JEE Mains & Advanced Past Years Questions

JEE-MAIN
PREVIOUS YEAR'S

1. The region between two concentric spheres of radii ‘a’

and ‘b’, respectively (see figure), has volume charge

A
density p = — , where A is a constant and r is the distance
r

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

[JEE Main - 2016]
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. An electric dipole has a fixed dipole moment p, which

makes angle 0 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 Ez = \/§E13 It

experiences torque Tz = —Tl. Theangle Ois:

[JEE Main - 2017]
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. Determine the electric dipole moment of the system of

three charges, placed on the vertices of an equilateral

triangle, as shown in the figure:
[JEE Main - 2019 (January)]
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. 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:
[JEE Main - 2019 (January)]
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. Three charges +Q, q, +Q are placed respectively, at
distance, 0, d/2 and d from the origin, on the x-axis. Ifthe
net force experienced by +Q, placed at x = 0, is zero, then
value of q is [JEE Main - 2019 (January))
(a) Q4 (b) +Q2
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. Charge is distributed within a sphere of radius R with a

volume charge density p(r) = r—zefzr/a , where A and a are

constants. If Q is the total charge of this charge distribution
the radius R is:
[JEE Main - 2019 (January)]
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. Twopoint charge q; (\/EHC) and g2 (—25pC) are placed

o
Q| @

on the x-axis at x = 1 m and x = 4 m respectively. The
electric field (in V/m) at a point y = 3 m on y-axis

.| take L _9x10°Nmc?
’ 4ne,

[JEE Main - 2019 (January)]
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. 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. A

charge Q is placed at P where OP =y and y >> 2a. the
charge Q experiences an electrostatic force F. If Q is now

moved along the equatorial line to P’ such that OP' = [%) ,

the force on Q will be close to [% >> 2aj

[JEE Main - 2019 (January)]
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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 at a point on the x-
axis at x =D, with D>>d, will behave as:-

[JEE Main-2019 (April)]
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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 2000V/m. At equilibrium, the angle that the pen-
dulum makes with the vertical is (Take g = 10 m/s®)

[JEE Main-2019 (April)]
(@) tan'(5.0) (b) tan’'(2.0)
(¢) tan'(0.5) (d) tan’'(0.2)
A simple pendulum of length L is placed between the plates
of a parallel plate capacitor having electric field E, as shown
in figure. Its bob has mass m and charge q. The time period
of the pendulum is given by :

[JEE Main-2019 (April)]
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12.

13.

14.

15.

An electric dipole is formed by two equal and opposite
charges q with separation d. The charges have same mass
m. It is kept in a uniform electric field E. If it is slightly
rotated from its equilibrium orientation, then its angular
frequency o is : [JEE Main-2019 (April)]
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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. If A and B do not experience

any force, then : [JEE Main-2019 (April)]
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Three charged particles A, B and C with charges —4q, 2q

and—2q are present on the circumference of a circle of radius
d. The charged particles A, C and centre O of the circle
formed an equilateral triangle as shown in figure. Electric
field at O along x-direction is:  [JEE Main-2020 (January))
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A particle of mass m and charge q is released from rest in

a uniform electric field. If there is no other force on the
particle, the dependence of its speed v on the distance x
travelled by it is correctly given by (graphs are schematic
and not drawn to scale) [JEE Main-2020 (January)]
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16.

17.

18.

19.

An electric dipole of moment § = (—i —3j+ 2k) 102 C.m.

isat the origin (0,0,0). The electric field due to this dipole

at T = (+i+3j+5k) (note that ¥.p = 0) is parallel to:
[JEE Main-2020 (January)|
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An electric field E = 4xi—(y?+1)j N/C passes through

the box shown in figure. The flux of the electric field
through surface ABCD and BCGF and marked as¢, and
¢, respectively. The difference between (¢, — ¢,) is

(in Nm?%C) [JEE Main-2020 (January)]
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In finding the electric field using gauss law the

quC

€9
permittivity of free space, A is the area of Gaussian surface

formula | E |=

is applicable. In the formula ¢, is

and q__ is charges enclosed by the Gaussian surface.

