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ADVANCED MATHEMATICAL METHODS FOR PHYSICISTS         3(3-0-6)

Abbreviation

ADV MATH METH FOR PHYSTS

Prerequisite

Consent of the instructor
  

Course Description  


Vector analysis. Curved coordinate and tensors. Eigenvalue problems. Functions of complex variables. Differential equations. Special functions. Fourier and Laplace transforms. Calculus of variations.

Course  Objectives 


Students are able to apply advanced mathematical methods in solving problems in Physics.

Course Contents





                       No. of Lecture Hours

1. Vector analysis   








4.5

  
1.1  Rotation of the coordinate axes 

 
1.2  Vector integration


1.3  Gauss’s theorem

 
1.4  Stokes’s theorem

 
1.5  Potential theory


1.6  Gauss’s law, Poisson’s equation

 
1.7  Dirac delta function

 
1.8  Helmholtz’s theorem

2.  Curved coordinate and tensors





    
7.5


2.1  Orthogonal coordinates

  
2.2  Differential vector operators

 
2.3  Special coordinate systems

 
2.4  Circular cylindrical coordinates

 
2.5  Spherical polar coordinates

 
2.6  Tensor analysis

 
2.7  Contraction direct product

 
2.8  Quotient Rule

  
2.9  Pseudotensors, dual tensors

  
2.10  Non-Cartesian tensor

 
2.11  Tensor derivative operator

3.  Eigenvalue problems






         

1.5

  
3.1  Orthogonal matrices


3.2  Hermitian matrices, unitary matrices


3.3  Diagonalization of Matrices

 
3.4  Normal matrices

4.  Functions of complex variables






7.5


4.2   Analytic functions and Cauchy-Riemann conditions

 
4.2  Contour integral 

 
4.3  Cauchy’s theorem

 
4.4  Cauchy’s integral formula

 
4.5  Power series, Taylor series, Maclaurin series

 
4.6  Laurent’s theorem and Laurent’s series

4.7  Conformal mapping

 
4.8  Singularity


4.9  Residues theorem

5.  Differential equations








7.5

 
5.1  Ordinary differential equation

 
5.2  Homogeneous and nonhomogeneous equation 

      (variations of parameters)

 
5.3  Green’s functions

 
5.4  Singular points

 
5.5  Series solutions - Frobenius’s method

 
5.6  Numerical solution

6.  Special functions 







 
 9

 
6.1 Legendre functions 

6.1.1  The generating function

 

6.1.2  Recurrence relations

 

6.1.3  Legendre polynomials

 

6.1.4  Orthogonality



6.1.5  Legendre series

 

6.1.6  Associated Legendre functions



6.1.7  Spherical Harmonics

   
6.2 Bessel functions

  

6.2.1  The generating functions

 

6.2.2  Recurrence relations



6.2.3  Bessel function of the first kind

 

6.2.4  Orthogonality



6.2.5  Bessel series



6.2.6  Bessel functions of the second kind

  

6.2.7  Hankel functions




6.2.8  Spherical Bessel functions

   
6.3 Hermite function

 

6.3.1  The generating functions



6.3.2  Recurrence relations



6.3.3  Hermite polynomials


 

6.3.4  Orthogonality

   
6.4 Laguerre functions

  

6.4.1  The generating functions

  

6.4.2  Recurrence relations 

 

6.4.3  Laguerre  polynomials



6.4.4  Orthogonality



6.4.5  Associated Laguerre functions

7. Fourier and Laplace transforms
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7.1  Fourier transform


7.2  Laplace transform


7.3  Fourier transform of derivatives

8. Calculus of variations






       

4.5

  
8.1  Variation of a functional of one dependent and one

  
        independent variable


8.2  Applications of the Euler equation


8.3  Lagrangian multipliers and variation with constraints


8.4  Variation of a functional of one dependent variable and several

  
       independent variables
 






  

Total

45
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