
CHAPTER CHECKLIST
1. Electrostatic Potential, 
2. Electrostatic PotentialDifference and
3.  Electrostatic Potential Energy
4. Dielectric and Capacitance

CHAPTER 2
ELECTROSTATIC POTENTIAL AND CAPACITANCE



Electrostatic potential 
The electrostatic potential at any point in the region of electric field is equal to 
the amount of work done in bringing a unit positive test charge (without 
acceleration) from infinity to that point.

Electrostatic potential (V) =Work done (W)/ Charge(qo )

Work done ([W]) by an external force in bringing (without acceleration) a unit 
positive charge from infinity to a point is equal to the potential (V) at thatpoint,

(a)It is a scalar quantity. Its SI unit is volt (V) and 1V = 1 J/C and its dimensional
formula is ML2T-3A-1



Note Electric potential is state dependent function as 
electrostaticforces are conservative forces. No work is 
done in moving a unitpositive test charge over a closed 
path in an electric field



ELECTROSTATIC POTENTIAL DIFFERENCE
• Electrostatic potential difference between two points P and Q of a 

charge configuration consisting of charges q1,q2,q3,q4 and q is equal 
to the work done by an external force in moving a unit positive test 
charge against the electrostatic force from point Q to P along any path 
between these two points









Let A be an intermediate point on this path 
where OA = x. The electrostatic force on a unit 
positive charge at A is given by



Small work done in moving the charge through a distance dx from A to B is 
given by

dw =F.dx= Fdx cos 180°=-Fdx [cos 180°=-1]

dW=- Fdx ...(ii) T

otal work done in moving a unit positive charge from ∞ to the point P is 
given by



From the definition of electric potential, this work is equal to the 
potential at point P.

A positively charged particle produces a positive electric potential. A 
negatively charged particle produces a negative electric potential. Here, 
we assume that electrostatic potential is zero at infinity





• EXAMPLE [4] What is the electrostatic potential at the surface of a silver 
nucleus of diameter 12.4 fermi? Atomicnumber (Z) for silver is 47.

Sol : Given, r =6.2 fermi = 6.2×10-15 m and Z = 472..
 Charge of the nucleus, q= Ze = 47 x1.6x10-19 C [:e=1.6×10-19 C]..
 Electrostatic potential at the surface,



are r A







EXAMPLE [6] Two point charges of 4 μC and -2 μC areseparated by a distance 
of 1 m in air. Find the location of a point on the line joining the two charges, 
where the electric potential is zero.

Sol Let the electrostatic potential be zero at point P between the two charges 
separated by a distance x metre.



• EXAMPLE |7| A charge Q is distributed over two concentric hollow spheres of 
radii r and R (>r) such that the surface densities are equal. Find the potential at 
the common centre.

 Sol Let q, andq, be the charges on them.



EXAMPLE [8] Two spherical metal shells with different radii r and R are 
far apart and connected by a thin conducting wire. A charge Q is placed 
on one of them. The charge redistributes so that same is on each 
sphere. How much charge is on the sphere with radius r?



Sol The electrical potential of a spherical shell with charge q and radius r is 
kq/r, where k = 1/(4 

Since, the shells are joined by a conductor the charge will distribute between 
them so that they attain the same electrical potential.

Let the charge on the sphere with radius r be q, and that on the another 
sphere qR. Then, equating the potentials gives qr/r=q R/R

π ε )



Detail of 
proof is 
given in 
class notes











Any surface which has same electrostatic potential at every 
point, on it is called an equipotential surface

The shape of equipotential surface due to a 
(i) line charge is cylindrical (ii) point charge is spherical
Different properties of equipotential surfaces are given as below: 
(i) Equipotential surfaces do not intersect each other as it gives two directions 

of electric field at intersecting point which is not possible.
(ii) Equipotential surfaces are closely spaced in the region of strong electric 

field and widely spaced in the region of weak electric field



• iii) For any charge configuration, equipotential surface through a 
point is normal to the electric field at that point and directed from 
one equipotential surface at higher potential to the other 
equipotential surface at lower potential.

• (iv) No work is required to move a test charge on anequipotential 
surface.

• (v) For a uniform electric field E, let along X-axis, the equipotential 
surfaces are normal to the X-axis, i.e. planes parallel to the YZ-
plane.

















• ELECTROSTATIC POTENTIAL ENERGY OF A SYSTEM OF 
CHARGES

• Electrostatic potential energy of a system of point charges is defined 
as the total amount of work done in bringing the different charges 
to their respective positions from infinitely large mutual 
separations.

Electrostatic Potential Energy of a System of Two 
Point Charges





EXAMPLE 14| In a hydrogen atom, the electron and proton are bound at a distance of about 
0.53 A
.(i) Estimate the potential energy of the system in eV, taking the zero of the potential energy at 
infinite separation of the electron from proton.
(ii) What is the minimum work required to free the electron, given that its kinetic energy in the 
orbit is half the magnitude of potential energy obtained in (i) ?
(iii) What are the answers to (i) and (ii) above, if the zero of potential energy is taken at 1.06 Å 
separation? 
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