
ELECTRIC FIELD AND POTENTIAL
Part - I

Dr. Ranjit Baishya
Associate Professor
Department of Physics

J. N. College, Boko

23-May-21 RB 1



23-May-21 RB 2



23-May-21 RB 3



Coulomb’s Law

Coulomb’s law:

This equation gives the magnitude of the force.

The proportionality constant k can also be written
in terms of ε0, the permittivity of free space:



The Electric Field

For a point charge:



Electric Field Vector, E

Electric Field is designed as follows –

• E = F/ qo where qo ,  positive test charge

• E is a vector quantity• E is a vector quantity
– Direction indicated by small + test charge

• Unit: N/C



Electric Field Lines



Electric Field Lines of two Positive 
Charges
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Electric flux:

* Electric flux through an area* Electric flux through an area
is proportional to the total
number of field lines crossing
the area.



Flux through a closed surface:

Gauss’s Law

The net number of field lines through the surface is
proportional to the charge enclosed, and also to the
flux, giving Gauss’s law:
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Electrostatic Potential
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Potential Due to a Point Charge

• Start with (set Vf=0 at  and Vi=V at R)

• We have 2
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• So

• A positively charged particle produces a 
positive electric potential.

• A negatively charged particle produces a 
negative electric potential
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Potential due to a group of point charges

• Use superposition

• For point charges







n

i
i

n

i

r

i

r
VsdEsdEV

11







n

i i

i
n

i
i r

q
VV

101 4

1



• The sum is an algebraic sum, not a vector 
sum.
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 Find an expression for dq:
 dq = λdl for a line distribution
 dq = σdA for a surface distribution
 dq = ρdV for a volume distribution

 Represent field contributions at P due to point 
charges dq located in the distribution. 

Potential due to a Continuous Charge Distribution

charges dq located in the distribution. 

 Integrate the contributions over the whole 
distribution, varying the displacement as 
needed,
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• The name equipotential surface is given to
any surface consisting of a continuous
distribution of points having the same electric
potential.

• Equipotential surfaces are always
perpendicular to electric field lines.

Equipotential Surface
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perpendicular to electric field lines.

• No work is done by the electric field on a
charged particle while moving the particle
along an equipotential surface.
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