Electrostatics

Questionl

The electric flux through the surface

¢
3

(b)

A

(c) (d)
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Options:

A.

in figure (c) is the largest

B.

in figure (b) is same as figure (c) but is smaller than figure (d)
C.

is the same for all the figures

D.

in figure (d) is the least

Answer: C

Solution:

All the surfaces shown in the figures enclose the same amount of charge. According to Gauss's law, the electric flux through a
closed surface depends only on the net charge enclosed, not on the shape or size of the surface. Therefore, the electric flux is
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the same for all the figures.

Question2

An electric dipole of length 2 cm is placed with its axis making an angle of 60°
to a uniform electric field of 10™° N/C. If it experiences a torque of 94/3Nm,
_ V3 )

the magnitude of the charge on the dipole is (sin 60° = 5~
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Options:
A.

7x107%C
8 x 1073C

9 x 1073C
D.

% x 1073C
Answer: C

Solution:

Step 1: Write the formula for torque on an electric dipole:

Torque = pE sin 6

Here, p is the dipole moment, E is the electric field, and @ is the angle between the dipole and field.
Step 2: Replace p with ql:

p = q - l, where ¢ is the charge and [ is the length of the dipole.

So,

Torque = g -1 - E - sin 60°

Step 3: Plug in the values given in the problem:

Torque = 9v/3Nm, ! = 2cm = 2 x 1072 m, E = 105 N/C, sin 60° = @

9v3 =g x2x 1072 x 10° x L3

Step 4: Simplify and solve for g:

Get More Learning Materials Here : & m &) www.studentbro.in



The v/3 on both sides cancels out.
9=¢gx2x10%x10° x 3
Calculate 2 x 1072 x 10° = 2 x 103.
So,
9=¢gx2x10*x 1
The 2 and % also cancel, so:
9=¢qx103

Step 5: Calculate g:

q= 19? =9x1073C
Final Answer:

The magnitude of the charge on the dipole is 9 x 1073 C.

Question3

A charge is uniformly distributed on the surface of a spherical rubber balloon.
As it is blown up, the total electric flux coming out of the surface
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Options:

A.

decreases.

B.

increases.

C.

remains unchanged.
D.

becomes zero.
Answer: C

Solution:

As per Gauss's law, the electric flux depends on the net charge enclosed by the surface, and not on the size or shape of the
surface. .". The total electric flux coming out of the surface of a spherical rubber balloon with a uniformly distributed charge
remains unchanged as it is blown up.
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Question4

The point charges +q, —q, —q, +q, +Q and -q are placed at the vertices of a
regular hexagon ABCDEF as shown in figure. The electric field at the centre of
hexagon ' O ' due to the five charges at A, B, C,D and F is twice the electric
field at centre ' O ' due to charge +Q at E alone. The value of Q) is
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Options:

A.

)0

4q

Answer: A

Solution:

Electric field at' O ' due to charge ' Q) ' is given by,

ki
E=5
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Electric field at ' O ' due to charges q at A and D are equal and opposite and hence they will cancel each other. Similarly
electric field at ' O ' due to charges -q at F and C will also cancel each other.

Electric field at' O ' due to charge -q at B is given by,

Question5

Out of the following statements which is NOT the characteristics of electric
lines of force?
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Options:

A. Electric lines of force originate from a positively charged object and end on negatively charged
object.

B. The electric lines of force do not intersect each other.
C. The electric lines of force pass through the conductor.
D. The electric lines of force are crowded in a region where electric intensity is large.

Answer: C

Solution:
Option A:
"Electric lines of force originate from a positively charged object and end on negatively charged object."

Correct. This is a fundamental property of electric field lines.

Option B:

"The electric lines of force do not intersect each other."

Correct. Field lines never cross, because at any point the electric field has a unique direction.
Option C:

"The electric lines of force pass through the conductor."

& Incorrect. Inside a conductor (in electrostatic equilibrium), the electric field is zero. Thus, electric field lines do not pass
through conductors—they remain perpendicular to the surface and end at the charges on the surface.

Option D:

"The electric lines of force are crowded in a region where electric intensity is large."
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Correct. Field line density indicates the strength of the electric field.

Correct Answer: Option C

Electric lines of force do not pass through a conductor in electrostatic equilibrium.

Question6

Charges of 2uC and —3uC are placed at two points A and B separated by
distance of 1 m . The distance of the point from A where net potential is zero is
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Options:

A.0.667m

B.0.5m

C.04m

D. 0.6 m

Answer: C

Solution:

Two charges:
e ¢ = +2 uC atpoint A
e gy = —3 uC at point B
¢ Distance AB=1m
We need: Distance from A where net potential = 0.
Step 1: Equation of potential
A point at distance x from A (and hence (1 — z) from B) has potential:
V =k + k%
We want V' = 0:
2472 =0

Step 2: Solve the equation

Cross multiply:
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2(1—2) =3z
2—2x =3x
2 =5z

x:%:OAm

Step 3: Check position
e z =0.4mis between A and B.
e Physically valid, yes.

Answer: 0.4 m

Correct option: C

Question7

Assuming the drops to be spherical, 27 identical drops of mercury are charged
simultaneously to the same potential of 20 volt. If all the charged drops are
made to combine to form one big drop, then potential of big drop will be
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Options:

A.90V

B. 180V

C.270V

D. 360V

Answer: B

Solution:

Potential at surface of a sphere is,
V=KL=20V
where, g and r are the charge and radius of the small drop respectively.
As the volume of 27 small drops equals volume of the large drop,
27 (%71'7"3) = %ﬂ'RB
where, R is radius of large drop.
R=3r

The total charge on large drop is Q = 27q Hence, potential at surface of this drop is
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, KQ (27q) _Kq
V' = 7 7K(3r) =9 " =9x20
~Vi=180V
Question8

Two equally charged small balls placed at a fixed distance experience a force '
F''. A similar uncharged ball after touching one of them is placed at the middle
point between the two balls. the force experienced by this ball is
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Options:

A+
B.F
C.2F
D.4F

Answer: B

Solution:
In the first case:

F:Kg—zwhere,K: L

4reo

When uncharged ball is touched to one of the balls, the charge q is equally shared by them.

Hence each has charge 3.

4 4.4 2 2
FogLli g 22:K(L_q_)
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Question9

Three charges Q(—2q) and (—2q) are placed at the vertices of an isosceles
right angled triangle as shown in figure. The net electrostatic potential energy
is zero if () is equal to

._.2q

Q‘—I ] -2q
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Options:

A.V/2q

B. 1

C. %
D. %=
Answer: C

Solution:
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Total potential energy
UToal = U12 + U13 + U23 =0 ...(given)

2 2 2
UTotal = 2k?q - 2k(?q + % =0
2’ _ 4kQq?
w2
L Y BRI
Q=75 "W~
Question10

Two point charges q; and g, are ' [ ' distance apart. If one of the charges is
doubled and distance between them is halved. The magnitude of force becomes
n times, where n is
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Options:
Al
B.2
C.8

D. 16

Answer: C

Solution:

Two point charges g1 and g2 are [ apart.
Step 1. Original force
By Coulomb’s law:
F= k%
Step 2. Changes
¢ One charge is doubled, say g1 — 2q;.

e Distance is halved: [ — %

New force:
F'=plale

(3)
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Step 3. Simplify

F/:k2ql121h :k_(2q1q2),li2 —8. kqll;lz‘

4
So

F' =8F.
Answer: The new force is 8 times the old force.

Correct option: C (8).

Questionll

'n 'identical small spherical drops of water, each of radius ' 7 ' and charged to
the same potential ' v ' are combined to form a big drop. The potential of a big

drop is
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Options:
A.nv

B. ny/v
C.n'3y
D. n?/3y
Answer: D

Solution:
From conservation of volume, nV, = Vy

n(gmr) = (37R?)
R= (nr3) 1/3

R = 1"(n)1/3

From conservation of charge, As each drop has potential v so:

vV=-14

4meg T
q = v (4meo)r
Total charge = nq

— _1 1nq
Vbig ~ dreo R

_ 1 nq
Vbig T 4meo (n)Y/3r

Viig = v(n)?/3
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Question12

Three charges ' +3q',' @ ' and ' +q ' are placed in a straight line of length ' [ '
at points at distances 0, % and [ respectively. The value of Q in order to have
the net force on +q to be zero, ) = xq. The value of z is
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Options:
A 1

B.
C.-3
D.4

Answer: B

Solution:

o Three charges on a straight line of length .

At 0: charge +3q.

Atl/2: charge Q.

At l: charge +q.

Condition: Net force on the charge +q (at l) is zero.
¢ We want: Q = xq. Find z.

Step 1: Forces on the +q (at x = I).
e Due to +3q at0:

Repulsive force, directed to the right.

Magnitude:

3 3kq>
F&ﬁq:k.%: R

e Dueto @ atl/2:
Distance: | — /2 =1/2.

Force magnitude:
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_ . 0l _ 4kl
Foy=k 1% :

2z — ~ P

Direction depends on sign of Q:

o If Q is positive, then repulsion — force on +q is to the right.

¢ If @ is negative, then attraction — force on +q is to the left.
Step 2: Net force condition.
We want net force on +q to be zero.
Equation in vector form:

F34_4 (to the right) + Fg_,4 (depends on sign) = 0.

So:
3kq? 4k
s U

(Note: The formula automatically accounts for sign of ).)
Step 3: Solve for Q.

3¢° +4Qq=0

4Qq = —3¢°

Q=-3q

Thus,

z——3.

Final Answer:

=3

4

Correct option: B

Questionl3

Two point charges +10uC and 4u.C are placed 10 cm apart in air. The work

required to be done to bring them 2 cm closer is

( L — 9 x 10° SI units )

4’/1'80
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Options:
A.0.65]
B.0.9]J
C.1.2J
D.23]J
Answer: B
Solution:

q192 k q192
T2 T1

- _ 1 1
=9x10” x (4 x107°) x (10 x 10 6)(m_07)

W=k

=360 x 2.5 x 1073
=900 x103=0.97J

Question14

Out of the following molecules the one which represents the polar molecule is

(a) (b)
8
(c) (d)
o
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Options:

A. (d)

B. (a)

C. (c)

D. (b)
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Answer: B

Solution:

H>0 molecule as shown in figure (a) is an asymmetric molecule. .*. It is a polar molecule. Option (B) is the correct answer.

Question15

The electric field intensity near a conducting surface having uniform surface
charge density ' o' is given by ( g = permittivity of free space)
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Options:

A. % and is parallel to the surface

B. z—z and is parallel to the surface

C. % and is normal to the surface

D. g—‘; and 1s normal to the surface

Answer: C

Solution:

Step 1: Concept

For an infinite sheet of charge (not necessarily conducting), the electric field is derived from Gauss’s law:
E=

on each side, and it is normal (perpendicular) to the surface.

Step 2: For a conductor

o Ifthe sheet is a conductor, all the charge resides on the surface.

Inside the conductor, the field must be zero.

Therefore, the entire field must appear outside the surface.

Thus, instead of being split into two equal parts (% each side), the whole effect is on one side only.

directed normal to the surface (pointing outward if ¢ > 0, inward if ¢ < 0).
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Step 3: Conclusion
g
* Magnitude: -~
¢ Direction: normal to conducting surface

Correct Answer: Option C

54‘0 and is normal to the surface.

Questionl6

A regular hexagon of side 6 cm has a charge of 2u.C at each of its vertices,
what is the potential at the centre of the hexagon?

[ 1L _ 9 x 10° SI unit

47'('60

MHT CET 2025 23rd April Morning Shift
Options:

A. 1.5 x10°V

B.1.8 x 10V

C.2.4x10°V

D.3.2 x10°V

Answer: B

Solution:

A B
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Potential at the centre of hexagon

Vo=Va+Ve+Ve+Vp+Vg+Vp

_lyae . a4 a4, 4 a
_47r50[OA+OB+OC+OD+OE+OF]

For a hexagon, distance from centre to vertices is equal to length of side.

OA=0B=0C=0D=OE=0F=6cm=6x10"%m

_ 1 q
07 4meq 6 x 1072 ©)
—6
—9x 10% % M
6 x 1072
=1.8x10°V
Question17

Three equal charges are placed on the three corners of a square as shown
below. If the magnitude of force between 'q; 'and ' q5 'is ' F'15 ' and that
between ' q; ' and ' q3 'is F13, then the ratio of Fi5 to F, is

!
4

*-------- P

o~
I
w2
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Options:

< §|H

[\O)
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C.

|

D.2
Answer: C
Solution:
qi a
o
L 4
1 q2
F12 o 47r6() ?
- 1 @ 1 4
13 4reg (\/5&)2 ~ dmeg " 2a2
Fi3 1
F, 2
Question18

qs

Three charges each of magnitude 3uC, are placed on the vertices of an
equilateral triangle of side 6 cm . The net potential energy of the system will be

nearly [ﬁeo =9 x 10” ST unit |
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Options:
A.141]

B.2.7]J
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C.41]

D.82]J

Answer: C

Solution:

Given: ! =6cm =6 x 10 2m,q = 3uC

C
q
9 q
A B
Potential energy of any 2 given charges will be
U= 47:50 qquz = 47:—50%2
Net potential energy of the system will be
2
1 (3x10°° 9 x 10712
Upee =3 X ( 2) —3x 9% 109 x ——
dmeg 6 x 10~ 6 x 10~
=4.05J~4.1]
Question19

Earth is assumed to be a charged conducting sphere having volume V and
surface area A . The capacitance of the earth in free space is ( ¢y = permittivity

of free space)
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Options:

A, =l
D. 47ri10V
Answer: C
Solution:

Step 1: Capacitance of a conducting isolated sphere

For a conducting sphere of radius R,

C =4megR

Step 2: Express R in terms of V' (volume) and A (surface area)
¢ Volume of sphere:

V= 37mR3
e Surface area of sphere:

A = 4nR?

We need to eliminate R.

Step 3: Relationship between V and A

From A = 47R?> — R?= %.