€nc
This equation can be used in which of the following
situation? [JEE Main-2020 (January))
(a) Only when the Gaussian surface in an equipotential

surface
(b) Only when |E| = constant on the surface.
(¢) Only when the Gaussian surface is an equipotential
surface and |E| is constant of the surface.
(d) For any choice of Gaussian surface
Consider two charged metallic spheres S, and S, of radii
R, and R,, respectively. The electric fields E,
(on S)) and E, (on S)) on their surfaces are such that
E/E, =R/R,. Then the ratio V (on S )/V, (on S,) of the

electrostatic potentials on each sphere is
[JEE Main-2020 (January)]
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20.

21.

22,

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

[JEE Main-2020 (September)]
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A charged particle (mass m and charge q) moves along
X-axis with velocity V . When it passes through the origin

it enters a region having uniform electric field E = —Ej

which extends upto x = d. Equation of path of electron in
the region x >d is
[JEE Main-2020 (September)]
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A particle of charge q and mass m is subjected to an
electric field E= E (1 —ax?) in the x-direction, where a and
E, are constants. Initially the particle was at rest at x = 0.
Other than the initial position the kinetic energy of the
particle becomes zero when the distance of the particle
from the origin is
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[JEE Main-2020 (September)]
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23.

24,

25.

Two charged thin infinite plane sheets of uniform surface
charge density 6, and o_, where | o, > |o |, intersect at
right angle. Which of the following best represents the
electric field lines for this system?

[JEE Main-2020 (September)]
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Consider the force F on a charge ‘q” due to a uniformly
charged spherical shell of radius R carrying charge Q
distributed uniformly over it. Which one of the following
statements is true for F, if ‘q’ is placed at distance r from

the centre of the shell?
[JEE Main-2020 (September)]
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Two identical electric point dipoles have dipole moments
E = pf and pj = pf and are held on the x axis at distance

'a’ from each other. When released, they move along the x-
axis with the direction of their dipole moments remaining
unchanged. If the mass of each dipole is 'm', their speed

when they are infinitely far apart is
[JEE Main-2020 (September)]
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26.

27.

28.

29.

30.

315
Suppose that intensity of a laser is [Tj W /m The rms

electric field, in units of V/m associated with this source is
close to the nearest integer is
(g,=8.86 X102 C*Nm?; ¢=3 x 108ms D]

[JEE Main-2020 (September)]
Charges Q, and Q, are at points A and B of a right angle
triangle OAB (see figure). The resultant electric field at
point O is perpendicular to the hypotenuse, then Q /Q, is
proportional to

[JEE Main-2020 (September)]
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A charge Q is distributed over two concentric conducting
thin spherical shells radii r and R (R >r). If the surface
charge densities on the two shells are equal, the electric
potential at the common centre is

[JEE Main-2020 (September)]
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Concentric metallic hollow spheres of radii R and 4R hold
charges Q, and Q, respectively. Given that surface charge

densities of the concentric spheres are equal, the potential
difference V(R) — V(4R) is [JEE Main-2020 (September)]
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Hydrogen ion and singly ionized helium atom are
accelerated, from rest, through the same potential
difference. The ratio of final speeds of hydrogen and
helium ions is close to [JEE Main-2020 (September)]
(@) 2:1 b)) 1:2
(¢c) 10:7 d 5:7

31.

32.

33.

A two point charges 4q and —q are fixed on the x- axis at x

d
=—— andx= 3 respectively. If athird point charge ‘q’

2
is taken from the origin to x = d along the semicircle as

shown in the figure, the energy of the charge will
[JEE Main-2020 (September)]
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Ten charges are placed on the circumference of a circle of
radius R with constant angular separation between
successive charges. Alternate charges 1, 3, 5, 7, 9 have
charge (+q) each, while 2,4, 6, 8, 10 have charge (—q) each.
The potential V and the electric field E at the centre of the
circle are respectively.

