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Chapter One: Installation MATLAB 

1-1 Instruction 

Using the MathWorks installer, you can install and activate 

MathWorks products on a computer running for Microsoft Windows 

operating system (32-bit or 64-bit). 

Step 1: Start the Installer  

Insert MATLAB CD in CD drive connected to your system. The installer 

usually starts automatically. 

 

 

 

 

 

 

  

 

 

 

 

Step 2: Install With a File Installation Key 

After running the CD, we get this dialog box, we select the “Use a 

File Installation Key” option (No Internet connection required) and click 

“Next”. 

 

 

 

 

 

 

 

 

 

 

 

 

Select this 

option  

Click Next  
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Step 3: Review the License Agreement 

Review the software license agreement and, if you agree with the 

terms, select “Yes” and click “Next”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 4: Specify the File Installation Key 

In this stage, we get this dialog box; the installer displays the File 

Installation Key dialog box. A File Installation Key identifies the products 

you can install. Select the “I have the File Installation Key for my 

license” option, enter the File Installation Key (You can get key from 

MATLAB CD > Serial > Key) copy the key and paste it in the key box and 

then click “Next”. 

 

 

 

 

 

 

 

 

 

 

 

 

Click Next  

Paste the 

Key her  

Select this 

option  

Click Next  
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Step 5: Chose Installation Place 

 

Specify the name of the folder where you want to install Math Works 

products. Accept the default installation folder or click “Browse” to select 

a different one. If the folder doesn’t exist, the installer creates it. When 

specifying a folder name, you can use any alphanumeric character and 

some special characters, such as underscores. If you make a mistake while 

entering a folder name and want to start over, click “Restore Default 

Folder”. After making your selection, click “Next”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 6: Specify Products to Install 

Specify which products you want to install in the Product Selection 

dialog box. This dialog box lists all the products associated with the license 

you selected or with the Activation Key you specified. In the dialog box, all 

the products are preselected for installation. If you do not want to install a 

particular product, clear the check box next to its name. After selecting the 

products you want to install, click Next to continue with the installation. 

 

 

 

Select where 

to save the file 

  

Click Next  
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Step 7: Select Desired Installation Options   

In this stage we get this dialog box, the installer displays add 

shortcuts of the program to two place “Desktop” and “Programs folder on 

the Start menu” choose both options and click “Next”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Select or clear for all products Select individual products 

Select or both 

options 

Click Next 
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Step 8: Product Configuration Note   

The installer displays “Configuration” dialog box show:- 

� Installation folder: - Specify the name of the folder where you want 

to install Math Works products. 

� Installation Size. 

� Products: - products you choose to install.   

Click “Next”. The installation will start.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Click Next  
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Step 9: Product Configuration Note   

When the installation successfully completed, the installer displays 

the Installation Complete dialog box and then “Product Configuration 

Note” dialog box show (Your installation may require additional 

configuration steps) click “Next”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Step 10: Activate MATLAB 

 In this stage, we get this dialog box, the installer displays that the 

installation is complete and now you must activate MATLAB select 

“Activate MATLAB” and click “Next”.   

 

 

 

 

 

 

 

 

 

 

Click Next  

Select this 

option  

Click Next  
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Then you get dialog box show you the way of activation “Activation with 

and without Internet” choose “Activate manually without the Internet” 

and click “Next”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Then you get dialog box show two options choose “Enter the full path to 

your license file, including the file name” click “Browse” to select a the 

name of the folder where you license located and click “Next”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Select this 

option  

Click Next 

Click Next 

Selected 

this option 

Browse to 

selected 

the license 

file 
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Step 11: Complete the Installation and Activations 

Now the installation and Activations successfully completed, Click Finish 

and enjoy the program 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Click Finish  
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Chapter Two: Introduction to MATLAB 

 

2-1 Introduction 

MATLAB is high –performance language of technical computing. It 

integrates computations, visualization,   and programming in an –easy-to 

use environment where problems and solutions are expressed in familiar 

mathematical notations.  

The name MATLAB stands for matrix laboratory. MATLAB is produced 

by Math Works .MATLAB was originally written to provide easy access to 

matrix. 

2-2 Starting and Quitting MATLAB 

 1- To Start MATLAB, double –click the MATLAB short icon. 

On your window desktop .You will know MATLAB is running when you 

see the special '>>' prompt in the MATLAB command window. 

2-To end your MATLAB session, select Exit MATLAB from the File 

menu in the desktop, or type quite (or Exit) in the command window, or by 

click on close button   

2-3 Desktop Tools 

1- Command window: This is the main window, and contain the command 

prompt (>>) .This is where you will type all commands, enter variables and 

run functions and M-files. 

2-Command History: Displays a list of previously typed commands, You 

can double –click to run them again.  

3-Workspace: Lists all variables you have generated in the current session. 

It shows the type and size of variables. 

4- Current directory: Shows the files and folders in the current directory 

.The path to the current directory is listed near the top of the MATLAB 

desktop .By default, a MATLAB folder is created in your home directory 

on your M-drive, and this is where you should save your work. 

 



10 

It could be exchange between the MATLAB different windows where, 

Command windowCtrl+0

Command historyCtrl+1

Current directoryCtrl+2

Work spaceCtrl+3

ATLAB

1 

2 

be exch

3 3

4 

MATLAB files will be saved in the 

current directory
Create new  M-file file

Open an existing file 

View or use previously runs 

functions 

Title bar 

Enter MATLAB command functions 

at command -line prompt 
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2-4 Using MATLAB as Calculator 

MATLAB can perform basic calculations such as those you are used 

to doing on your calculator.  Let's start at the very beginning, for example, 

let's suppose you want to calculate the expression, � � � � �.You type it at 

the prompt command (>>) as follows, 

 

 

 

 

 

 

 

 

 

You noticed that if you don’t specify an output variable, MATLAB 

uses a default variables Ans., short for answer, to store the results of the 

current calculations. Note that the variable Ans. is created (or overwritten, 

if it is already existed) .To avoid this, you may assign a value to a variable 

or output argument name. For example, 

 

 

 

 

 

 

 

 



12 

Will result in x being given the value � � � � � � �
This variable name can be name can always be used to refer to the results 

of the previous computations. Therefore, computing 4*x will result in 

Table (1.1) gives the partial list of arithmetic operators  

Basic arithmetic operators

answerExampleOperationSymbol

52+3addition+

1-2-3subtraction-

62*3multiplication*

0.666672/3division/

93^2Power^

15(2+3)*3Specify evaluation order()

12	�

Square rootsqrt
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You can do several operations in one calculation, such as 

 

 

 

 

 

 

 

 

 

The default order of operation is (1) Exponential, multiplication and 

division, (3) addition and subtraction. Operation of equal priority is 

performed left to right.  

 

absolute value abs(x) 

Cosine, sine, tangent of angle x in radians. Cos (x), sin(x), tan(x) 

Secant, cosecant, cotangent of angle x in radians Sec (x), csc (x),cot(x) 

Natural logarithm : ln (x) Log (x) 

Common (base10) logarithm :log10 (x) Log10(x) 

Exponential function �� exp(x) 

 

Examples 

1-absolute value 

Syntax      

abs (x) 

 

 

 



14 

2-cos (x), sin (x), tan (x)

Syntax 

y=sin(x) 

3-sec(x), csc(x), cot(x)

Syntax 

Y= csc (x) 
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4-log (x) 

Syntax 

Y=log (x) 

 

 

 

 

 

 

 

 

 

 

 

5-
�����������
���� 
Syntax 

Y=exp(x) 
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6-square root ( 	� )     

Syntax 

Y=sqrt (x) 

 

Exercises  

Compute the values of 

[Ans. =1.0323]              1.
��





���� 
�� 
!"#$�%�
&'
(&')
�� * ������               

[Ans. = 0.5, 0.8536]        2.  +�� ,-./ 0 !"1��234�       
[Ans. = 3.0323]             3.  

������ � 
 +���235� 
2-5 Some Predefined Variables in MATLAB 

 

 

 

 

 

 

 

 

Stand for Predefined variable 2 � �6�
�5 pi 

∞ � &�7&�&'8 Inf 

Not a number NAN 

The complex variable 	*� i 

The complex variable 	*� j 
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Examples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It could be overwrite the (i) value as 
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2-6 Managing the Workspace  

The contents of the workspace persist between the executions of separate 

commands, it is possible for the results of one problem to have an effect on 

the next one .To avoid this possibility, it is a good idea to issue a clear 

command at the start of each new independent .It is a good to issue a clear 

command at start of each new independent calculation. 

>>clear 

The command (clear) removes all variables from the workspace .This frees 

the up system memory. 

Notes 

1-A semicolon ";" at the end the end of MATLAB statement suppresses 

printing of results. 

2-Insert "%" before the statement that you want to use it as comment; the 

statement will appear in green color. 

3-clc command, clears the command window and homes the cursor, i.e. 

remove all text. 

Now try to do the following: 
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>>a=3 

Can you see the effect of semicolon         

 >>a=3; 

Just a comment                              >> % summation of 2 and 3       

 

 

                                 

 

 

 

Can you see the effect of clear command   

>>clear a 

Clean the screen      

>> clc 

Comment 

It is useful, for both yourself and others, to put comments in your script 

files. A comment is always precedes with a percent sign (%) which tells 

MATLAB not to execute the rest of the line as command.  

