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Electric Charges and Fields

Multiple Choice Questions

Choose and write the correct option(s) in the following questions.
1. Which statement is true for Gauss law? [CBSE Sample Paper-2022, Term-1)]
(a) Allthe charges whether inside or outside the Gaussian surface contribute to the electric flux.
(b) Electric flux depends upon the geometry of the Gaussian surface.
(¢) Gauss theorem can be applied to non-uniform electric field.
(d) The electric field over the Gaussian surface remains continuous and uniform at every point.

2. Which of the diagrams correctly represents the electric field between two charged plates if a

neutral conductor is placed in between the plates? [CBSE 2022, (55/2/4), Term-1]
(a) (b) + + + + + + +/
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3. The electric field due to a uniformly charged sphere of radius R as a function of the distance
from its centre is represented graphically by
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A point positive charge is brought near an isolated conducting sphere (Fig. given below). The
electric field is best given by [NCERT Exemplar]

(a) Fig (@) (b) Fig (i)
(¢) Fig (iid) (d) Fig (i)
The Electric flux through the surface [NCERT Exemplar]

(a) in Fig. (i) is the largest.

(b) in Fig. (iit) is the least.

(¢) in Fig. (i) is same as Fig. (i) but is smaller than Fig. (fv)

(d) is the same for all the figures.

A hemisphere is uniformly charged positively. The electric field at a point on a diameter away
from the centre is directed [NCERT Exemplar]
(a) perpendicular to the diameter (b) parallel to the diameter

(c) atan angle tiled towards the diameter (d) at an angle tlted away from the diameter

An electric dipole placed in a non-uniform electric field can experience [CBSE 2020 (55/1/2)]
(a) a force but not a torque. (b) a torque but not a force.

(c) always a force and a torque. (d) neither a force nor a torque.

Figure shows electric field lines in which an electric dipole p is placed as shown. Which of the

following statements is correct? [NCERT Exemplar]  ——7>
ek

(a) the dipole will not experience any force.
(b) the dipole will experience a force towards right.

(¢) the dipole will experience a force towards lefi. P

(d) the dipole will experience a force upwards. = el
——e

A point charge +g, is placed at a distance d from an isolated conducting plane. The field at a

point P on the other side of the plane is [NCERT Exemplar]

(a) directed perpendicular to the plane and away from the plane.
(b) directed perpendicular to the plane but towards the plane.
(¢) directed radially away from the point charge.

(d) directed radially towards the point charge.
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If §E.dS = 0 over a surface, then [NCERT Exemplar]

(a) the electric field inside the surface and on it is zero.

(b) the electric field inside the surface is necessarily uniform.

(¢) the number of flux lines entering the surface must be equal 1o the number of flux lines
leaving it.

(d) all charges must necessarily be outside the surface.

Two charges are at distance d apart in air. Coulomb force between them is F. If a dielectric

material of dielectric constant K is placed between them, the Coulomb force now becomes

(a) F/K ) FK (c) F/K® (dy K°F

Which among the curves shown in figure possibly represent electrostatic field lines?
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Two point charges A4 and B, having charges +g and —g respectively, are placed at certain
distance apart and force acting between them is F, If 25% charge of 4 is transferred to B, then
force between the charges becomes

9F 16F 4F
(@) F ® 15 © —5 ) 5~
Two large conducting spheres carrying charges 0, and 0, are kept with their centres r distance
L%
ire, 2 ecause
[CBSE 2020 (55/3/3)]

apart. The magnitude of electrostatic force between them is not exactly

(a) these are not point charges.
(b) charge distribution on the spheres is not uniform.
(¢) charges on spheres will shift towards the centres of their respective spheres.
(d) charges will shift towards the portions of the spheres which are closer and facing towards
each other.

A negatively charged object X is repelled by another charged object Y. However an object Z is
attracted to object ¥. Which of the following is the most possibility for the object Z?

[CBSE 2022 (55/2/4), Term-1]
(@) positively charged only (b) negatively charged only
(¢) neutral or positively charged (d) neutral or negatively charged
In an experiment three microscopic latex spheres are sprayed into a chamber and became
charged with charges +3e, +5e, and — 3e respectively. All the three spheres came in contact
simultaneously for a moment and got separated. Which one of the following are possible
values for the final charge on the spheres? [CBSE 2022 (55/2/4), Term-1]
(@) + be,—4e, + be ) + 6e, + 6¢, - Te
(¢) —4¢, + 3.5¢, + 5.5e (d) + 5e¢,-8e, + Te
The magnitude of electric field due to a point charge 2q, at distance r is E. Then the magnitude
of electric ﬁeld due to a uniformly charged thin spherical shell of radius R with total charge g
at a distance —(r >> R) will be [CBSE 2022 (55/2/4), Term-1]

@ = ® 0
(e) 2E (d) 4 E
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Three charges ¢, —q and g, are placed as shown in figure. The magnitude of the net force on

the charge g, at point O is lk = (4’:& ) [CBSE 2022 (55/2/4), Term-1]
0
b
-
}
fo >
o [—a—
2kqg, V2kag 1 kag
0 b ; O
(a) ®) 2 (©) 2 (d) 7 a2

Four objects W, X, Y and Z, each with charge +q are held fixed at four points of a square of
side d as shown in the figure. Objects X and Z are on the midpoints of the sides of the square.
The electrostatic force exerted by object I on object X is F. Then the magnitude of the force

exerted by object Won Z is [CBSE 2022 (55/2/4), Term-1]
Ry ‘.T
d
. J
Z
F F F F
@ = ©) (8 @5
. A square sheet of side ‘a’ is lying parallel to XY plane at z = a. The electric field in the region
is E = k. The electric flux through the sheet is [CBSE 2022 (55/2/4), Term-1]
(a) a* () é—asc (©) %a*c (dy 0

Two point charges placed in a medium of dielectric constant 5 are at a distance r between
them, experience an electrostatic force ‘F*. The electrostatic force between them in vacuum at

the same distance r will be [CBSE Sample Paper-2022, Term-1]
(@) 5F ) F © F12 @) Ff5

Consider an uncharged conducting sphere. A positive point charge is placed outside the
sphere. The net charge on the sphere is then, [CBSE Sample Paper-2022, Term-1]

(@) negative and uniformly distributed over the surface of sphere
(b) positive and uniformly distributed over the surface of sphere
(¢) negative and appears at a point on the surface of sphere closest to point charge
(d) zero
A cylinder of radius r and length [ is placed in a uniform electric field parallel to the axis of
the cylinder. The total flux for the surface of the cylinder is given by

[CBSE Sample Paper-2022, Term-1)
(a) zero o) o’
(¢) Emr® (d) 2 Enr*
Two parallel large thin metal sheets have equal surface densities 26.4 x 107'* C/m® of opposite
signs. The electric field between these sheets is [CBSE Sample Paper-2022, Term-1]
(a) 1.5 N/C ) 1.5 x 107" N/
() 3x 107" N/C @) 3 N/C
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I 25. A small object with charge g and weight mg is attached to one end
I of a string of length ‘L’ attached to a stationary support. The system
is placed in a uniform horizontal electric field ‘E’, as shown in the
I accompanying figure. In the presence of the field, the string makes
a constant angle B with the vertical. The sign and magnitude of g is
I [CBSE Sample Paper-2022, Term-1]
I (@) positive with magnitude mg/E
I (h) positive with magnitude (mg/E) tan®
(¢) negative with magnitude mg/E tan@
l (d) positive with magnitude E tan/mg
I 26. A point charge situated at a distance ‘r’ from a short electric dipole on its axis, experiences a
I force F . If the distance of the charge is ‘27°, the force on the charge will be
I [CBSE 2023 (55/1/1)]
F F
| i = ® 5
F F
) © 3 @ 5
I 27. The magnitude of the electric field due to a point charge object at a distance of 4.0 m is 9 N/C.
From the same charged object the electric field of magnitude, 16NC™ will be at a distance of
I [CBSE 2023 (55/2/1)]
l (@) 1m ) 2m €) 3m d) 6m
l 28. An electron experiences n forece (16 X 107" N) i in an electric field E. The electric field is
E is [CBSE 2023 (55/3/1)]
| (@) (1.0x10°NC™)i B) —(1.0x10°NC™h7
| (€) (1.0xX1073NC™i (@) —(1.0x1073NC™hy;
I 29. Two charges g, and g, are placed at the centres of two spherical counducting shells of radius r,
and r, respectively. The shells are arranged such that their centres are d [> (r, + r;)] distance
l apart. The force on g, due to g, is: [CBSE 2023 (55/4/1)]
1 Qig 1 ¢ 92
: @) ane, 42 ® 4ney (f - 5)?
(c) zero (d) b R =
) 4neq [d — (; + 1))
l 30. An electric dipole of length 2 cm is placed at an angle of 30° with an electric field 2 x 10°N/C.
If the dipole experiences a torque of 8 X 107 Nm, the magnitude of either charge of the
I dipole, is [CBSE 2023 (55/4/1)]
I (a) 4pC ®) 7pC
(¢) 8 mC (d) 2 mC
l Answers
l L. (d) 2. ) 3. (b) 4. (a) 5. (d) 6. (a) 7. ()
I 8. (c) 9. (@) 10. (c), (d) 11. (a) 12. (b) 13. (b) 14. (b)
I 15. () 16. (b) 17. (c) 18. () 19. (b) 20. (a) 21. (a)
22. (d) 23. (a) 24. (d) 25. (b) 26. (b) 27. (¢) 28. (b)
I 29. (a) 30. (a)



Assertion-Reason Questions

In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R). Choose the
correct answer out of the following choices.

(@) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(¢) A is true but R is false.

(d) A is false and R is also false.

1. Assertion(A)
Reason (R)

2. Assertion(A)
Reason (R)

: A negative charge in an electric field moves along the direction of the electric field.

: On a negative charge a force acts in the direction of the electric field.

[CBSE 2022 (55/2/4), Term-I

Charge is quantized because only integral number of electrons can be transferred.

: There is no possibility of transfer of some fraction of electron.

3. Assertion(4) :

Reason (R)

4. Assertion(A)

5. Assertion(A)

Reason (R)
6. Assertion(A)
Reason (R)

7. Assertion(A4)
Reason (R)
8. Assertion(A4)
Reason (R)
9. Assertion(A4)
Reason (R)
10. Assertion(A)

Reason (R)
Answers

In a non-uniform electric field, a dipole will have translatory as well as rotatory
motion.

: In a non-uniform electric ficld, a dipole experiences a force as well as torque.

[CBSE Sample Paper 2021]

: Electrostatic field lines start at positive charges and end at negative charges.

: Field lines are continuous curves without any breaks and they form closed loop.

