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The University of Jordan – Faculty of Engineering and Technology Mechanical Engineering Department - Higher Studies
Numerical Analysis (0904702)‏ - Spring, 2012
Instructor:
Dr. Jamil Al Asfar
Time & Place:  5 - 7 pm : Sunday and Tuesday                                        
Office Hours:
  7 – 8 pm: Sunday
Required Background or Experience:

1. Calculus: Differentiation, Integration; double, triple and improper integrals 

2. Linear Algebra: Vectors and Matrices, eigenvalues and eigenvectors
3. Differential Equations: Ordinary and Partial, Linear and Nonlinear
4. Computer Programming for Engineers /Matlab
Course Objectives:
The objectives are:

1. to teach graduate students the techniques by which mathematical problems are formulated so that they can be solved with airthmetic operations.

2. to introduce students to the computing environment and software development process and to use computer languages (C++, MATLAB, Fortran, ..etc) to solve engineering numerical problems. 

Expected Outcomes:
Upon the successful completion of this course, graduate students are expected to develop the following skills/understandings:

1. to design algorithms for solving engineering problems.  

2. to use approximations and apprecite round-off and truncation errors. 

3. to determine error propagation and how to control numerical errors. Appreciate the concepts of "condition", "stability", and "convergence". 
4. to find root of nonlinear algebraic equations in single variable

a. Graphical method

b. Bracketing methods (Bisection)

c. Open methods (Newton-Raphson: with exact and with numerically-derived derivative)
5. to find solution for systems of linear algebraic equations: 

a. Direct methods: Gauss Elimination, Inverse using Gasuss-Jordan, LU-decomposition)
b. Iterative methods: Jacobi and Gauss-Siedel (over- and under-relaxation)

6. to find solution for systems of non-linear algebraic equations using Newton-Raphson method. 

7. to use numerical approximations and curve-fitting: interpolation (Newton Divided-difference and Lagrangean polynomials) and regression using the method of least squares (Linear applied also to power, exponential and logarithmic forms)

8. to perform numerical differentiation (first and second derivatives: forward, backward, and central) 

9. to perform numerical integration (Trapezoidal, Simpson's 1/3 and 3/8 rules, two-point Gaussian Quadrature)

10. to solve Ordinary and Partial differential equations using numerical methods (Initial Value Problems, Boundary value problems and Characteristic-Value Problems) .

11. to use computer languages to solve mathematical problems. 

Textbook:


1. Chapra S.C. and Canale R.P., “Numerical Methods for Engineers”, McGraw Hill, Fifth(or sixth) Edition, 2006.

Reference Books:


1.
Hoffman J.D., “Numerical Methods for Engineers and Scientists”, McGraw Hill, 1993.

2. Fausett L.V., “Applied Numerical Analysis Using MATLAB”, Prentice Hall, 1999.

3. Atkinson K.E., “An Introduction to Numerical Analysis”, John Wiley, 2nd Edition, 1997.
Minimum Student Materials:

Text book, class handouts, engineering calculator, and an access to Personal Computer with MATLAB, Fortran and C compilers.

Instructional Methods:

1. Lecture/Problem solving sessions.

2. Case studies.

3. Homeworks and project.

4. Reading assignments.

Course Contents:
	Lectures
	Topics

	1 
1
2
	· Introduction to Numerical Methods: significance and applications.

· Algorithm Design  
· Computer representation of numbers and their airthmatic manipulations, error propagation, condition, stability and convergence.

· Approximations and errors.

	2
2 
	· Solution of Non-linear Algebraic equations in single variables
                  -    Bracketing methods (Graphical method, Bisection method)
· Open methods: Newton-Raphson method (with exact and numerical derivatives), Secant method, fixed-point iteration).

· Computer applications.