(Take V =0 at infinity)
[JEE Main-2020 (September)]

(@) V=0;E=0
) V= 10q E= 10q
4ng, R’ 4ng R’
10q
V= —F=
©) 4me R E=0
10q
V=0; E=
@ ’ 4me R’

A solid sphere of radius R carries a charge Q + q distributed
uniformly over its volume. A very small point like piece of
it of mass m gets detached from the bottom of the sphere
and falls down vertically under gravity. This piece carries
charge q. If it acquires a speed v when it has fallen through
avertical heighty (see figure), then : (assume the remaining
portion to be spherical). [JEE Main-2020 (September)]
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NUMERICAL BASED QUESTIONS

34. An infinite number of point charges, each carrying 1uC
charge, are placed along the y-axis at y =1m,2m

4m,8m .The total force on a 1 C point charge, placed at

the origin, is xx10* N The value of x, to the nearest

1
integer, is . Take 2 =9x10°Nm?* / C?

g

[JEE Main-2021 (March)]
JEE-ADVANCED
PREVIOUS YEAR'S

1. 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(r) with the distance r

from the centre, is best represented by which graph?

[JEE-2012]
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2. Six point charges are kept at the vertices of a regular
hexagon of side L and centre O, as shown in the figure.

1 g

Given that K = dme. 12 which of the following statement
ney L

(s) is (are) correct? [JEE-2012]

(a) theelecric field at O is 6K along OD

(b) The potential at O is zero

(¢) The potential at all points on the line PR is same
(d) Thepotential at all points on the line ST is same.

3. Two non-conducting solid spheres of radii R and 2R,

having uniform volume charge densities p, and p,
respectively, touch each other. The net electric field at a
distance 2R from the centre of the smaller sphere, along
the line joining the centres of the spheres, is zero. The

. P
ratio —_ can be;
P2

32
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. Two non—conducting spheres of radii R, and R, and

carrying uniform volume charge densities +p and —p,
respectively, are placed such that they partially overlap,
as shown in the figure. At all points in the overlapping
region:

(a) the electrostatic field is zero

(b) the electrostatic potential is constant
(¢) the electrostatic field is constant in magnitude
(d) the electrostatic field has same direction

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

dielectric solid spheres 1, 2 and 3 of radii R/2, R and 2R
respectively, as shown in figure. If magnitudes of the
electric fields at point P at a distance R from the centre of
spheres 1, 2 and 3 are E| E, and E, respectively, then

[JEE Advanced - 2014]
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R
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Sphere 1 Sphere 2 Sphere 3
el 1 rer 2 e 3
(@) E,>E,>E, (b) E,>E>E,

(¢) E,>E,>E, (d) E,>E,>E,



6. LetE (1), E(r) and E (r) be the respective electric fields at

adistance r from a point charge Q, an infinitely long wire
with constant linear charge density A, and an infinite plane
with uniform surface charge density c. if E (r)) = E,(r ) =
E,(r,) at a given distance r, then [JEE Advanced -2014]

b r—L
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(@ Q= 4crcr02
() E(r/2)=2E(r/2) (d) E(r/2)=4E(r/2)

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

lists. [JEE Advanced - 2014]
q (0, b)
Q Q Q Q4
(-2a,0) (-a,0) (+a,0) (+2a,0)
List-I List-IT
P. Q.Q,Q, Q, all positive 1. 4x
Q,,Q, positive Q,,Q, negative 2.-x
R. Q,.Q,positive Q,, Q, negative ~ 3.+y
S. Q,,Q,positive Q,, Q, negative 4. -y

Code:
(a) P-3,Q-1,R-4,S-2 (b) P4,Q-2,R-3,S-1

(¢) P-3,Q-1,R-2,S-4 (d P4,Q-2,R-1,S-3

. A point charge +Q is placed just outside an imaginary
hemispherical surfce of radius R as shown in the figure.
Which of the following statements is/are correct?

[JEE Advanced - 2017]

(a) Total flux through the curved and the flat surface is 8_
0

(b) The component of the electric field normal to the flat
surface is constant over the surface
(¢) Thecircumference of the flat surface is an equipotential

(d) The electric flux passing through the curved surface

QL
of the hemisphere is 26 \/E

0

9.

10.

