missing the upper plate. Neglect gravity.

(A) tanf= ? (B)

(C) tanf= ? (D) tan@= ?

In a region of space, the electric field is in the x-direc-
tion, proportional to x and given by E = axi, where
@ is a positive constant. Consider an imaginary cubi-
cal volume of edge a, with its edges parallel to the axes
of coordinates. The charge inside this cubical volume
is

16.

17.

18.

19.

(A) g0’ B 2
&
© %(anaz) (D) zero

An electrostatic potential is given by V = kxy, where k
is a constant. A particle of charge q; is first taken from
(0,0) to (0, a) to (a, a), then directly from (0, 0)
to (a, a) and lastly from (0, 0) to (a, 0) to (a, a).If
W, W, and W; be the work done for the individual
paths respectively then

(A) W, =W, = W; = —qka?
(B) W, =W, = —2q,ke

€ W=
D) W,>W,>W,

Wy > W,

A solid sphere of radius R is charged uniformly. At
a point P, a distance r from the surface, the electro-
static potential is observed to be half of the potential at
the centre. Then

(A) r=2R (B) r= %
R
(©) r=R (D) r= 3

Aline charge of charge density A lies along the x-axis
and let the surface of zero potential passes through
(0, 5, 12) m. The potential at point (1, 3, -4) m is

Z

A 13] 24 (13]
A) —1 —= B) —I —=
@) 2re, ng( 5 ® g, %3
©) %1 ge(lej) (D) None of these
TTE,

A point charge ¢ is placed inside a conducting spheri-
cal shell of inner radius 2R and outer radius 3R ata
distance of R from the centre of the shell. The electric
potential at the centre of shell will be
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A) B) —1

*) 3megR ®) 8megR

© 1 5
6mey R 24me,R

In a certain charge distribution, all points having zero

potential can be joined by a circle C. Points inside C

have positive potential, and points outside C have

negative potential. A negative charge, which is free to

move, is placed inside C. Then the negative charge

(A) may move, but will ultimately return to its start-
ing point.

(B) will remain in equilibrium.

(C) can move inside C, but it cannot cross C.

(D) must cross C at some time.

Two identical thin rings, each of radius a metre are
coaxial and placed a metre apart. If Q; and Q, are
respectively the charges uniformly spread on the two
rings, the work done in moving a charge g coulomb
from the centre of one ring to that of the other is

Q(Q1—Q2)(\ﬁ_1)

(A) zero (B)

4\/571'80“
N2(Q+Qy) ‘f(Ql"‘Qz)(\E‘l'l)
© dmega ®) 4\/Eirsga

A point charge Q is placed at a distance r(<R) from
the centre O of a uncharged spherical shell of inner
radius R and outer radius 2R. The electric potential
at the centre of the shell is given by

Conductor
2R
Q Q (1 1
) re,R ® 45(212)
Q Q (1 _1
© dreyr ©) M(F 2R)

An electron is projected from a distance ¢ and with
initial velocity u parallel to a uniformly charged flat
conducting plate as shown. It strikes the plate after
travelling a distance | along the direction of projec-
tion. The surface charge density o of the conducting
plate is

24,
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(A) o=—" (B) o=—"
el el
©) o= 2d£01;nu D) o= 2deymu
el el
2
Consider a system of three charges g, g and _gﬂf

placed at points A, B and C, respectively, as shown
in the figure. Take O to be the centre of the circle of
radius R and angle CAB =60°.

(A) The electric field at point O is directed
along the negative x-axis
(B) The potential energy of the system is zero
(C) The magnitude of the force between the charges
2

at C and B is q 5
54ne R

8me R?

q

D) The potential at point O is
D) P P 127e,R

Two particles A and B are suspended from the same
support. The particles carry negative charges with A
having more value of negative charge than B. They
diverge and reach equilibrium with A and B making
angles ozand with the vertical respectively.

(A) a>p
(B) a<p
© a=p

(D) Data is insufficient to arrive at a conclusion.

‘Any excess charge on a conductor must reside only on

its outer surface.” This statement is true

(A) for spherical conductors only (both solid and
hollow).

(B) for hollow spherical conductors only.
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(C) for conductors which do not have any sharp
points or cornets.
(D) for all types of conductors

A particle of mass m and charge g is set free a dis-
tance d from a perfectly conducting infinite plane.
The time taken by the particle to hit the plane is

2 1

il 3 = 3
(A) > 2md (B) > 2md
() 3\/2md3 (D) 1J2md3

q q

Two identical positive point charges each of value
Q are fixed at the points (a, 0) and (-a,0) on the

x-axis. A particle of mass m and carrying charge —q

is released from rest at the point P(O, \/ga) on the
y-axis. The velocity v, of the particle when it passes
through the origin O is v;. Then

_ [
(A) 2= ey ma 2reyma
% |9
© w= TEYa ©) %= 8meyma

A charged particle passes through a uniform electric
field existing between the parallel plates of a capaci-
tor. The length of each plate is [. Its initial velocity is
parallel to the plates. When it emerges from the field,
its lateral deflection from its initial path is A and its
angular deflection from its initial direction is 6. Then,
tan® equals

®) o= |4

A 2A
(A) T (B) T
A
©) 27 (D) None of these

A small positively charged ball of mass m is sus-
pended by an insulating thread of negligible mass.
Another positively charged small ball is moved very
slowly from a large distance until it is in the original
position of the first ball. As a result, the first ball rises
by k. How much work has been done?

Initially
(A) 2mgh
(C) mgh

31.

32.

33.

Six charges, three positive and three negative of equal
magnitude are to be placed at the vertices of a regular
hexagon such that the electric field at O is double the
electric field when only one positive charge of same
magnitude is placed at R. Which of the following
arrangements of charge is possible for, P, Q, R, S,
T and U respectively?

P Q
p--r-Q
ueg O oR
\\\ III

®---—--- 0

T S
(A) +, -t -t (B) t, =t -t -
(C) + =t (D) -ttt

The potential energy of the system of two identically
charged spheres as shown in the figure is equal to
(Assume the charge distribution to be uniform)

q q
R R>>r
2 2
(A) q_(l+1) (B) 17
dmeg\R 1 dmey r
1 q2

© (D) None of these

4me, r(R+7)

Consider a metal sphere, of radius R that is cut in
two along a plane whose minimum distance from the
sphere’s centre is h. Sphere is uniformly charged by a
total electric charge Q. The force necessary to hold the
two parts of the sphere together is

n t
‘\i v
AN E 4
r's i A
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( F=4?§:R4(R2 ")
®) F:4n§:122

(C) F= 2:3;123( ~h)
(D) F=32§;R4(R2_h2)

Consider the charge configuration and a spherical
Gaussian surface as shown in the figure. When calcu-
lating the flux of the electric field over the spherical
surface, the electric field will be due to

L]
//’ L] +Q1 \572
A

(A) 4

(B) only the positive charges

(C) all the charges

(D) +g; and —q,

Three infinitely long charge sheets are placed as shown
in figure. The electric field at point P is

zZ
4
o ' z=23a
1 P
_20' : z=0
____________ e x
-a Z==-a
) 2k ®) -k
& &
40 ~ Ag
© 2k o) 2%
& &

The potential on the Nth shell due to N concentric
shells having charges Q, 2Q, 30, ........ NQ and radii

a,2a,3a .....c...... Na respectively is
(N+1) N(N+1)
) 2 @ LN
8meqn 8mega
Q
(€) (D) None of these

2megn
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A hollow sphere of radius 2R is charged to a poten-
tial V' and another smaller sphere of radius R is
charged to a potential % The smaller sphere is now

placed inside the bigger sphere without changing the
net charge on each sphere. The potential difference
between the two spheres is

3V

® = ®
14

© 5 o v

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

A vV (B) 2v

(C) 4V (D) -2V

A disk of radius % having a uniformly distributed

charge 6C is placed in the x-y plane with its centre at
( ,g, 0,0 ] Arod of length a carrying a uniformly dis-
tributed charge 8C is placed on the x-axis from x = %

to x= E.Two point charges -7C and 3C are placed

at (E, -2 0) and (_3_a’ ﬁ, 0), respectively.
4 4 4 4
Consider a cubical surface formed by six surfaces

x=ig, y:ig, z=ig. The electric flux through
this cubical surface is
y
ﬂ \ e X
NP
2C 2C
(A) —— (B) —
& &
10C 12C
<© — D) —
& &

A uniformly charged thin spherical shell of radius
R carries uniform surface charge density of ¢ per
unit area. It is made of two hemispherical shells, held
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together by pressing them with force F (see figure). F
is proportional to

F F
45.
(A) I (B) Lo
€ €
10° 10’
© — D) ——=
g KR g R
A tiny spherical oil drop carrying a net charge g is bal-
anced in still air with a vertical uniform electric field of
strength 8177[ x10° V™. When the field is switched 1
off, the drop is observed to fall with terminal velocity .
2x107 ms™. Given g=9.8 ms™, viscosity of the air
=1.8x10™ Nsm ™ and the density of il =900 kgm™~,
the magnitude of g is
(A) 16x1077°C (B) 32x107¥C
(C) 48x107° C (D) 8x107 C
47.
A thin wire ring of radius » has an electric charge ¢, .
The increment of the force stretching the wire if a point
charge %ﬂ is placed at the ring’s centre is
A %
2. 2 2. 2
8 Er lém Eyr 48.
2 2
2
C o D 0
47re§r2 ®) ]1'851’2
Two point charges ¢; =4 uC and g, =9 uC are placed
20 cm apart. The electric field due to them will be zero
on the line joining them at a distance of
(A) 8cm from g, (B) 8cm from g,
80 80
C) — cm from D) — cm from
© = w0 3 7 .

A spherical region of space has a distribution of
charge such that the volume charge density varies
with the radial distance from the centre r as p=p,r’,
0<r<R where p; is a positive constant. The total
charge Q on sphere is

(4) Q=smk ) Q=:mk’

© Q=3mK ©) Q=3mR’

An oil drop is found floating freely between the plates
of a parallel plate condenser, the plates being hori-
zontal and the lower plate carrying a charge +Q. The
area of each plate is A and the distance of separation
between themis D. The charge on the oil drop must be
(g is the acceleration due to gravity)

Ag gMgA

A) —= B) ———
w o ®

© -9 o) -MBAQ
&

Two similar point charges ¢, and ¢, are placed at a
distance r apart in air. Assume that a slab of thick-
ness one third the separation between the charges is
placed between the charges and it is observed that the
Coulomb'’s repulsive force is reduced in the ratio 25:9.
Then the dielectric constant K of such a slab is

(A) 1 (B) 4

© 9 (D) 25

A cylinder of radius R and length L is placed in a
uniform electric field E parallel to the cylinder axis.
The total flux for the surface of the cylinder is given by

(A) 27R’E (B) nR’E

(€ (xR?+al?)E (D) ZERO

Two concentric, thin metallic spheres of radii R; and
R,(R,>R,) bear charges Q; and Q, respectively.
Then the potential at distance r between R, and R,

will be [k=1]

4re,
Q+Q Q. Q
(A) k( lr 2] (B) k(Tl+R_§]
© k(%+&] (D) k(%-ﬁ-%]
r R R R,

A wire of length L is placed along x-axis with one end
at the origin. The linear charge density of the wire var-

3
. . . .. X
ies with distance x from the origin as A= /'LO[E],

where 4, is a positive constant. The total charge Q
on the rod is
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AL AL
(A) Q——3 (B) Q——3
AL Al
© Q——4 (D) Q——5

A flat circular disc has a charge +Q uniformly distrib-

uted on the disc. A charge +7 is thrown with kinetic

energy E, towards the disc along its normal axis. The

charge g will

(A) hit the disc at the centre

(B) return back along its path after touching the disc

(C) return back along its path without touching the disc

(D) any of the above three situations is possible
depending on the magnitude of E

The electric intensity due to a uniformly charged infi-
nite cylinder of radius R, ata distance #(> R), from its
axis is proportional to
(a) r?

1

]"2

©

= | =

(D)

Two identical balls each having a density p are sus-
pended from a common point by two insulating
strings of equal length. Both the balls have equal mass
and charge. In equilibrium each string makes an angle
6 with vertical. Now, both the balls are immersed in a
liquid. As a result of immersion in the liquid the angle
6 does not change. The density of the liquid is . The
dielectric constant of the liquid is

@A 2 ® 2
P o

D) -2

p-o

o-p
The radius of a hollow metallic sphere is R. If the
potential difference between its surface and a point at
a distance of 3R from its centre is V, then the electric
field intensity at a distance of 3R from its centre is

|74 74
(A) R (B) R
V 74
(©) m (D) R

The electric field due to a point charge at a distance R
fromitis E.If the same charge is placed on a metallic
sphere of radius R, the electric field on the surface of
the sphere will be

(A) ZERO (B) ;
© E (D) 2E
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55. A positive point charge 50 uC is located in the plane
xy at the point with radius vector 7, = 2i + 3}, where
i and ] are the unit vectors of the x and y axes. The
electrostatic force I and its magnitude on a charge of
2 uC placed at the point with radius vector 7 = 8i - 5}
is (Here 7, and 7 are expressed in metre)

(A) 3N (B) 9mN
(C©) 9uN (D) 3mN

56. Two free charges g and 44 are placed at a distance
d apart. A third charge Q is placed between them at

a distance x from charge g such that the system is in
equilibrium. Then

4, d g, d
(A) Q—Q.X— (B) Q 5 =7

4, d 4
€ Q= 9 =3 (D) Q Y

57. A ring of radius 0.1 m is made out of a thin metallic
wire of area of cross-section 107 m?. The ring has
a uniform charge of 7 coulomb. The change in the
radius of the ring when a charge of 10 coulomb is
placed at the centre of the ring is (Young's modulus of
the metal is 2x10" Nm?)

(A) AR=225cm (B) AR=225mm
(C) AR=225cm (D) AR=225mm
58. Two isolated, charged conducting spheres of radii R,

and R, produce the same electric field near their sur-
faces. The ratio of electric potentials on their surfaces is

R R
A) =L B) 2%
(A) R, (B) R,
R? R?
€ = (D) ==
R; R

59. Two identical metallic blocks resting on a frictionless
horizontal surface are connected by a light metallic
spring having a spring constant k and an unstretched
length L. A total charge Q is slowly placed on the
system, causing the spring to stretch to an equilibrium

3Ly

length L= — shown. The value of Q, assuming

that all the charge resides on the blocks and assuming
the blocks as point charges is
— Lo —

k

V0000

Initially

—— | ———»
k

000000000000

Finally
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(A) Q=3Ly\2me L, (B) Q=2L,\3me,L,
© Q=3LpSregly (D) Q=20 27l

A charged particle of mass m and charge q is released
from rest in a uniform electric field E. The kinetic
energy of the particle after time f is

2E*? Eq*m
A B
@ = ®
Ezqzt2 Eqm
-1 D) —=
© 2m (D) 2t

Two identical oppositely charged metallic spheres
placed 0.5 m apart, attract each other with a force of
0.108 N. When connected to each other by a copper
wire for a short while, they begin to repel each other
with a force of 0.036 N. The initial charge on each one
of them is

(A) +1uC, -3 uC (B) -1uC, +3 uC

3
(C) 3uC, +5uC (D) 5uC, 3 ucC
In the electric field of a point charge g, a certain charge
is carried from point A to B, C, D and E. Then the work
done

(A) is least along the path AB

(B) is least along the path AD

(C) is zero along any one of the path AB, AC, AD
and AE

is least along AE

Two identical beads each have a mass m and charge
- When placed in a hemispherical bowl of radius R
with frictionless, non-conducting walls, the beads
move, and at equilibrium they are a distance R apart
(shown in figure). The charge on each bead is

64,

65.

66.

67.

(A) g=2R Mffogmg (B) q=2R\\B3reymg
(C) g=2R |Z8 (D) None of these

V3

Charges +g, -4, +q and —¢ are placed at the corners
A, B, C and D respectively of a square of side a. The

: 1
potential energy of the system is —— times

dre,
A+ a B9
Fom—-m-- 1
l !
ai :a
i !
———m———— -4
Dg) @ C(+q)
2 2
) L(-1+2) B L (-4+2)
a 2a
4q° 424"
© =L (D) e
a a

Two particles each of charge 107 C and mass 5 g,
stay in limiting equilibrium on a horizontal surface.
The particles have a separation of 10 cm between
them. Assume the coefficient of friction between each
particle and the table to be p1. Then p is

(A) 1.8 (B) 0.018

(€) 018 (D) 1.08

Three charges, each of +4 uC, are placed at the corners
B, C, D of a square ABCD of side 1 m. The electric field
at the center O of the square is

A B
o -+
1 0 :
1m: . I
I I
LS ‘
D C

A) 72x10* N towards A

(

(B) 7.2x10* N towards C
(C) 3.6x10* N towards A
(

D) 3.6x10* N towards C

The magnitude of the electric field E in the annular

region of a charged cylindrical capacitor

(A) is same throughout

(B) is higher near the outer cylinder than near the
inner cylinder
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. 1 . . .
(C) wvaries as —, where r is the distance from the axis
r

(D) varies as where r is the distance from the

axis

T

Four equal positive charges, each of charge Q are
arranged at the corners of a square of side /. A unit
positive charge of mass m is placed at point P at
height h above the centre of the square. Calculate Q,
so that the unit charge is in equilibrium.

3
2

(a) Q="UE| 4=

|

neymg

© 0=y "3

(D) None of these

A metallic sphere is placed in a uniform electric field.
The lines of force follow the path(s) shown in the fig-
ure as

10— 1
sz_)v»z
3 >
4M4
(A) 1 (B) 2
© 3 (D) 4

Three charge g, Q and 44 are placed in a straight line

of length [ at points distant 0, é and [ respectively

from one end. In order to make the net force on g zero,
the charge Q must be equal to

(A) -q (B) -2q

© 7 D) g

Three identical spheres each having a charge 2q and
radius R are kept such that each touches the other
two. Find the magnitude of the electric force on any
sphere due to the other two.

) @
47e,R? 2me,R?
0 0
© NEYE D) NEYR
81, R? 4me,R?
0 0

72.
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A point charge g is placed at the midpoint of a cube
of side L. The electric flux emerging from the cube is

4 q
(&) € (B) 61%,
2
(©) bgL° (D) ZERO
&

Two small conductors A and B are given charges g
and g, respectively. Now they are placed inside a hol-
low metallic conductor C carrying a charge Q. If all
the three conductors A, B and C are connected by a
conducting wire as shown, the charges on A, B and C
will be respectively

f1t9 Gt
A A A7
(A) 5 > Q

(B) Q+q+g; Q+q+q, Q+q1+ 4,
3 3 3

(C) t"}I1'|-"1'2'4'Q’ ‘?1"“]’2"‘Q’ 0
2 2
(D) 0,0, Q+q,+9,

Two small equally charged spheres, each of mass m,
are suspended from the same point by light silk
threads of length [. The separation between the
spheres is x <. The rate % with which the charge
leaks off each sphere, if their velocity of approach var-

. 6 . . :
lesas v= & (where o is a positive constant) is
X

(A) 3 2me mg ®) 4 2meymg
2 [ l
© 9 ZEZ[}mg D) 9 ZJES?mg

The electric field in a region of space is given by
E=5;+2} NC . The electric flux due to this field
through an area 2m? lying in the YZ plane, in S.I.
units, is
(A) 10

©) 1042

(B) 20
(D) 2429
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Consider an annular thin disc of inner radius # and
outer radius b(>a). The surface charge density o
varies with the distance # from the centre of the disc

o,
as o=—
s

stant. The total charge on the discis g, then Q equals

(A) o logt,( b] (B) 2o, logf( b )

where a<r<b and o, is a positive con-

a a

(C) 2moylog, ( %) (D) 2rmo,log, ( E)
a

If E, be the electric field intensity due to a short dipole

at a point on the axis and E, be that on the right bisec-

tor at the same distance from the dipole, then
(A) E,=E, (B) E,=2F,

(C) E, =2E, (D) E,=~2E,

Two identical conducting spheres carrying different
charges attract each other with a force F when placed
in air medium at a distance d apart. The spheres are
brought into contact and then taken to their original posi-
tions. Now the two spheres repel each other with a force
whose magnitude is equal to that of the initial attractive
force. The ratio between initial charges on the spheres is

(A) -(3+8) only (B)  -3+8 only
(©) —(3+\/§) 0r(—3+\/§) (D) +/3

Equipotential surfaces are shown in figure. Then the
electric field strength will be

3
£ 10V 20V 30V
o) 3 > X

10 720 30 !

—(cm)

(A) 100 Vm™ along X-axis

(B) 100 Vm™ along Y-axis

(C) 200 Vm™ atan angle 120° with X-axis

(D) 50 Vm™ atan angle 120° with X-axis

A solid sphere of radius R; and volume charge den-
sity p= )
R, with ;egative surface charge density o, such that

the total charge in the system is zero. p, is a positive
constant and r is the distance from the centre of the

is enclosed by a hollow sphere of radius

R
spheres. The ratio —2 is
1

81.

82.

83.

84,

(A) — B) |—

Po
©) \/fi D) &
g (0]

An electric charge is placed at the centre of a cube of
side a. The electric flux through one of its faces will
be

A 1
® & ®
9 4

© dmega D) g

Point charge g moves from point P to point S along
the path PQRS (figure shown) in a uniform electric
field E pointing coparallel to the positive direction of
the X-axis. The coordinates of the points P, Q, R and
S are (a,b,0), (24,0,0), (a,-b,0) and (0,0,0)
respectively. The work done by the field in the above
process is given by the expression

Y4
P
Sk---——->Q —;bx
R v E
(A) qEa (B) —gEa
(C) gEa\2 (D) qE\/(Za)ZHJZ

A positively charged disc is placed on a horizontal

plane. A charged particle is released from a certain

height on its axis. The particle just reaches the center

of the disc. Select the correct alternative.

(A) Particle has negative charge on it.

(B) Total potential energy (gravitational + electro-
static) of the particle first increases then decreases.

(C) Total potential energy of the particle first
decreases then increases.

(D) Total potential energy of the particle continuously
decreases.

A simple pendulum has a length [, mass of bob m.
The bob is given a charge g. The pendulum is sus-
pended between the vertical plates of charged parallel
plate capacitor. If E is the field strength between the
plates, then time period T equals
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<

Fr+++r++F+A++

i

(B) 2=&

Two positive point charges are 3 m apart and their
combined charge is 20 uC. If the force between them
is 0.075 N, the charges are

(A) 10 uC, 10 uC (B) 15uC, 5uC

(C©) 12uC, 8 uC (D) 14 uC, 6 uC

Four charges of 6 uC, 2 uC, =12 uC and 4 uC are
placed at the corners of a square of side 1m. The
square is in x-y plane and its center at its origin.
Electric potential due to these charges is zero every-
where on the line

(A) x=y,z=0
©) x=0=y

(B) x=0=z
(D) x=z,y=0

Two vertical metallic plates carrying equal and oppo-

site charges are kept parallel to each other like a par-

allel plate capacitor. A small spherical metallic ball

is suspended by a long insulated thread such that is

hangs freely in the centre of the two metallic plates.

