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CHAPTER ONE 

STARTING WITH MATLAB 

 

1.1 Introduction 

MATLAB (short for MATrix LABoratory) is a special-purpose computer 

program optimized to perform engineering and scientific calculations. It started life 

as a program designed to perform matrix mathematics, but over the years it has 

grown into a flexible computing system capable of solving essentially any technical 

problem. The MATLAB program implements the MATLAB programming language 

and provides a very extensive library of predefined functions to make technical 

programming tasks easier and more efficient. 

MATLAB is a huge program, with an incredibly rich variety of functions. 

Even the basic version of MATLAB without any toolkits is much richer than other 

technical programming languages. There are more than 1000 functions in the basic 

MATLAB product alone, and the toolkits extend this capability with many more 

functions in various specialties. Furthermore, these functions often solve very 

complex problems (solving differential equations, inverting matrices, and so forth) 

in a single step, saving large amounts of time.  

The fundamental unit of data in any MATLAB program is the array. Scalars 

are treated as arrays by MATLAB they are simply arrays with only one row and one 

column.  

MATLAB has many advantages compared to conventional computer 

languages for technical problem solving. Among them are ease to use, platform 

independence, predefined functions, device-independent plotting, graphical user 

interface, and MATLAB compiler. 
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1.2 Start with MATLAB 

It is assumed that the software is installed on the computer, after instillation 

the shortcut of MATLAB on your desktop will be as shown in Figure (1-1); 

 

Figure 1-1: The logo of MATLAB 

 

The user can start the program. Once the program starts, the MATLAB 

desktop window opens (Figure (1-2)). The window contains three smaller windows: 

the Command Window, the Current Folder Window, and the Workspace Window. 

A list of several windows and their purpose is given in Table (1-1). The Start button 

on the lower left side can be used to access MATLAB tools and features. 
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Figure 1-2: The default MATLAB desktop 

 

Table 1-1: MATLAB windows 

 

Window Purpose Window Purpose 

Command Window Command Window Main window, enters variables, runs 

programs. 

Figure Window Figure Window Contains output from graphic 

commands 

Editor Window Editor Window Creates and debugs script and function 

files. 

Help Window Provides help information. 

Command History Window Logs commands entered in the command window. 

Workspace Window Provides information about the variables that are used. 

Current Folder Window Shows the files in the current folder. 
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1- Command Window: The Command Window is MATLAB’s main window and 

opens when MATLAB is started. It is convenient to have the Command Window as 

the only visible window, and this can be done by either closing all the other windows 

(click on the x at the top right-hand side of the window you want to close) or by first 

selecting the Desktop Layout in the Desktop menu, and then selecting Command 

Window Only from the submenu that opens. 

2- Figure Window: The Figure Window opens automatically when graphics 

commands are executed, and contains graphs created by these commands. An 

example of a Figure Window is shown in Figure (1-3). 

 

Figure 1-3: Example of a Figure Window 

 

A figure window is used to display MATLAB graphics. A figure can be a two 

or three-dimensional plot of data, an image, or a graphical user interface (GUI). A 

simple script file that calculates and plots the function sin x is shown in Figure (1-

4): 
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Figure 1-4: MATLAB plot of sin x versus x 

3- Editor Window: The Editor Window is used for writing and editing programs. 

This window is opened from the File menu. An example of an Editor Window is 

shown in Figure (1-5). 

 

Figure 1-5: Example of an Editor Window 

4- Help Window: The Help Window contains help information. This window can 

be opened from the Help menu in the toolbar of any MATLAB window. The Help 

Window is interactive and can be used to obtain information on any feature of 

MATLAB. Figure (1-6) shows an open Help Window. 
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Figure 1-6: The help window 

 

When MATLAB is started for the first time the screen looks like that shown 

in Figure (1-2). For most beginners it is probably more convenient to close all the 

windows except the Command Window (Each of the windows can be closed by 

clicking on the button). The closed windows can be reopened from the Layout in 

home. 