An infinitely long thin non-conducting wire is parallel to
the z-axis and carries a uniform line charge density A. It
pierces a thin non-conducting spherical shell of radius R
in such a way that the arc PQ subtends an angle 120° at
the centre O of the spherical shell, as shown in the figure.
The permittivity of free space is €. Which of the following
statements is (are) true? [JEE Advanced - 2018]

N /

(a) Theelectric flux through the shell is \/37 R /g,

(b) The z-component of the electric field is zero at all the
points on the surface of the shell

(¢) The electric flux through the shell is /2 RA/eg,

(d) The electric field is normal to the surface of the shell
at all points
The electric field E is measured at a point P(0,0,d) generated
due to various charge distributions and the dependence
of E on d is found to be different for different charge
distributions. List-I contains different relations betweene
E and d. List-II describe different electric charge
distributions, along with their locations. Match the
functions in List-I with the related charge distributions in

List-I1. [JEE Advanced - 2018]

List-1 List-1I

P. E is indpendent of d 1. A point charge Q at the
origion

1
E o 1 2. A small dipole with point
charges Qat (0,0, ¢)and
—Q(0, 0,— /). Take 2/<<d
1

R. Eocd—2 3. Aninfinite line charge
coincident with the
x-axis, with uniform linear
charge density A.

S.Ex d% 4. Two infinite wires

carrying iniform linear
Charge density parallel to
the x-axis.
The one along
(y=0,z=/)hasacharge
den sity + A and the one
along (y=0,z=-1)
has a charge density — A.
Take 2¢ <<d
5. Infinite plane charge

coincident with the
xy-plane with uniform
surface charge density

(@ P>5QQ—-3,4R>1;S>2

b) P>5Q >3 R>1,4,S->2

(¢ P>5Q->3;R>1,2;S—4

d P>4,Q—>2,3;R>1;S—>5



11.

12.

13.

A thin spherical insulating shell of radius R carries a
uniformly distributed charge such that the potential at its
surface is V. Ahole with a small area o4nR*(a <<1) is
made on the shell without affecting the rest of the shell.
Which one of the following statements is correct?

(a) The ratio of the potential at the center of the shell to

1
that of the point at B R from center towards the hole

will be
1-2a
(b) The magnitude of electric field at the center of the

[JEE Advanced - 2019]

. aV,
shell is reduced by R

(¢) The magnitude of electric field at a point, located on a
line passing through the hole and shell's center on a
distance 2R from the center of the spherical shell will

be reduced b *Vo
e reduced by —

(d) The potential at the center of the shell is reduced by
20V,

A charged shell of radius R carries a total charge Given

@ as the flux of electric field through a closed cylindrical

surface of height h, radius r and with its center same as

that of the shell. Here, center of the cylinder is a point on

the axis of the cylinder which is equidistant from its top

and bottom surfaces. Whichof the following option(s) is/

are correct? [ €, is the permittivity of free space]
[JEE Advanced - 2019]

Q
(@) Ifh>2Randr> R then D=
0
8R 3R
(b) Ifh< 5 andr= 5 then @ =0
4R Q
(¢) Ifh>2Randr= S then @ = 5¢

3R Q
(d) Ifh>2Randr= 5 then @ = Se,

P, » =
An electric dipole with dipole moment T;(l +]) is held

fixed at the origin O in the presence of an uniform 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:
[JEE Advanced - 2019]
(g, is permittivity of free space, R >> dipole size)

14.

13
P
(@) R= 4mg,E,

(b) The magnitude of total electric field on any two points
of the circle will be same

(c) Total electric field at point A is E A= \/EEO (I + j)
(d) Totalelectric field at point Bis E5 =0

A uniform electric field, E = —40\/§§7NC’1 isapplied ina

region. A charged particle of mass m carrying positive
charge q is projected in this region with an initial speed of

210 x10°ms ™. This particle is aimed to hit a target T,

which is 5 m away from its entry point into the field as

shown schematically in the figure. Take % =10"Ckg .

Then- [JEE Advanced - 2020]

A
\ 4

S5m

(a) theparticle will hit T if projected at an angle 45° from
the horizontal

(b) theparticle will hit T if projected either at an angle 30°
or 60° from the horizontal

5
(¢) time taken by the particle to hit T could be \/g s as

5
well as \/; ms

5
(d) time taken by the particle to hit T \/; ms



15.