The ball, which is uncharged, is taken slowly towards

the positively charged plate and is made to touch that

plate. Then the ball will

(A) stick to the positively charged plate

(B) come back to its original position and will remain
there

(C) oscillate between the two plates touching each

plate in turn

oscillate between the two plates without touch

them

(D)

As the electric charge on the surface of a hollow metal
sphere increases, the electric field intensity inside the
sphere

89.

90.

91.

92.

93.
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Z

decreases

increases

remains the same

may increase or decrease depending on the radius
of the sphere

ClekE

Acharge ¢ is distributed uniformly over the volume of
a insulating solid sphere of radius R.Itis enclosed by
an earthed conducting spherical shell of inner radius
R, and outer radius R,. The charge on the outer sur-
face of the shell will be

L)

(A) +q (B) qu
R

© R_zq (D) zero

A hollow metal sphere of radius 5 cm is charged so
that the potential on its surface is 10 V. The potential at
the centre of the sphere is

(A) ZERO

(B) 10V

(C) same as at a point 5 cm away from the surface
(D) same as at a point 25 cm away from the surface

A rod of length L has a total charge g distributed
uniformly along its length. It is bent in the shape of
a semicircle. The electric potential at the center of the
semicircle is

1 q q
A) —-F B) ——
@) dme, L ®) de L

q 1q
0 — D) ——
© 2eL ®) g, L

Two charged conducting spheres of radii R; and R,,
separated by a large distance, are connected by a long
wire. The ratio of the charges on them is

R R
A) —L B) =2
()RZ ()Rl

R? R?
C) —L D) -2
()R§ ()Rlz

In PROBLEM 92, the ratio of the electric fields on the
surfaces of the two spheres is
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R R
A) =L B) =2
(A) R, (B) R,
R? R?
€ =L (D) =%
R; R}

94. A spherical volume contains a uniformly distributed
charge of density p. The electric field inside the sphere
atadistance r from the center is

pr pr
A) — B) —
*) 3e, ®) dre,
© £ o 2~
g,r dre,

95. Which one of the following graphs represents the vari-
ation of electric field strength E with distance r from
the centre of a uniformly charged non-conducting
sphere

(B) E%

r —Ll—r

_:_'
R

A;r
R

96. Four charges +q, +q, —q and —q are placed respec-

tively at the corners A, B, C and D of a square of
side a. The potential and field at the centre O of the

. |
square are respectively —— times

4me,

A(+q) B(+qg)

ro---- - 1

o

| 0 |

a : . :

L

| -

D(-q) . Ci-q)
(A) ZERO, 21 (B) ZERO, 4‘?’
a i
42q 4 INGYRNG)
©) T"a—f (D) a", az"'

97. Two fixed charges -2Q and +Q are located at points
(-3a, 0) and (+3a, 0) respectively. Then

(A) points where the electric potential due to the two
charges is zero, lie on a circle of radius 4a and
center (5a, 0)

(B) potentialis zero at x=4 and x =9

(C) Ifaparticle of charge +q is released from the cen-
ter of the circle obtained in part (A) it will eventu-
ally cross the circle

(D) All of the above

98. In the electric field of a point charge g shown, a charge
is carried from A to B and from A to C. Compare the
work done

(A) work done is greater along the path AC than
along AB

(B) work done is the same in both the cases

(C) work done is greater along the path AB than
along AC

(D) work done is zero in both the cases

99. Anparticle of mass m and charge —q is projected from
the origin with a horizontal speed v into an electric
field of intensity E directed downward. Select the
incorrect statement.

y

'y

> X

(A) The kinetic energy after a displacement y is gEy
(B) The horizontal and vertical components of accel-
_fE

erationare a, =0, a4, =—
Y om

2

1( gEx*
(C) The equation of trajectory is y = —[ ﬂ}
2\ mo

(D) The horizontal and vertical displacements x and

. 1 o
y after a time t are x =0vt and y:Eaut

100. A positively charged thin metal ring of radius R is
fixed in the X-Y plane with its centre at the origin
O. A negatively charged particle P is released from
rest at point (0, 0, z; ) where z; >0. Then the motion
of Pis



101.

102.

103.
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(A) simple harmonic for all values of z; satisfying
0<zy<eo

(B) simple harmonic for all values of z; satisfying
0<zy<R

(C) approximately simple
Zp << R

harmonic  provided

(D) such that P crosses O and continues to move
along the negative Z-axis towards z = —

A small ball of mass m and charge +q tied with a
string of length /, is rotating in a vertical circle under
gravity and a uniform horizontal electric field E as
shown. The tension in the string will be minimum for

1] \l E
e
\\\ : Dm;q
E
(A) e=tan-1["7—] (B) 6=n
mg

© e=n—tan1[£] D) 6=Jr+tanl[£]

A solid metallic sphere has a charge +3Q. Concentric
with this sphere is a conducting spherical shell hav-
ing charge —Q. The radius of the sphere is a and that
of the spherical shell is b(b > a). The electric field ata
distance R (a<R<b) from the centre is

Q 3Q
) 2meyR ®) 2meyR
3Q 4Q
4re,R? ®) 47, R

Two infinitely long parallel wires having linear
charge densities 4, and 4, respectively are placed
at a distance R metre. The force per length on either

wire will be (K = L)

dre,
" K( 23,1,12)

R? R
SECORNE (S

104.

105.

106.

107.

108.

Chapter 1: Electrostatics 1.173

A uniformly charged sphere of radius R=2m and
volume charge density p has a spherical cavity as
shown. A point object of mass m=1g and charge
g=2x10"" C is thrown, from point A. The mini-
mum velocity required at A for it to reach point B is
(p=3¢ x107 Cm™)

(B) 02ms™
(D) 0.04 ms™

(A) 0.02ms™
(C) 04ms™

The potential energy of an electric dipole in a uni-
form electric field is U. The magnitude of the torque
acting on the dipole due to the field is N. Then

(A) U is minimum and N is zero when the dipole
is parallel to the field.

(B) U iszeroand N is zero when the dipole is per-
pendicular to the field.

(C) U is minimum and N is maximum when the
dipole is perpendicular to the field

(D) U is minimum and N is zero when the dipole
is anti-parallel to the field

Five point charges (+q each) are placed at the five
vertices of a regular hexagon of side 2a. What is the
magnitude of the net electric field at the centre of the
hexagon?

1 q q
A) ——= B
) 4re, o ®) 167e,0*
V2q 5q
0 —— D) ——
© 4?(89&2 ©) ]671'80612

Acharge Q is divided into two parts and the two parts
are separated by a certain distance. The force between
them will be maximum if one of the charges is

Q Q
A = B) =
(A) 5 (B) 3
Q) % (D) None of these
The variation of electric field between the two

charges ¢, and g, along the line joining the charges
is plotted against distance from g; (taking rightward
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direction of electric field as positive) as shown in the
figure. Then the correct statement is

AE

9z

| l
| l
A) g, and g, are positive and g, < g,

(

(B) ¢, and g, are positive and ¢, > g,

(C) g, is positive and g, is negative and gq; < g,
(

D) g, and g, are negative and ¢, <g,

A and B are two spherical conductors of same extent
and size. A is solid and B is hollow. Both are charged
to the same potential. If the charges on A and B are
Qa and Qp respectively, then

(A) Qp isless then Qg

(B) Q, is greater than Qp but not double

(€ Qa=0s

(D) Qa =205

Three point charges g, 29 and 84 are to be placed on

a straight line 9 cm long. The system possesses mini-
mum potential energy when

(A) 2q and g lie at ends with 84 at3 cm from 2.
(B) 29 and 84 lie at ends with 4 at6 cm from 8.
(C) g and 84 lie at ends with 27 at 6 cm from 4.

(D) 2q and 84 lie at ends with 4 at3 cm from 8.

Two large parallel planes charged uniformly with
surface charge density 0 and -o are located as
shown in the figure. Which one of the following
graphs shows the variation of electric field along a
line perpendicular to the planes as one moves from
A to B?

112

113.

114.

(A) E

A

X

An infinite number of charges, each equal to 4 cou-
lomb, are placed along the x-axis at x (in metres) =
1,2,4,8,... and so on. The potential and field in SI
units at x=0 due to this set of charges are respec-

1
tively yr— times

2q
(A) 29, 4q (B) 3 4q
29 44 4q
) —, — D) 29, —
©) 33 (D) 24 3

In PROBLEM 112, if the consecutive charges have
opposite signs, then the potential and field at x=0

. 1.
are respectively o times
€y

2 4 29 4
@ 3,3 ® =,
377 55
29 4 29 4
© 3,7 o 2,
35 5 7
Two conducting plates 1 and 2 each having large
surface area A (on one side) are placed parallel to
each other. The plate A is given a charge g, while
the plate 2 is neutral. Then the electric field at a point
in between the plates is

1 2
q q
A B
) 2Ag, ) Agy
2q 3 q
(o) P i
© Ag, D) 2 Ag,
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Two concentric metallic spherical shells are given

positive charges of different value. Then

(A) the outer sphere is always at a higher potential

(B) the inner sphere is always at a higher potential

(C) both the spheres are at the same potential

(D) no prediction can be made about their potentials
unless the actual values of charges and radii are
known

Two thin infinite parallel plates have uniform charge
densities +¢ and —o. The electric field in the space
between them is

) = ® Z
2¢g, &
© = (D) ZERO

&

A charge q isplaced at O in the cavity in a spherical
uncharged conductor. Point S lies outside the con-
ductor. If the charge is displaced from O towards S
still remaining within the cavity, then

electric field at S will increase

electric field at S will decrease

electric field at S will first increase and then
decrease

(D) electric field at S will not change

e

=

GIC

The electric potential (in volt) in a region is given by
V =6x - 8xy” -8y +6yz — 4

Then electric force acting on a point charge of 2 C
placed at the origin will be
(A) 2N
(C) 8N

(B) 6N
(D) 20N

The electric field at a point A due to dipole p is per-
pendicular to p. The angle 0 is

(A) 0° (B) 90°
D) tan'(2)

120.

121.

122,

123.

124,
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Equal charges g are placed at the four corners A, B,
C, D of a square of side a. The magnitude of the force
on the charge at C will be

2 2

3q 4q
A B
(A) 4K£D£I2 ©) 41!80512
1+2V2) ¢ ( 1 J T
C [ ] D) |2+—=
© 2 4meyn” ®) V2 dmeya”

A uniform electric field of 400 Vm™ is directed at
45° above the x-axis as shown in the figure. The
potential difference V, -V} is given by

ylem)
A

©0,2) ?/
- ﬁa 0

/ B x(cm)

/]
(A) 0 (B) 4V
C€) 64V (D) 28V

A charge Q is distributed over two concentric hol-
low spheres of radii » and R(R>r) such that the
surface densities are equal. The potential at the com-

N
mon centre is —— times

ey
r+R Q r+R
*) Q(r2+R2) ) 2(r2+R2)
R
© 2Q(—r§: Rz) D) zero

An electric dipole is placed at the origin along the
x-axis. The electric field at any point, whose position
vector makes an angle 6 with the x-axis, makes an

angle
(A) o (B) @
Q) 6+a (D) 6+2«

. . 1
with the x-axis, where tano = Etanf).

Initially the spheres A and B are at potentials V,
and V, respectively. Now sphere B is earthed by
closing the switch. The potential of A becomes
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B
(A) 0 (B) Vy
(€ Va-Vg (D) Vy

Acharge Q is placed at each of the two opposite cor-
ners of a square. A charge ¢ is placed at each of the
other two corners. If the resultant force on Q is zero,
then

(A) Q=429 B)
(©) Q=22 (D) Q=-2V2g

Electric charges g, g and -2q are placed at the three
corners of an equilateral triangle of side I. The mag-
nitude of the electric dipole moment of the system is
(A) gl B) 2

(© V3ql (D) 4q!

Which one of the following graphs represents, varia-
tion of the electric field strength E with distance r
from the centre of a charged conducting sphere?

(A) E ®) E
\ B
randl —

© f D) £

A charged particle of mass m and charge g is
released from rest from position (g, 0) ina uniform
electric field Eyj. The angular momentum of the par-
ticle about origin

(A) is zero

(C) increases with time

(B) is constant
(D) decreases with time

An insulating solid sphere of radius R is charged
in a non-uniform manner such that volume charge

. A . o
density p=—, where A isa positive constantand r
r
the distance from centre. Electric field strength at any

inside point at distance r; is

130.

131.

132.

133.

134.

W) e ()

dreg\ 1 4meg\ n
A A

© — D) ——
g, 2¢g,

An electric dipole is placed at the origin and is
directed along the x-axis. At a point P, far away
from the dipole, the electric field is parallel to the
y-axis. OP makes an angle 6 with the x-axis, then

(B) tanf=+2

(D) tan9=(%]

Two identical balls having like charges and placed at
certain distance apart repel each other with a certain
force. They are brought in contact and then moved
apart to a distance equal to half their initial separa-
tion. The force of repulsion between them increases
4.5 times in comparison with the initial value. The
ratio of the initial charges of the balls is

(A) 2
) 4

(A) tanf= J3

(C) 6=45°

An uncharged sphere of metal is placed in uniform
electric field produced by two oppositely charged
plates. The lines of force will appear as

+ o+ 4+ + + o+

(A)+++++++ (B)

©

Two small identical spheres having charges +10 uC
and —90 uC attract each other with a force of F new-
ton. If they are kept in contact and then separated by
the same distance, the new force between them is

(A) G

16F
9

(B) 16F

© (D) 9F

The magnitude of electric field at the centre O of
regular hexagon produced by the system of charges
will be
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+6q . . .
A0, f 139. Two identical point charges q are placed at x=-a
PN _ . - -
g . I N 4ag and_ x=a,as shown in hgure.lTI’_le graph §h0w1ng Fhe
Q. ! i+) variation of E along the x-axis is (assuming positive
Bi N . i f,/’ EF E to be taken along the +x-axis)
N S
IPRo AN y
+4q 1,7 ' N :—3q
co‘x‘\ i e
/ \‘CI}”/I +q +q
+5q D e B o—»x
(-a.0) @0
q V2
dre, dre, 2 (A) B
© 2+2)-1; oo | |
4E€G€ i I
! 0 X =+a X
Two equal and opposite charges are placed at a cer- X=-a !
tain distance, the force between them is F. If 25% i i
of one charge is transferred to other, then the force ! !
between them is
9F (B) "
A) F B) — ! ‘ !
(A) ® T | j:
15F 4F i i
C) — D) — : l .,
16 5 =0 x=ma X
The electric field inside a sphere which carries a E E
charge density proportional to the distance from the i i
origin p = ar, where (o is a constant) is ! !
3 2 E
or ar C
() £ ®) < S
dg, 4g, : :
ar’ | |
(@] Y. (D) None of these : : -
& x=-a O x=ta X
A regular polygon has 20 sides. Equal charges, each i i
Q, are placed at 19 vertices of the polygon and a ! !
charge g is placed at the centre of polygon. If the dis- ' '
tance of each vertex from the centre O is a, net force D) E
experienced by ¢ is ! ‘ l
1 20 1 i i
() 2 ® —% | |
drey a drey a ! ! -
x=-a,0 X =+a > X
1 19 i i
<€ — (2261 (D) zero ! |
ey a ! !
Two particles of masses m and 2m and charges I |
140. The number of electrons that should be removed

2q and 2q are placed in a uniform electric field E
and allowed to move for the same time. The ratio of
kinetic energies will be

(A) 2:1 (B) 8:1
(€ 41 (D) 1:4

from a coin of mass 1.6 g, so that it may float in elec-
tric field intensity 10° NC™ directed upwards is

(A) 9.8x107 (B) 9.8x10°
(€) 9.8x10° (D) 9.8x10"
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Twoidentical metallic spheres A and B carry charges
+Q and -2Q respectively. The force between them is
F Newton, when they are separated by a distance d
in air. The spheres are allowed to touch each other
and are moved back to their initial positions. The
force between them now is

() ® |

©) (D) zero

oM M| T

Initially the spring is in unstreched condition. An
electric field (E) is switched on in right direction.
The maximum extension in the spring will be

K At tg
qoml
+ +
2qE 2qE
A) — B) —
(A) — B V%
qE qE
6 — D) [—
© < O

Three wires AB, BC, CD of equal length | are
charged uniformly with linear charged density A
and are placed as shown. P is a point which lies at
a distance | from the wire BC on its perpendicular
bisector. The electric field at P is

B C

+ 4+ ++++ ++7F

+

+ 4+ 4+ + + + + +

++ + + + + o+

>
o

D

A 21
(A) 2\/gem,(zﬁ—l) (B) NEEOI(JE

A A
© 4\/5801(2\/5_3) © ENGEN

-1)

The net force acting on the charge g, present at the
origin is
[

0, 2)q

145.

146.

147.

148.

990 990 990
A) —H0 %2 B +
*) 4Jr£0a2 ®) 4n£0\/§a2 SHSDaz

2}

790 1 0 (1
© 4K£0a2(ﬁ 2] ©) 4ﬁ£0a2(2
A neutral sphere of radius r and density p is
intended to be suspended with an electric field E
existing on the earth’s surface directed vertically up.
What fraction of the electrons should be removed
from the sphere. Given that, the atomic number and
atomic mass of the material of the sphere are Z & A
respectively. Avogadro number is N ,. Assume that
the sphere is able to hold the necessary charge with-
out any leakage

2 3¢A
(A) —= B) 52
eEZAN 4 eEZ
A 20A
© & D) =5
eEZN ¢EZN

A wheel having mass m has charges +7 and —q
fixed at diametrically opposite ends. For the wheel
to be in equilibrium on a rough inclined plane in the
presence of uniform vertical electric field E, the mag-
nitude of E is

+q
f
~q
30°
3mg mg

A) 28 B 78
@ ® 5
© @ D) 8

q 4q

Seven identical charge particles each having charge
q are placed on the vertices of a cube of edge /, then
the magnitude of electric field at centre of cube is

q q
A B
*) dme,l? ®) 3me,
q q
C D
© 8me, ©) 6me,

A simple pendulum of mass m and charge g is
hanging from roof of a car moving on a circular track
of radius r with constant speed v and string makes
angle 6 with vertical. Magnitude of horizontal elec-
tric field required so that string makes same angle 6
on other side of vertical is
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dmo? 3mv?
(a) == B =
qr qr
2mo’ mo*
(©) D) —
qr qr

Two identical charges repel each other with a force
equal to 10 mg wt, when they are 0.6 m apart in air.
The value of each charge is ( ¢=10ms™ )

(B) 2x107 C

(D) 2uC

(A) 2mC
(C) 2nC

A cavity of radius r is made inside a solid sphere.
The volume charge density of the remaining sphere
is p. An electron (charge e, mass m) is released
from rest inside the cavity from point P as shownin
figure. The centre of sphere and centre of cavity are
separated by a distance a. The time after which the
electron again touches the sphere is

(A) 6J§r8{,m B) \/Z_rsﬂm
epa 6pa
6regm ey
© |/ D) [——
epa epa

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

2 2
(A) T= U_R (B) T= G_R
8 dg,
2 2
(C) T= LR D) T= LR
2¢, &

Two identical point charges each g of mass m are
connected by a insulating string of length 2¢ and
the system are rotated about an axis passing through
mid point of string and perpendicular to its length
as shown. Then neglecting gravity, tension in the
string is (Assume only coulombic force between the
charges)

153.

154.

155.
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gm | g.m
o} 0

________________§

2 2
—ml? B ——
4meyl

) 1 +mlw”

dmeyl*

2 2

©Q —I— et o) 1

5= 5+ mlew”
lome/ lomey/

A short dipole is placed along x-axis with centre at
origin. The electric field at a point P, which is at a
distance r from origin such that OP =7 makes an
angle of 45° with x-axis, is directed along a direc-
tion making

(A) tan”'(0.5) with x-axis

(B) g+tan_1(0.5) with x-axis

(@) g+tan71(0.5) with y-axis

(D) tan™'(0.5) with y-axis

A particle of mass m and charge Q is attached to a
string of length L. It is whirled into a vertical circle in
field E. The speed of the particle at point A, so that
the tension in the string at A is ten times the weight
of particle, is ( g = acceleration due to gravity)

_————

-

(&) el ® (2
QE
€ L[9g + m) (D) None of these

In an experiment to demonstrate Coulomb’s law in
electrostatics, the force F between two small charged
spheres is measured for various distances r between
their centres. A graph is plotted of log, F (y-axis)
against log, 7 (x-axis). The slope of this graph is
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156.

157.

158.
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(A) -2 ®) +
© % D) +2

Two point like charges Q; and Q, of whose strength
are equal in absolute value of are placed at a certain
distance from each other. Assuming the field strength
to be positive in the positive direction of x-axis, the
signs of the charges Q; and Q, for the graphs (field
strength versus distance) shown in figure 1, 2, 3, and

4 are
E E
3 3
Q—0—»x Q¢ X
02 02
Figure 1 Figure 2
E E
A 3
Q1 O——O0—>x 01 Q X
/_\ 02 QQ
Figure 3 Figure 4

(A) Q, positive; Q, negative; both positive; Q;
negative; Q, positive; both negative

(B) Q negative; Q, positive; Q; positive; Q, neg-
ative; both positive; both negative

(C) Q; positive; Q, negative; both negative;
negative; Q, positive; both positive

(D) both positive; Q; positive; Q, negative; Q
negative; Q, positive; both negative

Two point charges g and —q are at positions (0,0, d)
and (0, 0, —d ) respectively. The electric field at (a,
0,0)is

ZQd A qd ~

n —L—k m — i
4ﬁeo(d2+az)2 4neﬂ(d2+a2 )2

 —2 i o —M
are, (d® +a? )2 arey (d® + a2 )2

A uniformly charged and infinitely long line hav-
ing a linear charge density A is placed at a normal

159.

160.

161.

