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Introduction

Text Books:

➢ Sadiku, Elements of Electromagnetics, Oxford University.

➢ Griffiths,  Introduction to Electrodynamics, Prentice Hall.

➢ Jackson, Classical Electrodynamics, New York: John Wiley & Sons.

➢ Open sources: MIT open courses, Salman bin Abdelaziz Univ. …. 

Evaluation will be done through:

❖ Final Written exam

❖ Oral exam

❖ Quizzes during the lecture, you need your tools (pencile, papers, calculator)

❖ Homework



➢ Vector analysis, Coordinate systems, and transformations

➢ Electric field in materials, Polarization in dielectric materials, 

Continuity equation, Relaxation time, Boundary conditions

➢ Electrostatic boundary value problems, variable separation, method of 

images

➢ Magnetic fields: Bio-Savart’s law and Problems, Ampere’s law and 

problems, Analogy between electric and magnetic fields

➢ Maxwell’s equations in vacuum and matter, Problems

Keywords of the course



Spherical Coordinates



Spherical Coordinates



Spherical Coordinates



Spherical Coordinates



Spherical Coordinates

Point P has coordinates

Specified by P(r)



Differential Volume in Spherical Coordinates

dV = r2sin  drd d



Dot Products of Unit Vectors in the Spherical 

and Rectangular Coordinate Systems



Example: Vector Component 

Transformation

Transform the field, , into spherical coordinates and components



Constant coordinate surfaces-

Cartesian system
▪ If we keep one of the coordinate 

variables constant and allow the

other two to vary, constant 

coordinate surfaces are generated in 

rectangular, cylindrical and 

spherical coordinate systems.

▪We can have infinite planes: 

X=constant, 

Y=constant,  

Z=constant

▪ These surfaces are perpendicular to x, y and z axes respectively.



Constant coordinate surfaces-

cylindrical system

▪ Orthogonal surfaces in cylindrical 

coordinate system can be generated as 

ρ=constnt

Φ=constant

z=constant

▪ ρ=constant is a circular cylinder,

▪ Φ=constant is a semi infinite plane with 

its edge along z axis

▪ z=constant is an infinite plane as in the

rectangular system.



Constant coordinate surfaces-

Spherical  system
▪ Orthogonal surfaces in spherical 

coordinate system can be generated 

as

r=constant

θ=constant

Φ=constant

▪ θ =constant is a circular cone with z axis as its axis and origin at 

the vertex,

▪ Φ =constant is a semi infinite plane as in the cylindrical system.

▪ r=constant is a sphere with its centre at the origin, 



Differential elements in rectangular

coordinate systems



Differential elements in Cylindrical

coordinate systems



Differential elements in Spherical

coordinate systems



Example (1) page 9

• Given point P(-2,6,3) and vector                                                , 

express P and A in spherical coordinates. Evaluate A at P in the 

Cartesian and spherical coordinates.



Example (1) page 9



Homework

• Exercise 2.1  page 11:

• Time to get full mark of the exercise is next week. (otherwise 

you will get half of the points)





Further reading

Revise electromagnetism 

course I & II 



Line integrals

▪ Line integral is defined as any integral that is to be evaluated 

along a line. A line indicates a path along a curve in space.



Surface integrals



Volume integrals



DEL Operator

▪ DEL Operator in cylindrical coordinates:

▪ DEL Operator in spherical coordinates:



Gradient of a scalar field

▪ The gradient of a scalar field V is a vector that represents the

magnitude and direction of the maximum space rate of increase of  V.

✓ For Cartesian Coordinates 

✓ For Cylindrical Coordinates 

✓ For Spherical Coordinates 



Divergence of a vector

✓ In Cartesian Coordinates:

✓ In Cylindrical Coordinates:

✓ In Spherical Coordinates:



Gauss’s Divergence theorem



Curl of a vector



Curl of a vector
✓ In Cartesian Coordinates:

✓ In Cylindrical Coordinates:

✓ In Spherical Coordinates:



Stoke’s theorem



Laplacian of a scalar



Laplacian of a scalar


