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1-D Dirac delta function



1-D Dirac Delta Function



3-D Dirac Delta Function



Coulomb’s Law

Unit separation vector



Coulomb’s Law



Principle of Superposition



Total Force on a charged object



Direction of theTotal Force



Direction of the Total Force



The Electric Field

• e

Electric field for discrete point charges



Continuous Charge Distributions



Electric field for continuous charge distributions

Line charge

Surface charge

Volume charge



Gauss’s Law

Flux Unit vectors of area elements



Gauss’s Law

Flux



Gauss’s law in differential form

• By applying divergence theorem



The Divergence of E



Field inside and outside a uniform sphere



Field of a line charge



Field of an infinite sheet of charge



Flux in a Cube (Problem)



Flux in a Cube (Solution)



Sphere with Non-Uniform charge distribution



Sphere with Non-Uniform charge distribution



Sphere with Non-Uniform charge distribution



Sphere with Non-Uniform charge distribution



Non-Conducting Solid Sphere (Part a)



Non-Conducting Solid Sphere (Part a)



Non-Conducting Solid Sphere



Non-Conducting Solid Sphere (Part b)



Non-Conducting Solid Sphere (Part b)



Non-Conducting Solid Sphere (Part-c)



Non-Conducting Solid Sphere(Part-c)



Non-Conducting Solid Sphere(Part-c)



The force on a layer of charge



The force on a layer of charge



The force on a layer of charge

Electrostatic Pressure



Electric Potential

For a point charge



Electric Potential



Electric Potential



Potential of a uniform charged sphere



Poisson’s Equation and Laplace’s Equation

Poisson’s Equation

Laplace’s Equation



Poisson’s Equation



Fundamental Relations of Electrostatics



Boundary Conditions for E

Single formula for E



Boundary Conditions for V



Work and Energy



The Energy of a Point Charge Distribution



The Energy of a Point Charge Distribution



The Energy of a Continuous Charge 

Distribution

(All space)



Capacitor



Capacitor



Capacitor



Two spherical shells(capacitance & maximum charge) Part-a



Two spherical shells(capacitance & maximum charge) Part-a



Two spherical shells(capacitance & maximum charge) Part-a



Two spherical shells(capacitance & maximum charge) Part-b



Two spherical shells(capacitance & maximum charge) Part-c



Two spherical shells(capacitance & maximum charge) Part-d



Two spherical shells(capacitance & maximum charge) Part-e



Two spherical shells(capacitance & maximum charge) Part-f



Conductors in the electrostatic field



Conductors in the electrostatic field



Conductors in the electrostatic field



Laplace’s Equation (2-D)



Laplace’s Equation (3-D)



Boundary conditions and Uniqueness Theorems



Conductors (Second Uniqueness Theorem)



Conductors (Second Uniqueness Theorem)



Conductors (Second Uniqueness Theorem)



The method of Images



Image Charges



Image Charges



Dipoles



Multipole Expansion (Approximate potential at 

Large distance)



Multipole Expansion



Legendre Polynomials

Rodrigues formula 



Legendre Polynomials (Orthogonality)



Legendre Polynomials (Plot)



The monopole and dipole terms



Dipole Electric field

Monopole moment Q does 
not change with the shift of 
charge q from the origin

Dipole moment does change with the shift of 
origin but an exception happens when the total 
charge is zero.



Dipole Electric field



Dipole Electric field



Insert Dielectric with Battery disconnected- Charge



Insert Dielectric with Battery disconnected - Charge



Insert Dielectric with Battery disconnected- Potential



Insert Dielectric with Battery disconnected- Potential



Dielectric Capacitor Energy - 1



Dielectric Capacitor Energy - 1



Dielectric Capacitor Energy 2



Dielectric Capacitor Energy 2



Dielectrics



Capacitor (dielectric)



Capacitor



Dielectric Constant



Atomic Polarizability



Atomic Polarizability



Torque & Force on an dipole 



Work required to rotate dipole



Force on a dipole (Non-uniform E)



The Field of a Polarized Object



The Field of a Polarized Object



Electric field of a Uniform Polarized Sphere



Electric field of a Uniform Polarized Sphere



Electric Field of a Dipole



Electric Field inside a Capacitor



Electric Field inside a Capacitor



Electric Field inside a Capacitor



Gauss’s Law in presence of Dielectric



Gauss’s Law in presence of Dielectric



Boundary Conditions



Linear Dielectrics



Boundary Conditions (Linear Dielectrics)



Energy in Dielectric System



A Dielectric Sphere in a Uniform Field



A Dielectric Sphere in a Uniform Field



A Dielectric Sphere in a Uniform Field



A Dielectric Sphere in a Uniform Field



A Dielectric Sphere in a Uniform Field



Clausius-Mossotti Formula for a nonpolar substance

True if 
Density is 

Low



Clausius-Mossotti Formula

Total Macroscopic field 
in the medium

Field due to everything 
except the particular atom 

under consideration



Clausius-Mossotti Formula



Clausius-Mossotti Formula



Clausius-Mossotti Formula



Langevin Formula for a polar substance



Langevin Formula



Langevin Formula



Langevin Formula



Langevin Formula



Average potential (Laplace’s Equation)

Electrostatic potential at any point P in a charge-free region is 

equal to its average value over any spherical surface ( radius R) 

centered at P



Average potential (Laplace’s Equation)



Average potential (Coulomb’s Law)



Average Electric field (Coulomb’s Law)



Average Electric field (Coulomb’s Law)



Average Electric field (Coulomb’s Law)



Average Electric field (Coulomb’s Law)



Laplace’s Equation in spherical coordinates

Azimuthal
Symmetry

Solution for separation of variables



Laplace’s Equation in spherical coordinates

l(l+1) separation 

constant

General Solution

Legendre Polynomials



General solution is the linear combination of all solutions

CASE -1(Potential inside the sphere)

Solution of Laplace’s equation for spherical symmetry



Fourier analysis to determine the constants

Multiplying by

and integrating



Potential is determined outside the sphere

CASE-2 (Potential specified on the surface  but to be determined for r > R)

Using orthogonality of 
Legendre Polynomial



Constant Potential on the surface of the sphere. Find V, inside and outside the sphere

Insert in the integral



Potential inside the sphere



Potential outside the sphere



Dipole Electric field



Torque on dipoles due to their mutual interaction



Energy of an ideal dipole



Electric field of a dipole (coordinate-free form)

Proof:



Interaction energy of two dipoles



Potential of a uniformly polarized sphere

Field of a uniformly charged 

sphere divided by the volume 

charge density



A dipole p is situated at the origin , pointing in the z direction.



A dipole p is situated at the origin , pointing in the z direction.











Coaxial Cable with Dielectric











Capacitance depends only on the geometry and not on the charge.



Average Field inside a sphere





Average Field inside an arbitrary charge 

distribution



Average Field of a dipole over a spherical volume of radius R 