162.

distance y from a point O. Consider a sphere of
radius R with O as centre and R > y. Electric flux
through the surface of the sphere is

(A) zero (B) M_R
&
2AJR? - y/? MR + 1
©) £—y (D) g—y
0 0

Two charges of -4 uC and +4 uC are placed at
points A(1,0,4) and B(2, -1,5) located in an
electric field E=0.20i Vem™. The torque acting on
the dipole is

8, 10~ Nm

V2

(D) 242x10° Nm

(A) 8x10™ Nm (B)

(©) 8/2x10° Nm

The inward and outward electric flux from a closed
surface are respectively 8x10° and 4x10° units.
Then the net charge inside the closed surface is

(A) —4000 coulomb (B) 4000 coulomb

4
©) 4000 coulomb

: (D) —4000g, coulomb
0

A charge q is placed at the centre of the open end
of a cylindrical vessel. The flux of the electric field
through the surface of the vessel is

q
(A) zero (B) 1
£
© L o 2
2¢g, &

The block shown in the diagram has a mass of 2
microgram and a charge of 2x10™ coulomb . If the
block is given an initial velocity of 2ms™ in x
direction at =0 and an electric field of 2NC™ in
x direction is switch on at that moment, then R will

be (g=10ms_2)
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[mf=u=2ms

~

~
N
\
\
\
\

I
I
i
I
5m 1 Y
I
I
I
I
1

—_—
—— E=2NC
—_

l D Final position
R —»
(A) 4m (B) Im
€ 2m D) 3m

Aring of radius R is marked in six equal parts and
these parts are charged uniformly each with a charge
of magnitude Q but positive and negative alter-
nately as shown. The electric field at centre of ring
will be

where 4= E
dre,r 7R

3Q

where A=—
dmeyr R

3Q

where A=—
dre,r 7R

(D) i, where A= 3Q
2me R R

Some point charges are placed on the circumference
of circle at equal distance. (see figure) The direction
of electric field at centre O will be along
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165. A charge Q is distributed uniformly on a ring of
radius r. A sphere of equal radius r is constructed
with its centre at the periphery of the ring. Find the
flux of the electric field through the surface of the

sphere
Ring —, Sphere
Q Q

(&) 4g, ) bg,
Q Q

© 3¢, ©) 2¢g,

166. A charge Q is distributed over a line of length L.
Another point charge ¢ is placed at a distance r
from the centre of the line distribution. Then the force
experienced by g is

Q — ——
¢
L q
q9Q qQ
A) ————— B) ——W—MW—
" 4, (2 - 12) ® re, (42 - 12)
©) &2 (D) &LS
dmeyr dmeyr

167. Two charges Q, and Q, are distance d apart. Two
dielectrics of thickness #, and t, and dielectric con-
stant k; and k, are introduced as shown. Find the
force between the charges

Q Qy
ol K kK o

— b ——f—

QQ
(A) 5
dmey[d- (b + 1)+ kyty +holy |

(B) zero

© Q0
47r£0(d+\/ﬂt1 +JEt2)

(D) QIQZ >
artey | (Vo ~1)t + (ko = 1)ty |
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168. For two infinitely charged parallel sheets the electric
field at P will be

+

+
+4Lu

P

<

+

+

+

+ +
+ +
—r—
(B)

9 o o (0
A 2
) 2x 2(r-x) 2£0x+27r(r7x)£0
© g (D) zero

&

169. Two concentric conducting thin spherical shells A,
and B having radii r4 and rz(rz>1,) are charged
to Q4 and —Qp(|Qs|>|Qy4|). The variation of elec-
tric field (E) with distance r from centre is best rep-
resented by

(B) E

Fa Is

ra gl

170. The minimum value of pt for which small block B of
mass m remain at rest on horizontal is (Assume that
block A is fixed and small block has identical charge
g and separationis )

q 9
R
U
2 2
A —T1 B) ——
8meymgr dmeymgr
2 22
S O
2me,mgr TEgMgr

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

centre of the shell) as

E
B r
E (D) E
L , |A‘ .
R R
172. Two balls with equal charges are in a vessel with ice
at =10 °C atadistance of 25 cm from each other. On
forming water at 0 °C, the balls are brought nearer
to 5 am for the interaction between them to be same.
If the dielectric constant of water at 0 °C is 80, the
dielectric constant of ice at —10 °C is

(A) 40 (B) 32
€ 20 (D) 6.4

®

@)
_—
R

©

173. The electric field varies along the x-direction as
E = (Eyx)i. Consider an imaginary cubical volume of
edge I, with its edges parallel to the axes of coordi-
nates. The charge inside this volume is

(A) zero (B) €0E0[3
1 1

C) —E/P D) —gFE,l*

©) 2 0 (D) ¢ &0k

174. Four point charges, each +q, are fixed at the cor-
ners of a square of side a. Another point charge g,
is placed at a height h vertically above the centre
of square, assuming the square to be in a horizontal
plane. Magnitude of force experienced by g, is

1 1
(A) 4_ 490 5 (B) - 990 -
TCE) (hz . a_] dre, 2\
2 ( "+ —]
2
(@] 1 aah (D) zero
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A hollow cylinder has a charge q coulomb within
it. If ¢ is the electric flux in units of voltmeter
associated with the curved surface B, the flux
linked with the plane surface A in units of volt-
meter will be

B
4 ¢
®) 2 ®) -
9 1 q
€ —-¢ (D) —(——tb]
£ 2\ g,

Two small spheres each of mass m and charge g are
tied from the same rigid support with the help of silk
threads of length L. They make angle 6 with the ver-
tical as shown in the figure. If length L is decreased
then angle 0 with the vertical

(B) decreases
(D) cannot say

(A) increases
(C) unaffected

A charge is suspended from a light thread in a uni-
form field as shown. The tension in the thread at
equilibrium is

E=2x10*NC™
R ———
+@2x108C
(A) 88N
(B) 88x10*N
(C) 88x10°*N
(D) 88x10° N

Total flux coming out of the cylindrical Gaussian sur-
face is

179.

180.

181.

182.
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=]

+A=1C/em
+
+
+
+
+ im
i
+
+
L
+
(A) ¢=100 (B) ¢=1
1 100
Q) ¢=— D) —
& &

The path of a positively charged particle 1 through a
rectangular region of uniform electric field as shown
in the figure. The direction of electric field and the
direction of deflection of particles 2, 3 and 4 will be

(A) Up, down, up, down

(B) Up, down, down, up

(C) Down, up, up, down

(D) Down, up, down, down

In a region of space the electric field is given by
E = 8i + 4] +3k. The electric flux through a surface of
area of 100 units in x-y plane is

(A) 800 units (B) 300 units

(C) 400 units (D) 1500 units

Ratio of electric field intensity at P & Q in the
shown arrangement is

3q
2 (/7
Y
(A) 1:2 (B) 2:1
© 1:1 (D) 4:3

An oil drop carrying a charge of two electrons has a
mass of 3.2x107" kg. It is falling freely in air with
terminal speed. The electric field required to make
the drop move upwards with the same speed is
(neglect buoyant force)

(A) 2x10° Vm™
(C) 3x10° Vm™

(B) 4x10° Vm™
(D) 8x10° Vm™
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A charge g is located at the centre of a cube the elec-
tric flux through any face is

_4mg o
N ) ® Slane)
q 2rq

) (ane) ® G aney)

A point charge Q is placed at the corner of a square
plate of side a then the flux through the square plate
is 90° and hence ¢=0

Q

Q Q
(A) e, (B) I,
(@] Q (D) zero

&)

An isolated and charged spherical soap bubble has a
radius r and the pressure inside is atmospheric. If T
is the surface tension of soap solution, then charge on
drop is

186.

187.

@ 2/
&

(B) 8mry2rTe,

(D) 8xr E
£

If a small sphere of mass m and charge ¢ is hanged
from a silk thread at an angle 6 with the surface of
a vertical charged conducting plate, then for equi-
librium of sphere the surface charge density of the
plate is

(C) 8aryrTe,

(A) gymg tand (B) £2mg tan@
q q
(C) gymgqtand (D) %

Two similar point charges 4, and g, are placed at a
distance r, apart in air. The force between themis F, .
A dielectric slab of thickness (< r) and dielectric
constant K is placed between the charges. Then the

. . b
force between the same charges is F,. The ratio — is
2

B) K

2
Q [M) 0)

r

(%)

This section contains Multiple Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONE OR MORE is/are correct.

1.

A charged cork ball of mass 1g is suspended on
a light string in the presence of a uniform elec-
tric field as shown. When E=(3i+5])x10° NC?,
the ball is in equilibrium at 6=37°. T is the ten-
sion in the string and g is the charge on the ball
(Take sin 37°=0.60 and g =10 ms )

(A) g=11nC
(C) T=555x10"°N

(B) g=12nC
(D) T=455x10"N

2.

Consider a point charge Q placed at the origin O of

the coordinate system. Let E,, Egand E-be the elec-
tric fields at three points A(1, 2, 3) m, B(1, 1, -1) m
and C(2, 2, 2) m due to charge Q. Then

(A) E4LEg (B) E4llEc

©) ‘EB|=4‘EC‘ (D) ‘EB|=8|EC‘

Equipotential surfaces representing a uniform electric
field must be

(A) plane surfaces.

(B) normal to the direction of the field.

(C) spaced such that surfaces having equal differences
in potential are separated by equal distances.
having potentials decreasing in the direction of
the field.

(D)
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Consider two equipotential surfaces A and B having

different potentials. Then

(A) A and B cannot intersect.

(B) A and B cannot both be plane surfaces.

(C) Intheregionbetween A and B, the field is maxi-
mum where equipotential surfaces are closest to
each other.

(D) Aline of force from A to B must be perpendicu-
lar to both.

An ellipsoidal cavity is carved within a perfect con-
ductor (see figure). A positive charge g is placed at
the centre of the cavity. The points A and B are on the
cavity surface as shown in figure. Then,

(A) electric field near A in the cavity = electric field
near B in the cavity.

(B) charge density at A = charge density at B.

(C) potential at A = potential at B.

(D) total electric flux through the surface of the cavity
q

is —.
€

Consider two large, identical, parallel conducting
plates have surfaces X and Y, facing each other. The
charge per unit area on X is o; and charge per unit
surface area on Y is 0,. Then,
(A) 0y=-0,only if a charge is given to either X or Y
(B) 0,=0,=0 if equal charges are given to both X

and Y

(C) 0,>0, if X is given a charge more than that
givento Y
(D) ©0,=-0, inall cases

A solid metallic sphere is place in a uniform electric
field. Which of the curves shown in the figure repre-
sent the lines of force correctly?

a)
b)
c) + >
) A’_A\_/L’

(B) (b)
(D) (d)

P —

=

(A) (a)
© (©

X, Y and Z are parallel plates. Y is given some posi-
tive charge. Two electrons A and B start with zero
initial velocity from X and Z respectively and reach
Yintimes t and T respectively.

10.

11.

12.

13.
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X Y z

(B) t=+2T
(D) t=2T

(A) t=T
(C) 2=T

In the set up of PROBLEM 8§, an electron E moves
from X to Y and a proton P moves from Y to Z.
Both particles start from rest.

(A) E reaches Y with greater energy than P.

(B) P reaches Y with greater energy than E.

(C) P and E reach Y with equal energies.

(D) P reaches Y with greater momentum than E.

A charged particle of mass m , charge q moves with a
speed v in a circular path of radius r around a long
uniformly charged conductor having charge density
A.Then

(A) veq (B) veA
1
©) vmﬁ (D) ‘Urxj

Two charges Q, and Q, are placed at the points A
and B having separation r lying inside and outside
the uncharged conducting shell. The force on Q, is F
and thaton Q, is f.Then

(A) F=0 (B)

1 QQ

dme, 1*

_ 1 QQ

- 41&90 rz

(D) f=0

© f=

A particle of charge g and mass m is moving in an
electric field

(A) must undergo change in velocity.

(B) must undergo change in speed.

(C) may not undergo change in velocity.

(D) may not undergo change in speed.

Two charges Q; and Q, have their respective place-
ments at the inside and the outside of a closed surface
S.If E be the field at any point on S and ¢ be the
flux of E over the surface S, then if

(A) Q; changes, both E and ¢ will change.

(B) Q, changes, E will change but ¢ will not
change.

(C) @ =0and Q,#0 then E#0 but ¢=0.
(D) Q#0 and Q,=0 then E=0 but ¢ #0.
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A particle having specific charge s starts from rest in a
region where the electric field has constant direction
but magnitude varying with time t as E=Eyt. In time
t, it is observed that the particle acquires a velocity v
after covering a distance x, then

1

(A) x= E(Eos)az3

(B) x= %(Eos)tg’

Q) v=(Ep)t (D) v:%(Eus)tz

At a point in space, let the field and potential be hav-
ing values E and V' respectively. Out of the following
assertions which one(s) is/are correct?

(A) For V=0, E mustbe zero

(B) For V#0, E cannot be zero

(C) For E#0, V cannot be zero

(D) None of these

In a parallel plate capacitor, the potential difference
between the plates is V. A particle of mass m and
charge -Q leaves the negative plate and reaches the
positive plate at distance 4 in time f with a momen-
tum p. Then

(A) p=\mQV B) p=\2mQV

md? 2md*
(@) t_\/Q:V (D) t= ‘QV

A ring with a uniform charge Q and radius R, is
placed in the yz plane with its centre at the origin O
of the coordinates. Let V, and E, be the potential
and the field at the origin, V and E be the potential
and field at all points on the positive x axis, other than
the origin, then

(A) Ep=0
1 Q
B) V,=—=
® Vo drmey R
1 Q
C) V=—nrv
“ dngy 22 4+ R?
(D) E=LL and is maximum at x = —
are, ( R2 + 42 )5 V2

There is a uniform electric field E in the region
between two parallel plates. A charged particle with
a specific charge s enters the region with a speed u,
in a direction parallel to the plates. The length of each
plate is L. The time taken to come out of the plates
is t and it suffers a vertical displacement A. Also as
the particle crosses the plates, its direction of motion
changes by an angle @, then

19.

20.

21.

_Esl’
2u*

©) 6= tan_l(E—SZLJ
u

(A) A

(D) 6= tan"l(g)
u

Three concentric metallic shells A, B and C are

arranged such that shell A is the innermost and shell

C is the outermost. Now, A is given some charge.

Then the

(A) inner surfaces of B and C have the same charge
density.

(B) inner surfaces of B and C have the same charge.

(C) outer surfaces of A, B and C have the same
charge density.

(D) outer surfaces of A, B and C have the same
charge.

Two concentric shells A and B have radii R and

2R, charges g, and gz and potentials 2V and %

respectively. Now, the shell B is earthed and the new
charges on them become ¢); and g;. Then

B

||||—.

ga 1
(A) ==
9 2
® -1
qB

(C) Potential difference between A and B after
. k1
earthing becomes -

(D) Potential difference between A and B after
) 1%
earthing becomes Py
In a uniform electric field,

(A) all points are at the same potential.
(B) no two points can have the same potential.
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(C) pairs of points separated by the same distance
must have the same difference in potential.
(D) None of the above.

Three concentric conducting spherical shells A, B
and C haveradii r, 2r and 3r and possess charges
Q;, Q, and Q; respectively. The innermost and the
outermost shells are earthed as shown in the figure.
Select the mathematical relations between the charges
that are correct.

&) Q+Qs=-0, ® o=-2

0, Qo 1
0 B-3 p L__1
© & o Lo

A spherical conductor A lies inside a hollow spherical
conductor B.Charges Q; and Q, are givento A and
B respectively.

(A) Charge Q, will appear on the outer surface of A.

(B) Charge Q, will appear on the outer surface of B.
(C) Charge —-Q; will appear on the inner surface of B.

(D) Charge Q, +Q, will appear on the outer surface
of B.

A particle of charge Q having a mass m moves recti-
linearly under the action of an electric field that varies
with distance x from the initial position of rest of the
particle E=a—fx, where o and f are positive con-
stants. Then

(A) the motion of the particle is oscillatory

(B) the amplitude of the particle is %

(C) the mean position of the particle is at x =

=|R

w

(D) the maximum acceleration of the particle i %
Two identical charges each having a charge +Q are
fixed at a separation 2a. A small particle P having
a charge of magnitude ¢ is placed midway between
them. Now, P is given a displacement A (<), such
that it undergoes simple harmonic motion. For this,
we have the following (g, A) combinations.

26.

27.

28.

29.
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(A) positive, along the line joining the two identical
charges.

(B) positive, perpendicular to the line joining the two
identical charges.

(C) negative, perpendicular to the line joining the two
identical charges.

(D) negative, along the line joining the two identical
charges.

An electron is projected between two plates at separa-
tion d=3 cm each having length /=11 cm as shown
in figure, at a speed of 6x10° ms™ atan angle of 45°
in a uniform field E=2000 Vm™ directed upwards.
The electron strikes the

(A) upper plate

(B) lower plate

(C) lower plate at the edge
(D) nowhere

Two identical particles of mass m carry a charge
Q each. Initially one is at rest on a smooth horizon-
tal plane and the other is projected along the plane
directly towards the first particle from a large distance
with a speed v.If d is the distance of closest approach
then

(A) deQ? ®) doc;—z
© det D) dos
v m

An electron moving with a speed of 5x10° ms™ is
shot parallel to an electric field of strength 1000 Vm',
arranged so as to retard its motion. The electron travels
adistance s in the field before coming momentarily to
rest in time t. It is observed that the electric field ends
abruptly after 0.8 cm and due to this the electron loses
a percentage fraction f of its initial energy, then

(A) s=014m (B) 5=007m
(C) t=0.03 us (D) f=11%

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 from rest
at the point (0, 0, z, ), where z; > 0. Then the motion
of P is

(A) periodic, for all value of z, satisfying 0 <z, <ee.
(B) simple harmonic, for all values of z, satisfying

O<z; <R
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(C) approximately harmonic,
g <R
(D) such that P crosses O and continues to move

along the negative z-axis towards z = —co.

simple provided

Two infinitely large plane sheets separated by a distance
[ carry a uniform surface charge densities +¢ and -o.
The planes have identical coaxial holes each of radius
R(I>> R). The potential and the field at a point on the
axis of the holes at a distance x from the midpoint O
between the holesis V' and E respectively. Then

olx olR?
(A) Ve—re—— (B) E=——35
2e)VR* +x* 2¢,(R2+x2)
o o
O V= D) E=——
© 2epx* D) 2¢,R’

At the corners of a square, four particles having
charges of the same magnitude are placed. If the elec-
trostatic potential and field at the centre of the square
due to these four charges is V and E respectively,
then by suitably selecting the signs of the four charges
of identical magnitude, which of the following condi-
tions can be achieved?

(A) V=0,E=0
(C) V=#0,E=0

(B) V=0,E=+0
(D) V=0, E#0

A pendulum bob of mass m=71mg, carrying a
charge of Q=2x10"C, is at rest in a horizontal,
uniform electric field E =20000 Vm . The tension T
in the thread of the pendulum is T and the angle it
makes with the vertical is 8. Then

(A) 0=27° (B) T =880 uN

(C) T=803uN (D) 8=30°

Four identical charges each having a charge q are
placed at the points (a,0,0), (0,4,0), (-4,0,0) and
(0,-a,0).Let Vyand E, be the potential and the field
at the origin, V and E be the potential and field at all
points on the z axis, other than the origin, then

(A) Vy#0 (B) E;=0

(C) V=0 (D) E#0, along z-axis

34.

35.

36.

37.

38.

For spherical symmetrical charge distribution, varia-
tion of electric potential with distance from centre is

L . q
iven in diagram. Given that V = for r<
& & dre,R, Ko
and V=—T— for r2R,
dre,r
VA
i
i r
r= RD "

Then which option(s) is/are correct

(A) Total charge within 2R, is 4.

(B) Total electrostatic energy for r <R, is zero.

(C) At r=R, electric field is discontinuous.

(D) There will be no charge anywhere except at r = Ry,

In a region of space three charged particles are
observed to be in equilibrium under their mutual elec-
trostatic forces only. Then the particles

(A) mustbe collinear.

(B) cannot possess the same magnitude.

(€) cannot possess the same sign.

(D) will be in unstable equilibrium.

Under the influence of the Coulomb field of charge +Q,

a charge —4 is moving around it in an elliptical orbit.

Find out the correct statement(s).

(A) The angular momentum of the charge —¢ is
constant.

(B) The linear momentum of the charge -g is
constant.

(C) The angular velocity of the charge —q is constant.

(D) The linear speed of the charge —4 is constant.

At the corners of an equilateral triangle of side /, three

point charges are placed such that the only interaction

force between them is the electrostatic force. Then this

system of three charges will be

(A) in equilibrium if the charges have the same mag-
nitude but all do not have the same sign.

(B) in equilibrium if the charges have different mag-
nitudes but all do not have the same sign.

(C) in equilibrium if the charges rotate about the cen-
troid of the triangle.

(D) never in equilibrium.

A few electric field lines for a system of two charges
Q, and Q, fixed at two different points on the x-axis
are shown in the figure. These lines suggest that
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(A) [Q]>]Q,]
(B) ‘Q1‘<|Qz‘

(C) at a finite distance to the left of Q, the electric
field is zero

(D) at a finite distance to the right of Q, the electric
field is zero

Which of the following is/are incorrect statement?

(A) Electric field is always conservative

(B) Electric field due to a varying magnetic field is
non-conservative

(C) Electric field due to a stationary charge is
conservative.

(D) Electric field lines are always closed loops.

A particle of mass m and charge ¢ is fastened to one
end of a string of length . The other end of the string
is fixed to the point O. The whole system lies on a fric-
tionless horizontal plane. Initially, the mass is at rest
at A. Auniform electric field in the direction shown is
then switched on. Then

(A) the speed of the particle when it reaches B is
2qEl

m

(B) the speed of the particle when it reaches B is

[
m

(C) the tension in the string when particles reaches at
B is gE

(D) the tension in the string when the particle reaches
at B is 2gE

A, B and C are three concentric metallic shells. Shell
A is the inner most and shell C is the outermost. A
is given some charge and shell C is earthed. Select the
correct statement(s).

42.

43.

44,
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(A) The inner surfaces of B and C will have the
same charge

(B) The inner surface of B and C will have same
charge density

(C) The outer surface of A, B and C will have the
same charge

(D) The outer surface of C will have no charge
density

Two charge Q; & Q, placed at(0,0,0) and (4, 0, 0) are

such that x component of field is zero at [E, a, 0].
Then 2

a
7

(A) y component of field is zero at (2 0, a]
& 2

B =
(B) 0,1
Q
0 =—=1

()Qz

(D) y component of field is zero at (%, a, O]

An electrically isolated, hollow conducting sphere
has a small positively charged ball suspended by an
insulating rod from its inside surface, as shown. This
causes the appearance of negative charge on the inner
surface of the sphere. The electric field outside and far
from the conducting sphere is approximately

(A) zero

(B) the same as if the sphere was not there

(C) half what it would be if the sphere was not there
(

D) where r is the distance from centre of

Ameyr® '

sphere

Two identical conducting balls have positive charges

4, & g, respectively. The balls are brought together

so that they touch and then put back in their original

positions. The force between the balls may be

(A) The same as it was before the balls had been
touched.

(B) greater than the force before the balls had been
touched

(C) less than the force before the balls had been
touched

(D) zero
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Figure shows two dipole moments parallel to each
other and placed at a distance x apart (where x is
very large compared to size of dipoles) then

+Q1 +q2
Py P2
X
=G =02

(A) they will repel each other
(B) they will attract each other

(C) force of interaction is of magnitude of 3PPy

dmeyxt

6p1P2

(D) force of interaction is of magnitude of n
drmeyx

A positive point charge is placed at P in front of an
earthed metal sheet 5. Two points Q and R liebetween
P and S as shown. If the electric field strength at Q
and R are respectively E, and E; and potential at Q
and R are respectively V, and Vi, then

QP
*Q
R

S

1

(B) Ep<Eg
(D) Vp<Vg

(A) Eg>Ey
©Q Vo>Vi

A particle of mass 2 kg and charge 1 mc is projected
vertically with a velocity 10 ms™. There is a uniform
horizontal electric field of 10* NC™. Select the correct
statements.

(A) The horizontal range of the particle is 10 m.

(B) The time of flight of the particle is 2 s.

(C) The maximum height reached is 5 m.

(D) The horizontal range of the particle is zero.

