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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 instalistion method

© Lognwch o et Works Accourt l{é IMULINK
Requires an [nternet connection
R2014a
Select this & Use a File Installation Mey Wi it his?
. Mo Irtermat cannection required
option

BlsthlWorks praducts sre probected by petents fs r pa d copyright
[avs. By entering inito the Software License Agréement that follows, you will also agiee to
additional restrictions on your use of thase programs. Any unaLthorzed use, reproduction. or
disiribution ray fesult in ciuil and eriminal pena fiss.

MATLAB s Sifmeink 3 e registered tr demarks of The MothWorks Inc,Fleasesee
it criolltradermars Yor s of adiaiBogl irademaths Dhjes peacki ot besnd
names may be 5 or registered s af thilr e R P

Click Next /



Step 3: Review the License Agreement
Review the software license agreement and, if you agree with the
terms, select “Yes” and click “Next”.

The MattWarks, Inc. Software License Agreement

IMPORTANT NOTICE

READ THE TERMS AND CONDITIONS OF YOUR LICENSE AGREEMENT CAREFULLY BEFORE COPYING, INSTALLING, OR
USING THE PROGAAMS OR DOCUMENTATION.

THE LICENSE AGREEMENT TOGETHER WITH ANY APPLICAELE ADDEMDUN REPAESENTS THE ENTIRE AGREEMENT
BETWEEN YOU [THE "LICENSEE"} AND THE MATHWORKS, INC. ("MATHWORKS") CONCERNING THE FROGRAM(S) AND

H DOCUMENTATION.
Select this EY COPYING, INSTALLING, OR USING THE FROGRAMS AND DOCUMENTATION, YOU ACCERT THE TERMS OF THIS
optl on AGREEMENT. IF ¥OU ARE WOT WILLING TC D0 503, 00 NOT COPY, INSTALL, OR LISE THE PROGRAM 5 AN

TEACUMENTATION.

P e

: | concel | < Mathiorks

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”.

Provide e Installation Key

& 1 have the Fle Installation Key for my licanse:.

&) 1 do nat have the File Installation Key. Help mewith the net staps.

Paste the
¥ae may have recei ian Key t stte ot fram yaar liesnce
Key her  administrator,

Click Next



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”.

Select where
to save the file :Restors Default Folder .

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 or clear for all products
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Select individual products
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Simulink 83

Aerospace Blockset 313

Rerospace Toolbox 213

ics Toolboxd 4

Cormmunicatians System Toolbox 5.6

Computer Vision System Toalbox 6.0

Contral System Toolbox 8.7

Curve Fiing Toolbox 341

Data Acquisition Teolbox 35

Dakabase Toolbom 51

Datafeed Toolbox 4.7
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=}
o

[TFE]

DSP System Toolbos &6

Feonometrics Toolhoic34).

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 both

options 4

Add

ahorteuts to-

[ Desop

> [#] Pragrams folder on the Start menu

Click Next

Select desired installation aptions

Dbt



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.

Installation folder:
4P rogram Files\MATLABNR2D 48

Installation Stoes 9,565 WME

Products:

MATLARE3

Simelink 83

Herospace Blockset 343

Arrospace Toolbox 213
Bimnformeatics Toolbox 4.4
Communications Systemn Toolbox 5.6
Computer Visson System Toolbex 6.0
Control System Toolbox 9.7

Curve Fitting Toalbox 341

[Hata Acquisition Toolbax 3.5
Database Toalbox 5.1

Datafeed Taolbox 4.7

00 Qualdication Kit 2.3

1150 Supmheen Taalhou 5.6,

=]
Tnstalling HOL Cader 3.4
—
B ) MahWorks




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”.

1, Thefoliwing products require 2 supperted compi len
MATLAE Compiler 5.1

MATLAB Builder NE421
MATLAB Builder JA 3.1
|| | MATLAB Builder EX 2.5
Simulink Coder8.6
Sirnulink Aeal- Time 5.0
MATLAH Cader 25

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”.