FromV = %WR:‘ = R3= %.

Now compute R in terms of V and A.

R-¥

(Reason: V' = %ﬂ'Rg and A = 47 R?. Divide:

4 53
3™ R v
4mR? 3 :

v _
T =
Step 4: Substitute into capacitance formula

C = 4megR = 4mey - %

_ 127TEOV
C= A

Correct Answer:

. . 127V
Option C: ——
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Question20

A charge QuC is placed at the centre of a cube. The flux through two opposite
faces of the cube is ( €9 = permittivity of free space)
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Options:

A -9

6eo

B. -2

3eo

c.2

€0
Q
D. %y

Answer: B

Solution:
Step 1: Recall Gauss’s law

@ total — L

€0
This is the total electric flux through a closed surface enclosing charge Q.
Here the closed surface is a cube around the charge.
Step 2: Symmetry

Since the charge is exactly at the cube’s centre, by symmetry, the electric flux will be evenly distributed among all six faces
of the cube.

So, flux through one face =
Pone face = Gy
Step 3: Flux through two opposite faces
Flux through two faces =
Q Q

2X6_80:3_60
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Final Answer:

Q

3eg

r Correct option: B

Question21

Four charges 2uC, —3uC,4uC, —4uC and —1uC are enclosed by the Gaussian
surface of radius 2 m . Net outward flux through the Gaussian surface is (in
pwV —m) [ eg = permittivity of free space]
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Options:

Answer: A
Solution:

+ Explanation

According to Gauss's Law:

B — chrlm—:tti

En

So the net outward electric flux through a closed surface depends only on the total enclosed charge, not

on radius or shape of Gaussian surface.

o Step 1: Add the enclosed charges
Charges given:

s +2uC

o —3uC

o 4 uC

e« —4puC

s« —1uC
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sum:

C?tutﬁi:2—3+4—4—]

Simplify:

Qiotal = (2—-3) + (4 -4) -1

Qiatal = —1—-1=-2puC

5o net charge:

‘f,-}n:'n.n'n:xiwl = -2 ;.[(,T

o’ Step 2: Apply Gauss’s Law

L4

SO

Megative sign indicates net inward flux, but the options only consider magnitude, and the corresponding

answer Is:

f;]mlfloscé

Question22

The electric field intensity on the surface of a solid charged sphere of radius r
and volume charge density o is ( £ = permittivity of free space)

MHT CET 2025 21st April Evening Shift

Options:

A. zero

B. 50r

680

C.la

47’(‘&‘0 ?
D or

3eo

Answer: D
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Solution:

Step 1. Total charge on the sphere

The sphere has volume V' = %m" .

So the total charge is

=o-V=0-%mrs.
Q 3

Step 2. Apply Gauss’s law

For any 7gquss > R (with R = r, the sphere radius), the sphere behaves like a point charge concentrated at the center.

Gauss’s law:
E-4nR? = 2.

€0
Thus,

FE =

Tre B2
Step 3. Substitute )
E =

47r510R2 (%”Rga) =

Final Answer:

oar
3eo

So the correct option is D.

Question23

The electric charges ' +2q"',' +2q',' —2q ' and ' —2q ' are placed at the
corners of square of side ' 2 L' as shown in figure. The electric potential at
point 'A', midway between the two charges ' +2q ' and ' +2q ' is

(e¢ = permittivity of free space)
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Options:
v ()
i
C i+ %]
D5 (%) [t 351
Answer: B
Solution:
C
-liq B ”‘__.—2q
L -
’.-"
&g:’
* “\‘h
L T~
v S
+2q E D 24

AC? = (2L)? + L? =4L% + L2 =5L?

AC = AD = /5L

AB=AE=1L

Potential at point A due to the four charges
wzl(ﬁ+ﬁ_ﬁi_jg)

dmeg \ L L VBL  +/5L

1 4q 4q
4neo \ L /5L
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Question24

An electric dipole having each charge of magnitude 2,.C is placed in an
electric field of intensity 8 x 107 N /C. If the maximum torque acting on the
dipole is 4 x 107> N — m, the length of the dipole is

MHT CET 2025 21st April Morning Shift

Options:

A. 10 mm
B. 25 mm
C. 15 mm
D. 20 mm

Answer: B

Solution:

Given:
e Charge on each dipole end, g = 2uC =2 x 1075C
* Electric field, E = 8 x 10*N/C
e Maximum torque, T,y = 4 X 1073 N-m
The formula for maximum torque on a dipole in a uniform electric field is:
Tmae = PE
where p is the dipole moment.
Dipole moment, p = g x 2a (where 2a is the length of dipole).
So,
Tmaz = (¢ X 2a)E

Solving for 2a (dipole length):

Tmaz
2(1 = q_E
Substitute the values:
9% — 4x10°3

T 2x10 %x8x10*
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Calculate the denominator:

2x1075x8x%x10*=16 x 1072 =0.16

Now,

2a =25 x 10° m

Converting meters to millimeters (1 m = 1000 mm):
2a = 25 x 10% x 1000 = 25 mm

Correct answer:

Option B: 25 mm

Question25

A hollow cylinder has a charge ' ¢ ' coulomb within it. If ' ¢ ' is the electric flux
in unit of V-m associated with the curved surface C, the flux linked with the
plane surface ' A 'in unit of V-m will be [ g = permittivity of free space]0

v <

MHT CET 2025 20th April Evening Shift

Options:

A%

B. (% — q5)

c. 3(2-9)
D. o~

Answer: C
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Solution:

T < o

As per Gauss' law the net flux through closed surface is,

da+¢B +¢c =

Due to symmetry, the same flux passes through plane surfaces Aand B , i.c., ¢ = ¢
200+ =% ....( Given: ¢¢ = @)
Pa = %(% - ¢)

Question26

Three concentric charged metallic spherical sheets A, B and C have radii
a, b, c potentials V4, Vg, V¢ and charge densities +0, —o and +o respectively.
The value of potential V 5 is (€9 = permittivity of free space)
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Options:

A Z(a+b+c)
B. Z(-a+b—c)

C.Z(a—b+c)

D. g=(a+b+c)

Answer: C

Solution:

Potential and conducing shell = sum of potentials due to all other shells (including self) at its own radius.

i. Potential due to A on its own surface.

Vs _ 1 Qa _ 1 4ma’c _ ac
A— A — drey a ~ dmey a T €

ii. Potential at A due to shell B
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1 Qs _ _1 4rb’sc _ —bo
b T dmgg b €0

Ve,a= e Ter T
iii. Potential at A due to shell C

1 Qe 1 4mnc’c  co
dre, ¢ 4mey ¢ €0
Va=Vaa+Vpoa+Vosa

ao bo co

€o €0 €o

Va= i(a—b—f—c)
€0

VC%A =

Question27

Three point charges +(Q), +2() and g are placed at the vertices of an equilateral
triangle. The value of charge ¢ in terms of (), so that electrical potential energy
of the system is zero, is given by

MHT CET 2025 20th April Morning Shift

Options:

1
A.q=3Q
B.q= %Q
C.q=-3Q
D.q=-5Q
Answer: C
Solution:

Let the three charges +@Q, +2@Q), and g be placed at the vertices of an equilateral triangle of side a.
Step 1: Potential Energy for a System of 3 Charges

Total electrostatic potential energy, U, for three charges g1, g2, g3 at the corners of an equilateral triangle (each side = a) is:

_ 1 9192 9293 B
U_47r60[a + a + a}

Step 2: Substitute Given Values
Given: ¢1 = @, ¢2 = 2Q, g3 = gq.
So,
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U= 1

TEQ

[ 2Q2+3Qq]

a

Step 3: Set Potential Energy to Zero
ForU = 0:

2Q% +3Qq=0

3Qq = —2Q

q=-3

Step 4: Select the Correct Option

The correct answer 1is:

2
Option C: ¢ = _§Q

Question28

A hollow cylinder has a charge of ' ¢ ' C within it. If ¢ is the electric flux
associated with the curved surface B, the flux linked with the plane surface A

9 B ®

MHT CET 2025 20th April Morning Shift

Options:

A.

wle-

B.+—¢

C. 2

1(4q
D. (L -9)
Answer: D

Solution:

Get More Learning Materials Here : & @ &) www.studentbro.in



As per Gauss' law the net flux through closed surface is,
da+ ¢ +¢c = -

Due to symmetry, the same flux passes through plane surfaces A and C , i.e., pp = ¢¢

24t =L .. (Given:$¢p = ¢$)

€0

_1(a
¢A_2(50 ¢>

Question29

A conducting sphere of radius ' R ' is given a charge ' () ' uniformly. The
electric field and the electric potential at the centre of the sphere are
respectively [ £ = permittivity of free space]
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Options:

Q
47r€0R

A. zero and

Q
B. pE—-T and zero

Q Q
C. 4meoR and 4megR?2

D. zero and zero

Answer: A

Solution:

Let us solve this step by step using NCERT method:
1. Electric Field at the Centre of a Conducting Sphere

For a conducting sphere, the electric field inside (including at the centre) is zero. This is because charges reside only on the
surface and inside the conductor the electric field is always zero (as per electrostatics in conductors).

So,
Ecentre =0
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2. Electric Potential at the Centre

The electric potential at any point inside a uniformly charged conducting sphere (including its centre) is equal to the
potential at the surface.

Potential at the surface is given by:
_ _Q

V - 47I'E[)R

This same value is also at the centre.

3. Final Answer

So, electric field at the centre =0

Potential at the centre =
dmegR

4. Option Matching

This matches with Option A.

Final Answer:

_Q_

Option A: zero and =

Question3(

' n ' small spherical drops of same size which are charged to ' V' ' volt each
coalesce to form a single big drop. The potential of the big drop is

MHT CET 2025 20th April Morning Shift
Options:

AL

B.n-V

C.n'3.V

D.n%3.V

Answer: D

Solution:

Let the radius of each small drop be r and the potential of each drop is V.
Step 1: Potential of a small drop

The potential of a conducting sphere with charge ¢ and radius r is
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V=Lt

4dmeo T

Step 2: Volume of n drops and single big drop

The total volume before and after coalescing must be the same.
Volume of n small drops:

n x %71‘7”3

Let R be the radius of the big drop. Its volume is:
%WR3

Equating volumes:

n X %an = %TFRS

= nr® = R?

= R =nl3r

Step 3: Charge on each small drop

Let charge on each small drop be gq.

Using the formula for potential:

—_1 g
V= dmeg T
= q=4meVr
Total charge after coalescence:

Q =nqg=n-4mre;Vr

Step 4: Potential of big drop

Potential of big drop:
_ 1 Q
Vi= 4me; R
Substitute @ and R:
1 n-4mwegVr

Vi= dre, nl/??r
Simplifying,

! _ ndmelVr
V= 4megnl/3r
V' =V.n?

Step 5: Final answer

The potential of the big drop is

Correct option: D

Question31
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The electric potential ' V ' is given as a function of distance ' ' (metre) by
V= (4x2 + 8 — 3) V. The value of electric field at z = 0.5 m, in V/m is

MHT CET 2025 19th April Evening Shift
Options:

A.-16

B.-12

C.0

D. +12

Answer: B

Solution:

Given:

Electric potential,

V =422+ 8z —3

The relation between electric field E and potential V' (along x-axis) is:

— _4dv
E= dz

Step 1: Differentiate V' with respect to =

W — L (427 + 8z — 3)

Use rules of differentiation:

o L(z%) =22

e 4 (constant) =0
So,

W —4x2r+8x1+0

& —8z+8

Step 2: Write expression for £
E=-4 — _(8z +38)
E=-8x-8

Step 3: Substitute x = 0.5 m
E=-8(0.5)—8

E=-4-8
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E=-12V/m

Final Answer:

Option B is correct.

Question32

A uniformly charged conducting sphere of diameter 3.5 cm has a surface
charge density of 20,qu_2. The total electric flux leaving the surface of the
sphere is nearly [permittivity of free space, £g = 8.85 x 10 2SI unit]
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Options:

A. 57 x 102 Wb

B. 70 x 10> Wb

C.87 x 102 Wb

D. 35 x 10® Wb

Answer: C

Solution:

Given:
e Diameter of sphere, d = 3.5 cm = 3.5 x 1072 m
e Surface charge density, ¢ = 20 uC/m” = 20 x 10~® C/m’
e Permittivity of free space, €9 = 8.85 x 10712 C2/Nm2
Step 1: Formula for Electric Flux (Gauss’s Law)
Total electric flux, ¢, leaving the surface is:
4= %
where q is the total charge on the sphere.
Step 2: Calculate Area of the Sphere
Radius,r =4 =3 cm =175 x 10 2 m

Area, A:

A = 4nr? = 4m(1.75 x 107%)2
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Calculate:

A=4x3.14x (1.75 x 1072)% = 12.56 x (3.0625 x 10™*) = 12.56 x 3.0625 x 10~ ~ 38.48 x 10™* = 3.848 x 107> m*
Step 3: Find Total Charge

Total charge, ¢ = o X A:

g=20x10"%C/m® x 3.848 x 10 m®> = 76.96 x 107 C = 7.696 x 10~ ¢ C

Step 4: Calculate the Total Electric Flux

p=L = 7.696x10~°
€0 8.85x10° 12

Calculate denominator:

¢ = Z80 x 107512 = 0.870 x 10* = 8.7 x 103 Wb
Step 5: Rounding off

Among the given options, the closest is:

8.7 x 10° Wb ~ 87 x 10> Wb

Final Answer:

Option C: 87 x 10> Wb

Question33

A charged particle of mass ' m ' and charge ' ¢ ' is at rest. It is acce:lerated in a
uniform electric field of intensity ' £ ' : for time ' ¢ '. The Kinetic energy of the
particles after time ¢ is

MHT CET 2025 19th April Evening Shift

Options:

Egm
A. 2—t

E2q2t2
B. = -

2E2¢2
C. =—-
mq

Eqt
D._q

m

Answer: B

Solution:

Given:

e Mass of particle = m
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e Charge =g¢q

o Electric field intensity = E

e Time for which it’s accelerated = ¢

e Initial velocity = 0 (at rest)
Step 1: Find the force acting on the particle
The force F on a charged particle in an electric field:
F=gqF
Step 2: Find the acceleration
By Newton’s second law,
F=ma=a= % = =
Step 3: Find the velocity after time ¢
Since initial velocity u = 0,

E Et
v=u+at=0+<%)t:q7

Step 4: Find the Kinetic energy
Kinetic energy,
K. E.= %mv2

Substitute the value of v:

2 2 242
_ 1 qEt _ 1 aFE%
K.E.=4m(%) = fm- <5

_ 1, gpe
-2 m

Final Answer:

E2g%t?
2m

So, the correct option is Option B.