5-The Command History Window: The Command History Window lists the 

commands that have been entered in the Command Window. This includes 

commands from previous sessions. A command in the Command History Window 

can be used again in the Command Window. By double-clicking on the command, 

the command is reentered in the Command Window and executed. It is also possible 

to drag the command to the Command Window, make changes if needed, and then 

execute it. The list in the Command History Window can be cleared by selecting the 

lines to be deleted and then selecting Delete Selection from the Edit menu (or right-

click the mouse when the lines are selected and then choose Delete Selection in the 

menu that opens). 
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1.3 Working in the Command Window 

The Command Window is MATLAB’s main window and can be used for executing 

commands, opening other windows, running programs written by the user, and 

managing the software. An example of the Command Window, with several simple 

commands that shown in Figure (1-7). 

 

Figure 1-7: The Command Window 

Notes for working in the Command Window: 

 To type a command the cursor must be placed next to the command prompt 

(>>). 

 Once a command is typed and the Enter key is pressed, the command is 

executed. However, only the last command is executed. Everything executed 

previously (that might be still displayed) is unchanged. 

 Several commands can be typed in the same line. This is done by typing a 

comma between the commands. When the Enter key is pressed the commands 

are executed in order from left to right. 

 It is not possible to go back to a previous line that is displayed in the Command 

Window, make a correction, and then re-execute the command. 
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 A previously typed command can be recalled to the command prompt with 

the up-arrow key ( ). When the command is displayed at the command prompt, 

it can be modified if needed and then executed. The down-arrow key ( ) can 

be used to move down the list of previously typed commands. 

 If a command is too long to fit in one line, it can be continued to the next line 

by typing three periods … (called an ellipsis) and pressing the Enter key. The 

continuation of the command is then typed in the new line. The command can 

continue line after line up to a total of 4096 characters. 

 The semicolon (;): When a command is typed in the Command Window and 

the Enter key is pressed, the command is executed. Any output that the 

command generates is displayed in the Command Window. If a semicolon (;) 

is typed at the end of a command the output of the command is not displayed. 

Typing a semicolon is useful when the result is obvious or known, or when 

the output is very large. If several commands are typed in the same line, the 

output from any of the commands will not be displayed if a semicolon is typed 

between the commands instead of a comma. 

 Typing %: When the symbol % (percent) is typed at the beginning of a line, 

the line is designated as a comment. This means that when the Enter key is 

pressed the line is not executed. The % character followed by text (comment) 

can also be typed after a command (in the same line). This has no effect on 

the execution of the command. Usually there is no need for comments in the 

Command Window. Comments, however, are frequently used in a program to 

add descriptions or to explain the program. 

 The clc command: The clc command (type clc and press Enter) clears the 

Command Window. After working in the Command Window for a while, the 

display may become very long. Once the clc command is executed a clear 

window is displayed. The command does not change anything that was done 
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before. For example, if some variables were defined previously, they still exist 

and can be used. The up-arrow key can also be used to recall commands that 

were typed before. 

 Who: Displays a list of the variables currently in the memory. 

 Whos: Displays a list of the variables currently in the memory and their size 

together with information about their Bytes and class. 

 

1.4 Arithmetic Operations with Scalars  

In this section we discuss only arithmetic operations with scalars, which are 

numbers.  

In its simplest form, MATLAB can be used as a calculator to perform 

mathematical calculations. The calculations to be performed are typed directly into 

the Command Window, using the symbols +, -, *, /, and ^ for addition, subtraction, 

multiplication, division, and exponentiation respectively. The symbols of arithmetic 

operation are shown in Table (1-2): 

Table (1-2): Arithmetic Operations 

Operation Algebraic Form MATLAB Example 

Addition A+B A+B 5+3 

Subtraction A-B A-B 5-3 

Multiplication A*B A*B 5*3 

Right division A/B A/B 5/3 

Left division A\B A\B 5\3 

Power AB A^B 5^3 

 

It should be pointed out here that all the symbols except the left division are 

the same as in most calculators. For scalars, the left division is the inverse of the 

right division. The left division, however, is mostly used for operations with arrays, 

which are discussed in next lectures. 
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Order of Precedence: 

MATLAB executes the calculations according to the order of precedence 

displayed below. This order is the same as used in most calculators. 