-y (] Activate MATLAR
Select this Potes You will nat be able o uss MATLAB until you actvate the software:
option

g S:ﬂﬂ :J:h':hm fearn more about activation.

Click Next



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”.

Activate MathWorks Software

Acbnmbon s a process that venifiss heensed use of MathWorks producks. This process validabes the %
[cense and encures that it is not used on more systeens than al lowed by the license option you % N—K‘
e nequired. o

Select this ) Actrvate sutomatically using tha Intemnet (rec i

option

P> @ Activate manually without the Inbernst

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”.

: Browse to
Activate without an Tnternet connection
A selected
Selected L@ .Eldurﬁzhllpdhtn,umi:uuuﬁlg including the fil= name: ; the license
this option : file

(£ Lo not have a license file: Help mewith the nest stens.

Click Next



Step 11: Complete the Installation and Activations
Now the installation and Activations successfully completed, Click Finish
and enjoy the program

Click Finish



|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.



It could be exchange between the MATLAB different windows where,

Ctrl+0 Command window
Ctrl+1 Command history
Ctrl+2 Current directory
Ctrl+3 Work space

Create new M-file MATLAB files will be saved in the

o Title bar
Open an existing file

current directory

S MPIErCo b s i s b

W[y / |
1 I

Enter MATLAB command functions
at command -line prompt

View or use previously runs
functions

10



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, 1 + 2 X 3.You type it at
the prompt command (>>) as follows,

Cormmand Window =

=» 14+2¥%3

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,

Command Window ]

= ®X=1+2%3

11



Will result in x being given the value 1 + 2 X 3 =7

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

Command Window 4]

e 4FR

Basic arithmetic operators

Symbol Operation Example answer
+ addition 2+3 5
- subtraction 2-3 1-
* multiplication 2%3 6

/ division 2/3 0.66667
A Power 372 9
0 Specify evaluation order (2+3)*3 15
sqrt Square root V144 12

12



You can do several operations in one calculation, such as

Command Window ]
»» B=3:c=[A+Z¥*sqrt(h)) /S (A+5%sqrt (i) )

0.5544

The default order of operation is (1) Exponential, multiplication and
division, (3) addition and subtraction. Operation of equal priority is
performed left to right.

abs(x) absolute value
Cos (x), sin(x), tan(x) Cosine, sine, tangent of angle x in radians.
Sec (x), csc (x),cot(x) | Secant, cosecant, cotangent of angle x in radians
Log (x) Natural logarithm : In (x)
Log10(x) Common (base10) logarithm :log) (x)
exp(x) Exponential function e*
Examples

1-absolute value

Syntax
abs (x)

13




Command Window

+% abs[-5)
oS =
5
froux

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

y=sin(x)

Command Window

»»oy=sin(pi)
§ =
1.224pe-18

x5

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

Syntax
Y=csc (x)

14



Command Wi'r.u:IDw
> v=cscipd/4)
g =

1.4ad

4-log (x)

Syntax
Y=log (x)

Command Window =
»>» y=1log(20)

y o=
2.9957

> w=logld (20}

g

1.3010

5- exponential (e*)

Syntax
Y=exp(x)

15



Command Window =
> y=exp (1)

v =

2.7183

6-square root (v/x )

Syntax
Y=sqrt (x)

Exercises

Compute the values of

5

[Ans. =1.0323] 1.% and compare it with (1 — 21—5)_1
[Ans. = 0.5, 0.8536] 2. sin (%), cos?(n/8)

5
[Ans. = 3.0323] 3. s+ 4sin(m/6)

2-5 Some Predefined Variables in MATLAB

Predefined variable Stand for
pi m = 3.1416
Inf o = infinity
NAN Not a number
i The complex variable vV—1
] The complex variable vV—1

16



Examples

Command Window @
> pl .

