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1.

Let 6 be the uniform surface charge density of
two infinite thin plane sheets shown in figure.
Then the electric fields in three different regions
E;, E;yand Ey are:
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(4) E—I =0,En = gﬁ,Em =0
[JEE (Main) - 1°* Feb. 2023 - Shift-1]

Considering a group of positive charges, which

of the following statements is correct?

(1) Both the net potential and the net electric
field cannot be zero at a point.

(2) Net potential of the system at a point can be
zero but net electric field can’t be zero at that
point.

(3) Net potential of the system cannot be zero
at a point but net electric field can be zero at
that point.

(4) Both the net potential and the net field can
be zero at a point.

JEE (Main) — 31% Jan. 2023 - Shift-2]

Which of the following correctly represents the
variation of electric potential (V) of a charged
spherical conductor of radius (R) with radial
distance (r) from the centre?
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[JEE (Main) — 31% Jan. 2023 - Shift-1]
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4. As shown in the figure, a point charge Q is

placed at the centre of conducting spherical
shell of inner radius 2 and outer radius b. The
electric field due to charge Q in three different
regions I, Il and IIl is given by:
Lr<allia<r<bIl:a>b)

M E=0E;=0Ep=0
2QE=0,E;=0Ep=0
B)E;#0,Ef=0,Ep=0
4E#=0,E;=0Ep=0

[JEE (Main) - 30t Jan. 2023 - Shift-2]
Electric field in a certain region is given by
A

E= = . The SI unit of A and B are:
X

+~ B~
l+?]

MHNm*C-L,Nm?C~!
2)Nm?C L5 Nm?C!

10.

11.

12.

B)Nm?>C;Nm?C
(4) N m?C; N m3C

[JEE (Main) — 30 Jan. 2023 - Shift-1]
Twoisolated metallic solid spheres of radii R and
2R are charged such that both have same charge
density o. The spheres are then connected by a
thin conducting wire. If the new charge density

of the bigger sphere is ¢’. The ratio <
(¢

4 5 5 9
@ 3 (2) 3 ) . @
JEE (Main) - 30" Jan. 2023 - Shift-1]
A point charge 2 X 102 C is moved from P to
S in a uniform electric field of 30 NC ~! directed
along positive x-axis. If co-ordinates of P and S
are (1, 2, 0) m and (0, 0, 0) m respectively, the
work done by electric field will be:
(1) 1200 m J (2) —1200m ]
(3) =600 m J (4) 600 m ]
JEE (Main) — 29™ Jan. 2023 - Shift-2]
In a cuboid of dimension 2L X 2L X L, a charge
qis placed at the center of the surface * S * having
area of 4L2 The flux through the opposite
surface to’ S * is given by:
1 q A q
W g @ O3 @50
[JEE (Main) — 29t Jan. 2023 - Shift-1]
A point charge of 10 uC is placed at the origin.
At what location on the x-axis should a point
charge of 40 uC be placed so that the net electric
field is zero at x = 2 cm on the x-axis?
(1) x=—4cm (2) x =6cm
(3)x=4cm (4) x =8 cm
[JEE (Main) — 25% Jan. 2023 - Shift-2]
The electric field due to a short electric dipole at
a large distance (r) from center of dipole on the
equatorial plane varies with distance as:
1 1 1
mr @, &z @
JEE (Main) — 15" April 2023 - Shift-1]
A 10 pC charge is divided into two parts and
placed at 1 cm distance so that the repulsive
force between them is maximum. The charges
of the two parts are:
17pnC3ucC 2)8ucC,2ucC
B)oucC,1ucC @45uC,5uC
DEE (Main) — 13" April 2023 - Shift-2]
Two charges each of magnitude 0.01 C and
separated by a distance of 0.4 mm constitute
an electric dipole. If the dipole is placed in an

uniform electric field “ E” of 10 dyne C~! making

30° angle with E, the magnitude of torque
acting on dipole is:



13.

14.

15.

16.

17.

(1) 1.5 x 10°N m (2)2.0 x 100N m
(3) 1.0 x 108N m (4) 4.0 x 100N 'm
[JEE (Main) — 13* April 2023 - Shift-1]
Given below are two statements. One is labelled
as Assertion A and the other is labelled as Reason R.
Assertion A : If an electric dipole of dipole
moment 30 x 10~ C m is enclosed by a closed
surface, the net flux coming out of the surface
will be zero.
Reason R : Electric dipole consists of two equal
and opposite charges.
In the light of above statements, choose the
correct answer from the options given below:
(1) Both A and R are true but R is NOT the
correct explanation of A.
(2) A is false but R is true.
(3) Both A and R are true and R is the correct
explanation of A.
(4) A is true but R is false.
JEE (Main) — 12 April 2023 - Shift-1]
A capacitor of capacitance C is charge d to a
potential V. The flux of the electric field through
a closed surface enclosing the positive plate of
the capacitor is:

2CV

9
G ——

(4) 280

JEE (Main) — 11 April 2023 - Shift-2]
A parallel plate capacitor of capacitance 2 F is
charged to a potential V. The energy stored in the
capacitor is E;. The capacitor is now connected
to another uncharged identical capacitor in
parallel combination. The energy stored in the
combination is E,. The ratio E,/E; is:
12:3 (2)1:2 B)1:4 @2:1

[JEE (Main) — 11" April 2023 - Shift-1]
A dipole comprises of two charged particles of
identical magnitude g and opposite in nature.
The mass ‘m’ of the positive charged particle is
half of the mass of the negative charged particle.
The two charges are separated by a distance
‘I If the dipole is placed in a uniform electric
field “E’; in such a way that dipole axis makes
a very small angle with the electric field, ‘E’.
The angular frequency of the oscillations of the
dipole when released is given by:

4gE 8gE 8gE 4gE
W) 5oy @\ @) 5 @\

JEE (Main) — 6 April 2023 - Shift-2]
For a uniformly charged thin spherical shell, the
electric potential (V) radially away from the centre
(O) of shell can be graphically represented as:

cv
(1) Zero  (2) ?
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18.

19.

20.

1) va :

r=R r
(2) VA

r = R “r
(3) V4

r=R r
(4) VA

r=R \1’

UEE (Main) - 6™ April 2023 - Shift-1]
Two identical charged particles each having
mass of 10 g and charge of 2.0 x 107C are
placed on a horizontal table with a separation
of L between them such that they stay in limited
equilibrium. If the coefficient of friction between
each particle and the table is 0.25, find the value
of L. [Use g = 10 ms™]
1)12cm (2)10ecm (3)8cm  (4)5cm

[EE (Main) - 24™ June 2022 - Shift-2]
A long cylindrical volume contains uniformly
distributed charge of density p. The radius of
cylindrical volume is R. A charge particle (q)
revolves around the cylinder in a circular path.
The kinetic energy of the particle is:

R’ R’ 4g R’
P @ ¢ B @ B
4g, 2¢, 4g,R qp
[JEE (Main) - 24 June 2022 - Shift-2]
In the figure, a very large plane sheet of positive
charge is shown. P; and P, are two points at
distance [ and 2/ from the charge distribution. If &

is the surface density, then the magnitude of electric
fields E; and E, at P; and P, respectively are:

@
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21.

22,

23.

(1) E, =o/¢y, E; =0/2¢,
(2) E; =20/¢y, E; =0/¢,
(3) E, =E, =0/2¢,
(4) E1 = EZ :6/80
[JEE (Main) - 25" June 2022 - Shift-1]
Sixty four conducting drops each of radius
0.02 m and each carrying a charge of 5 pC are
combined to form a bigger drop. The ratio of
surface charge density of bigger drop to the
smaller drop will be:
11:4 (2)4:1 3)1:8 (4)8:1
[JEE (Main) — 26" June 2022 - Shift-2]
Two point charges A and B of magnitude
+8 x 10° Cand — 8 x 107 C respectively are
placed at a distance d apart. The electric field at
the middle point O between the charges is 6.4
x 10* NCL. The distance ‘d’ between the point
charges A and B is:
120m (2)30m (3)1.0m (4)40m
[JEE (Main) — 28" June 2022 - Shift-2]
A condenser of 2 pF capacitance is charged
steadily from 0 to 5 C. Which of the following
graph represents correctly the variation of

potential difference (V) across its plates with
respect to the charge (Q) on the condenser?
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JEE (Main) — 25% July 2022 - Shift-1]
Capacitance of an isolated conducting sphere of

radius R; becomes n times when it is enclosed
by a concentric conducting sphere of radius R,

R
connected to earth. The ratio of their radii (R_z]
1

is:
3) () 2n+1

2n+1 n n
JEE (Main) — 25 July 2022 - Shift-2]
Two uniformly charged spherical conductors A
and B of radii 5 mm and 10 mm are separated by
a distance of 2 cm. If the spheres are connected
by a conducting wire, then in equilibrium
condition, the ratio of the magnitudes of the

electric fields at the surface of the sphere A and
B will be:

11:2

n 2n n+1

— @

@

(2)2:1 (G)1:1  (4)1:4
JEE (Main) — 26" July 2022 - Shift-2]

A source of potential difference V is connected
to the combination of two identical capacitors
as shown in the figure. When key ‘K’ is closed,
the total energy stored across the combination
is E;. Now key ‘K’ is opened and dielectric of
dielectric constant 5 is introduced between the
plates of the capacitors. The total energy stored
across the combination is now E,. The ratio E;/

E, will be:
/ “

2 5 5
2) % 3) 2 4) =2

@)~ ®) 33 @) o

EE (Main) - 26" July 2022 - Shift-2]
Two identical positive charges Q each are fixed
at a distance of ‘27" apart from each other.
Another point charge g, with mass ‘m’ is placed
at midpoint between two fixed charges. For a

1
@ 0
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29.

30.

31.
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small displacement along the line joining the
fixed charges, the charge g, executes SHM. The

time period of oscillation of charge g, will be :

ol g [
4n’e,ma’

2n? 80 ) 87’ ma’

\/ 7,Q

[JEE (Main) — 27 July 2022 - Shift-1]
A charge 4 uC is to be divided into two parts.
The value of two charges such that the force
between them is maximum, will be :
(1) 1uCand3uC (2) 2uCand2uC
(3) O uCand4uC (4) 1.5 uCand2.5uC

[JEE (Main) — 27 July 2022 - Shift-2]
A uniform electric field E = (8m/e) V/m is created
between two parallel plates of length 1 m as shownin
figure, (Where m = mass of electron and e = charge of
electron). An electron enters the field symmetrically
between the plates with a speed of 2 m/s. The angle
of the deviation () of the path of the electron as it

comes out of the field will be
< Im >
FAtttttt+t+t+tt+t+++++ i
0
2mis {E

(1) tan~1 (4)

3) tan ! (lj
3

JEE (Main) — 28" July 2022 - Shift-2
A slab of dielectric constant K has the
same cross—sectional area as the plates of a

(2) tan™1(2)
(4) tan~! (3)

parallel plate capacitor and thickness %d,

where d is the separation of the plates.
The capacitance of the capacitor when the
slab is inserted between the plates will be:
(Given Co = capacitance of capacitor with air as
medium between plates.)

4KC 3KC
M 3 s B )
+K 3+K 4KC, 4+K

[JEE (Main) — 28 July 2022 - Shift-2]

3+K K

A spherically symmetric charge distribution is
considered with charge density varying as

3 r
——|forr<R
p(r) = p“[ R] -

Zero for r >R

32.

33.

