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1.  Course Description and Learning Outcomes 

 

a. Course Description 

           Boundary-value problems in electrostatics, multipoles, dielectrics, magnetostatics, time-  

           varying fields and Maxwell’s equations, electromagnetic waves. 

 

b. Intended Learning Outcomes 

 

 

c. Contents  
1.   Maxwell Equations as fundamental laws of nature. Integral and differential form of the 

           equations. 

2. Solutions of Maxwell equations for electrostatic field. Gauss's law, electric potential. 

Poisson and Laplace equations. Coulomb's law. Uniqueness of the solution for Dirichlet 

and Neumann boundary conditions. Green's theorem. Formal solution of electrostatic 

boundary value problems. Potential energy. 

3. Boundary value problems in electrostatics. Method of images. Point charge in  

presence of conducting sphere. Green function for a sphere. Expansion in terms of 

orthogonal functions. Laplace equation in Cartesian coordinates. Solving two dimensional 

potential problems. Laplace equation in spherical coordinates. Legendre Polynomials and 

spherical harmonics. Laplace equations in cylindrical coordinates and Bessel Functions. 

Green functions in spherical and cylindrical coordinates 

4. Multipole expansion. Dipoles and quadrupoles. Electrostatic in dielectric media.  

Boundary value problems with dielectrics. Electrostatic energy in dielectric. 

5. Magnetostatics. Solutions of Maxwell equations for the static magnetic field. Current  

distributions. Vector potential. Poisson equation for magnetic field. Biot-Savat law. 

Ampere's law. Methods for solving boundary value problems for magnetic field. 

Magnetized spheres. Magnetic moment. Static Maxwell equations in magnetic media. 

6. Farady's law of induction. Lorentz force. Energy in magnetic field. Self and mutual  

inductance. Maxwell's displacement current. Solutions of the general Maxwell equations 

in Lorentz gauge. Retarded potentials. Electric and magnetic fields for a moving charge 

with constant velocity.  

7. Special relativity. Four dimensional coordinates. Minkowski metric. Lorentz  

transformations. Four-vectors. Lorentz transformations of vectors. The electromagnetic 

tensor. Lorentz transformations of the electric and magnetic fields. Maxwell equations in 

covariant form. Lagrangian and Hamiltonian for a relativistic charged particle in external 

electromagnetic field. Lagrangian for the electromagnetic field. 



 

     d.   Resources Available to Students 

      Textbook: Classical Electrodynamics, 3rd Ed. by David Jackson,Wiley 

 

 

2. Attendance and Class Discipline 

 

Attendance: The attendance of this course is mandatory. 

 

Cheating: Any student caught cheating or attempting to cheat during an exam will be 

dismissed on the spot and will receive a grade of zero on the corresponding exam. Any case 

of plagiarism in the research report will be also considered as an act of cheating and a grade 

of zero will be given to the student on the corresponding research report. Cheating cases will 

also be reported to the Students Affairs Committee for further disciplinary action, which 

could result in the student being given a failing grade in the course and a Dean’s warning as 

well as the possibility of being dismissed from the University.    

Class discipline: No eating, drinking, smoking or use of mobile phones is permitted during 

class time. The instructor reserves the right to dismiss, from class, any student acting in a 

manner that is considered disruptive or counter-productive to the teaching/learning process in 

the classroom. 

 

3.  Homework: To be assigned by the professor 

 

 

4.  Quizzes and Final grade: To be assigned by the professor 

  

 

5.  Office hours: To be assigned by the professor 
  
 

 