3.1416
> Z¥pi

-

n

6.2832

> 1f0

ans =

Ing

Cormmand Window ]
> 0/f0

»

ans =

m

0.0000 + 1.00004

5> 3

ang =

0.0000 + 1.00004

fr o= -

It could be overwrite the (i) value as

17



Command Window ®

*

> 1=3

3

>» h=l+3%1

o=

m

10

»» B=l+431

B=

1.0000 + 3.00001

fe s -

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:

18



>>a=3

Can you see the effect of semicolon

>>a=3;
Just a comment >> 9% summation of 2 and 3
Cormrmand Window @
x> 243
ans =
5
S

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

Built in function Inverse Trigonometric Function
asin Inverse sine
acos Inverse cosine
atan Inverse tangent
asec Inverse secant
acsc Inverse cosecant
acot Inverse Cotangent

19



Examples

Command Window 6]
¥ by defining the inverse din fanecipon
= gmagin(l)

1,5708

- &t which angle the sine will be (1) 7 It is (pif2)
b =1.5708

By the same way:

Command Window ]
> Shy Aphling The Inverss ¢oains Tunotion
>» b=acos(1) Ifwe take the inverse cosine of (1)

b=

a We will get the angle (0}

»>» by appling the inverse tan function
>» g—atanil)

e = The tan of angle (pi'4) = 0.7854
0.7854

>». by appling the inverse sesant fuanction
»xrd=asea(l)

™= The secant of angle (0) will ke 1

20



Command Window

(]

> 3bviappling the inverse cosecant funccion

= e=acsc (1)

The cosecant of the angle (pi’2 =1.5708) will be (1)

o=

1.5708

¥ 2byoappling che.inverse cotan funcricon

¥ P=gcot (1)

7 = The cotan of the angle (pi’2 =0.7854) will be (1)

0.7254

2-7.1 Hyperbolic Functions

Built in functions Inverse Hyperbolic functions
sinh Hyperbolic sine
cosh Hyperbolic cosine
tanh Hyperbolic tangent
sech Hyperbolic secant
Csch Hyperbolic cosecant
Coth Hyperbolic cotangent

According to the relation

e
sinsh (z) =

2

We can check the answer by MATLAB as below:

21




Command Window

>¥-8 comparing the resalt of (sinh] and the walue
>y =1

1
> B=sinh (=}
A=
1.1752

»» B={exp(l)-exp(-1})/2

B =
o B8 2 1
fuos
e“+e’?
cosh(z) = ——
2
By using MATLAB

Command Window

¥»r % comparing result of (cosh) and the wvealue of
e =1

>> A=coshi(l)
n -
1.5431
>» B=(lexp(l)4exp(-1})/2
B =
1.5431

i =

22
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{exp (x) —exp{-x) ) /2

{exp (®)+ers(—x) ) /2



sinh(z)

tanh(z) = m

Command Window
>» by getting (2inh) function
e ow=1;
=5 A=sinh(x)
A=
1.1762
=» L-by getrting (cosh) funorion
o ow=1;
»» B=coshix)
B =

1.5431

»>» C=A/B

0.7618

¥¥ % 'by getting the{tenh)funetion
>» D=tanh ()

O o-

P 00,7616

1

sech(z) = m

¥

m

Command Window

> % by geteing the |oosh) functilon
»» S=coah(x)

5 =

1.5431
5> C=1/B
e -

Q.6481

»> % by getting the hyperbolic secent fanction

>3 D=sech(x)

o -

O.649421

23




csch(z) = m

Command Window

>>» &by getting (sinh) function
>y

>» A=sinhi(x}

n E

L1752

>» C=1/Rh

0.8508

>>- % by getting hypexbolic (cosecant) Ifunction
»» D=csch(x)

o=

0.8509

1

coth(z) = P

Coarnmand Window
>> % by geotling (vansh} ITenctlicn
> =1
»» D=tannh (x}

O =
0.76l6

> E=1/D

£ =
1.8130

>r % by getting the Whypeévbolic cotangent fonctinn
=% F=coth (%)

o=

T SATE

24




2-7.2 Inverse Hyperbolic Functions

Built in function

Invers hyperbolic function
Asinh Inverse hyperbolic sine
Acosh Inverse hyperbolic cosine
Atanh Inverse hyperbolic tangent
Asec Inverse hyperbolic secant
Acsc Inverse hyperbolic cosecant
Acot

Inverse hyperbolic cotangent

25




|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')
Name size Bytes Class Attributes
X 1x1 8 double

Matrix 1Xx1 Note that MATLAB recognize the size of variable x as
3-1.1 Row Vector

A Row vector has the form:
V=[V; Uy V3. V]

Are usually scalars (either real or complex numbers) , where vy, vy, V3 .... Uy

When you enter a row vector in MATLAB, you can separate the individual
elements by commas.

