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Lesson 1.
Chapter I. NUMERICAL MODELING FOR ENGINEERING
------------------------------------------------------------------------------------------------------------

 1.1. Computer Usage in engineering



1. Importance of the computer

     Nearly all engineering firms today utilize the computer in one way or another. 
Therefore, if a student has a programming capability, he will be more valuable to the 
firm that hires him, than someone without such a capability.

2. Computer usage

     In engineering, the computer is mainly used in:


a. Solving mathematical models of physical phenomena.

           
b. Storing and reducing experimental data.

            
c. Controlling machine operations.

        Engineer’s interest lies in:

 
a. Design of equipment.

 
b. Evaluation of performance of equipment.

 
c. Research and development

These can be accomplished by:

                                   
a. Full scale experiments. May be prohibitively expensive.

b. Small scale model experiments. Still very expensive and extrapolation is

    frequently questionable

c. A mathematical model which is the least expensive and faster. 

1. It can give more detailed answers

2. Different cases under different conditions can be run quickly. 
If there is confidence in a mathematical model it will be used in
                        preference to experiment.

1.2. The Mathematical Model

     
a. Physical phenomena are described by a set of governing equations. 

    
b. Numerical methods are frequently used to solve the set of governing equations.

                 
Reason:  We don’t have methods for obtaining closed form solutions for

                
 many types of problems involving general geometric conditions.

c. Numerical methods invariably involve the computer. 
   1. The computer performs arithmetic operations upon discrete numbers in a 
       defined sequence of steps. 
2. The sequence of steps is defined in the program. 
3. A useful solution is obtained if:

a. The mathematical model accurately represents the physical phenomena; 

      that is, the model has the correct governing equations.



        b. The numerical method is accurate.

                                 Note: If the governing equations aren’t correct, the solution will be

                                 worthless regardless of the accuracy.

                             c. The numerical method is programmed correctly.

This course is mainly concerned with items (b) and (c), since the governing equations in all the examples, exercises and projects in this book are given. 
1.3. Computer Programming

· The advantage of using the computer is that it can carry out many, many calculations in a fraction of a second. 
· In addition, MATLAB contains functions that contain numerical methods for determining roots of a transcendental equation, solving a system of differential equations, evaluating integrals, solving a system of linear equations, etc. 

· The numerical method usually involves reducing the problem to solving a set of algebraic equations. 
· The MATLAB program should define a step-by-step procedure for obtaining an answer to the problem of interest. The method of solution is called an algorithm.

1.4.  Components of a Digital Computer:

a.    An input unit – provides data and instructions to the computer.

b.   A memory/storage unit – in which data and instructions are stored.

c.   An arithmetic-logic unit – which performs the arithmetic operations and 
 provides the decision making ability (or logic) to the computer.
d.  The control unit – takes instructions from memory, interprets and executes 

the instructions.

e.  The output unit – prints out results of the program or displays results on a

     screen.

The control unit + the arithmetic unit is considered the central processing 

                                                    unit  (CPU).

· In the memory unit there is main memory and secondary memory.
· The main memory consists of two types:

1. Random Access Memory (RAM) used for temporary storage of 


 programs and data. Items in RAM are not saved when the computer is shut off.

2. Read-Only Memory (ROM) stores data permanently. ROM is used to boot up the computer.

· The secondary memory consists of:

1. A hard drive - provides semi-permanent storage of programs and data. It is usually internal to the computer. It has a large storage capacity (many gigabytes).

2. A CD/DVD drive - Stores programs, data, video onto a CD or a DVD disk.

3. Flash drive – Stores programs and data onto a removable flash memory stick, which can be transferred from one computer to another. 

· The memory of a computer is an ordered sequence of storage locations called memory cells. 
· Each memory cell has an address indicating its relative position in memory.

· The memory cell is a collection of smaller units called bytes. A byte is the amount of storage required to store a single character (letter, number or symbol).

· A byte is a collection of smaller units called bits. A bit takes on the value of 
0 or 1, and is therefore suited for the binary system of numbers.


  
· Generally, there are eight bits to a byte. 
· Each character or set of characters, or value, is represented by a particular pattern of zeros and ones. The computer can retrieve or store a value.  

1.5.  Overview of Programming Languages

· A program is a list of instructions to be carried out by the computer.

There are two types of software:

a. System Software – performs tasks required for the operation of the 
computer, such as Windows 7, Windows XP, Unix, Linux, etc.

b. Application Software – written to perform particular tasks for the person using the computer. These would include programs such as Microsoft’s Office, Autocad, MATLAB, etc. Programs written by individuals would also be classified as Application software.

· There are different levels of computer languages. However, the computer can only execute programs in machine language, which is considered the lowest level.
·  All higher level language instructions must be translated into machine language.
·  A sequence of machine language consists of a collection of zeros and ones.

· Higher level languages include:

MATLAB, Fortran, Basic, C/C++, Pascal, etc.
· These higher level languages allow as to write programs in a more familiar and understandable manner than the program in machine language.

1.6.  Recommended procedure for writing a program
a. Study problem to be programmed.
b. List the algebraic equations to be used in program.


 c. Make a flow chart or outline.

             d. Carry out a sample calculation by hand.

 e. Write program using the outline and the list of algebraic equations.


 f.  Run the program and debug any syntax errors.

 g. After fixing syntax errors, continue running and modifying the program until  

     a satisfactory solution is obtained..

1.8.  Building blocks in writing a program

 a. Arithmetic statements.
b. Input/output statements.
 c. Loop statements  (for loop and while loop).
d. Alternative path statements (if, and if-elseif).
e. Vectors and Matrices.

 f. Functions (built in and self written). 
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