A certain spherical region contains no charge, then

(A) Electric field at any point in the sphere must be
Zero.

(B) Electric field at any point in the sphere may not be
zero.

(C) Electric potential at any point in the sphere must
be zero.

(D) Electric potential at any point in the sphere may
not be zero.

49,

50.

51.

52.

Adipole is placed in the electric field created by a uni-
formly charged long wire. It is possible that the dipole
experiences

(A) No net force but a net torque

(B) No net force and no net torque

(C) Anet force but no net torque

(D) Anet force and a net torque

In front of an earthed conductor, a point charge +4 is
placed as shownin figure. Select the correct statement(s).

Q
+q

(A) On the surface of conductor the net charge is
always negative.

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

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

(D) None of these

A charged particle g is placed at a distance d from the
centre of conducting sphere of radius R(<d) , then in

1
static condition at the centre of sphere | k=—— | we
h dre,

ave

(A) magnitude of electric field due to induced charge

(C) magnitude of electric field due to induced charge
is zero

k
(D) magnitude of electric field due to charge g is 1

£

We have an infinite non-conducting sheet of negligible
thickness carrying a uniform surface charge density
-0 and next to it, an infinite parallel slab of thick-
ness D with uniform volume charge density +p. All

charges are fixed.
i

+p

— g —>
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(A) Magnitude of electric field at a distance i above
pD-ao
2¢,
(B) Magnitude of electric field inside the slab at a
distance h below the negatively charged sheet
o+p(D-2h)
2¢,

the negatively charged sheet is

(h<D) is

(C) Magnitude of electric field at a distance h below
pD-o
4g,

the bottom of the slab is —

(D) Magnitude of electric field at a distance /1 below
pD-o

the bottom of the slab is

A conducting sphere A of radius a, with charge Q, is
placed concentrically inside a conducting shell B of
radius b. B is earthed. C is the common centre of A
and B, then the

B

(A) field at a distance r from C, where a<r<b, is
Q

4me,r?

(B) potential at a distance r from C, where a<r<b,

is
dme,r

(C) potential difference between A and B is
&(1_1]
dmgg\a b

(D) potential at a distance r from C, where a<r<b,
is &[ l — l ]
dre\r b
Four spheres each of different radii named a4, b, ¢,
d are given. Each is solid, insulating and uniformly
charged. The variation of electric field with distance
r from the centre is given. Straight portion of curve ¢

and d is overlapping and straight portion of curve a
and b is overlapping. Select the correct statement(s).

55.

56.

57.

58.
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(A) Radius of sphere 2> Radius of sphere b

(B) Radius of sphere 2 < Radius of sphere b

(C) Volume charged density of ¢> volume charged
density of b

(D) Volume charged density of ¢< volume charged
density of b

Aconductor A is given a charge +() and then placed

inside a deep metal can B, without touching it. Then

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

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

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

(D) if B is earthed, the potential of A is increased

A positive charge of g; is located 3 m to the left of a
negative charge —g,. Magnitude of charge g, greater
than magnitude of negative charge g,. The net elec-
tric field intensity is zero at a point on the line passing
through charges and 1 m to the right of —g,. On this
line there are also points where the potential is zero.
Location of these two points relative to the negative
charge is/are

(A) at 0.2 m left of negative charge
(B) at 0.2m right of negative charge

(©) at % m left of negative charge
(D) at % m right of negative charge

Select the correct statement(s).

(A) When a positively charged sphere is brought near
a metallic sphere, it is observed that a force of
attraction exists between two, which means the
metallic sphere become negative charged.

(B) Agiven conducting sphere cannot be charged to a
potential greater than a certain value.

(C) Potential difference between two points lying in a
uniform electric field may be equal to zero.

(D) Potential difference between two points lying in a
non-uniform electric field may be equal to zero.

Ablock having mass m and charge q is connected by
spring of force constant k. The block lies on a friction-
less horizontal track and a uniform electric field E acts
on system as shown. The block is released from rest
when spring is unstretched (at x =0). Then

—» F
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(A) Maximum stretch in the spring is %
(B) In equilibrium position, stretch in the spring is
qE
¢ E
(C) Amplitude of oscillation of block is q?

(D) Amplitude of oscillation is %

A uniform electric field of magnitude E; exists in a
region at an angle 45° with x-axis. There are two
point A (a,0)and B (0, b) having potential V, and
V3 respectively, then

(A) VA>VE 1f.51>b (B) VA=VB l.fa=b

C) Vy>Vgifa<b (D) V,<Vgifa>b

A simple pendulum of length / has a bob of mass
m, with a charge ¢ on it. A vertical sheet of charge,
with charge ¢ per unit area, passes through the point
of suspension of the pendulum. At equilibrium, the

REASONING BASED QUESTIONS

61.

string makes an angle @ with vertical. Its time period
of oscillation is T in this position. Then

®) tand= i (B)
EgiMig

(C) T<2n F (D)
8

Two point charges Q; and Q, lie along a line at a dis-
tance from each other. Figure show the potential varia-
tion along the line of charges

A) Q, is positive and Q, is negative.

B) Q, isnegative and Q, is positive.

C) Magnitude of Q, is more than magnitude of Q;.
D) Electric field is zero at 3.

— p— — —

This section contains Reasoning type questions, each having four choices (A), (B), (C) and (D) out of which ONLY ONE is
correct. Each question contains STATEMENT 1 and STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT 2 is the correct explanation of STATEMENT 1.
Bubble (B) If both statements are TRUE but STATEMENT 2 is not the correct explanation of STATEMENT 1.
Bubble (C) [f STATEMENT 1is TRUE and STATEMENT 2 is FALSE.

Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2 is TRUE.

1.

Statement-1: If there exists coulombic attraction
between two bodies both of them may not be charges.
Statement-2: In coulombic attraction two bodies are
always oppositely charged.

Statement-1: Two charges 4, and g, are placed at
separation r. Then magnitude of force on each charge
is F= 12

drer

Statement-2: Now a third charge g is placed near g,
and g,. Then force on ¢; due to g, remains F.

Statement-1: While going away from a point charge
or a small electric dipole, electric field decreases at the
same rate in both the cases.

Statement-2: Electric field is inversely proportional to
square of distance from the point charge.

4,

Statement-1: The potential of an uncharged conduct-

ing sphere of radius R, for a point charge g located at
1

dmeyr

distance r from its centre (r>R) is

Statement-2: Electric field intensity inside the conduc-
tor is zero therefore potential at each point on conduc-
tor is zero.

Statement-1: When a neutral body is charged nega-
tively, its mass increases slightly.

Statement-2: When a body is charged negatively, it
gains some electrons and electron has finite mass :
though quite small

Statement-1: Electric field at a pointis always inversely

proportional to (distance )’
Statement-2: Electric field due to a line charge at a
point is inversely proportional to distance.
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Statement-1: Any charge will move from electric
potential V| to V, by its own only when V, <V,.

Statement-2: Electron moves from V; =2V towards
V,=4V.

Statement-1: Electric field intensity within an isolated
conductor will be zero.

Statement-2: No net charge can exist within an iso-
lated conductor.

Statement-1: Excess charge on a conductor resides
entirely on the outer surface.

Statement-2: Like charges repel each another.

Statement-1: The surface of a charged conductor is
always equipotential.

Statement-2: Electric field lines are always perpendic-
ular to the equipotential surface.

Statement-1: When a charged body is brought near to
an uncharged conducting body, equal and opposite
charge is induced on the nearer surface of the conduct-
ing body.

Statement-2: Net electric field inside the conductor is
zero.

A charge is launched with a velocity perpendicular to
uniform electric field then

Statement-1: Initial power delivered by electric field is
zero.

Statement-2: Path of charged particle is circular.

Statement-1: A charge conductor may have charged
particle inside it.

Statement-2: There can’t exist electric field line inside
the conductor.

Statement-1: Electric field intensity at surface of uni-
formly charge spherical shell is E. If shell is punctured
at a point then intensity at punctured point become 7

Statement-2: Electric field intensity due to spherical
charge distribution can be found out by using Gauss
Law.

Statement-1: For practical purposes, the earth is used
as a reference at zero potential in electrical circuits.

16.

17.

18.

19.

20.
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Statement-2: The electrical potential of a sphere of
radius R with charge Q uniformly distributed on the
Q

4regR

surface is given by

Statement-1: Induced charge does not contribute to
electric field or potential at a given point.
Statement-2: A point charge g, is kept outside a solid
metallic sphere, the electric field inside the sphere is
zero.

Statement-1: A point charge g is placed in front of a
solid conducting sphere. Electric field due to induced
charges at the centre of sphere is zero.

Statement-2: Electric field at a point inside the solid
body of conductor is zero.

, q
Statement-1: Consider a conducting sphere of radius
R.Now a charge g is placed in front of sphere. Electric
q

potential at point O is ——.
4meyr

Statement-2: Electric potential at the centre of sphere
due to induced charges is zero.

Statement-1: A metallic shield in form of a hollow
shell may be built to block an electric field.

Statement-2: In a hollow spherical shield, the electric
field inside it is zero at every point.

Statement-1: If a point charge 4 is placed in front of an
infinite grounded conducting plane surface, the point
charge will experience a force.

Statement-2: This force is due to the induced charge
on the conducting surface, which is at zero potential.
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LINKED COMPREHENSION TYPE QUESTIONS

This section contains Linked Comprehension Type Questions or Paragraph based Questions. Each set consists of a Paragraph
followed by questions. Each question has four choices (A), (B), (C) and (D), out of which only one is correct. (For the sake of
competitiveness there may be a few questions that may have more than one correct options)

Comprehension |

In the classical model of a hydrogen atom, the electron
revolves around the proton in a circle of radius r=0.53 A.
The magnitude of the charge of the electron and proton is
e=1.6x10"" C. Based on the above facts, answer the fol-
lowing questions.

1. The magnitude of the electric force between the proton
and the electron is
(A) 82x10°N
(C) 82x10° N

(B) 82x107 N
(D) None of these

2. The magnitude of the electric field due to the proton at
distance r is

(A) 5.76x10 NC™*
(C) 576x10" NC™

(B) 5.76x10" NC™
(D) None of these

3.  The ratio of the magnitudes of the electrical and gravi-
tational force between electron and proton is
(A) 22x10¥, dependent on r
(B) 2.2x10%, dependent on r
(C) 2.2x 10%, independent of r
(D) 22x10%, independent of r

Comprehension 2

An oil drop of radius r=1.64x10"° m having mass den-
sity  poii =8.51x10% kgm™ is allowed to fall from rest.
It, then enters into a region of constant external field E
applied in the downward direction. The oil drop has an
unknown electric charge 4. The magnitude of the electric
field is adjusted till the gravitational force, P =mg =-mgj
on the oil drop is exactly balanced by the electric force,
F =qE . Suppose this balancing occurs when the value of
electric field is given by E=-E,j=-(192x10° NC)j,
with E, =1.92x 10° NC™". Based on the above facts, answer
the fol[owing questions.

4. The mass of the oil drop is
(A) 157x107™ kg

(C) 1.57x10% kg

(B) 157x107" kg
(D) 157x107" kg

5. The oil drop falls short of electrons or has the excess
electrons amounting to N. Then
(A) N(=4), short of electrons

(B) N(=5), short of electrons

(C) N(=4), excess of electrons
(D) N(=5), excess of electrons

Comprehension 3

An electron is injected (att=0) horizontally into a uni-
form field produced by two oppositely charged plates hav-
ing length | and separation d, as shown in figure. The par-
ticle has an initial velocity 7, = on perpendicular to E = E}'.

y
— | —
l— | —»i
DPI
[ e e Yo
— — ] ¥
i [
00— X
0 l 34
Screen

Based on the above facts, and the figure provided, answer
the following questions.

6. The path followed by the electron is a/an
(A) straight line (B) ellipse
(C) cycloid (D) parabola

7. Thetime t; taken by the electron to leave the plate s ¢,.
Then

2lm !
(A) 1 (B) h=—
eE (N
2md d
© h= "= (D) ==
¢E (N

8. The velocity of the electron at time #; when it leaves
the plates is

eEY |
@) (ﬂa

©) L,,‘mzvg +ePE?

muy

(B) Uy
(D) None of these

9.  The vertical displacement of the electron, y; after time
t, when it leaves the plates is

eE!Z eEl*
(A) n= B) h=—7>
mu, muy
eEl? eEl*
© n=—= D) n=—7=

2mu, mo
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10. The electron makes an angle 6 with the horizontal,
when leaving the plates at time £;, then

El El

(A) sinf=-—— (B) sinf=———
muy 2muy

O) tang="EL (D) tang=—LL
2 2

v, muy

11. The electron hits the screen located a distance L from
the end of the plates at a time t,. The total vertical dis-
placement of the electron from time =0 until it hits
the screen at £, is y. Then

wrE(t) w i)

muy

eEl eEl !
C = L+1 D = [L —)
© v 2mv§( +h) D)y 2mv§ +2

Comprehension 4

Two parallel plates having charges of equal magnitude but
opposite sign are separated by 12 cm. Each plate has a sur-
face charge density of 36 nCm . A proton is released from
rest at the positive plate. Based on the above facts, answer
the following questions.

12. The potential difference between the plates is
(A) 288V (B) 383V
(C) 244V (D) 488V

13. The kinetic energy of the proton when it reaches the
negative plate is
(A) 39x1077]

(C) 46x1077]

(B) 7.8x1077]

(D) 62x1077]

14. The speed of the proton just before it strikes the nega-
tive plate is
(A) 106 kms™
(C) 306 kms™'

(B) 235 kms™
(D) 216 kms™'
15. The acceleration of the proton is
(A) 39%10" ms™ (B) 4.68x10" ms™
(C) 23x10" ms™ (D) 1.95x10" ms™
16. The force acting on the proton
(A) 651x10™ N (B) 7.81x1077 N
(C) 384x10°N (D) 325x107* N

Comprehension 5

Two positive point charges each of magnitude g are
placed on the y-axis at the points (0, ) and (0,-a).

Chapter 1: Electrostatics 1.195

A positively charged particle of charge g, and mass m,
when displaced slightly from the origin in the direction of
the negative x-axis attains a speed v, at infinity. When the
particle is projected towards the left along the x-axis from
a point at a large distance towards the right of the origin
with a velocity half the value of v, then it comes to rest
at a point P(x, 0). Again, if a negatively charged particle
from the rest (assume the negatively charged particle to
be at very large distance towards the left of origin), then
this negatively charged particle crosses the origin with a
speed ©. Based on the above facts, answer the following
questions.

17. The value of v, is

2negma REgma
T (D) None of these
3megma

18. The value of x is

(A) 3a (B) 4a
(C) V2a (D) 154
19. The value of v is
Y% Y%
(A) 3 (B) )
Uy
©) v (D) 1

Comprehension 6

A particle of mass m, carrying a charge Q, is fixed on the
surface of Earth. Another particle, mass m; and charge Q,
is positioned right above the first one at an altitude h <R,
with R the radius of the Earth. The charges Q;and Q,
have the same sign. Based on the above facts, answer the
following questions.

20. The velocity of m; atapoint P very close to Q,, a dis-
tance h; from the surface of earth, if the initial velocity
of m; was zero and air drag and earth’s electric field
being ignored, is

00, 00,
@) Zghizﬂsohlml B) 28 dreyhymy
© \2gh

21. The magnitude of charge Q, at which the velocity of
my, at altitude h, is zero is given by

(D) None of these
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L]
ey, ghh 4me.m, ghh 24. The potential of A is
(A) Q,="0NE2 (B) Q,= & p
Ql Q1 Q Q
(A) - (B) -
2megm ghhy ey ghh, 4megR 127gyR
© Q= Tam8y ) g, M
v . © -2 (D) None of th
one of these
22. At what altitude h; will object m; be in equilibrium 16me,R

and what will be the nature of the object’s oscillations

25. The potential of B is
if it is disturbed from equilibrium?

Q

(A) (B)
(A) hy= & , periodjc dme,R 1271, R
dmeym g
© 2 o) 2
(B) hy= /& , periodic and oscillatory 6meoR 487egR
2megn g
Comprehension 8
QQ - .
€ hy= m' periodic and oscillatory Arod of length L is placed along the x-axis with its left end
o at the origin and has a non-uniform charge density varying
(D) None of these as A=ox, where o is a positive constant.

Comprehension 7 y
Figure shows three concentric spherical conductors A, B B?
and C withradii R, 2R and 4R respectively. Aand C i

are connected by a conducting wire and B is having a uni- d
form charge +Q. - '

— — X

A — | —»

O —w

Based on the above facts and the figure provided, answer
the following questions.

26. The dimensional formula for o is

(A) M?2T7'A (B) M°L™TA
(C) ML'TA (D) ML’T'A

27. The electric potential at A, for d = % is given by

Based on the above facts, answer the following questions. (A) o (L-1log,5) (B) o (L+log,5)
A, ‘ 4, ‘
23. Charge on the conductor A is g, and thaton C is g,. ! 0

Then o o
C) —(1-log.5 D) —(1+log,5
. © e (1-ls:5) (D) {1+ log.5)
(A) qa=qc=-= . : : :
3 28. The electric potential at point B that lies along the

L
(B) q,= Q and g. = @ perpendicular bisector of the rod a distance b= J_%
3 3 above the x-axis is given by
Q Q ol al
C == and g-=-— A) —1 B) —1
© g1=7 and ge=—= (A) e 0g.(3) (B) e, 0g.(6)
_Q _Q 0 “Liog,(3) D) L iog (6)
D) 4= ; and fc=7 © Sz, OB (D) Sz, B
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L]
Comprehension 9 ©) E,
4
Suppose that the electric potential varies along the x-axis as —
shown in Figure below. L
V(Volts) o
b B .,
i w1 1T -3 -2 -1 12 3
- S
L D E
Sk v
1 1 1 : _:
The potential does not vary in the y or z-direction. Of the -3 -2 12 3 "

intervals shown (ignore the behaviour at the end points of
the intervals). The field E, has a maximum absolute value

of FB1 Vm™ in region FB2. Its value in the region CD is I

FB3 Vm . Based on the above facts, answer the following
questions.

29. The value that fills FB1 is

30.

3L

32.

@) 5

15
© )

25

(A) ab

(C) be

(A) 1
©) 3

The region that fills FB2 is

The value that fills FB3 is

The plotof E, vs x is

(A) E,
I 3
-
-
] | |
AN T
| | 1 | x
32| 12
(B) E
A
.
L P
-3 -2 -1 12

None of these

33. Inthe V vs x curve, the potential possesses a zero

value at
12 5
A) x=—-— B =——
(A) x 5 m (B) «x 13m
13 14
C) x=——m D) x=-—m
©) 5 (D) 5

Comprehension 10

A particle of charge +3x10” C is in a uniform field
directed toward left. It is released from rest and moves a
distance of 5 cm after which its kinetic energy is found to
be 4.5x107 J. Based on the information supplied, answer
the following questions.

34. What is the work that is being done by the electrical

force?

(A) 90 1] (B) 454

C) 154 (D) None of the above
35. The magnitude of the electric field is

(A) 0.3MNC' (B) 3MNC'

(C) 05MNC! (D) 1L5MNC!
36. The potential of starting point w.r.t. the end point is

(A) 1kV (B) 10kV

(C) 1.5kV (D) 15kV

Comprehension 11

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

o)
F 3

U

37. The electric field at r=R is
(A) independent of a
(B) directly proportional to a
(C) directly proportional to a*
(D) inversely proportional to a

38. For n=0,thevalue d (maximum valueof p asshown
in the figure) is

3Z¢% 3Ze
A B) =
(4) 47R3 (®) 7R?
47e Ze
C D
© 3R’ D) 3R>

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

(A) a=0 (B) a:%
2
(©) a=R (D) a-?

Comprehension 12

A region in space contains a total positive charge Q thatis
distributed spherically such that the volume charge density
is given by

r:rforrsE

2

p(r)= . )

20:(1——) for —<r<R
R 2

where o is a positive constantand p(r)=0 for r>R.
Based on the above facts, answer the following
questions.

40. The fraction of total charge contained in the region

R,
r<— is
2
4 8
(A) T (B) 5
7 11
(©) T (D) T

41. If an electron is placed at the centre of this arrange-
ment and slightly displaced then it will execute SHM.

. . _— . R .
The time period of oscillation assuming x < — is

2
A) 27 gommR> 157,mR’
8 8Qe
© 2r —

B) 2n
0e (B)
3 2
0 2 7megmR D) 21 13megmR
8Qe 6Qe
Py . R .
42. The electric field in a region 3 <r<Ris

RP 2
(a) = +ﬂ(1—i]
24rg, 3¢ R

(B) ok’ +@(1—1]

8r’e, 6g\ R
3
© _g+£( _L)
RP 2
(D) _ o 2+ﬂ( _E]
968@?‘ 380 4R

Comprehension 13

Two spherical cavities, of radii 2 and b are hollowed out
from the interior of a neutral conducting sphere of radius R.
At the centre of each cavity, a point charge is placed. Call
these charges ¢, and g, distance between g, and g, is r.

Based on the above facts, answer the following questions.

43. The force on charge g, is.

(A) oo qa(% +qb)
4n£0r2 4:r£DR2
(C) (qa )(qn + ) (D) zero

dreyr?

44. The field outside the conductor at any point P at a
distance 7,(>R) from centre of conductor?



L]
A a B Ja t 4o
*) 47r60r02 ®) 4?r£0R2
C Ga 0 D b
© Amegty ®) dmegrd

45. In each cavity, there is certain electric field say E. If
another charge g, were brought near the conductor
then E
(A) increases.

(B) decreases.
(C) remains same.
(D) depends on the nature of charge 4.

Comprehension 14

A small plastic ball of mass m covered with a thin zinc
coating, is suspended by means of an insulating thread
from a fixed point. There exists an electric field of magni-
tude E directed along horizontal. Now ultraviolet light is
made to incident on the ball due to which it acquires a posi-
tive charge. Acceleration due to gravity is g. Based on the
above facts, answer the following questions.

46. What is the origin of positive charge acquired by the
ball?
(A) Excess of protons in plastic ball
(B) Deficiency of electrons in zinc coating
(C) Deficiency of electrons in plastic ball
(D) Some positively charged particles given by ultra-
violet light

47. 1f the string makes an angle @ with the vertical, when
the ball comes to equilibrium, the number of electrons
lost by the ball is

mg mgsin@

A) = B) ——
(A) F (B) T

mgtan mgcot@

© T2 (D) M8
eE eE

48. If the charge that suddenly appears on the ball is g,
what is the maximum angle by which the string gets

deflected?

(A) tan-l(’:g] (B) tan_l(zgg]

(C) 2tan” (QE] (D) tan-l[ﬁ)
mg mg

Comprehension 15

Aball of radius R carries a positive charge whose volume
charge density depends only on the distance r form the
ball’s centre as.
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r
p=n{1-3)
where p, isa constant. Assume ¢ as the permittivity of the

ball, answer the following questions.