26



Example

Cornmand Window

»» w=[1,2,3,4,5]

v =

Cormmand Window

iyl 2845}

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

command.

Syntax

Command Window

»» lengthiv)

ang =

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

Command Window

% u(3)

ans =

You can access the 1%, 3" and 4™ entries of vector v as follows :

27



Command Windaow

5 w=[1,3, 4]

| » @

m

1

You can use indexing to change the entry in the 5" position of v as follows:
Syntax

Comrmand Window

%% ¥ (5)=500

» @

m

1 3 4 a 500

1

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

Command Window

>» v{[1,3,51)=[-10 -20 -30]

m

=10 3 =20 a =30

fxoss

-

If you break the equal length rule, MATLAB will respond with an error
message.
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Command Window =
P> vi([2,4])=[100 200 3001

an sasigment. R{I) = 8, the mombey o Slegents

in B snd I sust be the. Sane;

1=l
v

.
o

There is one exception to this rule .You may assign a single value to a
range of entries in the following manner.

Command Window @
% wi([1,3,51)=0 -
v =
=
li] 3 L] 4] L]
fx 55 -

3-1.2 Column Vector

A column vector has the form:

U1
)
U3
v =
v,
Are usually scalars (either real or complex numbers) where vy, Vv,, Vs, ... ... , Vi

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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Command Window (7]
> w=[1:2:3]

o

The length of a columns vector is determined in exactly the same way the
length of row vector id determined.

Command Window @

>» lengthiw)

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:

Cornrmand Window (G

> (2)

You can use indexing notation to (change) the entry in the second position
of w as follows:

Command Window (G]
% W (2)=15
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Example

Command Window =
% A=[1:2:89:4:5;6;7:8;:9:210]1;
> A(l2)y=12

A=

o
NOOoOLOe-ohdwhPEe

[

3-1.3 Adding an Element
To add an element to a vector as follows:
Comrmand Window @

> A=[1;2:3;49;5;6;7;8,8;10];
>> A(11)=11

a=
i B
2
3
4
5
&
s
a
9
1o
11
Jx >
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3-1.4 Adding Consecutive Elements

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

Command Window @
> A= [1;2;39;9:5:6;7:89:10];
[11 12 13]

Specify the new numbars

Specify the positions to be added

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 .

T
o]
o=y vg v

U3
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‘Cornrmand Window @
Frou=[1:3;5:7]

=] n W

ans =

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

Comrmand Window ®

Fr ox=1:10

Ex.2 create a vector starting at 0 and finish at 20 with increment of 5

Command Window ®
» x=0:5:20
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Of course, if we'd rather store a column vector in X, we can use transpose
operator.

Comrmand Window @
¥ y={0:0.2 1}"

i
o
0.2000
0.4000
0.6000
0.8000
1.0000

fe o>

Increment notation can be extremely useful in indexing .For example,
consider the following vector v.

Command Window @
Frov= 100:-10:10

100 80 20 T0 60 50 40 30 20 10

fr oo

We can access every entry, starting at the 4" entry and extending to the last
entry in the vector with the following notation.

Command Window ®

>» ¥ (5rend)
ang =

60 50 40 30 20 10
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We can access the entry in the even positions of the vector as follows.

Command Window ®

>» vwi2:2:end)}
ang =
80 70 50 30 10

fr o

3-2 Matrices

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

Command Meaning

[ 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.

Command Window ®
% B=[2,4:6,8]

35



The commas can be replaced by spaces

Comrnand Window @
»> A =[2 4; & 8]

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.