: Electrons moves away from a region of lower potential to a region of higher

potential.

¢ An electron has a negative charge.

All the charge in a conductor gets distributed on whole of its outer surface.

: In a dynamic system, charges try to keep their potential energy minimum.

[AIIMS 2018]

: When a body acquires negative charge, its mass decreases.

A body acquires positive charge when it gains electrons.

: Surface charge density of an irregularly shaped conductor is non-uniform.

: Surface density is defined as charge per unit area.

Total flux through a closed surface is zero if no charge is enclosed by the surface.

: Gauss law is true for any closed surface, no matter what its shape or size is.

: If'a proton and an electron are placed in the same uniform electric field, they

experience different acceleration.

: Electric force on a test charge is independent of its mass.

1. (d) 2. (B 3. (a) 4. (0 5. (a) 6. () 7. ()
8. (b 9. (a) 10. ()
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Case-based/Passage-based Questions

Read the paragraph given below and answer the questions that follow:

Frictional Electricity: Induction

The easiest way to experience electric charge is o rub certain solid bodies against each other.
Long ago, around 600 BC, the Greeks knew that when amber is rubbed with wool, it acquires
the property of attracting light objects such as small pieces of paper. This is because amber
becomes electrically charged. If we pass a comb through dry hair, the comb becomes electrically
charged and can attract small pieces of paper. An automobile becomes charged when it travels
through the air. A paper sheet becomes charged when it passes through a printing machine. A
gramophone record becomes charged when cleaned with a dry cloth.

 sik

: o —a i ___ Glass
—_— | B L e
L o T T__O
, Fr )
Glaf?/'"‘ il = Ebonite
7 _~"Two charged rods Two charged rods
= of same sign of opposite sign

The explanation of appearance of electric charge on rubbing is simple. All material bodies
contain large number of electrons and equal number of protons in their normal state. When
rubbed against each other, some electrons from one bedy may pass on to the other body. The
body that receives the exira electrons becomes negatively charged and the body that donates the
electrons becomes positively charged because it has more protons than electrons. Thus, when a
glass rod is rubbed with a silk cloth, electrons are transferred from the glass rod to the silk cloth.
The glass rod becomes positively charged and the silk cloth becomes negatively charged.

(#) Charge Q is distributed to two different metallic spheres having radii R and 2R such that
both spheres have equal surface charge density. Then charge on larger sphere is
4Q 3Q 5Q Q
@ & = © = )
(ii) A large non-conducting sheet S is given a uniform charge density. Two uncharged small
metal rods A and B are kept near the sheet as shown in figure. Which of the following is true?

) A B
E ] i = :
] i 1 [ 1
g £ - + - +

+
+
+

(a) S auracts A (b) § awracts B

(¢) A auracis B (d) All of these

ii) Charge on a body which carries 300 excess electrons is
4 y
(@) 4.8 x 107°* C B 48 x107"¥C
(€) -8 x 1077 C d) 48 x 1077 ¢



(iv) Which of the following cannot be true about properties of charge?
(@) Charges can be created or destroyed in equal and unlike pairs only.
(b) Proper sign have to be used while adding the charges in a system.
(¢) Excess of electrons over protons in a body is responsible for positive charge of the body.
(d) It is not possible to create or destroy net charge carried by an isolated system.

OR
The cause of charging is
(2) actual transfer of neutrons (5) actual transfler of electrons
(¢) actual transfer of protons (d) none of these
Explanations
(f) (a) Ifq, and ¢’ are charges on sphere of radii R and 2R, then surface charge density will be same.
i, 6=4a
q ¢ ; Q
R aner? 17 & l B 7]
; _Q
A gripsg = gTHEl = gy
.
1775

(i) (d) If the sheet § is given some positive charge density, then by induction, negative charge
develop on ends of A and B, closer to § and an equal positive charge develops on farther
ends of 4 and B as shown in figure. So, § attracts both A4 and B. Also, A attracts B.

(#11)  (¢) According o quantization of charge, Q = ne
Hence n=23%00, e=-16x10"C
So, 0 =300x (-1.6 x 107"%) = 48 x 107"7C

(@) (¢) Excess of electrons over protons in a body is responsible for negative charge of the body.

OR

(b) The charging of body is due to transfer of electrons only.

CONCEPTUAL QUESTIONS

. 1. Why is the direction of the electric field due to a charged conducting sphere at any point
¥ g g sp L
perpendicular to its surface? [CBSE 2019 (55/2/2)]

Ans. If electric field is not perpendicular but has a component tangential to the surface of the
conductor, it will exert force on charge and make them more. It means electrostatic condition
is violated. 1

[CBSE Marking Scheme 2019 (55/2/2)]

Q.2. Two electric field lines cannot cross each other. Also, they cannot form closed loops. Give
reasons. [CBSE 2020 (55/2/1))]
Ans. (i) Two electric field lines never cross each other because if they do so there will be two directions
of electric field at the point of intersection which is not possible.
(#i) Since the electric field lines start from positive charge and terminate at the negative charge
hence closed loops are not possible.



Q. 3. Draw the pattern of electric field lines when a point charge +q is kept near an uncharged
conducting plate. [CBSE 2019 (55/1/3)]

Ans,

+

LI o g e

Q. 4. Does the charge given to a metallic sphere depend on whether it is hollow or solid? Give reason

for your answer. [CBSE 2017 (55/1/1)]
Ans. No, e
Because the charge resides only on the surface of the conductor. Ya

[CBSE Marking Scheme 2017 (55/1/1)]

Q. 5. Two identical conducting balls 4 and B have charges -} and +30Q respectively. They are
brought in contact with each other and then separated by a distance d apart. Find the nature
of the Coulomb force between them. [CBSE 2019 (55/4/1)]

30-0

5 — X
The nature of the coulomb force between them is repulsive.

Q. 6. Fig. shows three point charges +2¢, - ¢ and +34. The charges +2¢
and —q are enclosed within a surface ‘S*. What is the electric flux due £
to this configuration through the surface ‘'t [CBSE Delhi 2010] s

Ans. Final charge on balls Aand B =

1
Ans. Electric flux = = % (Net charge enclosed within the surface)
0

P |
* g,

Q. 7. What is the electric flux through a cube of side 1 em which encloses an electric dipole?
[CBSE Delhi 2015]
Ans. Net electric flux is zero.

Reason : (1) Independent to the shape and size.
(#t) Net charge of the electric dipole is zero.

Q. 8. Two metallic spheres 4 and B kept on insulating stands are in " A o
contact with each other. A positively charged rod P is brought near % 5
the sphere 4 as shown in the figure. The two spheres are separated %

from each other, and the rod P is removed. What will be the nature

of charges on spheres A and B? [CBSE 2019 (55/3/1)]
Ans. @ Sphere 4 will be negatively charged.
® Sphere B will be positively charged.

Explanation: If positively charged rod P is brought near metallic sphere A due to induction negative
charge starts building up at the left surface of 4 and positive charge on the right surface of B.




Ans.

Q. 10.

Ans.

Ans.

Q.13.

Amns.

If the two spheres are separated from each other, the two spheres are found to be oppositely
charged. If rod P is removed, the charges on spheres rearrange themselves and get uniformly
distributed over them.

Two charges of magnitudes — 20 and +0 are located at points (a, 0) and (4a, 0) respectively.
What is the electric flux due to these charges through a sphere of radius ‘3a’ with its centre at
the origin? [CBSE (AI) 2013)

-2
Electric flux, ¢ = e—Q

Concept: Imagine a sphere of radius 3a about 1 =0 Q
the origin and observe that only charge -2Q is ’im’ 0 4.0 #6.0)

inside the sphere. ¥

A metal sphere is kept on an insulating stand. A negatively charged k
rod is brought near it, then the sphere is earthed as shown. On > \—AL
% Ground

removing the earthing, and taking the negatively charged rod away,

what will be the nature of charge on the sphere? Give reason for

your answer. [CBSE 2019 (55/3/1)]

The sphere will be positively charged due to electrostatic induction.

Explanation: When a negatively charged rod is brought near a metal sphere, the electrons will
flow to the ground while the positive charges at the near end will remain held there due to the
attractive force of the negative charge on the rod. On disconnecting the sphere from the ground,
the positive charge continues to be held at the near end. On removing the electrified rod, the
positive charge will spread uniformly over the sphere.

17 &)

How does the electric flux due to a point charge enclosed by a spherical Gaussian surface get
affected when its radius is increased? [CBSE 2016 (55/1/1)]

. Electric flux remains unaffected. 1

[CBSE Marking Scheme 2016 (55/1/1)]

SARARE

Sketch the electric field lines for a uniformly charged hollow cylinder shown
in figure. [NCERT Exemplar][HOTS]
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What is the nature of electrostatic force between two point electric charges ¢, and g, if
(a) g, + g2>02 (®) g, + g;<07
(a) If'both g, and ¢, are positive, the electrostatic force between these will be repulsive.

However, if one of these charges is positive and is greater than the other negative charge, the
electrostatic force between them will be attractive.

Thus, the nature of force between them can be repulsive or atractive.



Q. 14.

Ans.

Ans.

QL

Ans.

0.2

Ans.

Q.3.

Ans.

(b) If both ¢, and ¢, are -ve, the force between these will be repulsive.
However, if one of them is —ve and it is greater in magnitude than the second+ve charge, the
force between them will be attractive.
Thus, the nature of force between them can be repulsive or attractive.

The dimensions of an atom are of the order of an Angstrom. Thus there must be large electric
fields between the protons and electrons. Why, then is the electrostatic field inside a conductor
zero? [NCERT Exemplar]
The electric fields bind the atoms to neutral entity. Fields are caused by excess charges. There
can be no excess charge on the inner surface of an iselated conductor. So, the electrostatic field
inside a conductor is zero.

An arbitrary surface encloses a dipole. What is the electric flux through this surface?

[NCERT Exemplar]
Net charge on a dipole = — ¢ + ¢ = 0. According to Gauss's theorem, electric flux through the
surface,
p=2=0
& &

Very Short Answer Questions

Each of the following questions are of 2 marks.

(@) An electrostatic field line is a continuous curve. That is, a field line cannot have sudden
breaks. Why is it so?

(b) Explain why two field lines never cross each other at any point. [CBSE (Al) 2014]
(a) An electrostatic field line is the path of movement of a positive Er
1
test chlmge (Go—0) ‘ ‘ . ‘ ‘ Ty — @
Amoving charge experiences a continuous force in an electrostatic N
field, so an electrostatic field line is always a continuous curve. A
(&) Two electric lines of force can never cross each other because if 7/ e =
they cross, there will be two directions of electric field at the point o E‘"‘* ~-@
2

of intersection (say A); which is impossible.
Define electric dipole moment. Is it a scalar or a vector quantity? What are its SI unit?
[CBSE Sample Paper 2021, (AI) 2011, 2013, (F) 2009, 2012, 201 3]
The electric dipole moment is defined as the product of either charge and the distance between

the two charges. Its direction is from negative to positive charge. 4 2l »

ie, |pl=g2) < 7 *g
Electric dipole moment is a vector quantity.
Its ST unit is coulomb-metre.