49. The magnitude of the electric field as a function of the
distance » outside the ball is given by

PORS PDR3
A E = B E =
@) 8er’ (B) 12¢r”
© E=PE 0 E< PR
8er’ 12¢r°

50. The value of distance r,,, at which electric field inten-
sity is maximum, is given by

R 3R
A =— B = —
() 1w =3 B) ==
2R 4R
Q) r,=— D)r =—
( ) m 3 ( ) m 3
51. The maximum electric field intensity is
poR Po
A E = B E =
W En = ® = or
© =22 ) £, =22
3¢ b

Comprehension 16

Two positive point charges A and B have charge +4 and
2q, mass m and 2m respectively as shown.

Both the charges are released from rest when they are at a
distance [ apart. Neglect gravity and also assume the only
force acting on either charge is the electrostatic force due to
each other. Based on the above facts, answer the following
questions.

52. The speed of charge A at the instant separation
between both charges is 2Iy is

(A) (B) q

v-._.

lZfrEUmI

©

(D)

47r£Dmi 37r£0m1

53. The work done by electrostatic force on charge A
while the separation between both charges changes
from [ to 2] is
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2 2
@A) —! (B)
12]?.'801 67{€0l
2 2
q q
C D
© el ©) 24me,l

54. Total work done by electrostatic force on charge A+
charge B while the separation between both charges
changes from [ to 2! is

2 2
(A) —! B) 2
12me,l o7l
2 2
q q
C D
© el ©) 247e,l

Comprehension 17

A thin ring of radius R metre is placed in x-y plane such
that its centre lies at origin O. The half ring in region x <0
carries uniform linear charge density +4cm ™ and the
remaining half ring in region x>0 carries uniform linear

charge density ~4 cm™.

Based on the above facts, answer the following questions.

55. The electric potential (in volt) at point P whose coor-
. R .
dinates are | 0, 3 m is

(A) zi ®) 0
?ISO
A A
O o o

56. The direction of electric field at point P whose coordi-

R .
nates are | 0, E m is

(A) along positive x-direction
(B) along negative x-direction
(C) along negative y-direction

(D) not possible to be determined.

57. The dipole moment of the ring in Cm is
A) -(27R%)i ®) (27R%)i

© -(4r%2)i D) (4rR%2)i

Comprehension 18

A metal sphere of radius R, carrying charge g, is sur-
rounded by a thick concentric metal shell (inner radius a4,
outer radius b). The shell carries no net charge.

G

b

Based on the above facts, answer the following questions.

58. The surface charge density ¢ at r=R, r=a and

r=bis

(&) ok = 4;122’ %= 4;1:2’ %= 4;?{:2
®) 0n= 4;122’ %= 4;22’ %= 4:?{;2
) ox= 4;]22’ o= 4::::2’ o= 4:?52

q q -
D) oz = , 0, = , 0=
D) o 47R? dma® b 4nbh?

59. The potential at the centre, assuming potential to be
zero at infinity is

(A) L(l_lj B) L[LL}]
dreg\ R« dreg\R a b
© 1 D) L(E_L,l]
dme R dreg\b a R

60. Now the outer surface is touched to a grounding
wire, which lowers its potential to zero. Now the
potential at the centre (Assume at infinity also poten-
tial is zero)

(A) L[l_l} B) L[LLE}
dmeg R a dreg|R o b

q g [1 1 ]:|

Dy —|Z_Z24+=

(C) 47T£OR ( ) 471'80 |:b a " R
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MATRIX MATCH/COLUMN MATCH TYPE QUESTIONS

Each question in this section contains statements given in two columns, which have to be matched. The statements in
COLUMN-I are labelled A, B, C and D, while the statements in COLUMN-II are labelled p, q, 1, s (and t). Any given
statement in COLUMN-I can have correct matching with ONE OR MORE statement(s) in COLUMN-IL The appropriate
bubbles corresponding to the answers to these questions have to be darkened as illustrated in the following examples:

If the correct matches are A —» p,sand t; B - qand r; C - p and g; and D — s and t; then the correct darkening of
bubbles will look like the following:

p g r s t
APOOOO®
ONONGXONO)
FIONONGXORO,
DPOOOO®
1. Match the forces given in COLUMN-I with the prop-
erties given in COLUMN-II COLUMN-| COLUMN-I
(A) Q=+q, displaced (p) Force on Q before
ol D along x-axis being displaced is
(A) Electrostatic force | (p) Conservative zero
of a nucleus on an (B) Q=—q, displaced | (q) Potential energy
electron along x-axis of the system is
(B) The force attracting | (q) Action-reaction maximum
a man towards the force (C) Q=g, displaced (r) Potential energy
centre of the earth along y-axis of the system is
(C) Force between earth | (r) Depends on the minimum
and sun nature of medium (D) Q=-y, displaced (s) The charge Qis in
petweer} the . along y-axis stable equilibrium
interacting objects
(t) Executes SHM about
(D) Force between two | (s) Principle of 0
protons Superposition is
applicable
3.  Match COLUMN-I with COLUMN-II
(t) Repulsive
COLUMN-I COLUMN-II
2. Inthe arrangement shown, identical charges, each +g (A) Force on an electron in an | (p) Gravitational
are fixed at A and B respectively. O is the midpoint atom force

of AB=2I. A charge Q is placed at O and can be
displaced slightly either along x -axis or along y-axis
and then released. Assume () to move only along the
axis along which it had been displaced. Now match
the options in COLUMN-I to the information in

(B) Force between a proton (q) Strong force
and a neutron inside
nucleus

(C) Force between a proton (r) Coulomb force

COLUMN-II (regarding Q at O) and proton inside nucleus
Y i (D) Conservative force (s) Electric force
?
i (t) Spring force
+q i +q 4. Match the facts given in COLUMN-I with the systems
G- Ormmmene O -=--x given in COLUMN-II
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COLUMN-I COLUMN-II

(A) Electric field (p) Anon conducting
strength is zero in solid sphere
the volume charged uniformly

(B) Electric field strength | (q) A conducting

is non-zero in the spherical shell
volume but zero at charged uniformly
the centre

(C) Electric field strength | (r) A non conducting
is maximum on the hollow sphere
surface charged uniformly

(D) Electric field
strength outside
the system varies
inversely as the
square of the
distance from the
centre

(s) A conducting solid
sphere charged
uniformly

Figure (A) and (B) show a uniformly charged ring and
a uniformly charged disc of large radius R, Figure (C)
is a uniformly charged infinite thread and figure (D)
shows a uniformly charged infinite sheet. In each fig-
ure let us consider the point O as the reference and
then move away from O along the +x axis. If E;, E,,
E; and E,; be the respective fields, then match the
contents of COLUMN-I with those of COLUMN-IIL.

—_———
=

Ring of finite radius
(A) B)

>
R

Infinite line of charge Infinite sheet of charge
©) D)

(]
COLUMN-I COLUMN-II
(A) E, (p) decreases
(B) E, (q) is constant near it and then
decreases
©) E, (r) is discontinuous at O
(D) E, (s) is constant
(t) first increases and then
decreases

In figure a conducting spherical shell of inner radius
x and outer radius y is concentric with a larger con-
ducting spherical shell of inner radius a and outer
radius b. The inner shell has a total charge +3Q and
the outer shell has a total charge +5Q. Consider a
point P arbitrarily taken in the regions of the system
of these two shells. Based on the facts provided, match
the contents of COLUMN-I with the locations of the
point P mentioned in COLUMN-IL

COLUMN-I COLUMN-II
(A) Electric field strength | (p) Outer surface of
is zero the larger spherical
shell
(B) Electric field strength | (q) Inner surface of
is non-zero the larger spherical
shell

(C) Magnitude of charge | (r) Outer surface of the
on this surface is 3Q smaller spherical
shell

(D) Charge on this
surface is +8Q

(s) Region between
inner and outer
surface of bigger
shell

(Contintied)
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L]
COLUMN-| COLUMN-II COLUMN-| COLUMN-II
(t) Region between (A) E£0,V=0 (p) WP ©
inner and outer ! !
surface of smaller | |
shell ! !
&------- @
7. For the electric dipole shown in figure, match the facts
in COLUMN-I with the facts in COLUMN-II (B) E=0, V20 (@) @r=mmmmer ©
10 i |
i | |
—q i +q &--oo-- @
AT o B o C) E=0,V=0
A 10 B C =0,V=0  |(t) ®-------
S © () @ f
—— 22— : |
i i
COLUMN-I COLUMN-II B -emmme 4
(A) Electric potentialis | (p) Point A (D) E#0,V=0 (SIir e @
Zero | :
| |
(B) Direction of electric | (q) Point C (on the axial i i
field strength is line) \ i
opposite to the br------- ©
direction of electric
t _______
dipole moment of the “ (?- -(?
dipole E E
I I
(C) Direction of electric | (r) Point O | i
field strength is & ------ @
the same as that
of electric dipole 9. Match COLUMN-I with COLUMN-II
moment
(D) Electric field (s) Any point on the Selilin e
strength at C and equatorial line of the 1 (p) At large distance from the
D for OC>»a and dipole. (A) Ee— centre of the dipole
OD>a are E: and '
Ep 1 (q) Atlarge distance from
(®) E.>E (B) Eo 2 the centre, at the axis of a
b uniformly charged ring.
8.  Four charges, all having same magnitude are placed O E 1 (r) Due to an infinite charged
at the corners of a square of side a. At the centre of (€) Ee ) conducting plate.
the square, the electrostatic field and potential due
At large distance from th
to the system of four charges is E and V respectively. (D) Ee io ) axisa;;gz t;?na:gs du(::Itr]'ln ¢
Match the cases in COLUMN-T with the situations in r e el
COLUMN-II S

(Contintied)
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COLUMN-|

COLUMN-II

(t) Ata distance r from the
axis of a thin conducting
cylinder

10. Match COLUMN-I with the standard quantities /sym-

bols in COLUMN-II

COLUMN:-| COLUMN-II
(C) MLTZA™ (r) 9
(D) MI’T2A™ (s) &

(t) %,

13. A small conducting spherical shell with inner radius

11.

12,

COLUMN-I COLUMN-II
(A) Jm™ (p) &
(B) metre (q) P,
© Y 'm™! ( u

l‘) F
(D) farad 1%

(8) =

E
(t) %5052

A particle of charge —q, mass m moves in a region of
space between two plates from a plate at potential -V
to the plate at potential +V . The plate separation is d.
It K, U, T and E be the respective kinetic energy,
potential energy, total mechanical energy of the par-
ticle and E be the electric field between the plates,
then match the facts in COLUMN-I with those in
COLUMN-II

COLUMN-I | COLUMN-II
(A) K (p) constant
(B) U (q) firstincrease and then decrease
T (r) increase
(D) E (s) decrease
(t) other than those in (p), (q), (r)
or (s)

Match the dimensional formula in COLUMN-I with
the quantities in COLUMN-II

COLUMN-| COLUMN-II
(A) M'LPT4A% PV
(B) MIT3A™ (@ E

(Continued)

a and outer radius b is concentric with a larger con-
ducting spherical shell with inner radius ¢ and outer
radius d as shown in figure. The inner shell has total
charge +2q and the outer shell has charge —4q . Match
the column for the electric field (magnitude and direc-
tion) in term of g and distance r from the common
centre of two shells.

.
[

COLUMN-I COLUMN-II

(A) r<a (p) IEI=0

B) b<r< |E|= 1

(B) b<r<c (@ 2

(©) c<r<d (r) radially inward
(D) r>d (s) radially outward

14. A charged sphere is enclosed by a concentric neu-

tral conducting sphere as shown. The three region
are marked as I, I and III. Region I is inside hollow
charged sphere, region II is outside charged sphere
and inside uncharged (outer) sphere, while region III
is outside to both. Match the entries of COLUMN-I
with the entries of COLUMN-IL All answers have to
be given in steady state.
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COLUMN-II

COLUMN-I COLUMN-II COLUMN-I
(A) When S is open, (p) Electric field (C) When § is closed,
then in region II intensity is zero then in region I

(B) When S is open, then

(q) Electric potential is

(D) When S is closed,

(r) Electric field
intensity is non zero

(s) Electrical potential

in region III Zero

then in region II

1S non zero

15. Ineach situation of COLUMN-I, some charge distributions are given with all details explained. The electrostatic poten-
tial energy and its nature is given situation in COLUMN-II. Then match situation in COLUMN-I with the correspond-

ing results in COLUMN-IL

COLUMN-I COLUMN-II
(A) A thin shell of radius a and having a charge -Q uniformly distributed 2
over its surface as shown (p) in magnitude
8meqa
-Q
(B) A thin shell of radius % and having a charge —Q uniformly distributed @ = Z in magnitude
neya
over its surface and a point charge —Q placed at its centre as shown ’
-Q
(C) Asolid sphere of radius a and having a charge —Q uniformly 2
distributed throughout its volume as shown (r) e in magnitude
0

-Q
(D) A solid sphere of radius a and having a charge —Q uniformly
distributed throughout its volume. The solid sphere is surrounded by

a concentric thin uniformly charged spherical shell of radius 2a and
carrying charge —Q as shown

(s) Positive in sign

(t) Negative in sign
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16. In COLUMN-I various configuration of charges are
given and in COLUMN-II Information about elec-
tric field E and electric potential V' is given. Match
COLUMN-I with COLUMN-IL

COLUMN-I COLUMN-II
(A) Square (p) Potential at any
y point on z-axis is
q q zero.
- Gentre
L >
9

(B) Equilateral triangle
Y

_2q
Centroid
X

q g

(C) Regular hexagon

y
+q t -9
Centre

-q N X

+q -q

(D) Both squares are
equidistant from
origin

+q +q [t9 4

+q +q |+9 +q
Square

Square

(q) y-component
of electric field
intensity at any
point on z-axis is
Zero.

(r) Potential energy of
system is negative.

(s) z-component
of electric field
intensity at any
point on z-axis is
Zero.

(t) Potential is zero
but electric field
intensity is non-zero
at z-axis.

17. Match the column for electric field given in
COLUMN-II for the uniformly charged bodies in

COLUMN-L

COLUMN-|

COLUMN-II

(A) Hollow hemisphere,
atits centre
X T

X '
O ‘
+
. E
X

¥

(B) Solid hemisphere, at
its centre

oH
E

(C) On the axis of ring,
near its centre

Q
™+
+ +
E
—————— - —r—p
+ +
+ +

(D) Semi-infinite wire

4L
A

+

4

i
X ag

(p) _A
P Zﬁxeox

87e, R

(r)

8me,R*

Ax 3x2]
) ——|1-==
) ZEDRZ( 2R?

18. In a certain region of x-y plane, potential function is
given in COLUMN-I and corresponding electric lines
of force are given in COLUMN-II. Match the potential
function of COLUMN-I with their respective field line
representation in COLUMN-IL

COLUMN-I
(Potential Function)

COLUMN-II
(Electric Lines of Force)

(A

) V:xz—y2 (p)

y

N4
/TN

» X

(Continted)
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COLUMN-|

(Potential Function)

COLUMN-II

(Electric Lines of Force)

(B) V=xy

©) V=xt+y?

D) v=2
y

(
(s

A

ES

>

\

N
K

X
X

drawn near a point charge as shown in figure.

COLUMNE-I gives different surfaces and COLUMN-II
corresponding electric flux. Match the entries of

r//lpfinite sheet

COLUMN-I to COLUMN-IL

19. Consider the imaginary surfaces S;, S,, S; and S,

Chapter 1: Electrostatics 1.207

COLUMN-I COLUMN-II
)5 ®
®) % @ 5-
% 0 o
s © &

20. Two spherical shells shown in figure have uniformly
distributed charge 4, and g,.If r is the distance of a
point from common centre and

E, is electric field for r<R,,

E, is electric field for R; <r<R;,

V is electric potential for r <R, and
V, is electric potential for Ry <r<R,,

then match the quantities in COLUMN-I with their
respective property(ies) in COLUMN-IL

9z

COLUMN-I COLUMN-II

(A) E, (p) is constant for g, and
varies for g,.

(B) v, (q) is zero for g, and varies
for g,

Q) Vv, (r) is constant

(D) E, (s) is zero

21. n identical drops of a liquid each having charge
q and radius r coalesce. Match the unfilled places
in COLUMN-I with their respective fills given in
COLUMN-IL
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COLUMN-| COLUMN-II
(A) Epig = -Egman ) n'

(B) Viig = v Veman @ n

(O) Cuig = Coman ) n*?

(D) Obig =-Ogmall (s) n?

22. Entries in COLUMN-Ishow four hollow metal spheres

INTEGER/NUMERICAL ANSWER TYPE QUESTIONS

each with internal radius a and external radius b.
Match each charge distribution in COLUMN-I with
the corresponding graph of electric field versus radial
distance r from centre as shown in COLUMN-IL

COLUMN-I COLUMN-II
(A) Q (p) E
(Contined)

COLUMN-I COLUMN-II
(B)

©) +Q

(D) +2Q

In this section, the answer to each question is a numerical value obtained after doing series of calculations based on the data
given in the question(s).

1.

A ring of radius 0.1 m is made out of a thin metallic
wire of area of cross-section 107 m?. The ring has
a uniform charge of 7 coulomb. The change in the
radius of the ring, when a charge of 10 coulomb is

placed at the centre of the ring is xx 10~ m. Find x, if

the young’s modulus of the metal is 2x 10" Nm™.

Three identical small balls, each of mass 0.1 g, are
suspended from one point by silk threads each hav-
ing a length of | =20 cm. What charge, in nC, must be
imparted to each ball so as to make each thread form

an angle a =30° with the vertical?

In classical experiments performed to measure the
charge of an electron, a charged drop of oil is placed
between the horizontal plates of a plane capacitor.
Under the action of an electrostatic field, the drop
moves uniformly upward, covering a certain distance
during the time # =6 ms, or downward, when the
sign of the charge on the plates changes, covering the
same distance during the time f, =3 ms. Assuming

the force of friction between the drop and the air to be
proportional to the velocity of the drop, find the time
t, in millisecond during which the drop travels the
same distance after the field is switched off.

Four point charges each of magnitude 1 uC (each pos-
itive) are fixed at the vertices of a square ABCD. The
diagonals of the square intersect at O. Length of each
diagonal is 2 m. A particle of mass 2 g having a charge
+2 uC is released from a point 1 cm from O and

99 cm from A. The motion of the particle is SHM with

period # s. Find the value of x. (Neglect gravity).

An electron is projected with an initial speed
u=4x10°ms into the uniform field between the
parallel plates in figure. The direction of the field is
vertically downward, and the field is zero except in the
space between the plates. The electron enters the field
at a point midway between the plates. If the electron
just misses the upper plate as it emerges from the field,
find the magnitude of the electric field in NC .
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2cm

r 3
b 4

v

l L L A4 3 E L 4

A uniform surface charge density 8¢ exists over the
entire x-y plane except for a circular hole of radius

a centred at the origin. The electric field at a point

p (0, 0, \/ga) on the z-axis is found to be x EE. Find
the value of x. !

Two fixed, equal, positive charges, each of magni-
tude 5x107 C are located at points A and B sepa-
rated by a distance of 6 m. An equal and opposite
charge moves towards them along the line COD,
the perpendicular bisector of the line AB. The mov-
ing charge when it reaches the point C at a distance
of 4 m from O, has a kinetic energy of 4 joules. The
distance of the farthest point D, in metre, where the
negative charge will reach before returning towards

C is x.Find x.

Positive charge Q is uniformly distributed throughout
the volume of a dielectric sphere of radius R. A point
mass having charge +7 and mass m is fired towards
the centre of the sphere with velocity v from a point

. 5R
A at distance > from the centre of the sphere. The
R
minimum velocity v so that it can penetrate ) dis-

Qg
2meym

tance of the sphere is . Neglect any resistance

other than electric interaction. Charge on the small
mass remains constant throughout the motion. Find
the integral value of x to the nearest approximation.

A particle A having a charge g is fixed on a verti-
cal (insulated) wall. A second particle B of mass m,
charge Q is suspended by a silk thread of length
| from a point P on the wall that is at a distance /
above the A. Calculate the angle in degree made by
the thread with the vertical, when B stays in equilib-
rium for Qq = dmegmgl”.
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Two positively charged particles each of mass
1.7x10% kg having charge of 1.6x10" C are
placed at separation r. Calculate r, (in cm) to the near-
est integer if each one experiences a repulsive force
equal to its weight. (Take ¢=10ms™ ) .

The bob of a simple pendulum has a mass of 40 g and a
positive charge 4 x 107 C. It makes 20 oscillation in 45s.
A vertical electric field pointing upward and of magni-
tude 2.5x10* NC™ is switched on. How much time, in
seconds will it now take to complete 20 oscillations.

A thin fixed ring of radius 1 meter has a positive charge
1x10° coulomb uniformly distributed over it. A par-
ticle of mass 0.9 g and having a negative charge of
1x10™ coulomb is placed on the axis at a distance of
1 cm from the centre of the ring. Show that the motion
of the negatively charged particle is approximately

simple harmonic. The time period of oscillations is z
Find k. k

An inclined plane making an angle 30° with the hori-
zontal is placed in a uniform horizontal electric field
E of 100 Vm™ as shown. A particle of mass 1 kg and
charge 0.01 C is allowed to slide down from rest from
a height of 1 m. If the coefficient of friction is 0.2, find
the time, in millisecond it will take the particle to reach
the bottom. (Take g =10 ms™)

E=100vm 9
—b H

im
1

¥

Aball of mass m with a charge g can rotate in a verti-
cal plane at the end of a string of length [=3.6 m in
a uniform electrostatic field whose lines of force are
directed upwards. What horizontal velocity, in ms™,
must be imparted to the ball in the upper position so
that the tension in the string in the lower position of
the ball is 15 times than the weight of the ball? Given
E=6ﬂ and g=10 ms .
5

Two equally charged identical metal spheres A and B
repel each other with a force 2x10™ N. Another iden-
tical uncharged sphere C is touched to B and then
placed at the midpoint between A and B. What is the
net electric force, in yN on C?

Two identically charged spheres are suspended by
strings of equal length. The strings make an angle of
30° with each other. When suspended in a liquid of
density 0.8 gmcc™' the angle remains same. What
is the dielectric constant of liquid. Density of sphere
=16 gec™.



1.210

ICON

17. Twoidentical pith balls are charged by rubbing against

18.

19.

20.

21.

each other. They are suspended from a horizontal rod
through two strings of length 20 cm each. The sepa-
ration between the suspension points being 5 cm. In
equilibrium the separation between the balls is 3 cm.
Find the mass m in gram, nearest to an integer, of each
ball and the tension in millinewton, nearest to two
digit integer, in the strings. The charge on each ball has
magnitude 2x 107 C .

Acharge Q; = +11( 13—1)2 x10™ C is located at the ori-
gin in free space and another charge Q at (2, 0, 0).
If the x-component of the electric field at (3, 1, 1) is
zero, calculate the value of Q innC.

Two similar helium filled spherical balloons tied to a
5 g weight with strings each carrying an electric charge
q float in equilibrium as shown in figure.

(a) Find the magnitude of g, in uC, assuming that
the charge on each balloon as if it were concen-
trated at its centre.

(b) Find the volume of each balloon, in cc (neglect
the weight of the unfilled balloons and assume
that the density of air 1.29 kgm™ and density of
helium inside the balloon 0.2 kgmfs).