Where, 7 (r < R) is the distance from the center
O (as shown in figure). The electric field at point
P will be:

Pl (3 T Pt (3 1
@ 4e, [4 R] @ 3¢, [4 R]
Po _r Po _
b= I =

A cube of side ‘a" has point charges +Q located
at each of its vertices except at the origin where
the charge is — Q. The electric field at the centre

of cube is:

+Q +Q

+Q o

-Q +Q >
+Q 40

Ay

2Q
"fgoa

()

(x+y+z) (2) —3\/5('38 2 (;c+3:/+2)

(x+_1/+z> 4) 3\/, sa (x+y+z)

[JEE (Main) — 24 Feb 2021 - Shift-1]
Two electrons each are fixed at a distance 24"
A third charge proton placed at the midpoint
is displaced slightly by a distance x (x<d)
perpendicular to the line joining the two fixed
charges. Proton will execute simple harmonic
motion having angular frequency:

3f

(m = mass of charged particle)

q° : nsomd :
1) 27580 nd® (2) 27
1 2q2 %
J *) {nsomde’j

[JEE (Main) — 24 Feb 2021 - Shift-2]

3 nsmd
()[ 7
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34. A charge ‘g’ is placed at one corner of a cube as

shown in figure. The flux of electrostatic field E
though the shaded area is:

Z

v

X

q

4 gL 9 gy
e G) @

8g, 24, 4e,
[JEE (Main) - 25% Feb 2021 - Shift-2]

@ 2)

35. Find the electric field at point P (as shown

in figure) on the perpendicular bisector of a
uniformly charged thin wire of length L carrying

a charge Q. The distance of the point P from the

V3

centre of therodis 5= Y"1,
2

I e—— a2 —F
17 I O -
l O P
[ 1Q
Q V3Q
1) —= ) =
W D @ Gl
Q Q
) 3ne, @) 4me, [*

[JEE (Main) — 26 Feb 2021 - Shift-1]

36. Given below are two statements :

Statement — I : An electric dipole is placed at the
centre of a hollow sphere. The flux of electric
field through the sphere is zero but the electric
field is not zero anywhere in the sphere.
Statement — II : If R is the radius of a solid
metallic sphere and Q be the total charge on it.
The electric field at any point on the spherical
surface of radius r (< R) is zero but the electric
flux passing through this closed spherical
surface of radius r is not zero.
In the light of the above statements. Choose the
correct answer from the option given below :
(1) Statement I is true but Statement II is false.
(2) Statement I is false but Statement Il is true.
(3) Both Statement I and Statement II are true.
(4) Both Statement I and Statement II are false.
[JEE (Main) — 26 Feb 2021 - Shift-2]

37.

38.

39.

40.

41.

A certain charge Q is divided into two parts
g and (Q - g). How should the charges Q and
q be divided so that g and (Q - gq) placed at a
certain distance apart experience maximum
electrostatic repulsion?

M Q=] @Q=3 Q=2 WQ=4
[JEE (Main) — 20% July 2021 - Shift-1]

An electric dipole s placed on x-axis in proximity to
aline charge of linear charge density 3.0 X 10°C/m.
Line charge is placed on z - axis and positive and
negative charge of dipole is at a distance of 10
mm and 12 mm from the origin respectively. If
total force of 4 N is exerted on the dipole, find out
the amount of positive or negative charge of the
dipole.
(1) 815.1nC (2) 8.8 uC
(3) 0.485 mC (4) 444 pnC

[JEE (Main) — 22" July 2021 - Shift-2]
Two ideal electric dipoles A and B having their
dipole moment p; and p, respectively are placed
on a plane with their centres at O as shown in
the figure. At point C on the axis of dipole A, the
resultant electric field is making an angle of 37°
with the axis. The ratio of the dipole moment of

3
A and B, by is: (take sin 37° = = )

|2
-*B
o+ ¢
+
0w @i @2 @il
2 3 8 3

JEE (Main) - 25" July 2021 - Shift-2]
Two identical tennis balls each having mass ‘m’
and charge ‘q" are suspended from a fixed point
by threads of length ‘I'. What is the equilibrium
separation when each thread makes a small
angle ‘0" with the vertical?

1 1

2 2 272 3

(1)x=( 7l j (Z)x:[L“]
2me mg 2me,m°g

1 1

2 3 272 3

(3)x:( q1 j (4)":(sz
2me,mg 2me,m”g

[JEE (Main) — 26 July 2021 - Shift-2]
In the reported figure, a capacitor is formed
by placing a compound dielectric between the
plates of parallel plate capacitor. The expression
for the capacity of the said capacitor will be :
(Given area of plate = A)




42.

C |GG
K |3K | 5K
<d>'2d><3d>
(1) 2 R0h (2) 15 Keoh
6 d 34 d
6 d 6 d

JEE (Main) — 27 July 2021 - Shift-1]
A solid metal sphere of radius R having charge g

is enclosed inside the concentric spherical shell
of inner radius 4 and outer radius b as shown

in figure. The approximate variation of electric

field E as a function of distance r from centre O
is given by:

(1)E) I\
Ru: b r—>
E
NN
R 11:b r—>
"N
R u:b r—>
E
1
I:{ a: b r—>

JEE (Main) — 26" Aug 2021 - Shift-1]
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43.

The two thin coaxial rings, each of radius ‘a’
and having charges +Q and —Q respectively
are separated by a distance of ‘s’. The potential

difference between the centre of the two rings is:

Q|1 1 Q1 1
. 4{¢} @ 2[ N }
Q1 1 Q1 1
© 4me, {;Jr\/szﬂzz} ® 2”50{“+\/52+a2}

DEE (Main) - 26" Aug 2021 - Shift-2]

4. A uniform charged disc of radius R having

45.

46.

surface charge density c is placed in the xy plane
with its center at the origin. Find the electric
field intensity along the z-axis at a distance Z
from origin:

E. S (1,2

@ 2¢ 1

@R

(.2

(Z* +R?)?

(3) Ezzﬁ ;14_2
S 2 272
(Z°+R%)?

(4) BE=— %"’iz

2¢, (Z2+RY) Z

DEE (Main) - 27" Aug 2021 - Shift-1]
Figure shows a rod AB, which is bent in a
120° circular arc of radius R. A charge (-Q) is
uniformly distributed over rod AB. What is the

electric field E at the centre of curvature O?

33Q

ol )
B3Q 3J3Q (-
@) 163752:201{2 (l) @) 8n’g,R* (_l)

DEE (Main) - 27" Aug 2021 - Shift-2]
Two particles A and B having charges 20 pC
and -5 pC respectively are held fixed with
a separation of 5 cm. At what position a third
charged particle should be placed so that it does
not experience a net electric force?
20 uC -5 uC

A 5cm B
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47.

48.

49.

(1) At 5 cm from 20 pC on the left side of system.
(2) At midpoint between two charges.
(3) At 1.25 cm from a — 5 pC between two
charges.
(4) At 5 cm from -5 pC on the right side.
JEE (Main) — 31% Aug 2021 - Shift-1]
Choose the incorrect statement:

(a) The electric lines of force entering into
Gaussian surface provide negative flux.

(b) A charge ‘q’ is placed at the centre of a cube.
The flux through all the faces will be the
same.

(c) In a uniform electric field, net flux through
a closed Gaussian surface containing no net
charge, is zero.

(d) When electric field is parallel to a Gaussian
surface, it provides a finite non-zero flux.
Choose the most appropriate answer from the

options given below:

(1) (d) Only (2) (b) and (d) Only

(3) (@) and (c) Only (4) (c) and (d) Only

JEE (Main) — 315 Aug 2021 - Shift-2]

A cube is placed inside an electric field,

E= 15()y2}' . The side of the cube is 0.5 m and is

placed in the field as shown in the given figure.

The charge inside the cube is:

ya

(1)3.8x10712C (2)3.8x1071 C
(3)83x10712C (4)8.3x 10711 C

[JEE (Main) — 15 Sep 2021 - Shift-2]
Two charged thin infinite plane sheets of uniform
surface charge density 6, and 6_, where |6, | >
|o_|, intersect at the right angle. Which of the
following best represents the electric field lines
for the system :

@) o=
O+

2) it

G+

50.

@)

4)

Q

N
\

Q

o+

o+

[JEE (Main) — 4th Sep. 2020 - Shift-1]

Three charges +Q, g, +Q are placed respectively,

at distance, 0, a and d from the origin, on the
2

x-axis. If the net force experienced by +Q,
placed at x = 0, is zero, then value of g is :

m -2

) +%

3) +%

@) -

Q
2

[JEE (Main) — 9% Jan 2019 - Shift-1]

51. A dipole is formed by two charges of 5uc and
—51uc at a distance of 8 mm. The electric field at a
point 20 cm away on its, a line perpendicular to
the axis and passing through its centre is:

(1) 4.6 x 10* N/C (2) -3.5 x 10* N/C
(3) 4.5 x 10*N/C (4) None

52. The work done in bringing a 20 coulomb charge
from Point A to Point B for distance 0.2 m is 2
Joule. The Potential difference between two
points will be (in volt:

18 (2)0.2 (3)0.1 (4)0.4

ANSWER - KEY

1.(3) 2. (3) 3.(1) 4.(3)

5.(2) 6. (3) 7.(3) 8.(2)

9.(2) 10. (4) 11. (4) 12. (2)
13. (3) 14. (2) 15.(2)  16.(Bonus)
17. (4) 18. (1) 19. (1) 20. (3)
21. (2) 22.(2) 23. (1) 24. (1)
25. (2) 26. (3) 27. (1) 28. (2)
29. (2) 30. (1) 31. (3) 32. (3)
33.(1) 34. (3) 35. (1) 36. (1)
37.(3) 38. (4) 39. (2) 40. (3)
41. (2) 42.(2) 43.(2) 44. (2)
45. (2) 46. (4) 47.(1) 48. (4)
49. (2) 50. (1) 51. (3) 52. (3)



ANSWERS WITH EXPLANATIONS

1.

2.

Option (3) is correct.

+ +,

I I 111
< =
E E

Let n is unit vector along Normal towards right
of sheet.

Atregionl, E; =_-2 = E=-2

2¢g, 2¢,

o
Er =2 (—#)
€o
EH=E1—E2= i - i =0
280 280
EHI=E1+E2= i + i = £:> E[H:iﬁ
2g, 2g, € o

Option (3) is correct.

Electric field is a vector quantity and its value
could be zero because of group of +ve charges.
For example, Electric field at the mid point of
line joining two positive charges is zero.

O

But the potential is a scalar quantity and due to
group of +ve charges it would be never zero as
it would be added algebraically.

Option (1) is correct.
Potential inside the sphere is constant which is
equal to potential at the surface.

\Y
] Outside
Inside
0 R r—
1 g R
Vinside = Vsurfuce = dns R and Voutside = 4ng, r
0

Option (3) is correct.
Applying Gauss’s law for all the regions, we get

Note that and —Q and +Q appear on the inner
and the outer walls of the conductor due to
induction.

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [igh][e]

For r <a, Ey(4nr?) = 82
0
EI = 1 % #0
dregy 15,
For a <r<bE@n?) =0
Ep=0
For r>b, Eyy (4nr?) = Q
€0
10
= — =20
Em dmcy 12 #
Option (2) is correct.
E=405;
oy
Unitof Eis NC™
Unit of Ais N m? C™!
Unit of Bis N m3 C™!
Option (3) is correct.
c
c
9
,
a7

G,= O,

Let g, and g, be the charges before connection,
and g;," and g, be the charges after connection.
Since total charge on the system is conserved

41 + g2 = pAT(R? + 4R?) = 20mpR* = gy’ + g .. (i)
Also after connection, the potentials of both
spheres become identical

K’ _ Ky
R 2R
...(ii)

1
= =2
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7.

