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FIRST: BASIC LEVEL
A)  This level is based on selected topics from the following courses:

0301221  Ordinary Differential Equations-I


0331301  Advanced Calculus

0331321  Partial Differential Equations-I

0301421  Ordinary Differential Equations-II

0301701  Applied Mathematics-1
0301702  Applied Mathematics-2
B)  The syllabus for this level is as follows:
1-Line, surface and volume integrals. Divergence, Stokes and Green’s Theorems.  [Ref. 1,4]

2- Ordinary differential equations (ODEs).  [Ref. 2,4]

I. First order ODEs

a) Methods of solutions : 
Linear, separable, homogenous, Bernoulli, and exact ODEs (Integrating Factors).

b) Existence and uniqueness of local solutions.
II. Second and higher order ODEs

ODEs with constant coefficients, reduction of order (second order), undetermined coefficients, variation of parameters, Euler-Cauchy ODEs, power series method (second order), systems of ODEs (matrix method), Laplace transform method.
III. Stability analysis

Definitions: stable, unstable and asymptotic stable.

Phase plane (linear systems), autonomous systems and stability, almost linear systems, Liapunov’s second method, periodic solutions, and limit cycles.


    3- Partial differential equations (PDEs).  
I. Classification of second order PDEs.  [Ref. 4]

II. Methods of solution.  [Ref. 2,4]

Separation of variables, Laplace, Fourier, Fourier sine, Fourier cosine, and finite Fourier transforms.


    4- Calculus of variations.  [Ref. 3]  
I. Functionals of one functions of one variable.

II. Functionals involve higher order derivatives.
III. Problems with constraints, Lagrange multipliers.
C)  References for this level.

[1] Advanced calculus by Amazigo.

[2] Elementary differential equations by Boyce & Diprima.

[3] Calculus of variations by L.E. Elsgolc.

[4] Foundation of applied mathematics by M.D. Greensberg.

SECOND: ADVANCED LEVEL

A)  This level is based on selected topics from the following courses:

 0301701  Applied Mathematics-1
 0301702  Applied Mathematics-2
 0301901  Methods of Applied Mathematics

 0301903  Partial Differential Equations

B)  The syllabus for this level is as follows:

1-Dirac Delta function and its properties.
2- Boundary value problems (BVPs) of  ODEs.  [Ref. 6]



Sturm-Liouville BVP. Orthogonal functions. 

Non-homogenous BVPs. Fredholm Alternative. 

    Green’s  function. Modified Green’s function.
     3- Boundary value problems for PDEs.  [Ref. 7, 8] 


Green’s identities. Maximum-minimum principle.

Uniqueness theorems. Stability theorem. 


Mean value theorem. Green’s function approach.

     4- Integral equations (IEs).  [Ref. 9] 

I. IEs with separable and symmetric Kernels, method of  successive approximation, Fredholm alternative.
II. Differential and integral equations:

Free space Green’s function, transforming IVPs &

BVPs  into integral equations.

III. Integral transforms: Fourier (finite, infinite).

      5- Perturbation methods.  [Ref. 5, 8, 9]

I. Regular perturbation for ODEs, PDEs, and IEs.

II. Singular perturbation for second order ODEs.

(matched asymptotic expansions)

III. Multiple scale & boundary perturbation for PDEs.
C)   References for this level.

[5] Perturbation methods by A. Nayfeh.

[6] Elementary applied partial differential equations by 
R. Haberman.

[7] Partial differential equations by Zauderer.

[8] Partial differential equations by Myint.

[9] Linear integral equations by Kanwal.
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