Depict the orientation of the dipole in (a) stable, () unstable equilibrium in a uniform electric
field. - _ [CBSE Delhi 2017]
(a) Stable equilibrium, 8 = 0° P is parallel to E



Q.4.

Ans.

Q.5.

Ans,

(B) Unstable equilibrium, 8 = 180° P isanti parallel o E

"l + =
e —

The figure shows tracks of three charged particles in a uniform electrostatic field. Give the
signs of the three charges. Which particle has the highest charge to mass ratio? [NCERT]

A ) 5 y
Lt T T ok e T i /‘/,4
—_—, & 4
= e —
—_— S
———————————————— ¥ X
& B 3

A positively charged particle is deflected towards a negative plate and a negatively charged
particle towards a positive plate and shows a parabolic path.

From fig. it is clear that the particles (1) and (2) are deflected towards positive plate; hence, they
carry negative charges.

Particle (3) is deflected along negative plate, so it carries positive charge.

The transverse deflection in a given electric field is

E \
y= lgatQ, wherea= % andt = (i)

u
: 1 Ex% 4
So Y= i 7 Xop-
S 2\m) g
From fig., it is obvious that the transverse deflection is the maximum for particle (8), hence,

particle (3) has the highest charge to mass ratio (g/m).

Plot a graph showing the variation of coulomb force (F) versus (Lﬂ) , where r is the distance
r

between the two charges of each pair of charges: (1 pC, 2 uC) and (2 pGC, - 3 pC). Interpret the

graphs obtained. [CBSE (Al) 2011)
_ 1 49
ane, 42
The graph between F and Lz is a straight line of slope ﬁql 4, passing through origin in both
the cases. r ®o
T Ur2—
F Repulsive ‘\\
X
\
\\
3
F \
v ,L \ Attractive

Since, magnitude of the slope is more for attraction, therefore, attractive force is greater than
repulsive force.
Derive an expression for the torque acting on an electric dipole of dipole moment F placed
in a uniform electric field E . Write the direction along which the torque acts.

[CBSE 2019 (55/5/1)]
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Ans.

Ans.

qE
TE ar-f"""\el L b7
- P, e
-qE
Force on either charge, F = gE
Magnitude of torque = Either of force X | distance between them. Vs
T = gE 2a sin 8
=5 T = pE sin @
- — —
T=P XE e
Direction is normal to the paper coming out of it. 4

[CBSE Marking Scheme 2019 (55/5/1)]

. Two identical dipoles are arranged in x-y plane as shown in the figure. Find the magnitude

and the direction of net electric field at the origin 0. [CBSE 2023 (55/4/1)]
3 y
-q (o] q 2
-q

Electric field at O due to both dipole.

q ¥
a
qe %) .4 x
a
-q
con kg .. 2kg .,
E,= —(-j=j)=—"27]
Sawio b Ll
— s e o 2R
Ey = —(-1—-t)=——"1
T2 o’

So, net electric field at O,

- s [ 2kg\F [ 2kg\
|Ewi| = /EZ+E2 = y (—q) +(—q)

a’ a®
! 2x"’§;kq o
a
_IE|_ -
Also, tang=-—-=1 5 o =45
||

Hence, direction of Em,, is 45° to its — x axis or 225° to + x-axis.



Q.8.

Ans.

Ans,

Ans.

(a) Define electric flux. Write its SI unit. l
(b) A spherical rubber balloon carries a charge that is uniformly distributed over its surface. As l
the balloon is blown up and increases in size, how does the total electric flux coming out of the
surface change? Give reason. [CBSE (F) 2016] l
(a) Total number of electric field lines crossing a surface normally is called electric flux. l
Its SI unit is Nm’C™" or V.
(b) Total electric flux through the surface = Ei l
0
As charge remains unchanged when size of balloon increases, electric flux through the l
surface remains unchanged. l
A point charge + 10 pC is at a distance 5 cm directly above the q4=104C
the centre of a square of side 10 cm as shown in figure. What 5cm l
is the magnitude of the electric flux through the square? [Hint: l
Think of the square as one face of a cube with edge 10 cm] / 7
[NCERT] [HOTS] / / / l
Obviously the given square ABCD of side 10 ¢cm is one face of a | f‘-’
cube of side 10 cm. At the centre of this cube a charge + ¢=10 uC =~/ /10cm l
is placed. / /
According to Gauss's theorem, the total electric flux through the ‘,‘"‘I jf" l
o - - q -« 10cm—» l
six faces of cube = —.
0
Total electric flux through square, :
14 +
. o : } q
2 6 &y 4 ' l
5cm
_1, 10x10%® A B
6 885x107"? / | /1oem [
= 1.88 x 10° Nm*C™". D 10em C (
Two identical point charges, g each, are kept 2 m apart in air. A third point charge  of unknown
magnitude and sign is placed on the line joining the charges such that the system remains in I
equilibrium. Find the position and nature of Q. [CBSE 2019 (55/1/1)] l
System is in equilibrium therefore net force on each charge of system will be zero.
For the total forece on ‘Q' to be zero q a l
q
P42 1 9l ! 3 B g |
= - : R PR i
4ne, «? 4ne, (2 - x)? m
= x=2-x = x=2 l
= x=1m l
For the equilibrium of charge “g” the nature of charge Q must be opposite to the nature of charge ¢.
A particle of mass m and charge (-g) enters the region between the two charged plates initially l
moving along X-axis with speed v, as shown in fig. The length of plate is L and an uniform
electric field E is maintained between the plates. Show that the vertical deflection of the l
EL*
particle at the far edge of the plate is ;72 [NCERT) [HOTS] I
my
x
+ F 4+ F g l
—-q
o I
T T s ¥ l
M ———— L. |
< L > l



Ans.

Q.12

Ans.

Ans.

Q. 14.

Ans.

Force on particle towards upper plate B, Fy = 4E vertical acceleration of particle, B
Initial vertical velocity v, = 0
Speed of particle along X-axis =v, (constant)

: " L
Time taken by particle between the plates, ¢t = o

From relation, 5 = ut + LQIQ

2
10 i o 1 e 1(4E ) AT
Vertical deflection, y = 0 + EGJ‘! =0+ 5(7 (”_x)
_ gEL?
4 ‘vaf

Given a uniform electric field E = 5x10 i N/C, find the flux of this field through a square of
10 cm on a side whose plane is parallel to the ¥-Z plane. What would be the flux through the
same square if the plane makes a 30° angle with the X-axis? [CBSE Delhi 2014]
Here, E=5%10°] N/C, i.e., field is along positive direction of X-axis.
Surface area, A= 10 cm X 10 em = 0.10 m X 0.10 m = 10 m?
(1) When plane is parallel to ¥-Z plane, the normal to plane is along X-axis. Hence
6=0°
¢ = EAcos8 =5x10"X 107 cos0° = 50 NC™' m®
(1) When the plane makes a 30° angle with the X-axis, the normal to its plane makes 60° angle
with X-axis. Hence 8 = 60°,
&= EAcosf=5%X103X 102 cos60° = 25 NC m?
Five point charges, each of charge +q are placed on five vertices of a regular hexagon of
side ‘I'. Find the magnitude of the resultant force on a charge —¢ placed at the centre of the

I
(
I
I
I
I
I
I
I
I
I
I
I
(
I
I
I
[CBSE 2019 (55/3/1)] l
I
I
I
l
(
I
I
l
I
l
I
I
I
l
I
I

hexagon.
] +
/ \
VA
<‘/ —qN\/F l +q 1
i\ £
\
\\\ / \ //
W N
+q q
Alternatively:

The forces due 1o the charges placed diagonally opposite at the vertices of hexagon, on the
charge -g cancel in pairs. Hence net force is due to one charge only.

N oH

Tame, 2 !

Net Force, |F|
[CBSE Marking Scheme 2019 (55/3/1)]

Represent graphically the variation of electric field with distance, for a uniformly charged
plane sheet. [CBSE Sample Paper 2017]

Electric field due to a uniformly charged plane sheet. E
_ @&
E= 280 E = Constant

which is independent of distance.
So, it represents a straight line parallel 1o distance axis.




Q. 15. A metallic spherical shell has an inner radius R, and outer radius R,. A charge Q is placed at
the centre of the spherical cavity. What will be surface charge density on (i) the inner surface,

and (ii) the outer surface? [NCERT Exemplar]
Ans. When a charge + @ is placed at the centre of spherical cavity,
the charge induced on the inner surface = - Q Wl T
the charge induced on the outer surface = +Q L - .
[ Ry X \
Surface charge density on the inner surface = i | \ ..‘: '
1 \ Mo - o
. + ‘\\
Surface charge density on the outer surface= —— By
TR, 1

Q. 16. Two large parallel plane sheets have uniform charge densities +c and - 6. Determine the

electric field (i) between the sheets, and (ii) outside the sheets. [CBSE 2019 (55/4/1)]
Ans. A B
Ao i
]
g E E
E,«—e— E_ G = g +—o—> T,
P ENED R

Now Electric field Intensity due to a plane sheet of charge
]

E=— Y
2g, "
Here +
_ et ot
E"_QED and E, %,
() Electric field at point @ (In between the sheets)
E=EA+FE=L+ HE_— 1

%, 2%, &,
(i) Field at the point P or R
EZEA+EB:2%—¥:O Y
9 9 [CBSE Marking Scheme 2019 (55/4/1)]

Q. 17. The given figure shows the electric field lines around
three point charges 4, B and C.
(@) Which charges are positive?
() Which charge has the largest magnitude? Why?
(¢) In which region or regions of the picture could the
electric field be zero? Justify your answer.
(i) near A (ii) near B (iii) near C (iv) nowhere.
[NCERT Exemplar] [HOTS)
Ans. (a) Charges A and C are positive since lines of force emanate from them.
(b) Charge C has the largest magnitude since maximum number of field lines are associated with it.
(¢) (z) near A.




Justification: There is no neutral point between a positive and a negative charge. A neutral
poinL may exist between two like charges. From the figure we see that a neutral point exists
between charges A and C. Also between two like charges the neutral point is closer to the charge
with smaller magnitude. Thus, electric field is zero near charge A.

Q. 18. Two isolated metal spheres A and B have radii R and 2R respectively, and same charge ¢. Find
which of the two spheres have greater energy density just outside the surface of the spheres.

