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Electrostatics JEE Main PYQ -1

Total Time: 1 Hour : 15 Minute Total Marks: 120

Instructions

Instructions

1. Test will auto submit when the Time is up.

2. The Test comprises of multiple choice questions (MCQ) with one or more correct
answers.

3. The clock in the top right corner will display the remaining time available for you to
complete the examination.

Navigating & Answering a Question

1. The answer will be saved automatically upon clicking on an option amongst the
given choices of answer.

2. To deselect your chosen answer, click on the clear response button.

3. The marking scheme will be displayed for each question on the top right corner of
the test window.
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Electrostatics

1. (A) Equivalent capacitance is lower than the least of capacitors present in (+4,-1)
series.
(B) One method of increasing the capacitance is to decrease the distance
between plates and increase cross-sectional area.
(C) Electric field inside an isolated capacitor decreases after inserting a
dielectric.
(D) Displacement of charge does not happen when a dielectric is inserted in
an isolated capacitor because dielectric acts like an insulator.
(E) Energy of an isolated capacitor increases when a dielectric is inserted in
the capacitor.
Of the following statements, which are true?

a. A B D
b. C,D
c. ABCD
d ABCE
2. (1) Gauss Law is defined for inverse square of distance forces. (+4,-1)
() Work done by uniform electric field on a charge moving in a circle is zero.
() Electric field of a point-charge forms concentric circle around it.

(Iv) Electric field lines forms closed loop.
Choose correct option(s).

a. 12
b. 13
c. 34
d 14

3. Arod has uniformly distributed charge 24 .C and length 10 cm. Find forceon  (+4, -1)
1 uC particle placed at a distance 2 cm from one end of the rod.
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a. 70N
b. 10.5 N
C. 90N

d. 25N

4. Diagram shows three arrangements of dielectric in a capacitor. Arrange the
capacitors in increasing order of capacitance between A and B if K; > K.

A A
[ [
K, |d2 K,  |de
. H . H
K, | 42 K, K, |d2
: ;
CA CB
A
[
- | a2
H X
. i | d/’2

a. C4<Cg <C¢

(+4,-1)
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b. C4s<Cc < Cp
C. Cpg<Ceo<Cy

d. CB<CA<CC

5. Three uniformly charged concentric shells are kept as shown in the diagram.  (+4, -1)
Charges on individual shells are as shown. Find the final potential on each
shell :

&

q. VA — Kan + KI?Q + K?:;, VB b K(Q1+CQ2+Q3), VC — Kl?l + Kl?g + K§23

b. V= K& | K | KO v, _ KO | KO | KOy, _ K(Q:+0:+Q)

c. VA — K(Q1+CQ2+Q3), VB — Kle + Kng + KCQ3, VC — Kfl + KbQZ + KCQ3

d v, =5& | K& | KOy _ KQ 4 KQ, |\ KO, v _ K(QuQ:Qy)

6. In the following configuration of charges. Find the net dipole moment of the (+4,-1)
system:
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a. /180 qa
b. /150 qa
c. /200 qa
d. /140 qa

7. Electric potential at a pointis V = Ar? + B. Find charge enclosed in a sphere of  (+4, -1)
radius Im, centered atr=0

a. —4megAd
b. —8m¢A
C. —12wepA
d. —167e A

8. Four charges are kept as shown in the figure. Find magnitude of electric field  (+4, -1)
at point P. P is mid point of line AB.
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ICI:f“C 40cm_P 40cm _ZH_C._':ZUC
—4uC 80cm ? fi crri;
a. 62512
b. 562512
C. 3625/2
d. 4525./2
9. Two point charges 7uC at (-9,0,0) and -2,.C at (9,0,0) are placed in an (+4,-1)
external electric field E = 47 where A = 10° Sl unit. Find potential energy of
system ?
a —3x107°)
b. 2x107°)J
C. 40x107*J
d. 2x102%J
10. A parallel plate capacitor with plate separation 5 mm is charged by a (+4,-1)

battery. On introducing a mica sheet of 2 mm while battery is connected, it is
found that it draws 25% more charge. The dielectric constant of mica is :

a 2

b. 1.5
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1. A capacitor of capacitance 6 F is charged by connecting itto a 12V battery.  (+4, -1)
After disconnecting the battery, the capacitor is connected in parallel to an
initially uncharged capacitor of capacitance 18 F. Find the charge on the 18F
capacitor after equilibrium is reached.

a. 36C
b. 48C
C. 54C
d 72C
12. A 12F capacitor is connected to a 5V battery and fully charged. After (+4,-1)

disconnecting the battery, it is connected in parallel to an uncharged 6 F
capacitor. Find the final charge on the 6 F capacitor.

a. 10C
b. 15C
c. 20C

d. 30C

13. There are two point charges, one at the vertex and the other at the face (+4,-1)
centre as shown on the cube. Find the electric flux through the cube:
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14. When there is no dielectric, the value of capacitance of a capacitor is C. Now (+4,
some dielectrics are inserted in this capacitor as shown in the diagram. If the -1)

new capacitance becomes %, then find the value of » to the nearest integer
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15. Find work done in moving a 2\mu C charge from A to B. (+4,-1)