A charge Q= % nC is distributed over two concen-

tric hollow spheres of radii r=3cm and R=6 cm
such that the surface densities are equal. Find the
potential, in volt, at the common centre.

A charged dust particle of radius 5x107 m is
located in a horizontal electric field having an inten-
sity of 6.28x10° Vm™". The surrounding medium is
air with coefficient of voscosity 7=1.6x10" Nsm™.
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If this particle moves with a uniform horizontal speed
0.02 ms’l, find the number of electrons in it.

Two circular wire loops of radii 0.05 m and 0.09 m,
respectively are put such that their axes coincide and
their centres are 0.12 m apart. Charge of 10° C is
spread uniformly on each loop. Find the potential dif-
ference, in volt between the centres of the loops.

The radii of internal and external spheres of concen-
tric spherical air capacitor are 1 cm and 4 cm respec-
tively. A potential difference of 3000 V is applied
between the spheres. A velocity xx10° ms™ will be
imparted to an electron when it approaches from a dis-
tance of r, =3 cm to 1, =3 cm as measured from the
centre of spheres. Then find x closest to three digit
integer.

Three point charges of 1C, 2C and 3C are placed at
the corners of an equilateral triangle of side 1 m. The
work required to move these charges to the corners of
a smaller equilateral triangle of sides (.5 m as shown
in Figure is xx10° J. Find x

1C

Three point charges of 0.1 C are placed at the corners
of an equilateral triangle with side L=1m. If this
system is supplied energy at the rate of 1 kW, how
much time, in hours will be required to move one of
the charges on to the mid point of the line joining the
two charges.

An electron enters a region between the plates of a
parallel plate capacitor at a point equidistant from
either plate. The capacitor plates are 2x 10 m apart
and 107 m long. A potential difference of 300V is
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maintained across the plates. Assuming that the ini-
tial velocity of the electron is parallel to the capacitor
plates, the largest value of the velocity of the electrons
so that they do not fly out of the capacitor at the other
end is xx10° ms™. Taking, m,=9x10"" kg and
¢=1.6x10"" coulomb, find the value of x closest to
three digit integer.

Two plane parallel conducting plates 1.5x107> m

apart are held horizontal one above the other in air.

The upper plate is maintained at positive potential of

1.5kV while the other plate is earthed.

(a) Calculate the number of electrons which must be
attached to a small il drop of mass 4.9x 107" kg
between the plates to maintain it at rest, assuming
that the density of air is negligible in comparison
with that of oil.

(b) Ifthe potential of above plate is suddenly changed
to —1.5kV and what is the initial acceleration, in
ms 2, of the charged drop?

(c) Also obtain the terminal velocity of the drop, in
ums ™" if its radius is 5x10° m and the coeffi-
cient of viscosity of air is 1.8x10 Nsm 2.

(Takeg =10 ms‘z)

A positively charged sphere of mass m=>5kg is

attached by a spring of force constant K =10* Nm™.
The sphere is tied with a thread so that the spring is
in its natural length. Another identical, negatively
charged sphere is fixed to the floor, vertically below
the positively charged sphere as shown in figure.
Initial separation between sphere is x5 =0.5 m. Now
thread is burnt and maximum elongation of the spring
is 0.1 m, calculate the charge, in uC on each sphere.
Take g=10 ms .

)
of

Initial position

An infinite long straight conductor is uniformly

charged, the charge per unit length being 6 x 10* Cm™.

(a) What is the force experienced by a proton, in uN,
at a perpendicular distance 0.5 m from it?

(b) How much work in m] will be required to bring
the proton at a perpendicular distance from 0.5 m
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to 0.2 m from the conductor. Give your answer
closest to the two digit integer, in this case.

Two concentric spherical shells have radii 0.15
m and 0.3 m. The inner sphere is given a charge
~6x107 uC. An electron escapes from the inner
sphere with negligible speed. Assuming that the
region between the spheres is vacuum, the speed with
which it will strike the outer sphere is #x10° ms~,
where * is not readable. Find the value of *.

(8 for electron =1.76 x 10" Ckg™ ]
m

A non-conducting sphere of radius R=5cm is cen-
tred at origin of coordinate system. It has a spherical
cavity of radius 1 ecm having centre at (0, 3) cm.
The material of sphere has a uniform charge density

-6
p= - Cm™. Calculate the electric potential at point
T

P(4 cm,0) to the nearest two digit integer.

Two small identical balls P and Q, each of mass
0.866 g, carry identical charges and are suspended by
two threads of equal length of 50 cm each from the
same point. At equilibrium, they are separated by a
distance of 50 cm. Find the charge on each ball in nC.
(Take ¢ =10 ms™).

A particle having a charge of q=8.85uC is placed
on the axis of a circular ring of radius R=30 cm ata
point P ata distance of 2=40 cm from centre of ring.

Calculate the electric flux passing through the ring in
kNC ™.

A particle of mass 2 ugand carrying a charge of
1x10” C is moving directly towards a fixed posi-
tive point charge of magnitude 10 C. When it is at
a distance of 10 cm from the fixed point charge it has
a velocity of 1ms ™. At what distance from the fixed
point charge will the particle come momentarily to
rest? (in mm)
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A copper atom consists of copper nucleus surrounded
by 29 electrons. The atomic weight of copper is
63.5 gmol ™. Let us now take two pieces of copper
each weighing 10 g. Let us transfer one electron from
one piece to another for every 1000 atoms in that piece.
The coulomb force between the two pieces after the
transfer of electrons if they are 1 cm apartis xx10° N.
Find x, close to the nearest integer. (Avogadro num-
ber N, =6x10" gmole !, charge on an electron
=-1.6x10™" coulomb)

It is required to hold four equal point charges each
having a charge Q= 2(172\/5 ) C in equilibrium at

the corners of a square. Find the point charge, in cou-
lomb, that will do this if placed at the centre of the
square.

A radioactive source in the form of a metal sphere of
radius 10 m , emits beta particles (electrons) at the

rate of 5x10' particles per second. The source is elec-
trically insulated. How long, in us will it take for its
potential to be raised by 2 V assuming that 40% of the
emitted beta particles escape the source.

A small ball of mass 2x10™ kg having a charge of
1 uC is suspended by a string of length 0.8 m. Another
identical ball having the same charge is kept at the
point of suspension. Determine the minimum hori-
zontal velocity in cms ' which should be imparted to
the lower ball so that it can make complete revolution.

The centres of two metal spheres of radius 10 cm are
50 cm apart on the x-axis. The spheres are initially neu-
tral, but a charge Q is transferred from one sphere to
the other, creating a potential difference 100 V. A pro-
ton is released from rest from the surface of the posi-
tively charged sphere and travels to the negatively
charged sphere. At what speed, in kms™ does it strike
the negatively charged sphere?

A simple pendulum with a bob of mass m=1kg,
charge q=5uC and string length /=1m is given
a horizontal velocity # in a uniform electric field
E=2x10° Vm™ atits bottommost point A, as shown
in figure. It is given that the speed u is such that the

41.
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particle leaves the circle at point C. Find the speed u to
the nearest integer. (Take g=10ms™ )

Two insulating spheres have radii 0.3 cm and 0.5 cm,

masses 0.1 kg and 0.7 kg, and uniformly distributed

charges of -2 uC and 3 uC. They are released from

rest when their centers are separated by 1 m.

(a) How fast in cms ™' will each be moving when
they collide?

(b) If the spheres were conductors, would the
speeds be greater or less than those as calcu-
lated in part (a)? Give reasonable explanation to
your answer.

A particle having mass m =1kg and charge g=2 uC
is thrown from a horizontal ground with a speed
u=20ms™ that makes an angle a=45° with the
horizontal. A horizontal electric field E=2x10" Vm™
exist in this space. Find the range, in metre on the hori-
zontal ground of the projectile thrown.

A ball of mass 2 kg, charge 1uC is dropped from
top of a high tower. In space electric field exist in
horizontal direction away from tower which varies
as E=(5-2x)x10° Vm™. Find maximum horizontal
distance that the ball can go from the tower.

Aparticle having a charge of 1.6 x10™ C enters mid-
way between the plates of a parallel plate condenser.
The initial velocity of particle is parallel to the plates.
A potential difference of 300 volts is applied to the
capacitor plates. If the length of the capacitor plates
is 10 cm and they are separated by 2 cm, calculate the
greatest initial velocity, in kms™ for which the particle
will not be able to come out of the plates. The mass of
the particle is 12x 107 kg.

A uniform electric field E is created between two par-
allel charged plates as shown in figure. An electron
enter the field symmetrically between the plates with
aspeed u. The length of each plate is /. Find the angle
of deviation, in degree of the path of the electron as it

2 \EEJE

comes out of the field for u” =

m
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46. A particle having charge g=+2uC and mass

m=0.01kg is connected to a string thatis L=1.5m
long and is tied to the pivot point P in figure. The par-
ticle, string and pivot point all lie on a frictionless hori-
zontal table. The particle is released from rest when the
string makes an angle 6=60° with a uniform electric
field of magnitude E =300 Vm™. Determine the speed
of the particle in cms™ when the string becomes par-
allel to the electric field (point A in figure).

ARCHIVE: JEE MAIN

[Online April 2019]
The bob of a simple pendulum has mass 2g and a
charge of 5.0 uC . It is at rest in a uniform horizontal
electric field of intensity 2000 Vm™ . At equilibrium,
the angle that the pendulum makes with the vertical is
(take g =10 ms™)
(A) tan(0.2)

(©) tan'(20)

[Online April 2019]

A solid conducting sphere, having a charge Q , is sur-
rounded by an uncharged conducting hollow spheri-
cal shell. Let the potential difference between the sur-
face 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 -4Q , the new potential difference between
the same two surfaces is

(B) tan™'(5.0)
(D) tan'(0.5)

(A) -2V (B) V
C) 2V (D) 4V
[Online April 2019]

The electric field in a region is given by E =(Ax+B)i,
where E isin NC™ and x is in metres. The values of
constants are A =20 S unit and B=10 SI unit. If the
potential at x=1 is V} and thatat x=-5 is V,, then
Vi-V, is

(A) 180V (B) -520V
(©) 320V (D) 48V
[Online April 2019]

An electric dipole is formed by two equal and opposite
charges q with separation d . The charges have same

Chapter 1: Electrostatics 1.213

47. Asolid sphere of radius R has a charge Q distributed

in its volume with a charge density p = kr®, where k
and a are constants and r is the distance from its cen-

tre. If the electric field at r = R is 1 times that at r =R,
find the value of a. 8

mass 1. It is kept in a uniform electric field E. If it is
slightly rotated from its equilibrium orientation, then
its angular frequency o is

29E qE
A) | — B) 2, |—
(A) — (B) -

qE qE

i il D) 1=
© 2md (D) md
[Online April 2019]

A positive point charge is released from rest at a dis-
tance r, from a positive line charge with uniform
density. The speed (v) of the point charge, as a func-
tion of instantaneous distance r from line charge, is
proportional to

(A) e /h{iJ (B) vece
"o

© vmln[i] (D) vrx[i)
Ty o

[Online April 2019]
A system of three charges are placed as shown in the
figure
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If D>d, the potential energy of the system is best
given by

) L(_ﬁ_@} @) ;(L@]

dmeg\ d  D? dmeg\ d  D?

2 2gQd 2 Qd

! [M 1) o) L[ 2 e

dneg\ d D dmey\ d 2D
[Online April 2019]

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

1 1
A E o — B E oc —
(A) o~ (B) D

1 1
(C) E- E (D) Ee E
[Online April 2019]

A uniformly charged ring of radius 3a and total
charge g is placed in xy-plane centred at origin.
A point charge g is moving towards the ring along
the z-axis and has speed v at z=4a. The minimum
value of v such that it crosses the origin is

1 1
2(1 2 2(1 ¢ 2
) \/%[1_5 ] (B) \/%[34758051]
1 1
2 2
© \F[4q]2 ) \F(Wf]z
m\ 15 4megn m\ 15 4megan

[Online April 2019]

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

from P is [Take 1 9%10” Nm*C?]
dre,

2
9
4neyn

(A) 2.0x10° ms™ (B) 3.0x10* ms™

(C) 1.5%10% ms™ (D) 63x10* ms™

[Online April 2019]
A simple pendulum of length L is placed between the
plates of a parallel plate capacitor having electric field

11.

12.

E , as shown in figure. Its bob has mass m and charge
q . The time period of the pendulum is given by

+ + + + + + + + +
|m
1
|||—|

[Online April 2019]

A point dipole p=-ppx is kept at the origin. The
potential and electric field due to this dipole on the
y-axis at a distance d are, respectively (Take V =0

at infinity)

|7l p Al P
A ’ B ’
(&) 4;r£0d2 47r£0d3 ®) 4:r£0d2 4rr£0d3
-p p
Q) 0, D) 0,
© dmeyd® D) dmeyd’®
[Online April 2019]

Shown in the figure is a shell made of a conductor. It
has inner radius a and outer radius b, and carries
charge Q . Atits centre is a dipole P as shown. In this
case

(A) Surface charge density on the outer surface

depends on |P|
(B) Surface charge density on the inner surface is

5)

uniform and equal to ~—=5
4ma

(C) Electric field outside the shell is the same as that
of point charge at the centre of the shell

(D) Surface charge density on the inner surface of the
shell is zero everywhere
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[Online April 2019]

Let a total charge 2Q be distributed in a sphere of
radius R, with the charge density given by p(r)=kr,
where r is the distance from the centre. Two charges
A and B, of -Q each, are placed on diametrically
opposite points, at equal distance, a, from the centre.
It A and B do not experience any force, then

@ 1= ®) a=—
== —
24 V3
1 1
(C) a=2*R (D) a=8 4R
[Online January 2019]

Three charges +Q, g, +Q are placed respectively, at
distance, 0, g and d from the origin, on the x-axis .

If the net force experienced by +Q, placed at x=0, is
zero then value of ¢ is

Q Q
(A) +E (B) )

_Q Q
(©) L D) + 1
[Online January 2019]

For a uniformly charged ring of radius R, the electric
field on its axis has the largest magnitude at a distance
h from its centre. Then value of h is

R R
(A) N (B) 5
€) R (D) Rv2
[Online January 2019]

Two point charges ¢ (V10 uC) and g,(~25 uC) are
placed on the x-axis at x=1m and x=4m respec-
tively. The electric field (in Vm ™) ata point y=3 m

1
on y-axis is, [Take ——=9x10’ NmZC_Z}
dme,

(A) (631 -27])x10?
B) (81i-81])x10%
O) (-81i+81j)x10%

(D) (-63i+27])x10?

[Online January 2019]

Charge is distributed within a sphere of radius R with
2r

volume charge density p(r)=-e ©

5 , where A and
r

a are constants. If Q is the total charge of this charge
distribution, the radius R is

18.

19.

20.

21.
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a 1 a 0 )
A) -1 B) —log| 1-
() 2°g[1_ Q ] ) 2°g( 2maA
2naA

Q] )

C) alog|1-
© aog( 2maA

[Online January 2019]

Two electric dlpoles, A, B with respect]ve dipole
moments d, = —4qai and dy=-2qai are placed on
the x-axis with a separation R, as shown in the
figure.

The distance from A at which both of them produce
the same potential is

V2R V2R
@) J2-1 ®) J2+1
R R
© J2-1 ®) J2+41
[Online January 2019]

Acharge Q is distributed over three concentric spher-
ical shells of radii a, b, ¢ (a<b<c) such that their
surface charge densities are equal to one another. The
total potential at a point at distance r from their com-
mon centre, where r <a, would be

Qla+b+c) Q
A — 5 5 B) —————
A) 4y (> +0% +¢%) 4rey(a+b+c)
©) Q(a2+b2+cz) D Q ab+bc+ca
drey (2 +0° + %) 127, abe
[Online January 2019]

Four equal point charges Q each are placed in the xy
planeat (0,2), (4,2), (4, —2) and (0, —2). The work
required to put a fifth charge Q at the origin of the
coordinate system will be

Q’ Q_z[ L)
“) 2\/5?1’80 ®) dre, 1+ NE]
Q QL
O i o ol )
[Online January 2019]

Charges —q and +q located at A and B, respectively,
constitute an electric dipole. Distance AB=2a, O is
the mid point of the dipole and OP is perpendicular
to AB.Acharge Q isplaced at P where OP =y and
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y>2a. The charge Q experiences an electrostatic
force F.If Q is now moved along the equatorial line

to P’ such that OP’' = (%
close to (% > Za]

, the force on Q will be

P
!
OF
A Q B
9T
:
® 3 B) 9F
(C) 27F (D) 3F
[Online January 2019]

The given graph shows variation (with distance r
from centre) of

(A) Potential of a uniformly charged spherical shell
(B) Electric field of a uniformly charged sphere

(C) Electric field of uniformly charged spherical shell
(D) Potential of a uniformly charged sphere

[Online January 2019]

Three charges Q, +q and +q are placed at the verti-
ces of a right-angle isosceles triangles as shown below.
The net electrostatic energy of the configuration is
zero, if the value of Q is

Q?\
T S— 2044
_ﬁq
A B
(A) N (B) +g
-1

C) -2 D
© -29 (D) ™
[Online January 2019]

An electric field of 1000 Vm™ is applied to an elec-
tric dipole at angle of 45°. The value of electric dipole
moment is 10> Cm . What is the potential energy of
the electric dipole?

25.

26.

27.

(A) -9x1072] (B) -10x107]
) -7x107] (D) -20x107%]
[Online January 2019]

There is a uniform spherically symmetric surface
charge density at a distance R, from the origin. The
charge distribution is initially at rest and starts expand-
ing because of mutual repulsion. The figure that repre-
sents best the speed V(R(t)) of the distribution as a
function of its instantaneous radius R(t) is

) VIR®) (B) VIR()
©) VR ) V(R(t)
[Online January 2019]

Determine the electric dipole moment of the system of
three charges, placed on the vertices of an equilateral
triangle, as shown in the figure

(A) 2qIj

~\3ql]

[Online January 2019]
Aparallel plate capacitor with plates of area 1 m? each,
areataseparation of (.1 m . If the electric field between

the plates is 100 NC™', the magnitude of charge on
each plate is (Take &, =8.85x 1072 CN"'m™? )
(B) 9.85x107° C
(D) 7.85x107° C

(A) 8.85x107 C
(C) 6.85x107° C
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Three concentric metal shells A, B and C of respec-
tive radii, a4, b and c(a<b<c) have surface charge
densities +0, -0 and +0 respectively. The potential
of shell B is

(A) E{ﬂz_bzﬂc] (B) G[az_bzth

gl a g b
2_ 2 2_ 2
€ E(b ‘ +a) (D) E(b ‘ +aJ
g\ b g\ ¢
[Online 2018]

A charge Q is placed at a distance % above the centre

of the square surface of edge a as shown in the figure.
The electric flux through the square surface is

P
al?
—ad—»

Q Q
@ 5 B
© < o 2

£ 2¢g,

[Online 2018]
A solid ball of radius R has a charge density p given

by p= po[l —%] for 0<r<R. The electric field out-

side the ball is
3 3
(A) pO_RZ (B) %
12¢,r 3gyr
3pR’ poR’
) —— D) ——
© 4£0r2 ®) 80?‘2
[Online 2018]

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

3F F
® 3 ®
© X D) F

4
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[Online 2018]

A body of mass M and charge 4 is connected to a
spring of spring constant k. It is oscillating along
x-direction about its equilibrium position, taken to be
at x=0, with an amplitude A. An electric field E is
applied along the x-direction. Which of the following
statements is correct?

1 5., 1¢F
(A) Thetotal energy of the systemis Ema) A - T
S e . 2qE
(B) The new equilibrium position is at a distance e
from x=0.
E
(C) The new equilibrium position is at a distance q_k
from x=0. 2
1 ,., 14°E
(D) The total energy of the system is 2 mo A"+ 2 r

[2017]

An electric dipole has a fixed dipole moment p,
which makes angle 6 with respect to x-axis. When
subjected to an electric field E, = Ei, it experiences a
torque T, = tk. When subjected to another electric field

E, = \/gEJ it experiences a torque T, =-T,. The angle
6 is

(A) 30° (B) 45°
(C) 60° (D) 90°
[Online 2017]

There is a uniform electrostatic field in a region. The
potential at various points on a small sphere centred
at P, in the region, is found to vary between the limits
589 V to 589.8 V. What is the potential at a point on
the sphere whose radius vector makes an angle of 60°
with the direction of the field?

(A) 5892V (B) 589.6V
(C) 5895V (D) 5894V
[Online 2017]

Four closed surfaces and corresponding charge distri-

.q—qﬁ
«q Qs

butions are shown below.

Let the respective electric fluxes through the surfaces
be @, ®,, ®, and ®,. Then
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(A) @,=0,=0;=0, (B) 0;>P3; O, <D,
(C) ‘D1>‘D2>(D3>q)4 (D) ‘Dl<q)2=q)3>q)4

[2016]
The region between two concentric spheres of radii ‘a’
and 'b’, respectively (see figure), has volume charge

density p=—, where A is a constant and r is the
r

distance from the centre.

(8

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

Q Q
A) = I
(&) 2ma? ® 27{(52—&2)
Q- 2
© ;n:(a2 - ) ©) na’
[Online 2016]

The potential (in volts) of a charge distribution is
given by

V(z)=30-5z* for [z|<1m

V(z)=35-10z/ for |z|21m

V(z) does not depend on x and y. If this potential
is generated by a constant charge per unit volume p,

(in units of &;) which is spread over a certain region,
then choose the correct statement

(A) py=20¢g, in the entire region.

(B) py=10¢, for |z|<1m and p, =0 elsewhere
(C) py=20g, for |z|<1m and p, =0 elsewhere
(D) p, =40g; in the entire region

[Online 2016]

Within a spherical charge distribution of charge den-
sity p(r), N equipotential surfaces of potential V,
Vo +AV, Vy+2AV, ..... V; + NAV(AV > 0), are drawn
and have increasing radii 1y, 7, 1, ...., 1y, respectively.
If the difference in the radii of the surfaces is constant
for all values of V;; and AV then

(B) p(r)ml2

r

(A) p(r)=constant

© plr)e- (D) plr)ecr

39.

40.

41.