[CBSE Sample Paper 2016]
Ans. Energy density,
1
U=yl
piEndonS
g Ag;
2 2
€,
U=1§ “QQ? = U= Q? = Uncl—? = b,z
Afgg 24%g, A Q p

Q. 19. Four point charges 0, ¢, Q and g are placed at the corners of a square of

side ‘a’ as shown in the figure. Find the resultant electric force on a

charge Q. [CBSE 2018 (55/1)]
q = Q
Ans.  Let us find the force on the charge Q at the point C.
Force due to the other charge Q
2 2
1 Q g Q 1
1T dme, (41)2)?  4me, (E) SR c
Force due to the charge ¢ (at B),
1 9@
Fy = dne, o2 (along BC) QA By
Force due 1o the charge ¢ (a1 D), a3
1 99
e i . 1
Fy dne, 42 (along DC) ak e Y
e =
Resultant of these two equal forces @ \\i“
= S
1 Qe 5
= e, g2 (along AC)
Net force on charge @ (at point C) e
1 2o
=F + == =] 1
F=F+F, 4ne, 42| 2 +y2¢q Lg

This force is directed along AC. (For the charge @, at the point 4, the force will have the same
magnitude but will be directed along C4)

[Note: Don't deduct marks if the student does not write the direction of the net force, F]
[CBSE Marking Scheme 2018 (55/1)]

Q. 20. Three point charges g, — 49 and 2g are placed at the vertices of an equilateral triangle ABC
of side ‘I’ as shown in the figure. Obtain the expression for the magnitude of the resultant
electric force acting on the charge ¢. [CBSE 2018 (55/1)]



Justification: There is no neutral point between a positive and a negative charge. A neutral
poinL may exist between two like charges. From the figure we see that a neutral point exists
between charges A and C. Also between two like charges the neutral point is closer to the charge
with smaller magnitude. Thus, electric field is zero near charge A.

Q. 18. Two isolated metal spheres A and B have radii R and 2R respectively, and same charge ¢. Find
which of the two spheres have greater energy density just outside the surface of the spheres.

[CBSE Sample Paper 2016]
Ans. Energy density,
1
U=yl
piEndonS
g Ag;
2 2
€,
U=1§ “QQ? = U= Q? = Uncl—? = b,z
Afgg 24%g, A Q p

Q. 19. Four point charges 0, ¢, Q and g are placed at the corners of a square of

side ‘a’ as shown in the figure. Find the resultant electric force on a

charge Q. [CBSE 2018 (55/1)]
q = Q
Ans.  Let us find the force on the charge Q at the point C.
Force due to the other charge Q
2 2
1 Q g Q 1
1T dme, (41)2)?  4me, (E) SR c
Force due to the charge ¢ (at B),
1 9@
Fy = dne, o2 (along BC) QA By
Force due 1o the charge ¢ (a1 D), a3
1 99
e i . 1
Fy dne, 42 (along DC) ak e Y
e =
Resultant of these two equal forces @ \\i“
= S
1 Qe 5
= e, g2 (along AC)
Net force on charge @ (at point C) e
1 2o
=F + == =] 1
F=F+F, 4ne, 42| 2 +y2¢q Lg

This force is directed along AC. (For the charge @, at the point 4, the force will have the same
magnitude but will be directed along C4)

[Note: Don't deduct marks if the student does not write the direction of the net force, F]
[CBSE Marking Scheme 2018 (55/1)]

Q. 20. Three point charges g, — 49 and 2g are placed at the vertices of an equilateral triangle ABC
of side ‘I’ as shown in the figure. Obtain the expression for the magnitude of the resultant
electric force acting on the charge ¢. [CBSE 2018 (55/1)]
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Ans.

Q.21.

Ans.

Force on charge ¢ due to the charge —44

ol s
e

Force on the charge ¢, due to the charge 2¢
e
L = ine, (1—2) ,along CA
The forces F, and F, are inclined to each other at
an angle of 120°

Hence, resultant electric force on charge ¢,

= V".Fl‘i‘.+ in +2F1F2c053

=\ F}+F}] +2FF,cos120°
= 2
=/F}+F!-FF,
2
0

1 (28¢
B 4ne, i

\ v

Yo

]

[CBSE Marking Scheme 2018 (55/1)]

A simple pendulum consists of a small sphere of mass m suspended by a thread of length [.
The sphere carries a positive charge g. The pendulum is placed in a uniform electric field of
strength E directed vertically downwards. Find the period of oscillation of the pendulum due
to the electrostatic force acting on the sphere, neglecting the effect of the gravitational force.

Restoring force,

F, = —gEsin
= = —gE sin ¢
When ¢ issmall, sin ¢ = ¢
= ma = —gE¢

d’x x
= W ET
N dx _ Ex

d® m ]

[CBSE 2019 (55/3/1)]



Q.22.

Ans.

Q. 23.

Ans.

Comparing with equation of linear SHM

i

Pr_ o o O

A mi
[gE
= =y
ml

AT o il
T—m—2nqu £

Alternatively: The student can use angular SHM intermediate also. Full marks 1o be awarded
for correct answer even without intermediate steps.

[CBSE Marking Scheme 2019 (55/3/1)]

An electric dipole of length 2 cm is placed with its axis making an angle of 60° with respect to
uniform electric field of 10° N/C.
If it experiences a torque of 8 V3 Nm, calculate the magnitude of charge on the dipole, and its
potential energy. [CBSE Sample Paper 2021]
Here, 2l =2em =2x 102 m

8 =60°, E= 10°N/C,T = 8y3 Nm
Using T =pEsinf

T=2¢lEsin®
N 843 %2
T 20Esin®  2x102x10°x,3
Potential energy = - pE cos8 = -2¢lE cos 8

=8x1073C

q

= -2><10-?><s><10-5x105><;7 =8]
Two point charges g, = +1 pC and g, = +4 pC are placed 2 m apart in air. At what distance
from g, along the line joining the two charges, will the net electric field be zero?
[CBSE 2020 (55/3/1)]
The electric field at point P due to ¢,

..
17 .3
The electric field at point P due 1o gs, —g 2-%) ]
= ks T P 9y
T (2-x)? I 2m |
At point P, net electric field is zero,
= E =E,
. L. 4
X (2-x)° i P 2-x°
= L - = (2-x)=2x
o (2-%)
= x=2
x= grn
3

An electric field is uniform and acts along + x direction in the region of positive x. It is also
uniform with the same magnitude but acts in — x direction in the region of negative x. The
value of the field is E = 200 N/C for x > 0 and E = - 200 N/C for x < 0. A right circular cylinder
of length 20 cm and radius 5 cm has its centre at the origin and its axis along the x-axis so that
one flat face is at x = +10 cm and the other is at x = -10 cm.
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Find:
(i) The net outward flux through the cylinder.
(ii) The net charge present inside the cylinder. [CBSE 2020 (55/1/1)]

Ans. ()

x
5cm =
Eia— —wf
0 X
AS AS @

20 cm

x=-10 cm x=10cm

The net outward flux through cylinder,

¢ =FEA+ EA=2EA where, A =mn" 4
b =2 % 200 X 3.14 X 0.05 x 0.05
= 8.14 NG 'm? Y4
(#) The net charge present inside the cylinder,
q= b
g =8.854 x 3.14 x 107 %
=278 x 107! C Y

[CBSE Marking Scheme 2020 (55/1/1)]

Short Answer Questions

Each of the following questions are of 3 marks.

Q. 1. Two charged conducting spheres of radii @ and b are connected to each other by a wire. Find
the ratio of the electric fields at their surfaces. [CBSE 2023 (55/2/1)]

Ans. Two charged conducting spheres are connected to a wire then their potenual on the surfaces are

same.
[Since V= ?
ie., Vi=V,
My My 4 _a
a b 9

ki
Also, we know, E = T—z (for point change)

kg, kq
then, E, = 7;’ and E, = 725
b
kg,
E 2 Bl B
Ratio, e i e gy 26 B
' E, kg, o % @
b?



Q. 2. A thin metallic spherical shell of radius R carries a charge 0 on its surface. A point charge g

2
is placed at the centre C and another charge +20 is placed 23
gt

outside the shell at 4 at a distance x from the centre as shown e, 2
in the figure. Q/ TRy

(i) Find the electric flux through the shell. i Gk |

(ii) State the law used. | “on ,‘I
(iéi) Find the force on the charges at the centre C of the shell and ‘\\ /"

at the point 4. [CBSE East 2016] e
Total enclosed charge

Ans. (i) Electric flux through a Gaussian surface, ¢ =
&g

Net charge enclosed inside the shell, ¢ = 0

Electric flux through the shell, ¢ = 7 0

€

(i7) Gauss’s Law: Electric flux through a Gaussian surface is L3 times the net charge enclosed
0
within it.
; =5 ]
Mathematically, §E.ds = oy Xg
0

(i7) We know that electric field or net charge inside the spherical conducting shell is zero. Hence,

the force on charge % is zero.
:)
i |
Force on charge at4, F, = ! QQ(Q 5 a2 3Q2
g A 4ne, x? ane, 2
Q. 3. (a) The distance of a far off point on the equatorial plane of +qA _g
an electric dipole is halved. How will the electric field be <
affected for the dipole? /
(b) Two identical electric dipoles are placed along the o
diagonals of a square ABCD of side 2 m as shown in !
the figure. Obtain the magnitude and direction of the net \
electric field at the centre (O) of the square. QD &4
[CBSE 2023 (55/1/1)]
Ans. (@) Ifr =L
s *q -9
kp kp 8kp A B
Then, E', = 5= g g = BE, ]
S (1) r r r
2 -
Hence, electric field at new position at equatorial line ¢ v
becomes 8 times of its initial value. " r
(b) Here, AB =BC = CD = AD = y2 m and +q 5
4= =199 =9c=-4 D VZm C
Electric field due 10 A and € at O,
kg kg kg K 5 V2
| SR e g St S R S T N P r=42sin45°=—=1m
LTSS AT A T af af Y V2



Q. 2. A thin metallic spherical shell of radius R carries a charge 0 on its surface. A point charge g

2
is placed at the centre C and another charge +20 is placed 23
gt

outside the shell at 4 at a distance x from the centre as shown e, 2
in the figure. Q/ TRy

(i) Find the electric flux through the shell. i Gk |

(ii) State the law used. | “on ,‘I
(iéi) Find the force on the charges at the centre C of the shell and ‘\\ /"

at the point 4. [CBSE East 2016] e
Total enclosed charge

Ans. (i) Electric flux through a Gaussian surface, ¢ =
&g

Net charge enclosed inside the shell, ¢ = 0

Electric flux through the shell, ¢ = 7 0

€

(i7) Gauss’s Law: Electric flux through a Gaussian surface is L3 times the net charge enclosed
0
within it.
; =5 ]
Mathematically, §E.ds = oy Xg
0

