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NEET Important Questions with Solutions from Electrostatics

Q.1. A pair of parallel metal plates are kept with a separation d. One plate is at a potential +V and the other is at ground potential.
A narrow beam of electrons enters the space between the plates with a velocity vg and in a direction parallel to the plates.
What will be the angle of the beam with the plates after it travels an axial distance L?

mdv?

Answer: tan-1 ( eVL)

Solution:  Distance between the parallel plates = d

The axial distance of beam from the centre of parallel plates = L

As, time, ¢t = -distance L
velocity Vo
Yy
4
)
d L ’_,,-I v,

. _ (eE _ e V L
y-component of velocity, vy, = (W)t = Xt
_ €eVL
= Uy = mduvg
. tanezﬁ __elV _ eVL
: Vz mdvo-vo mdv}

= 0 =tan! ( EVL2>
mdug
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Q.2. —
An electric dipole of dipole moment ? is oriented parallel to a uniform electric field E , as shown. It is rotated to one of the

four orientations shown below. Rank the final orientations according to the change in the potential energy of the dipole-field
system, most negative to most positive.

Lo
B,
----- >
————— >

————— > —————>
————— > ————>

i), (v,
————— »E - E
N> <2,
————— > _—————p
————— > —————p

A (i), (i), (iv) and (ii).
B) (iv), (iii), (ii), and (i).
C) (i), (ii), (iii) and (iv).
D)  (iii), (ii), and (iv). tie, then (i).

Answer: (i), (i), (iii) and (iv).
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Solution: The potential energy of an electric dipole inside a uniform electric field is given by,
4>
U= f? -E = —pEcosf
— . = - . — =
where p’ is dipole moment, E' is the electric field and 6 is the angle between p” and E .

Initially, ? is parallel to B s00=0".

.. Initial potential energy is

U = —pEcosf = —pE.

Now let us consider each of the given figures.
Figure (i): 0 = 6 is acute

*. U1 = —pEcosh is negative

Change in potential energy is

AU, =U; —U = —pE(cosb1 — 1)

Clearly, AU is positive. ... (1)

Figure (ii):

Here, § = 90°

So, potential energy in this situation is

Uz = —pEcos90° =0

.". Change in potential energy from the initial position
AUy =Uy—U =+4pE ...(2)

Figure (iii): Here, angle § = 03 is obtuse

So, potential energy in this situation

AUz = —pEcosfs is +ve.

Change in potential energy from the initial position
. AUs=U3—U = —pFEcosf3+pE ...(3)
AUs is positive.

Figure (iv): Here, § = 180°

The potential energy in this situation

‘. Uy = —pEcosh = pE

Change in potential energy from the initial position
. AUys=Us—U =2pE.

So the required order is AU < AUz < AU3 < AUL4.

.". Required ranking is (i), (ii), (iii) and (iv).
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Q3. Two capacitors of equal capacitance (C1 = C3) are shown in the figure. Initially, while the switch S is open, one of the
capacitors is uncharged and the other carries charge Qo. The energy stored in the charged capacitor is Up. Sometimes after
the switch is closed, the capacitors C1 and C» carry charges 1 and D2, respectively, the voltage across the capacitors are
11 and Vs, and the energies stored in the capacitors are U1 and Us. Which of the following statements is incorrect?

A Qo=1(Qi1+Q)
B) Qi1=@Q

) Wni=Wn

D) Uy=U1+0:

Answer: Uy =Ui +Us
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Solution: When S is open,

Qo=C1V
Up=3C1V?

After the switch is closed, both capacitors would be in parallel.

i c l c,

So, V1 = V5 = V (due to parallel combination)

Q1=C1"1
Q2=CoVa (as Vi =12 =V) (C1 = Co)
Q1=Q2=Qo

U= %C1Vl2 =Uy
Uy = %CzVZZ =Uy

200 =U1 + Uy
Uo # U1+ Us

Q1+ Q2=2Q0
Qo=1(Q1+Qo)

Q.4.  Two identical conducting very large plates Py and P> having charges +4Q and +6 Q are placed very closed to each other at
separation d. The plate area of either face of the plate is A. The potential difference between plates P; and P is

4O 460

In the above question, if plates P; and P» are connected by a thin conducting wire, then the amount of heat produced will be

A) Q
A—ggd

B) 5Q?
e
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D)

Answer:

20?
a0

None of these

Solution:

Q5.

