Course Title: Complex and Numerical Analysis     
Nature of Course: Theoretical
Code No.:  Math.Ed. 528			  				 Credit hours: 3
Level: M.Ed. 			                            					Teaching Hours: 48 
Semester: Second


1. Course description 
The topics on complex analysis deal with the basic properties of complex numbers, functions of complex variables, complex differentiations, Integration, series and residues. Furthermore, the numerical analysis deals with the numerical techniques to the solution of system of linear equations through matrix computations and solution of non-liner equations through interpolation and iterative method of differentiation and integration
.
2. General objective
The general objectives of this course are as follows:
· To make the students able to describe the function of complex variable as a generalization of real variable function.
· To make the students understand conformal transformation and discussion on special transformations.
· To make the students know the properties of complex integration.
· To acquaint the students with different types of integrals using Cauchy's residue theorem.
· To make the students able to use numerical interpolation, differentiation and integration as techniques of solution in determining the value of the functions.
· To make the students able to use the matrix for solution of linear system of equations.
· 
3. Specific objectives and contents
Unit I: Complex number system and analytic  functions  (6 hrs).
	Specific objectives
	       Contents

	· Define the function of complex variable with examples.
· explain the analytic function with examples
· Prove Cauchy- Riemann 
· equations.

	1.1. Functions of a complex   
        variable
1.2. Cauchy-Riemann 
         equations
1.3. Sufficient conditions
1.4. Analytic functions
1.5. Harmonic functions




Unit II : Complex integrals (7 hrs)
	Specific objectives
	       Contents

	· Explain about contour integral and  its properties.
· Prove Cauchy-Goursat theorem.
· Prove the properties of antiderivative of complex function.
· Prove the properties of simply and multiply connected regions.
· Prove Cauchy integral formula.
· Prove the properties of the derivative of analytic function of all orders.
· Prove Morera's theorem.
· Prove the results related to maximum (minimum) moduli of functions.
· Prove the Liouville's theorem and the fundamental theorem of algebra.
	2.1. Contour integrals
2.2  Cauchy-Goursat theorem
2.3. Simply and multiply 
        connected  domain
2.4. Cauchy integral 
        formula. 
2.5. Derivative of analytic  
        functions
2.6. Morera's theorem.
2.7. Maximum moduli of 
        functions
2.8. Liouville's theorem.
2.9. Fundamental theorem 
        of algebra.




Unit III: Series (6 hrs)
	Specific objectives
	       Contents

	· Prove the result related to convergence sequences and series.
· Prove the Taylor's theorem.
· Explain the Maclaurin's series
· Prove the Laurent's theorem
· Prove the properties of absolute and uniform convergence of power series
· Prove the properties of integration and differentiation of power series
· Prove the properties of uniqueness of series representations.
· Prove the properties of multiplication and division of power series

	3.1. Convergence of 
         sequence and 
         series 
3.2. Taylor's series
3.3. Laurent's series
3.4. Absolute and 
        uniform convergence 
        of power series
3.5. Integration and 
        differentiation of 
        power series
3.6. Uniqueness of series 
        representation
3.7. Multiplication and 
        division of power  
        Series





Unit IV: Residues and poles (8 hrs)
	Specific objectives
	       Contents

	· Explain the residue at a point with examples. 
· Prove the residue theorem
· Prove the results related to residue at poles
· Prove the results related to zeros and poles of order m
· Evaluate the improper real integrals
· Evaluate the integral involving sine and cosines
· Evaluate the definite integral involving sine and cosines
· Prove the results relating to logarithmic residue and Roche's theorem
	4.1. Residue theorem
4.2. Residue at poles
4.3. Zeros and poles 
        of order m
4.4. Evaluation  of 
        improper real 
        integrals
4.5. Improper integral
       in solving series of   
       sine and cosines
4.6. Definite integrals 
        involving sine and 
        cosines
4.7. Rouche's theorem



Unit V: Mapping by elementary function (6 hrs)
	Specific objectives
	       Contents

	· Define conformal transformation
· Explain how various curves and regions are mapped by elementary function.
· Discuss some special                             transformations
	5.1. Linear functions
5.2. The function 1/z
5.3. Linear fractional transformations
5.4. Mapping of the upper half plane 
5.5. The transformation w=sinz, the 
        transformation w=ez and w=logz;  
        the transformation w=z2and w=z1/2
5.6. square roots of polynomials, 
       preservation of angles