A (5,4,2\2)
8
*(2,2,1)
1 -
2,210 C
a. 6 \muJ
b. 120 mJ
c. 343 \muJ
d. 242 \muJ
16. An air-filled capacitor of capacitance C is filled with dielectric (k = 3) of (+4,-1)

width ¢, where d is the separation between plates. The new capacitance is
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17. Six charges (four +¢, two —q) are present at a circle of radius » and centered (+4,-1)
at the origin as shown. The electric field at the origin is.

a. Y3 ;

4meyr?

b. 3% (—7)

4meyr?

c. 722%(-3)

2megr?

d. 24

TeT2

18. A simple pendulum with a bob (mass m and charge q) is in equilibrium in (+4,-1)
the presence of a horizontal electric field E. Then, the tension in the thread is
F,. Given % = 2, find a.
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(g, m)
a a=5
b. a=3
C. a=17
d a=1
19. Two spheres having equal mass m, charge ¢, and radius R, are moving (+4, —1)

towards each other. Both have speed « at an instant when the distance
between their centers is 4R. Find the minimum value of « so that they touch

each other.
m, q, R m, g, R
' u u
p: =d < >
4R
q2

a. 4reomR
b. \/ mlz(?mZR

C. TI'E(()]'ITLR

d' 8megmR

20. There are two point charges, one at the vertex and the other at the faceofa  (+4, -1)
cube as shown. Find the electric flux through the cube.
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21. If the electric potential is V' = 500 volts at the point (10, 20) and the electric (+4,-1)
field is given by

E =10z7+5yj N/C,
find the potential at the origin.
a. 1000 volt
b. 2000 volt
c. 1500 volt
d. 3000 volt
22. A simple pendulum with bob of mass m carrying charge q is in equilibrium (+4,-1)

in the presence of a horizontal electric field E. Then the tension in the thread
is:
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—+F

a. T = /(¢E)? + (mg)?

b. T'=mg+qEtan6

c. T = +/(¢E)? — (mg)?

d. T =mg — gFEtan6

23. Find electric field intensity £ at the centre of the circle shown in the figure. (+4,-1)

Q. KQ.
¢ BT R
b _\/?_’KQ"_i_KQ"
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KQ. +3KQ
R2 t+ R2

V3KQ. +3KQ.
. 72 1+ 72 7

c. J

d

24. A simple pendulum with bob (mass m and charge ¢) is in equilibrium inthe  (+4, -1)
presence of a horizontal electric field E. Then the tension in the thread is:

a. mg+qFE
b. \/m?g? + B
C. Vmg+qE
d. mg+ gEtan6
25. Two spheres having equal mass m, charge ¢, and radius R are moving (+4,-1)
towards each other. Both have speed « at an instant when the distance

between their centres is 4R. Find the minimum value of » so that they just
touch each other.




Q collegedunia:

2

q
b. —_—
16mregmR
2
c. g
megmR
Q2
8megmR

26. Find out work done in moving a 2 ».C charge from point A to B.  (+4,-1)

A (5, 4, 242)
L]
B :
«{2, 2, 1)
Z =10 C
27. An o-particle having kinetic energy 7.7 MeV is approaching a fixed gold (+4,-1)

nucleus (atomic number is 79). Find the distance of closest approach.
a. 1.72 nm
b. 6.2 nm
C. 16.8 nm
d. 0.2 nm
28. An air-filled capacitor of capacitance C is filled with a dielectric (x = 3) of (+4,-1)

width £, where d is the separation between the plates. The new capacitance
is:

a. -C
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29. An a-particle having kinetic energy 7.7 MeV is approaching a fixed gold (+4,-1)
nucleus (atomic number Z = 79). Find the distance of closest approach.

a. 1.72nm
b. 6.2nm
C. 16.8nm

d. 0.2nm

30. A point charge of +12 uC is at a distance 6 cm vertically above the centre of a (+4,
square of side 12 cm. The magnitude of the electric flux through the square will ~ -1)
be x 10° Nm?/C.
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Answers

1. Answer: c

Explanation:

Concept:

Capacitance and energy of a capacitor depend on geometry, dielectric medium, and
whether the capacitor is isolated or connected to a source. Statement-wise Analysis:
(A)

{Equivalent capacitance is lower than the least of capacitors present in series.} In
series combination:

1 1
Cg “—Ci

Hence, C is always less than the smallest capacitor. = True

(B)

{One method of increasing the capacitance is to decrease the distance between
plates and increase cross-sectional area.} Capacitance:

A
C = soerg

Decreasing d and increasing A increases C. = True

(c)

{Electric field inside an isolated capacitor decreases after inserting a dielectric.} For
an isolated capacitor, charge remains constant. Insertion of dielectric increases
capacitance, so:

E=_2

EpEr

Electric field decreases by factor ¢,. = True

(D)

{Displacement of charge does not happen when a dielectric is inserted in an isolated
capacitor because dielectric acts like an insulator.} No free charge flows through the
dielectric; only bound charges rearrange. Charge on plates remains unchanged. =
True

(E)

{Energy of isolated capacitor increases when a dielectric is inserted.} For isolated
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capacitor:

Q2

U_zc

Since C increases, energy decreases. = False

Final Conclusion:
Correct statementsare (A, B, C, D|.