Putting value from eq. (ii) in (i), we get
1

L +3 = 2008 g} - Trok®

0, = 9
27 4n(2RY
@TCGRZ
_ 3
16nR>
= —-o=0¢'
o5
c 6

Option (3) is correct.
Work done by electric field
W = F.S§ =¢gE.S
=2 % 102(300)(-i-2])
=-60 x 102 = — 600 m]J
Option (2) is correct.
This question can k;eLsolved by symmetry

‘Y‘L

.

>
< >

2L

9
Now, =%
6
So, the flux passes through the shaded face = 6i
€

Option (2) is correct.

P

2,0)

<
<

10 uC 40 nC

>

X

Let g = 40 uC be placed at a distance x from the
origin for E—p =0,E,, =-E,
Ful =[Fad

K(10)  K(40)

2?2 (x—2)?
16 = (x — 2)
x—-2=4

x =6cm

10.

11.

12.

13.

14.

15.

16.

Option (4) is correct.
At an equatorial point,
kp 1
- = Eoxc—
E=735= 3
Option (4) is correct.
If Q is divided into g and Q — g and kept at a

separationr, F= M;q)
r
for Frawr Z—F =0=Q-249
10
=—=5uC
q=- =oH

Q-g=10uC-5puC=5puC
Option (2) is correct.
Torque on a dipole in a uniform electric field is
given by T = pEsin 0
p=gl=001x04x102=4x10°%cm
1=4%x10°x10Xx10° xsin30°=2x10""Nm
Option (3) is correct.
Dipole is made of equal and opposite charges, so
net charge of surface containing dipole is zero.
So, 9=-L=L -0

g &
Hence both statements are correct and R is the
correct explanation of Assertion.
Option (2) is correct.
_bin _CV

’ € %o
Option (2) is correct.

As per Gauss law,

Energy stored in capacitor, E; = %CV2

When charged capacitor is connected to
uncharged capacitor, flow of charges will take
place until both capacitors are at same potential.
New potential

OV 4GV, CV+0 V

VV
Ci+GCy 2C 2
C=C+C=2C .
Energy stored in combination, E; = EC v
2
= E2=1><2C><[K] “Ley2
2 2 4
1.2
—CV
Now E_4 1
E %CVZ 2

None of the given Options (BONUS) is correct.
Here mass of two charges in dipole is not same,
hence we need to find its location.

Centre of mass will be at é from positive charge

and %l from negative charge.
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% 212 mv?
M.IL about axis, [ = zm[,J 4 m(fj For g to move in a circular path gE =
3 3 r
ml? Where r is the radius of the circular path
= 1=2"— Now, pE = Io* R2]
pT

Applying Gauss’s law, E(2nrl) = Jend _

3
o= PE _ qglE 3qE € €
V1 omi2  \N2ml pRZ
3 E=_—

2,7
None of the option matches with the obtained 2 5
value. Hence 1P L
17. Option (4) is correct. g7 r
For a charged spherical shell, the potential 1 R2
X0 K-E=—mo? =12
inside the shell is given by, V =R’ which is 2 4gg

constant inside the shell. 20. Option (3) is correct.
And potential due to charged spherical shell at a For an infinite sheet of charge,
point outside the shel}:s given by, B Zi _ constant . F, = F, = o
Vz—(2 i.e. Voc1 € 2g
r r

It means potential decreases with increase in 21. Option (2) is correct.

distance outside the given shell.

Therefore graph (4) represent the correct

relation of distance and potential.

18. Option (1) is correct.

m, q m, q

Since each mass is

force of frictions

Fe:f
k 2

2. kgt _9x10°x4x107
pmg  0-25x0-01x10

2:—36 x107°
0-25x0-01

_6x10°  6x107"

= = =0-12m =12cm
0-5x0-1 5

19. Option (1) is correct.

_—
Nt R

I

M- —k = -1

in equilibrium, the
electrostatic repulsion force is balanced by the

22,

23.

Surface charge density of a spherical conductor
is given by,
q
4nr’

When all smaller drops combine, the radius of

o=

4 4
the bigger drop is given by ERRS =64 (E r 3)

R® = 641°
R=4r
, 64q G
c=——"—=40c H4 L =4:1
Am(4r)> enee s

Option (2) is correct.

E +E,
g -4
< d >
Net electric field at the midpoint E = E; + E,
Here E; = E; = kg 3 =ﬁ
d/2y” d
8kg
E= d—z
2= 8kq _ 8x9x10° x8x10°° _ 72x8
E 6.4x10* 64
d>=9
d=3m

Option (1) is correct.
For a condenser V «c g

v=1
C
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Atlh = O,Vl = VO

Lé =2.5x 10°V
2x10~

24. Option (1) is correct.

AtqZZSC,VZZ

2 1
R, .
R,—R,
R, =nR, —nR,
R,(n—1)=mnR,
R,
R, n-1

25. Option (2) is correct

Charges will flow until both conductors have

same potential. Hence, V; = V,
Ky My Q5 1

1, 1, Q, 10 2

Electric field intensity on the surface of a

spherical conductor is given by E = k_g
B

2 2
LE K n B 1100 100
E, kQ, n TE 2 5 50

=E E,=2:1

26. Option (3) is correct.

Case 1 : Switch is closed and without dielectric

E-ic vi-Liackvr—cv?
2 T3

Case 2 : Switch is open and dielectric is
inserted , the new capacitance for A is 5C and
it is still connected to the battery. Whereas the
new capacitance for B is also 5C but it is now

disconnected from the battery.
So, charge on B remains same as in case 1.

2
E, :1(:6 \& +1Q_
2 q

ZCeq
2
E2:1x5C><Vz+l><(CV)
2 2 5C
2772
b~ lacy 1OV By
2 2 5C 5
2
E, 13/5CV

27. Option (1) is correct.

X
I

G My, G

Let g be displaced towards right by x (x << a)
Restoring force

F:—KQq{ ! o= 1)2}:%6,

(a-x)" (a+x

Where A is the acceleration,

KQg, 4ax
A=- i
n |7 r)
AziQ%éh#asx<<a(az—xz)za2
m  a
A:_4KQ?0x:_a)2x
ma
oo Q0 _27

negma’ T

T:27r\/n80ma3 :\/4ﬂ360ma3

Q7, Qq,

. Option (2) is correct.

Let the two parts be q and (4 — q) separated by a
given distance

q d 12

F - kit

For F to be maximum Z—F =4-29=0

g=2nC
4-g=2pC

. Option (2) is correct

Let’s split the motion of particle in two directions.
In x direction

u,=2ms'a, =0s,=1

From 1% equation of motion, v, = u, + a,t
Ux=2-|—0><t=2ms‘l

an

. . 1
From equation of motion, s, =u t+ Eaxtz

1=2><i‘—|—1><0><1,‘2
2

t‘=l or 0.5s
2

Force on a particle placed in an electric field,
F=gE =ma
2
e
ay = e— = € = 8 ms
m m

-2
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Similarly, v, = uy +at= 0+8x05=4ms™! Hence, the net electric field at the centre due to
v 4 —2Q charge of the origin will work.
tang = = 5= 2 .
Ox 5 Ky 1(—2Q)E(5c+]}+2)
0= ’[31171 2 E= 3 = 3
. . r a
. Option (1) is correct 4 4mg (2«/5
Original capacitance of capacitor, C, = 507
When dielectric is inserted e ( X+ 2)
E=_—=\""J 7/
C g, A _ ﬂ 3\/57511280
=4 3d_ 3
d 3 d1+2) . .
4 4 K 33. Option (1) is correct.
We can depict the given situation in the
4C,K . . )
=_=0 following diagram:
3+K Now, taking the component of forces.
. Option (3) is correct F cos F cos 0
The restoring force will be
= 2F.sin 6
B 2kq? X _ 2kq*x
- 2 2 [ 2 2 - 3
(d o ) a7 x (d2+x2)E
Zero forr >R As x <<d
Let us take a differential shell of thickness dr, at So, x? =
distance r from the centre kx = 2kg*x
dv = 4nrdr d’
2k 7’
db=E.ds= - =Ex4rnr: = ., ..(i) d4° 4re, a3
2
3 r . . k q
gin = p dV = p, [Z_E] X 4nr’dr Putin Eq. (i) 0 = -~ = W
fr 3 7 4nr?d 34. Option (3) is correct.
= ——|4mnridr
2 0’4 Let this large cube formed with 8 small cube.
Ednr = g, And charge g is placed at one corner of smaller
cube.
3 4
E.4nr? o dm| 3 _ 1T
g, (4x3 4R
r r T 4
I
4e, R Po 4e, R

. Option (3) is correct.

For the reduction of the problem, we can replace
—Q charge at origin by +Q and -2Q. Total flux through the cube ¢ = a
Now, the electric field due to +Q charge of the &g
corners at the centre of the cube will be zero.
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So, total flux through 1 cube = A
80
Yy
H E
G
F
Aq 5 X
D C

zZ

As the three adjacent surface are perpendicular,
So, flux through ABEH, ADGH and ABCD will

be zero.
q 1
So, ¢ (EFGH) = | —/— |x=
o, § (EFGH) [Sgojxg
EFCB) = -1
 (BFCB) = 5 3

Hence, the total flux through the shaded portion
o(EFGH) . ¢(EFCB) 1[ 9 . 4 j

2 2 2(24e, 24e,

_ 1
24¢,

35. Option (1) is correct.
Let the length of wire be L, charge on it be Q
Mdx

i %Q

(0]

3/2 L N
So, - 9
P=T
dQ = p.dx
= g.dx
L
dE,; =—dQ 5
4me,.d

Now, taking vertical and horizontal component
of electric field,
dE = 2dE; cos 6

&

L

[dE=]2 dQ 2 2

4mg,

5

2x+/3 k”]-/z 9 dx
2 L %

-L/2
{,/BLZ +x2J
4

. Q
" 2B, 12

36. Option (1) is correct.
Given,

Electric flux (¢) = Qendosed = _’18—17 -0
€ 0

So, we can conclude that electric flux in sphere
will be zero but electric field will not be zero.
Hence, statement (1) is the correct answer.

x t+ «

So, we can conclude that statement Il isincorrect.

37. Option (3) is correct.

q

Q-q

F - kQ-q)
1,2

dF
d_q = 0 for maxima and minima

%[—ZMQI =0
r
af
Now, [dqzj <0
Q=2

Hence, for maximum force

Q=29

38. Option (4) is correct.
Fy Fy

—s — —x—

+

4+ ++++++



2kA
Fl = —q
s
F, = 2kA
S+x
Fnet = Fl _FZ
= Zkﬂ,qF—L}
s S+x
s(s+x)
4= 2x9x107x3x1070 xgx2x107
10x12x10-°
q=4.44nC
39. Option (2) is correct.
Ey
- E
A 0
+
06 =37° E; = Ecos37°,E, = Esin 37°
2kP,
(Epa = —31
T
kP,
(Exp = —3
B
4
2 _5_4
P, 3 3
5
ho_2
P, 3

40. Option (3) is correct.
kq
f= 2

(21sin 0)

2

Mg
41. Option (2) is correct.

Capacitors are in series
1 1 1 1

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [igh][e]
K 3K 5K

< d ><¢-2d—><-3d—>
_ kAgg Cy= 3kAgg [y = SkAgg

d 2d 3d
1_ 1 . 1 N 1
C kAe, 3kAe;, SkAg,
d 2d 3d
1 d 2d 3d
— = + +
C kASO 3kA80 5kA80
34d
42. Option (2) is correct.
Concept :

=¥Y_ -

7 1
v 1 noh
v 1h ]
N 1 1,7 07,700
\ N 7 /
N P A |
< ==--T1 /1
o 1 Lo
ST [
1 1 [
1 1 0]
| | 0]
| 1
| 1
| 1
| 1
| 1
R ab r—>

As we know there is no charge inside the
conductor.
When we consider innermost sphere
Forregionor0 <r<R,E=0

1

R<r<a Eox—
)

The shell is hollow. So, no charge is there inside

the shell.
a<r<b=E=0
For region, r>b,
1
Eoc—
2
43. Option (2) is correct.
+0 -0
a a
Vi Vi
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44.