Command Window @
3 - HEL e O SRR e B | e G L G R N e, T TR

B -
3 4 3
Lt T
C -
1z =5
3% g B
R =
Z 4
& 2
fros

Matrices can be combined by using the comma and the semicolon in
conjunction with the matrix constructor [ ].
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Comrmand Window =
*» C=[A,B] , D=[&;B]

»

C=
z 4 1 3
6 a8 5 7

Diss i
2 4
6 8
1 3
5 7

oo =

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.

Comrmand Window ®
»» C,D &2
C =
2 4 1 3
b 2 5 7
o= T
2 4
& 2
i 3
5 T
£ =

> E=[C; D]
Error using vertoat

Dimensions of matrices being concatenated are nNOoL conslstent.

Jr s
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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).

Cormmand Window @

¥ E=[C;/D]
Exror s=ing horzoatlt
Dimensions of matrices being concatenated are Dot consistent.

from

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 [ ].

Command Window @
3y F= [1:1:5 : 11: 2: 20]

F =

5 0 I3 B L f 1T 13

fros

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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Cornrmand Window

> F

F =

1 2 3
34, 13 15

> F(2,3)
ans =
15
fr o

Vectors can also be used to address elements in a matrix

Cormand Window ®
> F ([1:2] ,3) i~
ang =

3
35
= Fi11 21 + 3)
ans =
3 -
15 3
The colon: can be used to addiess all the elements of 2 row or & column
s> F (z,1)
ans. =
2
13
3> F(1,:)
ans = i
fx 1 2 3 5 -
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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)

1 5 9 13
2 6 10 14
3 7 11 15
4 8 12 16
Numbering of matrix as a vector
Command Window @
> F &
F=
1 2 3 4 5
B mE  mm  @w A
>» F(3)
2
>> F(4)
Bg =
13
fg o> =

Elements can be modified in a matrix simply by addressing the particular
element and then assigning it using the equal =.
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Command Window

>» F

et 3 Y
11 13 15 1T

»» F{1,2)=5

F =

ki |

Command Window

B[ 2] 53) =[21 22]

F =

1 b 21

313 13 22 < Brg
*>F
F =

1 1 21
11 13 22 1

> B (:,4) =[14 i1&]

F =
1 & 21 14
11 13 22 1a

P

=

11 13 22 1&

-

19

9

19

19

41
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The following table has the most important matrix operations.

Matrix operations Meaning
! Transpose
+ Addition
- Subtraction
* Multiplication
A Power

A' Or The transpose of a matrix A is a matrix AT

Command Window

»» B=[10,20,30;40,50,60; 70,820,901 ,A= [2,3,4:5,6,7:8,9,10]

B=
10 20 30
40 50 &0
70 80 30
n_:
2 3 4
5 & 7
8 9 10
> A
ans =
2 5 8
3 & 9
4 7 10
fe >
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Cornmand Window @

> B4R
ans =
iz 23 34
45 56 a7
T8 39 100
> B-L
ans =
2 17 26

35 44 53
62 71 20

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.

12
B [0 3 3
A= |4 6] ,B—[4 -
9 8l3x2
12
C=AXB= |4 6] x [g 3 3
9 8 3x2 2X3

AX0)+(@2x4) (1x3)+(2x9) (1x3)+((2x7)
C=|(4x0)+(6x4) (4x3)+(6x9) (4x3)+(6x7)
(9%0)+(8x4) (9%x3)+(8x9) (9%x3)+(8x7)

8 21 17
C=124 66 54

32 99 83l3xs
Now using MATLAB
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Command Window. ® |
> % By defining the matrix A
>> A=[1,2:4,6:9,8]1;
> 3By defining the matrix B
»> B=[0,2,3:4,9,7]:

»»> C=A*B

=

24 L1 o4
2 95 g3

3-2.3 Power of Matrix
Power of matrix is defined as followed

Ak =AxAX... A

-

k times
Cormmand Window =
il = g i B o - G~ ) |
i
2 k-3
4 5 L
T = 3
== T2
ans =
30 26 az
s& 21 26
102 126 150