2. Answer: a

Explanation:

Concept:
Electric field properties, Gauss’s law, and work done by electric forces are governed
by fundamental laws of electrostatics:

Gauss's law applies to inverse square law forces.

Work done by an electric field depends on displacement along the field.
Electric field lines represent the direction of force on a positive test charge.
Statement-wise Analysis:

(1)

{Gauss Law is defined for inverse square of distance forces.}

Gauss'’s law is strictly valid for forces obeying the inverse square law.
Hence, this statement is correct

ku)

{Work done by uniform electric field on a charge moving in a circle is zero.}

In circular motion, displacement at every point is perpendicular to the electric field.
Therefore, work done W = F - § = 0.
This statement is correct

km)

{Electric field of a point charge forms concentric circle around it.}
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Electric field lines of a point charge are radial straight lines
, ot circles.
Hence, this statement is incorrect

(IV)

{Electric field lines forms closed loop.}

Electric field lines begin on positive charges and end on negative charges.
They never form closed loops.
Hence, this statement is incorrect

Final Conclusion:
Only statements (1)
and (1)

are correct.

3. Answer:c

Explanation:

Step 1: Linear charge density of the rod.

24 x 1076

L o1 C/m

Step 2: Expression for electric force due to a uniformly charged rod.
Force on charge ¢ placed at distance z from one end of rod is:

1 1
F=kg\|—-—
1 (m $+L>

Step 3: Substituting given values.

g=1x10°C, £=2x102m, L=10x102m
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24 x 1076 1 1
F=9x10°%x10° -
S X | (2 X102 12 x 10-2)

Step 4: Final calculation.

5
F=9%x24x —=90N
X ><12

4. Answer: c

Explanation:

Step 1: Understanding effect of dielectric arrangement.

Capacitance increases when dielectric with higher dielectric constant occupies a
larger effective electric field region.

Step 2: Case C,.

In Cy, dielectric K; occupies a larger effective region between plates, resulting in
maximum capacitance.

Step 3: Case C3.

In Cp, dielectric layers are arranged such that lower dielectric constant K, reduces
the effective capacitance the most.

Step 4: Case C¢.

In C¢, the dielectrics are symmetrically arranged, giving capacitance between that
of C4 and Cjp.

Step 5: Final comparison.

Since K; > K,, the increasing order of capacitance is:

CB<00<CA

5. Answer: d

Explanation:
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Step 1: Understanding the Question:

We have three concentric spherical conducting shells A, B, and C with radii a,b, and ¢
respectively (a<b<e). Charges Q1,Q2, and Q3 are given to shells A, B, and C. We
need to find the total electric potential at the surface of each shell.

Step 2: Key Formula or Approach:

The potential at any point is the scalar sum of the potentials created by each charge
individually.

For a thin spherical shell of radius R with charge Q:

1. Potential inside the shell (r < R): V = £2 (constant and same as on the surface).
2. Potential outside the shell (r > R): V = £2 (as if all charge is concentrated at the
center).

Step 3: Detailed Explanation:

Let's find the potential for each shell by summing the contributions from all three
charges.

Potential of shell A (radius a):

- Contribution from its own charge Q:: Iﬂj—l

- Contribution from shell B (since A is inside B): £

- Contribution from shell C (since A is inside C): £

Va= %Q—l + % + %

Potential of shell B (radius b):

- Contribution from shell A (since B is outside A): £&

- Contribution from its own charge Q-: %Oﬁ

- Contribution from shell C (since B is inside C): £
Vg = Kle + K{?z + KCQ3 _ K(Q11)+Q2) + KQs

c

Potential of shell C (radius c):

- Contribution from shell A (since C is outside A): £

- Contribution from shell B (since C is outside B): £

- Contribution from its own charge Qs: Iﬂjé

Vo= K 4 K2 4 K2 - MOsgu0l

Comparing this with the given options, Option (D) correctly lists these three
potentials.

Step 4: Final Answer:

The correct set of potentials is given by option (D).

6. Answer: a

Explanation:
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Step 1: Understanding the Question:

We are given a system of three point charges and asked to find the net electric
dipole moment of the system. A dipole consists of two equal and opposite charges.
This system is a collection of charges, not simple dipoles, so we need a systematic
way to calculate the net dipole moment.

Step 2: Key Formula or Approach:

The dipole moment of a system of charges is defined as p =}, ¢i7;, where g; is the i-
th charge and 7; is its position vector. However, this definition is origin-dependent if
the net charge of the system is not zero. Let's check the net charge: —4q + 2¢ + 2¢ = 0.
Since the net charge is zero, the dipole moment is independent of the origin.

An alternative, more intuitive method for such problems is to break down the charge
distribution into a set of simple dipoles. We can split the -4q charge into two -2q
charges at the same location (-2q, 0).

Step 3: Detailed Explanation:

Let's model the system as two dipoles:

Split the -4q charge at (-2, 0) into two separate charges of -2q each at that point.
Dipole 1 (1 ):

Form a dipole with the -2q charge at (-2a, 0) and the +2q charge at (2a, 0).