(i7) We know that electric field or net charge inside the spherical conducting shell is zero. Hence,

the force on charge % is zero.
:)
i |
Force on charge at4, F, = ! QQ(Q 5 a2 3Q2
g A 4ne, x? ane, 2
Q. 3. (a) The distance of a far off point on the equatorial plane of +qA _g
an electric dipole is halved. How will the electric field be <
affected for the dipole? /
(b) Two identical electric dipoles are placed along the o
diagonals of a square ABCD of side 2 m as shown in !
the figure. Obtain the magnitude and direction of the net \
electric field at the centre (O) of the square. QD &4
[CBSE 2023 (55/1/1)]
Ans. (@) Ifr =L
s *q -9
kp kp 8kp A B
Then, E', = 5= g g = BE, ]
S (1) r r r
2 -
Hence, electric field at new position at equatorial line ¢ v
becomes 8 times of its initial value. " r
(b) Here, AB =BC = CD = AD = y2 m and +q 5
4= =199 =9c=-4 D VZm C
Electric field due 10 A and € at O,
kg kg kg K 5 V2
| SR e g St S R S T N P r=42sin45°=—=1m
LTSS AT A T af af Y V2



ettt end ettt e d e d et L

Again, electric field due 1o D and B,

kg kg kg kg ; E
B B B b o U T 1
AR Bl E O O e

S0, Ep = JEI+E)] /{
[e]

v I “net
= V(2kq)' +(2kq)
= 2,2 kg NC™!
S i e E;
For direction, o = tan™ | ——
 2hq |
= tan~'(1) = 45°
So, E ., along 45° from E| or E,. =
Q. 4. Two small identical electric dipoles AB and CD, each of I
— AgH
dipole moment P are kept at an angle of 120° to each -
other in an external electric field E pointing along the g -
x-axis as shown in the figure. Find the X = \ —X
; E:
(a) dipole moment of the arrangement, and c
(b) magnitude and direction of the net torque acting on it. " Bya &l
[CBSE 2020 (55/2/1)]
Ans. v
‘1' s e . =
29) x4 @ 557&& 5 Qd/ﬁa& ol
s % —=2E s APJ gl =
o | (o B S . S s e
S /ﬁo/} —mmm!m‘ o&}-o& v
BB B P
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Yo e? Sl o
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| [Topper’s Answer 202(ﬁ
Q. 5. State Gauss’s law in electrostatics. A cube with each side ‘e’ is kept in an electric field given by
E=Cx #, (as is shown in the figure) where C is a positive ke
dimensional constant. Find out [CBSE (F) 2012]

(i) the electric flux through the cube, and

(ii) the net charge inside the cube.

Ans. Gauss’s Law in electrostatics states that the total electric flux

1 - — e — x
through a closed surface enclosing a charge is equal to T
LU

times the magnitude of that charge.

s fR gL
5 €
(i) Net flux, ¢ = 41+;¢2 P L
where ¢, = E.dS he H
= 2aC dS cos O° E | 1
=24C x a® = 2a° C # o1
$s = aC X a® cos 180° = - 4°C e

b = 24°C + (-°C) = ®*C Nm? ¢!
(1) Net charge (g) =g, X ¢ = &"C g, coulomb
q= a*c g coulomb.

Q. 6. A spherical conducting shell of inner radius r; and outer radius r, has a charge Q.
(a) A charge g is placed at the centre of the shell. Find out the surface charge density on the
inner and outer surfaces of the shell.
(b) 1s the electric field inside a cavity (with no charge) zero; independent of the fact whether
the shell is spherical or not? Explain. [CBSE 2019 (55/2/1)]

Ans.  (a) Diagram

1/‘2
Q+g g
The Surface charge density on inner surface of the shell is 6, = e? 1
r
+ 1
The surface charge density on outer shell is ¢, = Q g Ya
T

2
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(b) Consider a Gaussian surface inside the shell, net flux is zero since ¢, = 0. According to
Gauss's law it is independent of shape and size of shell. I

[CBSE Marking Scheme 2019 (55/2/1)]

Q. 7. Two large charged plane sheets of charge densities ¢ and -2¢ C/m? are arranged vertically
with a separation of d between them. Deduce expressions for the electric field at points
(i) to the left of the first sheet, (ii) to the right of the second sheet, and (iii) between the two

sheets. [CBSE 2019 (55/2/1)]
| A +o =) —20
ns. e
— E, 1%
E1 — ——
o ——E
E—> 2 ——=E
1
(i) Electric field in the region left of first sheet, %3
E\=E +E;
4 0
P Tt
L 2%,
=3
Ei=+ g,
It is towards right.
(#t) Electric field in the region to the right of second sheet Ya
a g
By 2
U 9e, " g,
a
Ey= o
I 250
It is towards lefi.
(i) Electric field between the two sheets, %
Eyy=E +Ey
8 nan
Em= £ 26,
3g
Ey = De,

Electric field is towards the right.
[CBSE Marking Scheme 2019 (55/2/1)]

Q.8. (a) “The outward electric flux due to charge +0 is independent of the shape and size of the
surface which encloses it.” Give two reasons to justify this statement.

(b) Two identical circular loops ‘1’ and ‘2’ of radius R each have linear charge densities -\
and +A C/m respectively. The loops are placed coaxially with their centres Ry 3 distance
apart. Find the magnitude and direction of the net electric field at the centre of loop “1°.

[CBSE Patna 2015]



Ans. (a) In figure, a charge + Q is enclosed inside the surfaces §; and §,.

(i) For a given charge @ the same number of electric field
lines emanating from the surfaces §; and §y depends on
the charge Q) and independent to the shape and size of the
surfaces of S| and S,.

(1) From Gauss'’s law the net-outward electric flux through any

; 5 o I
closed surface of any shape and size is equal 1o = Umes
0

the charge enclosed within that surface i.e., ~—
0

(b) Electric field at the centre O, due to loop 1 is given by

|E:] =0@AsZ =0) 2/:{% /1
~ LY
Electric field at a point outside the loop 2 on the axis  / f‘“\\\ /r \\._ i
passing normally through O, of loop 2 is | r| \ \\E‘v-aﬂ ".‘
o AR 2 | : Pl
IE2l= 3¢, @t R L R ™
\ / \ J
Since Z= RV3 N Yo
M Ry3
2g, (R? + 3R%)%?
BB bt DKl
= T6e,R towards right (As X is positive)
So, net electric field at the centre of loop 1,
E=E1+E>
A3 A3
=0+ M Ay

16g,R ~ 16g,R

. 9. Two charges g and -3q are placed fixed on x-axis separated by distance ‘d’. Where should a
arges g q P P ¥

third charge 2¢ be placed such that it will not experience any force? [NCERT Exemplar]
Ans. P 1 d Q
2q i -3q

Let the charge 2¢ be placed at point P as shown. The force due to g is to the left and that due to
-3¢ is to the right.
2 2 2
c == & 5 = d+x% =3
dnex”  Aneg(d +x)

d 3d
2’ -2x-d®=0 = x=giog
(—ve sign shows charge 2¢ at p would lie between g and -3¢ and hence is unacceptable.)
d v3d _d ra o) o
= X=E+ ) =§(l+\;3) to the left of g.

Q. 10. A hollow conducting sphere of inner radius r; and outer radius r, has a charge Q on its
surface. A point charge —g is also placed at the centre of the sphere.
(a) What is the surface charge density on the (i) inner and (ii) outer surface of the sphere?
(b) Use Gauss’ law of electrostatics to obtain the expression for the electric field at a point
lying outside the sphere. [CBSE 2020 (55/4/1)]




Ans. (a) Surface charge density on the inner surface = e Ve
17,
1
On the outer surface = q _g Ya
4,
(b) For a spherical Gaussian surface x > 7,, 1
(B = Q-q
&g
E X 4m = Qe_ £ Y%
0
e L R0 +
4ne, 42

[CBSE Marking Scheme 2020 (55/4/1)]

Long Answer Questions

Each of the following questions are of 5 marks.

Q. 1. (i) State Coulomb’s law in electrostatics and write it in vector form, for two charges.
(i7) Gauss’s law is based on the inverse-square dependence on distance contained in the
Coulomb’s law.” Explain.
(iii) Two chargesA (charge g) and B (charge 2¢) are located at points (0, 0) and (a, a) respectively.
Let i and j be the umt vectors along x-axis and y-axis respectively. Find the force exerted
by A on B, in terms of i and ] . [CBSE 2023 (55/1/1)]

Ans. (i) Coulomb’s Law:

It states that the force of attraction or repulsion between two point charges is directly
proportional to the product of magnitude of charges and inversely proportional to the
square of distance between them. The direction of this force is along the line joining the two
charges, .e.,
9>
= k—

where k= Tne 1§ constant of pruporuona]uy; € is permittivity of medium between the

charges. If g;is permittivity of free space and K the dielectric constant of medium, then

s=Kg, - 1 9%
T dne K 42
For free space K = 1, Therefore
__1 %h9»
dme, 42
In Vector from A
= ? — 1 4 A r; B
For = 4—_2?‘21 4__0.*_ ............. "0—2
ey F12 G4 f12 9z Fay
= 4+—-rT =
. _ T
But Ty = T
Fop = L Ghdora 1 ‘FlQ‘E;
2 e, 2 T 4ng, Al



——— e = = = e e = = e e = = e = = = = —— —— — —— —— -

Similarly if’ r12is position vector of ¢, relative 1o go and 7, is unit vector from B 1o 4, then
g 1 449 - 1 419 -

2= = iz
ane, 2 127 4dme, B

(ti) Let + g charge is placed at a point O and a point P lies at
distance r from the point 0. Imagine a sphere of radius r aa
and centre 0. Thus, point P lies on the surface of the sphere. / R
Now, the surface of the sphere will behave as gaussian surface. {
Therefore, the intensity of electric field on the surface at all \ !
the points will be equal in magnitude and will be directed "\ /
radially outward. o

The electric flux passing through the spherical surface,
¢ = E . Scos 0°

be=E.§ [S = 417
b = E ()
) 9 .
From Gauss's law, ¢p = 7 (i)
0
; Gin
From equation (i) and (i), 4nr°E = o
0
4
or E= Lz
4mne r

Now, imagine a charge ¢, placed at point P.
Force onqg, F = qo E
4me r*
= 1 Yo
4ne, " 42

= F=

Hence it verify coulomb’s inverse square law.