 

1. Parentheses: For nested parentheses, the innermost are executed first. 

2. Exponentiation. 

3. Multiplication, division (equal precedence). 

4. Addition and subtraction. 

 

Example 1: suppose that X = 3 and y = 4 use MATLAB to evaluate the following 

expressions: 

𝑥2𝑦3

(𝑥 − 𝑦)2
 

We will write in command window as: 

 

 

Example 2: suppose that we would like to calculate the volume of a cylinder of 

radius r and length l. The area of the circle at the base of the cylinder is given by the 

equation: 

𝐴 =  𝜋 𝑟2 

And the total volume of the cylinder will be: 

𝑉 = 𝐴𝑙 
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If the radius of the cylinder is 0.1 m and the length is 0.5 m, then the volume of the 

cylinder can be found using the MATLAB statements: 

 

Other examples of using MATLAB as calculator are demonstrated in Tutorial 1-1. 

Tutorial 1-1 
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1.5 MATLAB Functions 

In addition to basic arithmetic operations, expressions in MATLAB can 

include functions. MATLAB has a very large library of built-in functions. Tables 

(1-3), (1-4), and (1-5) shows these functions: 

Elementary Math Functions: 

Table 1-3 Elementary Math Function 

Function Description 

Sqrt (x) Square root 

nthroot (x,n) Real nth root of a real number x. (If x is negative n must be an 

odd integer.) 

exp(x) Exponential (ex) 

abs(x) Absolute value 

log(x) Natural logarithm (Base e logarithm (ln)) 

log10(x) Base 10 logarithm 

factorial(x) The factorial function x!, (x must be a positive integer.) 

Trigonometric Math Function: 

Table 1-4 Trigonometric and Inverse Trigonometric Math Function 

Function Description 

sin(x)  

sind(x) 

Sine of angle x (x in radians).  

Sine of angle x (x in degrees). 

cos(x)  

cosd(x) 

Cosine of angle x (x in radians).  

Cosine of angle x (x in degrees). 

tan(x)  

tand(x) 

Tangent of angle x (x in radians).  

Tangent of angle x (x in degrees). 

cot(x)  

cotd(x) 

Cotangent of angle x (x in radians).  

Cotangent of angle x (x in degrees). 

acos  

acosd 

Inverse cosine, result in radians.  

Inverse cosine, result in degrees. 

Acosh Inverse hyperbolic cosine. 

Acot 

Acotd 

Inverse cotangent, result in radian. 

Inverse cotangent, result in degrees. 

Acoth Inverse hyperbolic cotangent. 

asec  

asecd 

Inverse secant, result in radians.  

Inverse secant, result in degrees. 

Asech Inverse hyperbolic secant. 

asin  

asind 

Inverse sine, result in radians.  

Inverse sine, result in degrees. 

Asinh Inverse hyperbolic sine. 
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Rounding functions: 

Table 1-5 Rounding Functions 

Function Description 

round(x) Round to the nearest integer 

fix(x) Round toward zero 

ceil(x) Round toward infinity 

floor(x) Round toward minus infinity 

rem(x,y) Returns the remainder after x is divided by y (rem=x-fix(x/y)*y 

sign(x) Signum function. Returns 1 if x > 0, –1 if x < 0, 

and 0 if x = 0 

 

Examples of using elementary math built in functions are demonstrated in Tutorial 

1-2. 

Tutorial 1-2 

 

 

Example: A trigonometric identity is given by: 

 

𝑐𝑜𝑠2
𝑥

2
=

tan 𝑥 + sin 𝑥

2 tan 𝑥
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Verify that the identity is correct by calculating each side of the equation, 

Substituting x= π/5 

 

Example: If theta equal to 30 degree find sin (theta)? 

Sol: 

Write in command window: 

Sin (30) (Enter) 

ans = -0.988 error (theta in degree not in radians)  

Sind (30) (Enter) 

ans = 0.50 

 

Example: If sin (theta) equal to 0.5, find theta? 

Sol: 

Write in command window: 

Asind (0.5) (Enter)  

ans= 30 
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Example: if x=0:6 find y=sin(x), and using the commands (who, whos)? 