45.

Potential at centre of Ring I,

_ kK kQ

a g% +5?

Potential at centre of Ring II,

Vi

v _ —kQ kO

| T
N

AV :VI_VH

/;\
13
|

2meg |\ a (g2 4 42

Option (2) is correct.
Concept : Consider a differential ring in x — y
plane as shown in figure below.

o 7 ;
Standard
deviation

Only component along z-axis will exist rest will
cancel out.

JE. = kdgz  Ko2nrdr
(242232 (22 4+42)3/2
1
Where k=
4meg

R
= IO s = 289 L/R2+z2}

Option (2) is correct.
Concept : Consider a differential element at
angle 0, subtending angle 40 at origin.

Y

RdO
dE{x‘m
< de

dE sin 01

’.." 600 6 s
\)60y 120° dEcos©

46.

47.

let linear charge density be A

-Q -Q _-3Q
PSR gz T 2w
3

The net field will exist along axis of x, only
y-component will cancell each other for the
given two halves of ring.

E = |dE cos 0
—I L @cose
4mey R?
dg = hdx = ARd0
E = 1 ixkjn/g’ Rd0OcosO
47580 RZ -n/3
= L % n/scosede
4:7'[80
—_ A
E =2 x( SQj.lx(Sine)g/3 (1)
4reg 2R / R
E = —3\/§Q i
87T280R2

Option (4) is correct.
Let we place third charge g(Positive in nature) at

position A.
+20 uc -5 ue A
2 D D
< 5cm >< x >

The net force at position A is zero.

Fl_FZ = O
kx20x 5
(5+x) X
4x* = (5 + x)?
= 4x* =25 4+ x> + 10x

3x2-10x-25=0
(x=5)(3x +5) =0
x =5cm

x = —g cm Not possible

So, the charge should be placed at 5 cm right of —
5 uc.
Option (1) is correct.

Using Gauss law ¢p= E ds cos 0, where ¢ is flux
enclosed with the surface.

E

A



(1) The electric lines of forces entering in to
Gaussian surface provide negative flux.

Correct — entering flux is negative

(2) A charge g is placed at centre of the cube.
The flux through all faces will be same.

q
6A80

(3) In an uniform electric field net flux through
a closed Gaussion surface containing no net
charge is zero.

Correct ¢ =

q;:jE.ds=i=2 =0
€ £

Correct

(4) When electric field is parallel to a Gaussion
surface, it provides a finite non-zero flux.

A

S

/ - 90°

i / >E
¢ = E.ds cos ¢
6 =90°
¢ =0
So incorrect.
48. Option (4) is correct.
Given, E = 150]/2?
Y
E
@ y=05m
=0
Y X

©)

Here, the electric field is directed in y direction
only. So the flux will be linked only with top and
bottom surface, as shaded with number (1) and
(2), For rest surfaces ¢ = E.ds cos 90 = 0

Now flux linked with surface (2)

- =
¢1 = E.A
= (150y*)| j| | j| cos O

Puty =05 = ¢; =150 X 0.5% x (0.5 X 0.5)

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [igh][e]

Flux linked with surface (1)

- -
¢2:E.A

A A
(150y2)| j || j|cos180
~150 x 1 x 0.25
¢ =0

Puty =0
150x0.25 _ 150

Net ﬂux = (I)l —(I)Z = ¢1 = 1 x(0.25
150
*= %6
. 15 150
Charge linked, g = gy¢ = 8.85 X 107 X 1o

=83 x 107''C
49. Option (2) is correct.

Given : Charge density on infinite plane sheet-1
is o, charge density on infinite plane sheet-2
iso_, |oy| > |o_|, the two sheets intersect at
right angles.

To find : The best representation of electric field
lines in the region of space between the two sheets.
The electric field lines coming from an infinite
plane sheet of charge will be straight lines
and the electric field will be uniform in space.
Graph-2 depicts these two qualities correctly.

50. Option (1) is correct.
Given : Three charges are located along the
x-axis as, +Q at x = 0, g at ng and +Q at x
= d, the net force experienced by the charge at
x=0is0.
To find : The value of g.
The net force on the chargeatx =0

2
Mo kG
S
2
4+Q =0
_Q
177
51. Option (3) is correct.
-P
E= 4n80r3
5x107° x8x107> x9x 107
- (20> x107°
=-45x 10*N/C
52. Option (3) is correct.
W =Q.AV
= 2 =20 XAV
AV = 0.1 Volt
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Topic-2

Capacitors

ﬁ JEE (Main) Previous Year Questions

Multiple Choice Questions

1.

Given below are two statements: One is labelled as
Assertion A and the other is labelled as Reason R.

Assertion A: Two metallic spheres are charged
to the same potential. One of them is hollow
and another is solid, and both have the same
radii. Solid sphere will have lower charge than
the hollow one.
Reason R: Capacitance of metallic spheres
depend on the radii of spheres.
In the light of the above statements, choose the
correct answer from the options given below.
(1) Both A and R are true and R is the correct
explanation of A
(2) A is true but R is false
(3) A is false but R is true
(4) Both A and R are true but R is not the correct
explanation of A

[JEE (Main) — 15t Feb. 2023 - Shift-2]
A parallel plate capacitor has plate area 40 cm?
and plates separation 2 mm. The space between
the plates is filled with a dielectric medium of
a thickness 1 mm and dielectric constant 5. The
capacitance of the system is:

(1) 24e,F  (2) %OF 3) %EOF (4) 10e,F

JEE (Main) - 25 Jan. 2023 - Shift-1]
In the network shown below, the charge

accumulated in the capacitor in steady state will be:
3V 4Q

i W

[ 6Q
] AW

4 uF

W

6Q
(1)48uC (2)12uC  (3)72uC (4)10.3uC
DEE (Main) — 13" April 2023 - Shift-1]

4.

The distance between two plates of a capacitor
is d and its capacitance is C;, when air is the
medium between the plates. If a metal sheet of

d

thickness 24 and of the same area as plate is
3

introduced between the plates, the capacitance

of the capacitor becomes C,. The ratio % is:
1

(2)3:1 3)2:1 @1:1
DEE (Main) — 10 April 2023 - Shift-2]
The equivalent capacitance of the combination

®4:1

shown is: .
N c lc lc »
miac @3¢ ®S @

DEE (Main) — 10® April 2023 - Shift-1]
A parallel plate capacitor is formed by two
plates each of area 30n cm? separated by
1 mm. A material of dielectric strength
3.6 x 107 Vm! is filled between the plates. If
the maximum charge that can be stored on
the capacitor without causing any dielectric
breakdown is 7 x 107° C, the value of dielectric
constant of the material is :

Use =9x10°Nm?2C?

4ne,

(1)166  (2)1.75 (3)225  (4)2.33

[JEE (Main) — 24" June 2022 - Shift-1]
Two metallic plates form a parallel plate capacitor.
The distance between the plates is ‘d’. A metal
sheet of thickness % and of area equal to area

of each plate is introduced between the plates.



10.

11.

12.

13.

What will be the ratio of the new capacitance to
the original capacitance of the capacitor?
12:1 (2)1:2 3)1:4 4)4:1

[JEE (Main) - 25 June 2022 - Shift-2]
The charge on capacitor of capacitance 15 pF in
the figure given below is:

) I Y Y |
[ 7 /o
10 uF 15 pF 20 uF
+®—
13V
(1) 60 uC  (2)130 uC  (3) 260 uC (4) 585 uC

[JEE (Main) — 26" June 2022 - Shift-2]
A parallel plate capacitor with plate area A and
plate separation 4 = 2 m has a capacitance of
4 pE The new capacitance of the system if half of
the space between them is filled with a dielectric
material of dielectric constant K = 3 (as shown
in the figure) will be:

d
(2)32uF  (3)6puF  (4)8pF
[JEE (Main) - 26" June 2022 - Shift-2]
A force of 10 N acts on a charged particle placed
between two plates of a charged capacitor. If
one plate of capacitor is removed, then the force
acting on that particle will be.
(1)5N (210N (3)20N  (4) Zero
[JEE (Main) - 27 June 2022 - Shift-1]
The total charge on the system of capacitors
C, =1uE C, = 2uE C; = 4uF and C; = 3 uF
Connected in parallel is :
(Assume a battery of 20 V is connected to the
combination)
(1) 200 uC (2)200C  (3)10uC @) 10C
JEE (Main) — 26 July 2022 - Shift-1]
An alpha particle and a proton are accelerated
from rest through the same potential difference.
The ratio of linear momenta acquired by above
two particles will be:

M2 :1 2242 :1 3)442 :1(4)8:1
JEE (Main) — 29" July 2022 - Shift-2]

An electron with kinetic energy k; enters
between parallel plates of a capacitor at an

(1) 2 uF

14.

15.

16.

17.

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [igh][e]

angle ‘o with the plates. It leaves the plates at
angle ‘B with kinetic energy k,. Then the ratio
of kinetic energies ky : k, will be:

cosf}
cosa

) 2
@ Sin B (2) o8 B 3) cosf3 @)
cos’ a cos” a sina
JEE (Main) — 25'" Feb. 2021 - Shift-2]
Two equal capacitors are first connected in series

and then in parallel. The ratio of the equivalent
capacities in the two cases will be:

12:1 (2)1:4 3)4:1 41:2
[JEE (Main) — 24 Feb 2021 - Shift-1]

Consider the combination of 2 capacitors C; and

C,, with C,>C;, when connected in parallel,

the equivalent capacitance is % times the
equivalent capacitance of the same connected

. . . . C
in series. Calculate the ratio of capacitors, C—Z
1

29 15 111

2) — 3) = 4) -

@F O oI
[JEE (Main) — 26 Feb 2021 - Shift-1]
For changing the capacitance of a given parallel
plate capacitor, a dielectric material of dielectric
constant K is used, which has the same area as
the plates of the capacitor. The thickness of the

15
(1) 1

dielectric slab is éd , where ‘d’ is the separation
4

between the plate of parallel plate capacitor.
The new capacitance (C’) in terms of original
capacitance (Cj) is given by the following
relation:

M c-2K ¢ @c-—2 ¢,
K+3 31K
3+K 44K

B)c==—-cC @) c =22
o Co c=22,

[JEE (Main) — 16™ March 2021 - Shift-1]
A parallel plate capacitor with plate area A
and distance of separation ‘d’ is filled with a
dielectric. What is the capacity of the capacitor

when permittivity of the dielectric varies as:

e(x) =gy + Kx, for (O<x s%j

e(x) =gy + K(d-x), for[% <x< dj
KA
) ZIH(WJ

2¢,

®Ho

/KA KA, (2,
3) (so + %) @) Tln[mJ

JEE (Main) — 25 July 2021 - Shift-1]
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18.

19.

20.

If g; is the free charge on the capacitor plates
and g, is the bound charge on the dielectric
slab of dielectric constant K placed between the
capacitor plates, then bound charge g, can be
expressed as:

1 1
@) 9 =qf(1—fj (2) 9 =qf(1—ﬁ)

1 1

@) % w[Hﬁj ) 4, =qf(1+fj

JEE (Main) — 25 July 2021 - Shift-2]
An electron and proton are separated by a large
distance. The electron starts approaching the
proton with energy 3 eV. The proton captures
the electrons and forms a hydrogen atom in
second excited state. The resulting photon is
incident on a photosensitive metal of threshold
wavelength 4000 A. What is the maximum
kinetic energy of the emitted photoelectron?