16.

17.

One end of a spring of negligible unstretched length and
spring constant k is fixed at the origin (0,0). A point particle
of mass m carrying a positive charge q is attached at its
other end. The entire system is kept on a smooth horizontal

surface. When a point dipole p pointing towards the

charge q is fixed at the origin, the spring gets stretched to
a length ¢ and attains a new equilibrium position (see
figure below). If the point mass is now displaced slightly
by Al << ¢ from its equilibrium position and released, it is

1 fk
found to oscillate at frequency s\Vm’ The value of &
m

[JEE Advanced - 2020]
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A circular disc of radius R carries surface charge density

r
o(r) =0, [1_Ej, where G is a constant and r is the

distance from the center of the disc. Electric flux through a
large spherical surface that encloses the charged disc
completely is ¢,. Electric flux through another spherical

R
surface of radius " and concentric with the disc is ¢. Then

9
the ratio E 1S..... [JEE Advanced - 2020]

A point charge q of mass m is suspended vertically by a
string of length /. A point dipole of dipole moment p is

now brought towards q from infinity so that the charge
moves away. The final equilibrium position of the system
including the direction of the dipole, the angles and
distances is shown in the figure below. If the work done in
bringing the dipole to this position is Nx(mgh),

where g is the acceleration due to gravity, then the value
of Nis

18.

19.

(Note that for three coplanar forces keeping a point mass

in equilibrium, —— is the same for all forces, where F is
s

in®
any one of the forces and 0 is the angle between the other

two forces) [JEE(Advanced) - 2020]

Two identical non-conducting solid spheres of same mass
and charge are suspended in air from a common point by
two non-conducting, massless strings of same length. At
equilibrium, the angle between the strings is .. The spheres
are now immersed in a dielectric liquid of density 800 kg m’
and dielectric constant 21. Ifthe angle between the strings
remains the same after the immersion, then

[JEE Advanced - 2020]
(a) electric force between the spheres remains

unchanged
(b) electric force between the spheres reduces
(¢) mass density of the spheres is 840 kg m=
(d) thetension in the strings holding the spheres remains
unchanged

Two large circular discs separated by a distance of 0.01 m
are connected to a battery via a switch as shown in the
figure. Charged oil drops of density 900 kg m* are released
through a tiny hole at the center of the top disc. Once
some oil drops achieve terminal velocity, the switch is
closed to apply a voltage of 200 V across the discs. As a
result, an oil drop of radius 8% 107 m stops moving vertically
and floats between the discs. The number of electrons
present in this oil drop is . (Neglect the buoyancy
force, take acceleration due to gravity =10 ms? and charge
on an

electron (e) = 1.6x10"° C) [JEE Advanced - 2020]



JEE Mains & Advanced Past Years Questions

JEE-MAIN
PREVIOUS YEAR'S

1. (a) From Gauss’s law

Q+J.(4ﬂx2dx)é
E x 42 = a *
S
gl Q A A2
4 2 2r?
2
For E to be const., Q2 =A—az:>A: Q2
4nr 2r 27ma

)

o

2. (a) Sofrom T =pxE

/
0 X-axis

7/
tk—1k = (pr+py})x(E;+x/§E3)

= p, x~J3Ek +pyE(—12)

0= Efc(«/gpx —py)

LN
Py

tan 0= /3
0=060°



3.

P, = 2Pcos30°(—3) = P\/g(—i)
Gl
4. (b) Electric field
kQx

- dE
Formaxima — =0
dx

E=

R
After solving we get, [X = J—r_j

4kQq kQ’
5. (a) e + B =0

= q=-Q/4

7. (@) E:ki;g:kxlo*é

VIO o (225) s e
{—lom( i+3j)+ 125 )(—4i+3j)

| I

| T | P
=(9 x 10°) [E(—1+3J)—g(4l+3j)

I 4y (3 3)
:(9 X 103) |:[—E+gjl+(m—§jl:|

)
=9000 | 751774
= (631 —271)(100)

1
8. (d Focr—3

Required force=27C

9. (d) Electric field atp =2E cos0,—2E cos0,

10. (o)

11. (a) gg=4/&" +

2Kq D 2Kq D

(a*+D?) ) (¢ +Dz)”2 - [(201)2 +D2} " [(201)2 +D2T/2

2KqD[(d2 + Dz)fy2 —(4d2 + Dz)fm}

) -3/2 2 -3/2
2KqD|(, d 1M
o (M) o

Applying binomial approximation --d <<D

1-=——1
D’ 2 p? 2D?