Sol: 

Write in command window: 

 

 

 

 

Display Format 

The user can control the format in which MATLAB displays output on the 

screen. In Tutorial 1-1, the output format is fixed-point with four decimal digits 

(called short), which is the default format for numerical values. The format can be 

changed with the format command. Once the format command is entered, all the 

output that follows is displayed in the specified format. Several of the available 

formats are listed and described in Table (1-6). MATLAB has several other formats 

for displaying numbers. Details of these formats can be obtained by typing help 

format in the Command Window. The format in which numbers are displayed does 

not affect how MATLAB computes and saves numbers. 
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Table 1-6 Display formats 

 

Example: 

 

Consider the following command: 
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Example: Try entering the following command into MATLAB, but before you do 

so try to work out what output you would expect. 

 

>>3*5*6 

>> z1 = 34; 

>> z2 = 17; 

>> z3 =-8; 

>>z1/z2 

>> z1 – z3 

>>z2 + z3 –z1 

Sol: 
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1.6 Defining Scalar Variable 

A variable is a name made of a letter or a combination of several that is 

assigned a numerical value. Once a variable is assigned a numerical value, it can be 

used in mathematical expressions, in functions, and in any MATLAB statements and 

commands. 

 

a) Variable Names 

A variable can be named according to the following rules: 

1. Must begin with a letter. 

2. Can be up to 63 characters long. 

3. Can contain letters, digits, and the underscore character. 

4. Cannot contain punctuation characters (e.g., period, comma, semicolon). 

5. MATLAB is case sensitive: it distinguishes between uppercase and lowercase 

letters. For example, AA, Aa, aA, and aa are the names of four different variables. 

6. No spaces are allowed between characters (use the underscore where a space is 

desired). 

7. In addition, MATLAB includes a number of predefined constant values. 

 

ii. Methods of Defining Variable 

If the variable has only one value, we can define the variable as: 

1. Using the Assignment Operator 
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In MATLAB the = sign is called the assignment operator. The assignment operator 

assigns a value to a variable. 

 

Examples: 

1- 

 

2- 

 

3- 

 

4- 
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2- Using Input Statement 

Variable name = input ('Enter an input value:'); 

 

Examples: 

 

 

If the variable has range of values, we can define the variable as: 

1- Using the Assignment Operator 

This also method for defining vector, we will see that in ch2. 

 

Variable name = start: increment: end 
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Examples: 

 

 

2- Using the linspace function 

The forms of the linspace function are: 

y = linspace(start,end); 

y = linspace(start,end,n); 
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Tutorial 1-2 

1- Try entering the following command into MATLAB 

>> format rat 

>> a = 2; b = 3; c=4; 

>> a*(b+c) 

>>a*b+c 

>>a/ b+c 

>>a/(b+c) 

>>format 

 

Sol: 

 

 

 

 

 

 

 

 

 

 

  

2- Evaluate the MATLAB expression by hand and then check answers with 

MATLAB. 

1+2/3*4-5 

1/2/3/4 
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1/2+3/4*5 

5-2*3*(2+7) 

(1+3)*(2-3)/3*4 

(2-3*(4-3))*4/5 

Sol: 

a. By hand: 

The expressions are given by 

1+2/3*4-5= 1 +
2

3
4 − 5 = −

4

3
 

1/2/3/4 = (((1/2)/3)/4) = 
1

24
 

1/2+3/4*5 =
1

2
+

3

4
5 =

17

4
 

5-2*3*(2+7) =5-6(9) = - 49 

(1+3)*(2-3)/3*4 =
4∗(−1)

3
 4 = −

16

3
 

(2-3*(4-3))*4/5 =(2 − 3 ∗ 1)
4

5
= − 

4

5
 

 

b. By MATLAB: 
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3- Use MATLAB to calculate the expression 

b −
a

b +
b + a

ca

 

Where a = 3, b = 5and c = -3 

Sol: 

 

4- Enter the numbers x = 45*109 and y = 0.0000003123 using the exponent mantissa 

syntax. Calculate the quantity xy using MATLAB. 

Sol: 
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Chapter Two 

Arrays 

 

2.1 Introduction to Array 

The fundamental unit of data in any MATLAB program is the array. An array is a 

collection of data values organized into rows and columns and is known by a single 

name. Individual data values within an array are accessed by including the name of 

the array followed by subscripts in parentheses, which identify the row and column 

of the particular value. Even scalars are treated as arrays by MATLAB- they are 

simply arrays with only one row and one column. Arrays can be classified as either 

vectors or matrices. 