[2015]

A uniformly charged solid sphere of radius R has

potential V;, (measured with respect to =) on its sur-

face. For this sphere the equipotential surfaces with

Wy Wy Wy g T
24 4 1

R,, R,, Ry and R, respectively. Then

potentials have radius

(A) R =0and R,>(R,-R;)

(B) Ry #0 and (R,-R;)>(R,-Rs)
(C) R,=0and Ry<(R,-Ry)

(D) 2R<R,

[2015]

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

(figures are schematic and not drawn to scale)

@ 3%

&2

[Online 2015]
A thin disc of radius b=2a has a concentric hole of
radius a in it (shown in figure). It carries uniform sur-
face charge o on it. If the electric field on its axis at
height 1i(h<a) from its centre is given as Ch then
value of C is

(a) Z (B) ——
g, 2ag,
o ag
©) e, (D) Sae,
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[Online 2015]

Shown in the figure are two point charges +Q and —Q
inside the cavity of a spherical shell. The charges are
kept near the surface of the cavity on opposite sides
of the centre of the shell. If o, is the surface charge on
the inner surface and Q; net charge on it and o, the
surface charge on the outer surface and Q, net charge
on it then

(A) 0,20, Q#0; 0,#0, Q, 20
(B) 0,#0,Q=0;0,#0, Q,=0
©) 0,#0,Q=0;0,=0,0Q,=0
(D) 0,=0,Q,=0;0,=0,Q,=0

[Online 2015]

A wire, of length L(=20cm), is bent into a
semi-circular arc. If the two equal halves of the arc,
were each to be uniformly charged with charges +Q,
(|Q|=10%g, Coulomb where &, is the permittivity (in
SI units) of free space) the net electric field at the centre
O of the semi-circular arc would be

Y

0]

~

(A) (50x10°NC)j  (B) (25x10° NC)i

©) (25x10°NC™)] (D) (50x10° NC)i
[Online 2015] X i

Anelectric field E = (30i +30] ) NC™ exists ina region
of space. If the potential at the origin is taken to be zero
then the potential at x=2m, y=2m is

(A) -130]C! (B) -120]C*
(C) -140)C! (D) -110]C™
[2014]

Assume that an electric field E=30x% exists in
space. Then the potential difference V), -V,,, where
V, is the potential at the origin and V, the potential
at x=2m is

46.

47.

48.
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(A) 120V (B) -120V
C) -80V (D) 80V
[2013]

Two charges, each equal to g, are kept at x=-a and
x=a on the x-axis. A particle of mass m and charge

qo = % is placed at the origin. If charge g, is given a

small displacement (y «a) along the y-axis, the net
force acting on the particle is proportional to

) B) -y
© X ) -+

y ¥
[2013]

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

0 A 1B
™ L i L »
In2 3
@) S ® 9
8meyL dmeyL
Q Qln2
R D
© 4me,LIn2 ©) 4me L
[2012]

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

An insulating solid sphere of radius R has a uniformly
positive charge density p. As a result of this uniform
charge distribution there is a finite value of electric
potential at the centre of the sphere, at the surface of
the sphere and also at a point outside the sphere. The
electric potential at infinity is zero.

Statement 1: When a charge g is taken from the cen-

tre to the surface of the sphere, its potential energy

changes by 4P

e
Statement 2: The electric field at a distance r(r<R)
¥
from the centre of the sphere is Lasy
3¢,

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

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

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

(D) Statement 1 is true, Statement 2 is true; Statement
2 is not the correct explanation of Statement 1.
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[2012]

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

(A) E (B) E
|_R‘r |R&r

) E (D) E
R R
[2011]

Two identical charged spheres suspended from a com-
mon 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 a result the charges
approach each other with a velocity v. Then as a func-
tion of distance x between them

(A) pocx V2 (B) vocx™!
(C) vocx? (D) veex
[2011]

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

(A) —24magyr (B) —bagyr
(C) -24mae, (D) -bag,
[2010]

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

(A) 1 (B) 4
© 3 (D) 2
[2010]

Let there be a spherically symmetric charge distribu-
tion with charge density varying as p(r) = pﬂ( g - %]

upto r=R and p(r)=0 for r>R, where r is the

54,

55.

56.

57.

distance from the origin. The electric field at a distance
r(r<R) from the origin is given by

A) M(EL) ®) M(EL]
3\ 4 R 35 \3 R
© M(ﬁ_i) D) ﬂ(ﬁ_L]
4e,\3 R 3 \4 R
[2010]

A thin semi-circular ring of radius r has a positive
charge g distributed uniformly over it. The net field
E atthe centre O is

0]

q = q =
A B
(&) 27{2801‘2] ®) 421'280}'2]

q = q =
C) - D) -
© 4?:2801’2] D) 21r2£0r2}
[2009]

A charge Q is placed at each of the opposite corners of
asquare. A charge g is placed at each of the other two
corners. If the net electrical force on Q is zero, then the

Q

= equals

(A) 242 (B) -1
1

© 1 (D) "5

[2009]

Two points P and Q are maintained at the potentials
of 10V and -4V respectively. The work done in
moving 100 electrons from P to Q is

A) -9.60x1077 ]
B) 9.60x1077 ]
) -224x107°]

_ = = =
@)

D) 224x107°]

[2009]
Q

Let p(r)= —’ be the charge density distribution for
s

a solid sphere of radius R and total charge Q. For a
point ‘p” inside the sphere at distance 1, from the cen-
tre of the sphere, the magnitude of electric field is
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Q
(A) 0 B
Qr 12 (D) erz

47I€0R4 3ﬂ£0R4

©

[2009]

This question contains Statement 1 and Statement 2.
Of the four choices given after the statements, choose
the one that best describes the two statements.
Statement 1: For a charged particle moving from point
P to point Q, the net work done by an electrostatic

ARCHIVE: JEE ADVANCED

Single Correct Choice Type Problems

This section contains Single Correct Choice Type Questions.
Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

1.

[JEE (Advanced) 2019]

A thin spherical insulating shell of radius R car-
ries a uniformly distributed charge such that the
potential at its surface is V};. A hole with a small area
o4nR* (a2 < 1) is made on the shell without affecting
the rest of the shell. Which one of the following state-
ments is correct?

(A) The potential at the centre of the shell is reduced

by 2aVj.

(B) The magnitude of electric field at the centre of the
shell is reduced by Vo .
2R
(C) The magnitude of electric field at a point, located

on a line passing through the hole and shell’s
centre, on a distance 2R from the centre of the

spherical shell will be reduced by o .
2R

(D) The ratio of the potential at the centre of the shell
1
to that of the point at ER from centre towards the
-«

hole will be .
1-20

[JEE (Advanced) 2015]

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 dis-
tance OP =a =R, - R, (see figure) is made. If the elec-
tric field inside the cavity at position 7 is E(7), then
the correct statements is /are

Chapter 1: Electrostatics 1.221

field on the particle is independent of the path con-

necting point P to point Q

Statement 2: The network done by a conservative

force on an object moving along a closed loop is zero.

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

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

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

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

(%)

(A) E is uniform, its magnitude is independent of R,
but its direction depends on 7

(B) E is uniform, its magnitude depends on R, and
its direction depends on 7

(C) E is uniform, its magnitude is independent of a
but its direction depends on @

(D) E is uniform and both its magnitude and direc-
tion depend on @

[JEE (Advanced) 2015]

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 4 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 equi-
librium positions, then the correct statements is/are

————— Bk bt EEE O GEEETEES EEEE TELE DI S ¢

+q -q

(A) both charges execute simple harmonic motion

(B) both charges will continue moving in the direc-
tion of their displacement
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(C) charge +7 executes simple harmonic motion
while charge —¢ continues moving in the direc-
tion of its displacement

(D) charge —q executes simple harmonic motion
while charge +¢ continues moving in the direc-
tion of its displacement

[JEE (Advanced) 2014]
Charges Q, 2Q and 4Q are uniformly distributed

in three dielectric solid spheres 1, 2 and 3 of radii %,

Rand 2R respectively, as shownin figure. If magnitudes
of the electric fields at point P at a distance R from the
centre of spheres 1,2 and 3 are E;, E, and E; respec-
tively, then

P
R
Q 2Q 4Q
R/2 R
Sphere-1 Sphere-2 Sphere-3
(A) E,>E,>E, (B) E;>E >E,

(C) E;>E >E; (D) E;>E>E

[IIT-JEE 2012]

Consider a thin spherical shell of radius R with its
centre at the origin, carrying uniform positive surface
charge density. The variation of the magnitude of the
electric field |E(r)| and the electric potential V()
with the distance r from the centre, is best repre-
sented by which graph?

(A) EM) Vr)
0 R "

(B) EM) Vi
0 R r
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(D) IEC Vo)
0 R r
[IIT-JEE 2012]

Two large vertical and parallel metal plates having
a separation of 1cm 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

(A) 1x10°V (B) 1x107V
€ 1x10°V (D) 1x10°V
[IIT-]EE 2011]

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

y
(0,0,0) (0,a,0)

X
(A) 2E? (B) 2Ey’
E 2
() Ey? (D) DTZ
[IIT-JEE 2010]

A uniformly charged thin spherical shell of radius
R carries uniform surface charge density of ¢ per
unit area. It is made of two hemispherical shells, held
together by pressing them with force F (see figure).
F is proportional to

F F
(A) —o’R? (B) —o’R
2 2
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[II'T-JEE 2010]
A tiny spherical oil drop carrying a net charge 4 is bal-
anced in still air with a vertical uniform electric field of

1
strength 87” x10° Vm™ . When the field is switched

off, the drop is observed to fall with terminal velocity
2x107 ms™. Given g=9.8 ms™, viscosity of the air
=1.8x107 Nsm™ and the density of oil =900 kgm™,
the magnitude of ¢ is
(A) 1.6x10°C

(C) 48x107C

(B) 32x10"°C
(D) 8x107°C

[IIT-JEE 2009]

Three concentric metallic spherical shells of radii R,
2R and 3R are given charges Q;, Q, and Qj3, respec-
tively. 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, Q,:Q,:Q;, is

(A) 1:2:3 (B) 1:3:5
(C) 1:4:9 (D) 1:8:18
[IIT-JEE 2009]

A disk of radius 1 having a uniformly distributed
charge 6C is placed in the x-y plane with its centre at
(%, 0,0 ] Arod of length a carrying a uniformly dis-
tributed charge 8C is placed on the x-axis from x = %

to x:%a.Two point charges —7C and 3C are placed

at (E’_E,o] and (—%, S—H,U], respectively.
4 4 4° 4

Consider a cubical surface formed by six surfaces

x=t2, y=i£, z=%2. The electric flux through
2 2 2

this cubical surface is

Y
f \ e ¥
N2
@& -X ® =
& &
© = o) 2

& £

12.

13.

14.
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[IIT-JEE 2008]
Consider a system of three charges g, % and —?

placed at points A, B and C, respectively, as shown
in the figure. Take O to be the centre of the circle of
radius R and angle CAB = 60°.

(A) The electric field at point O is q
8meR

directed

2
along the negative x-axis
(B) The potential energy of the system is zero

(C) The magnitude of the force between the charges
2

at C and B is q 3
54me R

q
1276,R

(D) The potential at point O is

(IIT-JEE 2007]
Positive and negative point charges of equal magni-

tude are kept at (O, 0, %] and (O, 0, —%J, respec-

tively, The work done by the electric field when another
positive point charge in moved from (-a, 0, 0) to
(0,a,0)is

(A) positive

(B) negative

(C) zero

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

[IIT-JEE 2007]

Consider a neutral conducting sphere. A positive point

charge is placed outside the sphere. The net charge on

the sphere is then

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

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

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

(D) zero
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[II'T-JEE 2007]

A spherical portion has been removed from a solid
sphere having a charge distributed uniformly in its
volume as shown in the figure. The electric field inside
the emptied space is

(A) zero everywhere

(B) non-zero and uniform
(C) non-uniform

(D) zero only at its centre

[IIT-JEE 2007]

A long, hollow conducting cylinder is kept coaxially

inside another long, hollow conducting cylinder of

larger radius. Both the cylinders are initially electri-
cally neutral.

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

(B) A potential difference appears between the two
cylinders when a charge density is given to the
outer cylinder

(C) 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

[IIT-JEE 2005]
Three infinitely long charge sheets are placed as shown
in figure. The electric field at point P is

zZ
Iy
o L z=3a
| eP
20 : z=0
____________ ey
-0 Z=-4a
20 - 26 ~
@& Zk ® -k
& &
4o ~ 40 ~
© %k D) -2k
& &
[ITT-JEE 2004]

Consider the charge configuration and a spheri-
cal Gaussian surface as shown in the figure. When

19.

20.

calculating the flux of the electric field over the
spherical surface, the electric field will be due to

mm—— L]

e G192

>

)

(
(B) only the positive charges

(C) all the charges

(D) +q, and —q,

[IIT-JEE 2004]

Six charges, three positive and three negative of equal
magnitude are to be placed at the vertices of a regular
hexagon such that the electric field at O is double the
electric field when only one positive charge of same
magnitude is placed at R. Which of the following
arrangements of charge is possible for, P, Q, R, S, T
and U respectively?

P Q
@---ms Q
f’ \\
U@ 0 OR

.t

T S
(A) +, =t ==t (B) t, =+, =t -
(C) L At (D) -ttt -
[IIT-JEE 2003]

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?

© ' (D) 3::
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[IIT-JEE 2002]

Two equal point charges are fixed at x=-a and x=+a
on the x-axis. Another point charge Q is placed at the
origin. The change in the electrical potential energy of
Q, when it is displaced by a small distance x along
the x-axis, is approximately proportional to

(A) x (B) x*
) «° (D) !

X
[II'T-JEE 2002]

Two equal point charges are fixed at x =~z and x =+a

on the x-axis. Another point charge Q is placed at the
origin. The change in the electrical potential energy of
Q, when it is displaced by a small distance x along
the x-axis, is approximately proportional to

R ®)
© o) 1

X
[IIT-JEE 2001]

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

=
© My, ©

N

[IIT-JEE 2001]

A uniform electric field pointing in positive x-direction
exists in a region. Let A be the origin, B be the point
on the x-axis at x=+1 cm and C be the point on the
y-axis at y =+1 cm. Then the potentials at the points
A, B and C satisfy

N

JO[
ANV

(A) Vy<Vg (B) V4>V
©€) Vy<Ve (D) Vy>Ve
[ITT-JEE 2000]

Three charges Q, +q and +q are placed at the vertices
of a right angle triangle (isosceles triangle) as shown.
The net electrostatic energy of the configuration is
zero, if Q is equal to

26.

27.

28.
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Q
ol\
ey
- -2
B
W ®
©) 24 D) +4
[IIT-JEE 1998]
A charge +q is fixed at each of the points

X=Xy, x=3x), x=5xp,... ad infinitum on the x-
axis and a charge —q is fixed at each of points
x=2x,, x=4x;, x=6x.... ad infinitum. Here x; is a
positive constant. The potential at the origin due to the
above system of charges is

q
A B ——
(A) zero (B) 8meyxylog, 2
(C) o D M
dmeyx,
[IIT-JEE 1997]

An electron of mass m,, initially at rest, moves through
a certain distance in a uniform electric field in time ¢,.
A proton of mass , also, initially at rest takes time
t, to move through an equal distance in this uniform

electric field. Neglecting the effect of gravity, the ratio

t
t_2 is nearly equal to
1

(A) 1

1
m, \2
© [—e}
My
(IIT-JEE 1997]
A non-conducting ring of radius 0.5 m carries a total
charge of 1.11x107"° C distributed non-uniformly
on its circumference producing an electric field E

everywhere in space. The value of the line integral
=0

J —E-di, (1=0 being the centre of the ring) in volt is
|=c=

(A) +2 (B) -1

©) -2 (D) 0
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[IIT-JEE 1996]
A metallic sphere is placed in a uniform electric field.
The lines of force follow the path(s) shown in the

figure as
1 1
2 :@: Z
3+ » 3
4 »—}\/—b 4
(A) 1 (B) 2
© 3 (D) 4
[IIT-JEE 1995]

Two point charges +q and —-q are held fixed at

(-d, 0) and (d, 0) respectively ofa x-y co-ordinate

system. Then:

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

(B) work has to be done in bringing at a test charge
from = to the origin

(C) electric field at all point on y-axis is along x-axis

(D) the dipole moment is 2gd along the x-axis

[IIT-JEE 1992]

Two identical thin rings, each of radius a metre are
coaxial and placed a metre apart. If Q; and Q, are
respectively the charges uniformly spread on the two
rings, the work done in moving a charge g coulomb
from the centre of one ring to that of the other is

9(Q-0,)(V2-1)

(A) zero (B) L \@woa

Q‘/E(Ql"'Qz) q(Q1+Q2)(\/§+l)
© dmeya ®) 42rea
[IIT-JEE 1989]

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

(A) V (B) 2V
(C) 4V (D) -2v
[ITT-JEE 1987]

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

34.

35.

36.

_Q Q
(A) 5 (B) .
Q
© +Z (D) +E
[IIT-JEE 1984]

Two equal negative charges —q are fixed at points

(0,2) and (0,-a) on the y-axis. A positive charge Q

is released from rest at the point (24,0) on the x-axis.

The charge Q will

(A) Execute simple harmonic motion about the origin

(B) Move to the origin and remains at rest

(C) Move to infinity

(D) Execute oscillatory but not simple harmonic
motion.

[IIT-JEE 1983]

A hollow metal sphere of radius 5 cm is charged so
that the potential on its surface is 10 V. The potential at
the centre of the sphere is

(A) ZERO

(B) 10V

(C) same as at a point 5 cm away from the surface
(D) same as at a point 25 cm away from the surface

[IIT-JEE 1981]

An alpha particle of energy 5MeV is scattered
through 180° by a fixed uranium nucleus. The dis-
tance of closest approach is of the order of

(A) 1A ®) 107 em
(C) 10 cm (D) 10" cm

Multiple Correct Choice Type Problems

This section contains Multiple Correct Choice Type
Questions. Each question has four choices (A), (B), (C) and
(D), out of which ONE OR MORE is/are correct.

1.

[JEE (Advanced) 2019]

A charged shell of radius R carries a total charge Q.
Given ¢ as the flux of electric field through a closed
cylindrical surface of height I, radius r and with its
centre same as that of the shell. Here, centre of the cyl-
inder is a point on the axis of the cylinder which is
equidistant from its top and bottom surfaces. Which of
the following option(s) is/are correct?

(&, is the permittivity of free space)

(A) If 1> 2R and 7= X then g= -2
5 5¢,

(B) If h<% and r=% then ¢=0
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(C) If h>2R and r>R then e;f):g
&

(D) If h>2R and 7= then 9= <
5 5¢,

[JEE (Advanced) 2019] o
An electric dipole with dipole moment %(z + ;) is

held fixed at the origin O in the presence of an uni-
form electric field of magnitude E,. If the potential is
constant on a circle of radius R centered at the origin
as shown in figure, then the correct statement(s) is/are
(& is permittivity of free space. R>> dipole size)

(A) Total electric field at point B is E; =0

(B) Total electric field at point A is E, = 2E, (;+ })

1
© R=| |
dmeyE,
(D) The magnitude of total electric field on any two
points of the circle will be same

[JEE (Advanced) 2017]

A point charge +Q is placed just outside an imaginary
hemispherical surface of radius R as shown in the figure.
Which of the following statements is/are correct?

(A) The electric flux passing through the curved sur-

face of the hemisphere is _Zg[ 1- LJ

e\l 2

(B) The component of the electric field normal to the
flat surface is constant over the surface

(C) Total flux through the curved and the flat surfaces

is Q
&
(D) The circumference of the flat surface is an

equipotential
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[JEE (Advanced) 2014]

Let E;(r), E,(r) and E;(r) be the respective electric
fields at a distance r from a point charge Q, and infi-
nitely long wire with constant linear charge density
A, and an infinite plane with uniform surface charge
density o. If E (1, )=E,(r)=E;(r,) at a given dis-
tance 7, then

(A) Q-=donr]

A
B =—
(B) 1 Py

o 3)u(3)
o 3}l

[JEE (Advanced) 2013]

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 over-
lap, as shown in the figure. At all points in the overlap-
ping region

A) the electrostatic field is zero

B) the electrostatic potential is constant

C) the electrostatic field is constant in magnitude
D) the electrostatic field has same direction

[JEE (Advanced) 2013]

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 centre of the spheres, is zero.

_— — — —

The ratio P can be

& 32
(A) :; B) -
@ = (D) 4
[IIT-JEE 2012]

Six point charges are kept at the vertices of a regu-
lar hexagon of side L and centre O as shown in the

figure. Given that K= Liz, which of the following
dre, [

statements(s) is(are) correct.
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(A) The electric field at O is 6K along OD

(B) The potential at O is zero

(C) The potential at all points on the line PR is same
(D) The potential at all points on the line ST is same

[IIT-JEE 2012]
A cubical region of side a has its centre at the origin. It

encloses three fixed point charges, —¢ at (U, - E, 0 ),

3¢ at (0,0, 0) and —q at (o, +%, 0]. Choose the
correct option(s).

".l:!)

‘//

X

(A) The net electric flux crossing the plane x= +%

is equal to the net electric flux crossing the plane

a
x=-=
2

(B) The net electric flux crossing the plane y = +§ is

more than the net electric flux crossing the plane
_a
/=7

(C) The net electric flux crossing the entire region is 1

£
(D) The net electric flux crossing the plane z =+%
is equal to the net electric flux crossing the plane

a
X=+=
2

[ITT-JEE 2011]
Which of the following statement(s) is/are correct?
(A) If the electric field due to a point charge varies as

r > instead of r 2, then the Gauss’s law will still
be valid

10.

11.

12.
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(B) The Gauss's law can be used to calculate the field
distribution around an electric dipole

(C) If the electric field between two point charges is
zero somewhere, then the sign of the two charges
is the same

(D) The work done by the external force in moving
a unit positive charge from point A at potential
V, topoint B at potential Vi is (V3 -V, )

[IIT-JEE 2011]
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

(A) E;"*=0 (B) Q4>Qs

c, R £ p
C ZA_B D Ecm surface <E011 surface
© =g O) E; ;
[IIT-JEE 2010]

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

(4) |Q1]>|Q]

(B) [Qi|<|Q,|
(C) ata finite distance to the left of Q, the electric field
is zero

(D) at a finite distance to the right of Q, the electric
field is zero

[IIT-JEE 2009]

Under the influence of the coulomb field of charge +Q,

a charge —q is moving around it in an elliptical orbit.

Find out the correct statement(s).

(A) The angular momentum of the charge -q is
constant

(B) The linear momentum of the charge —-g is
constant

(C) The angular velocity of the charge -q is
constant

(D) The linear speed of the charge -4 is constant
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13. [IIT-JEE 2006]
For spherical symmetrical charge distribution, varia-
tion of electric potential with distance from centre is

given in diagram. Given that V = T for r< R,
TRy
and V=—1— for r=R,
dmeyr
Vi

I

I

|

i r

L >

r= RO

Then which option(s) is/are correct

(A) Total charge within 2R, is 4.

(B) Total electrostatic energy for r <R, is zero.

(C) At r=R, electric field is discontinuous.

(D) There will be no charge anywhere exceptat r = R;.

14. [IIT-JEE 1999]
An ellipsoidal cavity is carved within a perfect con-
ductor (see figure). A positive charge g is placed at
the centre of the cavity. The points A and B are on the
cavity surface as shown in figure. Then,

(A) electric field near A in the cavity = electric field
near B in the cavity.
(B) charge density at A = charge density at B.
(C) potential at A = potential at B.
(D) total electric flux through the surface of the cavity
q

is —.
&

15. [IIT-JEE 1998]
A non-conducting solid sphere of radius R is uni-
formly charged. The magnitude of the electric field
due to the sphere at a distance r from its centre
(A) increases as r increases for r <R
(B) decreases as r increases for 0 <r<e
(C) decreases as r increases for R <r <o
(D) is discontinuous at r=R

16. [IIT-JEE 1998]
A positively charged thin metal ring of radius R is
fixed in the x-y plane with its centre at the origin O .