(117) Force exerted by 4 on B,
a5 k
= ‘11242;
r
Using distance Formula,

r= Y@0)2+@0)7%=/2a
_ a,f+a} _ f+:1'

=

2a 2
- X2 (i+] kg® . .
Now, Fpa= kq_ Z(l ,ﬁj)= %{‘ +J) N
(v2a) \ V2 V2a

. 2. Find expressions for the force and torque on an electric dipole kept in a uniform electric field.
P q P P
[CBSE (AI) 2014; 2019 (55/5/1); 2020 (55/3/1); 2020 (55/5/1); CBSE Sample Paper 2021
OR
(i) Define torque acting on a dipole of dipole moment 3 placed in a uniform electric field
E. Express it in the vector form and point out the direction along which it acts.
(ii) What happens if the field is non-uniform?
(i) What would happen if the external field E is increasing (i) parallel to ?J. and (i) anti-

parallel to p ? [CBSE (F) 2016]

| T |



Ans. Consider an electric dipole placed in a uniform electric field of strength E in such a way that its

dipole moment p makes an angle 8 with the direction of
E . The charges of dipole are — g and +4 at separation 2/
the dipole moment of electric dipole,

p=q2 )
Force: The ibrccﬁon charge +q is, f] = qf, along the
direction of field E .

- - KAy
Fa=—gE 4—-_q' r!l

The force on charge - ¢ is Fs =qf, opposite 1o the
direction of field E .

. . = = - . - . - . -
Obviously forces F; and Fg are equal in magnitude but opposite in direction; hence net force
on electric dipole in uniform electric field is

F=F -F;=qE-qE =0 (zero)
As net force on electric dipole is zero, so dipole does not undergo any translatory motion.
Torque: The forces Fi and Fy forma couple (or torque) which tends to rotate and align the dipole
along the direction of electric field. This couple is called the torque and is denoted by 1.

. Torque T = magnitude of one force X perpendicular distance between lines of action of forces

= gE (BN)

= gE (21 sin 8)

= (q2[) E sin §

= pE sin 8 [using ()] o)

Clearly, the magnitude of torque depends on orientation (8) of the electric dipole relative to
electric field. Torque (1) is a vector quantity whose direction is perpendicular to the plane

containing }; and E given by right hand screw rule.
In vector form, T=p XE ... (#d)
Thus, if an electric dipole is placed in an electric field in oblique orientation, it experiences no force

but experiences a torque. The torque tends to align the dipole moment along the direction of electric

field.
When the field is non-uniform, the net force will evidently be non-zero. There will be translatory
motion of the dipole.

When E is parallel to F , the dipole has a net foree in the direction of increasing field.

When E is anti-parallel to p , the net force on the dipole is in the direction of decreasing field.
In general, force depends on the orientation of F with respect to E.

E E

_— -

Force on —
e

> o <
Force on g 1 p 9
Force on ¢
B g -0 A—
%‘, i C({) Force on —
Direction of net force = - Direction of net force = =
Direction of Increasing field = - Direction of increasing field =—
E parallel to p E antiparallel to p




Q. 3. Find an expression for the electric field strength at a distant point situated (i) on the axis and
(ii) along the equatorial line of an electric dipole.  [CBSE (AI) 2013; (F) 2015; 2019 (55/5/1)]

OR
Derive an expression for the electric field intensity at a point on the equatorial line of an

electric dipole of dipole moment 5 and length 2. What is the direction of this field?
[CBSE South 20163 2019 (55/1/1)] [CBSE 2023 (55/1/1)]
Ans. Consider an electric dipole AB. The charges g and +¢ of dipole are situated at 4 and B
respectively as shown in the figure. The separation between the charges is 2a.

Electric dipole moment, p = ¢.2a

The direction of dipole moment is from - to +¢g. +——22——» - -
A

i [e] B E; P E4

(i) At axial or end-on position: Consider a _'q :q - »
point P on the axis of dipole at a distancer  +—a— «—a—+ i
from mid-point O of electric dipole. : 3 .
s - - +
The distance of point P from charge +gat '« i .

BisBP=r-a
and distance of point P from charge -g at 4 is, AP = r + a.

Let E; and E; be the electric field strengths at point P due to charges +¢ and — respectively.
We know that the direction of electric field due to a point charge is away from positive charge
and towards the negative charge. Therefore,

1 1
4 5 (from B to P) and E, = % (from P to A)

L 47(50“_&) 4n50(r+a)

- -
Clearly the directions of electric field strengths Ey are Eg along the same line but opposite
to cach other and E, > E, because positive charge is nearer.

*. The resultant electric field due to electric dipole has magnitude equal to the difference of
E, and E, direction from B to P i.e.

.1 q 1 q
2 Ay gy’ Ao (r 4 )

E=E-E

ol O O | (O [(:HH::)Q-(?-::L)2
ey | ( _4)° (r+a)2] gl o)

q 4ra  _ 1 2(q2a)r
4me, (- ag)ﬁ 4ne, o0 agf

But ¢.2 a = p (electric dipole moment)
L 0
e —— = @
ey (r* =a®)
If the dipole is infinitely small and point I’ is far away from the dipole, then r > > a, therefore
equation (i) may be expressed as
1 2pr
j_ _‘0 ()

= or E=
dne, 4* 4ne,

This is the expression for the electric field strength at axial position due to a short electric
dipole.
(ii) Ata point of equatorial line: Consider a point P on broad side on the position of dipole

formed of charges +¢ and —¢ at separation 2a. The distance of point P from mid point (O) of



electric dipole is r. Let E; and Es be the electric field strengths due to charges +¢ and - ¢

of electric dipole. E, -
. g X 4 sini
From fig. AP =BP =y+* +4° \\
-— 1 q X
=—————alongBwo P -+ [N
17 dne, 20 L B ;},:P
— 1 ¢ - '
Ey=————alongPoA / |
4ne, 12 + o2 e
Essind
~ = = 1 . E =
Clearly Ey and E, are equal in magnitude 2 i
ie., |E1|=| Ea|or E,=E,. a2
EvH Ealorbky. . s
To find the resultant of E, and Es, we resolve them into " i
rectangular components. — 22—

Component of Ei parallel to AB = E| cos 8, in the direction to BA
Component of E) perpendicular to AB = E, sin 8 along OP
Component of Es parallel 10 AB = E, cos 6 in the direction BA

Component of Es perpendicular to AB = Ej sin 8 along PO

Clearly, components of Ei and Es perpendicular to AB: E| sin 6 and Egsin 6 being equal

— —
and opposite cancel each other, while the components of £y and Eg parallel 1o AB : E| cos®
and E, cos 8, being in the same direction add up and give the resultant electric field whose

direction is parallel to BA .
Resultant electric field at P is E = Ejcos 8+ E;cos 6

e 1 q
But £, = By = o3, 5
OB a a
From the figure, cos@ = - =——-=
FE P+ (249"
1 q a 1 2

E = 2E cosb = 2X

4me, ("?+‘12).(r?+g?)y2 dme, = +a.2)3f2

But ¢.2a=p=electric dipole moment ... (itd)
1 I

= 41g, 372
0 (¥ +42)

If dipole is infinitesimal and point P is far away, we have a << r, so a®> may be neglected as

compared to r* and so equation (iif) gives

1 t 1 ¢

4ne, (Tg)w 4me, 3

i.e., electric field strength due to a short dipole at broadside on position

1 —
= Eﬁ“ in the direction parallel 1o BA (tv)
(I

Its direction is parallel to the axis of dipole from positive to negative charge.

It may be noted clearly from equations (ii) and (iv) that electric field strength due to a short
dipole at any point is inversely proportional to the cube of its distance from the dipole and
the electric field strength at axial position is twice that at broad-side on position for the same
distance.

Important: Note the important point that the electric field due to a dipole at large distances

: sl 1 4 . "
falls off as —- and not as — as in the case of a point charge.
r r



Q.4

Ans.

A charge is distributed uniformly over a ring of radius ‘a’. Obtain an expression for the electric
intensity E at a point on the axis of the ring. Hence show that for points at large distances from
the ring, it behaves like a point charge. [CBSE Delhi 2016, 2020 (55/5/1)]

Consider a point P on the axis of uniformly charged d
ring at a distance x from its centre Q. Point P is at / A e ;
distance r = y/a® + x* from each elementdlof ring. [ o | \H d

|

If ¢ is total charge on ring, then, charge per metre | |

_JG d)‘-\‘
o of

dE
length, A = 5 5 \ ,"‘ T
’ 2nta * \ e dE,
The ring may be supposed to be formed of a large \\Bj/
number of ring elements. dl

Consider an element of length d! situated at A.
The charge on element, dg = L dl
The electric field at P due to this element
1 % _ 1
4 T dme, 2

1

=i 2 along PC
{1 3

The electric field strength due o opposite symmetrical element of length dl at B is

oy d Ly
dEs = 1 1.1 7\—?, along PD
7

4ne, o2 - 4me,

Ifwe resolve dfl and dEj along the axis and perpendicular to axis, we note that the components
perpendicular to axis are oppositely directed and so get cancelled, while those along the axis are
added up. Hence, due to symmetry of the ring, the electric field strength is directed along the axis.
The electric field sirength due to charge element of length dl, situated at 4, along the axis will be

_ _1 A
dE = dE, cos = e, cosfB
But, cosh = %
a!E=41 ?\d;’x=41 &%di
e, o e, 4

The resultant electric field along the axis will be obtained by adding fields due to all elements of
the ring, i.e.,

. l%jm

J 3
4ng, y 4me,

But, [dl = whole length of ring = 2na and r = (@* + x%)'?

5, O Ax
e, (a2 + )"
(g2
. 5 1 \%mas
As, A= oma’ e have E = ey @+ 2
1 g%

or, along the axis

dne, (of + 132

At large distances i.e., x >> q, B ane, 52 »

i.e., the electric field due o a point charge at a distance x.

For points on the axis at distances much larger than the radius of ring, the ring behaves like a
point charge.



Q. 5. (a) State Gauss's law in electrostatics. Show with help of suitable figure that outward flux due to
apointcharge 0, in vacuum within gaussian surface, isindependent 95
of its size and shape. |

(b) Inthe figure there are three infinite long thin sheets having surface
charge density +2c,-2c and +6 respectively. Give the magnitude B c D
and direction of electric field at a point to the left of sheet of
charge density +2c and to the right of sheet of charge density +o.
[CBSE Sample Paper 2021]
Ans. (a) Statement: The net-outward normal electric flux through any closed surface of any shape is
equal to 1/g, times the total charge contained within that surface, i.e.,

§EaS=1Lx,
$ 0
where f indicates the surface integral over the whole of the closed surface, ¥ ¢ is the

s
algebraic sum of all the charges (i.e., net charge in coulombs) enclosed by surface S and
remain unchanged with the size and shape of the surface.