The dipole moment vector p points from the negative charge to the positive charge.
The vector for the separation is d; = (2a — (—2a))i = 4ai.

The magnitude of the charge is ¢’ = 2q.

pi=dd = (29)(4a3) = 8qai

Dipole 2 (p):

Form a dipole with the other -2q charge at (-2a, 0) and the +2q charge at (0, -3a).
The vector for the separation is d» = (0 — (—2a))i + (—3a — 0)j = 2ai — 3a;.

The magnitude of the charge is ¢’ = 2q.

Py = ¢'dy = (29)(2ai — 3aj) = 4qai — 6qaj

Net Dipole Moment (7. ):
The net dipole moment is the vector sum of the individual dipole moments.

Dret = P1 + Dy = (8gai) + (4gai — 6gaj)
Prnet = 12qai — 6gaj

Magnitude of the Net Dipole Moment:

Bretl = v/(12ga)? + (—6ga)?
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|Bret| = V/144¢%a? + 36¢%a2 = 1/180¢%a?
|Dret| = qav/180

Step 4: Final Answer:
The net dipole moment of the system is 1/180 qa.

7. Answer: c
Explanation:

Step 1: Understanding the Question:
We are given the electric potential as a function of radial distance, V(r). We need to
find the total charge enclosed within a sphere of radius Im using this potential
function.
Step 2: Key Formula or Approach:
1. Find the electric field E from the electric potential V using the relation E= — 424 for
a spherically symmetric potential.
2. Use Gauss's Law to find the enclosed charge g¢;,. Gauss's Law states that the net
electric flux &g through a closed surface is equal to the enclosed charge divided by
€0.-

By = f E.d§ =%

€0

Step 3: Detailed Explanation:
Step I: Find the Electric Field (E)

The given potential is V = Ar® + B.
The electric field is the negative gradient of the potential. In this case, it is:

dV d
E = dr( r° + B)
E = —3Ar?

The negative sign indicates that for a positive A, the field is directed radially inward.
Step 2: Apply Gauss's Law

Consider a Gaussian surface as a sphere of radius r. The electric field is uniform in
magnitude on this surface and is directed radially. The area vector dS is also directed
radially outward.

The electric flux &z through the sphere of radius r is:
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@E:fﬁ-dng-(Area):E-(47rr2)
Note: Since E is inward and dS is outward, E - dS = EdS cos(180°) = —EdS.
By — ]f (~E)dS = —E 7{ dS — — E(dm?)
Substituting the expression for E:
dp = —(—3A4r%)(4nr?) = 12w Ar?
Let's re-evaluate. Using vector notation: E = —3A4r?7,
dp = 7{ (—3Ar?#) - (dSF) = / —3Ar*dS = —3Ar* / dS = —3Ar*(4nr®) = —127 Ar*

This seems to have a unit mismatch. Let's restart the flux calculation. The field at
radius ris E(r) = —3Ar2. The flux through a sphere of radius r is E(r) x (Surface Area).

Sp(r) = E(r) x dnr? = (—3Ar2) X (47rr2)

This cannot be correct. Let's use the differential form: p = ¢V - E. Or stick to the
integral form.

By = 7{ B.di
B=—vv—-i_ 34
or
Op = / (—3Ar%#) - (r?sin d0dor)
sphere
The surface element is d4 = r2sin #dfdé7. We need to evaluate at r = 1.
2w T
By — / / (—34(1)%F) - (*(1)? sin 0d0de)
0 0
27 ™
Sy = —3A/ d¢/ sin0dd = —3A(27)[—cos ]y = —6mA(1 — (—1)) = —127A
0 0

This flux calculation is correct. From Gauss's law: g;, = ¢;® 5.
Gin = €0(—121A) = —127€¢x A

This is for a sphere of radius r=1m. Step 4: Final Answer:
The charge enclosed in the sphere is —12mey A.
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8. Answer:b
Explanation:

Step 1: Understanding the Question:

We need to find the magnitude of the net electric field at the origin (Point P) due to
four point charges placed on the x and y axes. The net field is the vector sum of the
electric fields produced by each individual charge.

Step 2: Key Formula or Approach:

The electric field from a point charge is E = %f. We will use the principle of
superposition. We calculate the net field along the x-axis (E,) and the net field along
the y-axis (E,) separately. The magnitude of the total electric field is then given by
|Enet| = |/ E2 + E2.

Step 3: Detailed Explanation:

Let's calculate the electric field components from the given charge configuration.
Ensure all distances are in meters.

- ry=1cm=0.01m

-r, =40cm = 0.4 m

Part A: Y-component of the Electric Field (E,)

- The charge +4uC at y=+0.0lm creates a field in the —; direction.

- The charge —4uC at y=-0.0lm also creates a field in the —j direction (towards the
negative charge).

The magnitudes add up:

_ k|4uC| N k| —4uC| (9 x 10%)(4 x 1079)

E 2 X
Y 72 72 (0.01)2
72 x 10
Ey:W:72X108N/C

The direction is along the negative y-axis.

Part B: X-component of the Electric Field (E,)

- The charge +2uC at x=+0.4m creates a field in the —i direction.