A negatively charged particle P is released from rest
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at the point (0, 0, z;) where z; > 0. Then the motion
of P is
(A) periodic for all values of z;, satisfying 0<z; <

(B) simple harmonic for all values of z; satisfying
0<z;<R

(C) approximately simple harmonic provided z; « R

(D) such that P crosses O and continues to move
along the negative z-axis towards z = —eo

Reasoning Based Problems

This section contains Reasoning type questions, each hav-
ing four choices (A), (B), (C) and (D) out of which ONLY
ONE is correct. Each question contains STATEMENT 1 and
STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT
2 is the correct explanation of STATEMENT 1.

Bubble (B) If both statements are TRUE but STATEMENT 2
is not the correct explanation of STATEMENT 1.

Bubble (C) If STATEMENT 1 is TRUE and STATEMENT
2is FALSE.

Bubble (D) If STATEMENT 1 is FALSE but STATEMENT
21s TRUE.

1. [IIT-JEE 2008]
Statement-1: For practical purposes, the earth is used
as a reference at zero potential in electrical circuits.
Statement-2: The electrical potential of a sphere of
radius R with charge Q) uniformly distributed on the

surface is given by IR’
&y

Linked Comprehension Type Problems

This section contains Linked Comprehension Type
Questions or Paragraph based Questions. Each set consists
of a Paragraph followed by questions. Each question has
four choices (A), (B), (C) and (D), out of which only one is
correct. (For the sake of competitiveness there may be a few
questions that may have more than one correct options)

Comprehension 1

Consider an evacuated cylindrical chamber of height h
having rigid conducting plates at the ends and an insulat-
ing 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 -Vj.
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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 elec-
tric field in the chamber can be considered to be that of a
parallel plate capacitor. Assume that there are no collisions
between the balls and the interaction between them is neg-
ligible. (Ignore gravity)

@

1. [JEE (Advanced) 2016]

Which one of the following statements is correct?

(A) The balls will bounce back to the bottom plate
carrying the opposite charge they went up with

(B) The balls will execute simple harmonic motion
between the two plates

(C) The balls will bounce back to the bottom plate
carrying the same charge they went up with

(D) The balls will stick to the top plate and remain
there

2. [JEE (Advanced) 2016]
The average current in the steady state registered by
the ammeter in the circuit will be

(A) proportional to V2
(B) proportional to Vj

(C) proportional to the potential V;
(D) zero

Comprehension 2

The nuclear charge (Ze) is non-uniformly distributed
within a nucleus of radius R. The charge density p(r)
(charge per unit volume) is depended only on the radial
distance r from the centre of the nucleus as shown in fig-
ure. The electric field is only along the radial direction.

3. [IIT-JEE 2008]
The electric field at r=R is
(A) independent of a
(B) directly proportional to a
(C) directly proportional to a*
(D) inversely proportional to a
4. [IIT-JEE 2008]

For a =0, thevalue d (maximum value of p asshown
in the figure) is

37¢° 3Ze
A B =
(&) 47R3 (B) nR?
47e Ze
C D
© 37R3 ©) 37R°

5. [IIT-JEE 2008]
The electric field within the nucleus is generally
observed to be linearly dependent on r. This implies

R
(A) a=0 (B) HZE
(C) a=R (D) a=%

Matrix Match/Column Match Type Questions

Each question in this section contains statements given in
two columns, which have to be matched. The statements
in COLUMN-I are labelled A, B, C and D, while the state-
ments in COLUMN-II are labelled p, q, 1, s (and t). Any
given statement in COLUMN-I can have correct matching
with ONE OR MORE statement(s) in COLUMN-II. The
appropriate bubbles corresponding to the answers to these
questions have to be darkened as illustrated in the follow-
ing examples:

If the correct matches are A— p,sand t; B — qand r;
C - pand g;and D — s and t; then the correct darkening of
bubbles will look like the following:

P 9

QEOO|-

s t
®®
® ®
®O®
®0®

OO w >
ClClCIC)
@O

1. [JEE (Advanced) 2014]
Four charges Q;, Q,, Q3 and Q, of same magnitude
are fixed along the x-axis at x=-2a, —a, +a and
+2a respectively. A positive charge g is placed on the
positive y-axis ata distance b > 0. Four options of the
signs of these charges are given in List I. The direction
of the forces on the charge ¢ is given in List II. Match
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List I with List I and select the correct answer using
the code given below the lists.

+q
0, b)
o Qo Q Q
Q Q, Qs Q
(22,00 (a0 (+a,0 (+2a0)

List | List Il
P. Q,, Q, Q,, Q,all positive 1 +x
Q. Q,, Q, positive; Q,, Q, negative 2. —x
R. Q,, Q, positive; Q,, Q; negative 3. 4y
S. Qy, Q; positive; Q,, Q, negative 4. -y

Codes

(A) P-3,Q-1,R4,5-2
(B) P-4,Q-2,R-3,51
(C) P-3,0-1,R-2,54
(D) P-4,Q-2,R-1,53

Integer/Numerical Answer Type Questions

In this section, the answer to each question is a numerical
value obtained after doing series of calculations based on
the data given in the question(s).

1

[JEE (Advanced) 2015]
An infinitely long uniform line charge distribution of
charge per unit length A lies parallel to the y-axis in

the y-z plane at z= ga (see figure). If the magni-

tude of the flux of the electric field through the rectan-
gular surface ABCD lying in the x-y plane with its

o AL B
centre at the origin is — (&, = permittivity of free
ne,
space), then the value of n is
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[IIT-JEE 2012]
An infinitely long solid cylinder of radius R has a uni-
form volume charge density p. It has a spherical cavity

R
of radius 3 with its centre on the axis of the cylinder,

as shown in the figure. The magnitude of the electric
field at the point P, which is at a distance 2R from the

axis of the cylinder, is given by the expression 122; R.
g,
The value of k is ’
z
R
RI2 P
A ey
2R

[IIT-JEE 2011]

Four point charges, each of +q, are rigidly fixed at the
four corners of a square planar soap film of side 4.
The surface tension of the soap film is y. The system
of charges and planar film are in equilibrium, and

2\N
a= k( q] , where k is a constant. Then N is.
14

[IIT-JEE 2009]
Asolid sphere of radius R hasa charge Q distributed

in its volume with a charge density p =kr®, where k
and a are constants and r is the distance from its cen-

tre. If the electric field at r = R is 1 times thatat r =R,
. 2 8
find the value of a.
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ANSWER KEYS—-TEST YOUR CONCEPTS AND PRACTICE EXERCISES

Test Your Concepts-I
(Based on Coulomb’s Law)

1. K=4
2. 2x10"® N

Aol
3
g P

P
5. 4x10%,10%, 8.6x107" Ckg™
6. 9x107 (61 -8]) N, 9x10° N
7. (-21i - 28]+ 84k )x10° N

8. 225 mm

9. 33x107 C

3
T
Q9

12. Q=21 fdmek(L-1,)
13. 3 uC and -1 uC
14. 38 uC or 12 uC

15. 41x10% rads™, 1.5x107* s

1
17, ( 47r£0ng2 ]2

3

18. u=0.18

19. 1

Test Your Concepts-lI
(Based on Principle of Superposition)

QZ TN ~

1 4zrsoa [ \/_ \/_:l(z+]+k)
V3Q? 1
4zrsoa [ +T T) MAGNITUDE

213/2
h 2

Qo
3\/_71'601:1

3. Radially outwards +
/ 7

L 2m (242 [ &3 J
\l meyma

9Q

4;r£0a2

. 10N (parallel to AB)

Test Your Concepts-lll
(Based on Electric Field)

1.

. (a)

q

dmega*

_Qr
87r2£0R3

. 02N (due North), 0.5 N (due South)

Joq

dmeyl?

="
g

. (@) Q, isnegative and Q, is positive.

Q

b
()Q2

%)

1

o)

(©

. f=ARE,; along positive x-axis.

2Qqx,
7

—_— {towards the centre}
dre, (R2 + xé) ‘

(b) The motion of the bead is periodic between +x,
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2 A
() 111[2]—:2’€=—ZQ¢3,‘.2 with d_x=0 at x==x, 21. 87r£0x
d 4re, (RZ + xﬁ) i dt 070
and x=x at t=0 2. E=— and E,=—— with Enet=ﬂ
Y dmegh Y dmegb 4meyb

(d) x=x,cos(@t) and v=—x,wsin(wt), where

2
o= |2 -
dregmR
© dnggmR® 1 chosg
204 ’

Test Your Concepts-1V
(Based on Dipoles and Dipole Moment)

12.

13.

14.

15.

16.

17.

18.

19.

20.

2, ‘;_9‘ =\/ﬁqa
mRm
. 2 |—— -1 1 . .
4qE atan angle tan (Z)Wlth the z axis.
A
1. ———— dmeyl
22me,R 3. T=2n /Tﬂ
mgd md
—— 4. (a)2
NE-& @ 27 LE
‘ (b) (i) ALAE
T=2rn % (ii) 2ALdE
(o
m i
5. (@ 7| ———
Asin BQE
2 fi;n—Ed not a simple harmonic motion but periodic in (b) 8AR%Esin?,
nature. 6. (a) zero
Ap
W2 s (b) ——"—
-21+14 z
47:506( i+14j) amey!
Ap
(34 i 2y r*
eyl
7. ERZJLO
a) f=—"——
@4 (Acoté+B) qp
8. (a) —t—
dme d
b) T=r—"——=
(Acos@+ Bsin6) X
®) L
( ) mpz 27C£Ud
a —
qR
) — Test Your Concepts-V (Based on Flux)
® o q p
1. —|1- '
5.25 uC 50( [R2 412 ]
1
o it
*(R*+22)2 €\ VI* +4R?
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5 AR
2¢,
N (1+§]L
2 J2¢
5. 2HRE

6. E(2RHcos6+7R*sing)

ch??
7, —
2

8. (a) 858 Nm’C™
(b) 0
(c) 428.75Nm*C™

9. 180 kN m*C™

10. 1MNC™!

11. (a) -2.34 kNm’C"'
(b) +2.34 kKNm*C™
(c) 0

12. +1.87 KNm’C™'
13. ERh

14. (a) +g

2,

Q
) -5

Test Your Concepts-VI
(Based on Gauss’s Law)

1. zero

Av

v
~

o

R
(=]
1]

5. 1
3g,

6. (a) 1

(b) -

a

9, When R<d, @, = Jec =

£
[2
When R>d, @, = VR =4"
&
5
10. (a) ”OR2
Sgyr
3
’
(b) Pol”
¢,
1. (@) [, 3.
%i for Jr>E
24¢, 2
3
—Bﬁii for x<-——
24, 2
[ 3
’:;?—xi for x>0
£
b | °
—p'if for x<0
3g,
12. 2o
2¢,
13. (b) =[G—A;IE}r
Ry
pa



ICON

Chapter 1: Electrostatics 1.235

Test Your Concepts-VII 10. () 45x107

(Based on Electrostatic Potential and Energy) 5
(b) —45x107 ]

2.50
L (a) 2.00 1. _Q(E]
N :
5 /
dreg — 100 12. (a) 6m
0.50 _
0.00 (b) —2pC
4 -32-10123 4
a 13. r=05m
r=0.25m
2
(b) 10 14. E(q—]
9\ dneyd
V() 8 0
Q. 6 Q
4 15. -0.553
e ) 4me,R
5-4-3%-1] 12345 16. —qoEqa
-4 A
17. —(m+2log,3
-8
-10 18 (MD] RVR?+22 4 x*log, | —
yla 4me, A\R+VRZ+42
2. 762x1072 ] 19. () 21, 1
4?1'50 37(80
3. 135M]
g L (2) 4[4
4 9x10° V (t) 4Jr80( 3 ) 4mso[ 5 ]
5. (a) 20E 20. Tm
k
QF A
(b) =— dmegml
k
1 q2
m A
© 2 \/; 2. 5.824( e a]
2(QE - wm 1/3
k 3t
6. 1.8x10* V
Test Your Concepts-VllI
7. 40kV (Based on Equipotential Surfaces)
1 2Qqx° 1. +260V
" Ape 3
Aney o 2. (a) E,>Es
. 04ms! (b) 200 NC™ downwards
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2. (a) 1.52x10° ms™
(b) 6.5x10° ms™

3. (a) -45x107]
(b) 3.46x10* ms!

4, 273 fm

1)1 ¢

5. J[Hﬁ)aﬁ

6. 1.45%10" ms™!

Test Your Concepts-I1X

(Based on Relation Between Electrostatic 1 ¢

. . 7. _
Field and Potential) 47z, 3m

1 5/2NC™

E o | <
2 E = ?’.Eﬂae'xz(x2 + yz +2° ) 2 "\ 2me,MR
(gt I
E, =3Fa’yz(x* +y* +27) 2 1 5, g 1
y 0 9. mgl——mu”+ —(1-42)
™ T e, N2t

E, =E,:,-I-an?’(Zzzfxzfyz)(xzﬂd2 +22)§

2
10. Q7 +[ Qq ]-H?Z

3. -2i-3j+k dmegmuy - \\ dmegmog
4, 3V 2 2
1 ae_ omi” |3
5 () 1V (b)1V "oy ae
6. (a) —2a(xi— yj
g : ) 2 o= | Q| Qmn
(b) —ayi —ax] ! 2megmn (r+1) " 2 2megmry (1, +1;)
7. E=—(2ax§+2ay}+2bzf€) 13 ¢’
' niEymu;

|E|=2Jaz(x2+y2)+bzzz

An ellipsoid of revolution with semi-axis Test Your Concepts-XI

(Based on Conductors)

PR PR 1. 2N

1 1 1
8. —(axy+byz)+C 2. -——(o,+0y), —(0,-03) , —(0,+0
( ) 280( A B) 280( A B) 280( A B)
Test Your Concepts-X E=Ey=0,E =2
(Based on Motion of Charged Particles in ; &
Electric Field) 3. 1.77 pCm
1 (a) 60V 4. (a) 496 nCm >

(b) 4.6x10° ms™ (b) 992 nCm*



1
- (@) 4ra*
Q+q
4xh?

(b)

. Charge on the outer surface of the sphere is —Q
Charge on the inner surface of the shell is +Q
Charge on the outer surface of the shell is +2Q

Inside the sphere within the material of the shell, E=0

Between the sphere and shell E=

Qutside the shell E=—=+

. (a) For r<a, E:;_r

For a<r<b and c<r, E=

For b<r<c¢, E=0

2
®) 4nc?

. (a) +2Q
20
47r£0r2
(c) E=0

(d) 0
(e) +3Q
Q.

4:r£0r2

(b)

(F)

3
(8 +3Q(;—3]

3Q
®) ( 47r€0a3 Jr

Chapter 1: Electrostatics

(Based on Charge Distribution)

130

() -3Q
() +2Q
(k) Ea
i [~ >r
a bc
Test Your Concepts-XI|

2

3. (%—EUAE), [ +€0AE)

_SDAE ’ +£DAE

4. By =E-

5. AEg,, -AEg,

V2¢,

(0'1 —Gz)qa

Q i
2A¢g,

. 9

ight =L+ -~
e 2Ag,

Test Your Concepts-XIlI

(Based on Concept of Self and

Interaction Energy)

2
LT {l_L}
R

8mey | R

dre,
2

2

1 Q?
drmey 2R

R, R

q

1.237
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Single Correct Choice Type Questions

1.
11.
21.
31.
41.
51.
61.
71.
81.
91.

101.
111.
121.
131.
141.
151.
161.
171.
181.

v

0O > » 0P U % 09w p O % 00 0 @&

2
12.
22,
32
42,
52.
62.
72.
82.
92.

102.
112.
122,
132,
142.
152.
162.
172.
182.

> W O g x> NP U0 » @9 »> N0 % >0 O O

&,
13.
28,
33.
43.
53.
63.
73.
83.
93.

103.
113.
123.
133.
143.
153.
163.
173.
183.

v

4,
14.
24,
34
44,
54.
64.
74.
84.
94.

104.
114.
124.
134.
144.
154.
164.
174,
184.

(@]

> W O @ > 00NN W w00 0Ng e g0 =
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5t
15.
25.
35.
45,
55.
65.
75.
85.
95.
105.
115.
125.
135.
145.
155.
165.
175.
185.

Multiple Correct Choice Type Questions

1.

6.
11.
16.
21.
26.
Sk
36.
41.
46.
51.
56.
61.

AC
A C
A C
B,D
D

B,C

Af BI Cf

A

AD
AC
AD
B,C
A,CD

D

2

7.
il
17.
22
27.
32.
37.
42,
47.
52.
57.

AC
D

AB
A,B,C D
A,B,C
A, B,D
C,D
D

AC
AB,C
A,B,D
B,C,D

Reasoning Based Questions

1.
11.

C
D

2. B
12. C

38
13.

D 4. C
B 14. B

3

lek
18.
3
28.
sk
38.
43.
48.
53.
58.

B
15.

C 6. C
A 16 A
C 26. D
B 36. A
B 46. C
B 56. C
C 66. A
A 76. D
B 86. C
C 96. B
A 106. B
B 116. B
D 12.C
B 136. B
C 146. B
A 15.B
C 166 B
D 176 A
B 186. B
A,B,C,D
A,B,C
A,B,C,D
A,CD
B,C,D
A,B,C,D
A, D

B,D

B,D

A,CD
A,B,C

A 6. D
B 16. D

7. D 8. A
17. D 18. A
27. A 28. B
37. B 38. A
47. D 48. C
57. B 58. A
67. C 68. B
77. B 78. C
87. C 88. C
97. D 98. B

107. A 108. A
117.D  118. D
127.D  128. C
137.B 138. A
147.B  148. C
157.C  158. C
167.D  168. D
177.C  178. D
187. C

4. A,C,D
9. C,D
14. B,D
19. B,D
24. A, B,C,D
29. A,C,D
34. A,B,C,D
39. A, D
4. A,B
49. A,C,D
54, B,C
59. B,C,D
7.D 8. A
17. D 18. A

19.
208
39.
49,
59.
69.
79.
89.
99.
109.
119.
298
139.
149.
159.
169.
179.

10.
15.
20.
25.
30.
558
40.
45.
50.
55.
60.

19.

A 10.B
D 20. D
B 30.B
A 40. A
C 50D
A 60. C
D 70. A
C  80.C
D 90. B
A 100. C
C 110. B
D 120. C
D  130. B
C 140. A
D 150. A
C 160. D
A 170. B
A 180. B

.C,D
AB,C
D
A,D
A,C
A, B
ABCD
B,D
AC
AB,C
AB,C
A, D

. B 10. A
A 20. A
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Linked Comprehension Type Questions

1.
11.
21.
31
41.
51.

C 2. B
B 12. D
B 22. C
D 32.D
B 42. D
A 52. D

3.C 4,
13. B 14.
23. D 24,
33. C 34
43. D 44,
53. B 54.

N N = N0 0O

Matrix Match/Column Match Type Questions

il
2.
B8
4,

8.
G,

A= (p,qr15)
A— (pf I, s, t)
A= (p,1s)

A-(qrs)

. A—(q,1)
. A= (s, 1)

. A= (1 9)

A—(q,s)
A= (s )

10. A= (q, 1)

11.
12.
1k
14.
ji53
16.
17.
18.
1o
20.
21.

22,

A-()
A—(s)
A= (p)
A—(r,s)
A-(p,s)
A—=(p s t)
A=(q)
A—(s)
A—(r)
A—(s)
A= (p)
A=(q)

B—(p,q )
B—(p,q
B—(p, g
B (p)
B—(s)
B—(p.qr1)
B—(p,15)
B—(p)
B—(q)
B—(s)

B —(s)

B (r)
B—(qs)
B—(rs)
B—(q )
B—(p,1s,t)
B— (1)
B— (r)
B—(q)

B (r)
B— (1)

B—(r)

5 D 6.
15. A 16.
25. D 26.
35. A 36.
45, C 46.
55. B 56.
C—(p,q>s

C—(p,q

C-(pqurs

C-Ppqrs)
C—(b)
C—(q
C-(q
C—()
C-(p
C-(p
C-(p)
C—(qt)
C-(p
C—(ps)
C-(qs)
C—p.qrs)
C—(s)
C-(p
C-(p
C-(p
C-(p
C-(p

Integer/Numerical Answer Type Questions

1
6

o 225
.12

255
7. 72

3. 12
8.1

> W O @ = O

17.
27.
37.
47.
57.

18.
28.
38.
48.
58.

N N > > ®

D—(p,qrz1st)
D—=(pr1st)
D—(p, s t)
D=(pqrs)
D—(p)
D= (p)
D- (1)
D—(r)
D—(rs)
D= (r)
D—(p)
D= (p)
D-(qr)
D= (ps)
D-(s)

D-(qg)

4. 2
9. 60

Chapter 1: Electrostatics

C 9. C 10.
D 19. C 20.
C 29. B 30.
B 39. C 40.
C 19. B 50.
B 59. D 60.

5. 2275

10. 12

1.239

N B
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1.240 JEE Advanced Physics: Electrostatics and Current Electricity

11. 52 12. 5 13. 1320 14. 24
16. 2 17. 8 18. 33 19. (a) 55, (b) 2293
21. 30 22. 7080 23. 154 24. 99

26. 365 27. (a) 3, (b) 20, ()58 28. 100 29. 345,16

31. 35 32. 373 33. 100 34. 47

36. 2 37. 700 38. 586 39. 758

41. 1080, 155 42. 200 13. 5 44. 10

46. 30 47. 2

ARCHIVE: JEE MAIN

1. D 2. B 3. A 4. A 5. A 6. A 7. C
11. C 12. C 13. D 14. C 15. A 16. A 17. A
21. C 22. A 23. A 24, C 25. D 26. C 27. A
31 A 32.D 33. C 34. A 35. A 36. B 37.B
41. C 42. C 43. B 44, D 45. C 46. A 47. D
51. D 52. D 53. C 54. D 55. A 56. D 57. C

ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems

1. D 2.D 3.C 4, C 5.D 6. C 7. C
11. A 12. C 13. C 14. D 15. B 16. A 17. B
21. B 22. B 23. C 24. B 25. B 26. D 27. B
31. B 32. A 33. B 34. D 35. B 36. C

Multiple Correct Choice Type Problems

1. A B,C 2.AC 3.AD 4. C

6. B,D 7. A,B,C 8. AC 9. C,D
11. A,D 12. A 13. A,B,C,D 14. C,D
16. A, C

Reasoning Based Problems
1. B
Linked Comprehension Type Problems
1. A 2. B 3. A 4 B 5. C

Matrix Match/Column Match Type Questions

1. A

Integer/Numerical Answer Type Questions

1.6 2.6 &l & 4,2

18.
28.
38.
48.
58.

18.
28.

O @ N W w J

(@]

15. 20

20. 9

25. 50

30. 8

35. 2

40. 6

45. 30

9. D 10.
19. A 20.
29. B 30.
39. C,D  40.
19. B 50.
9. D 10.
19. D 20.
29. D 30.
5.CD

10. A,B,C,D
15. A, C
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