A)

B)

None of these

From the above questions charges on different plates will be,

+40 +60
+50[ FO+O [ |+50

— d —

When we connected both the plates with the wires, the charges will start flowing from one plate to the other and
the final charges are as shown in the figure. Energy stored in the capacitor will be zero finally, i.e., Us = 0, but
initially, the energy will be stored in the electric field between the charges which can be given by,

Q Q Q

E = 2AE(] 2AE(] = A_E(]

So, the initial energy in the plates will be,
2
-1 2 1 Q
U= teoB? x Ad =1 x e x (A_EO) x Ad
The energy lost in heat will be,

AH:Ui—Uf:%Od

+50| [0 O] |+50

The separation between the plates of a parallel plate capacitor is 5 mm . This capacitor, having air as the dielectric medium
between the plates, is charged to a potential difference 25 V using a battery. The battery is then disconnected and a dielectric

slab of thickness 3 mm and dielectric constant K = 10 is placed between the plates, as shown. The potential difference
between the plates after the dielectric slab has been introduced is

<€3mm?>
«~—5Smm—>

185V

135V
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C) 115V

D) 6.5V

Answer:

Solution:

115V

The capacitor is charged by a battery 25 V . Let the magnitude of surface charge density on each plate be o . Before inserting
the dielectric slab, field strength between the plates,

orE=2=_-2_-5000N/C
0 5x1073

The capacitor is disconnected from the battery but the charge on it will not change so o has the same value. When a dielectric
slab of thickness 3mm is placed between the plates, the air thickness between the plates will be 5 — 3 = 2 mm . Electric

field strength in air will have the same value (5000 N/C) but inside the dielectric, it will be &Igo = %30 =500N/C
So potential difference
V = Euirdair + Emeddmed

V = 5000 x (2 x 103) +500 x (3 X 103)

V=115V
Q.6.  Two capacitors C; and C» are charged to 120 V and 200 V, respectively. It is found that by connecting them together the
potential on each one can be made zero. Then
A) 3C1 =50,
B) 3C1+5C=0
C) 9C1 =40
D) 5C1 = 3Cs
Answer: 3C1 =50y
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Solution: Initial state:

C, ¢,
A +H— B C +1 1= D
[

120 V 200 V

Charge on C}

Q1= C1Vi =120C,
Charge on C»

Q2 = CoVo = 2000,
Final state :

As final common potential is zero, so point A and D must be connected together and points B and C must be
connected together.

A B

Net charge on the system in this case is,
Qnet = Q2 — Q1

=200C, — 120C
As common potential is given by,

. Que
T 0140,

C 0= 200C2—120C"
’ C1+C>

= 200C2 = 120C,
= 5Cy = 3C1

Q.7.  The capacitance of a system of capacitors between points A and B, as shown in the given figure is,

3C
[
i

2C 5C 6C

[ S .
A=

A e
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A=)
| Q

Answer: 10~
3
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Solution: Rearranging the circuit,

3c\/ 6C
A ol %
2C /4c
2-%-1

Hence, this is a balanced Wheatstone bridge.

5C can be removed.

The new circuit diagram is,

3C 6C

N
2C /\/‘4(?

Now, 3C'is in series with 6C and 2C'is in series with 4C.

For series combination,

10y
C f—
T ooy

Ceqof 3C'and 6C'is,

_ 3Cx6C __
T 3C+6C c

Similarly
Ceq = 2C and 4C

2C x4
Ceq* Cx4C 4

T 20+4C 3

The final circuit is,

i
1T

| |
1T
4C

3

Now, these capacitors are in parallel,

Ceq=Cy+Cy =20+ %

10C
Ceq =3~
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Q.s. In the figure shown below, the equivalent capacitance between A and B is,

SFWGF
A
1 F /

A
A) 3. 75F
B) 2F
C) 21F
D) 16F
Answer:  2F
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Solution:

31:\/\,61?
B

SF 4F
A 2F

3 Fand 6 F are in series.

Let C’be Ceqof 3 Fand 6 F.