- The charge —2uC at x=-0.4m also creates a field in the —; direction.
The magnitudes add up:

_ K26C| k| —200] ) (9x107)(2 x 10°)
N r2 r2 n (0.4)2

E,

36 x 10°

E,
0.16

=2.25 x 10° N/C



g collegedunia:

The direction is along the negative x-axis.

Part C: Justifying the Correct Answer

The calculated field components are E, = 2.25 x 10° N/C and E, = 7.2 x 10® N/C. The
resultant magnitude would be dominated by E, and would be enormous, not
matching any of the options. This indicates that the numerical values for charges
and/or distances in the question are inconsistent with the intended answer.

The format of the correct answer, 5625+/2, strongly suggests that the problem was
designed to have equal perpendicular components, i.e,, |E.| = |E,| = 5625 N/C.

If we assume this was the case, the magnitude of the net field would be:

|Eet| = 1/ B2+ E2 = 1/(5625)2 + (5625)2 = /2 x (5625)? = 5625v/2 N/C

Step 4: Final Answer:

While the provided numbers lead to a different result, the structure of the correct
answer implies that the intended magnitudes of the x and y field components were
both 5625 N/C. This leads to a total field magnitude of 56252 N/C.

9. Answer: a

Explanation:

Step 1: Understanding the Question:

The total potential energy of a system of charges in an external electric field is the
sum of two components:

1. The interaction potential energy between the charges themselves (Uigeraction )-

2. The potential energy of each charge due to its position in the external field (Uexternal
)-

We need to calculate this total potential energy.

Step 2: Key Formula or Approach:

The total potential energy Usota: is given by:

kqigo
712

Utotal = Unnteraction + Uexternal = ( ) + (@ V(1) + @2V (r2))

First, we must find the external potential V (r) from the given external electric field E
using the relation V = — [ E . dr.

Step 3: Detailed Explanation:

Part A: Find the External Potential V(r)

Given E = 47. The potential at a distance r from the origin is:
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Part B: Calculate Interaction Energy Uinteraction
- Charges: ¢t =7uC =7x107° C, go = —2uC = -2 x 107° C.
- Distance between charges: ri =9 — (—9) = 18 m.
-k =9x 10° Nm?/C%
kqigx (9 x10%)(7 x 107°)(—2 x 107°)

U; interaction — -

12 18
9 x (—14) x 103 1
Usinteraction = ( 152 =—5 X 14x103=-7x10"2J

Part C: Calculate External Energy U.,;emal
- Position of ¢;: 71 = (—9,0,0), so distance from originis r; =9 m.
- Position of ¢,: 7 = (9,0, 0), so distance from originis r, =9 m.

A A A
Uexternal = @1V (r1) + @@V (r2) =q1— + o — = (1 + ¢2)—
1 ) 9

A A
Uexternal = (7 x 1078 -2 x 1076)5 — (5 > 1076)5

The question states 4 = 10° Sl units. Using this value:

10° 5
Uexternal = (5 % 10*6)7 =3 X 1071 J =0.055... J

This would give a total energy of —0.007 + 0.0555... J, which does not match any
option.

Part D: Justifying the Correct Answer

There appears to be a typo in the provided value of A. To arrive at the correct answer
(A), the value of A must be 10%. Let's recalculate with A = 10°.

10° 5
Uexternal = (5 X 1076)7 = 5 X 1073 J

Now, calculate the total potential energy:

5
Utotal — Uinteraction + Uexternal =—-Tx 10_3 + 5 X 10_3

5 63 5 58
Uotar = ( T+ = | x107% = [ ——+ - | x107°=——x107*J
total ( +9>>< <9+9)>< 9><

Step 4: Final Answer:
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Assuming the constant A was intended to be 103, the total potential energy of the
systemis —2 x 107% J.

10. Answer: a
Explanation:

Step 1: Understanding the Question:

A capacitor is charged and remains connected to a battery. A dielectric slab is then
inserted. Since the battery is still connected, the voltage (V') across the capacitor
remains constant. The insertion of the dielectric increases the capacitance, causing
more charge to be drawn from the battery. We are given that the charge increases
by 25%.

Step 2: Key Formula or Approach:

- Charge on a capacitor: Q = CV.

- Initial capacitance (air-filled): C; = «4.

- Final capacitance with a dielectric slab of thickness ¢t and dielectric constant K:

_ _eA
Cf T od—t+L

Step 3: Detailed Explanation:
Let the initial charge be Q; and the final charge be Q. We are given that Q; is 25%
more than Q;.

Since the battery remains connected, the voltage V is constant.
C;V = 1.25(C;V)

5
Cy =1.25C; = £ C;

Now, let's express the capacitances in terms of the physical dimensions.
- Plate separation d = 5 mm.

- Thickness of mica sheet t =2 mm.

Initial capacitance:

Final capacitance (the remaining air gap is d — t = 3 mm):
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€0A o E()A
d-t)+L+ 3+2

Cr =

Now, substitute these into the relation C; = 1.25C;:

A A
0 125 <E°_>
3—’_? )

Cancel out the term ¢ A from both sides:

—t

1.25 1

3+2 5

Invert both sides:

Step 4: Final Answer:
The dielectric constant of the mica sheet is 2.

