
A : Important formulae concepts, diagrams and explanation :

      Electric field intensities due to various charge distribution are given in the Table :

1. Point Charge l q is source charge

l r
G  is vector drawn from

source charge to the
test point

l Electric field is
non-uniform

2. Infinitely long l λ  is linear charge density
line charge (assumed uniform)

l r is perpendicular distance
of point from line charge

l r
G radial unit vector drawn

from the charge to test point

3. Infinite non-conducting l σ  is surface charge density
thin sheet (assumed uniform)

l n̂  is unit normal vector.
Electric field intensity is
independent of distance.

4. Infinitely large- l σ  is the surface charge
charged conduct- density (assumed uniform)
ing sheet l n̂ is the unit vector perpen-

dicular is the surface.
l Electric field intensity

is independant of distance.

5. Uniformly charged l R is radius of the sphere.
hollow conducting/ l r

G  is vector drawn from
non-conducting/solid centre of sphere to the point.
conducting sphere l Sphere acts like a point

charge. Placed at centre
for points outside the sphere.

l E
G  is always along radial

direction.

l Q is total charge 2
( 4 )Rσ π=

(σ = surface charge density)
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B : Solved numerical Problems

1. For charges q
1
 and q

2
, if force between them for some separation in air is F, then force between them in

a medium of permitivity ε  will be
Ans. Force in air.

i.e.,
1 1 2

24 0

q q
F

rπε
=

and force in medium, i.e., 
1 1 2

24 0

q q
Fm r rπε ε

=        
0

r
ε ε

ε
 

=   
'

1 1 2
24

q q

rπε
=

10 1 2. 24 0

q q

r

ε
ε πε

=

0F Fm

ε
ε

=

2. The electric field in a certain region is acting radially outward and is give by E = Ar. A charge contained
in a sphere of radius a centred at the origin of the field will be given by

Ans. E = Ar (1)

Here, r = a  
1

 . 24 0

q
E

aπε
⇒ =

From Eq. (i), we get

1
.   24 0

34 0
q

Aa q
a

Aa
πε

πε= ⇒ =

3. When an electric dipole p is placed in a uniform electric field E, then at what angle between p and E the
value of torque will be maximum?

Ans. Torque, ˆ sinpE nτ θ=

sinpEτ θ=

∴ Torque is maximum, when 90
oθ =

4. Total electric flux coming out of a unit positive charge put in air is —

Ans.  By Gauss’s law, φ = electric flux through closed surface area

0

qenclosed
ε  if q

enclosed
 = 1 unit

1 1
00

φ ε
ε

−= =
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Mathematically, .
q

E dSsφ = =∫ ∈
GG

v .... (1)

Here q is the total charge enclosed by the surface and ∈ is the permittivity of the medium.

For vacuum, .
0

q
E dSsφ = =∫ ∈

GG

v

We consider a then infinitely long straight rod with a uniform linear charge density λ Cm–1 placed
along XY. We require to calculate electric field at a distance r from the thin rod.

E
G  is a constant over the cylindrical surface. The electric flux only crosses through the curved surface of

the cylinder.

2x

–q +q

C : Solution of previous years questions

1. State Gauss’ theorem. With the help of this theorem, find out the electrical intensity at any nearby point
due to a uniformly charged thin and long straight wire. (2019)

Ans. : Statement : The net electric flux linked with a closed surface is 
1
∈  times the net charge within the

surface.

 .   2E ds E rl
s

π∴ = ×∫
GG

Hence by Gauss’s theorem, 2  where 
0

q
E rl q lπ λ× = =

∈
1 2

.
2 4 r0 0

E
r

λ λ
πε πε

 ∴ = =   

It gives the magnitude of the electric field E
G  at a distance r from the line charge.

2. Define electrical dipole moment. An electrical dipole is placed with uniform electric ffield (E) and is
rotated to an angle 0∠  = 180o. Find the work done. (2019)

Ans. Two equal and opposite charges kept at a small separation from an electric dipole.

Dipole moment : Dipole moment P
G  is a measure of the strength of electric dipole.

It is a vector. The directionof P
G  is from negative charge to positive charge.

Its measurement is P
G

 = magnitude of charge x separation between the two charges.

= q x 2x = 2xq

SI unit of dipole moment is (C-m).

Total work done for producing a deflection θ is
∴  W = PE(1-cos)

Here, P
G = 180o. ∴  W = PE(1 + 1) = 2PE

3. +q point charge is placed at the centre of a hemispherical surface amount of electrical flux crossing
through the surface will be
Ans. Given surface is not closed surface. Hence, we cannot apply the direct result of Gauss’s theorem.