Proof: Let a point charge +¢ be placed at centre O of a sphere §. Then § is a Gaussian

surface.
Electric field at any point on § is given by
1 4
E= =
4ne, 42

The electric field and area element points radially outwards, so 6 = 0°.
Flux through area ds is

dp=F .dS = EdScos0° = EdS
Total flux through surface § is

¢ = fafd) = j;EtIS = EffzﬂS = E X Area ol sphere
§ 3 S

b= 4;50 % 4 or, = ;i“ which proves Gauss's theorem.
(B) At 4, both 6and 26 will act in left and —2¢ will act in right, so, charge density at A can be
given as
_ 2 26 06 _ G
4 28y ey 2y 2.,
The net electric field at 4 is towards left. to -20 4o
Similarly at point [, 6 and 26 will act in right and 26 . :
E: H o 20 20 20
will act in left. 20— - -
% 95 5 S A B c D
56, £ =t =

D~ %, "%, 2%, 28,
The net electric field at 1) is towards right.

Q. 6. (i) Using Gauss Theorem show mathematically that for any point outside the shell, the field
due to a uniformly charged spherical shell is same as the entire charge on the shell, is

concentrated at the centre. [CBSE 2019 (55/4/1)]
(ii)) Why do you expect the electric field inside the shell to be zero according to this theorem?
OR [CBSE Allahabad 2015]

A thin conducting spherical shell of radius R has charge Q spread uniformly over its surface.
Using Gauss’s theorem, derive an expression for the electric field at a point outside the
shell. [CBSE Delhi 2009]
Draw a graph of electric field E(r) with distance r from the centre of the shell for 0 = r <,



OR
Find the electric field intensity due to a uniformly charged spherical shell at a point (i) outside
the shell and (i) inside the shell. Plot the graph of electric field with distance from the centre
of the shell. [CBSE North 2016; 2020 (55/1/1)]

OR
Using Gauss’s law obtain the expression for the electric field due to a uniformly charged thin
spherical shell of radius R at a point outside the shell. Draw a graph showing the variation of
electric field with r, for r > Rand r < R. [CBSE (AI) 2013; 2020 (55/2/1)]
Ans. (i) Electric field intensity ata point outside a uniformly charged thin spherical shell: Consider
a uniformly charged thin spherical shell of radius R carrying )
charge Q. To find the electric field outside the shell, we -~ ~—7~.0Q Eg 45

consider a spherical Gaussian surface of radius r (>R), 4 R N B

concentric with given shell. If Eo is electric field outside the | |"
shell, then by symmetry electric field sirength has same )
magnitude E, on the Gaussian surface and is directed radially B A
outward. Also the directions of normal at each point is
radially outward, so angle between Eq and dS is zero at

e g
each point. Hence, electric flux through Gaussian surface. ¢ = fEa +dS.
§

¢ = §E-dS = § E,dScos0 = E .4mr®
s $
Now, Gaussian surface is outside the given charged shell, so charge enclosed by Gaussian
surface is Q.

Hence, by Gauss’s theorem

L

1
2= " % =
= E, 4nr g, g =E ane, 2

Thus, electric field outside a charged thin spherical shell is the same as if the whole charge Q
is concentrated at the centre.

If ¢ is the surface charge density of the spherical shell, then
Q= 4nR%6 coulomb

1 _4nR’s _R%
O dme, 42 gt

(ii) Electric field inside the shell (hollow charged conducting sphere):

The charge resides on the surface of a conductor. Thus a hollow
charged conductor is equivalent to a charged spherical shell. To find
the electric field inside the shell, we consider a spherical Gaussian
surface of radius r (< R) concentric with the given shell. If E is the
electric field inside the shell, then by symmetry electric field strength
has the same magnitude E; on the Gaussian surface and is directed
radially outward. Also the direcliths of no:ma] aL each point is
radially outward, so angle between E; and dS is zero at each point.
Hence, electric flux through Gaussian surface

= j; E; dS = fEidSmsO = E,.4n”
§

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
: 25 Eo-dS = EIT % charged enclosed :
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |



Now, Gaussian surface is inside the given charged shell, so charge enclosed by Gaussian
surface is zero.
Hence, by Gauss's theorem

E
F gf=L
j E;.dS = % X charge enclosed T \

= E,,4mr2=ELG><n = E=0

Thus, electric field at each point inside a charged thin
spherical shell is zero. The graph is shown in fig.
Q.7. (i) Use Gauss’ law to obtain an expression for the electric field due to an infinitely long thin
straight wire with uniform linear charge density A. [CBSE 2020 (55/5/1), 2023 (55/2/1)]
(ii) An infinitely long positively charged straight wire has a linear charge density A. An
electron is revolving in a circle with a constant speed v such that the wire passes through
the centre, and is perpendicular to the plane, of the circle. Find the kinetic energy of the
electron in terms of magnitudes of its charge and linear charge density A on the wire.
(iii) Draw a graph of kinetic energy as a function of linear charge density A . [CBSE 2023 (55/2/1)]
Ans. (i) Electric field due to infinitely long, thin and uniformly charged straight wire: Consider
an infinitely long line charge having linear charge density % coulomb metre™ (linear charge
density means charge per unit length). To find the electric field strength at a distance r, we
consider a cylindrical Gaussian surface of radius » and length [ coaxial with line charge. The
cylindrical Gaussian surface may be divided into three parts:
(1) Curved surface S, (i) Flat surface S, and (iit) Flat surface §s.
By symmetry, the electric field has the same magnitude E at each point of curved surface §,
and is directed radially outward.

We consider small elements of surfaces §, rg

1

i
is directed along the direction of electric |
— — 3 = == ;

field (i.e., angle between E and 48§, 5 guc.r;w'\ S ; ,ff,'\\\‘\gou &
; 2 2 S, +—— /]| ir [(H——ds,
is zero); the elements dSe and dSs are S [ i (VY #

R e A T A I e e L g

directed perpendicular to field vector E

Jl /
L, \ i
\ \/

i ik I“ S,/ |ss]
(i.e., angle between dSe and E is 90° and \
so also angle between a!§3 and E ).

Electric Flux through the cylindrical surface

KEdS=[E-dSi+[ EdSs+ [ E+dSs
= [, E dS,cos0° + [¢ EdSycos90°+ [ E dS,cos90°
=[Eds, +0+0
= Ef ds, (since electric field E is the same at each point of curved surface)

= E 2mrl (since area of curved surface = 2 n#l)

As A is charge per unit length and length of cylinder is [ therefore, charge enclosed by
assumed surface = (M)

By Gauss's theorem

§E +dS = El— X charge enclosed
’ 0
A

oy =
= E2nrl = N (AD = E= ome,r

Thus, the electric field strength due 1o a line charge is inversely proportional to .

— M
— e — — — —— — —— — — — — —— — — — — — — — — — — — — — — — — — — am— — —

I 8, and S, The surface element vector 4§, E E



(i) Infinitely long charged wire produces a radical electric field.

A 0

2ne,r
The revolving electron experiences an electrostatic force

¥
and provides necessarily centripetal force. +
my 2 4
eE =— _..(iH) el
+
2 my 2 s €N Bommes
= = = my = +
2ne v r 21e, ,
e i ; 1 el
Kinetic energy of the electron, K = —mv* = +
’ 2 4re,
(i)
KE
—

Q. 8. (i) Define electric flux and write its SI unit.
(ii) Use Gauss law to obtain the expression for the electric field due to a uniformly charged
infinite plane sheet.
(iii) A cube of side L is kept in space, as shown in the figure. An electric field E = (Ax+B)i NG
exists in the region. Find the net charge enclosed by the cube. [CBSE 2023 (55/3/1)]
Y

F 4
Ans. (i) Electric flux: Itis defined as the total number of electric field lines passing through an area
normal to its surface.
Also, b =§F .dS
The SI unit is Nm%C or volt-metre. R
(i1) Let electric charge be uniformly 4S5
distributed over the surface of a S; E 90_;53 ==
thin, non-conducting infinite sheet. \ - D=
; e [A
Let the surface charge density (i.e., dS) «—/)|
il

-

charge per unit surface area) be 5. EZC \/
We need to calculate the electric B I—
field strength at any point distant r Sheet

from the sheet of charge.

To calculate the electric field strength near the sheet, we now consider a eylindrical Gaussian
surface bounded by two plane faces A and B lying on the opposite sides and parallel 1o the




charged sheet and the cylindrical surface perpendicular to the sheet (lig). By symmetry the
electric field strength at every point on the flat surface is the same and its direction is normal
outwards at the points on the two plane surfaces and parallel 1o the curved surface.

Total electric flux

or f f .d?g‘i’_[‘ E.dSs
E f EdS, c050°+_f EdS cos(}"-l—j' E d§,cos90°

=E[dS, +E[ dS, = Ea + Ea = 2Ea
Total electric flux = 2Ea

As o Is charge per unit area of sheet and «a is the intersecting area, the charge enclosed by
Gaussian surface = ca

According to Gauss's theorem,

Total electric flux = El—x (total charge enclosed by the surface)
0

4]

g 1
.e. 2Fa = — s E=—
1, a Eo(cs«:i) 2e,

Thus electric field strength due to an infinite flat sheet of charge is independent of the
distance of the point.

(iii) Given, E = (Ax+B)NC

x

‘Im

From Gauss's Law, §>E ds =
Only flux through shaded portion will contribute.

Flux through face 4, §, = E4.ds where,aix = 0,) E.a=(4(0)+B);
Bi . I%(-i) ¢, =-BI?

E .ds where, atx = L, Eg=(AL+B)
= (AL+B)i.I?i = (AL® + BLY)
Hence, Net flux = ¢, + ¢y = - BL® + AL® + BL®

Flux through face B, ¢,

=AL?
5 . Gin
Again, from Gauss theorem, ¢, = =
0
G = AL} g, C



Q.9.

Ans.

Q. 10.

Apply Gauss’s Theorem to find the electric field near a charged conductor.

OR
Show that the electric field at the surface of a charged conductor is E= eiﬁ where ¢ is
(]
surface charge density and 7 is a unit vector normal to the surface in the outward direction.
[CBSE (AI) 2010]

Letacharge Q be given to a conductor, this charge under electrostatic equilibrium will redistribute
and the electric field inside the conductor is zero (i.e., E;;=0).

Let us consider a point P at which electric field " 5

strength is to be calculated, just outside the surface of g % 35

\
- s %
the conductor. Let the surface charge density on the \

\/ Conductor
/

surface of the conductor in 1he‘neighb0urhood‘oi'1" be | - _D_m ‘: Pl i ——
& coulomb/metre® . Now consider a small cylindrical | Sz R C 43, E
box CD having one base ¢ passing through P; the other Je a8 &

base D lying inside the conductor and the curved surface % /

being perpendicular to the surface of the conductor. g RS A

Let the area of each flat base be a. As the surface of the conductor is equipotential surface, the
electric field strength E at P, just outside the surface of the conductor is perpendicular to the
surface of the conductor in the neighbourhood of P.