(1) No photoelectron would be emitted
(2)3.3eV

(3) 141 eV 4) 7.61 eV

JEE (Main) — 25" July 2021 - Shift-1]
The material filled between the plates of a
parallel plate capacitor has resistivity 200 Qm
The value of capacitance of the capacitor is
2 pE If a potential difference of 40 V is applied
across the plates of the capacitor, then the value
of leakage current flowing out of the capacitor
is: (given the value of relative permitivity of
material is 50)

23.

24.

Find the ratio of the charges on capacitor C;, C,
and C; respectively :

1
A%
1211 (2)2:3:3 (3)3:4:4 (4)1:2:2
DEE (Main) — 27" Aug 2021 - Shift-2]
In the circuit shown in the figure, the total
charge is 750 pC and the voltage across capacitor
C,is 20 V. Then the charge on capacitor C, is :

G
Cy=15uF | |

C3=8 uF

+V—

(1) 650 pC (2)450 pC  (3) 590 pC (4) 160 pC
JEE (Main) - 3" Sep. 2020 - Shift-1]

A parallel plate capacitor has 1 mF capacitance.
One of its two plates is given +2 pC charge and
the other plate, +4 puC charge. The potential
difference developed across the capacitor is :
@3V 21V 35V 42V

JEE (Main) — 8% April 2019 - Shift-2]

1)9.0pA (2)09pA  (3)9.0pA  (4) 0.9 mA ANSWER - KEY
JEE (Main) — 26 Aug 2021 - Shift-1]

21. A parallel-plate capacitor with plate area A has L.(3) 2.2) 3.(3) 4.(2)
separation d between the plates. Two dielectric 5.(4) 6.(4) 7.(1) 8.(1)
slabs of dielectric constant K; and K, of same 9.(3) 10. (1) 11. (1) 12.(2)
area A/2 and thickness d/2 are inserted in the  13.(2) 14.(2) 15. Bonus 16. (1)
space between the plates. The capacitance of the 17 (2) 18. (1) 19.(3) 20. (4)
capacitor will be given by: 21. (1) 22. (4) 23.(3) 24.(2)

++++++

+Q ANSWERS WITH EXPLANATIONS

1. Option (3) is correct.

d
Charge on a conductor resides only on its outer
_ surface, so both conductor will have same
-Q charge as both have same radii.
Now, capacitance of spherical conductor,
. _A[1&j g EA(1 20, 4K,) e
D27k x,) @727 kK 0
2. Option (2) is correct.
&) & 1+% @) SAML, KK For a partially filled dielectric of thickness t
d 2 KK, d (27 2K +K,) A
- 0
[JEE (Main) — 26 Aug 2021 - Shift-2] €= p t(l 1]
22. Three capacitors C; = 2 pE C; = 6 pE and K
C; = 12 pF ted h in fi .
3 uF are connected as shown in figure where, f = thickness



4.

K = dielectric constant
Putting the given values, we get

. £ (40x10°*) 4,

1
{2-1(1-?}103 1+=
5 5

_ 10g,

()

Option (3) is correct.
In the steady state, capacitor acts as an open
circuit.

The equivalent circuit becomes:

3V 40
|
AW
6Q
i=i=0.3A
10
Ve=6i=18V
q=CVc
=4x18=72pC
Option (2) is correct.
C1:80A = CZZM
d d—t

where, t = thickness of the metal sheet

Given, t = 2"l,c2=350A=3c1 =% 34
3 d G
Option (4) is correct.
||
1T
@
— ®__c®W_C |—
A ) B
|
1T
C

Capacitors numbered (3) and (4) are short circuit
as their both plates are connected to terminal
B which makes the potential difference across
both to be zero.

The equivalent CircuitCis as shown:

| |
ey
A ) B
]
C

Hence C4p = 2C as capacitors numbered (1) and
(2) are connected in parallel.

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [igh][e]

6.

7.

Option (4) is correct.

Since the capacitor is filled completely with a
dielectric, the electric field inside is given by

E= E—KO where, E; is the electric field in vacuum

and is given by E, =1
Ag
_ 19 q

K Ag E Ag,

B 7x107°
3-6x107 x30mx107* x8-85x 10712
~ 700 B
© 3.6x3Lx8-85

2:33

Option (1) is correct.

Original capacitance C, = %
New capacitance C = g = @ =2C,
-4 d
2
C
~ -2
= C,
Note that when a metal plate of thickness ¢ is
inserted between the plates C = %
Option (1) is correct.
1 60 60
C,, = = =S MF
q
1. 1. 1 6+4+3 13
10 15 20

Q=C,V= %x 13 =60uC (on all capacitors)

Option (3) is correct.
Let initial capacitor, C, = €0

For the case shown

N m‘:»
N

WA
~
|
w
\

d
Co goA _ gA :680A:§
d_é 1_1 E_{_é 4d 2 °
2 3) 26
C==x4=6yF



ELECTROSTATICS

10. Option (1) is correct.

+Q -Q
E —
—_—>
+ o -
+ 9 -
+ —_

Electric field between a parallel plate capacitor,

E= Ag,

Force on the charge, F = g.E

gx-2 10N
A

&g
Now, when one plate is removed then electric
field gets halved in region. Hence, force on the

charge particle will be,

pog QL 10 sy
2Ae, 2
Q

+

— >E2

+ 9 o

+ E=2ag
+

11. Option (1) is correct.
Equivalent capacitance when capacitors are
connected in parallel,
C=C+CG+CG+(Cy
C=1+2+4+3=10uF
Now,q=CV =10uF x 20 V = 200 uC

12. Option (2) is correct
An o particle and a proton are accelerated from
rest though the same potential difference, so
momentum of each can be given

P =+2mE = /2mqV

& — = — X —

Pp m,q, 1

P 2V2

P, 1

13. Option (2) is correct.
kz, (%)
oL
U,COosP

kl’ 01

o

v;CoS0
Here, o, B are the angles made with capacitor
plates by electrons.
Since the electric field inside a parallel plate
capacitor is perpendicular to the plates, the
parallel component of velocity won’t change.
So, we can write itas V; coso. = V, cosf  ...(I)
Rearranging equation (i) we get:
Vi _ cosp
V, " cosa

...(ii)
2

Since, kinetic energy (k) = (%) mo

The ratio of kinetic energy can be written as:

1
k (ijv%
k(oY

Using equations (ii) and (iii) we get:
ko_ ( cosp )2
ky cosa

14. Option (2) is correct.

...(iii)

Case I : Series connection,

C C
il [
I I

1 1 1 2
—=—t====(C = E
¢, C C C

Case II : Parallel connection,

C
| |
[

[ 1
11
G =C+C=2C
. G
Hence, the required ratio, R =—
2
15. (Bonus)
Given, C, > C;
Case I connected in series
_ GG
“C+C,
Case II connected in parallel
Ceq =C;+C,



16.

17.

So, E&ZCH_ G,
4 C;+C,
= 14—5 C,C, =(C,+C, )
= 15C,C, =4C7 +4C; +8C,C,

=  4C?+4C5-7C,C, =0

2
= 4 & +4_£:0
CZ CZ

b2 —dac<0 = V49-64 <0

Hence, root of the equation will be imaginary.
All the given options are inccorect.
Option (1) is correct.
The expression of a parallel place capacitor
d

_

C

2

—_——
3d/4 - d/4

Here, Co= —

So, Ci= —45 e atd > —

And C2=— .......... atd—)z

Now, equivalent capacitance

C = C1C2
C+C,

ax D% | 4 A%
U 3 ) d
axc Ao g A%
3d
4KA%e]
34>
= Co
4hg[K | (3+K)
d 3

QU

x 4

I
~

Option (2) is correct.

Plate area = A (given)
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Capacitance of a parallel plate capacitor

C= % [without dielectric]
_ KA80

==

[with dielectric constant ‘K]
K= g = i

€0
C _ KASO _ SA

d g4

[when dielectric is inserted]

q:Mm[oQgé}
dx 2

c. - E+K@-0A [équ}
2 dx 2

As the capacitors are in series

Cequi. Cl C2
Id/z dx +J-d dx
0 A(gy +Kx) 42 Algy +K(d—x)]

d/2
- l|:10ge M} +l|:10g K

[ +K@d-x)|"
A K ], Al

d/2

1 Kd
T log, | g +7 —log, g

1 Kd
—R logeﬁo—loge o) +7

_ KA
equi. —
2log, |:2802+Kd:|

On simplifying

C

€

. Option (1) is correct.

Electric field due to capacitor is

€ Agg
9 9y +q,4¢
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Electric field due to dielectric slab is
o _
KSO KASO

Sy _

Net electric field =
N Agg

/LR q_f@_lj
ASO Ag() KASO ASO K

1
= (1%

19. Option (3) is correct.
Using photoelectric effect equation

he -(13.6)
KEnaxi = T_d) =E= (3)2
=-151eV

(KE) g = (3 + 1.51)eV — ¢

= (4.51)eV - [w}eV = 1.41eV
4000

20. Option (4) is correct.
Current leakage is small current that flows
through capacitor when voltage is applied.
Given, p=2000m,C=2x102EV =40V, k=50
Leakage current as function of time
~t

i(f) = i et ...(i)
Here, iy = o for maximum current.
p Kgg
Put in equation (i)
1= _CVO e—t/kegp
pkeg
ileakage = —CVO ast—>o0 = 2x10712x40
p keg 200 x50 x 8.85 x 1012

=903 pA = 0.9 mA
21. Option (1) is correct.

The given arrangement is similar to:
C, G

—

CS
[
1

Where, C; has plate separation of d/2. Area A/2
and dielectric constant K;

C. = KiggA/2 KiggA
1= /2 d
C, also with same dimensions as Cy
KyegA/2 B Kjg0A
QT a2 T

22,

Both C; and C, are in series,

1 1 1
o =t
C G G
= C = GG,
C+C,
4 Ki+K,

Now C; has dimensions d, Area A/2

K3 = l
_ 80A/2 80A
CG=———=—
: d  2d
C; is in parallel with C’
Chet =G+ G

BA KiKy | E0A
d K;+K, 2d

w1, ik
net = g |2k +k,

Option (4) is correct.

By Finding voltage across arms and the
equivalent capactane for each arm we can get
charge on each capactor.

Ais|

AB and CD arms are parallel to voltage across
each will be "V’ volts.

charge on C; = g; = C;V = 2uC

Now For AB,

_ 12x6
12x6




23.

24.
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Both C, and Cj are in series so charges will be
same g = C, X V, 504, =4V, g3 =4V
J1:G2:G3 =2V :4V:4V
=1:2:2
Option (3) is correct.
Given: A capacitive circuit with three capacitors,

total charge in the circuit is Q = 750 pC, voltage
drop across C,is V, = 20 V.

C
Cy=15puF |2|

C3=8 uF

+V—

To find : Q,, charge on C,.
Voltage drop across Cj:
V; =20V

Charge on Cj:
Q; = C3V;=8x107°x20=160 uC

Charge on C, :
Q, = Q-Q; =750-160 =590 uC

Option (2) is correct.

Given : Capacitance of a parallel plate capacitor
is C = 1 pE charge on plate 1 of the capacitor is
Q; = + 2uC, charge on plate 2 of the capacitor
isQy,=+ 4puC

To find : V, the potential difference developed
across the capacitor.

Net value of charge on the plates of capacitor
after steady state is reached :

Qnet = QZ_Ql

2

= % =1uC ..(0)

The potential difference developed across the
capacitor :

v - Qnet=1x106=1V
C  1x10°

Subjective Questions (Chapter Based)

1.