The term “vector” is usually used to describe an array with only one dimension, 

while the term “matrix” is usually used to describe an array with two or more 

dimensions. In this text, we will use the term ―vector‖ when discussing one- 

dimensional arrays and the term ―matrix‖ when discussing arrays with two or more 

dimensions. If a particular discussion applies to both types of arrays, we will use the 

generic term ―array‖. The size of an array is specified by the number of rows and 

the number of columns in the array, with the number of rows mentioned first. The 

total number of elements in the array will be the product of the number of rows and 

the number of columns. Before starting to explain the operations on the matrices, we 

will explain how you can create a script file and what the functions are used to 

display the outputs. These concepts are shown as examples and fig. 2-1 bellow: 
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 Fig. 2-1 Types of array 

 

2.2 Creating Script File 

A script is a sequence of MATLAB instructions that is stored in an M-file and saved. 

The contents of a script can be displayed in the Command Window using the type 

command. The script can be executed, or run, by simply entering the name of the 

file (without the .m extension). Before creating a script, make sure the Current Folder 

is set to the folder in which you want to save your files. The steps involved in 

creating a script to click on ―New Script‖ under the HOME tab.  Alternatively, you 

can click on the down arrow under ―New‖ and then choose Script (see Fig. 2-2) 

 

Fig. 2-2 Editor Window 
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Example: Calculate the volume of a cylinder of radius r and length l. If the radius 

of the cylinder is 0.1m and the length is 0.5m 

 The area of the circle at the base of the cylinder is given by the equation 

𝐴 =𝜋 𝑟 2 

The total volume of the cylinder will be 

𝑉 =𝐴 𝑙 

Sol: using M-file 

 

Example: The distance traveled by a ball falling in the air is given by the equation 

𝒙=𝒙𝟎 +𝒗𝟎 𝒕 + (𝟏/𝟐) a t2 

Use MATLAB to calculate the position of the ball at time t = 5s, if x0 = 10 m, v0 = 

15 m/s, and a =-9.81 m/sec2. 

First method: using command window 
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Second method: using M-File 

 

 

2.3 Output Statement 

There are several ways to display output data in MATLAB. The simplest way 

is one we have already seen, just leave the semicolon off of the end of a statement 

and it will be echoed to the Command Window. We will now explore a few other 

ways to display data. 

1- The Display Function: 

Another way to display data is with the disp function. The disp function 

accepts an array argument and displays the value of the array in the Command 

Window. If the array is of type char, then the character string contained in the array 

is printed out. 

The disp function (short for “display”) can be used to display the value of a variable 

but not its name. Its syntax is disp(A), where A represents a MATLAB variable 

name. The disp function can also display text such as a message to the user. You 

enclose the text within single quotes. For example, the command disp(׳The predicted 

speed is:׳); 
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This function is often combined with the functions num2str (convert a number to a 

string) to create messages to be displayed in the Command Window 

2. fprintf Function: 

An even more flexible way to display data is with the fprintf function. The 

fprintf function displays one or more values together with related text and lets the 

programmer control the way that the displayed value appears. The general form of 

this function when it is used to print to the Command Window is: 

fprintf (format, data) 

Where format is a string describing the way the data is to be printed, and data is one 

or more scalars or arrays to be printed. The format is a character string containing 

text to be printed plus special characters describing the format of the data. For 

example, the function: 

Fprintf(′The value of pi is %f\n′,pi) 

It will print out: 

′The value of pi is 3.141593′ followed by a line feed. 

 The characters %f are called conversion characters; they indicate that the 

value in the data list should be printed out in floating point format at that 

location in the format string. 

 The characters \n are escape characters; they indicate that a line feed should 

be issued so that the following text starts on a new line. 

 There are many types of conversion characters and escape characters that may be 

used in an fprintf function. A few of them are listed in Table 2.1. 
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Table 2.1: Common Special Characters in fprintf Format Strings 

 

It is also possible to specify the width of the field in which a number will be 

displayed and the number of decimal places to display. This is done by specifying 

the width and precision after the % sign and before the f.  