C1xC>
Cseries =
series Cl+02
—3x6 _9p
o 3+6

On rearranging the circuit diagram,

1F=(C \/2F=Cz

——3F
A B
4F =C4
Cy=2F
As,
G Cs 1
. G 2

This circuit is a balanced Wheatstone bridge. Hence, 5 F' can be removed.

C1 and (5 are in series,

_1><2_2F
Ce=15=73

(3 and Cy are also in series combination,

i2><4:£
C’34——2+4 s F

Now, C12 and C34 are in parallel.

Ceq=C12+Cg4=%+%=2F
Q.. In the given circuit, the capacity between the points A and B will be,

K

A — — @R
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B) 2C
C) 3C
D) 4C
Answer: 20
Solution:
“B
Ve
TB

Here,

(1)&(2) and (3)&(4) are in series as the charges on them will be equal. Similarly,
(5) & (6) and

(7) & (8) are also in series.

For series combination,

1 -1 4 1

Coq C1  Cy

So, for

(1) and (2),

1 _ 1 1_ 2

. ctTT7T
C

Ceq:7

Also, the combination of
(1&2), (5&6), (7 &8), (3 & 4) are equal and are in parallel as the potential difference across them is
Va— V5.

For parallel combination,
Ceq =Sum of all the combination.
Now,

Ceq = Cha + Csy + Cye + Crg

Q.10.  Three identical spheres, each having a charge g and radius R, are kept in such a way that each touches the other two. The
magnitude of the electric force on any sphere due to the other two is

O]
47r50 ﬁ

V2w
DAy
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DAy

Answer: V3 [q\2
(%)

167eo
Solution: Given that
Charge on the identical spheres = q
The radius of the sphere = R

The electric force on any sphere due to the other two is Fa

Force on A due to B,

1L ¢ _ 1 ¢
dmeo (2R)?  Ameo 4R?

Fag =

Also force on sphere A due to sphere C,

Fro=-L ¢ _ 1 ¢
4reg (2R)2 4meo 4R?

— — —
Now as angle between F' s and F' Ac is 60° and ‘F AB
. FA=+F2+F2412FFcos60° = /3F

2
1 V3[4
= Fa= 4mT(E)

_)
:’FAc’:F

Q.11.  Three concentric metallic spherical shells of radii R, 2R and 3R are given charges Q1, Q2 and Q3 respectively. It is found

that the surface charge densities on the outer surfaces of the shells are equal. Then the ratio Q1 : Q2 : Q3 of the charges
given to the shells is

A 1:2:3
B) 1:3:5
C) 1:4:9
D) 1:8:18

Answer: 1:3:5
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Solution: The induced charges on the surface of spheres is given as shown in figure below,

0.+ 050,

X

Due to charge @1 on sphere of radius R, there will be induced charge on inner surface of 2R which will be —Q1
and on outer surface it will be +Q1. The net charge on outer surface of 2R radius sphere will be (Q1 + Q2).
Similarly, induced charge on inner surface of 3R will be — (Q1 + Q2) and on outer surface it will be

+(Q1+ Q2+ Q3).

The surface charge density of the outer surfaces of the sphere is same. The surface charge density is defined as
charge per unit area. So,

Q3+Q2+Q1 Qt+Q1 G

4n(3R)2  4m(2R)?  4nR

Q3+Q2+Q1 o Q2+Q1
= 9 - 4

and Qin = Q1

= Q2+Q1= 41
= Q2= 3Q1
Also,

@Q3+3Q1+Q1 N Q1

9 1
= Q3+4Q1 =901
= Q3="5Q1
Hence, Q1:Q2:Q3=1:3:5

Q.12.  The equivalent capacitance between the terminals = and y, as shown in the below figure, will be

X
B
200 pF

200 pF = ~ 100 pF

100 pF =

|
o
S
o
T

y
O

A) 100 pF

B) 200 pF

C) 300 pF
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D) 400 pF

Answer: 200 pF

Solution:

O
Cs=200pF L
I —— o= 100PF
C;=200pPF AL

C.
| | 100pF
C,= 100PF )opF

I

O T T =

C1 and C5 are in parallel,

Ci2 = C1 4+ C2 =100+ 100 = 200 pF

Now, C12 is in series with Cs,

y_ CuxC;
C2+Cs

=100 pF

Where C’ is equivalent to C12 and Cs.
Now, C” is in parallel with Cy,
C”=C+Cy =100+ 100 = 200 pF
Where C” is equivalent to C” and Cj.