The flux of electric field through the curved surface of the box is zero, since there is no
component of electric field E normal to curved surface. Also the flux of electric field through the
base D) is zero, as electric [ield strength inside the conductor is zero. Therefore the resultant flux
of electric field through the entire surface of the box is same as the flux through the face C. This
may be analytically seen as:

If $, and S, are flat surfaces at € and D and §; is curved surface, then
Total electric flux -{s E.dS= J;I E .df] + .[;2 E. d§2 + _[,;3 E .af§:;

= [ E dS, cos0+ [ 0.dS2 + [ E dS, cos90°
§EdS, = Ea

As the charge enclosed by the cylinder is (6a) coulomb, we have, using Gauss's theorem,

Total electric flux = El— X charge enclosed
0

o]

el -8
= Ea = EO(sm) or E= 2o

Thus the electric field strength at any point close to the surface of a charged conductor of any
shape is equal to /e times the surface charge density o. This is known as Coulomb’s law. The
electric field strength is directed radially away from the conductor if ¢ is positive and towards
the conductor if o is negative.

< W i . s ‘ s s M
If # is unit vector normal to surface in outward direction, then E = = -
0
Obviously electric field strength near a plane conductor is twice of the electric field strength near

a non-conducting thin sheet of charge.

(a) Consider a system of n charges q,, gy, ... g, with position vectors ;;, r ,...,7" relative

273
to some origin ‘0’. Deduce the expression for the net electric field E ata point P with
position vector rfJ , due to this system of charges.

(b) Three point electric charges +¢ each are kept at the vertices of an equilateral triangle of side a.
Determine the magnitude and sign of the charge to be kept at the centroid of the triangle
so that the charges at the vertices remain in equilibrium. [CBSE (F) 2015] [HOTS]



Ans. (a) Electric field due to a system of point charges.
Consider a system of N point cilaiges 1 92 Y
.-s gy, having position vectors 7,7, ...,7, with E
respect Lo origin 0. We wish 1o determine the / 43_,,./

electric field at point P whose position vector

=
%Jr
&
|
1

is 7. According to Coulomb's law, the force on Ry e

charge g, due to charge g, is
= 1 %Y
F, = 19 |

= 3 Tip -
4ne, o 5 X

where , is a unit vector in the direction from ¢, to Pand 1, is the distance between ¢, and P.

P
Hence the electric field at point P due to charge g, is
Fi 1 4.,

E,
i TP
4, dne, 12

Similarly, electric field at P due to charge go,
1 %
9= i F
4 s - o
€0 1op

)

According to the principle of superposition of electric fields, the electric field at any point due
to a group of point charges is equal to the vector sum of the electric fields produced by each
charge individually at that point, when all other charges are assumed o be absent

Hence, the electric field at point P due 10 the system of n charges is

E=E]+Eg+___+fn

s 1 ‘11 s + ‘?2 s i o qn ”
- z e g gy 7 Tnp
angg [ np Tp Tap
1 = 4

= —
47[5.0,'3 1 7;; P

(b) The charge at any vertex will remain in equilibrium if the net force experienced by this
charge due 1o all other three charges is zero.
Let @ be the required charge to be kept at the centroid G.
Considering the charge at A,

Force Fi on charge at 4 due to charge at B
2

E? along ﬂ
0

!

F1=

&
Force Fs on charge at 4 due to charge at C
2

= 1_@_ ey
Fo = ine, o along CA

Since angle between Fi and Fs is 60°.

9
F+F=,3 q—galnnga

1
ame, o

Ire

Also, the distance of centroid G from any vertex is



The nature of charge to be kept at G has 1o be opposite (-ve) so that it exerts a force of

auraction on charge (+4) kept at 4 1o balance the force By + Fa.

1 Y 1 Q3 TS
Force exerted by (- Q) keptat G on charge (+q)at 4 = el 5 along AG
o [ B 0
55
Equating the two forces, being equal and opposite
2
)
\,"3171=_ 1 ﬁ = Qz_i
4ne, 42 ne, o2 )

1. Choose and write the correct option in the following questions.

(i) Two point charges +8¢ and -2g are located at x = 0 and x = L respectively. The point on x
axis at which net electric field is zero due to these charges is
[CBSE Sample Paper-2022, Term-1)]
(@) 8L () AL © 2L d L
(1i) Which one of the following plots represents the variation of electric field with distance r due
1o a thin spherical shell of radius R? (r is measured from the centre of the spherical shell)

@ e ) E © E _ @ E
\ ‘! |
\ \
N

foge T e tegm  Sepm
(717) An object has charge of 1 C and gains 5.0 X 10'® electrons. The net charge on the object
becomes [CBSE 2022 (55/2/4), Term-1]
(@) -0.80 C (&) +0.80C © +180C @ +0200C
(i) The electric flux emerging out from 1C charge is [CBSE 2020 (55/3/1)]
@ & (6) 47 © = @
() In which of the following cases the electric field strength is independent of distance?
[CBSE 2020 (55/3/1)]
(@) Due to a point charge (b) Due to a line charge
(¢) Due 1o a spherical charge (d) Due to infinite flat sheet of charge

2. In the following questions, a statement of Assertion (A) is followed by a statement of Reason (R).
Choose the correct answer out of the following choices.
(a) Both A and R are true and R is the correct explanation of A.
(b) Both A and R are true but R is not the correct explanation of A.
(c) A is true but R is false.
(d) A is false and R is also false.

(@) Assertion (d) : Ifa proton and an electron a replaced in the same uniform electric field, they
experience different acceleration.

Reason (R): Electric force on a test charge is independent of its mass.
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10.

11.

12.

13.

14.

Lh

(i) Assertion (4) : The charge given to a metallic sphere does not depend on whether it is
hollow or solid.

Reason (R) : Since the charge resides only on the surface of the conductor.
Two insulated charged copper spheres 4 and B of identical size have charges ¢4 and -3¢,
respectively. When they are brought in contact with each other and then separated, what are the
new charges on them?
Two charges of magnitudes - 3Q and + 20 are located at points (@, 0) and (4a, 0) respectively.
What is the electric flux due to these charges through a sphere of radius ‘54’ with its centre at
the origin?
A charge Q pC is placed at the centre of a cube. What is the electric flux coming out from any one
surface? [CBSE (AI) 2012]
Two identical point charges, ¢ each, are kept 2 m apart in air. A third point charge Q of unknown
magnitude and sign is placed on the line joining the charges such that the system remains in
equilibrium. Find the position and nature of Q.
Draw the pattern of electric field lines, when a point charge —Q is kept near an uncharged
conducting plate. [CBSE 2019 (55/1/1)]

. A charge ¢ is placed at the centre of a cube of side {. What is the electric flux passing through two

opposite faces of the cube? [CBSE (AI) 2012]

: , : R ’ "
. Figure shows a point charge +0, located at a distance —- from the centre of a spherical metal

2
shell. Draw the electric field lines for the given system. [CBSE Sample Paper 2016]

An electric dipole is held in a uniform electric field.
(#) Show that the net force acting on it is zero.
(i) The dipole is aligned parallel to the field. Find the work done in rotating it through the
angle of 180°. [CBSE (AI) 2012)
Two concentric metallic spherical shells of radii R and 2R are given charges @, and 0,
respectively. The surface charge densities on the outer surfaces of the shells are equal
Determine the ratio Q, : Qv. [CBSE (F) 2013]

Consider a uniform electric field E = 3x10% NC™'. (a) What is the flux of this field through a
square of 10 cm on a side whose plane is parallel to the yz plane? (b)) What is the flux through the
same square if the normal 1o its plane makes a 60° angle with the x-axis? [NCERT]

Two large, thin metal plates are parallel and close 1o each other. On their inner faces, the plates
have surface charge densities of opposite signs and of magnitude 17.0 X 10 ¢/m® What is
electric field strength E: (@) in the outer region of the first plate, (b) in the outer region of the
second plate, and (c) between the plates? [NCERT]

Along charged cylinder of linear charge density +4, is surrounded by a hollow coaxial conducting
cylinder of linear charge density -Ay. Use Gauss's law to obtain expressions for the electric field
at a point (i) in the space between the cylinders, and (i) outside the larger cylinder.

Four point charges g, = 2 uC, g3 = - 5pC, g, = 2 uC and g, = - 5 pC are located at the corners
of a square ABCD of side 10 cm. What is the force on a charge of 1 uC placed at the centre of the
sphere? [NCERT]



16. Two large charged plane shects of charge densities ¢ and —2¢ C/m? are arranged vertically with
a separation of d between them. Deduce expressions for the electric field at points (i) to the left
of the first sheet, (i) to the right of the second sheet, and (iit) between the two sheets.

17. A spherical conducting shell of inner radius r; and outer radius r, has a charge ‘Q". A charge ‘¢’
is placed at the centre of the shell.

(a) What is the surface charge density on the (f) inner surface, (if) outer surface of the shell?
(b) Write the expression for the electric field at a point x>r, from the centre of the shell.

[CBSE (AI) 2010]
18. A hollow cylindrical box of length | m and L L R
area of cross-section 25 cm” is placed in a three E E

dimensional coordinate system as shown in the &

=:>

figure. The electric field in the region is given 0
by E=50xi, where Eisin NC' and xisin
metres. Find S T
(@) net flux through the cylinder.

(i1) charge enclosed by the cylinder. [CBSE Delhi 2013]

19. Two parallel uniformly charged infinite plane sheets, ‘I' and ‘2', have charge densities + & and
-2 g respectively. Give the magnitude and direction of the net electric field at a point

() in between the two sheets and  (ii) outside near the sheet ‘1°. [CBSE Ajmer 2015]
20. The electric field E due to any point charge near it is defined as E = limg where ¢ is the test
g-0

charge and F is the force acting on it. What is the physical significance of lim in this expression?
. g0

Draw the electric field lines of point charge O when (i) Q > O and (i) Q < 0.

21. Two point charges of + 5 x 107" C and + 20 x 107 C are separated by a distance of 2 m. Find
the point on the line joining them at which electric field intensity is zero.

22. Two charges of value 2 nC and -50 uC are placed 80 cm apart. Calculate the distance of the point
from the smaller charge where the intensity is zero.

i
LOe @ (@) (d) @) (@ (v) ()
200 @@

- Q
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10. (i) 20F  11.1:4 12. () 30 Nm?C™' (5) 15 Nm?C™'13.(2) 0 (b) 0 (c) 1.92 x 107" NC™!
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