2-7  Inverse Trigonometric Function 

Inverse Trigonometric Function Built in function 

Inverse sine asin 

Inverse cosine acos 

Inverse tangent atan 

Inverse secant asec 

Inverse cosecant acsc 

Inverse Cotangent acot 
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Examples 

 

 

 

 

 

 

 

By the same way: 
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2-7.1  Hyperbolic Functions   

Inverse Hyperbolic functions Built in functions 

Hyperbolic sine sinh 

Hyperbolic cosine cosh 

Hyperbolic tangent tanh 

Hyperbolic secant sech 

Hyperbolic  cosecant Csch 

Hyperbolic cotangent Coth 

 

According to the relation  

1&�1)
�9� � �: * ��:�  

We can check the answer by MATLAB as below: 
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;�+<�9� � �: � ��:�
By using MATLAB 
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���<�9� � +��<
�9�;�+<
�9� 
 

 

 

 

 

 

 

 

 

 

 

 

 

+�;<�9� � �;�+<
�9� 
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;+;<�9� � �+��<
�9� 
 

 

 

 

 

 

 

 

 

 

 

 

 

;��<�9� � �=>?@
�:� 
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2-7.2 Inverse Hyperbolic Functions 

Invers hyperbolic function Built in function 

Inverse hyperbolic sine Asinh 

Inverse hyperbolic cosine Acosh 

Inverse hyperbolic tangent Atanh 

Inverse hyperbolic secant Asec 

Inverse hyperbolic cosecant Acsc 

Inverse hyperbolic cotangent Acot 
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Chapter Three: Arrays (Vectors and Matrices)  

 

An array is a list of numbers arranged in rows and / or columns. A 

one-dimensional array is a row column of numbers and a two- dimensional 

array has a set of numbers arranged in rows and columns. An array 

operation is performed element by element. 

3-1 Vectors 

The basic data structure in MATLAB is the matrix .Even scalars (numbers) 

are considered to be matrices (1 row and 1 column). 

Example 

>> x=3 

X=3 

>>whos ('x') 

Attributes Class Bytes size Name 

 double 8 1x1 x 

 

Matrix  � � � Note that MATLAB recognize the size of variable x as  

3-1.1  Row Vector 

A Row vector has the form:    A � BA�

A�
AC DD 6 AEF 
Are usually scalars (either real or complex numbers) , where A�0 A�0 AC D 6 AE 

 

When you enter a row vector in MATLAB, you can separate the individual 

elements by commas. 
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Example 

 

 

 

You can also use spaces in steads of commas. 

 

 

 

 

 

You can determine the length of a row vector with MATLAB's Length 

command. 

Syntax 

 

 

 

 

You can access the element of v at position k with MATLAB 's 

indexing notation v(k) .For example ,the element of the third position of 

vector v is found as follows : 

Syntax 

 

 

 

 

You can access the 1st, 3rd and 4th entries of vector v as follows : 
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You can use indexing to change the entry in the 5th position of v as follows: 

Syntax 

You can change the 1st, 3rd and 5th entries as follows .Note that the vector 

on the right must have the same length as the area to which it is assigned. 

Syntax 

If you break the equal length rule, MATLAB will respond with an error 

message. 
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There is one exception to this rule .You may assign a single value to a 

range of entries in the following manner. 

3-1.2 Column Vector

A column vector has the form: 

A �
G

A�A�AC666AEH
Are usually scalars (either real or complex numbers) where I�0 I�0 IC0 DD 0 I?
In MATLAB ,use the semicolon to end a row and begin a new row .This is 

useful in building a column vectors. 
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The length of a columns vector is determined in exactly the same way the 

length of row vector id determined. 

 

 

 

 

 

Indexing works the same with column vectors as it does with row vectors 

.You can access the second element of the vector w as follows: 

 

 

 

 

 

You can use indexing notation to (change) the entry in the second position 

of w as follows: 
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Example 

 

 

 

 

 

 

 

 

 

3-1.3 Adding an Element  

To add an element to a vector as follows: 
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3-1.4 Adding Consecutive Elements 

You can also use indexing to (add) the entry of consecutive elements as 

follows: 

 

 

 

 

 

 

 

 

 

 

3-1.5 Transpose Operator 

The transpose of a row vector is a column vector, and vice versa , the 

transpose of a column vector is a row vector .Mathematically , we use the 

following symbolism to denote the transpose of a vector . 

 

GJJ
JKA�A�666ACHL

LLM
N
� BA�
A� DAEF 
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3-1.6 Increment Notation 

One can easily create vector with a constant increment between 

entries .You use Matlab's start: increment: finish construct for this purpose 

.In the case where no increment is supplied, the increment is understood to 

be 1. 

Ex.1 

 

 

 

 

 

Ex.2 create a vector starting at 0 and finish at 20 with increment of 5 
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Of course, if we'd rather store a column vector in x, we can use transpose 

operator. 

 

 

 

 

 

 

 

 

 

Increment notation can be extremely useful in indexing .For example, 

consider the following vector v. 

 

 

 

 

 

 

We can access every entry, starting at the 4th entry and extending to the last 

entry in the vector with the following notation. 
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We can access the entry in the even positions of the vector as follows. 

 

 

 

 

 

 

 

3-2  Matrices  

Manipulation of matrices is one of the most important tasks in Matlab. 

Meaning Command 

Matrix constructor [] 

Separate matrix columns , 

Separate matrix rows ; 

From to ,all : 

 

Matrices can be used to represent images, systems of linear equations and 

generally many types of data. 
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The commas can be replaced by spaces 

 

 

 

 

 

 

Commas and semicolon can be also used to separate statements. Commas 

will display the result, while semicolon will not .It is practical to insert a 

semicolon at the end of each statement, when working with large matrices. 

 

 

 

 

 

 

 

 

 

 

 

 

Matrices can be combined by using the comma and the semicolon in 

conjunction with the matrix constructor [ ]. 
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If the matrices we are trying to combine are not of the correct shapes, i.e. 

the rows or columns that we are trying to combine do not match, and then 

the following error will be produced. 
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The problem in the construction of matrix E is that we are using the row 

separator (;), while the matrix C has 4 columns and matrix D has 2. The 

same problem would appear if we were trying to combine two matrices that 

do not have the same number of rows using the column separator (, or 

space). 

 

 

 

 

 

To combine matrices with the row separator (;) the number of columns of 

each matrix has to be the same, while to combine matrices using the 

columns separator (,) the number of rows of each matrix has to be the 

same. The colon operator (:) can also be used in conjunction with the 

matrix constructor [ ]. 

 

 

 

 

 

 

3-2.1 Addressing and Assigning Elements  

The first action we have to take in order to assign a value to a variable is to 

address the element of the variable we want .T address an element of a 

matrix the round brackets (a,b) are used .a and b are positive integers , the 

first element inside the brackets denotes the row  and the second denotes 

the column . 
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Vectors can also be used to address elements in a matrix  
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Matrices can also be addressed as if they were a vector. The elements are 

numbered by first counting the elements of a column and then progressing 

to the next column. (as in figure below) 

 

 

Numbering of matrix as a vector 

 

 

 

 

 

 

 

 

 

 

 

 

Elements can be modified in a matrix simply by addressing the particular 

element and then assigning it using the equal =. 

 

 

 

13 9 5 1 

14 10 6 2 

15 11 7 3 

16 12 8 4 
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The following table has the most important matrix operations. 

Meaning Matrix operations 

Transpose ' 

Addition + 

Subtraction - 

Multiplication * 

Power ^ 

 

A' Or The transpose of a matrix A is  a matrix ON 
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3-2.2 Matrix Multiplication 

In Matrix multiplication the number of columns of the first matrix should 

be equal to the number of the rows of the second matrix. 

O � P� �
 5Q 4RC��        ,

S � TU � �
 Q �V��C 

W � O � S �
 P� �
 5Q 4RC�� �




 TU � �
 Q �V��C 

W � X�� � U� � �� � 
� �� � �� � �� � Q� �� � �� � �� � ���
 � U� � �5 � 
� �
 � �� � �5 � Q� �
 � �� � �5 � ���Q � U� � �4 � 
� �Q � �� � �4 � Q� �Q � �� � �4 � ��Y 
W � P 4 �� ���
 55 Z
�� QQ 4�RC�C 

Now using MATLAB 
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3-2.3 Power of Matrix 

 Power of matrix is defined as followed  

O[ � O � O � D 6 O 

                                                     

                                                                      

      k times     

 

 

 

 

   

 

 

3-2.4 Element by Element Operations 

Element by element operations are also useful .These operations can only 

be done with arrays of the same size. Element by element multiplication 

,division and exponentiation of two vectors or matrices is entered in 

MATLAB by typing a period in front of the arithmetic operator .The table 

below lists these operations.  
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Arithmetic operations   

Array operation Matrix operation 

+                Addition +            Addition    

-               Subtraction -             Subtraction   

.*         Array Multiplication *            Multiplication 

.^         Array Exponentiation ^            Exponentiation  

. /         Array Right division /             Right division  

. \         Array Left division \             Left division 
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3-2.5 Built –in Functions for Arrays 

The table below lists some of the many build- in functions available in 

MATLAB for analyzing arrays: 

Function Description Example 

Mean (A) 
If A is a vector ,returns the mean value 

of the elements. 

>> A=[3 7 2 16]; 

>> mean (A) 

ans=7 

C= max(A) 

If A is a vector, C is the largest 

element in A. If A is a matrix ,C is a 

row vector containing the largest 

element of each column of A. 

>> A=[3 7 2 16 9 5 18 13 0 4]; 

>> C=max(A) 

C=8 

min(A) 
The same as max (A) , but for the 

smallest element. 

>> A =[3 7 2 16]; 

>> min (A) 

ans = 2 

sum (A) 
If A is a vector ,returns the sum of the 

elements of the vctor 

>>A=[3 7 2 16]; 

>> sum (A) 

Ans =28 

Det (A) 
Returns the determinant of a square 

matrix A. 