Question34

Let' W ' joule be the work done to move an electric charge ' ¢ ' coulomb from
a place A, where potential is -5 volt to another place B where potential is ' V'
volt. The value of ' V' ' is
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Options:
A.Wqg—5

a
B. L +5
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CW-—-

Q ot

w
D. " 5
Answer: D

Solution:
Given:
e Work done: W joule
¢ Charge: q coulombs
e Potential at A: V4 = —5 volt
e Potential at B: Vg = V volt
Step 1:
Work done in moving charge g from A to B is given by:
W =q(Ve —Va)
Step 2:
Substitute the values:
e V=V
e Vy=-5
So,
W =q(V —(-5))
W =¢q(V +5)
Step 3:
Solve for V:
W =q(V +5)
Divide both sides by g:
L =v+5
Subtract 5 from both sides:
V== _5
Answer:

The correct value of V' is:

W
— -5
q

So, correct option: D.
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Question35

Two charges q; = +6, and q2 = —3q placed as shown in figure. A proton is
placed on x -axis away from qs. To remain proton in equilibrium, the distance

between q; and proton is

Ya
2
’ - » X
ql EEEE—
L
MHT CET 2025 19th April Morning Shift
Options:
\/5
A. ( 2 )L
B. 2L
c.k
V2

D. ( V2+1 )L
Answer: A
Solution:

yA

< L > —3—»
G & @ » X
qi 92 P
v
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Let' a ' be the distance between g2 and p

From figure, Distance between q; andp = L + a

For proton to be in equilibrium, it should be placed at point where electric field due to ¢; and g5 is zero.

EFi+FEy,=0
R
+6 (=839 _
Tror -z =0
6q _ 3q
(L+a)? — a?
2 1
(L+a)? — o
L‘ﬁ % ...... (Taking sq. root)
V2a=L+a

= V2a—a=1L

L
= a= —=
Va-1

Distance betweenq; andp =L + a
L (V2-1)L+L V2L

BV Sy S 31

V2L
=57

Question36

An electric dipole of dipole moment ' p ' is aligned parallel to a uniform
electric field ' E '. The energy required to rotate the dipole by 90° is

sin0° =0, sin90° =1
cos0° =1, cos90° =0
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Options:
A.pE

B. pE?
C.p’E

D. infinity

Answer: A
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Solution:

Potential energy (U) of an electric dipole in a uniform electric field E at angle 6:
U = —pEcosf

Step 1:

Initial position: Dipole is parallel to the field, so 8; = 0°.
Initial energy:

U, = —pFEcos0° = —pE x1=—pE

Step 2:

Final position: Dipole is rotated by 90°, so 6, = 90°.
Final energy:

Uy=—pEcos90° = —pEx0=0

Step 3:

Energy required to rotate by 90°:

AU =U, - U, =0— (—pE) = pE

Correct answer:

So, the right option is Option A: pE.

Question37

A hollow cylinder has charge ' ¢ ' C within it. If ' ¢ ' is the electric flux
associated with the curved

C *B A
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Options:

SR
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¢
c.s

D. % — ¢
Answer: A
Solution:
B
C *q A

As per Gauss' law the net flux through closed surface is,
pat+dpt+dc=1L

Due to symmetry, the same flux passes through plane surfaces A and C , i.e., ¢4 = ¢¢

. 2¢A+¢:% ,..(GiVCnI¢B:¢)

_1(4
oa=5(% )

Question38

'n ' small drops of same size are charged to ' V ' volt each. If they coalesce to
form a single large drop, then its potential will be
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Options:

A.Vn?®

B. Vn?®

C.Vn

D. Vn!

Answer: B
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Solution:

To find the potential of a single large drop formed by the coalescence of 'n' small drops, each initially charged to 'V" volts, we
use the formula for the potential of a charged sphere:

vV=-1l4

4dmey T

For the combined drop, the potential V' is:

!

V/ 1 g

 dmeg 1!

Given:
Total charge when combined ¢' = n x q

New radius r' = n'/3

x r (since volume is conserved and Vs = 7 X Vina  leads to the cubed root relationship)
Substituting these into the potential formula:
r 1 ng
V - 47\'50 n1/3r
This simplifies to:

V= ,n2/3 x 1 g
dmeg T

. 1 i _ .
Since el V.

V' =V xn?3

Thus, the potential of the large drop is V' x n?/3,

Question39

Two point charges +8q and —2q are located at x = 0 and = = L respectively.
The location of a point on the z-axis from the origin, at which the net electric
field due to these two point charges is zero is
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Options:
AL
B. 4L
C. 8L
D. 2L

Answer: D
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Solution:

To determine the point on the x-axis where the net electric field due to two charges +8q and —2q is zero, let's denote this
point as A. Suppose A is located at a distance r from the charge —2q which is at z = L, and thus at a distance L + r from the
charge +-8¢ located at z = 0.

To find the condition where the electric fields from both charges cancel each other, set the magnitudes of the electric fields
equal to each other:

El — E2
Given by:

K8 _ K2

L+r)2 — 2

Simplifying, we have:

4
(L+r)?

=

Solving the equation, we find:

2r=L+r

r=1L

Therefore, the position on the x-axis from the origin where the electric fields cancel is:
L+r=L+L=2L

Hence, the point is located at 2L from the origin.

Question40

When the dielectric is placed in an external electric field, the electric field
inside the dielectric is
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Options:

A. less than the external electric field.
B. larger than the external electric field.
C. equal to the external electric field.

D. equal to or greater than external electric field.

Answer: A
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Solution:

Dipole moment will be in same direction as the external field. The collective effect of dipole moment produces a field that
opposes the electric field inside the dielectric and hence, the net electric field inside the dielectric is less than external electric
field.

Question41

Charges of 2uC and —3uC are placed at two points A and B separated by 1 m .
The distance of the point from A , where net potential is zero, is

2 %C [ m 3}12."
A B
MHT CET 2024 15th May Evening Shift
Options:
A.0.7m
B.0.5m
C.04m

D. 0.6 m

Answer: C

Solution:

To find the point where the net electric potential is zero between two charges, we use the formula for electric potential due to
a point charge:

v K
Here, K is Coulomb's constant, q is the charge, and r is the distance from the charge.
Given:

Charge at A, g1 = 2 uC

Charge at B, g5 = —3 uC

Distance between A and B, r1 +79 = 1m

To locate the point where the potential is zero, let 71 and r2 be the distances from A and B to the point, respectively. The
condition for zero potential is:
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K(2x107%) _ K(3x107%)

71 T2

Solving for the ratio ==:
1

2 _ 3
re 2

From the sum of the distances:
ri+re=1

Substitute ry = %rl into the equation:

3
r1+7r1:1

5rm1
5 =1

rT = 0.4m

Hence, the distance from point A where the net potential is zero is 0.4 m.

Question42

Two point charges +q1 and g> repel each other with a force of 100 N. q; is
increased by 10% and q- is decreased by 10%. If they are kept at their original
positions the change in the force of repulsion between them is

MHT CET 2024 15th May Evening Shift

Options:

A. decreased by 10 N
B. increased by 10 N
C. increased by 1 N
D. decreased by 1 N
Answer: D

Solution:

To calculate how the force changes when the charges are altered, consider the following:
The original force between the charges is given by:

_ 1 aqq
Fnet  4reg 2

The new conditions change the charges: g is increased by 10%, and g2 is decreased by 10%. This changes the charges to
1.1q; and 0.9q2, respectively.

The new force is then calculated as:
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1 (1.1¢1)(0.92)
" 4meg r2

1 qqe 110 90
= X|— | x(—
4dmey 12 100 100
99

= m ><F1net

F

!
net

Since the original force is 100 N, the new force becomes:

Fo ' =2 %100 = 99N

Thus, the force decreases by:

100N —99N =1N

Therefore, the net force decreases by 1 N.

Question43

In an electric field due to charge ), a charge ¢ moves from point A to B as
shown in the figure. The work done is ( € = permittivity of free space)

4300
+Q . A
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Options:

A -1 Qa

* 4meg 12

B. [

drey 12

=B

C. =%

* 4meg T

D. zero

Answer: D

Solution:
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+Q - A

Electric field is perpendicular to the displacement.
= =
F=qE

%
F is also perpendicular to the curved surface

W:/dW

s
:/F-ds:F-dSCOSQOO
W=0

Question44

If a unit positive charge is shifted from a region of low potential to a region of
high potential, then the electric potential energy of the system

MHT CET 2024 15th May Morning Shift

Options:

A. increases.

B. decreases.

C. does not change.
D. is zero.

Answer: A

Solution:

Electric potential V' is related to potential energy U by

U = qV,
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where g is the charge (here ¢ = +1 in suitable units). Moving a positive charge from a region of lower potential to a region
of higher potential increases V/, and hence increases the electric potential energy U.

Answer : (A) increases.

Question45

Two point charges +8q and —2q are located at X = 0 (origin) and X = L
respectively. The net electric field due to these two charges is zero at point P
on X-axis. The location of point P from the origin is

MHT CET 2024 15th May Morning Shift
Options:

L
AL

B.2L
C.4L
D. 8L

Answer: B

Solution:

Let's work through the problem step by step.

Identify the charges and their positions:

A charge of 4-8¢ is at the origin (x = 0).

A charge of —2qisatz = L.

Determine the region where the net electric field could be zero:

If we look between the charges (i.e., 0 < < L), the electric fields due to both charges will point in the same direction along
the z-axis. Hence, they cannot cancel.

For a point to the right of both charges (i.e., z > L), the field due to the positive charge points to the right (away from it),
while the field from the negative charge points to the left (toward it). This setup allows for cancellation.

Write expressions for the electric fields at a point « (where x > L):

The electric field due to +8q at a distance x is:

E = ki—g (pointing right).

The electric field due to —2q at a distance (x — L) is:

E, = k24 (pointing left, because the field due to a negative charge is towards the charge).

(z—L)?

Set up the condition for net electric field being zero:
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Since the two fields are in opposite directions, they cancel when their magnitudes are equal:

k% =k (avz(i)2

Simplify the equation:

Cancel k and q from both sides:
* = T

Cross-multiply:

8(x — L)% = 222

Divide both sides by 2:

4(x — L)% = 2*

Solve for «:

Take the square root of both sides (note that since x > L, x — L is positive):
z=2(z—L)

Distribute and solve:

=2z —2L

2L =2z —x

x=2L

Conclusion:

The point at which the net electric field is zero is z = 2L from the origin.

Therefore, the correct answer is Option B: 2L.

Question46

Consider a long uniformly charged cylinder having constant volume charge
density ' A ' and radius ' R '. A Gaussian surface is in the form of a cylinder of
radius ' 7 ' such that vertical axis of both the cylinders coincide. For a point
inside the cylinder (r < R), electric field is directly proportional to
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Options:

Art

B.r

C.r?

D.r 2
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Answer: B

Solution:

To determine how the electric field varies with the radial distance inside the cylinder, we can use Gauss's law. Here’s the step-
by-step reasoning:

Gaussian Surface:
We choose a cylindrical Gaussian surface of radius r (with » < R) and length L, aligned coaxially with the charged cylinder.

Electric Flux Through the Gaussian Surface:

The electric field E points radially outward.

The flux through the curved side is given by the product of the electric field and the lateral surface area:

Flux = E - (27rL)

The end caps do not contribute because the electric field is parallel to those surfaces.

Charge Enclosed by the Gaussian Surface:

If the cylinder has a constant volume charge density (commonly denoted by p), the charge inside the Gaussian surface is:
Qenc = p - Volume of the Gaussian cylinder = p - (7rr2L)

(Note: Sometimes A is used to denote linear charge density, but here we assume the cylinder is uniformly charged in volume
and use p.)

Applying Gauss's Law:
Gauss's law states:

fEdA: Qenc

€0

Substituting the above expressions:

p-(mr?L)
E- (27T’I"L) = T
Solving for the Electric Field E:

Cancel common factors 7 and L on both sides:

E-(2r)= 2"

€0

Rearranging gives:

This shows that the electric field inside the cylinder is directly proportional to r.
Thus, for a point inside the cylinder (r < R), the electric field is directly proportional to r.

The correct answer is Option B: 7.

Questiond47

An electric dipole will have minimum potential energy when it subtends an
angle

Get More Learning Materials Here : & m &) www.studentbro.in



sin0°=0| |[cosm=—1

[cos 0° = 1] [cos 90° = 0]

MHT CET 2024 11th May Evening Shift
Options:
A. 7 with direction of field.

B. % with direction of field.

C. 37“ with direction of field.

D. zero with direction of field.

Answer: D

Solution:

The potential energy (U) of an electric dipole in an external uniform electric field (E) is given by the expression:
U=-p-E=—pEcosé

where:

p is the electric dipole moment,

FE is the magnitude of the electric field,

0 is the angle between the dipole moment p and the electric field E.

The potential energy is minimized when cos € is maximized, which occurs when cos @ = 1. This happens when 6 = 0°,
meaning the dipole moment is aligned with the electric field.

Therefore, the electric dipole will have minimum potential energy when it subtends an angle of zero with the direction of the
field.

The correct option is: D) zero with the direction of the field.