	2

2 
	· Solution of systems of linear algebraic equations using:

Direct methods: Gauss elimination, Gauss-Jordan, inverse matrix, Cramer's rule and LU-decomposition

Iterative methods: Jaccobi and Gauss-Seidel methods (over- and under-relaxations).
· Solution of systems of nonlinear algebraic equations: Newton's method.

·  Computer applications.

	2 
	· Numerical Approximations and Curve-fitting: Polynomial interpolations (Newton-divided difference table, Lagrangean polynomials), Linear Regression (using least squares method) applied to linear, power, exponential, and logarithmic forms), correlation coefficient.  
· Computer applications.

	April 18
	· Midterm Exam

	2 
	· Numerical differentiation (first and second derivatives: forward, backward, and central) 

· Numerical integration (Trapezoidal, Simpson's 1/3 and 3/8 rules, two-point Gaussian Quadrature)

	4
	· Solution of ordinary differential equations using numerical methods -

· Initial Value Problems using single step methods: Euler and R-K 4th order. 
· Applications to high order ODEs. 

· Examples and Computer application 

	4
	· Solution of Ordinary differential equations using numerical methods:

· Boundary value problems (the Finite-Difference method)

· Characteristic value problems (polynomial method, Power method)

·    Computer applications.

	6
	· Analytical and Numerical Solution of Partial Differential Equations

· Elliptic

· Hyperbolic

· Parabolic 


Homework Assignments: 
Assignments are due at the beginning of the class period on the specified date; late homework will be penalized 1 point/day for a maximum of 4 days, and then it will be awarded a zero grade, BUT it should be submitted. Use A4 paper and write only on one side of the page. Your name, ID number and date should be clearly written on the cover page is used. Start each problem on a new page. Never use a red pen in your work. Staple the pages together.

 Notes:

1. Discuss the assignments among yourselves.  This is helpful to the learning process. However, direct copying of others work will NOT be allowed or tolerated and will result in a reduction of grade.  

2. All cases of academic dishonesty will be handled in accordance with university policies and regulations.

Attendance:
Students are expected to attend EVERY CLASS SESSION and they are responsible for all material, announcements, schedule changes, etc., discussed in class.  The university policy regarding the attendance will be strictly adhered to.

Assessment & Grading:

Project, HW and Quizzes

            :           30%

Mid-Semester examination


:
30%

Final exam




:
40%

Total




:
100%

Homeworks
	Homework number
	Problems  5th ed.
	Due Date
	6th ed.

	One
	2.6, 7, 8; 3.1, 4, 5, 6, 10; 4.2, 8, 12(e) & 15
	Feb 23
	2.4, 5, 23, 3.1, 5, 6, 7, 8, 11, 4.1, 10, 12(e), 15, 16

	Two
	5.2, 4, 13, 16; 6.5, 7, 26; 7.1, 4(a), 5(a), 23; 8.4, 12, 33, 38, 43, 44 & 45
	March 1
	5.2, 4, 13, 17, 6.5, 7, 26, 30, 7.1, 4(a), 5(a), 22, 8.7, 12, 33, 39, 43, 44 &45

	Three
	9.6, 7, 13; 10.3, 7; 11.1, 5, 10, 12; 12.16; 17.1, 5, 9 & 18.5
	March 15
	9.6, 7, 13, 10.4, 7, 11.1, 6, 11, 13, 12.16, 17.1, 6, 9, 11, 18.6

	Four
	21.1, 11, 14, 15, 22.9, 23.22 & 26
	April 5
	21.2, 11, 14, 22.9, 23.22, 26

	Five
	24.54, 25.8, 11, 22, 26.13 & 15
	April 25
	24.54, 25.4, 7, 18, 26.13, 15, 

	Six
	27.4, 10, 11 & 12 
	May 7 
	27.4, 10, 11& 12

	Seven
	28.35, 29.7, 30.1, 12 & 15
	May 14
	28.44, 29.8, 30.1, 12 & 15


Project: Optimization problem or case study: Due on May 17.
- 3 -