1. Answer:c

Explanation:

Step 1: Calculate the initial charge on the charged capacitor.
For the 6 F capacitor connected to a 12V battery:

Qinitial = CV =6 x 12 =T2C.

Step 2: Apply conservation of charge.
After disconnecting the battery and connecting the capacitors in parallel, the total
charge in the system remains conserved:

Qtotal =172 C

Step 3: Find the equivalent capacitance of the parallel combination.
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Step 4: Calculate the final common voltage.

o Qtotal o E o
V}mal— Ceq — 24—3V
Step 5: Find the charge on the 18 F capacitor.

Qs =CV =18 x 3 =54C.

Step 6: Final conclusion.
The charge on the 18 F capacitor after equilibrium is:

Ex)

12. Answer: c

Explanation:

Step 1: Calculate the initial charge on the charged capacitor.
For the 12 F capacitor:

Qinitian = CV =12 x5=60C.

Step 2: Apply conservation of charge.

After disconnection from the battery and connection in parallel, the total charge is
conserved.

Total charge in the system:

Qtotal =60 C

Step 3: Find the equivalent capacitance.

Ceq = 12+ 6 = 18F.
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Step 4: Calculate the final common voltage.

Vvﬁnal _ Qtotal - @ o E

Ceq 18 3

Step 5: Find the final charge on the 6 F capacitor.

QGZCV:6X?ZQOC.

Step 6: Final conclusion.
The final charge on the 6 F capacitor is:

20C|

13. Answer:cC

Explanation:

Concept: Gauss'’s law states that the total electric flux through a closed surface is:

§ — Jenclosed
€0
If a charge lies on a boundary (vertex, edge, or face), only a fraction of that charge
contributes to the flux through the given surface.
Step 1: Contribution of charge at the vertex A point charge 24 is placed at a vertex of
the cube. A vertex is shared by 8 identical cubes. Hence, the effective enclosed
charge due to this charge is:

2q
Qvertex — ?

>

Step 2: Contribution of charge at the face centre A point charge ¢ is placed at the
centre of a face of the cube. A face is shared by 2 cubes. Hence, the effective
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enclosed charge due to this charge is:

Qface =

DO [

Step 3: Total enclosed charge

[\

q 3q

q
(enclosed — % + 5 - Z 4

Step 4: Electric flux through the cube Using Gauss's law:

& — Genclosed _ 3_q
€0 480

Step 5: Hence, the electric flux through the cube is:

3¢
4eg

14. Answer: 8 - 8

Explanation:

Concept: When dielectrics are inserted:

Dielectrics placed side by side act as capacitors in parallel

Dielectrics placed in layers along thickness act as capacitors in series
Capacitance with dielectric K is C' = KC

Step 1: Basic capacitance Let the original capacitor (without dielectric) have:

_ oA

="

The capacitor is divided into two equal area parts (%, é)
Step 2: Left section (single dielectric) Left half has dielectric constant K = 3
occupying full thickness d:

_ o €0(A/2)  3C
C;=3 —g 5

Step 3: Right section (two dielectrics in series) Right half has two dielectrics each of
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thickness g:

Capacitance of each layer:

=2
Co i/ C
_ . e(4/2)
Cs iz 5C
Since they are in series:
LN S S o
Cright 20  5C 10C
10C
Chight = —

Step 4: Total capacitance Left and right sections are in parallel:

3¢  10C
C1eq —5 C11 + C1right - 7 + T
o _21C+20C _ 41C
e 14 14
Step 5: Compare with given value Given:
nC
Ca=73
41 n 123

Step 6: Nearest integer value of n is:

15. Answer: c

Explanation:
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Step 1: Use the formula for work done by electric field.
The work done W in moving a charge ¢ in an electric field E is:

W =U,—-U;

Where U; and U, are the potential energies at points A and B, respectively. The
potential energy is given by:

U=q-V

Where V is the potential.
Step 2: Calculate the work done.
Given ¢ =2uC =2 x107%C, and Z, = 10 C, the potential difference between A and B is:

W:(2x10_6x9x109x10)<%—%)

W =34.3uJ

Step 3: Conclusion.
The work done in moving the charge is 34.3 \mu J, which corresponds to option (3).

16. Answer:d
Explanation:

Step 1: Use the formula for capacitance.
The capacitance of a parallel plate capacitor is given by:

_ =04

“=

Where: ¢p = permittivity of free space, A = area of the plates, and d = separation
between the plates.

Step 2: Calculate the new capacitance.

The new capacitance when filled with dielectric is:

EoA o 960A

Coew = 7764~ 74

Thus, the new capacitance is £C, which corresponds to option (4).
Step 3: Conclusion.
The new capacitance is 2C.



Q collegedunia:

17. Answer: c
Explanation:

Step 1: Electric field due to a point charge.
The electric field at the origin due to a point charge is given by:

where k = ;— is Coulomb’s constant. Step 2: Calculate the electric field due to
multiple charges.

For the given configuration, the fields from the charges will combine vectorially.
Since the charges are symmetrically placed on a circle, the components of the
electric field along the radial directions cancel each other, and only the components
along the z-axis remain. Step 3: Conclusion.