Question48

A particle ' A ' has charge ' +q ' and a particle ' B ' has charge ' +4q '. Each
has same mass ' m '. When they are allowed to fall from rest through the same
potential, the ratio of their speeds will become (particle A to particle B)

MHT CET 2024 11th May Evening Shift
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Options:

A.2:1
B.1:2
C.1:4
D.4:1
Answer: B
Solution:

When a charged particle is placed in an electric field, it experiences an electric force. Consider the following for particles A
and B:

Electric Force and Acceleration
For particle A:

Fy=qF

Fq=muay

_ g9F
aa ="y

For particle B:
Fp =4qFE
Fp =mpap

4E
ap = =

From this, it follows that:

as =2 ..(>)
Relation of Speeds

Since both particles start from rest and fall through the same distance, we can use the equations of motion:
For particle A:
VZ=0+2asz
For particle B:
V2 =0+2apz
Taking the ratio of their speeds:
(ﬂ) 2 — a4
Vs ap

Using the relationship from (i):

2
Va) — _ap _ 1
VB T 4xap =~ 4

Therefore, the ratio of their speeds is:

Ya _ 1

Vg = 2
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In summary, the ratio of the speeds of particles Ato Bis 1 : 2.

Question49

A sphere' A ' of radius ' R ' has a charge ' @) ' on it. The field at point B
outside the sphere is ' £/ '. Now another sphere of radius ' 2R ' having a charge
' —2(@) 'is placed at B. The total field at the point midway between A and B due
to both the spheres is
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Options:

A.E

B. 3E

C. 12E

D. 15E

Answer: C

Solution:

—2Q

L SR
2 2

The field at point ' B' due to sphere of charge ' @ ' will be,
E=XQ
Electric field at mid-way between points 'A ' and ' B' will be,

o KQ | KO
()" (%)

AKQ 8KQ
== T
r r
12K
E' = Q =12F

r2
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QuestionS0

The point charges +q, —q, —q, +q, +Q and -q are placed at the vertices of a
regular hexagon ABCDEF as shown in figure. The electric field at the centre of
hexagon ' O ' due to the five charges at A, B, C', D and F' is thrice the electric
field at centre ' O ' due to charge +Q at E alone. The value of Q is
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Options:

A.

w|i

Ex]
B. =

+
c. ie
D. +6q

Answer: A
Solution:

1 Al ' 1 L T k
Electric field at' O ' due to charge ' @ 'is given by, E = r—?

Electric field at' O ' due to charges +q at A and D are equal and opposite and hence they will cancel each other. Similarly
electric field at ' O ' due to charges -q at F and C will also cancel each other.

Electric field at ' O ' due to charge —gq at B is given by,
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Now, E' = 3E

ki _ 39 o _ g

2 — r?

Question51

A small particle carrying a negative charge of 1.6 x 107 1°C is suspended in
equilibrium between two horizontal metal plates 8 cm apart having a potential
difference of 980 V across them. The mass of the particle is [g = 9.8 m/s?]

MHT CET 2024 11th May Morning Shift
Options:

A.2x10 kg

B.2.2 x 10 ¥ kg

C.20 x 107 1% kg

D.4 x 107 1% kg

Answer: A

Solution:

First, find the electric field E between the plates using the formula:
E=1,

where

V =980V is the potential difference,

d = 8cm = 0.08 m is the separation between the plates.
Substituting the values:

— 980 __
E =20 — 12950 V/m.

The charged particle experiences an electric force given by:
Fe =qFE,

where

g = 1.6 x 1071° C is the charge of the particle.

Therefore,

F.= (1.6 x 1071%) x 12250 = 1.96 x 10~ N.

Since the particle is suspended in equilibrium, the upward electric force balances the downward gravitational force. The
gravitational force is:

Get More Learning Materials Here : & m &) www.studentbro.in



Fy = mg,

where

g=9.8 m/s” is the acceleration due to gravity,
m is the mass of the particle.

Setting the forces equal:

qE = mg.

Solve for the mass m:

_g9E _ 196x107% —-16
m_g_ 08 ~2><10 kg.

Thus, the correct option is Option A:

2 x 10 0 kg.

Question52

Charges 3Q), g and Q are placed along x -axis at positions x = 0,x = % and

x = 1 respectively. When the force on charge Q is zero, the value of g is

MHT CET 2024 11th May Morning Shift

Options:

T3

Answer: D

Solution:

=15
=0
O

13
21/3

Force F1 due to charge 3Q) on @ will be,
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F, = L3¢

- 47(6(] 12

Force F» due to charge g on charge ) will be,

_ 1 Qg
Fy = dmeg (2_1)2
3
_ _1 9Qq
F2 T dme A2

For the force on charge Q to be zero,

Fi+Fys=00rF; =—F,

3Q2 _ _ 9Qq
iz T A
__3g
Q=—-7
q=-3Q

Questions53

If a unit charge is taken from one point to another point over an equipotential
surface, then
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Options:

A. work 1s done on the charge.

B. work is done by the charge.

C. work done on the charge is constantly increasing.
D. work done to move a charge is zero.

Answer: D

Solution:

When a charge is moved from one point to another, the work done by the electric force is given by
W =qAV

where:

q is the charge,

AV is the difference in electric potential between the two points.

On an equipotential surface, all points have the same potential. This means that

AV =0.

Thus, for a unit charge (where ¢ = 1),
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W=1x0=0.
So, no work is required to move a unit charge along an equipotential surface. This corresponds to Option D:

work done to move a charge is zero.

Question54

Two point charges q; = 6uC and q2 = 4uC are kept at points A and B in air
where AB = 10 cm. What is the increase in potential energy of the system
when g5 is moved towards q; by 2 cm ?

( L — 9 % 10° SI units )

471'60

MHT CET 2024 10th May Evening Shift
Options:
A.0.27]
B.0.54J
C.0.811J

D.541]

Answer: B

Solution:

The potential energy between two charges is defined by the formula:

K
U= 31112

Calculating the Increase in Potential Energy:
Initial Potential Energy (U,):

The initial distance between the charges isd = 10cm = 0.1 m.
Initial potential energy U; = %

Final Potential Energy (U;):

The charge g5 is moved towards ¢; by £ = 2cm = 0.02m.

The new separation becomes d — z = 0.1 m — 0.02m = 0.08 m.

Kqiq2

Final potential energy Uy = <%

Increase in Potential Energy (AU):
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The increase in potential energy is given by the difference:

AU = Uf—Ui = Kq1q> (ﬁ - %)

Kqiqo
AU = d(?igm)

Substituting Given Values:
K =9 x10°Nm?/C?

g =6uC=6x10"°C

g2 =4pC =4x10"°%C

z =0.02m

d=0.1m

Performing the calculation:

~(9%10%) % (6x107%)x (4x107%)x0.02
AU = 0.1x0.08

Simplifying:

AU = 432107 _ 54

Therefore, the increase in potential energy of the system is 0.54J.

Questions5

Two point charges (A and B) + 4q and —4q are placed along a line separated
by a distance I '. Force acting between them is F. If 25% of charge from point
A is transferred to that at point B , the force between the charges now becomes
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Options:
3
A5 F
4
B. 3 F

C.=F

9
16
16
D. 1 F

Answer: C

Solution:

When the charges +4q and —4q are placed along a line separated by a distance 7, the initial force between them is given by:

Get More Learning Materials Here : &

@g www.studentbro.in



F=Z¢ (i)

dmegr?
If 25% of the charge from point A is transferred to point B, the charges change as follows:
Charge at point A becomes:
q1 = +4q — 0.25(+4q) = +3q
Charge at point B becomes:
g> = —4q9 + 0.25(+4q) = -3¢

Thus, the new force between points A and B is:

P BOx3) o
T Amegr? T Amegr?

By multiplying and dividing by 16 to compare with the initial force F', we get:

F' = % x (ﬂ) = %F [From (i)

4megr?

Question56

The electric potential at a point on the axis of an electric dipole is proportional
to [r = distance between centre of the electric dipole and the point]
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Options:

AL

B.

C.r

Answer: B

Solution:

For an electric dipole, the potential at a point in space is given by the equation:

—_L p7
V= dmey 12

where:
p is the dipole moment,
7 1s the unit vector pointing from the center of the dipole to the point of interest, and

r is the distance between the center of the dipole and that point.
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On the axis of the dipole, the dipole moment and the unit vector point in the same direction. This means that p - # = p, and
the potential simplifies to:

_ 1 p
V= dmey 12

Thus, the electric potential is proportional to .
™

To summarize in a few steps:

1 -7
dreg 12 °

The general dipole potential is V' =

On the axis, p - # = p.

So, the potential on the axis becomes V' =

Therefore, the potential is proportional to TLZ

The correct answer is Option B: le

Questions7

Four electric charges +q, +q, —q and -q are placed in order at the corners of a
square of side 2 L. The electric potential at point midway between the two
positive charges is
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Options:

1 2 1
A T Tq(l + %)

Solution:
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DP? = (2L)2+L?=4L*+L2=5L"

DP = V5L = CP
AP=BP =L
Potential at point P due to the four charges,

_ 1! (g a 49 q)
dreg \L L /5L /5L

A

2L C

Question58

Two point charges +10 q and -4 q are located at x = 0 and x = L respectively.
What is the location of a point on the z-axis from the origin, which the net
electric field due to these two point charges is zero?( » = required distance)
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Options:

Ar= \/g{é\@ right to pt. B
B.r = % left to pt.A
Cr= \/5\4/?\/5 right to pt.B
D.r = \/5?\/5 left to pt.A
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Answer: A

Solution:

Let' @ ' be the point at a distance  from —4q and (L + r) from 10q. wherein net electric field is zero.

E,=E,

K(10g)  K(4q)

(L +r)? 72

Vo 2

L—i—r_?

VExVE  VExVE 2
L+r r Ty

VB X V2xr=2(L+r)
\/gxx/§xr:\/§><\/§(L+r)
V5r = V2L + V2r
V5 —2r =+2L

V2
RRVCIRY.

If B is position of charge —4q then point Q) is r = \/5{5 7 to the right of B

Questions9

The van de Graaff Generator is not based on
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Options:

A. the phenomenon of Corona Discharge in X-ray tube.

B. the application of electric field and magnetic field which are perpendicular to each other.

C. the property that charge given to a hollow conductor is transferred to its outer surface and
distributed uniformly over it.

D. the fact that a charge is continuously supplied to an isolated metallic conductor, the potential of
the conductor goes on increasing.

Answer: B

Solution:
The van de Graaff Generator is not based on:

Option B: the application of electric field and magnetic field which are perpendicular to each other.
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The van de Graaff Generator operates primarily on the principle of transferring electric charge to a hollow metal sphere and is
not related to the perpendicular interaction of electric and magnetic fields, which is more relevant to devices like the
cyclotron.

Question60

The electric flux over a sphere of radius ' 7 'is ' ¢ '. If the radius of the sphere
is doubled without changing the charge, the flux will be
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Options:

A. 4¢

B. 2¢

C.¢

D. ¢

Answer: C

Solution:

Using Gauss's Law, the electric flux through a closed surface is given by:

where q is the charge enclosed by the surface, and €y is the permittivity of free space.

From this expression, we see that the electric flux ¢ is directly proportional to the charge g, and is independent of the size or
shape of the Gaussian surface itself.

Thus, if the radius of the sphere is doubled and the charge ¢ remains the same, the electric flux will remain unchanged.
Therefore, the new flux ¢ is equal to the original flux ¢:

p2=¢

Question61

If the electric flux entering and leaving an enclosed surface is ¢; and ¢, then
charge enclosed in the surface is (¢ = permittivity of free space)
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Options:

A =

€0

B. P2+d1

€0

C. P1—¢2

€0

D.eo (¢2 — ¢1)

Answer: D

Solution:

Gauss's law tells us that the net electric flux through a closed surface is related to the charge enclosed by the surface.
Specifically, Gauss’s law is:

§SEdA: anc

€0
Here’s how to apply this to the problem:

The net electric flux through the surface is the algebraic sum of the flux leaving the surface and the flux entering the surface.
If you take ¢4 as the flux exiting the surface and ¢; as the flux entering, then the net flux is:

(I)net = ¢2 - ¢1
By substituting this into Gauss’s law, we have:

Qenc
$2 — P11 = —

Solving for the enclosed charge Q.. , we multiply both sides by €g:

Qenc = 50(¢2 - ¢1)

Thus, the correct answer is:

Option D: gy (¢2 — ¢1)

Question62

Two surfaces A and B are enclosing the charges as shown below. The total
normal electric induction (T.N.E.I) through the surfaces A and B are
respectively.
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Options:

A. +2q and +2¢q
B. +q and +3¢q
C. +q and +2q
D. +2q and +3¢q

Answer: C

Solution:

Total normal electric induction is given by,
TN.E.L = } Qenclosed
TN.E.L for A = (+2¢q — q) = +q

TN.E.L for B= (+3¢ — q) = +2¢q

Question63

A spherical rubber balloon carries a charge, uniformly distributed over the
surface. As the balloon is blown up and increases in size, the total electric flux
coming out the surface
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Options:

A. becomes zero

B. decreases

C. increases

D. remains unchanged

Answer: D

Solution:
According to Gauss’s law, the net electric flux through any closed surface is given by

_ Qenc
p= -

where:

® g is the electric flux,

@enc 1s the total enclosed charge, and
€ 1s the permittivity of free space.

In our case, the balloon carries a total charge ¢ which is uniformly distributed over its surface. When you blow up the
balloon, its size increases, but the total charge () remains the same.

Because the net flux depends only on the total enclosed charge and not on the size or shape of the surface, the total electric
flux will remain unchanged.

Thus, the correct answer is:

Option D: remains unchanged.

Question64

If a 10uC charge exists at the centre of a square, the work done in moving a
2uC point charge from corner A to corner B of a square ABCD is

A B
2 uC

10 nC

D C
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Options:
A. Zero
B.5
C.2

D. 20

Answer: A

Solution:

Due to the 10uC change, potential at all the four corners will be the same

work done in moving 2uC change from point A to B will be zero.