For example, the function: 

fprintf ('The value of pi is %6.2f \n',pi) It will print out 'The value of pi is 3.14' 

followed by a line feed. 

The conversion characters %6.2f indicate that the first data item in the function 

should be printed out in floating point format in a field six characters wide, including 

two digits after the decimal point. 

The fprintf function has one very significant limitation: it only displays the 

real portion of a complex value. This limitation can lead to misleading results when 

calculations produce complex answers. In those cases, it is better to use the disp 

function to display answers. 
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Example: The following statements calculate a complex value x and display it using 

both fprintf and disp. 

x = 2 (1 - 2i)3 

 

Example: 
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Example: use display and fprintf functions. 

length =10; 

width =30; 

shape =' rectangle'; 

area =length*width; 

disp({'Length =', length; 'Width =', width; 'Shape:', shape; 'Area of the rectangle 

=',area}); 

 

fprintf 

fprintf('Length of the rectangle = %.2f \nWidth of the rectangle= %.2f \nArea of the 

rectangle = %.2f\n',length,width,area); 
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1- Use fprintf and display functions to define (noor is 25 years old and his hight is 

1.8) 

 

Name= ׳noor ׳ 

age = 25; 

height = 1.8m; 

 

 

 

2- Use fprintf and display functions to define (We need to take 3556.550 km of 

way with 201.36 km/h velocity) 

  

way = 3556.55; 

velocity = 201.36; 

 

sol: 

way = 3556.55; 

velocity = 201.36; 

disp(['we need to take',num2str(way),'km of way with',num2str(velocity),'km/h 

velocity']) 

fprintf('We need to take %f km of way with %f km/h velocity',way,velocity) 
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3-  Use fprintf and display functions to define (My Height is 170 and my weight is 

80) 

weight = 80; 

height = 170; 

 

sol:  

way = 3556.55; 

velocity = 201.36; 

disp(['we need to take',num2str(way),'km of way with',num2str(velocity),'km/h 

velocity']) 

fprintf('We need to take %f km of way with %f km/h velocity\n',way,velocity) 
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2.4 Creating a vector and matrix 

 Creating a Vector 

The most used way to create a vector is by typing the elements (numbers) 

inside square brackets [ ]. 

 Row vector: To create a row vector, you can use one of these methods: 

1. Type the elements with a space or a comma between the elements inside the square 

brackets. 

Examples: 
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2. By using existing variables: 

Examples: 

 

3. By using the Colon Operator: 

Examples: 

 

With the colon operator, a step value can also be specified by using another 

colon, in the form (first:step:last). For example, to create a vector with all integers 

from 1 to 9 in steps of 2: 
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4. By using the linspace function 

linspace(x,y,n) creates a vector with n values in the inclusive range from x to 

y. If n is omitted, the default is 100 points. For example, the following creates a 

vector with five values linearly spaced between 3 and 15, including the 3 and 15: 

 

 

 Column vector: To create a column vector type the left square bracket [and 

then enter the elements with a semicolon between them, or press the Enter key 

after each element. Type the right square bracket] after the last element. 

Examples: 
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 Creating Matrices 

A matrix is a two-dimensional array of numbers. 

 In MATLAB, a matrix is created by entering each row as a sequence of space 

or comma separated elements, and end of a row is demarcated by a semicolon. 

Examples: 

 

 The zeros, ones and eye Commands 

The zeros (n, m), the ones (n, m), and eye (n) commands can be used to create 

matrices that have elements with special values. 
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Example: 

 

 

Example: 

Using the ones and zeros commands, create a 4 * 5 matrix in which the first two row 

are 0's and the next two row are 1's. 
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 The transpose operator 

The transpose operator is applied by typing a single quote ‟ following the 

variable to be transposed. 

Examples: 

 

2.5 Indexing Into a Vector or Matrix 

Elements in an array (either vector or matrix) can be addressed individually 

or in subgroups. This is useful when there is a need to redefine only some of the 

elements, when specific elements are to be used in calculations, or when a subgroup 

of the elements is used to define a new variable. 

 The address of an element in a vector is its position in the row (or column). 