2KqD| . 3 ¢ (_3><4d2\}

2KgD[12 d> 3 d? }

tanezﬂ—

mg

~5x107° %2000
mg  2x107x10

1
tan0 = 3 = 0=tan'(0.5)

2

F=qE —4:m

2 2
d md
moment of inertia (1) = m(g) X2 =—

Now by T =1Ia

(qE) (d sin 0) = %.a

2

2
o= (LE) sin®
md

for small 6
2qE 2qE
= == Angular fr O=,—
= o [ nd je —> Angular frequency md



J.; kr4n*dr E _5

13. (o) E 4na’ = 8— 19. (@) E_z_g
0
2
o kdm* Vi _En :r_lxr_lz(r_lJ
4x4ne, V, Exy 1 (pn
20- Ikkr4nr2dr 20. (b) F=qEi+mg
0 Since initial velocity is zero. It will move in straight
2Q line.
k=—
nR Y/
I QQ
QE= 4ne, (2a) 21. (¢) Oy —>X
R-ag |
Np Vo
14. (a) {—)
qE d
m V.
4k
Epe = —31 x2c0530° = qﬁz 1[qu aY
d ngyd y=— —| —
2\ m J| V,
15. (b) v2=29E o
o v y=- d >x+C
mVO
_ qEd’ qEd”
Atx=dy="5 ve=C= 2mV;
| 4
Ed Ed’
16. (a) Since is best p.r =0 y=—q 2x+q >
mV, 2mVj,

E must be antiparallel to p
2
So, £ =—(p) y= 20 [8-x]

2
where A is a arbitary positive constant mVy \2

— A A A 22. E=E (1-ax?
Now A =ai+bj+ck @ o )

vdv =qE—0(1—ax2)
m

AJIE dx
a_b_c V_aBy| ad |
Ao3L 2 = 5 3
17. 48)
Flux via ABCD 3
= X=,[—
- - a
¢, =[EdA=0 . - . .
El E - El
Flux via BCEF | _ Ew_\ | E}/ \g
. 23. (d) E [E, o N
¢, = [EdA T c
0, =E.A = (4xi — (v +1)j).4i
=16x,x=3 24. (c) For spherical shell
1 Q
N-m? N-m? — —
b, =4gT; by — ¢, =48 E= 4rmg, 17 (r>R)
=0 (r<R)

18. (¢) Magnitude of electric field is constant & the surface is

- . Force on charge in electric field
equipotential

F=qE



25. (@) P P’ Q- Q
U=p.E R” 16R?
5 2% = Q,=16Q,
4mg, xa’ KQ, KQz _(KQ KQz
VI_VZ
2p2 1 5 R 4R
AUID“Z 4758 33 :2X5mv 3 Ql X)l
0
p 1 = V-V, = 4 - 16m5,R
= v== /
a'\ 2ng,ma 30. (@) k=qV
26. (194.42) |
1 —mv? = qVv
1= e 2
21 Y
= E0: SOC m
E _ [T Mo _ [QuMEe _ 5.
ms 2 €,C VHe My qpe
_ 2B ! g’ 1 1
Vo 8.86x10"?x3x10° 31. (b) Au= [ - }
19440 4me, [ 3d/2 d/2
A 2
27. (o) Qt. Au=— 4q
3ne,d
X 32. (a) 2q=0
= V=0
ot ] oc"(’a.,Q2 Also, field of one charge will get cancelled due to
0 % B another symmetrical charge in front of'it.
1
Net field along AB at O must be zero 33. (@ 3 mv’=mgy +AU_
E,cosa=E sina
kQ X _kQ %, 11
x> AB x’ AB AU k4 R TR+ y)
Q_x
Q. x, SRS I B
28. (a) Let charges on shells be q, and q, Y 4me,R(R +y)m
+q,= (@
4¥e=Q ® 34. (12)
4 D .
7= > ...(ii)
4mr” - 4nR lCl 1uC 1uC 1uC 1uC —»
2 2 * o . —»
r R
We getq, = R - 2Q9,= WQ | 1 4 8 Y
_;[Lq_zj Y (1 (1Y (LY
dmeg\ r R =9x10°x 106 1+E +? +? +2—ac
1 (R+71) L
= 47580 (R2 +r2) _
1
=9x10°x10° 1
29. (b) 1-=