Now, C” is in series with Cj,

5 C"xCs
T O74Cs

=100 pF

C”” is equivalent to C”” and Cs.
C" is in parallel with Cs,

Ceq = C"" + Cs =100 4100
The final equation is,

Ceq = 200 pF.

Q.13.  The three point charges shown in the figure lie along a straight line. The energy needed to exchange the position of the
central positive charge with one of the negative charges is,

) l - ) -
° ° °
-q +q -q

A)
8meoa
B) 3¢
8meoa
C) ¢
4dmeoa
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4meoa

The energy of the given system of charge is given by the sum of the electrostatic potential energy of each pair
among the three charges.

Hence, the initial electrostatic potential energy of the system will be,

Bi=5f+ (-2) + (-12)

a a

Now, if the position of the central positive charge is exchanged with one of the negative terminal charges, the
final potential energy of the system will again be given by the sum of the electrostatic potential energy of each
pair among the three charges.

Hence, the final electrostatic energy of the system will be,

Ef:quqL(fqu)Jr(fqu): kg?

“a “a 2a " 24

The energy required to do the work for the rearrangement of the charges is the difference between the final and
the initial potential energy of arrangement of the system.

Hence, the energy required is,

E=Ei-Bi=—4 - [35+(-2) + (-2£)] = £

2a 2a a " 4rmea

Two equally charged and identical metal spheres A and B repel each other with a force F'. The spheres are kept fixed with a

distance r between them. A third identical, but uncharged sphere C'is brought in contact with A and then placed at the mid-
point of the line joining A and B. The magnitude of the net electric force on C'is

D) -¢
8meoa
Answer:
Solution:
Q.14.
A) F
B) 3F
4
c) F
2
D) F
4
Answer:

F
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Solution: According to Coulomb's law,

F=tae
T

Therefore, the force between A and B was
=t
T

When A and C are brought in contact, redistribution of charges will take place and as both are identical, both will
end up with equal charge g each.

q/2 q/2 q
I
O /2 - /2 O
— —

Freto = FB— F4 (since force exerted by B and A are opposite).

Rl KO

O &’

Fnetc =

M _op F-F

Fnetc = = e

Q.15. Two small spheres with mass m; and ma hang from massless insulating threads of length I; and l5. The two spheres carry
charges g1 and go, respectively. The spheres are hung such that they are on the same horizontal level and the threads are

inclined to the vertical at angles 61 and 62. Which of the condition is required if 81 = 057

mq, My,
A) If mi =meo
B) a1 =gl
C) L=l
D) «_@
mi m2
Answer: If m1 =mg
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Solution:

T
0
Y ;
Fy
Electrostatic
force
v
mg

Consider the above diagram as the free body diagram for the left sphere of mass m, the angle of deflection 61
from the vertical and charge q;. Let the tension in the string be T7.

Let the electrostatic force between the two spheres be denoted by Fr.
Since the sphere is in equilibrium,

= Ticosf1 = mag.

and T sin 6, = F¢.

Dividing these two equations, we get,

mifg =tanf; —(1)

Solving similarly for the right sphere, we get,

F.
m—zg =tan 92 — (2)
The magnitude of the electrostatic force on either of the two spheres will be equal irrespective of the charges on

them. Hence, from the equation 1 and equation 2, for 81 and 62 to be equal, the two spheres have to be of the
same mass. Hence, the required condition is 1 = ma.