 The address of an element in a matrix is its position, defined by the row 

number and the column number where it is located. 

There are many cases for indexing into array, some as follow: 
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1- a(m,n) Refers to the element specified in m row and n column. 

Examples: 
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2. a(: , n) Refers to the elements in all the rows of column n of the matrix a. 

Example: 
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3. a(n , :) Refers to the elements in all the columns of row n of the matrix a. 

Example: 

 

4. a(: , m:n) Refers to the elements in all the rows between columns m and n of the 

matrix a. 

Example: 
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5. a(m:n , :) Refers to the elements in all the columns between rows m and n of the 

matrix a. 

Example: 

 

6. a(m:n , p:q) Refers to the elements in rows m through n and columns p through 

q of the matrix a. 
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7. a(m:n) refers to the elements of Matrix a from the first element up to last element 

Examples: 

 

Deleting Elements 

To delete an element or range of element by using square brackets with nothing 

typed in between them. 
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2.6 Matrix Operations 

Basic matrix operations are straightforward in MATLAB: 

 Addition: >> C = A+B; 

 Subtraction: >> C = A-B; 

 Transposing: >> C = A'; 

 Matrix multiplication: >> C = A*B; 

 Element-wise multiplication: >> C = A .*B; 

 Exponentiation: >> C = A^p; (where p is a scalar.) 

 Element-wise exponentiation: >> C = A.^p; (where p is a scalar.)  

 

 Addition and Subtraction 

The operations + (addition) and – (subtraction) can be used to add (subtract) 

arrays of identical size (the same numbers of rows and columns) and to add 

(subtract) a scalar to an array. 

Examples: 
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 Transposing: >> C = A' 

The transpose of a matrix is obtained by interchanging rows into columns or 

columns to rows. 

 

 

 Array Multiplication 

If A and B are two matrices, the operation A*B can be carried out only if the 

number of columns in matrix A is equal to the number of rows in matrix B. The 

result is a matrix that has the same number of rows as A and the same number of 
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columns as B. The product of the multiplication of two square matrices is a square 

matrix of the same size. 
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 Exponentiation: >> C = A^p  

It’s used for matrix has columns number equal to rows number (square matrix) 
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Element- By- Element operations: 
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 Element-wise multiplication: >> C = A .*B;  

        If A and B are two matrices of the same size with elements A = [aij ] and B 

= [bij ], then the command produces another matrix C of the same size with 

elements cij = aij bij . For example, using the same 3 × 3 matrices, 
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 Element-wise exponentiation: >> C = A.^p  

Example 1: 
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Solving equations by using MATLAB 

Example2: 

For the function Y=X2 -3 X+2, estimate the value of Y for X=5. 

 

Example3: 

For the function Y=X2 -3 X+2, estimate the value of Y for the following values X 

using element- by- element operations: [1 5 9 13 17]. 
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Example 4: 

Solve the equation element by element (
𝐳𝟑+𝟓𝐳

𝟒𝐳𝟐−𝟏𝟎
) for z=1:2:11 

 

Example 5: 

Find the value of x  

𝒙 + 𝟒 = 𝟎 

 

𝒙𝟐 − 𝟒 = 𝟎 
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𝒙𝟐 + 𝟒 = 𝟎 

 

𝒙𝟓 + 𝟑𝒙𝟒 − 𝒙 = 𝟒 

Let: 

𝒙𝟓 + 𝟑𝒙𝟒 − 𝒙 − 𝟒 = 𝟎 

 

 

Note: Left division is used to solve the matrix equation AX=B. 

Example 1: 

Use matrix operations to solve the following system of linear equations 
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𝟑𝒙 − 𝟗𝒚 = −𝟒𝟐 

𝟐𝒙 + 𝟒𝒚 = 𝟐 

3 -9 
* 

X 
= 

-42 

2 4 Y 2 

 

Example 2: 

Solving three linear equations (array division). Use matrix operations to 

solve the following system of linear equations 

 

 

These equations can be expressed as  
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𝟒  − 𝟐      𝟔     𝐗       𝟖 

𝟐       𝟖       𝟐    𝐘 =  𝟒 

𝟔     𝟏𝟎      𝟑     𝐙      𝟎 

Sol: 
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Chapter Three 

Plotting 

MATLAB has an excellent set of graphic tools. Plotting a given data set 

or the results of computation is possible with very few commands. You are 

highly encouraged to plot mathematical functions and results of analysis as 

often as possible. 