>> A=[1 2; 3 4]; 

>> det (A) 

Ans= -2 

Inv (A) 
Returns the inverse of a square matrix 

A. 

>> a= [1 2 3 ;4 6 8 ; -1 2 3]; 

>>inv (A) 

Ans= 

-0.5000     0.0000     -0.5000 

-5.0000     1.5000     1.0000 

3.5000      -1.0000    -0.5000 

 

3-3 Solving Linear Equations  

One of the problems encountered most frequently in scientific 

computations is the solutions of the systems simultaneous linear equations 

.With matrix notation , a system of simultaneous linear equations is written: 

Ax=b 

Where there are as many equations as unknown. A is a given square matrix 

of order n ,b is a given column vector of n components ,and x is an 

unknown column vector of n components .In linear algebra we learn that 
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the solution to Ax =b can be written as � � O��\ ,where O�� is the inverse 

of A.  For example consider the following system of linear equations 

] � � �8 � �9 � �
� � Z8 � 59 � ��� � 48 � �  

The coefficient matrix A is  

O � P� � �
 Z 5� 4 UR  and the vector   \ � P���R 
With matrix notation ,a system of simultaneous linear equation is written : 

Ax =b 

This equation can be solved for x using linear algebra .The result is� O��\. 

There are typically two ways to solve for x in MATLAB: 

1-The first one is to use the matrix inverse, inv. 

 

 

 

 

The output in the command window, 

 

 

 

 

 

2-The second one is to use backslash(\) operator. The numerical algorithm 

behind this operator is computationally efficient. This is numerically 

reliable way of solving system of linear equations by using a well-known 

Gaussian Elimination. 
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The output  in the command window will be,  

      

 

 

 

 

3-4 Str2num & num2str 

String: It is a letter or word in MATLAB,while character is a number or 

numbers 

There is a command to change the string to character and vice versa as follows: 

Num2str & str2num. 

Now we will use the command input as a string , 

 

 

 

 

 

 

 

 

1- The command input used 

as a string not a character 
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Using str2num to convert string to character as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-enter number 5 to Matlab, but is 

it defined as a number to Matlab? 

3-Actially the variable 5 is defined as string to 

Matlab not a number because we used the 

command input as string. 

At this time 5 is defined as number to MATLAB by 

using str2num  



 

51 

 

Num2str is used to convert the numbers to string .Now we will 

introduce the name and the age ,then put them within a vector ,that it should be 

noticed that the vector should contained only a string or only characters and 

not both. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The vector answer was put as string, that the number age should be 

converted to string as shown 

 

This text should be entered in a vector to be shown in this way 
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Chapter Four: 2D Plotting 

 

4-1 Plotting 

A very suitable feature of MATLAB is its capability to generate high 

quality two- and three-dimensional plots using simple and flexible 

functions.  

 The two-dimensional drawing is the process that relate tow element in one 

graph, the first called "Independent Variable" which has fixed values and 

the second called "dependent Variable" "which has values dependent on the 

values of independent variable. 

The syntax of 2D plotting command is: 

Plot (Independent Variable, dependent Variable) 

Example: 

 

 

 

 

 

 

 

 

Note we select only 10 points to draw sin wave and this is a little number to 

draw this function, therefore the figure appears as below:  

 

 

 

 

Independent Variable 

Dependent Variable 
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To solve this problem, we have to increase the number of points within the 

vector, as in the following figure: 

 

 

 

 

 

 

 

 

 

You will notice that the drawing has improved a lot: 

 

 

 

 

Could write the vector in this manner  

Minimum number: step: maximum number 
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You will notice that the drawing has improved a lot: 

 

 

 

 

 

 

 

 

 

 

 

 

4-1.1 Adding Graphics Properties Within MATLAB 

Sometimes it may be necessary to change some of the characteristics of the 

graphics that we get such as changing colors, change the line drawing. 

Below set of characteristics: 

 

  

 
 

    

Where it can use those characteristics within command plotting in the 

following formula: 

Plot (Independent Variable, dependent Variable, ' the property') 
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It further notes, property must be put between single citations after the 

dependent variable. 

Depending on the previous example, will change the font color feature to 

red: 

 

 

 

 

 

 

 

 

 

 

Thus, we get the following figure: 

 

 

 

 

 

 

 

 

 

 

 

Use red color in line drawing property 
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We are now adding a new property, change the font of the function from a 

straight line to the stars: 

 

 

Thus, we get the following figure: 
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If we want to merge the two properties together (to change the color and 

shape of the line): 

 

 

 

 

 

 

 

 

 

 

 

Thus, we get the following figure: 

 

 

 

 

 

 

 

 

 

 

 

Merge the two properties, the color then 

the line shape 
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4-1.2 Use the Grid in Graphic 

The MATLAB put a grid on the drawing, where it is easy to determine the 

set values by using the command grid after the command plot: 

 

 

 

 

 

 

 

 

Thus, we get the following figure: 
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Now we will add another equation in addition to the first equation: 

 

 

 

 

 

 

 

 

 

 

However, when execute the program, the program show only the last function. 

To appear the two functions in the same figure we use the command (Hold 

on Hold off) as show in the following example: 

 

 

 

 

 

 

 

 

 

  

Thus it will appear as in the following figure: 
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4-1.3 Display Functions in Separate Figures 

If we want to appear, the functions in separate figures (each function in a 

figure) use the figure command as show in the following example: 

 

 

 

 

 

 

 

 

 

The first command to plot the function in red color 

Draw the first function on grid figure 

Open new figure to draw the next function 

The function that will draw in the figure 2 in magenta color 
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Thus, it will appear each function in dependent figure: 
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After each execution of MATLAB program must closed all windows which 

have results to avoid the appearance of new execution on the last figure, to 

do that used the command close all after command clear as shown in the 

following commands: 

clc 

clear 

close all 

Where command close all can be used in the previous example to read as 

follows: 

 

 

 

 

 

 

 

 

 

 

 

4-1.4 Create a Separate Graphics in a Single Window 

MATLAB software provides the possibility of drawing several 

separate graphics in a single window, using the command subplot before 

each command plot, to used subplot command should be arrange the 

figures as matrix or vector and find out number and location of each figure 

in a widow as show in the following figure: 
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For example, we will take the equations must be drawn beside each other to 

be as in the following figure: 
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The two figures arranged as vector has one row and two columns, figure 1 

has first location and the second figure has second location in a vector, this 

figure location should determine in a subplot command as in a following: 

 

4-1.5 Subplot Command  

Syntax 

Plot (number of rows, number of columns, the number of the matrix 

which occupy the figure) 

So the subplot command for the previous first figure can be written as: 

 

And the subplot command for the previous second figure can be written as: 
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Now we will write a full code: 

 

 

 

 

 

 

 

 

 

The execution will be as show below: 

 

 

 

 

 

 

 

 

 

 

 

 

If the graphic occupies more than one location must use square brackets as 

the following formula: 

 

Should be used Plot command after 

subplot command 



 

66 

 

[Number of all locations that occupies by figure] 

For example, if we went the result as in the following figure: 

 

 

 

 

 

 

 

 

 

 

The number of rows 3 and number of columns 3, location numbers 

operated by first figure is 1, 2, 3, 4, 5, 6 sequentially, location 7 occupies 

the second figure and the third figure occupies location 9.the code of this 

example will be below: 
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In addition, the result will be in the following figure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-1.6 Naming Axes in MATLAB 

The MATLAB program provides the ability of axis naming, for 

instance, if we want be naming the x-axis use the command xlabel and 

naming the y-axis use the command ylabel as show below: 

Syntax: 
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Example: 

 

 

 

 

 

 

The result is: 

 

 

 

 

 

 

 

 

4-1.7 Put a Title of the Graph 

It could be the title of the graph by using the command title. 

 

Syntax: 

 

 

 



 

69 

 

By reference to the previous example and apply the title command: 

 

 

 

 

 

 

 

 

 

 

The result is: 

 

 

 

 

 

 

 

 

 

 

 

 

 

4-1.8 Put a Text to a Point or More Within the Graph 

You can add text to point or more by using the command text. 

Syntax
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We will take a simple example of how to find the largest number, then put 

the red circle on max value and write maximum point. To find the 

coordinate of element in a vector we need command called find by 

determine the property of this element as show in this example: 

 

 

 

 

 

 

 

 

 

 

 

 

The result will appear as below: 

 

 

 

 

 

 

 

 

1- Find the large element by using max. 

function 

2- Determine the large number in a 

vector  

3- Must write == where its mean “we 

find this exactly element without the 

other elements”  

This is a place of max. value in a vector 

The max. value 
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If we need to find x-value in the y-max value write this code: 

 

 

 

 

 

 

 

 

 

 

Also the x-value will appear in a workspace as below: 

 

 

 

 

 

 

 

 

Now write the code and put "maximum value" on a max point 

 

 

 

Find x-value in the y-max. value by using x(ind) 
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The result is: 
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4-1.9 Legend Command 

This command is used to explaining the meaning of each color in the 

graphic. 

Syntax: 

 

Example: 

 

 

 

 

 

 

 

The result is: 

 

 

 

 

 

 

 

 

 

This is a legend used 

to explaining each 

color in a graph 
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Example: 

 

 

 

 

  

 

 

 

 

 

 

The result is: 

 

 

 

 

 

 

 

 

 

 

1strelation  , 2nd relation  



 

75 

 

Note:  

- Legend command depends on the number of drawn relationship in a 

graph. 

- Legend command must be used after the plot command and not vice 

versa. 

 

4-1.10 Open New Window and Determine its Resolution 

MATLAB gives the ability to open a new window and determine the 

maximum and minimum values to the X-axis and the Y-axis by using axis 

command. 

