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Short course description:

Introduction to matrices; matrix operation; modeling and error analysis; solution of simultaneous linear algebraic equations; gauss elimination; matrix inversion; gauss-spider iterative method; solution of simultaneous non-linear equations; Newton-Raphson method; curve fitting; finite differences; numerical differentiation and integration; solution of differential equations.

Course Objectives:

An introduction to numerical methods, including: error estimation, root finding, solution of linear and nonlinear equations, numerical integration and differentiation, and solution of ordinary differential equations. 

Note: You are expected to be proficient in one programming language (e.g. C, C++, Basic, Fortran, etc.). Commercial math packages (Matlab, MathCAD, EES, etc.) will be used during the semester. Each assignment will specify the appropriate language or package to be used. 
Course contents:

	Subject
	Lectures/week
	   Note

	PART ONE: Modeling, Computers, & Error Analysis

· Introduction to Numerical Methods
· Programming and Software (self reading)
· Approximations and Round-Off Errors
· Truncation Errors and the Taylor Series
	
	Chapters (1-4)

	PART TWO: Roots of Equations

· Bracketing Methods:

1. Graphical method

2. Bisection method

3. False-Position method

· Open Methods:

1. Simple fixed point iteration

2. Newton-Raphson method

3. Secant method

4. Multiple Roots

5. System of Nonlinear Equations

· Roots Of Polynomials:

1. Müller’s method 
	
	Chapters (5-8)

	First Exam
	
	

	PART THREE: Linear Algebraic Equations

· Gauss Elimination:

1. Naïve Gauss Elimination

2. Gauss-Jordan method

· LU Decomposition and Matrix Inversion

· Special Matrices and Gauss-Seidel Method
	
	Chapters (9-12)

	PART FOUR: Curve Fitting

· Least-Square Regression

1. Linear Regression

2. Polynomial Regression

3. Multiple Linear Regression

4. Nonlinear Regression

· Interpolation

1. Divided-Difference method

2. Lagrange method
	
	Chapters (17-20)

	Second Exam
	
	

	PART FIVE: Numerical Integration & Differentiation

· Numerical Integration:

1. Trapezoidal Rule

2. Simpson’s Rules

· Numerical Differentiation
	
	Chapters (21-24)

	PART SIX: Ordinary Differential Equations

· Runge-Kutta Methods:

1. Euler’s Method

2. Runge-Kutta Methods

· Boundary-value & Eigenvalue Problems
	
	Chapters (25-28)

	Final Exam
	
	


Learning Out comes:

1. Knowledge and understanding: This could be tested throughout exams and discussion in classroom.   

2. Intellectual skills: During the course many oral quizzes and discussions may take place. 

3. Subject specific skills: Every topic in this course is a specific skill in analyzing and solving engineering/mathematical systems.

4. Transferable skills: This includes instructors teaching, working and research experiences.  

Teaching methods:

· Lectures: Three hours-lectures- per week will be given to students.

· Demonstration
· Tutorials

· Laboratories

· Case Study: Some practical  case studies will be given during the course.

· Assignments: One assignment will be given by the end of each chapter.     

 Grading policy:

Exams: 

	First Exam 


20% 

	Second Exam 


20%  

	Final Exam 


50% 

	Projects and assignments   
10% (before the final exam)


Textbook: Numerical Methods for Engineers, by Steven C. Chapra & Raymond P. Canale, 5th Edition.
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