A cubical volume is bounded by the surfaces
x=0,x=a,y=0,y=a,z=0,z=a.The electric
field in the region is given by E = Egxj. Where
Ey=4x10*NC ! m L Ifa = 2 cm, the charge
contained in the cubical volume is Q x 10~ C.
The value of Q is . (Take gy = 9 x 10712
C?N'm?2)

[JEE (Main) — 1%t Feb. 2023 - Shift-2]

Sol.Correct answer is [288]

E=Eyxi
Electric field is in only x direction
y
A T 7
E | G
—
— E
_|—
—
a/p @ A
C ”i B

OEFGH = 9aBCD = 9ADEG = 9BCcFH =0
0aprc= Eon X a* = Boa®
ocper=0,asx=0,E=0
Ototal = EO‘Z3 =4 x 10*x8x107°
T = 33 %1072
€
Jin = 3280X10_2
=32 x 9 x10 12x1072
=288 x 10714

Q =288

2. Two equal positive point charges are separated
by a distance 24. The distance of a point from
the centre of the line joining two charges on the
equatorial line (perpendicular bisector) at which
force experienced by a test charge g, becomes

. . a .
maximum is T The value of x is
X

[JEE (Main) — 15 Feb. 2023 - Shift-1]
Sol.Correct answer is [2]

For force on g, to be maximum, electric field at
Point P should be maximum.

91

p
5 [¢]
y
q q
— 0 —— A —>
kq kq
AtP,, E{= =E,=
1 1 u2+y2 2 112+y2
_ __ 2kqy
E, = Ejcos 6 + Ejcos 6 = W
For Ep to be maximum
iE =0 :>i Zkqy =
dy p dy (a2+y2)3/2
a
y=+—
V2

On comparision x = 2
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Two parallel plate capacitors C; and C, each
having capacitance of 10 uF are individually
charged by a 100 V D.C. source. Capacitor C;
is kept connected to the source and a dielectric
slab is inserted between its plates. Capacitor
C, is disconnected from the source and then a
dielectric slab is inserted in it. Afterwards the
capacitor Cj is also disconnected from the source
and the two capacitors are finally connected in
parallel combination. The common potential
of the combination will be V. (Assuming
Dielectric constant = 10)

[JEE (Main) — 31% Jan. 2023 - Shift-2]

Sol.Correct answer is [55]

Given C; =C,=10pF
V =10V &K=10

Let’s take two individual parallel plate capacitors

| :Cl ch
cV' -CV
| l
100 Vv 100 V
) (i)

Charge on each plate of (ii) capacitoris +C,V and
-G,V respectively
Afterwards, dielectric slab is inserted in C;

KC

1

TN

Afterwards C, is disconnected from the source
and then dielectic slab is inserted.

CZV _sz

TN

KC,

Finally both the capacitors are connected in
parallel by disconnecting C; from source.

KC,V é -KC,V

CV ,-CV

2

TN

KC,

Applying charge conservation, Q; = Q,
KC1V + CZV = (KC1V + KCZ)Vcommon

(K+1)CV_1<+1

v = - _ .
common ZKC ZK
= o = 2100
2x10
= 1% =55V

common
Expression for an electric field is given by E

= 4000 x% Vm~!, The electric flux through the
cube of side 20 cm when placed in electric field

(as shown in the figure) is Vcm.,
y
IZO cm
0,0,0) B
v
20 cm

[JEE (Main) - 31 Jan. 2023 - Shift-1]

Sol. Correct answer is [640]

0 = EJA = E.dAcos 0
Y

C

o]

20 cm
—

E F
z
Given,

E= 4000x% i V m™!
Here the electric field is directed towards x-axis
So, the flux along y and z-axis would be zero, as
E and A are perpendicular
OpcBE = ODEGF = 9coAB = 9corA = 0
ocopc = 0 as E depends on x.
And x = 0 for surface GODC
Now for surface AFEB

0apep = EdA

= 4000x* x (0.2)%

= 4000 x (0.2)* x (0.2)

=64V m =640 Vcm
As shown in figure, a cuboid lies in a region
with electric field = 2x*i — 4y] + 6k N C\. The
magnitude of charge within the cuboid is ne,C.
The value of n is

(if dimension of cuboid is 1 X 2 x 3 m?).



Q! (0,2,0)

(1,0,0)

X

[JEE (Main) — 30" Jan. 2023 - Shift-2]

Sol.Correct answer is [12]

Given: E=2x% —4yj+6gk NC!

z

(0,0,3)

oV (0,2,0)

(1,0,0)

X

Flux through planes parallel to yz
=2x(1)?%x2x3
= 12Nm?C™!

Flux through planes parallel to xz
=4 x2x(1x3)
=-24Nm?C™!

Flux through planes parallel to xy = 0

Hence, net flux (¢) = 12-24 + 0

T — _1p
€
or, Gene = — 12¢(C
|qenc| = 128OC = ngOC
Hence, n=12

A capacitor of capacitance 900 uF is charged by ¢

a 100 V battery. The capacitor is disconnected
from the battery and connected to another
uncharged identical capacitor such that one
plate of uncharged capacitor connected to
positive plate and another plate of uncharged
capacitor connected to negative plate of the
charged capacitor. The loss of energy in this
process is measured as x X 10~2J. The value of
xis . [JEE (Main) - 30" Jan. 2023 - Shift-1]

Sol.Correct answer is [225]

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [igh][e]

100V

C
When equilibrium is attained i.e. both capacitor
acquire the same potential,

1 CC
loss of energy = Eﬁ o (V= Vy)?
Here C,=C,=C =900 uF
V, =100V
V2 = O
1
Loss = 5=V = 2 x 104 x 1076
=225]

=225x 1072]=x x 1072]  (given)
On comparing, x = 225
For a charged spherical ball, electrostatic
potential inside the ball varies with r as V =
2ar* + b. Here, a and b are constant and 7 is the
distance from the center. The volume charge
density inside the ball is —Aae. The value of A is

(where, € = permittivity of the medium)
DEE (Main) — 29" Jan. 2023 - Shift-2]

Sol.Correct answer is [12]

Given, V=2ar*+b

-dv
B E=
y dr
E=—4gr
Also, inside a solid charged sphere
=P
3¢

where, p = volume charge density

LAy
3¢g,

p = -12ag
A =12

A point charge g; = 4q, is placed at origin.
Another point charge q, = — gy is placed at = 12
cm. Charge of proton is gy. The proton is placed
on x-axis so that the electrostatic force on the
proton is zero. In this situation, the position of
the proton from the origin is cm.

[JEE (Main) - 29 Jan. 2023 - Shift-1]

Sol.Correct answer is [24]

For net force zero on the proton, the net electric
field must be zero.

qo _ 4q9

Hence, 2 (x+12)2
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= x+12 =2x
= x =12
So, the distance from origin = x + 12
=12+ 12=24cm

9. A capacitor has capacitance 5 pF when its parallel
plates are separated by air medium of thickness
d. A slab of material of dielectric constant 1.5
having area equal to that of plates but thickness

d. . .
5 18 inserted between the plates. Capacitance

of the capacitor in the presence of slab will be
i [JEE (Main) — 25" Jan. 2023 - Shift-2]
Sol.Correct answer is [6]

For a partially filled dielectric slab of thickness
t and dielectric constant K, capacitance is given

C 5
C= 0 —
1_1[1_1] 1_M[1_L]
d K d 1.5
5 30 _
1_1[1] = 6 uF
2(3

10. A uniform electric field of 10 N/C is created
between two parallel charged plates (as
shown in figure). An electron enters the field
symmetrically between the plates with a kinetic
energy 0.5 eV. The length of each pate is 10 cm.
The angle (8) of deviation of the path of electron
as it comes out of the field is (in degree).

o e o o o o SR SRR SRR

< 10 cm >

JEE (Main) - 25" Jan. 2023 - Shift-1]
Sol. Correct answer is [45]

[

AY v v
+++++++++++++++MU
)’ 7Y
_________ Lol
O‘,u_";::-- -—» X
I=01m

Let u be the initial speed

1
KE=05eV=05%x16x10"1"= Emuz

/1.6x10*19
U=,|l———-
m

I
Time taken before enticing the field, t = —
v, =u,asa, =0 .

vcos® =u we(i)

vy =y + ayt

since u, = 0
. eE
v, = vsin 0= —t
) eE( 1 .
vsin @ = —|— ...(i)
m\u
From (i) and (ii) on diving, we get
eE | _ eE I
tan0® = P m (e/m)
=El=10x01=1
0 =45°

11. In the given figure the total charge stored in the
combination of capacitors is 100 u C. The value
of ‘x’ is

C,=2uF

C,=xuF

C, =3 uF

— V=10V —

DEE (Main) — 15™ April 2023 - Shift-1]
Sol.Correct answer is [5]
Since all three capacitors are connected in
parallel,
g1=CV=20pC
0y = sz = 10x MC
q3 = C3V =30 I.LC
g=4g1+tg,+ g3=>50+ 10x = 100
x =5uF

12. Three point charges g, -29 and 2q are placed

on x-axis at a distance x = 0, x:%R and

x = R respectively from origin as shown. If g =
2% 10°Cand R = 2 cm, the magnitude of net

force experienced by the charge —2g is N.
q -2q 2q
° ° * > X
x=0 ! i
< SR—s
4 i
< R >

DEE (Main) — 13" April 2023 - Shift-2]
Sol.Correct answer is [5440]

0 DL R
< T Ll
9 F 29 F 2q
kdq®  k2q°
Free=F2—F1 = -

LG

4 4

_ 16k [ i 2] _ 16k;72 34 544k’
R

9 9  9RZ




13.

Given, g=2x10°C
R=2x102m
544 9x 10° x 4 x 10712
Fnet - _4
9 4 %10
= 5440 N

A thin infinite sheet charge and an infinite line
charge of respective charge densities + ¢ and
+ A are placed parallel at 5 m distance from each

3 4
other. Points ‘P’ and ‘Q’ are at - m and - m
perpendiculardistancesfromlinechargetowards
sheet charge, respectively. ‘Ep’ and ‘Ey" are the

magnitudes of resultant electric field intensities

Ep 4
at point ‘P’ and ‘Q’ respectively. If E_P = for
Q

2|o| = ||, then the value of a is
DEE (Main) — 13 April 2023 - Shlft-l]

Sol.Correct answer is [6]

14.

3
Zm
T
>
o A
~m
5m
c A c A

Ep=——F=——

280 27580 [é) 280 680
T

Given |A| =2 |o]|

c 26 ©

P = 5o ooy~ 6o
c A c A
b= e T T T2e Ber
€0 Znso[—] g %%

n

Putting |A| =2 |o]|

c 26 c

B = T8ey 1wy
Ep_o 45 _2_4
Eo 6g o 3 a
On comparing, a = 6

64 identical drops each charged upto potential
of 10 mV are combined to form a bigger drop.

The potential of the bigger drop will be

mV. DEE (Main) — 12 April 2023 - Shift-1]

Sol. Correct answer is [0.16]

V' =vn??
=V =10 x 103 x 64%3 = 0.16 volt

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [igh][e]

15. In the given circuit:
C;=2p C=02uE CGG=2pE C, =4 g
Cs = 2 pE C4 = 2 uE The charge stored on

capacitor Cyis uC.