After summing the contributions from all the charges, we get the resultant electric
field as 2% (—3). Final Answer:

2meor?

vV 3q _;
2meor?

18. Answer: b

Explanation:

Step 1: Force at equilibrium.

In the presence of an electric field, the force on the bob has two components:
gravitational force mg and the force due to the electric field ¢gE. These forces
balance at equilibrium. Step 2: Apply the equation for force.

We are given that % = % This relationship can be used to find « after solving for
the forces in the system. Step 3: Conclusion.

Using the given conditions and solving for «, we find that a = 3. Final Answer:

a=3
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19. Answer: b

Explanation:

Step 1: Understand the forces involved.

The two spheres are charged and are moving towards each other under the
influence of electrostatic repulsion and their kinetic motion. For the spheres to just
touch each other, the electrostatic force between them must balance their relative
kinetic energy.

Step 2: Coulomb force between two charges.

The Coulomb force Fie..ostatic 0€tWeEEN the two charges ¢ is given by the formula:

1 ¢ ¢
4rey (2R)?  16meyR?

F electrostatic —

Step 3: Kinetic energy.
The total kinetic energy of the two spheres when they are moving towards each
other with speed u is given by:

1
K:§-2m-u2:mu

Step 4: Set the conditions for the spheres to just touch.
For the spheres to just touch, the electrostatic potential energy should be equal to
the kinetic energy of the system. Hence, we equate the forces:

q2 2

167eg R2 -

Step 5: Solve for u.
Rearranging for u, we get:

q2
v 16megmR,

Thus, the minimum value of u is 1/ =52 which corresponds to option (2).

TegmR !
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20. Answer: c

Explanation:

Concept:
According to Gauss’s law, the total electric flux through a closed surface is:

(enclosed
b =
€0

If a charge lies on a boundary (vertex, edge, or face), only a fraction of its flux
contributes to the given surface, depending on symmetry.
Step I: Contribution of the charge at the vertex. A charge 2q is placed at a vertex of
the cube. A vertex is shared by 8 identical cubes. Hence, effective charge enclosed
by one cube:

2q

2 _g¢
D=5 T

Corresponding flux:

q

b = —
! 4eg

Step 2: Contribution of the charge at the face. A charge ¢ is placed at the center of
a face. A face is shared by 2 identical cubes. Hence, effective charge enclosed:

Q= E
272
Corresponding flux:
g
Py = —
2 280

Step 3: Total electric flux through the cube.

@:@l—i—@Q
-9 9
_460+250

_ 3
_480
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21. Answer: b
Explanation:

Concept:
Electric field and electric potential are related by:

or,

If the electric field is conservative (as here, since it depends only on position), a
scalar potential function V(z,y) exists.
Step 1: Determine the potential function. Given:

E=10zi+5y]

From E = —VV:

oV 9

—aw——10a::>V——5x + f(y)
8V_ , B B §2
9y 5y = f'(y) = by = fy) = 5Y +C

Thus,

Step 2: Use the given potential at (10, 20).
2 o 2
500 = —5(10) — 5(20)* + C

500 = —500 — 1000 + C

C = 2000

Step 3: Find the potential at the origin. At (0,0):

V(0,0) = C = 2000 V
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%rigjn = 2000 volt

22. Answer: a

Explanation:

Concept:

In equilibrium, the bob is acted upon by three forces:

Weight mg acting vertically downward

Electric force ¢E acting horizontally

Tension T in the string along the string direction The tension balances the vector
sum of the weight and the electric force.

Step I: Resolve forces along vertical and horizontal directions. Vertical equilibrium:

T cosf =mg
Horizontal equilibrium:

Tsinf = qF

Step 2: Square and add the two equations.
(T cos 0) + (T'sin 6)? = (mg)® + (¢E)?
T?(cos? 0 + sin? §) = (mg)? + (qE)?

T? = (mg)® + (¢E)?

Step 3: Solve for tension.

T = +/(mg)? + (¢E)>

T = +/(¢E)* + (mg)?

23. Answer: b

Explanation:
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Concept:
Electric field due to a point charge at distance R is:
KQ
"=

The direction of the field is:

Away from a positive charge

Towards a negative charge The net electric field is the \emph{vector sum} of
individual fields.

AZEsmm30"

ZEcos30"

Step 1: Magnitude of field due to each charge. All charges are at the same distance
R from the centre, hence each produces field of magnitude:

KQ
Fo= g

Step 2: Resolve electric fields along z and y axes. From the figure:

Two +@Q charges are symmetrically placed at angles +£30° with the +z-axis
One +Q is at the bottom

One —Q is at the top-left Resolving components and summing:

E, = —V3E

Ey = +E
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Step 3: Write the resultant electric field.

E=E,i+E,j
. 3KQ. KQ-
E:—\/_ Qi+ Qj
R2 R2
, KQ. KQ-
E:_\/§ QZ.Jr Qj
R2 R2

24. Answer: b

Explanation:

Concept: When a charged pendulum bob is placed in a horizontal electric field, it
experiences two external forces:

Gravitational force mg acting vertically downward

Electric force ¢gFE acting horizontally In equilibrium, the tension T in the string
balances the resultant of these two mutually perpendicular forces. Key principles
used:

Resolution of forces in perpendicular directions

Resultant of perpendicular vectors: R = /F2 + F2

Step I: Identify all forces acting on the bob.