Syntax: 

Axis ([minimum values of X, minimum values of X, minimum values of Y, 

minimum values of Y,]) 

 

Example: 

Open draw window has the following property: 

1- Minimum value of X-axis is 10. 

2- Maximum values of X-axis is 10. 

3- A minimum value of Y-axis is 10. 

4- A maximum value of Y-axis is 10. 

Solution steps: 

In command window write the following code: 
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It will appear this window: 

 

 

 

 

 

 

 

 

Now, you can put the property that you want on that window. 

4-1.11 How to Enter the Points Through Mouse 

MATLAB provides the ability to insert points using the mouse directly on 

the drawing window without writing the points in a vector or matrix. This 

trait is performed using ginput command. 

Syntax: 

 

However, if we want to enter an unlimited number of points we use the 

following formula (without mentioning the number of points): 
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When execution you can enter the points by using the mouse and when 

you're done, press the Enter key to exit. 

 

Example: 

We will open the drawing window, and then determine the minimum value 

for the X-axis is 0 and the maximum value of 10, as well as for the Y-axis. 

Then insert a large number of points using the command ginput, these 

points are printed in the form of red circles, it is as follows: 

 

 

 

 

 

 

 

 

 

Will show you a window to insert points, after the completion of the 

insertion of the desired points press the Enter key and window will appear 

as follows: 

 

 

 

 

 

 

It must use the command hold on to 

be the points in the same window 
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4-2 3D Plotting 

As we have learned that the three-dimensional drawing based on 

three axes to draw it, X, Y and Z, where X, Y represent horizontal plane 

and Z represent vertical plane. But those points are the points on the axes, 

to it is drawing any point in the horizontal plane must be defined so as to 

MATLAB using the command meshgrid. Where the MATLAB product an 

array by repeat the x-axis value along y-axis and repeat the y-axis value 

along x-axis. Thus, the matrix produced in the Horizontal plane as show in 

the following figure: 

 

 

Syntax: 

[x y]= meshgrid(x,y) 

After using meshgrid, mech command is used as an alternative to plot 

command in the three-dimensional drawing. 
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Example: 

In this example we define the X-axis values, and define the equation that 

describes the Y-axis and its relationship to the X -axis, and then put the 

relationship between X -axis and Y -axis. 

 

 

 

 

 

 

 

 

The result is as follows: 
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Graphic output is a grid based on a set of points X and Y, if the number of 

points of X increased that also increases points of Y. 

 

 

 

 

 

 

 

The result is as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

Note: When you increase the number of points will be delayed execution. 

The number of points 

increased from 100 to 1000  



 

81 

 

4-3 Eval Command 

Before you start to explain this command, this example shows that 

the benefit of it. Let’s say we have a sine equation, but has been write in the 

following shape: 

 

 

 

 

 

 

 

To make sure that the equation is the strings are going to workspace: 

 

 

 

 

 

 

To draw the sin wave, must define t values and compensation in it, 

but its difficult because the equation between single quotation which is a 

barrier to compensate. Therefore, we need to break that barrier by using 

eval command, where this command search for equation between single 

quotation and search for the values that used in an equation to compensate 

in it. Eval command writes as in the following code: 

 

 

When put the equation in a single 

quotation be as string 



 

82 

 

The result is: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

83 

 

Chapter Five: Decision Making 

All the problems you have solved so far have been problems with a 

straight-line logic pattern i.e. You followed a sequence of steps (defining 

variables, performing calculations, and displaying results) that flowed directly 

from one step to another. Decision making is an important concept in the 

programming and allows you to control which part of your code should execute 

depending on certain condition .This flow of control in your program can be 

performed  by branching with it and else statements ,which will be discussed in 

this lecture ,or looping ,which will be discussed later. 

 

5-1 Relational and Logical Operations  

Relational and Logical operators are used in branching and looping to help 

making decisions. The result of using relational or logical operator will always 

be either true, given by 1, or false given by 0. Tables 8-1, 8-2 lists the most 

common relational and logical operators in MATLAB. 

 Relational operator 

MATLAB symbol Mathematical symbol Operator 

= = � Equal ^ 
� _ Not Equal ` ` Less Than a a Greater Than `= b Less than or equal a= c Greater than or equal 

 

 Logical Operator 

MATLAB symbol Mathematical symbol Operator 

& AND And 

| OR Or ^ NOT Not 
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Example 

 

 

 

 

 

 

 

 

Comments  

- Lines 3 and 6 are called logical expressions because the result can only be 

either true represented by 1, or false represented by 0. 

More examples of using relational expressions  
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5-2 Logical Operators 

 

 

 

 

 

 

 

 

 

 

 

 

Comments  

-the Relational and logical operators are used to compare, element by 

element, the vectors x and y. 

 Single and double 

The difference between = and = = is often misunderstood .A single equals 

sign is used to assign a value to a variable e.g. x= 5. A double equal sign is 

used to test whether a variable is equal to given value e.g. my_ test = (x= = 

5) means test if x is equal to 5, and if so assign the value 1 (true) to my 

_test. 
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Some examples 
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The results of relational operation with vectors ,which are vectors 

with 0s and 1s ,are called logical vectors and can be used for addressing 

vectors .When a logical vector is used for another vector ,it extracts from 

that vector the elements in the positions where the logical vectors has 

1s.For example : 
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Exercises 

1-Evaluate the following expressions without using MATLAB .Check your 

answer with MATLAB. 

a) 14>15/3 

b)d � e� ` Z � � � � a Q 

c)d � 43�� ` Z� � 

� �


 �� a Q� 
d) � � 
 � �^ � 5U3
 * � 

2- Given a=4,   b=7 .Evaluate the following expressions without using 

MATLAB .Check your answer with MATLAB. 

 a)� � f
 a� � � f  

b) d � � � �f a� �� � f 

c)d � f * � ` � ` �3f 

3-Given v= [4 -2 -1 5 0 1 -3 8 2 ], and w= [0 2 1 -1 0 -2 4 3 2 ].Evaluate the 

following expressions without using MATLAB .Check your answer with 

MATLAB . 

a) v < = w 

b) w = v 

c) v < w + v 

d) (v< w)  

 

5-3 The if-else  Statements 

The if –else and elseif statement in MATLAB provide methods of 

controlling which part s of your code should execute based whether certain 

conditions are true or false. The syntax of the simplest form of an if 

statement is given as: 
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The Form of Conditional Statements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If conditional exepression 

Consisting of relational 

and/ or logical operators 

Examples gh
i
 ` j gh
k c l gh
i �� j gh
i m n gh
�o ` p�q�r a s� gh

�r^ � tu� v
�w ` n� 
 

All Variables must have 

assigned values 
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THREE FORMS OF THE if STATEMENT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If  conditional  statement  

Commands 

     end 

if conditional 

statement 

command group 1 

else 

command group 2 

end 

if conditional statement 1 

command group 1 

elseif conditional statement 2        

nd group 2 

else 

command group 3 

end 
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5-3.1 The  if –end  Statement 

 

……… 

……….                                          

   

……….                                          

   

 

If Conditional expression 

 ……….                            

……….                                        

……….      

                                   

end 

 …

…….                         m              

……….                                          

……….                                          

 

 

 

 

 

MATLAB Program 

A group of MATALB 

Commands 

MATLAB Program 
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Example of using the if- end statement 

Executing the script file in Command window:
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5-3.2 The if-else-end Statement

………

……….

……….

If Conditional expression  

……….

……….

else

…

…….   m 

……….

End    

………

……….

MATLAB Program 

Group 1 of MATALB 

Commands 

Group 2 of MATALB 

Commands 
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Example of Using The if-else-end Statement 

Executing the script file in the command window: 
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5-3.3 The if-elseif-else-end Statement 

  ……. 

…….. 

  If Conditional expression         

…….. 

…….        

                                      

Elseif Conditional 

expression          

......... 

……... 

                                         

else     

……. 

……                                               

                                                              

End 

…… .   

            …….    

 

 

 

Group 1 of MATALB 

Commands 

Group 2 of MATALB 

Commands 

MATALB Program 

Group 3 of MATALB 

Commands 

MATALB 

Program 
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Example of if-elseif-else-end statement 

Executing the script File of The Restaurant Tip Calculation 
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Comments about if-end Statements 

-For every if command a computer program must have an end command. 

- A program can have many if ….end statements following each other. 

-A computer program can perform the same task using different 

combination of if-end ,if-else-end,andif-elseif-else-end statements 

  

Some more examples  

 

 

 

5-4 The Input Function  

The input function is used to request user input and assign it to a 

variable.For example x=input ('Enter a number : ') ; will display the text 

Enter the number :in the command window and wait until the user enters 

something .Whatever is entered will assigned to the variable x.  
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5-5 The  disp Function 

The disp function can be used display strings of texts to the command 

window e.g. disp ('I am a string of text'). You can also display numbers by 

converting them to string e.g. disp (num2str(10)).The num2str function 

simply converts the number 10 to a string that can be displayed by the disp 

function .You can also combine the display of text and numbers e.g.disp 

(['Factorial'  num2str  'is'  num2str (y)]) .Notice the use of spaces to denote 

the separate elements of the string, and square brackets around the string to 

concatenate it together. 

 

Comments 

- Output is displayed automatically if a statement does not end with a 

semicolon. 

Output can also be displayed intentionally by using the disp command 

Syntax  

Disp (A)  %Displays the content, but not the name, of the variable A    

  

display ('text')                           %display the text (string) that is enclosed 

within the single quotes . 

     

 

Every time a disp command executed, the display it generates appears In a 

new line. 