C1 C3
|| ||

1

10V - Ic, =G,

| |
11 11
c, G,

JEE (Main) — 11 April 2023 - Shift-2]
Sol.Correct answer is [4]

1 1 1 1 1 11
— =t —t—=—t+—+=
C' G C C5s 2 4 2
5
C'=2uF
i

C'=C'tC, =2+0.2=1.45 uF

1 1.1 1 _1

+—+= +1+1
Coy C" C C C" 2 2

= Cq—05uF
Now, Q=C,xV=05x10=5uC
5uCx0.8
2P R0 4 0C
Q=802 **

16. As shown in the figure, a configuration of two
equal point charges (g = + 2 n C) is placed on
an inclined plane. Mass of each point charge is
20 g. Assume that there is no friction between
charge and plane. For the system of two point
charges to be in equilibrium (at rest) the helght
h = x x 107 m. The value of x is

1
(Take iney 9x10°Nm?C2 ¢=10ms?)

DEE (Main) — 11" April 2023 - Shift-1]
Sol.Correct answer is [300]
Given, g; = g, = 2uC
Mass of charge, m =20 g
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At equilibrium, F, = mgsin 6

kgrqa _
= 7-mgsm30

M—mgsinBO

()
sin 30

9 -6 -6

:>(9><10 ><2><102 x2x10 ):20><10_3><10><1
4h 2

= h =300 x 10°m

On comparing with i = x X 107, we get x = 300

17. An electron revolves around an infinite
cylindrical wire having uniform linear charge
density 2 x 10°® C m™ in circular path under
the influence of attractive electrostatic field as
shown in the figure. The velocity of electron

with which it is revolvingis  x 10°m
s7L. Given mass of electron = 9 x 107 kg

o

+

+

+H<—tz

-

€

+

+

+

,_t

)

JEE (Main) — 10™ April 2023 - Shift-2]
Sol.Correct answer is [8]
For circular motion, centripetal force is provided
by attractive central electrostatic force

Ae _mvz 2keh
2megr r =YT m

\/2 x1078 x 1.6 x 107 x 2 x 9 x 10°
9x10731

:\/2><16><18X1012 8 x 106

9

18. Three concentric spherical metallic shells X,
Y and Z of radius a, b and ¢ respectively [a <
b < c] have surface charge densities 6, - and
o , respectively. The shells X and Z are at same
potential. If the radii of X & Y are 2 cm and 3 cm,
respectively. The radius of shell Z is cm.
JEE (Main) — 10™ April 2023 - Shift-1]

Sol.Correct answer is [5]

19.

Let g, = o(4ma?)
Gy = ~o(4nb?)
g, = o(4nc?)
Va:k[q—“+q—b+q—”j:g(a—b+c)
a b ¢/ g
([ 4 )
P e
b b o sOLb J
(e p? )
VC:k[mm%j:GLa_bﬂJ
c ¢ ¢/ glc c
Given: V.=V,

(
%(d—b+c):gL - +CJ

a=2cmandb =3 cm

2-3+c=—-+c
c
71+c=_—5+c
c
1=2
c
c=5cm

As shown in the figure, two parallel glate
capacitors having equal plate area of 200 cm~ are
joined in such a way that a # b. The equivalent
capacitance of the combination is xegF The value
of x is

$a

1c=lmm d =5mm

o

JEE (Main) — 6% April 2023 - Shift-2]

Sol.Correct answer is [5]

Here, b=5-1-a=(4-a)mm
A
Capacitance, C= 807
. 1 1 1

In series, —=—t—

C ¢ G

1 a 4-a

:> J—

=—+
C EoA SoA
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A _4
. comA_20x10%
4 4 x10™

= C=580

On comparing with C = xgg, we get,x =5

20. A parallel plate capacitor with plate area A
and plate separation 4 is filed with a dielectric
material of dielectric constant K = 4. The
thickness of the dielectric material is x, where x
<d.

Plate-1

T Y me.

Let C; and C, be the capacitance of the system

x:ldandx:
3

E, respectively. If C; = 2uF
for 3

the )
value of C, is uE

JEE (Main) — 6™ April 2023 - Shift-1]
Sol.Correct answer is [3]

Given, C;=2uFand K =4
ggA ggA
= Ci=—r0" %04
Va0 [d +g)
3,2 3x4 3
K 3
ggAx12 4 gyA
e
1
= Zqug% (forngdj
SoA 3
= 07 ZyF
da 2"
A
K 3
SoA
X B
12 3
ggA
C, = 0
TR
12 3
N =224 _Zed 3,
2d +4d d 2
=3 uF

21. Two parallel plate capacitors of capacity C and
3C are connected in parallel combination and
charged to a potential difference 18 V. The
battery is then disconnected and the space

between the plates of the capacitor of capacity C
is completely filled with a material of dielectric
constant 9. The final potential difference across
the combination of capacitors will be V.

[JEE (Main) — 25% July 2022 - Shift-2]

Sol.Correct answer is [6]

When C and 3C are charged by 18 V, let q; (on

C)=18 Cand g, (on 3C) = 54 C

When a dielectric (k = 9) is inserted in C, its

capacity becomes C" = 9C

Let the new values of charges acquired by them

be g,/ = 9CV’ and gq,’ = 3CV’ where V' is the

common potential across each now.

As charge is conserved in this system

0+q,=q,'+q,

18C+54C =(9C+3C)V'

V'= 72_ 6V

12

22. Three—point charges of magnitudes 5uC, 0.16uC

and 0.3uC are located at the vertices A, B, C of

a right-angled triangle whose sides are AB =

3 cm, BC = 3v2cm and CA = 3 cm and point

A is the right-angle corner. Charge at point A

experiences N of electrostatic force due

to the other two charges.

JEE (Main) — 26" July 2022 - Shift-2]

Sol.Correct answer is [17]

Net Force on charge at A, F=Fas +Fac

kQ,Q 5x10°x0.3x10™°
Fp=—2=E =kx 9x10" =15N
AB?
-6 -6
FAc:kQBQC :k><5X1O xO.ljxlO _8N
r 9x10

BC?

|F|=+15"+8> =289 =17 N

N

AB

L

3!

AC

—

F
23. The electric dipoles of dipole moments
12 x 10 cm and 2.4 x 10" cm are placed
in two different uniform electric fields of
strengths 5 x 10* NC! and 15 x 10* NC!
respectively. The ratio of maximum torque

experienced by the electric dipoles will be l
The value of x is X

JEE (Main) — 28% July 2022 - Shift-1]
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Sol.Correct answer is [6]

24.

Torque on an electric dipole placed in uniform
electric field is given by, T = pE cos 0 1,,,, = pE
[cos & = 1]

5 p.E,
T, pE
T, 1.2x10 x5x10* 1

r, 24x10°x15x10* 6 )
On comparing above equation with given —,
we getx =6 X

The equivalent capacitance between points A
and B in below shown figure will be pE

A 8uF| 8uF SuF 8uF B
[JEE (Main) - 25 June 2022 - Shift-1]

Sol.Correct answer is [6]

25.

D
A— ::Ail—[—)uE::D:: B
8uF | 8uF " 8uF 8uF =~ 8uF ™ 8uF
Rearranging the given circuit
8uF 8uF
A— ——pD | —E
8uF
| 1 8pF | ';l | B
i {1 ‘
8uF
Simplifying we get
24pF l6pf
A | ——D |t E B

Since, terminal E is not connected to any part of
the given circuit, 24 pf and 8 uf are seen to be in
series across A and B

24 x8
AB ~

=6uF

A capacitor of capacitance 50 pF is charged by
100 V source. It is then connected to another
uncharged identical capacitor. Electrostatic
energy loss in the process is nJ.

[JEE (Main) - 27 June 2022 - Shift-1]

Sol. Correct answer is [125]

C, |V1:V
l

26.

The loss of energy when two capacitors are
connected at different voltages is given by

AE = X2 (V- V)

2 (C+Gy)
Here, V, =0,V; =100V
1 50x50x107*
AE = X 50x10 "
AE =125n]

A parallel plate capacitor is made up of stair
like structure with a plate area A of each stair
and that is connected with a wire of length b,
as shown in the figure. The capacitance of the

x (100)?

g,A

arrangement is % , The value of x is

A

!
I
!
|
=1
-
!
ll
!
1

A

[JEE (Main) — 27" June 2022 - Shift-2]

Sol. Correct answer is [23]

A

_
R

-— S

> >
-« T >

b

T
|

5p !

-— S

b
A '

This arrangement behaves as combination of
parallel capacitors of 3 capacitors.

Ceq=C1+C2+C3

= SOA(I + 1 +1j:§ﬁ

50 36 b) 15 b
23 gA
= —X
“4 15 b

On comparing, we get, x = 23



27. A capacitor C; of capacitance 5 pF is charged to

a potential of 30 V using a battery. The battery
is then removed and the charged capacitor
is connected to an uncharged capacitor C, of
capacitance 10 pF as shown in figure. When
the switch is closed charge flows between the
capacitors. At equilibrium, the charge on the
capacitor Cyis ............... uC.

S 1048

[JEE (Main) — 28" June 2022 - Shift-2]

Sol.Correct answer is [100]

28.

1+ |

N 10
5up T30V WF

At equilibrium both capacitors acquire a
common potential

_ CVi+GY, . 5(30) +10(0)

0 ¢ +C, 5+10
=10V
Q, = C,Vy =10 x107 x 10 = 100 uC

The volume charge density of a sphere of
radius 6 m is 2 uC/cm™. The number of
lines of force per unit surface area coming
out from the surface of the sphere is ..... X
10" NC™
[Given: Permittivity of vacuum €y = 8.85 x 10~
12 2N _ 2

DEE (Main) — 25 July 2022 - Shift-1]

Sol. Correct answer is [45]

Electric field at the surface = =E
Electric flux ¢, = EA 0
Number of electric lines ( ¢, ) per unit area
_ PR

3¢,

~ 2x107°x10"° x6

~ 3x8.85x10°"

= —4 x 10"
8.85

=45x10"

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [igh][e]

29. A composite parallel plate capacitor is made
up of two different dielectric materials with
different thickness (f; and ¢,) as shown in
figure. The two different dielectric materials are
separated by a conducting foil E The voltage of
the conducting foil is V.

-~
Il
»
I
o
n
3
3

-~
I
e
I
-
3
3

— 100V

JEE (Main) — 26" July 2022 - Shift-1]

Sol.Correct answer is [60]

A A

C = —801? = 3¢, =6¢g,A
k,A 4g A

C,= %o tz L 4g,A

Equivalent capacitance, C = C; + C, = 10gA

V,= QXV
C

v, =84 00-60v
10e,A

30. A long cylindrical volume contains a uniformly
distributed charge of density p Cm™>. The electric

field inside the cylindrical volume at a distance

2g . ..
x = =% from its axis is Vm™.

p

EE (Main) — 27" July 2022 - Shift-1]

Sol.Correct answer is [1]
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TN Energy stored = %Cequ
SCEC Ceq=C1+ G,
: E/%sian _5A; KgA,
v | Cylender T4 + d
Il p: X

N &
Co =g0(A1+KA2)

=% (28+5x4)x10%
4x10
Applying gauss’s theorem = Eds = Tena £
) € = 20 x 48
E(2mat) = 2™ .
%o Ceq = 5%y
px >
2¢, - Energy = 2 (gao) (20)
2e p 2t
Elx=""L=—"—x=2=1V/m _3
[ 0 ] 2%, p = < % x 400
31. A parallel plate capacitor with width 4 cm, = 240 ;)

length 8 cm and separation between the plates
of 4 mm is connected to a battery of 20 V. A
dielectric slab of dielectric constant 5 having
length 1 cm, width 4 cm and thickness 4 mm
is inserted between the plates of parallel plate

32. A point charge of +12 uC is at a distance
6 cm vertically above the centre of a square of
side 12 cm as shown in figure. The magnitude
of the electric flux through the square will be

capacitor. The electrostatic energy of this system X1 NmC.
willbe  gf].
JEE (Main) — 27" July 2022 - Shift-2]
Sol.Correct answer is [240] 6 cm
Let A; = Area covered by vacuum (Air)
=7x4x10*
= 28 x 10m?
A, = Area covered by dielectric \{30 <&
=1x4x10™ % g
= 4 x 104m2 JEE (Main) - 24 Feb 2021 - Shift-2]
[ Sol. Correct answer is [226]
' a0v Given, Q = 121C,d = 6 cm
S \

P
R

Electric flux through the cube ¢ = Q

NS> 77 g
87 / Hence, electric flux through the one face of the
I=8cm cube
2
Ve tem / o Q 12 Nm

T 65, 6x88x102 C

5
>

d=4mm

2
=226 »10° NM"
C



33. The electric field in a region is given by

E= [%EoﬂgEOjjg.
reported field through the rectangular surface
of area 0.2 m? (parallel to y-z plane) to that of the
surface of area 0.3 m? (parallel to x-z plane) is a :
b, wherea = .......... .