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

Matrix operation Array operation
+ Addition + Addition
- Subtraction - Subtraction
* Multiplication K Array Multiplication
A Exponentiation N Array Exponentiation
/ Right division ./ Array Right division
\ Left division A Array Left division
Command Window @
»> B=[1 2 ; 4 6] , B=1% 5:7 9} 41
A=
1
4 &
B -
3 5
7 3
>> A.*B o
ans =
3 10
32 54
>r BB
ans =
0.3333 0.4000
0.5714 0. 6667 . 3
K r
Command Window @
> B2
ans =
1 4
16 36
fows
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Comrmand Window

= 0
h =
:E 2
4 &
> Btd
ans =
- 4
8 8
F» B-2
ans =
=1 0
2 4
x> B¥2
ans =
2
2 12
5

Command Window

> B2
ans =
0.5000
2.0000
froe

1.0000
3.0000

bl

m
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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
>> A= ;
If A is a vector ,returns the mean value A=[37216];
Mean (A) >>mean (A)
of the elements.
ans=7
IfAls.avector, C is the l.arges.t > A=[3721695 18 13 0 4];
element in A. If A is a matrix ,C is a
C=max(A) .. >> C=max(A)
row vector containing the largest C=8
element of each column of A.
>>A=[37216];
. The same as max (A) , but for the [ . 7 I
min(A) >>min (A)
smallest element.
ans =2
>>A= :
If A is a vector ,returns the sum of the A=37216];
sum (A) >>sum (A)
elements of the vctor
Ans =28
. >> A=[12; 3 4];
Reti th t t of
Det (A) eturns the de err'nman of a square >> det (A)
matrix A.
Ans=-2
>>a=[123;468;-123];
>>inv (A)
Returns the inverse of a square matrix Ans=
Inv (A)
A. -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 x = A~'b ,where A~! is the inverse
of A. For example consider the following system of linear equations

4x+5y+6z=1

ix+2y+32=1
7x+8y =1

The coefficient matrix A is

1 2 3 1
A= [4 5 6] and the vector b = [1]
7 8 0 1

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= A~ 1h.

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

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

'[ Linearegn.m” x]
1= cle
2-  clear

3- A=[12 3;4 5 6;7 8 0]:
£-  be[1;1:1]5
5-  x=inv{i)*h

The output in the command window,

x =

—-1.000000000000000
1.000000000000000
—0.000000000000000

Jr>> |

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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[ Linezreqn.m il
1- cle
2-  clear

I- A=[123:4 5678005
1-  b=[1;1:1]:

5-  x=R\b

The output in the command window will be,

Command Window

x =
-1.000000000000000

1.000000000000000
-0.000000000000000

feo> |

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:
Num?2str & str2num.

Now we will use the command input as a string ,

1 Editar - CAUsers\Design\Tocumentst MATLAZ training, m* ® x
i [ tamingen® | +

1-  elc O
= clear

3= age=inpuc (*Flease Encer Your Age *,'a’) e

/

1- The command input used
as a string not a character
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Command Window

=]
€X» Mew to MATLAB? Watch this Wideo, see Examples. or read Geming Stamed, =
Flease Enter Youxr Age S
s \
5 2-enter number 5 to Matlab, but is
it defined as a number to Matlab?
=ge_modified =
3
i S e e el 3-Actially the variable 5 is defined as string to
i Matlab not a number because we used the
10 command input as string.
Fxosn
Using str2num to convert string to character as follows:
_'-‘T Editor - CGhUsers\Design\Bocuments\ MATLAB training, m™ ® x
trainingm* 1 | 4
L= clc ]
= cleax
g age=inpuc ('Please Encer Yoor Rge ', '3') =
M= age modified=strinum(age) —
Command Window <]
T Mewto MATLAB? Watch this Video, see Examples or read Getring Started, =

Flease Enter Your Age 5
age =

3

age modified =

5
>» chack=2*age nndifiesd
herl =

10

At this time 5 is defined as number to MATLAB by

50
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Num?2str 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.