 

 

 

 

String 
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Example of script file that uses the input and disp commands 

 

 

 

 

 

 

 

 

 

 

 

Running the script file with the input and disp commands in the command 

window 
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5-6  fprintf Command  

The fprintf  (formatted print function) statement provides control that 

numeric and string data are printed to the command window or a file. The 

fprintf command gives you more control over the output than the disp 

command you can specify text and matrices to be printed. The general 

syntax :  

fprintf (' formatting structure commands  ', values to be displaced ) ; 

5-6.1 Using fprintf command to display text.  

The syntax is, 

Fprintf ('text to be displaced') 

Example 

 

The following are list of useful space characters for fprintf, 

Example Result Code 

fprintf('text to be type\ n') 
Jumps a line after the 

displayed text 
\ n 

fprintf('text to be typed \ b ') 
Leaves backspace after the 

displayed text 
\ b 

Fprintf('text to be typed \ t') 
Leaves tab after the displayed 

text 
\ t 
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5-6.2 Using the fprintf to Display Numbers 

Syntax 

fprintf (' formatting structure commands', values to be displayed) 

Inside the format statement the %f , %e , and %g  specifiers are  used to 

show where  and how  the output values are displayed . 

 

 

 

 

Example 1 

 

Executing the practice script file in the command window: 

 

 

 

 

 

 

 

Result code 

Decimal format % f 

Exponential format % e 

Whichever is shorter % g 
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Example2 

 

This is what will be displayed on the command screen : 

 

 

 

To control the number of decimal places displayed within the % f or % e 

specifies. In the following example, the 4.2 means allot four places for the 

value, 2 to the right of the decimal point. 

 

 

 

 

  

 

This is the 

format 

Formatting the 

number 
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This is what will be printed: 

 

Using the Scientific notation with the % e specifier  

 

The display is  

 

 

 



 

104 

 

Exercises 

1-The tank in a water tower has the geometry shown in the figure below, 

the lower part is a cylinder and the upper part is an inverted frustum cone. 

Inside the tank there is a float that indicates the level of the water .Write a 

user defined function that determines the volume of the water in the tank 

from the position (height) of the float. The volume for the cylindrical 

section of the tank is given by: 

x � 26 ��6Z�6 ) 

The volume for the cylindrical and conical sections of the tank is given by: 

x � 26 ��6Z�6 �Q � �� 
2�) * �Q����0Z� � ��6Z%y � %y�� 
Where %y=12.5+

�z6{�| 
�) * �Q� 
Ans.[h=8m ,V=3927#C; h=25.7m ,V=14115 #C] 

 

 

 

 

 

 

 

 

  

 

 

2- Write a function to evaluate f(x,y)for any two user specified values x 

and y .The function f(x , y) is defined as : 

Water level in the in a water tower 



 

105 

 

7��0 8� �
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�� 
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� ` U
�� 
8 ` U

 

3-write a script file that asks the user for the input of a number and returns 

the natural logarithm of the number if the number is positive, and displays 

error message otherwise. 

 

5-7 Roots of Polynomials  

In many engineering problems, there is a need to find the roots of a 

polynomials P(s), which are the values of s for which P(s) = 0 .When P(s) 

is of degree N, then there are exactly N roots. 

Syntax 

roots (a)  

Returns as a vector the roots of the polynomial represented by the 

coefficient vector (a). 

Example  

Find the roots of polynomial  

D(s) =1� � 51 � Q 

Sol. 
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Example 

Find the roots of the cubic polynomial 

��1� � 1C * �1� * 
�1 � 
�U
 
Sol.  

 

7558 

 

 

 

 

 

 

5-7.1 Value of Polynomial 

MATLAB can also compute the value of a polynomial at point x using 

function  

Syntax 

Polyval (p,x) 

P= is a vector with the coefficients of the polynomial. 

X= is a number, variable or expression.  

 

 

 

 

 



 

107 

 

 

Example   

F(x) =
Z�C � 5�� * �� � � 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-7.2 Derivatives of Polynomials  

MATLAB can also take the derivatives of polynomials  

Syntax 

k=polyder (p) 

Where: 

p=is the coefficient vector of the polynomial  

k= is the coefficient vector of the derivative  
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Example 

F (x) = ��� * �� � 
 

 

 

 

 

 

 

 

Exercises 

1-Find the roots of the polynomial $��� � �C * ��� � � 

 Ans =2.8797, 0.6527, -0.5321   

2- For the polynomial ��� � �| � ��� * � , find q(x) value at x= -1  

 Ans =0,0.0712+2.6486i,0.0712-2.6486i,-0.1424,-7 

3- Find the derivative of the polynomial $��� � �� * �� � Z 

    Ans=2   -3         
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Chapter Six: Loops 

Loops are another way of altering the flow of control in your program, and 

provide methods for repeatedly executing commands .You might want to 

repeat the same commands, changing the value of a variable each time, for 

a fixed number of iterations. Alternatively, you may want to repeat the 

same command, changing the value of a variable each time, continually 

until a certain condition is reached. Two of the most common types of 

loops, for and while, will be examined. 

6-1 For Loops     

A for loops is used to repeat a command, or set of commands, a fixed 

number of times. 

Syntax 

1 variable = f :s:t 

2 statements   

3 end 

F: is the value of the loop counter on the first iteration of the loop. 

S: is the step size or increment  

T: is the value of the loop counter on the final iteration of the loop 

Line 1 contains the four command, followed by the loop counter variable 

which is defined by an expression. As an example if the loop counter is 

defined by the expression n=0:5:15 Which means n= [0 5 10 15], on the 

first iteration  of the loop n=0,on the second iteration n=5, on the third 

iteration n=10,on the fourth and final iteration n=15.   

Line 2 contains the body of the loop which can be a command or series of 

commands that will be executed on each iteration of the loop. 

Line 3 contains the end command which must always be used at the end of 

a loop to close it. 
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Example 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1- How many times will this code print hello world, check your answer by 

MATLAB  
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2- How many times will this code print Guten  tag welt 

 

 

 

 

 

 

 

3- How many times this code print hello 

 

 

 

 

Example  

Squaring the numbers 1through 10in a loop is performed as: 
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Loop variable are used to index into arrays and matrices  

Example  

 

 

 

 

 

 

Sol. 
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Example  

Write a for loop to compute the sum of squares of all integers from 2 to 20. 

�� � �� � 
� �� 6 6��U�  

Sol.  

We will initialize a variable sum for cumulative sum throughout the loop 

(the initial value is zero) 

 

 

 

 

 

  

6-2 While Loops  

 A while loop is similar to for loop in that it is used to repeat a command or 

set of command, the key difference between a for loop and a while loop is 

that the while loop will continue to execute until specified condition 

become false. 

Syntax 

while condition is true  

statements  

end 

Line 1 contain the while command, followed by a condition e.g. x>10 .this 

means as long as the condition, x >10 remains true the loop will continually 

repeat.  

Line 2 contains the body of loop, which can be a command or seat of 

commands that will be executed on each iteration of the loop. 

Line 3contains the end command, which must always be used at the end of 

the loop to close it. 
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Example  
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Line 1 assigns the value of 1 to the variable x. notice this is outside of the 

while loop. If you don’t do this you will get an error because you are 

testing weather x<5, but x has never been defined. 

In line 2 the condition , x<5 ,is specified .in this case the loop will continue 

to repeat as long as x is less than 10 .as soon as x is equal to 10 .as soon as 

x=10 , execution of the loop is stopped. 

Line 3-4 contain the body of the loop ,in this case the value of the loop 

counter variable x is printed , then the value of x is incremented by 1 .the 

value of x must be explicitly incremented otherwise x will always be 1 ,the 

condition x<5 will always be true , and the loop will therefore execute 

continuously. 

 

6-3 Breaking Out of the Loop  

If you end up stuck in an infinitely repeating loop, use CTRL+C to force 

MATLAB to break out of the loop. however, under certain conditions you 

may want to break out of a loop before it is finished .to do this you can use 

break command .statements in your loop after the break command will not 

be executed and passes control to the next statement after the end of the 

loop.  

 

Examples 

1- How many times will this code print hello world? 
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2- How many times will this code print hello world? 

 

3-What values will this code print? 

 

 

 

 

 

 

Example 

Calculate the summation of 1+2+3+….+100 . 

Sol. 
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6-4 Converting the for Loop to a While  

Essentially every for loop can be written as while loop .this is a three steps 

process: 

1-notice that we need to initialize a loop variable (a while loop does not do 

this automatically). If our loop began for x = 1:2:15, we must state that x=1 

initially, before our while loop begins. 

2- you must create a condition that is true while you want the loop to keep 

looping ,and that became false when you want the loop to stop, usually ,this 

is the upper (or the lower ) bound on your loop variable .in our example 

,we'd want to keep looping while x is less than or equal to 15 :x<=15 

3-Finally, before each iteration of our while loop ends, we must increment 

our loop variable .Notice that a for loop did that for us .right before your 

end statement, you 'll likely place something like x=x+2 if you were 

converting the above example. 

Example written as both a for loop and equivalent while loop 

For loop 
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While loop 

 

 

 

 

 

 

6-5 Nested Loops 

You can also put loops (for or while) inside of each other, in what are 

called nested loops. These are very powerful, especially when working 

with matrices  

Syntax 

 

 

 

 

 

 

The syntax for a nested while loop in MATLAB as follows 
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Example 

 

 

 

 

 

 

 

 

 

 

 

Example 

Form a 5x6 matrix, where each element in the matrix is the row number of 

a power of column number. 

Sol. 
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While a vector has one dimension over which a loop variable can 

iterate, a matrix has two dimensions: rows and columns. To iterate over an 

entire matrix, we need to iterate over every row and for each row over 

every column. This is called a nested loop i.e. a loop within a loop. 