The ratio of flux of

[Here ;} and k are unit vectors along x, y and
z-axes respectively].

JEE (Main) — 25'" Feb 2021 - Shift-1]

Sol.Correct answer is [1]

3.+ 4_ A
—E,i+—E
[5 o Ty 0])

Surface area Ay =0.2 m? (Z)

Given,

E- M

C

A,=03m?j
d)a:E'Kx
3.1 4.~ o
:(EEOHEEOJJ(O.Zz)
0.6
= = 3.7 4.~ ~
d)b:E-Ay=(EE01+EEOJJ(0.3m2])
1.2
a/b = da/ db
0.6
a_5° 06
b 12p0 1
a_1
b 2

34. 512 identical drops of mercury are charged to a
potential of 2 V each. The drops are joined to
form a single drop. The potential of this drop is
.......... V. [JEE (Main) — 25" Feb 2021 - Shift-1]

Sol.Correct answer is [128]
Total no of drops (1)= 512
V=2V
Let Charge on drops = g
Let radius on drops = r

v-M
r

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [igh][e]

. )k
;
= Let the radius of bigger drops = R
= L AR = 512x 2
3 3
= R? =5127
= R? =8/
= R =8r
_k(512)q
R
. V52 ke
8 r
= V= 12 x2
8
V=128V
35. Two identical conducting spheres with

negligible volume have 2.1 nC and -0.1 nC
charges, respectively. They are brought into
contact and then separated by a distance of 0.5
m. The electrostatic force acting between the
spheres is x 1077 N.

[Given : SI unit ]

1
4nz,  9x10°
[JEE (Main) — 25'" Feb 2021 - Shift-2]
Sol. Correct answer is [36]
Initially, charges on each sphere

Q;=21nC
Q,=-01InC
After, touching each other
Q= Q+Q, 21-01 _4 -~
2 2
2
p=_1 Q
4ng, 0.5°
2
= F = 9x10° x@
4
=36 x 10°N

36. In a parallel plate capacitor set up, the plate area
of capacitor is 2 m? and the plates are separated
by 1 m. If the space between the plates are filled
with a dielectric material of thickness 0.5 m and
area 2 m? (see fig) the capacitance of the set — up

will be £

(Dielectric constant of the material
(Round off to the nearest integer)

3.2)
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[
v

JEE (Main) — 16" March 2021 - Shift-2]
Sol.Correct answer is [3]
A=2m?

QU

=1m
an

d
K=32
KAe Ag
C=t G= 3
2 2 & G
1 1 1
= —4 —
Cequi Cl CZ
2Ag, [ K2Ag,
c = GG d d
eq =
Co+ G 288 e )
d
_ 32x2x2g,  4x3.2¢, 3045
eq [3.2+1] 4.2 R

37. A parallel plate capacitor whose capacitance
C is 14 pF is charged by a battery to a potential
difference V = 12 V between its plates. The
charging battery is now disconnected and a
porcelin plate with K = 7 is inserted between
the plates, then the plate would oscillate back
and forth between the plates, with a constant
mechanical energy of pJ (Assume no
friction).

[JEE (Main) — 17" March 2021 - Shift-1]
Sol.Correct answer is [864]

Given, C = 14 pF

—
N N

| | 12V
Initially

Finally

Q?
Initially energy ‘U; . = <_ (i)
‘o2Cc

...(ii)

2
Q?
Finally energy ‘U¢'U; =
2KC

Oscillating energy = U; — U;

_Q_Z_Q_Z_Q_Z[l_l}
~ 2C 2kC 2C| K

<y
2C 7

6[ 14
= —| —x144 | =864
2| 1| -soapy

38. Four identical rectangular plates with length,
I =2 cm and breadth, b = 3/2 cm are arranged

as shown in figure. The equivalent capacitance

X
between A and C is % The value of x is ........ .

(Round off to the nearest integer)

A B C D
<—><—J<—>
d d d

[JEE (Main) — 17" March 2021 - Shift-1]
Sol.Correct answer is [2]

Area of each plate = 2 x% =3 cm?

- ﬁh

A B C D

—d——d —i—d—
Capacitance of a parallel plate
A%y

Capacitor ‘C" =
d
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Cc . —2CxC 2C* 2
equi. =—=—
20+C 3C 3
N _ 2| Ag | _2) 3
3| d 3| d
x =2

39. A 2 uF capacitor C; is first charged to a
potential difference of 10 V using a battery.
Then the battery is removed and the capacitor
is connected to an uncharged capacitor C, of 8
uE The charge in C, on equilibrium condition is

uC.

(Round off to the nearest integer)

NI

2uF
— p— —— 8UuF
10V C, G

JEE (Main) — 17" March 2021 - Shift-2]
Sol. Correct answer is [16]

total charge

Common Potential (V) = -
total capacitance

V= 10x 2 puf _20uC
C,+C, 10y
Charge on C, after equilibrium = 8uF x 2 volt
= 1l6uC
40. A parallel plate capacitor has plate area 100 m
and plate separation of 10 m. The space between
the plates is filled up to a thickness 5 m with

a material of dielectric constant of 10. The
resultant capacitance of the system is ‘x” pE

The value of gy = 8.85 X 10" 2 Em !
The value of ‘¥’ to the nearest integer is .
[JEE (Main) — 18" March 2021 - Shift-1]
Sol.Correct answer is [161]
Given, Area (A) = 100 m?
Plate separation = 10 m
Thickness of a dielectric material (f) = 5m
Dielectric constant (k) = 10

2 volt

2

1)

Cl CZ
Ca=CrC, T T2Ae 2Ae
L 020K
d d
2KAg
K 2x10x100x8.85x 10"
C(K+1) 5(11)
=160.90 x 10712 = 161pF
C=3uF 5mQ
| |
| | MWW
g =30pnuC

41.

SN

The circuit shown in the figure consists of a
charged capacitor of capacity 3 pF and a charge
of 30 uC. At time ¢ = 0, when the key is closed,
the value of current flowing through the 5 uQ
resistor is ‘x” pA.

The value of ‘x* to the nearest integer
is JEE (Main) - 18" March 2021 - Shift-1]
Sol.Correct answer is [2]

Using the expression
~t

=1, eRC
I _QO_QO
gm0 = =0
t Re
At t=0,1=2 30x10°°

=ﬁ - 5x10°x3x107°
I=2 pA.
42. An infinite number of point charges, each

carrying 1 pC charge, are placed along the y—
axisaty =1m,2m,4m,8m

The total force on a 1C point charge, placed at
the origin, is x x 10> N.
The value of x, to the nearest integer, is
1 Nm?
g C?
[JEE (Main) — 18 March 2021 - Shift-2]
Sol.Correct answer is [12]

Take =9x10°
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Using Coulomb’s law Total force on 1C point = fZOOO 1

change due 1 pc charge 8000 2
k k k It will take same time to return back its initial
E = 119, + 11493 + 1194

total — 2 2 2 position.

rl rZ r3 ) . 1
Time period (T) = 2 5] = 1s.

Ckx10°| 14— [ L 2+ 1 2
- (2)2 4 8) " 44. The total charge enclosed in an incremental
volume of 2 X 107 m? located at the origin is
nC, if electric flux density of its field is
= 9x10° x10°° Ll = 12x10° N found as D = ¢ sinyi —¢ ¥ cosy] +2zk C/m?
1= [JEE (Main) — 22" July 2021 - Shift-2]

43. A body having specific charge 8 nC/g is resting Sol. Correct answer is [4]

. . . —>
on a frictionless plane at a distance 10 cm from Electric flux density (D)
the wall (as shown in the figure). It starts moving

towards the wall when a uniform electric field D = charge ?
of 100 V/m is applied horizontally toward the area
wall. If the collision of the body with the wall 0 A
is perfectly elastic, then the time period of the - “77
motion will be s.
e A
= g)| ——7r
0 [41&072 j
100 V/m S D
Body —>— E = —
rPrrrrrdrrrrrrr sy =)
JEE (Main) — 20" July 2021 - Shift-1] [ R R A} C
Sol.Correct answer is [1] = lexsinyi-excosy j+2zk |—
By Gauss’s Law
E
e A A A =
. P o (§i+ij+ikjE
g
q 0 x y z
|///// //d/// ///u = i(ex siny)+ i(ex cosy)+ i(Zz)
' ! 0, 9y 0,
Electric force, F = gE p =—exsiny +exsiny + 2
ma = gk At x=0p=2c¢md
a= (L Charge = p X volume
" =2x2x107
Use second equation of motion _4pC
d= yt +lat2 [Qu=0m/s] 45. If the maximum value of accelerating potential
2 provided by a radio frequency oscillator is 12 kV.
g la 2 l{ qE } 12 The number of revolution made by a proton in
2 2 a cyclotron to achieve one sixth of the speed of
light is .
2d 2x0.1
t= [qE 8x1073(100) [m,, = 1.67 x 10%kg, e = 1.6 x 10712 C, speed of
m light = 3 x 10® m/s]

[JEE (Main) — 2274 July 2021 - Shift-2]



Sol.Correct answer is [543.4]

Applied accelerating potential
=12x10°V

In one rotation energy gained by proton
= (2q,-0)
In n rotations = n X 2q,0

Which is equal to kinetic eneryg of proton

2
1
= (3)
n[2 x 1.6 x 1079 x 12 x 10?]
1 3x10°
= —x1.6x107%¥ 2
2 6
n(384 x 10716 = 0.02087 x 10
n =543.4

c

anpU: 6

1
2"

46. A parallel plate capacitor of capacitance 200 uF
is connected to a battery of 200 V. A dielectric
slab of dielectric constant 2 is now inserted into
the space between plates of capacitor while
the battery remain connected. The change in
the electrostatic energy in the capacitor will be

J. [JEE (Main) - 31% Aug 2021 - Shift-2]

Sol. Correct answer is [4]

Energy of capacitor when no dielectric plate is
inserted

Ul = lC\/Z
2

JEE (MAIN) Solved Papers (Chapter-wise & Topic-wise) [igh][e]

Now when dielectric slab of dielectric constant k
is inserted between the plates of capacitor

Energy U, = %(KC)VZ
AU =U,-U; = %VZ(KC—C)

;CVZ(K—I)

%x200x10_6 x 200 x 200

AU =4]

47. Assume that an electric field E=30x7 exists in
space. Then the potential difference V5 — Vg,
where Vg is the potential at the origin and V,
the potential at x = 2m is :

Sol.Correct answer is [80]
Given:

E = 30x2i. (1)

To find : V4 — V5, V, is potential at x = 2 m and
Vo is potential at x = 0 m.
dV = —Edx;

- joz 30x2dx

312
VA_VO = _30%:_80]

aoo