Question65

If the electric flux entering and leaving an enclosed surface are ¢; and ¢,
respectively, the electric charge inside the surface will be
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Options:

A 2

€0

B. $1t¢2

€0

C. g0 (o1 — ¢2)
D. o (¢2 — ¢1)

Answer: D

Solution:

We can solve this using Gauss's Law, which states that:

§E'dA: Jenc

€0
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Here's a step-by-step explanation:

The flux leaving the surface contributes positively with a value of ¢, while the flux entering the surface contributes
negatively with a value of ¢1. Thus, the net electric flux is:

¢net = ¢2 - ¢1
Applying Gauss's Law:
anet = %

Substituting for the net flux:

¢2 — P1 = qgo
Solving for the enclosed charge gy :
Genc = €0 (¢2 — ¢1)

Thus, the correct answer is:

Option D

eo(d2 — ¢1)

Question66

An electron of mass ' m ' and charge ' ¢ ' is accelerated from rest in a uniform
electric field of intensity ' £/ '. The velocity acquired by it as it travels a
distance ' [ 'is ' v '. The ratio -- in terms of E,[ and v is

MHT CET 2024 4th May Evening Shift

Options:

vy
A. o5

val
B. 3%

C. 2E

V2l

Vgl
D. %
Answer: A

Solution:

When an electron with mass 'm' and charge 'q' is accelerated from rest in a uniform electric field with intensity 'E', it attains a
velocity 'v' while traveling a distance 'l'. We need to find the expression for the ratio % in terms of F, [, and v.
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First, we use the relationship between force and acceleration:
F=ma and F =¢qF

Thus, we equate these expressions:

qgFE = ma

So, the acceleration a is given by:

Next, we apply the equation of motion for constant acceleration:
v} =u? +2al
Since the electron starts from rest, w = 0. Therefore, the equation simplifies to:
v} = 2aL
Solving for a, we get:
o2 ..
a=3 ..(i)
By equating expressions from (i) and (ii):

9 _ v
m 2L

Rearranging for -, we find:

l - ,UZ o 'UZ . o
L= 5pr = 5gr  (since L = /)

Question67

The electric potential at the centre of two concentric half rings of radii R; and
R7, having same linear charge density ' A 'is (¢9 = permittivity of free space)
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Options:

A, 2

€0

B. 2

2

C. 2>

450

D. 2

€0

Answer: B

Solution:

1 " A (7R1)
4d7e R,
1 " A (mR2)
47T60 R2

1 A
V,.=Vi+Vy= AX 2= "
net 1+ Vo dreg X A X 9

Vi

Vs

Question68

A metallic sphere ' A ' isolated from ground is charged to +50uC. This sphere
is brought in contact with other isolated metallic sphere ' B ' of half the radius
of sphere ' A '. Then the charge on the two isolated spheres A \& B are in the
ratio
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Options:
Al1:2
B.2:1
C.4:1
D.1:1

Answer: B

Solution:

When sphere A is brought into contact with sphere B, charge will transfer between them until their electrical potentials are
equal. The relationship between charge and potential for a sphere is given by:
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V= L4

4dmey T

For both spheres A and B to have the same potential:

Va=1Vp

Thus,

1 g4 _ 1 4B
dmey ra ~  4mey B

This simplifies to:

94 _ Ta

aB TB

Given that sphere B has half the radius of sphere A:

— ra
'B= 3

Substitute this into the equation:

a4 _ ra
QB_%A-

2
I

Hence, the charges on the spheres A and B are in the ratio 2 : 1.

Question69
A regular hexagon of side 10 cm has a charge 1uC at each of its vertices. The
potential at the centre of hexagon is [4771—50 = 9 x 10° SI unit ]
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Options:

A. 1.8 x 10° volt
B. 3.6 x 10° volt
C. 5.4 x 10° volt
D. 7.2 x 10° volt

Answer: C

Solution:
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Potential at the centre of hexagon

Potential at

Vo=Vu+Vg+Ve+Vp+Vg+ Vg

1 [ q q q q q ]

_ 94 g
= Ire,l0AT0BT0C TOoD " OE " OF

For a hexagon, distance from centre to vertices is equal to length of side.

OA=0B=0C=0D=0OE=0F=10cm

=0.1m
1 q
= —(6
07 4re, 0.1( )
(1x107%)6
—9x109x — 7~
T

= 5.4 x 10° volt

Question70

Two charged particles each having charge ' ¢ ' and mass ' m ' are held at rest
while their separation is ' r '. The speed of the particles when their separation

is ' 5 ' will be (&9 = permittivity of the medium)
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Options:

A L

4megmr

B. -4

2megmr
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[
" Vdmeomr
q2
* 4Amegmr
Answer: C
Solution:

To determine the speed of two charged particles when their separation changes, we use the principle of conservation of

energy. Consider the following steps:

Initially, the two charged particles, each with charge g and mass m, are at rest and separated by a distance 7. The initial
kinetic energy (K.E.) of the system is zero because the particles are not moving. The initial potential energy (P.E.) is given by

the electrostatic potential energy formula:

2

Initial PE. = - . £

4reg r

When the particles move closer such that their separation is reduced to 7, they gain kinetic energy. The final kinetic energy
(assuming that both particles gain the same speed v) can be expressed as:

Final K.E. = 2 x %mv2 = mv?

The final potential energy when the separation is % is:

i — 1 .4 _ 1 2
Final PE. = Tres 73 T Tmeg v

According to the conservation of energy principle:

(Initial K.E. + Initial P.E.) = (Final K.E. 4 Final P.E.)

Substituting the expressions for the initial and final energies:

2¢?

1 ¢ 2 1
4me UL + 4re T

Rearranging terms to solve for mv?:

2 1 (2 ¢\ _ ¢ 1
mv_élng(r_r — dme, T
Then:

2 2 1
mv- = 4me T

Solving for v:

q
v = —
Varegmr

Thus, the speed of the particles when their separation is reduced to % is given by:

q
v = p——
Vareomr
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Question71

A charge +Q is placed at each of the diagonally opposite corners of a square. A
charge -q is placed at each of the other diagonally opposite corners as shown.

If the net electrical force on +() is zero, then t—g is equal to

+Q —q

—q +Q
MHT CET 2024 3rd May Evening Shift

Options:
A +1
B. +2+v/2

+1
C. Vi

D. —2v/2
Answer: B

Solution:

]
>
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From the diagram,
(Fa)* = (Fr)* = 2(F,)* = F}
V2(F)) = Fr
1 V209 _ 1 @*

4re a?  4dmey 2a?

Q=-2v2q

Q _ 23

q 1

£ =22
Question72

Two equal point charges ' ¢ ' each exert a force ' F'' on each other, when they
are placed distance ' = ' apart in air. When the same charges are placed
distance ' y ' apart in a medium of dielectric constant ' £ ', they exert the same
force. The ratio of distance 'y ' to ' = ' is equal to
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Options:

A.

-

B. vk
c.

2
D. =

Answer: A

Solution:

When two equal point charges, each of magnitude g, exert a force F' on each other when placed distance x apart in air, the
force is given by:

_ 1 &
F1_47l'&‘0 z?

Here, €y is the permittivity of free space.

When these charges are placed distance y apart in a medium with a dielectric constant k, they exert the same force F:

1 &
Fy = dmeok y?
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Since the forces F; and F» are equal, we have:

I S N

dmeg a2 dmeok 3P

Simplifying the equation:

From this, we determine the ratio of distance y to z:

¥y L
z VE

Thus, the ratio of distance y to & in the medium is ﬁ

Question73

Three charges 2q, —q and —q are located at the vertices of an equilateral
triangle. At the centre of the triangle
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Options:

A. the field is zero but potential is non-zero.
B. the field is non-zero but potential is zero.
C. both field and potential are zero.

D. both field and potential are non-zero.
Answer: B

Solution:

From charge configuration, at the centre electric field is non-zero. Potential at the centre due to 2q charge V5, = 27
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and potential due to —q charge
V_q = —1(r = distance of centre point )

total potential V.= Vo, +V_,+V_, =0

Question74

%
An electric dipole of moment?is lying along a uniform electric field E. The
work done in rotating the dipole through % is

[sin 30° = cos 60° = 0 - 5, cos 30° = sin 60° = \/5/2]

MHT CET 2024 3rd May Morning Shift

Options:
A.3pE
B. \/§pE
C.pE

D. 22

Answer: D

Solution:

To find the work done in rotating an electric dipole in a uniform electric field, use the formula:
W =-AU = —(U; - Uy),

where U denotes the potential energy of the dipole in the electric field, which is given by:
U= —?- E: —pE cos ¥,

with @ being the angle between the dipole moment ?and the electric field E

Initially, the dipole is aligned with the field, so 8; = 0, and

U; = —pEcos0 = —pE.

After rotating through an angle of 5, 8y = %, and
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Us=—pEcos (%) = —pE- 3.

The change in potential energy, AU, is then:

AU=U; ~U;= (-pE-1) — (—pE) = —pE- 1 + pE = 2Z.
Therefore, the work done is:

W:—AU:—(E):ﬁ_

2 2

The correct answer is Option D:

pE

5 -

Question75

Which of the following statement is correct?

MHT CET 2024 2nd May Evening Shift

Options:

A. Electric lines of force originate from a -vely charged object and terminate on a +vely charged
object.

B. The electric line of force do not pass through an insulator but can pass through a conductor.
C. The electric line of force do not intersect each other.
D. Electric intensity is small in a region where the lines of force are crowded.

Answer: C

Solution:

Option C is correct: The electric lines of force do not intersect each other.

Electric field lines, also known as electric lines of force, have several important properties that help us understand electric
fields:

Origin and Termination: Electric field lines originate from positive charges and terminate on negative charges. This means
Option A is incorrect because it mistakenly reverses this behavior.

Passage Through Materials: Electric field lines can pass through insulators, which are materials where the electric charges
do not easily move. However, electric fields cannot pass through perfect conductors because charges within the conductor
will rearrange to cancel the field inside. Option B is incorrect because it reverses the behavior and misunderstand the role of
conductors vs. insulators.
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Non-Intersection: Electric field lines never intersect each other. If they did, it would imply that there are two directions of
the electric field at the point of intersection, which is physically impossible. Hence, Option C is the correct statement.

Intensity and Crowding: The electric field intensity is stronger in regions where the lines of force are crowded and weaker
where they are spread out. Therefore, Option D is incorrect as it states the opposite.

These principles are foundational to understanding how electric fields behave in different contexts and environments.

Question76

Four point charges each +q is placed on the circumference of a circle of
diameter 2 d in such a way that they form a square. The potential at the centre
is proportional to
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Options:

2
q
A g

B.

Ao

c. 4
" q

2
D.d—2
q

Answer: B

Solution:

Four point charges, each with a charge of +¢, are positioned on the circumference of a circle with a diameter of 2d, arranged
to form a square. To determine the potential at the circle's center, consider the following:

Since the charges are equally distributed on the circle's circumference, the distance from each charge to the center is:

__ Diameter _2d _
r= 5 =5 =d

The potential at the center from each charge can be determined using the formula for the potential due to a point charge,

V= 47350 4 Therefore, the total potential at the center due to all four charges is:

q9 9, 9 4
o = g (o0
val = \g et d
1 4q
7471'60 d
q
~uc(2)
d
where K = 47350.
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Thus, the potential at the center is proportional to .

Question77

90 J of work is done to move an electric charge of magnitude 3 C from a place
A, where potential is -10 V to another place B , where potential is ' V; ' volt.
The value of V is
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Options:
A. 10V
B.20V
C.30V
D. -40V

Answer: B

Solution:

The work done to move a charge in an electric field is related to the change in electric potential by the equation:
W =qAV

where:

W = 901J (work done),

q = 3 C (charge),

AV =V; — (—10V) = V; + 10V (change in electric potential).
We can solve for V; using the formula:

90 = 3(V; + 10)

Divide both sides by 3:

30=V;+10

Subtract 10 from both sides:

Vi=20V

Thus, the value of V7 is 20 V, corresponding to Option B.

Question78
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Three charges are placed at the vertices of an equilateral triangle as shown in
the figure. For what value of charge ' Q) ', the electrostatic potential energy of
the system is zero?

Q

*tq *q
MHT CET 2024 2nd May Morning Shift
Options:
A. —q
B. 5
C. —2q
D.—3
Answer: D

Solution:

q q
A B
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1 919
dmeo  a

Potential energy U =

. 2
Potential energy at A due to B = —47;150&

Qq

4mepa

Potential energy at B due to C =

Qq

4dmeoa

Potential energy at C due to A =

Total PE = -~ (¢+ Q + Q) =0

4dmega

2Q0+qg=0 =Q=—-+%

Question79

A uniformly charged conducting sphere of diameter 14 cm has surface charge
density of 4O,qu_2. The total electric flux leaving the surface of the sphere is
nearly (Permittivity of free space = 8.85 x 10! SI unit)

MHT CET 2024 2nd May Morning Shift

Options:
A. 40 kWb
B. 140 kWb
C. 240 kWb
D. 280 kWb
Answer: D
Solution:
2
Electric flux ¢ = 4 _ imr’o
€0 €0
4x3.14 % (7x1072)* x 40 x 1076
B 8.85 x 1012
_ 4x314x49x10* x4x10°°
B 8.85 x 10712
_ 4x3.14x49 x4 x10°
- 8.85
— 278 x 10° ~ 280 x 10° Wb
— 280 kWb
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Question80

The electrostatic potential inside a charged spherical ball is given by

V = ar? + b where ' r ' is the distance from its centre and 'a 'and ' b ' are
constants. The volume charge density of the ball is [ ) = permittivity of free
space |

MHT CET 2024 2nd May Morning Shift

Options:

A. —24maggr
B. —6aggr
C. —24mae
D. —6ag
Answer: D
Solution:

Given: V =ar’ +b

_a
dr

_ o d o,
——dr(ar —l—b)

E=-2ar ..(1)

E =

By Gauss' law,

— —
B 3.4
€0

47r?E = E% . (i)

Total charge (q) enclosed = 4Tp7rr3 ... (p = charge density of ball)
From (i) and (ii)

4
47r? x (—2ar) = P
360
p
_9q =
a 380

p = —6acgy
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Question81

A charge 17.7 x 10~*C is distributed uniformly over a large sheet of area
200 m?. The electric field intensity at a distance 20 cm from it in air will be
[e0 = 8.85 x 107 2C?/Nm?|

MHT CET 2023 14th May Evening Shift

Options:

A.5 x 10°N/C
B.6 x 10° N/C
C.7 x 10°N/C
D.8 x 10°N/C

Answer: A

Solution:
The surface charge density is given by,

o= = 11107 — g85 % 107°C/m?