Unit VI: Interpolation (6 hrs)
	Specific objectives
	       Contents

	· Explain finite differences
· Derive Newton's formula for interpolation.
· Derive central difference interpolation formula
· Determine the interpolation with unevenly spaced points
· State the properties and errors in the cubic spline derivatives.
· Explain interpolation by iteration
· Explain the method of double interpolation.
	6.1. Errors in polynomial 
        interpolation 
6.2  Finite differences
6.3. Detection of errors by use 
        of  difference table
6.4. Difference of a polynomials
6.5. Newton's formula for 
        interpolation
6.6. Central  difference 
        interpolation formula
6.7. Practical interpolation
6.8. Interpolation with unevenly 
        spaced points
6.9. Interpolation with cubic 
       splines
6.10. Divided differences and 
          their properties
6.11. Inverse interpolation 
6.12. Double interpolation



Unit VII: Numerical differentiation and integration  (5 hrs)
	Specific objectives
	       Contents

	· State the method of numerical differentiation
· Determine the maximum and minimum values of tabulated functions 
· Define numerical integration 
· State trapezoidal and Simpson's rule
· State Gauss Legendre quadrature.
	7.1. Numerical differentiation
7.2. Maximum and minimum 
        values of tabulated 
        function
7.3.  Numerical integration 
7.4.  Trapezoidal rule
7.5.  Simpson's 1/3 rule
7.6.  Simpson's 3/8 rule
7.7.  Gauss Legendre 
        quadrature




Unit VIII: Matrices and linear system of equation (4 hrs)

	Specific objectives
	       Contents

	· State the direct method which reduce the linear system to an equivalent triangular system; Gauss method, Gauss-Jordan method and Factorization method
· State ill conditioned and will conditioned matrices
· State the method to solve the ill conditioned linear system
· State the iterative method which start from an approximation to the true salvation; Jacobi and Gauss- seidel method. 
	8.1.    Solution of linear   system by direct   
            method 
8.1.1.  Gaussian  elimination method
8.1.2. Ill conditioned  matrices method
8.1.3. Factorization method
8.2.    Solution  of linear  system by iterative 
           method
8.2.1.  Jacobi method
8.2.2.  Gauss-seildel  method.



4. Instructional Techniques
Nature of this course is theoretical so teacher - centered instructional techniques is used. Even though, instructional techniques for this course are divided in to two parts:
4.1 General techniques:  Lecture, Discussion, and Question-Answer 
4.2 Specific Instructional Techniques

	Unit
	Activity and instructional techniques

	Unit I
	Individual  and group discussion on the complex functions and give some questions to find the limit, continuity and differentiability of complex functions. 
Group and individual assignments on  analyticity of function and problem related to C-R equation. 

	Unit II
	Individual  and group discussion on the complex integration by Cauchy integral formula. 
Group and individual assignments on problems of related exercises. 

	Unit III
	Group and individual discussion on Taylor and Laurent series with assignments on expansion of Taylor and Laurent series.

	Unit IV
	Individual   and group discussion on the  residue and pole
Group and individual assignments on problems of related exercises.

	Unit V
	Individual and group discussion on mapping of various curves and region by elementary analytic functions with assignments on related exercises.
Individual and group presentation.

	Unit VI
	Individual   and group discussion  on calculating error, finite differences, interpolation formula, interpolation by iteration and the method of successive approximations.
Group work assignment on solving the problem related to exercises.

	Unit VII
	Group and individual discussion on numerical differentiation and integration with assignments on application of numerical analysis.

	Unit VIII
	Individual   and group discussion on use matrix to solve linear system of equations by different methods.
Group and individual assignments to solve linear system of equations with presentation.. 



5. Evaluations:
	Internal evaluation: 
	Internal evaluation will be conducted by course teacher based on following activities:
	a.  Attendance					5 points
	b.  Participation in learning activity 		5 points
	c.  First Assessment test 		          	10 points 
	d.  Second Assessment test 		          	10 points	
	e.  Third Assessment test 		         	 10 points	
`		………………………………………………..
		Total					40 points
	
	External Evaluation:
Faculty of Education, Examination division will conduct final examination of  weight 60 
 points at the end of semester. This  60 points is  divided  in final examination paper as  
Objective question         (10x1)		10 points
Short answer question   (6x 5)		30 points
Long answer question   (2x 10)		20 points
………………………………………………………………..
	Total				60 points

Recommended books
· Churchill, R.V. (1996): Complex Variable and Application. New Delhi: Mc-Graw Hill      (Unit I-V)
· Sastry, S.S. (1990). Introductory Methods of Numerical  Analysis (New Delhi, Prentice- Hall of India: ( Unit VI-VIII)

Reference books
· Alford L.V.(1979) Complex Analysis, Tokyo, Mc- Graw Hill 
· Goel J.K. and Gupta K.P.(2009) Functions of a Complex Variable. Meerut : Pragati Prakashan
Sharma, J.N (1994). Functions of Complex Variable, Meerut: Krishna Prakashan Mandir
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