If we draw a complete sphere, then φ through complete sphere = 
0

q

ε

φ∴ through hemisphere = 
1

2 0

q

ε
 
   

4. Two point charges separated by a distance d apart each other with a repulsion force 9N. If the separation
between them becomes 3d, the force of repulsion will be

Ans. :  
2 2

1 12 1 1 2 931 2 1

F d d
F

F d dd

   
∝ ⇒ = = =         

by the problem, 
12   ;       129 9

F
F N= ∴ =

P
JG



D : Short Notes

1. Coulomb’s Law : If two point charges q
1
 and q

2
 are distance r apart then force between two charges.

1 2F q q∝

and
1
2F

r
∝

i.e., 1 2
24 0

q q
F

rπε
=  (in free space where 0ε  is permittivity of free space.

1 2 1 2
2 24 40 0

q q q q
F

r krrπε ε πε= =  (in a medium) where

0
mkr

εε ε= =  is relative permittivity of the medium or dielectric constant of the medium.

Vector form of Coulomb’s law

1 2
34 0

q q r
F

rπε
=

G

G

1 9 2 29 10
4 0

Nm Cπε
−= ×

12 2 -1 -28.85 100 C N mε −= ×

Note that rε  is dimensionless.

Coulomb’s law is valid if (i) charges are point charges or spherical charges (ii) distance r
between the two charges > 10–15 m.

Fig. Coulomb force

2. Electric Field Intensity or Electric Field Strength is the force experienced by a unit positive charge at
that point when placed in an electric field of the given charge. Its unit is N/C or Vm–1.

24 0

FQ
E

qRπε
= =

3. Electric Flux :  The lines offorce passing through a given area in an electric field is called electric flux.

EEφ ε= ∫
G

  If E and S are mutually perpendicular the 0Eφ = . The unit of electric flux is

Nm2C–1 and dimensional formula is [ML–3T3A–1]. It is a scalar quantity.

4. Electric field intensity due to a shell (spherical) having charge Q and radius R

24 0

Q

Rπε

Fig. Electric field due to shell
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0Einside = x < R

24 0

Q
Esurface Rπε

= x = R

24 0

Q
Eoutside xπε

= x > R

5. Electric field due to a finite line charge on perpendicular bisector

Fig. Electric field due to a line charge along equatorial line

2 22 40

Q
E

x L aπε
=

+

6. Dipole Moment : (2 )P q l=
JG JJG

. The direction of electric dipole moment P
G  is from negative towards

positive charge as shown in the Fig.

                                                                       q P q− +
JG

Fig. : Dipole

Electric Field intensity due to a dipole
(a) Along axial line

2
2 2 24 ( )0

px
Eaxial x lπε

=
−  (See Fig. below)

Fig. : Electric field due to a dipole along axial line

for a short dipole x>>l

2
34 0

p
Eaxial xπε

=

Note the direction of electric field is parallel to to electric dipole moment.

x
+q E

–
E

+x–l
x+l

–q

2l
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b) Electric field along equatorial line

2 2 3/ 24 ( )0

p
Eequatorial x lπε

=
+

Note that the direction of electric field is antiparalled to dipole movement as shown in Fig.

Electric field along equational line

34 0

p
Eequatorial xπε

=  due to a short dipole.

7. Gauss’s Law :

Gauss’s Law is used as an alternative to Coulomb’s Law Electric flux .E E ds∫ = ∫v

GG

v . Note that Electric

flux does depend on the radius R of the sphere. It only depends on the charge q enclosed in the sphere.

According to Gauss’s law the closed integral of electric field intensity is equal to 
0

q

ε  where q is charge

enclosed in the closed surface. In other words, total flux through a closed surface enclosed charge q is

given by .
0

q
E ds

ε
=∫

GG

v .

8. Electric field due to a long thread (line charge) having linear charge density λ is 
918 10

2 0
E

y y

λ λ
πε

×
= =

Fig. Electric field due to a long line charge

9. Electric field due to a sphere charged uniformly with charge Q

34 0

Qx
Einside Rπε

=  for x < R

24 0

Q
Esurface Rπε

=  for x = R

24 0

Q
Eoutside xπε

=  for x > R

Fig. Electric field due to a sphere charged uniformly

x
RO

E

24 0

Q

Rπε

P

y

6

●●

l l

x

–q +q

E
+

E
eq

E
–



10. Electric Field due to a thin plane sheet (long) of charge density σ    
2 0

E
σ
ε

= .

Electric field due to a charged surface having surface charge density σ   
0

E
σ
ε

=

Electric field due to a conducting plate 2 0
E

σ
ε

= .

Electric field between two oppositely charged sheets at any point is ( )1 20
E E Ein

σ
ε

= = + . Assuming

equal surface charge density (for example in a capacitor) 
0

E
σ
ε

= . Electric field intensity is zero at any

point outside the plates as E
net

 = E
1
 – E

2
 = 0, as shown in Fig.