 

3.1 Two dimension plots 

 

Plotting is very easy in MATLAB. Any pair of vectors can be plotted 

versus each other as long as both vectors have the same length. 

The plot command is used to create two-dimensional plots. 
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In general, the formatted of two dimensional plot is shown in this figure. 

 

Example:  

  The following MATLAB statements plot the function y(x) =2𝒆−𝟎.𝟐𝒙 for the range 

0 ≤ x ≤ 10            
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3-2 Properties of plotting 

The plot command has additional, optional arguments that can be used 

to specify the color and style of the line and the color and type of markers, if 

any are desired. With these options the command has the form: 
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Notes: 

 The specifiers are typed inside the plot command as strings. 

 Within the string the specifiers can be typed in any order. 

 The specifiers are optional. This means that none, one, two, or all three types can 

be included in a command. 

For example: 

plot(x,y) A blue solid line connects the points with no markers (default). 

plot(x,y,'r') A red solid line connects the points. 

plot(x,y, '--y') A yellow dashed line connects the points. 

plot(x,y, '*') The points are marked with * (no line between the points). 

plot(x,y, 'g:d') A green dotted line connects the points that are marked with diamond 
markers. 
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Example:  

Write a script that performs the following tasks: 

 Create a vector x containing the values from -10 to 10 in increments of 0.5. 

 Create a vector y that contains the square of each value in x. 

 Plot x and y, using a dashed line and a pentagram marker. 

 Create a title in italics that reads y=x2. 

 Create appropriate labels for the x- and y-axes 

 

 

 

3.3 Formatting a Plot Using Commands 

Titles and axis labels can be added to a plot with the title, xlabel, and ylable function. 

Each function is called with a string containing the title or label to be applied to the 

plot. Grid lines can be added or removed from the plot with the grid command: grid 

on turns on grid lines, and grid off turn off grid lines. For example, the following 

statements generate a plot of the function with titles, lables, and gridlines. 

 The xlabel and ylabel commands: 
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xlabel(' text as string ')  

Ylabel ('text as string') 

 The title command: 

Title('text as string') 

 The legend command: The legend shows a sample of the line type of each 

graph that is plotted, and places a label, specified by the user, beside the line 

sample. 

The form of the command is: 

 legend('string1', 'string2',…. pos) 

 The pos is an optional number that specifies where in the figure the legend is 

to be placed. 

Example: 
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3.4 Plotting multiple graphs in the same plot 

Two or more graphs can be created in the same plot by typing pairs of 

vectors inside the plot command. 

plot(x,y,'-b',u,v,'--r',t,h,'g:'), or using hold on command. 

 

Example    

Plot the function 𝑦 = 3 ∗ 𝑥3 − 26𝑥 + 10 and its first and second derivatives, for all 

in the same plot.                                                                        ` 

 

Or 
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Example  

Plot the functions y=sin x, d=cos x, if x=0:0.01:10 

 

 

 

Example:  

These statements plot three related functions of x: y1=2 cos(x), y2= cos(x) 

and y3=0.5 cos(x) in the interval 0 ≤ x ≤ 2π. 

 

 

3.5 Simple Related Plot Functions 

Other functions that are useful in customizing plots include clf, figure, hold. 
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 clf : clears the Figure Window by removing everything from it. 

 Figure: creates a new, empty Figure Window when called without any 

arguments. Calling it as figure(n) where n is an integer is a way of creating 

and maintaining multiple Figure Windows, and of referring to each 

individually. 

 The hold on and hold off Commands: To plot several graphs using the hold 

on and hold off commands, one graph is plotted first with the plot command. 

Each plot command creates a graph that is added to that figure. The hold off 

command stops this process. 

 

Example: 

Write a script to create 2 different plots, in 2 different Figure Windows where 

x = 1 2 3 4 5 

y1= 2 11 6 9 3 

y2= 4 5 8 6 2 
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