Example 

The resulting matrix will be : 

P � 
 5 4�U �� �
 �5�4 �U �� �
R

Exercises

Write your own scripts to perform the following tasks: 

A) A for loop that multiplies all even numbers from 2 to 10.

B) A while loop that multiplies all even numbers from 2 to 10.

C) Given the vector x= [1 8 39 0 1] use a for loop to:

1-add up the values of all elements in x.

2-compute the cumulative sum i.e. 1,9,12,21,21,22 of the elements in x.
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Chapter Seven: Applications 

7- 1 Problems in Statics: 

Are presented on the following common topics: forces on a particle, 

rigid bodies and equivalent forces, equilibrium of rigid bodies, truss 

analysis, beams, friction and distributed forces (centroids). 

Example 1: Write a MATLAB program to determine the magnitude and 

direction of the resultant of 3- coplanar forces applied at point A in Fig. 

ES7.1. Use the following values: 

F1 = 20 kN, F2 = 40 kN, F3 = 200 kN, α1 = 40º, α2 = 25º and α3 = 58º. 

 

 

 

 

 

 

 

 

Solution: We know that for a coplanar force system 

�� � ��� ;�+ ��

E
���� 







��� � ��� +�� ��

E

���� 








DD 6 ��� 
 Therefor   � � ���� � ��� 











































DD 6 ���




 
And      ��� ����� ���� 


































































DD 6 ���     
Let ���   be the value defined by Eq. (3) and such that *
QU� b
��� 
b 
QU�. 
Then we have 

If   �� 
c U
�� 
�� 
c U
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If   �� 
c U
�� 
�� 
` U














 ��� �5U� ���� 
































DD 6 �Z�
 
If   �� 
` U











 ��� �4U �
��� 




















































DD 6 �5�
 
MATLAB Solution: 
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Example 2: Figure 2 shows two forces, one 500 N and the other P applied 

by cables on each side of the obstruction A in order to remove the spike. 

Write a MATLAB program to determine: 

(a) The magnitude of P necessary to such that the resultant T is directed

along the spike 

(b) The magnitude of T

(c) Plot P and T as a function of d. (Range of d between 1 and 20 mm).

Solution: Free-body diagram of the system 

is shown in Fig. 2a. 

From equilibrium, resolving the forces 

along positive x and y directions: 

� ���� � � ;�+ � � ZUU ;�+ �

U ���� � � +�� � * ZUU +�� �

Solving the above two equations, we obtain 

� �
ZUU +�� �+�� �
And  � � ZUU
�+��� ;�� � � ;�+�
�
From the geometry   ��
 ����� ,{�/ 




�� 

� � 
 ���������
Complete MATLAB program is given below: 
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Example 3: Figure 3 shows the two cables MO and NO tied together at O 

and the loadings are also shown. The magnitude of F is 150 N. 

(a) Derive the expressions relating the tension in each cable as a function of 

α. 

(b) Write a MATLAB program to plot the tension in each cable for 0° ≤ α ≤ 

90º. 

(c) Determine the smallest value of α for which both cables are in tension. 

 

 

 

 

 

 

 

 

Solution: Free-Body diagram is shown in fig. 3a. 

Applying the equations of equilibrium: 

���
��� � U 
� ���� * ���� +�� �U� * � � �UU ;�+ �
� U 

 "%
���� * ���� � �� * 
UU
 ;�+ �  

Substituting F= 150 N  ���� * ���� � �UU * 
UU
 ;�+ �












DD 6 ��� 
��� � U 
� ���� � ���� ;�+ �U� * �UU +�� �
� U 

"%

���� � ���� � �UU
 � �	� 6 +�� �
� ��U6Q
 +�� � 


D 6 6 ��� 
Solving eqn. (1) and (2). 

��� � �ZU * �UU ;�+ � � ��Z6
� +�� � 
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��� � ��Z6
� +�� � � �UU ;�+ � 
*�ZU

For finding range of � at which tension are positive  equate ���
 � U
 and���
 � U
 and find �.

(b) MATLAB Program:
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The output is shown in Fig. below 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 4: Figure 4 shows the location of the center of gravity of a 5000 N 

truck for the unloaded condition. The location of the added load WL is at a 

distance of x inches behind the rear axle. Write a MATLAB program and 

plot WL as a function of x for x ranging from 0 to 60 mm. 
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Solution: Free-body diagram of the  

System is shown in Fig. 4a  

The equilibrium equations can be written as 

Moment about rear wheel axis: 

� � � U � ZUUU
��U� * ¡
���U� *
¢£� � U��� � U � ¡ � ¡ * ZUUU *
¢£ � U
Solving the above equations for WL, we obtain  

¢£ �
 ZUUU�5U � ��
The plot of WL as a function of x is shown in Fig. 5a from the following 

program. 

MATLAB Solution  

MATLAB solution 
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The output will be : 

 

Example 5: Figure 5 shows the members CJ and CF of the loaded truss 

cross which are not connected to members BI and DG. Determine the 

values of α for which the truss cannot be in equilibrium. Write a MATLAB 

program to plot the forces in members BC, JC, IC and IG as a function of 

α. 

 

 

 

 

 

 

 

 

 

 

Solution: Free-body diagram is shown in Fig. 5 a. 

First we determine the reaction force at J from a free-body diagram for the 

entire truss. 

 

ΣMF = 0 = 6 sin θ (12) – 6 cos θ(4) + 4(9) + 10(6) + 8(3) – Jy (12)  

Jy= 10 + 6 sin θ – 2 cos θ 
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Note that the rocker can only exert an upward force at A. Thus, to be in 

equilibrium, Jy must be positive. Since sin θ and cos θ vary between plus 

and minus one, the above equation indicates that Jy will be positive for all 

θ. Thus, the truss will be in equilibrium for all values of θ.

To obtain the required forces we now consider free-body diagrams for 

joints A, J and I. Note that each member is assumed to be in tension. Thus, 

positive answers will imply tension and negative answers compression. 

Also note the order in which the joints are analyzed. In each case there are 

only two unknown forces. 

Joint A: ���
 � 
U � OS � 5 ;�+ ¤0


��� � U � *5 +�� ¤ * O¥
O¥
 � *5 +�� ¤0 OS � *5 ;�+ ¤
Note that AB = BC since BI is a zero-force member. 

Joint J: 

���
 � 
U � ¦¥ � *
	��� 
�O¥ � ¥� 

� � *
	��� 
��U * � ;�+¤�

¦¥ � 
*
 �	�� 
¥W � �Z * � ;�+ ¤

Joint I: 

���
 � 
U � §¦ * ¦¥
 � �Z 
¦W
0��� 

 � U � 
Z 
¦W * 
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¦W � Z
¨¡6 ¦§ � ¦¥ * �Z 
Z � �� * � ;�+ ¤ 

 

 

 

 

 

 

 

 

Note in the above that substitutions have been made in order to 

express each force explicitly in terms of θ. This has been done primarily for 

completeness. The program below shows that the explicit substitution is not 

necessary. The computer will substitute automatically provided each force 

is expressed in terms of functions that have been previously defined. 

 

 

MATLAB Program: 
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Example 6: In Fig. 6 rod CB is held by a cord AC that has a tension T. 
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Write a MATLAB program to determine, 

(a) The moment about B of the force exerted by the cord at point C as a 

function of the tension T and the distance d. 

(b) Plot the moment about B for 300 mm ≤ d ≤ 1000 mm when  

(i) T = 60 N,  

(ii) T = 80 N, 

(iii) T = 110 N. 

 

Solution: Free-body diagram is shown in Fig. 6 (a). 

The length of AC is from the figure, OW � ��5UU�� � ���U � !�� 

For the angle α we have 

;�+ � � ��U � !OW  

+�� � � 5UUOW  

The tension T is given by 

T = –T cos αi – T sin j 

And the position vector from point B as 

r = 320i + 600j 

The moment about point B is 

MB = r × T = (320i + 600j) × (– cos αi – sin αj) T 

= T (600 cos α – 320 sin α) k 

The magnitude of the moment is 

 © � 5UU
�ª	!� � 5
U
! � 
5�
UU 

 © � �OW
B5UU � ���U � !� * ��U � �5UU�F 
 © � 5UU
�!��5UU�� � ���U � !�� 

Or 

 © � 5UU
�!	!� � 5
U
! � 
5�
UUU 
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MATLAB Program: 
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Example 7: Write a MATLAB program to plot the shear and bending 

moment diagrams for the beam shown in Fig. 7. The length of the beam L 

= 4 m and  w0 = 20 kN/m. 

 

 

 

 

 

 

 

 

 

 

 

Solution: It is known that  x � � *( 

    � � x 

 

Integrating equations (1) and (2), we get 

 

x � *«( � � «(¬ +�� 2�­ 
 � � (¬ ®2
;�+ 2�­ � W� 

  � «x
 � � «¯(¬ 
 ­2 
;�+ 2
�­ � W�°  � � (¬ ¯ ­2°� +�� 2
�­ � W�� � W� 

 

The boundary conditions are written as: O'
� � U±


  � U �
(¬ 
,²-/� +�� -
�z�² � 
W��U� � W�  

Which implies that C2=0. O'
� � ­±


  � U �
(¬ 
, ²-/� +�� -
�²�² � 
W�­  
Which implies that C1=0. 