The electric field intensity at a distance of 20 cm in air is,

o 885x1070 5
2, ~ 2x885x10 2 5x10°N/C

E

Hence, option (A).

Question82

If E, and E, represent the electric field intensity due to a short dipole at a
point on its axial line and on the equatorial line at the same distance 'r' from
the centre of the dipole, then

MHT CET 2023 14th May Evening Shift
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Options:

A.E, =E,4
B.E. = 1 Eq
— 1
C.E, = v Eq
D.E, = 2E,
Answer: D
Solution:

To solve this problem, we need to understand the electric field intensity due to a short dipole at two specific points: on the
axial line and on the equatorial line.

For a short dipole, the expressions for the electric field intensity are as follows:

1. On the axial line (line extending along the dipole axis):

—_1 . 2
Ea T dmeg 73

where p is the dipole moment, r is the distance from the center of the dipole, and ¢ is the permittivity of free space.
2. On the equatorial line (line perpendicular to the dipole axis at the center):

=_1 .2
Eq T 4mey 13

Notice the difference in the coefficients. The electric field on the axial line is twice as strong as that on the equatorial line at
the same distance 7.

Thus, the relationship between E, and E can be derived:
Given:

E, = 2E,

Therefore, the correct option is:

Option D
E. = 2E,

Question83

The electric field intensity on the surface of a solid charged sphere of radius "'
and volume charge density 'p' is (€9 = permittivity of free space)

MHT CET 2023 14th May Morning Shift
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Options:
A £

350

_pP
* Amegr

C. zero

Spr
* 6eg

Answer: A

Solution:

According to Gauss' theorem,
$=E. A=l
But, qenc = px volume

dene = p (57T°)

And area is A = 47r?

p(gmr)
E (4mr?) = 3; -
-
N 380
Question84

A uniformly charged semicircular arc of radius 'r' has linear charge density '\
'. The electric field at its centre is ( £ = permittivity of free space)

MHT CET 2023 14th May Morning Shift
Options:
A 2

B. %0

C. 2

27['80
D. )
Answer: C

Solution:
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q
A==

l
q=AXl=Axnar

The electric field at its centre is,

9 Amr
dmegr?  4dmeor2
A
E =
4€Qr

Question85

A conducting sphere of radius 0.1 m has uniform charge density 1.8,C/m? on
its surface. The electric field in free space at radial distance 0.2 m from a point
on the surface is ( £y) = permittivity of free space)

MHT CET 2023 14th May Morning Shift
Options:

-6 o
A, &0y,

-8 -
B. —6X;(? Vm !

77 _
C. —2X51[? Vm !

_7 _
D, 100y

Answer: C

Solution:

To find the electric field at a distance of 0.2 m from the surface of the conducting sphere, we can use Gauss's Law. For a
spherical charge distribution, the electric field at an external point is the same as if all the charge were concentrated at the
center of the sphere.

First, we calculate the total charge @ on the sphere. The charge density o is the charge per unit area, so multiplying it by the
surface area A gives us the total charge Q.

The surface area of a sphere is given by:

A = 4mr?

Where r is the radius of the sphere. Plugging in the given radius of 0.1 m,

A = 47(0.1 m)? = 0.047 m*

The charge density o is given as 1.84C/m?, which is 1.8 x 107°C/m?2. Now compute the total charge Q:

Q=0 A= (18 x 1079C/m?)(0.047 m?)
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Q = (1.8 x 107%) - (0.047)C = 7.2 x 10~ ¥xC

Gauss's Law states that the electric field E multiplied by the surface area of an imaginary sphere A’ that encloses the charge
is equal to the total charge @ enclosed divided by the permittivity eo:

E-A=2

€0

For a radial distance of 0.2 m from the surface, the actual radial distance from the center of the sphere will be the sum of the
sphere's radius (0.1 m) and the distance from the surface (0.2 m), giving us:

R=01m+02m=03m

The area of the Gaussian surface A’ is now:

A’ = 47(0.3 m)? = 0.367 m*

Plugging the values back into the equation we have:

_ 7.2x10°%x C
€0-0.36m m?

_ 7.2x10°%
E= 0.36¢,

_ 72 108
E=335% %=

E=20x1"ym!
107 -1
Now, the value obtained is that the electric field E at a radial distance of 0.2 m from the sphere's surface is equal to:
2x10~7 ~1
E= ><TVm

This matches Option C.

Question86

The work done in rotating a dipole placed parallel to the electric field through
180° is W. So, the work done in rotating it through 60° is
(cos 0° =1,cos60° = %,cos 180° = —1)

MHT CET 2023 13th May Evening Shift
Options:

A. AW

B.3W

C.W/2

D.W/4

Answer: D
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Solution:

*.» Work done in rotating dipole by 8 angle from equilibrium,

W = pE[l —cosf] ... @A)
= W =pE[1— cos180°]
= W =pE[1+1]=2pE

or pk = % ..... (i1)

and W' =pE (1 — cos60°]

1 pE

"=pE|l1—- =| =—7—

= Wi=p [ 2} 5
= W’z% ..... (iii)

From Eq. (i) put the value of pE in Eq. (iii), we get

r_ W _ W I _ W
= W=35=01=>W=9

Question87

In the electric field due to a charge (), a charge ¢ moves from point A to B.
The work done is ( €9 = permittivity of vacuum)

MHT CET 2023 13th May Evening Shift

Options:
1 Qg

‘ 47’('2’;’0 r2

B.

4me 0

|9
X
o3

C. -1

47('&‘0

<2
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D. Zero

Answer: D

Solution:

The electric field due to a single charge has point symmetry, or single charged forms spherical equipotential surface.

The work done in moving a charge on this spherical surface is always zero.

Question88

Which of the following statements is "WRONG' for the conductors?

MHT CET 2023 13th May Morning Shift

Options:

A. In static situation, the interior of conductor can have no charge.
B. The net electrostatic field is zero in the interior of a conductor.

C. The electrostatic field just outside the surface of charged conductor must be tangential to the
surface at any point.

D. The electrostatic potential is constant within and on the surface of a conductor.

Answer: C

Solution:

The electric field just outside the surface of the conductor is perpendicular to the surface which is a property of conductors in
electrostatic equilibrium.

Question89

A charged spherical conductor of radius 'R' is connected momentarily to
another uncharged spherical conductor of radius '7' by means of a thin
conducting wire, then the ratio of the surface charge density of the first to the
second conductor is

MHT CET 2023 13th May Morning Shift
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Options:
A.R:r1?
B.R:r
C.r:R
D.1:1

Answer: C

Solution:

V1 = V3 (.- both the conductors have the same potential as they are connected)

q1 q2
= — =—
R r
. q
o= ——
4T R?

The ratio of their charge densities is:

o B
oy 3—§
o R
Question90

If the magnitude of intensity of electric field at a distance 'r;' on an axial line
and at a distance '7' on an equatorial line due to a given short dipole are
equal, then 7 : 7o, is

MHT CET 2023 13th May Morning Shift
Options:

A.V2:1

B.v2:1

C.1:2

D.1:+/2

Answer: A

Solution:
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Eaxial - Eequatorial = kE = ,r,_g
T_l — L/B = \3/5 01
T 1

Question91

Three charges each of value +q are placed at the corners of an isosceles
triangle ABC of sides AB and AC each equal to 2a. The mid points of AB and
AC are D and F respectively. The work done in taking a charge ) from D to
E'is (g9 = permittivity of free space)

MHT CET 2023 13th May Morning Shift
Options:
A. Zero

B 3¢Q

* 4dmepa

C. 8

8mepa

D 39Q

* 8mepa
Answer: A
Solution:
Given AB = AC = 2a
Vp = Vg (*." D and E are mid-points)
The work done in taking a charge q from D to E is
W =qAV =q(Vp — Vi)

W = 0 (Equipotential surfaces)

Question92

Select the correct statement from the following.

MHT CET 2023 12th May Evening Shift
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Options:

A. Gravitational force is stronger than electrostatic force

B. Gravitational as well as electrostatic force always attractive.

C. Gravitational as well as electrostatic force always act along the line joining the two objects.
D. Inverse square law (F x r%) is not obeyed by electrostatic force.

Answer: C

Solution:

The correct option is:
Option C: Gravitational as well as electrostatic force always act along the line joining the two objects.
Explanation:

Option A is incorrect because gravitational force is actually much weaker than the electrostatic force. The gravitational force
between two particles is given by Newton's law of gravitation:

_ myms
F, gravity G 71‘2

where G is the gravitational constant, m; and m are the masses of the particles, and r is the distance between their centers.
On the other hand, the electrostatic force is given by Coulomb's law:

9102 |
Fejectrostatic =k 2

where k is Coulomb's constant, and g; and g3 are the electric charges of the particles. The electrostatic force is much stronger
than the gravitational force because the gravitational constant G is a much smaller number than Coulomb's constant k.

Option B is incorrect because the electrostatic force can be either attractive or repulsive, depending on whether the charges
are opposite (attractive) or like charges (repulsive). However, the gravitational force is always attractive, as it always acts to
pull masses together.

Option C is correct. Both gravitational and electrostatic forces act along the straight line joining the centers of the two masses
or charges, respectively. This line is known as the line of action for these forces.

Option D is incorrect because the electrostatic force does indeed obey an inverse square law, just like the gravitational force.
Both forces diminish in strength with the square of the distance between the two objects, as is reflected in the equations for
both forces (Newton's law of gravitation and Coulomb's law).

Question93

Two point charges 'ql' and 'q2' are separated by a distance 'd'. What is the
increase in potential energy of the system when 'g2' is moved towards 'ql' by a

distance 'x' ?(z < d)( 47350 = K, constant)

MHT CET 2023 12th May Evening Shift
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Options:

C- T
D. %

Answer: A
Solution:

. .. _ kqiq
The potential energy between two charges is given as U = — =%

Initial potential energy is Uy = @

When charge g2 moves towards the g; the separation between the charges becomes d — x

The final potential energy is Us = —(l%y

The increase in potential energy is

AU =U; - U
_ kaige . k1gs
AU = d (d—x)
AU =kq;q2 (id — dl_x>
~ —kqg;qox
)
Question94

Three point charges +(Q, +2q and +q are placed at the vertices of a right
angled isosceles triangle. The net electrostatic potential energy of the
configuration is zero, if () is equal to

Get More Learning Materials Here : & m &) www.studentbro.in



+2q

l

+Q ¢ a

q

N

MHT CET 2023 12th May Evening Shift

Options:
A. —@q
B.+%2q
C. —%q
D.+5q
Answer: A

Solution:

Net electrostatic potential energy of the system is,
1 2 2
dmey \ a a V2a
2
Q+2Q0+-L -0
V2

3Q +v2¢=0
_ Vg
Q= 3

Question95

Two electric dipoles of moment P and 27P are placed on a line with their
centres 24 cm apart. Their dipole moments are in opposite direction. At which
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point the electric field will be zero between the dipoles from the centre of
dipole of moment P?

MHT CET 2023 12th May Morning Shift
Options:

A. 6 cm

B. 8 cm

C.10 cm

D. 12 cm

Answer: A

Solution:

Dipole of moment p is at a distance x from N

...a.
: N 27P
1 ) - .- ----- —— b
“«— X —>»

— My —

At N,|E. F. due to dipole 1| = |E. F. due to dipole 2|

1 2p 1 2(27p)

4meg X3 4dmey (24 —x)3

1 27
; = m =x=06cm.
Question96

An electron of mass 'm' and charge 'q' is accelerated from rest in a uniform
electric field of strength 'E'. The velocity acquired by the electron, when it
travels a distance 'L', is

MHT CET 2023 11th May Evening Shift

Options:
2g m
AN T
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B. \/ 2aEL

2Em

qL

aE
D.\/ 4T

Answer: B
Solution:

We know
F=maand F =qF

gE = ma
qE

.
m

According to equation of motion,

v?—u?=2aL
v? — 0% = 2aL
v? = 2aL

v=V2aL

2qFEL
- u=4/
m

Question97

Two positively charged identical spheres separated by a distance 'd' exert some
force (F) on each other when they are kept in air. If both the spheres are
immersed in a liquid of dielectric constant 5 , the force experienced by each is
(All other parameters are unchanged.)