Q.16. A point charge 5 C is placed at a point P as shown in the figure. A unit positive charge is taken from A to B along the circular
path as shown. Then, the net work done by electrostatic forces is, (O is the centre of the circular path and
E=9x10Nm2C2)

B
a
lcem:
<.
: P
3 cm |
v y
O
A) +400k
B) +4k
C) —400k&
D) —4k
Answer: —400k
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Solution:

Q.17
A) T
B) 2r
T
C) 3
,
D) I
Answer:
Solution:
Q.18.
A) F
B) F
4
¢ £
2
D) 4F
E) 3F

The quarter of the circle that the moving charges traces has a radius 4 cm.

The work done by the electrostatic force is given by the difference between the initial and final electrostatic
potential energies of the system of charge.

We know that the electrostatic potential energy of a system of two charges q1 and g2 separated by a distance r

is given by U = qulqz.

Initial distance = v/ OP2 + OAZ = \/32 +4’=5cm
Final distance =1 cm

Hence, the work done on the moving charge due to the electrostatic force acting on it is,
W:Uifo:%f%: — 400k

100 100

A charged particle q is shot towards another charged particle @, which is fixed, with speed v. It approaches () up to a closest
distance r and then returns. If g was given a speed 2v, the closest distance of approach would be,

E v=0
O—t———-—————————- ° [
q -—I.——-Q
r
4

Let the mass of the projected charge be m. The initial kinetic energy of the projected charge is completely
converted to electrostatic potential energy as it reaches the closest distance of approach.

Using energy conservation for the first case,

K
2 T

Let the closest distance of approach when projected with speed 2v be ’. Then, by applying energy conservation
for this case,

1 2 kgQ
sm(20)" = —.
r

Comparing the two equations, we get, r’ = T

Two equally charged, identical metal spheres A and B repel each other with a force F. The spheres are kept fixed with a
distance r between them. A third identical, but uncharged sphere C'is brought in contact with A and then placed at the mid-
point of the line joining A and B. The magnitude of the net electric force on C'is
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Answer: F

Solution: Initially

Q 0

A B
b r |
2
F=t
T
Finally, when an uncharged sphere is kept in touch with the sphere of charge g, the net charge on both sphere
become
g+t0 _ ¢q
2 T2
0r onR 0
F
e 0. 0
£ A
A ) B
te r/2 |

— 12 —

The force on C due to A is given by

K’

Fq= >
)

2

Fy= <

7-2
The force on C due to B is given by
kQ(2)
()

2

o

Fp=

o

F = 2kQ?

7.2
.. Net force on C'is given by,

Fhet = Fp— Fo
kO?
Fot = (2 1%

Fnet:F
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Q.19.

Two infinite plane sheets A and B are shown in the figure. The surface charge densities on A and B are (%) x 1079 C m2

and (_Tl) x 1079 C m~2 respectively. C, D and F are three points where electric fields (in N C~1) are E., Ep and Eg
respectively.

A B

Vv

Ce De oF |
X

H &
A B — 18
H -
B) Ep — 541
H N
©  Ep—1si
= o
D) Eg — _18i
H N
Answer Ep — 54§
Solution: The magnitude of the electric field of sheet A = Ep = ;TA
0
(%)x107°
=FEy=— =36NC!
2><(1{11\'x9x109)
The magnitude of the electric field of sheet B = Ep = ;TB
0
(%)x107°
=Fg=—— =18NC!
2><(]7:t7r><9><109)

The sheet A is positively charged, the electric field will be outwards.

The sheet B is negatively charged, the electric field will be inwards.

A B

+ — ¢« Ey
+ — E4|— < EB
+ oD — oF
+ «— Ep|—

+ —

AtC

Ec = —Eail + FEpi =361 + 181 = —18i
AtD

Ep = El + Epl = 361 + 181 = 541

AtE

Eg = El — Epl =361 — 181 =181
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Q.20.  The effective capacitance between points A and B is (the capacitance of each of the capacitors is C')

=z
v|Q

C)  36C
a7

D) 40
17

Answer: C

Solution:

| | B

This is the case of a balanced Wheatstone bridge. The middle five capacitors will have no charge and will be

useless.
N
C’\)\ C

Therefore, the equivalent capacitance of the upper and lower arms of the circuit will be,

Cy = CxC __

C. . . )
=cc- 7 both capacitors are in series.

Both upper and lower arm will be in parallel combination, therefore equivalent capacitance between A and B will
be,

CAB:%+%:C.