Hence, x � (¬ ²- ;�+ -
�² 
 0   � (¬ ,²-/� +�� -
�² . 
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MATLAB Solution: 
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Example 8: Figure 8 shows three flat blocks positioned on an inclined 

oriented at angle α. Write a MATLAB program to plot the maximum value 

of P (if no slipping occurs) versus α. Assume only positive values of P and 

indicate the regions over which 

(i) The 40 kg block slides alone, 

(ii) The 40 kg and 30 kg blocks slide together. 
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Solution: The free-body diagrams for the three blocks are shown in Fig. 8

(a). To obtain the required plot it will be convenient to use a slightly 

different approach than that used in the sample problem in your text. We 

start by writing down the equilibrium equations without making any 

assumptions about where sliding occurs. 

[ΣFy = 0]: 25 kg ; N1 – 25(9.81) cos θ = 0

40 kg ; N2 – N1 – 40(9.81) cos θ = 0

30 kg ; N3 – N2 – 30(9.81) cos θ = 0

These equations can be readily solved for the normal forces. 

N1 = 25(9.81) cos θ ; N2 = 65(9.81) cos θ ; N3 = 95(9.81) cos 

θ

[ΣFx = 0]:  40 kg ; P – F1 – F2 + 40(9.81) sin θ = 0

30 kg ; F2 – F3 + 30(9.81) sin θ = 0

Now we have two equations with four unknowns P, F1, F2 and F3. Note 

that we have not written the equation for the summation of forces in the x-

direction for the 25 kg block. The reason is that this equation introduces an 

additional unknown (T) that we are not interested in determining. 

The next step is to make assumptions about which block(s) slide. As 

will be seen, either of the two possible assumptions about impending 

motion will reduce two of the friction forces to functions of θ only.
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This will result in two equations that may be solved for P and the 

remaining friction force. The forces calculated will be designated P1 or P2 

to distinguish the two cases for impending slip. 

Case 1: Only the 40 kg block slips. 

Impending slippage at both surface of the 40 kg block gives F1 = 0.3N1 = 

73.575 cos θ and F2 = 0.4N2 = 255.06 cos θ. Substituting these results into 

the equilibrium equations yields 

P1 = 328.635 cos θ – 392.4 sin θ

Case 2: The 30 and 40 kg blocks slide together. 

Impending slippage at the upper surface of the 30 kg block and lower 

surface of the 40 kg block gives F1=0.3N1=73.575 cos θ and F3 = 0.4N3 = 

372.78 cos θ. Substitution of these results into the equilibrium equations 

gives, 

P2 = 446.355 cos θ – 686.7 sin θ

Which of these two values of P represents the maximum load that can be 

applied without slippage on any surface is best illustrated by plotting the 

two expressions as a function of θ. This plot will be generated in the script 

below. The basic idea is that at any specified angle θ, the critical or 

maximum value of P will be the smaller of two values calculated. 

MATLAB Program: 
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Example 9: The coefficient of friction μ, can be determined by μ = F/mg 

where F is the measured force (N), m is the mass (kg) and g = acceleration 

due to gravity (9.81 m/s2). The following table gives the experimental data. 

Determine 

(a) The coefficient of friction in each test

(b) The average from all tests.

Test # 1 2 3 4 5 6 7

Mass m (kg) 2 4 5 10 20 50 100

Force F(N|) 12.4 23.2 30.5 60.8 116.5 293.8 597.3

Solution: System under equilibrium is shown in Fig.9.

This is simple application of mathematics. 

Program is given below: 
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Example 10: Figure 10 shows a large turnbuckle which supports a cable 

tension of 12,000 N. The mean diameter of the two 1.0 mm screws is 1.15 

mm and has five square threads per mm. Both screws have single start 

threads. 

(a) Determine the moments MT and ML that must be applied to the

body of the turnbuckle in order to tighten and loosen it respectively. 

(b) Write a MATLAB program to plot the moments MT and ML as

functions of μ for 0 ≤ μ ≤ 1, where μ is the coefficient of friction for the 

threads. 
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Solution: MT and ML can be obtained as 

MT = 2 tan (φ + α) MT T r ... (1) 

And   ML = 2 tan (φ − α) ML T r ... (2) 

Where T = 12,000 N and the lead L = 1/5 mm/rev. 

The mean radius is given by r = 1.15/2 = 0.575 mm 

We also have 

�� ����� , £�
-
³/ 

�� 
´ � ������µ� … (3) 

From Eqs. (1), (2) and (3), we can compute ML and MT explicitly. 

MATLAB Program: 
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The plot of moments MT and ML as functions of μ for 0 ≤ μ ≤ 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Example 11: Figure 11 shows a flexible cable which supports the 100 kg 

load and passes over a circular drum and is subjected to a force P to 

maintain equilibrium. 

 

 

 

 

 

 

(a) For θ = 0, determine the maximum and minimum values of P may have 

in order to raise or lower the load. 
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(b) Write a MATLAB program to plot Pmax and Pmin versus μ for 0 ≤ μ ≤ 1, 

where μ is the coefficient of static friction between the cable and the fixed 

drum. 

(c) For P = 550 N, determine the minimum value for which the angle θ may 

have before the load begins to slip. 

 

(d) Plot θmin versus μ for 0 ≤ μ ≤ 1. 

 

Limit the variation of θ between –60º and 360º. 

Solution: Free-body diagram of the circular drum is shown in Figures 11 

(a) and (b). 

 

 

 

 

 

 

Here we have T2 = T1e
μβ (belt friction) 

Recall that in deriving this formula it was assumed that T2 > T1. 

(a) With θ = 0 the contact angle is β = π/2 rad. For impending upward 

motion of the load we have T2 = Tmax and T1 = 981 N. Hence 

�¶·� � Q4�
�¸- �¹  

For impending downward motion of the load we have T2 = 981 N 

and T1 = Pmin. Q4� � �¶�E�¸- �¹ 

"%

�¶�E � Q4�
��¸- �¹  

 (b) With P = 550 N we have β = π/2 +θ, T2 = 981 N and T1 = P = 550 N. 

Therefore, Q4�ZZU � �¸�º»- �¹  
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The plots are shown in Fig. below as output of following MATLAB 

program. 

 

MATLAB Solution: 
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(c) Taking the natural logarithms on both sides of the above equation and

solving for θ gives, ¤ � ²
E
�¼½¾��¿�¸ *
-�
(d) Following program plots minimum value of θ versus μ.
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Example 12: Figure 12 shows axle pulley system where the coefficient of 

friction between cable ABCD and the pulley varies between 0 and 0.60. 

Write a MATLAB program to determine, 

(a) The values of α for the system to remain in equilibrium 

(b) The reactions at A and D 

(c) Plot α as a function of the coefficient of friction. 

 

 

 

 

 

 

Solution: Free-body diagram and force triangle are given in Figs. 12 (a) and 

(b). 

 

 

 

 

 

Since the 80 N force tends to rotate the pulley counterclockwise, the cable 

tends to slip relative to the pulley clockwise and we have 

T1 = TCD, T2 = TAB, μs = static friction 

β =120º = 2π/3 radians. 

 

From the ratio of belt-tension relations: ���� � 
�¸0À 




� 
 �Á©�ªÂ � 
 ��-C ¸





 
or 
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�Á© � 
 ��-C ¸
6 �ªÂ 

From the force triangle, we have using the law of cosines 

�� � �Á©� �
�ªÂ� * ��Á©�ªÂ ;�+� 

� ¯��-C ¸
�ªÂ° � �ªÂ� * �
 ¯��-C ¸
�ªÂ° ¯*
��° 

Ã¯��-C ¸°� � � � ��-C ¸
Ä �ªÂ�  

����ªÂ�  

Where  

� � Ã¯��-C ¸°� � � � ��-C ¸
Ä 

Hence, we have that  

�ªÂ � �	� 
� 

(a) The corresponding values of α for the system to remain in 

equilibrium. Using the law of sines we have. 

 +�� Å�ªÂ � 
 +�� �� 
































+�� Å � 
�ªÂ� +�� � 

 

+�� Å � 
 �	� +�� � 































Å � +���� ¯ �	� 
1&��° 

 �� 
QU� * �5U� � Å� 
 

 

(b)  The reactions at A and D are as follows: 

Substituting P = 80 N in Eq.(2), then 

Æ � �ªÂ � �	�
�4U�¡ 
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And from Eq. (1), O � �ªÂ � �ÇÈÉ ¸ 
, �	Ê/
�ZU�¡ 

 

MATLAB program for this problem is given below: 
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Output is as follows: 
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Example 13: Figure 13 shows a cylindrical silo where H = height of the 

cylindrical portion, r = radius of the cylindrical silo, R = radius of the 

spherical cap roof and V = volume of the silo. 

 

 

 

 

 

 

 

 

 

 



152 

Write a MATLAB program to compute 

(a) The height for given values of r, R and V

(b) The surface area of the silo, S

Use the program to determine the height and surface area of a silo, given r 

= 32 cm, R = 50 cm and V = 125,000 cm3. 

Solution: The total volume of the silo is the sum of the volumes of the 

cylindrical part and the spherical cap. 

Vtotal = Vcyl +Vcap

� 2%�Ë � �� 
2)���� * )�
Where, <
 � 
Ì
Í 
Ì
;�+Î
 � 
Ì�� * 
;�+Î�
 (see Fig. 13(a)) 

and  r = R sin θ or θ = sin−1 (r R)

The height H, of the cylindrical part is given by 

Ë � x * xÏ·Ð2%�
The surface area of the silo is the sum of the surface areas of the cylindrical 

part and the spherical cap. 

S=Scyl +Scap = 2πrH + 2πRH.

 MATLAB Solution: 
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Output comes as follows: 

The height H = 32.812738 cm. The surface area of the silo S = 

10235.750764 square cm. 