MHT CET 2023 11th May Morning Shift

Options:
A.5F

F
B. £
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C.

e |y

D.

oy

Answer: D

Solution:

The ratio of force when the medium is changed will be:

Fy

TF, k&

|—

Here, k = 5,

Therefore, the force experience by each will be %

Question98

Two charges of equal magnitude 'q' are placed in air at a distance '27' apart
and third charge '—2q' is placed at mid point. The potential energy of the
system is (€9 = permittivity of free space)

MHT CET 2023 11th May Morning Shift

Options:
A — 8735201«
B. - 8:7)’:;(2]1‘
C 5k
D. - szrgzr
Answer: D
Solution:

Potential energy of 'n' point charges,

_ 1 9j9k
U= 4me Z Tik
all pairs

For 3 point charges,
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q(2q9)  q(29) N q(q)

v=- dmegr  Ameor | 4dmeq(2r)
2¢* 2¢* g
U=-— -
dmegr  Amegr  dmeo(2r)
U 4q* 4q* q°
~ 8megr  8megr  8me,r
_
~ 8meyr
Question99

o
An electron moving with velocity 1.6 x 10" m /s has wavelength of 0.4 A. The
required accelerating voltage for the electron motion is [charge on electron
= 1.6 x 10" °C, mass of electron = 9 x 103! kg |

MHT CET 2023 11th May Morning Shift
Options:

A.7.2x10°V

B.7.2x10%V

C.7.2V

D.7.2x 1072V

Answer: B

Solution:

When an electron is accelerated through a voltage its kinetic energy is converted into electric potential energy:

K=U

1
Emv2 =eV

mv2

2e

(9 x 10731) (1.6 x 107)*
Ve e om0y

Question100

Three point charges +q, +2q and +(Q are placed at the three vertices of an
equilateral triangle. If the potential energy of the system of three charges is
zero, the value of () in terms of g is
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Options:
AQ=-X
B.Q=-3q
c.Q=2%
D.Q=1¢
Answer: A
Solution:

Potential energy due to +q and +2q,

Potential energy due to +@Q and +2g,

Us KQ(2q)

= r
Given: Potential energy of system = 0

. U +Uy4+U3=0

Kq(2q) N KqQ n KQ(2q) ~0

r r r
2+ Q+2Q=0
3Q=-2q

Q:Tq

Question101

The bob of a simple pendulum of length 'L' has a mass 'm' and charge 'q'. The
pendulum is suspended between the plates of a charged parallel plate
capacitor. The direction of electric field is shown in figure. The period of
oscillations of the simple pendulum is (acceleration due to gravity g > qE/m)

Get More Learning Materials Here : & m &) www.studentbro.in



o

+H+ 4+
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Options:

A. 27r\/Z
g

B. 27| —&

o=

)=

C.2m _Lﬂ

o=

L
D. 2n s

Answer: C

Solution:

Electric force, Felectric = qF
The effective force,

mges = Mg — Felectric

qE

Beff =8 — ——
m

The period of oscillation for a simple pendulum,

— /L
T =27 :

Time period when pendulum is suspended between the plates,
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Question102

Assume that an electric field E = 30x2i exists in space. If 'V' is the potential
at the origin and 'V4' is the potential at x = 2 m, then the potential difference
(V A — Vo) is

MHT CET 2023 10th May Evening Shift

Options:
A.—-80J
B. -120J
C.80J
D.120J
Answer: A
Solution:

dV = E -dz
Va 2

/dV— —/30x2da:

Vo 0
Vy — Vo = —[102%]2 = —80J

Question103

An electric dipole consisting of two opposite charges of 2 x 10 °C separated
by a distance of 3 cm placed in an electric field of 2 x 10° N /C then the
maximum torque acting on dipole is

MHT CET 2023 10th May Morning Shift
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Options:

A.12x10°'N—m
B.24x 103N —m
C.12x10 3N —m
D.24x 107! N—m

Answer: C

Solution:

Dipole momentp =q x 21 =2 x 1076 x 3 x 1072
=6 x 107%Cm
Tmax = pE sin @ = pE sin 90°
=6x107%x2x 10° x 1
=12 x 10 *Nm

Question104

When a charge of 3 C is placed in uniform electric field, it experiences a force
of 3000 N. Within this field, potential difference between two points separated
by a distance of 1 cm is

MHT CET 2023 9th May Evening Shift
Options:

A 10V

B.90V

C. 1000 V

D. 3000 V

Answer: A

Solution:

Electric force, F' = gFE and potential difference, V = Ed

-2
V — % — 3000;10 — 1OV

[Note: Framing of question is modified to arrive at the correct answer.]
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Question105

The charges 2q, —q, —q are located at the vertices of an equilateral triangle. At
the circumcentre of the triangle

MHT CET 2023 9th May Evening Shift
Options:

A. the field is zero but potential is not zero.

B. the field is non-zero but the potential is zero.

C. both, field and potential are zero.

D. both. field and potential are non-zero.

Answer: B

Solution:

From charge configuration, at the centre electric field is non-zero.

Potential at the centre due to 2q charge Vaq = ? and potential due to —q charge

Vog=-2

~  (r = distance of centre point)

total potential V.= Vo, + V_+V_, =0

Question106

A solid metallic sphere has a charge +3(@). Concentric with this sphere is a
conducting spherical shell having charge —Q). The radius of the sphere is 'A’
and that of the spherical shell is 'B'. (B > A). The electric field at a distance '
R' (A < R < B) from the centre is (£o = permittivity of vacuum)
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Options:

Q
A. 2megR

3Q
B‘ 2megR

c. 22

* 4megR?

D. 2@

* 2meoR?

Answer: C

Solution:

We know the electric field inside a shell is zero. So, we only consider the electric field due to the solid sphere.

4 we get
4meg 72’

_ 1 (9
N 471'8() R?

Using £ =

Question107

If the radius of the spherical gaussian surface is increased then the electric flux
due to a point charge enclosed by the surface

MHT CET 2022 11th August Evening Shift

Options:

A. increases

B. remains unchanged
C. decreases

D. zero

Answer: B

Solution:

If the radius of the spherical Gaussian surface is increased, then the electric flux due to a point charge enclosed by the surface
remains constant.
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Flux depends only on the enclosed charge. It does not depend upon the size or shape of the Gaussian surface.

Question108

Three equal charges 'q;', ''qs' and 'q3' are placed on the three corners of a
square of side 'a'. If the force between q; and q- is 'F{5' and that between q;

and g3 is 'F13', then the ratio of magnitudes (?—ﬁ) is

MHT CET 2022 11th August Evening Shift

Options:

D. 2

Answer: D

Solution:

q:—4q

2
I
L

q2 = 9

B a C

Three equal charges are kept at the corners A, B, C of a square ABCD.

.". The force between q; and g5 is F9

__1 gxa _ _1 g
al’ldFlz— Treg a2 1 22
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Question109

Three charges each of +11C are placed at the corners of an equilateral
triangle. If the repulsive force between any two charges is F, then the net force
on either charge will be [cos 60° = 0.5]

MHT CET 2021 24th September Evening Shift
Options:

A.2F

B. 3F

C.vV2F

D.V3F

Answer: D

Solution:

The force on any charge due to each of the other two charges has magnitude F.
The angle between the two forces is 60°.

Hence the resultant force is given by

R=+VF2+ F?2+2F2c0s60° = V3F

60°
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Question110

Four electric charges +q, +q, —q and —q are placed in order at the corners of
a square of side 2 L. The electric potential at point midway between the two

positive charges is

MHT CET 2021 24th September Evening Shift
Options:
A =B VE)

B. zero

1 2 1
C. 47eq Tq<1 + %)

1 2 1
D. 47eq Tq(l o ﬁ)

Answer: D
Solution:
~q 2 R Biq
2L
_q _—
D L c
- »

DP?=(2L)2+1L2=4L*4+12=5L"
. DP=+5L=CP
AP=BP=1L

.. Potential at point P due to the four charges
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Questionl11

The electric field intensity on the surface of a charged solid sphere of radius '’
and volume charge dentiy 'p' is given by (ep = permittivity of free space)

MHT CET 2021 24th September Morning Shift

Options:
A. zero

B. 2~

36[)

C. L ¢

dmeg T

D. &

6eq

Answer: B

Solution:

The electric field intensity on the surface is given by

1
E— q
4dmeqy 12

e (D)

Butq = g7rp

Putting this value of q in Eq.(1) and simplifying we get
E=Z

3eg.

Question112

_>
Let A, B and C be the three points in a uniform electric field ( E) as shown.

The electric potential is
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Options:

A. maximum at point C

B. maximum at point A

C. maximum at point B

D. same at all points A, B and C

Answer: C

Solution:

The electric potential decreases in the direction of the field. Hence field is maximum at B.

Question113

Two positive ions, each carrying a charge 'q' are separated by a distance 'd'. If
'F' is the force of repulsion between the ions, the number of electrons from
each ion will be (¢ = charge on ¢, = permittivity of free space)

MHT CET 2021 23rd September Evening Shift

Options:

A dmeq d>

e2

4me Fd
B. y/4mgfd
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4megFd?
C. |/ dmeofd
47e Fd?
D. /4

Answer: D

Solution:

oL q* 1 _(ne)27 1 n%’
dmeg g2 dmeg 42 drey g2

4re Fd?
Cn— /
e2

Question114

Three charges —q, Q and —q are placed at equal distances on a straight line. If

the total potential energy of the system of three charges is zero then the ratio

Qis
q
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Options:
Al1:2
B.1:1
C.1:4

D.1:3

Answer: C

Solution:

|
T g

4 o
|
Lo

L
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Potential energy of the system is zero.

L (—Q'Q+—Q'Q++(—Q)(—Q)):O
4meg T T 2z
¢
¢ o o 4. Q 1
Or—2Q+%—O ..2Q—50r7_Z
Question115

Two point charges +3uC and +8uC repel each other with a force of 40 N. If a
charge of —5uC is added to each of them, then force between them will
become
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Options:
A.—10N
B. 10N
C.20N
D. -20 N
Answer: A

Solution:

Redistribution of charges takes place.

Charge q; = 3uC and Charge q, = 8uC

When third charge q3 = —5uC is added to each, then new charges on q; and g2 will be

Casel 40 = L .3x8

4me r2

Casell F = -1 (23

4meg r2

Get More Learning Materials Here : & @ &) www.studentbro.in



. F _ —2x3 _
.E—ﬁéF——ION

Question116

In hydrogen atom an electron revolves around a proton (in nucleus) at a
distance 'r' m. the intensity of electric field due to the proton at distance 'r' is

5 x 10"'NC ™, the magnitude of force between the electron and proton is
[charge on electron = 1.6 x 107°C]
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Options:
A.4x 108N
B.8 x 108 N
C.4x10°8N
D.8 x 108N

Answer: D

Solution:

To find the magnitude of the force between the electron and proton, we can use the relationship between the electric field and
the force on a charge. The force F on a charge q in an electric field E is given by:

F=¢E

Here, the electric field intensity due to the proton at distance r is given as:
E=5x10"NC™!

The charge on the electron is:

g=16x10"1C

Substituting these values into the equation for the force:

F = (1.6 x 10 °C) x (5 x 10"NC ™)

F=8x10°8N

Therefore, the magnitude of the force between the electron and proton is:

Option D: 8 x 103N
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Question117

Two charged metallic spheres are joined by a very thin metal wire. If the
radius of the larger sphere is four times that of the smaller sphere, the electric
field near the larger sphere is
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Options:

A. twice that near the smaller sphere

B. quarter of that near the smaller sphere
C. same as that near the smaller sphere
D. half of that near smaller sphere

Answer: B

Solution:

When two charged metallic spheres are joined by a very thin metal wire, they come to the same electric potential because the
wire itself is a conductor and will ensure that the potential difference between the two spheres becomes zero. Let's denote the
radii of the smaller and larger spheres as R, and Ry, respectively. According to the problem, the radius of the larger sphere is
four times that of the smaller sphere:

R =4R;

When the spheres reach electrostatic equilibrium, they share the same electric potential. The electric potential V' on the
surface of a sphere is given by:

V=4

4megR
where q is the charge on the sphere, € is the permittivity of free space, and R is the radius of the sphere.

Let the charges on the smaller and larger spheres be g, and qy,. Since the spheres are at the same potential, we have:

gs — gr
4meg R, 4dmeg Ry,

Eliminating the constants and solving for the charges, we get:

s _ 9L
R, = Ry

Since Rr, = 4R, we can substitute and rearrange to find:
qr = 4qs

Now, the electric field E near the surface of a sphere is given by:
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E= 1

4megR?
For the smaller sphere, the electric field near its surface is:

— gs
Es = 4meR?

For the larger sphere, substituting q;, = 4¢q, and R; = 4R, into the electric field equation gives:

_ 4q,
EL= 4reo(4R,)2

Simplifying, we get:

_ 4qs G
Er = 4meg-16R2 ~—  16meoR2
J— ES
Ep=Z

Therefore, the electric field near the larger sphere is a quarter of that near the smaller sphere.
The correct answer is:

Option B: Quarter of that near the smaller sphere

Question118

A charged spherical conductor has radius 'r'. The potential difference between
its surface and 3 point at a distance '3r' from the centre is 'v' The electric
intensity at a distance '37' from the centre of the conductor is
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Options:

A. =

B. &

C.

D. =

Answer: D

Solution:

To determine the electric intensity at a distance 3r from the center of the charged spherical conductor, we first need to
understand the relationship between potential difference and electric field.

The potential due to a charged spherical conductor at a distance r from its center is given by:

V=2

4reor

where @ is the charge on the conductor and €y is the permittivity of free space.
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The potential at the surface of the conductor (radius r) is:

Vi = 5>

Amegr

The potential at a distance 3r from the center is:

V,— 9 ___2Q

T 4meo-3r — 12meor

The potential difference between the surface and the point at a distance 3r (given as v) is:

v:V1—V2:L— Q

Aeor 12meor

Simplifying the difference, we get:

v:Q(l_l)_Q'2 Q

4megr 3/ 7 A4megr 3= 6megr
The electric field intensity at a distance 37 from the center is given by:

F__9Q __Q

dmeo-(3r)2 T 36meor?

From the potential difference equation, we can express ) in terms of v and substitute it back:

Q — 67\'6107"[)

Thus, the electric field intensity at a distance 3r is:

6reqry
— 1 _ 6bv _ w
E= 36meer2 — 36r — 6r

Hence, the electric intensity at a distance 37 from the center of the conductor is:

Option D: ¢~

Question119

Two spherical conductors of radii 4 cm and 5 cm are charged to the same
potential. If '0;' and 'o>' be the respective values of the surface density of
charge on the two conductors then the ratio o : o5 is
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Options:
A.5:4
B.3:2
C.4:3
D.2:1

Answer: A

Solution:
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When two spherical conductors are charged to the same potential, the relationship between the potential (V'), surface charge
density (0), and radius (R) of the conductor can be utilized to find the ratio of the surface charge densities o1 and 2. The
electric potential on the surface of a charged spherical conductor is given by:

-1 .9
V_47reg R

Where:

¢ V is the potential,

o () is the total charge,

¢ R is the radius of the sphere,

* ¢ is the permittivity of free space.