a 4
“ [Sw =:} for G.P.=9 x 10° x 5:12 x 10°N



JEE-ADVANCED
PREVIOUS YEAR'S

1.

AE

.
A
~
-
..
....

2. (ab,c)

+q —q

+29 A e 4k D

+q —-q
E,=6K (along OD)
V,=0
Potential on line PR is zero
PR

(b,d)

At point P
Ifresultant electric field is zero
then

KQ, _KQ,
2 op3 R
4R 8R

P
P2

At point Q

Ifresultant electric field is zero

then

KQ,  KQ,
4R? 25R2

=4

P 32 .
0y =_ E (p, must be negative)

7. (@) (P)

4. (¢d)

For electrostatic field,

P e P
380 3g,

_ P (Cp+PCy)
3gg

E,=-2CC,

3gg
For electrostatic potential, Since electric field is non zero
so it is not equipotential.

KQ
5. (¢) E,= F
k(2Q) 2kQ
E-"e 2B~
CK@QR  kQ
E=ory ZET 52
E3<E1<E2
B A _©
6. (9 4 g, r02 2neg 1y, 2€g
Q=2nor;  Adincorrect
A
= B incorrect

j 4E, (ro)

(
e (2)-
e (3

l\)lo

2E (r,) =C correct

Ne——

EO =E,(r,)=E, (r,)D incorrect

o Q-

Component of forces along x-axis will vanish. Net force
along +ve y-axis



~ KQ KQcos’

E
x? R?

Q

As we move away from centre 0 T cosf sod E L1
(¢) Since the circumference is equidistant from ‘Q’ it will

KQ
V2R
(d) Q=2m(1—-cos0);0=45°
Q Q 2n(1—c0s6) Q

= X—=-—>-=—
¢ dn g, 4n €,

+Q +Q Q-0
Component of forces along y-axis will vanish. Net force
along +ve x-axis

F.

be equuipotential Y =

(R)

+Q - Q - Q +Q B 28 \/E
Component of forces along x-axis will vanish. Net force 9. (ab) 0
along -ve y-axis. S

S
R
+Q - +b - Field due to straight wire is perpendicular to the wire &
Component of forces along y-axis will vanish. Net force radially outward. Hence E =0
along -ve x-axis. _ . _’ . ,
Ans.(a) P—3,Q—1,R—4,5—2 Length, PQ =2R sin 60 = /3R According to Gauss’s law
8. (cd) AMB3R

total flux = qSE-dS = jn = e
0 0

10. (b) () E=%3Em_
(i) Dipole

E =%\/1+300529

1
E o d_3 for dipole

(a) ¢ total due to charge Q is = Q

)
so ¢ through the curved and flat surface will be less (#ii) For line charge
Q 2k
than g
(b) The component of the electric field perpendicular to E o 1
the flat surface will decrease so we move away from d
the centre as the distance increase ( magnitude of _
electric field decreases) as well as the angle between (ivy E= 2KA 2K o ZM[W}
the normal and electric field will increase. d—¢ d+7¢ d -/
R =TT 27
X = d?l1- &
cosO a2
E«x iz
(v) Electric field due to sheet
c
\ e=——
1 \E € = v is independent of r



11. (@) Let charge on the sphere initially be Q.

kQ
r OV

and charge removed = aQ

pa——,

oP H
w (®2] )= -
kQ 2kQoa kQ
andVP:?—T=?(l—2a)
kQ(1-a)
VC:T
Ve _1-a
Ve 1-2a

(B) (E) =710

kaQ
(EC)initial = R?