Q.21. Eight small drops, each of radius r and having same charge g are combined to form a big drop. The ratio between the
potentials of the bigger drop and the smaller drop is

A 8:1
B) 4:1
c 2:1
D) 1:8
E) 1:1
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Solution: Let the radius of the big drop is R and radius of small drops is 7,

.". The volume of big drop = 8x volume of the small drop
4 _p3 _ 4_.3

or §7rR =8 X 37T

orR=2r

The potential of the small drop,

149
Vsmall = IeT

The potential of the big drop,

Vie— L@ _ 1 8¢ 14
big = TR T Tme2r  dme 7
(g is a charge on the small drop)

%ig = 4Vgmall

Vhig _ 4
* Vw1
Q22 Tyo charges, each equal to g, are kept at £ =— a and ¢ = a on the x—axis. A particle of mass m and charge qp = g is
placed at the origin. If charge go is given a small displacement (y < a) along the y—axis, the net force acting on the particle
is proportional to
Ay
B —y
c 1
y
D) _1
y
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Solution:

}}

From above diagram, we can see that on charge qo(: ;) force due to charge g keptatx = +aand z = —a is
Fi and Fo.

From coulomb's law-
— — ke 3
‘F 1 F 9 qq0 _ q2

Components of forces F1 and F> along x — axis will cancel each other.

> F, = Ficosf — Frcosf = (2(;:—‘_{(12) - 2(;—[_{&2)) cosf

SF,=0
Along y — direction,
> Fy = Fisinf + F>sin6

- kg kg . o
2E = (W—FW) sinf =

2 Fy= { 2(ylzia2) + Q(QIZiﬂ) } (\/%)

k
2Fy = al 3
2(y>+a?)?

Since y << a,
2
5 F,= kv

2a3

2
Net force (Fpet) = \/FW =4/0+ (1;?)

ke'y
2a3

= Fhet Xy

= Fhet =

Q.23. A capacitor of capacitance 10 uF is charged to a potential of 100 V. Now connecting it in parallel with an uncharged
capacitor, the resultant potential difference becomes 40 V. The capacitance of this capacitor is

A)  2.5uF

B) b5uF
C) 10uF
D) 15 uF

Answer: 15 uF
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Solution: Let the charged capacitor be C; and uncharged capacitor be Co.
We know that, for a capacitor, g = CV.
So, the initial charge on C is,
g =10 x 100 = 1000 pC.
On connecting it with uncharged capacitor (Cs), let charge ¢’ be transferred to the uncharged capacitor.

So, the final charge on C is,= (1000 — ¢’) uC.

C1, (1000 - q)

Il
1T

o 40V 0

G, q

When two capacitors will be in parallel and voltage across them will be same. Hence, both the capacitors have a
potential difference of 40 V across them.

Again applying, ¢ = CV on capacitor C1,
(1000 — ¢’) =10 x 40

= ¢ =600 uF.

For capacitor Co,

7 = C2(40)

= 600 = Cy (40)

= (Cy =15 uF.

Q.24.  Find the effective capacity between A and B.

oA
*B

A 3

) ic
B) 3C
C 3

) 3c
D 2

) 2c

Answer: §C
2
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Solution: Equivalent circuit is
Ci=S+0=3C

4 —_—

~
~-

Q.25.  Two charged capacitors have their outer plates fixed and inner plates connected by a spring of force constant k. The
magnitude of charge on each capacitor is g and sign of charge is shown in figure. Find the extension in the spring at

equilibrium.
+ — + —
H : H
7777/
A) s
2Aeok
B) ¢
4A60k
C) ¢
Acok
D) zero
Answer: ¢
2A€0k

Solution:  We know that spring force F' = kz will balance electrostatic force of attraction.

7
Therefore, Cyve kx
¢

:> = 2A€ok‘

Practice more on Electrostatics
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