The surface charge density (o) is defined as the charge per unit area, so:

Q

0= re

Combining these expressions, we can express the potential in terms of the surface charge density as follows:

V:aR

€0

Given that the two spheres are charged to the same potential (V1 = V2 = V), and the radii are R; = 4 cm and Ry = 5cm, we
can set up the equality:

o _ oRy

€0 €0

Upon simplifying, €y cancels out on both sides, allowing us to solve for the ratio of o to o2 directly:

o1R1 = 02R»
Thus,

o _ By

o2 R

Plugging in the given radii values:

q|q
il fin
I
NS

This corresponds to the ratio of surface charge densities:
o1:09=>5:4
Therefore, the correct answer is:

Option A5 : 4

Question120

An electron of mass 'm' and charge 'q' is accelerated from rest in a uniform
electric field of strength 'E'. The velocity acquired by the electron when it
travels a distance 'L’ is

MHT CET 2021 22th September Evening Shift

Options:
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2qE

mL

2Em
B/

qE
D. X\ o

Answer: C

Solution:

The correct option for the velocity acquired by an electron when it travels a distance 'L' in a uniform electric field of strength
'E' is found by considering the work done by the electric field on the electron and equating it to the kinetic energy gained by
the electron.

The work done by the electric field on the electron is given by the product of the force (F') exerted by the electric field on the
electron, and the distance (L) over which this force acts. The force exerted by the electric field on a charge is given by

F = gFE, where q is the charge of the electron, and F is the strength of the electric field. Therefore, the work done (W) by the
electric field can be expressed as:

W=F-L=gqEL

According to the principle of conservation of energy, the work done by the electric field is converted into kinetic energy (K)
of the electron. The kinetic energy of an object with mass m and velocity v is given by K = %mv2. Therefore, we equate the
work done to the kinetic energy to find the velocity:

_ 1.2
qEL = ;mv

Solving this equation for v to find the velocity of the electron after traversing the distance L yields:

v — 1/ 24EL
m

Hence, the correct answer is

. . 2qEL
Option C: y/ =—

Question121

Two particles A and B having same mass have charge +q and +4q
respectively. When they are allowed to fall from rest through same electric
potential difference, the ratio of their speeds 'V4' to 'Vg' will become
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Options:

A.1:2
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B.2:1
C.1:4
D.4:1

Answer: A

Solution:

To find the ratio of the speeds V4 to Vg of two particles A and B after falling through the same electric potential difference,
we should consider the work done by the electric field on each particle due to the potential difference. This work done will
convert into kinetic energy for each particle assuming they start from rest.

The work done on a charge by an electric potential difference V is given by the formula:
W =qV
where

¢ W is the work done or energy gained,
¢ ¢ is the charge of the particle, and
¢ V is the electric potential difference.

Since the initial kinetic energy of both particles is zero (as they are initially at rest), the entire work done on each will convert
into its kinetic energy. The kinetic energy (K) of a particle is given by:

K = %mvz

where

* m is the mass of the particle, and
e v is its speed.

Thus, for particle A with charge +q,
qV = %mVj

And for particle B with charge +4gq,
4qV = $mV2

Now, to find the ratio of their speeds, V4 to Vg, we can set up a ratio using the above equations. Dividing the equation for
particle A by the equation for particle B,

TmVi
iV = Tav2

Simplifying the equation gives,

1 _ Vi

STV
Taking the square root of both sides,

Ya _
Ve

1

2

This means the ratio of their speeds V4 : Vpis1: 2.
Therefore, the correct answer is:

Option A: 1: 2.
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Question122

A point charge Q is placed at the centre of the line joining two equal point
charges +q and +q. The value of () if the system of the charges is in
equilibrium, is
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Options:
o

B. —

N}

9
4

a
Jr

D.

i

Answer: B

Solution:

The forces on charge Q due to the other two charges will be equal and opposite and hence it will be in equilibrium.

Force on +q due to the other two charges should also be equal and opposite. Their magnitudes will be equal if

1 4 1 qQ 1 49Q
4mey 12 4meg )2  4meg r2

(
C.q=4Q orQ:%

+q Q q
» : o
< >
r
5.q=4Q
orQ=4

Q and q should have opposite signs so that the two forces are opposite in direction.

Q=-

e

Question123
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When a piece of polythene is rubbed with wool, a negative charge of
4 x 10~ 7C is developed on the polythene. The number of electrons transferred
from wool to polythene is [e = 1.6 x 107 1°C]
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Options:

A. 1.5 x 10"

B. 3.5 x 103

C.2.5 x 10*

D. 2.5 x 10*2

Answer: D

Solution:
g=4x10"7
qg = Ne

9 _ _4x107" 12
N = e = Tox10 0 — 2.5 x10

Question124

A hollow metal sphere has a radius 'r'. The potential difference between a
point on its surface and at a point at a distance '3r' from its centre is 'V'. The
electric intensity at the distance '3r' from the centre of the sphere will be :
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Options:

A 3
B.3Vr
c.X
D. &

6r

Answer: D
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Solution:

Given a hollow metal sphere with a radius r, if it is charged, the electric field E outside the sphere behaves just as if all the
charge were concentrated at the center.

From the properties of spherical conductors, the potential V" at a distance r from the center due to a point charge @ is given
by :

where k is Coulomb's constant.
Now, let the potential at the surface of the sphere be V7 and the potential at a distance 3r be V5.
Given :

Vo-" =V

Q==Y @
The electric field E at a distance 3r from the center of the sphere is given by:

_ k@
E= Gy

Using equation (i),

x(=3rV/2k)
E= 55
E=5
Question125

'F" is the force between the two identical charged particles placed at a distance
"Y' from each other. If the distance between the charges is reduced to half the
previous distance then force between them becomes

MHT CET 2021 21th September Morning Shift
Options:

A

B.4F

C.2F
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F
D. L

Answer: B

Solution:

Question126

A uniformly charged semicircular arc of radius 'r' has linear charge density
(M), is the electric field at its centre? ( €,= permittivity of free space)
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Options:

A, 2

4607’

B 2meq

A
C. 2

D. 2«

Answer: A

Solution:

The electric field at the centre due to a small element ds of the ring is given by

dE = _1 Ads

4mey 12

The field can be resolved along X and Y directions as shown in the figure.Similarly field due to symmetrically situated
another element can also be resolved along X and Y directions. The X-components are in the same direction and get added
while the Y-components are in opposite directions and cancel each other. Hence, the total field due to the range is
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dE

> dE cos ©

4 dE
dE sin 8

E = [dEcos§
~E = [=2%cos
Adf cos 0 A /2
= Tleo—ﬂ = 471507 /2 cos 0do
. /2
= 2], = 2= 20 - (<)
_ 1 a9 _ A
dmeg T 2megr
Question127

A hollow charged metal sphere has radius 'R'. If the potential difference
between its surface and a point at a distance 'S R' from the centre is V, then
magnitude of electric field Intensity at a distance 'SR' from the centre of
sphere is
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Options:
v

A 5
Y

B. m

C.10VR
D. 20VR

Answer: B
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Solution:

1 ¢ 1 gq
" 47mey R 4meg DR

1 q4
" 4re Eg
p-_t . 4
4mey  25R?
E 1 1%
v =208 P 2r
Question128

An electric dipole having dipole moment P = q x 2/ is placed in a uniform
electric field 'E'. The dipole moment is along the direction of the field. The
force acting on it and its potential energy are respectively
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Options:

A. qE and minimum
B. gE and maximum
C. 2qE and minimum
D. zero and minimum

Answer: D

Solution:

A dipole has two equal and opposite charges. In a uniform electric field, the two charges will experience equal and opposite
force, hence net force will be zero.

The potential energy of an electric dipole is given by
U = —pEcosb

where 6 is the angle between the dipole moment and the electric field. The potential energy will be minimum when cos 6 is
maximum.

For 8 = 0°, cos 6 has maximum value equal to 1.

.. U= —pE when 0 = 0°.
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Question129

A uniformly charged half ring of a radius ' R ' has linear charge density 'o'.
The electric potential at the centre of the half ring is ( ¢) = permittivity of free
space)
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Options:

A =

B. =

C. &

D. %~

Answer: D

Solution:
If q is the charge on the ring, then the potential at the centre is given by
V= 3

471'60

Butq =0 xR

Question130

A spherical conducting shell of inner radius 'r;' and outer radius 'r,' has a
charge 'Q'. A charge —q is placed at the centre of the shell. The surface charge
density on the inner and outer surface of the shell will be

Q

2
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Options:
q Q—q
A. 47r7'% and 471'1‘%
q Q
B. 47r? 4

C. =% and 2

2 2
4mr] 4mrs

D. zero and &4
4mrs

Answer: A

Solution:

Due to charge —q at the centre of the shell, a charge q will be induced on the inner surface and —q on the outer surface. The

charge on outer surface will become Q — . Hence, surface change densities will be 4—7';; and %‘3—
1 2

Question131

%
A charge of magnitude '2¢' and mass '4m’' is moving in an electric field E. The
acceleration imparted to the above charge is
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Options:
2m
Ee

C 2Ee

* 3m

3m
D. 2Ee

Answer: B
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Solution:

Force, F = Charge x Electric field = 2eE

: _ Force _ 2E _ eE
Acceleration = 3= = 4= = 5=

Question132

Van de Graaff generator produces

MHT CET 2020 19th October Evening Shift

Options:

A. high voltage and high current
B. high voltage and low current
C. low voltage and low current
D. low voltage and high current

Answer: B

Solution:

The Van de Graaff generator is specifically designed to produce a very high voltage while only providing a very low current.
Here’s a brief explanation of why:

The generator uses a moving belt to transport electrical charge to a large, hollow metal sphere.
This accumulation of charge creates a high electric potential (voltage) on the sphere.
However, due to its design, the amount of current (the flow of charge per unit time) is very limited.

So, the correct answer is:

Option B: high voltage and low current.

Question133

A spherical rubber balloon carries a charge, uniformly distributed over the
surface. As the balloon is blown up and increases in size, the total electric flux
coming out of the surface
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Options:

A. increases

B. remains unchanged
C. becomes zero

D. decreases

Answer: B

Solution:

A spherical rubber balloon carries a charge uniformly distributed over its surface. As the balloon is inflated and its size
increases, the total electric flux emanating from the surface does not change.

The electric field intensity due to a point charge placed at the center of a sphere with radius r is given by:

E=-+124

4rey

As the balloon expands, the charge enclosed by the Gaussian surface doesn't change. Therefore, the electric field intensity E
remains the same. The electric flux ¢ is defined by the relationship:

¢=E-dS

Since the electric field E remains constant, the electric flux ¢ remains unchanged.

Question134

Surface density of charge on a charged conducting sphere of radius R in terms
of electric field intensity E at a distance r in free spaceis (r > R,eg =
permittivity of free space)
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Options:
A eoB(£)”

B. €0E%
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C.eoB(%)?
D. EoE%
Answer: C

Solution:

The electric field intensity at a distance r from the conducting sphere is

Dividing Egs. (ii) by (i), we get

o Q 4megr? r\2
— X =€y ( )
E  4rnR? Q

Question135

In case of dimensions of electric field and electric dipole moment the power of
mass is reswpectively,
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Options:
A 1,1
B.1,0
C.0,1
D.0,0
Answer: B

Solution:

To determine the dimensions of the electric field and the electric dipole moment concerning the power of mass, let's analyze
each one:
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Electric Field:
The expression for the electric field E is given by:

E=L%
q

Where F' is the force and q is the electric charge.
The dimensions of force F' are:

[F] = [MLT ]

The dimensions of charge g are:

lq] = [AT]

Therefore, the dimensions of the electric field E are:

[E] = %l = [MLT *A Y]

This shows that the power of mass in the dimensions of the electric field is 1.

Electric Dipole Moment:

The electric dipole moment m is defined as m = 1 x A, where I is the current and A is the area.
The dimensions are given by:

[m] = [AL?] = [M°L2T°A]

This indicates that the power of mass in the dimensions of the electric dipole moment is 0.

In summary, for the electric field, the power of mass is 1, and for the electric dipole moment, it is 0.

Question136

A charged conductor produces an electric field of intensity 10° V/m just
outside its surface in vacuum. Then, it produces the electric field of intensity E
just outside its surface, when it is placed in a medium of dielectric constant 4.
The value of E will be
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Options:

A.400 V/m

B. 450 V/m

C. 250 V/m

D.150 V/m
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Answer: C

Solution:

Given that a charged conductor produces an electric field intensity of 10® V /m just outside its surface in a vacuum, we need
to determine the electric field E when the conductor is placed in a medium with a dielectric constant of 4.

The electric field in a medium with a dielectric constant K is given by:
— Eo

E=%

Substituting the given values:

E=1" —250V/m

Thus, the electric field intensity just outside the surface of the conductor when placed in the medium is 250 V/m.

Question137

Which of the following is the dimensional formula for electric polarisation?
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Solution:

Electric polarisation (P) is given by
P =¢oxE
where, F is electric field and y is electric susceptibility and it is dimensionless quantity,

Dimensional formula of P = Dimensional formula of (¢¢) x Dimensional formula of E

= [M'L*T*I?| [MLT *I '] = [M°L*T'I"|

Question138
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Which of the following molecules is a polar molecule?
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Options:

A. %
B. “
C. ‘

D. I

Answer: D

Solution:

A polar molecule is a molecule containing polar bonds, where the sum of all the bonds dipole moment is not zero.In case of
H>0, the bonds are inclined at an angle, so the net dipole moment is non-zero. Hence, H2O is a polar molecule while in all
other cases the dipole moment are balanced, so the net moment is zero.
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