6- 2 Problems in Dynamics: 

Particle Kinematics 

Example 14: The motion of a particle is defined by the equation 

x = 35t2 – 110t 

And y = 115t2 – 42t3 

Where x and y = displacement of the particle (mm) 

t = time (sec.) for the time interval 0 ≤ t ≤ 25s 

Write a MATLAB program to plot: 

(a) The path of the particle in the x-y plane 

(b) The components of the velocity vx and vy and the magnitude of 

the velocity v, 

(c) The components of the acceleration ax and ay and the magnitude 

of the acceleration a. 

 

Solution: 

Given   x = 35t2 – 110t;   y = 115t2 – 42t3 as the position 

vector of the particle. 

Hence,  vx = �Ñ  = 70t – 110;  vy = 8Ñ  = 230t – 126t2 are component of 

velocities and ax = �Ò  = 70; ay = 8Ò   = 230 – 252t are components of 

accelerations. 

Here particle path refers to the plot of x and y positions at various instants 

of time.So first x and y are found by varying t from 0 to 25 seconds. 
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MATLAB Program is given below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

155 
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Example 15: A particle is fired vertically downwards with a velocity 30 

m/s in a fluid. Due to resistance of the fluid the particle experiences a 

deceleration equal to a = – (0.7v3) m/s2, where v is velocity in m/s. Plot a

graph of velocity versus time and distance versus time using MATLAB. 

Solution: Given a = f (v), so the velocity is determined as a function of time 

using a = dv/dt, since this equation relates v, a and t.  

Thus a =dv/dt=0.7. v3

Integrating both sides 

*«  AU6�
AC �
Ó
Cz
 «  '
"%
' � 
 ��6

Ô �A� * ��U�Õ 
"% � 
 ¯�6

' � ��U�°�z6{Ö

z

Position s is give by 

 1 ' � A � 
¯�6

' �
 ��U�°�z6{

Or integration 

«  1×
z � « ¯�6

' �
 ��U�°�z6{Ö

z  '
Or  1 � ��6|
Ô,�6

' � �CzÇ/z6{ * �CzÕ
Using MATLAB, the graphical representation of velocity and displacement 

as a function of time t is given with following simple program. 
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MATLAB Program: 
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Example 16: Figure 16 shows the motion of a particle. The initial velocity 

and the angle at which the projectile is fired are known. Write a MATLAB 

program to calculate and plot the maximum height and distance. Use the 

program to calculate and plot the trajectory of a projectile that is fired at a 

velocity of 250 m/s at an angle of 40º. 

Solution: Components of velocity  

vox = vo. cos θ and voy = vo. sin θ.

Height hmax= v2oy /2 g 

and corresponding time 

tmax= voy / g 

But to draw trajectory as a function of distance(x), use 

8 � A¬�6 ' � *�� Ø'�

�� 

� � A¬�'



 

159 

 

MATLAB script is shown below: 
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Example 17: A 3 kg block is subjected to two forces as shown in Fig. 17 If

block starts from rest, determine the distance it has moved when it attains a 

velocity of 10 m/s. Plot its distance as a function of coefficient of kinetic-

friction between the block and floor. 

Solution: This is an application of work-energy principle on the motion of a 

particle. 

The work-energy principle is 

T1 + ΣU = T2, 

Where T1 = Initial kinetic energy and 

T2 = Final kinetic energy of the particle. 

Here, T1 = 0 and T2 = 1/2 .mv2

The forces doing the work on the particle are horizontal component of 

external force 100 N and friction acting on the floor. Work-done by the 

forces are 

ΣU = (100 cos20° – μ N) × s,

Where N = (10 + W – 100 sin10°), 

W = 3g, the weight of block. 

Thus ½. mv2 = ΣU, relates velocity and kinetic friction μ.
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The program for this problem is written as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Output is given in Fig. below 
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Example 18: Figure 18 shows a block B of mass mB starts from rest and 

slides down an inclined plane of a wedge of mass mA which is supported 

by a horizontal surface.  

(a) Obtain an expression for the speed of block B relative to wedge A.  

(b) The speed of wedge A,  

(c) Write a MATLAB program to plot the speed of B relative to A and the 

speed of A as function of s, where‘s’ is the distance traveled by the block B 

down the surface of the wedge for 0 ≤ s ≤ 1.0 m. Neglect friction between 

all the surfaces. Given: mB = 10 kg and mA = 16 kg. 

 

 

 

 

 

 

Solution: Drawing velocity triangle as shown in Fig. 18 (a).  

Applying principle of conservation of momentum to the particles A and B 

mB vBA cos è – (mA + mB )vA = 0 

 

Therefore, speed of block B relative to wedge A: 

 

 

A©Á � �#Á �#©�AÁ#© ;�+ ¤  

 

 

 

Applying conservation of energy rule (as there is no friction) 

#©Ø) � ��
#ÁAÁ� � ��
#©A©� 

 

Where A©� � AÁ� � A©Á� * �AÁA©Á ;�+ ¤ (cosine rule from triangle Fig. 18 a 

�U � Q64� � 1
 ;�+ ¤ � ��
#Á#Á� � ��
#©#©�  
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Here vB and vBA can be replaced in terms of vA and plot of vA and s can be 

drawn 

 

#©Ø6 1 ;�+ ¤ � ��
#ÁAÁ� � ��
#©AÁ©�
 
Ù� � �#Á �#©��#©� ;�+� ¤ * �#Á �#©�#© Ú 

 

� U6Z
 � Ã#Á �#© ¯� � Û#Á �#©#© ;�+ ¤Ü° * � Ý�#Á �#©�#© ;�+ ¤ Þ ;�+ ¤Ä
AÁ� 

 

 

Now speed of wedge vA and relative velocity vBA are plotted as a function 

of s. Complete MATLAB program is given below: 

 

MATLAB Program: 
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Output is shown in Fig. below. 

Example 19: Figure 19 shows the slider crank mechanism. Write a 

MATLAB program that calculates and plots the position, velocity and 

acceleration of the piston for one full revolution of the crank. Assume that 

the crank is rotating at a constant speed of 550 rpm. Given radius of crank

= 125 mm and radius of crank shaft = 250 mm. 

Solution: This problem can be done with either absolute motion analysis or 

relative motion analysis. Let us do it with absolute motion analysis, where 



 

165 

 

the coordinates of points B and P are defined first with common origin A 

and then differentiated with respect to time to obtain velocities. 

Figure 19 a shows the line diagram of the mechanism. 

 

 

 

 

 

 

 

 

The crank is rotating with a constant angular velocity ω = ¤Ñ  
When t = 0, θ = 0º. 

At time t, the angle θ is given by 

θ = ωt = ¤Ñ  t , and 

That ¤Ò  = 0 at all times. 

 

The distances d1 and h are given by 

d1= r cosθ and h = r sin θ 

 

Knowing h, the distance d2 is obtained as:  � � �!� * )���3� � �!� * %� 
+��� ¤��3� 

The position x of the piston P with respect to A (common origin) is given 

by � �  � �  � � %
 ;�+ ¤ � �!� * %� 
+��� ¤��3� 

 

The velocity of the piston is given by 

 

�Ñ � *%
¤Ñ +�� ¤ *
 %��
�!� *
%� +��� ¤��3� 

 

 

The acceleration of the piston is given by 
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�Ò � *%
¤�Ñ ;�+ ¤ *


%�¤�Ñ ;�+ �¤ �!� *
%� +��� ¤� � 
ß
%� ¤Ñ1&� �¤à�

�!� *
%� +��� ¤�C3�  

 

Complete MATLAB program for this problem is given below: 
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Output of the program is shown in Fig. below 
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Example 20: A 30 kg disk is pin-supported at its center. It is acted upon by 

a constant force F =10 N which is applied to a cord wrapped around its 

periphery and a constant couple 5 Nm. Plot the variation of angular speed 

with the number of revolutions it makes. Assume the system started from 

rest. 

Solution: Figure ED7.24 shows the configuration of the system. 

Here as angular speed and displacement are involved, one can apply work-

energy principle. But remember that it is rigid-body motion.  

i.e., T1 + Σ U1-2 = T2

Here T1 = initial kinetic energy of the system =0 

T2 = final kinetic energy = ½.Iω2. Where I = ½ .mr2

ΣU1-2 = work done by force and moment = Mθ +Fs = (M +Fr) θ

Hence �  � �%�¤ � 
 �� ¦á� � �� ,��#á%�/ � �|#á�%�
A simple program that relates ω and θ is given below:
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Example 21: A block of 0.8 kg mass moves within the smooth vertical slot 

as shown in Fig. 21. If it starts from rest when the attached spring is in 

unstretched position at A, plot a graph of velocity of block as a function of 

distanced moved by the block. Assume F =100 N, k = 100 N/m, 0 ≤ s ≤ 0.4. 

 

 

 

 

 

 

 

 

 

Solution: This is an application of work-energy principle. As surfaces are 

smooth, no frictional force is possible. Thus, there are no non-conservative 
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forces in the system. So work-energy principle reduces to principle of 

conservation of energy, mathematically 

T1 + V1 = T2 + V2 

Where initial state is rest. Thus, T1 = V1 = 0. Here, initially if spring is 

compressed then potential energy, V1 = ½ k∂2
ini 

Where ∂ini is initial compression of spring. 

Final energies are written as, T2 = ½  mv2, 

Where v is velocity of block 

And V2 = elastic energy + gravitational energy + work due to external force 

F. 

Thus â ¨� � �#Ø � 1 * � � ã7ä��z  

Where ã7 = AP– BP= stretch in string length, which can be expressed in 

terms of s. From geometry, 

O� � �U6
� � U6�� 
� U6Z
# 

S� � ��U6
� * 1�� � U6��
 
Now the principle of conservation of energy can be applied to relate 

velocity v and distance s. i.e., V2 + T2= 0 
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MATLAB program for this problem is generalized as follows: 
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