Weight of bob: mg (downward)

Electric force: ¢F (horizontal)

Tension T along the string

Step 2: Resolve the tension into vertical and horizontal components.

T cosf = mg (vertical equilibrium)

Tsinf = qgF (horizontal equilibrium)

Step 3: Square and add the two equations.

(T cos0)? + (T'sin8)? = (mg)* + (¢E)?

Step 4: Use the identity cos? +sin* 4 = 1.

T2:m2g2+q2E2
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Step b: Take square root to find the tension.

T = /m2g? + ¢*E?

25. Answer: d

Explanation:

Concept: The spheres carry like charges, hence they repel each other. For the
spheres to just touch, their initial kinetic energy must be completely converted into
electrostatic potential energy at the point of closest approach. At the instant of just
touching:

distance between centres = 2R

Step I: Initial kinetic energy of the system Each sphere has speed v and mass m.
2 2

Total initial kinetic energy = 2 x ek i

Step 2: Electrostatic potential energy Electrostatic potential energy of two charges ¢
separated by distance r is:

Initial separation = 4R
Final separation (just touching) = 2R
Increase in potential energy:

Step 3: Apply energy conservation For minimum speed, all kinetic energy is
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converted into electrostatic potential energy:

47‘(’60 4R
Step 4: Solve for u
2 _ ¢
u = ——--
167r€0mR

g2
v 16megmR

But this is the speed of each sphere in the centre-of-mass frame. Since both
spheres move towards each other, the effective minimum speed required for

touching is:
DY S
e 8mregmR
Final Answer:
DY S
e 8regmR

26. Answer:3 -3

Explanation:

Concept: Work done in moving a charge in an electrostatic field depends only on
the initial and final positions, not on the path followed. It is given by:

W =q(Va—Vs)
where electric potential due to a point charge is:

y- 19
Amey 7
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Step I: Calculate distances of points from the origin For point A(5, 4,2/2):

T4 = \/52+42+(2\/§)2 =V25+16+8=v49="7
For point B(2,2,1):

rg=122+224+12=+9=3

Step 2: Write expression for work done
1 1 1
" =a(5m2 (5 55)
TEQ TA B

Step 3: Substitute values

¢g=2x10°%C, Q=10%C

W = (2 x 107%)(9 x 10%)(10°®) <% — %)

Step 4: Simplify
W =18x10"* (%) = -343x107°7J
Magnitude of work done:
W) =34.3ud
Conclusion:
W =343 uJ

27. Answer: a

Explanation:

Concept: When an a-particle approaches a heavy nucleus, it experiences
electrostatic repulsion. As it comes closer, its kinetic energy decreases. At the
distance of closest approach, the a-particle momentarily stops and its entire kinetic
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energy is converted into electrostatic potential energy. The electrostatic potential
energy between two point charges is:

1 IiZpe?
Cdmey 1

U

Step I Identify given quantities Charge of a-particle:
Zl — 2

Atomic number of gold nucleus:

Kinetic energy of a-particle:

K=77MeV=T77x16x10"27J

Step 2: Apply conservation of energy At closest approach,

1 Z1Z€e?
K — 142€
deg 1
Rearranging,
1 Z1Z€e?
r=—-
47’1’80 K

Step 3: Substitute values

(9% 10%)(2)(79)(1.6 x 107 19)?
7.7 x 1.6 x 10713

Step 4: Calculate

r~172x10"m

Step 5: Final answer

r=1.72 nm
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28. Answer:d
Explanation:

Step I: Original capacitance:

Step 2: The capacitor now has two layers in series:
Dielectric slab of thickness ¢ and dielectric constant k = 3
Air slab of thickness %

Step 3: Capacitance of dielectric part:

kEoA B 36()A o 9€0A -

d/3 d/3  d 90

C) =

Step 4: Capacitance of air part:

80A A 380A :§C

Cr = 2d/3  2d 2

Step 5: Since the slabs are in series:

L1 112 7
Cq C1 Cy 9C 3C 9C

:>Ceq:?0

29. Answer:d

Explanation:

Step I: At the point of closest approach, the kinetic energy of the a-particle is
completely converted into electrostatic potential energy due to repulsion between
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the nuclei.
2
KE — 1 Z1Z2€
ey 71
Step 2: For an a-particle:
Zl — 2, Zz - 79

Using the standard nuclear physics relation:

e? = 1.44 MeVfm

TEQ

Step 3: Distance of closest approach:

_1.44><2><79

= = 29.551
T T 9.55fm

Step 4: Convert femtometres to nanometres:
29.55 fm = 2.96 x 10" m ~ 0.03 nm

Closest matching option:

30. Answer: 226 - 226

Explanation:

Step I: Imagine the square is one face of a cube with side 12 cm. The charge is at the
exact center of this cube (6 cm from all faces).

Step 2: By Gauss's Law, total flux through cube &, = E—qo

Step 3: Flux through one face & = = = 120, — 240 ~ (.2258 x 10° Nm?/C.

Step 4: In the requested format: 225.8 x 10% ~ 226 x 103.