13.

= Electric field increases

kQ kaQ P
© Ep= Jr2 g2
kQ kQ koQ koQ Va
= - + = =
AT R R R
kQ
@ Vo= | oP
kQ(-o) :
(VC)fmal = R
kQ
AV = ? (w=aV,
oC
12. (a,b,d)
For option (1), cylinder encloses the shell, thus option is
correct
For option (2),

cylinder perfectly enclosed by shell,

thus ¢ =0, so option is correct.
for option (3)

— |
&

N\

\
VAN

2xQ
=75 _ (1-cos53%)=
b=, (1-coss3)

For option (4):

o
IS

S

. 2Q Q
Flux enclosed by cylinder = ¢ = 26, (1-c0s37°) = 5¢

(a.d)
M p=to4))

2
E.F. at B along tangent should be zero since circle is equi-
potential.

K|P|
So.E,= 5~ & E,=0
E, E,
B,/ 2RKSP
Kkp
R3
KP P,
3 — = ————
S0, R°="g "l 4ne, E,
1/3
PO
SoR= 4n ey E,

So, (a) is correct
(b) Because E is uniform & due to dipole E.F. is
different at different points, so magnitude of to-
tal E.F. will also be different at different points
So, (b) is incorrect

© E~p "o il
So, (¢) is wrong
(d E,=0

So, (d) is correct



14. (bc)
a, =-4003x10" [qE =ma ]

40x10" sin 20 u’sin20
=5= (range) =

(for 6=30°)

(for 6=60°)

4004/3 x10"° ,
sin20 = g
20=60°,120 = 0=30°,60°
2% 2410 x10° x % 5
Timeofflight T =— 2 |7
L 4004/3x10° 6"
2% 2410 x10° x ﬁ 5
Time of flight T, = 2 _ \/:HS
400~/3 x10" 3
15. (3.14)
Al = x
At /:Fe=E,
ko = 2504

E}
ya

............ p {UMW_)
(0.0 %00 Fe
—Lp:
l H

2k
F_=F k(¢ +x) - 229
e (£+x)
—k(x+/ __a(Zkp) .
C(l+x/10)

2kp 3x
kx+ki—q| =2 | 1-2
q[ 7 j[ ﬂj

=kx +k€—q[2kpj+ 2kpq'3_x

r AN

F, :kx+k€[37xj: 4kx

m m
k =4k T=2n/|—= \P
8 ak T MWk
el \/E
TTym
Sod=m=3.14
16. (6.40)

1
...... n

)/ dp= GO( jZTErdr

17.

U, =
[zzsm“j -(0)
2

Now, from AOAB
a+90-06+90-6=180 = a=20

From AABC : h=2/sin [%) sin©

h=2/sin [gj sin [gj
2 2

Now charge is in equilibrium at point B.
So, using sine rule

E
SO T R 1q 20
sin[90+a} sm[ 80— ]
2
E
o me __df
cos & sin26
E E
= mgoc: q = mgoc: f)lc o
cos— SM% 65— 2sin—cos—
2 2 2 2

= qE =mg2 sin[%j

= &p} =mg2sin [%J
|:2£ sin oc}
2



z_k%:mgsin & X 2!@sing
.o 2 2
2/sin —
2

= kP;qz = mgh => substituting this in equation

2/sin o

()
kpq

U, =mgh+ 5
[2!@ sin ot}
2
= U/2mgh
W=AU=Nmgh=N=2

18. (a,0)

The net electric force on any sphere is lesser but by

Coulomb law the force due to one sphere to another remain

the same.

o/,

ov/2

mg

19.

In equilibrium

o

TcosE— mg and Tsin% =F
After immersed is dielectric liquid.
As given no change in angle a.
So Tcos% =mg - Vpg

when p=800 Kg/m?
and Tsing = E
e

r

. mg _mg-Vpg
T 5

E=X=ﬂ=2x10“wm
d 001

When terminal velocity is achieved
gqE=mg

—=nx1.6x101x2x10*= 4?“(8>< 107 )3 x900x10

=n=6
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