Fig. Electric field due to charged plates

E.  Exercise Problems :

1. A pith ball having charge –20 esu and mass 0.1 g remains suspnded at rest in space (in air)
2 cm below an insulated charged sphere. What is the amount of charge on the sphere and what
is the nature of tthat charge? [Given, g = 980 cm. s–2]

Solution : Suppose, the charge on the sphere = q
Since the pith ball is at rest,

weight of the pith ball = upward attractive force on the pith ball

or, 0.1 x 980 = 2(2)

q×20
     or, q = 19.6

Since the pith ball is at rest in space, the charge on the sphere is of opposite nature to that of the
pith ball. The nature of charge on the pith ball is negative. So the charge on the sphere is positive.

∴  Charge on the sphere = +19.6 esu.

2. Two similar balls are suspended from a point by two silk threads, each of length l. Each ball
of mass m contains q amount of charge. If the angle between the two threads is very small, show

that the distance between the centres of the two balls at equilibrium is 
1/322q lx

mg

 
 
  

=

Solution : Let A and B be the equilibrium positions of the two balls. OA = OB = l and
AB = x. Suppose,the angle of inclination of the two threads with the vertical = θ

F● ●

O

θ θ

T
Tcosθ

θ
A
+q BTsinθ

mg

+q

7



At equilibrium, three forces act on each ball; (1) weight of the ball, mg  (2) tension in the string,
T and (3) maltual repulsive force between the charged balls, F.

Here,
2

sin ;   cos2
q

T F T mg
x

θ θ= = =

∴
2

tan 2
q

mgx
θ =

or,
2

sin    [  is small, tan sin ]2
q

mgx
θ θ θ θ= ≈'

or,

1/32 2/ 2 2   or, 2
qx q lx

l mgmgx

 
 
  

= =

3. Three point charges are lying along the x-axis. If two charges q
1
 = –2C and q

2
 = –3C are placed

at x
1
 = 2 m and x

2
 = –1 m, respectively and the third positive charge is so located between

the first two charges that the resultant force on it is zero, find the position of the third charge.

Solution : In the following Fig., two charges q
1
 and q

2 
are placed at the points A and B

along the x-axis. Suppose, the therd charge q is placed in between q
1
 and q

2
 at C at a distance

x m from the origin O so that the resultant force on it is zero.

∴
1 11 2. = .2 24 40 0(2 ) (1 )

qq qq

x xπ π∈ ∈− +

or,
2 3

2 2(2 ) (1 )x x

− −=
− +      or, 2(1 + x)2 = 3(2 – x)2

or, 2(1 ) = 3(2 )      or, ( 2 3)  = 2 3 2x x x+ − + −

∴
(2 3 2)( 3 2)2 3 2

 = 
3 22 3

x
− −−= −+ = 8+ –3 6  ≈  0.65

Therefore, the third charge is to be placed at a distance of +0.65 m from the origin O.

4. A negative charge of 20 unit is placed at a distance 50 cm away from a positive charge of 80 unit.
Where will the electric field be zero on the line joining the two charges?

Solution : Suppose, +80 unit and –20 unit of charges are placed at A and B respectively. The point
where the electric field will be zero cannot lie in between A and B, because in that case intensity could

be along the same direction, i.e. along AB
JJJG

 for both the charges.

As the charge at A is greater, the point where the resultant intensity is zero will be situated on the
right side of the B, say at P.
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Suppose, BP = x

Electric field at P due to the charge at 
2

20
B

x
= ; along PB

JJJG

Electric field at P due to the charge at 
( )

80
2

50
A

x
=

+
; along AP

JJJG

Since, the resultant intensity at P = 0

( )
20 80
2 2

50
   

x x
=

+
∴      or, x = 50, 50

3
−

Now, 
50

3
x ≠ −  cm, because the point in that case would be situated in between A and B.

So, x = 50 cm; the point where the field is zero at a distance 50 cm from the –20 unit charge on its right
side.

5. An electric dipole placed in vacuum is formed by two equal but opposite charges each of magnitude
1 Cµ  separated by a distance of 2 cm. Calculate the electric field intensities in the following cases :
(i) at a point on the axis of the dipole situated at a distance 60 cm away from its centre,
(ii) at a point on the perpendicular bisector of the dipose situated at a distance 60 cm away from centre.

Solution : Moment of the electric dipole,
p = q 2l = 1 x 10–6 x 2 x 10–2 = 2 x 10–8 C m

(i) Electric field intensity on the axis of the dipole,

( )

9 81 2 9 10 2 2 10
. 3 34 0 0.6

p

r
El π

−× × × ×
=

∈
=

 = 1666.6 N C–1; along the axis
(ii) Electric field intensity on the perpendicular bisector of the dipole,

2
1 1

. 134 20

p
E

r
E

π
=

∈
=

 = 833.3 N C–1; parallel to axix of the dipole.

Ambarnath Banerjee

9

≈