(= Editur-C‘.'\Li;er;\Délgn\Do:ume\k.i\M)lTL.ﬂ“E\tralning.rn’ @ x
training.m® 30 | 4 |
cle O
cleac

name=input (' Flease Enter Yoor Hame ', '=');
ageE=input | *Pleass Enter Your Roge =');
enswer=['¥our name is! namwe ‘end yoa are!, numdatrfage),!Years Old'] -

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

Carmmand Window =
@) Mew to MATLAE? Watch this Yides, see Barnples, or read Getting Started, x

Pleagse Enter Your Hane Ahmad
Please Incer Your Age =22

AnswWer =

Tour name 1= Ahwed and you are 22 Years 0ld

fe > f

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:

' Editar - Ci\Users\DesigniDocurn ents\MATLAE training.m ® x
| traning.m 3 | 4 |

X= ale O
z- clear Independent Variable

53— x=0:10: &— P

4- Yosinl) <— Dependent Variable =
5- plot (X, Y)

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:
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Edit Wiew [t Took Dogiop Widew Help -

DEEG| A DDRL-R|0HoD

To solve this problem, we have to increase the number of points within the
vector, as in the following figure:

-—_T Editar - C.‘.\.Lisers\ljesi'gn\Documents\MﬁTLﬂé\tra:rn.ing.m @ ®

PPy o

| trainingm | +

clc

clear
X=0:0.1:10;
T=sin(X) -
plot (X, X)

Could write the vector in this manner

Minimum number: step: maximum number

You will notice that the drawing has improved a lot:
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You will notice that the drawing has improved a lot:

File Edit View Insert Tools Desktop  Window Help .

NEHG| k| AADDRA- B 0E|0O

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:

b blue . point - sohd v triangle (down)
g green o circle : dotted ™ tnangle (up)

r red ¥ ¥-mark -, dashdot < trnangle (left)

¢ cyan +  plus -~ dashed > trangle (right)
m magenta @ * star (none) noline P pentagram

y  yellow s square h  hexagram

k  black d  diamond

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:

'—_;' Editar - C:\Usws\lf)esign\[}ocuments\MATL.h.P;\tra:ming.m @ *

J trainingm % | =+

e clc [

—~ clear

N=0:0.1:10;

= T=sin(X} —
= plot (X, ¥, 'c'})

- grid

mm.h-wml—l|
|

Use red color in line drawing property

Thus, we get the following figure:

[EESE -
File Edit Yiew Inset Tools Desktop  Window Help =

OEEL| kAR BEL- G| 0EH| oM

1

S SR
[ [
{15 B YOS IR PR o [

DL oo

1] ——

Sy | S—

-0.6

-0.8

8

o : | 2 3 4 5 B T B i 10
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We are now adding a new property, change the font of the function from a
straight line to the stars:

157 Editor - C\Users\Design\Documents\MATLABtraining.m* ® x

H | training.m® %Ql +

= clc I

= clear

= ¥=0001 0200

=5 ¥==zin (X} =
= plot (¥,¥,'=")

= grid

ER A

Thus, we get the following figure:

File Edit  View Inset Tools Desktop Window Help »

Dade | kRS89 EL-|2|0E O
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If we want to merge the two properties together (to change the color and
shape of the line):

'{.’ Editar - ChUsers\Desigm\Docurments\MMATLAB training.m =@ %

£ | trainingm i F‘l

- clc o
- e clear

3-  X=0:0.1:10;

4—  Y=sin(X} =
- plat T, TRt

- grid

Merge the two properties, the color then
the line shape

Thus, we get the following figure:

Fle Edit View Inset Tools Decsktop  Window - Help -

DEeEs | kR33N0 RL-2|0E| oD
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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:

|« Editor - CAUsers\Design\Documentsy\MATLABAtraining.m® @ %*
I . training.m® l—+]

1 clc O
 {Eop clear

3= X=0:0.1:10:

4 — ¥=sin(X) —_
5= plotc (X, ¥)

[ grid

Thus, we get the following figure:

File: Edit Wiew Inset Tools Desktop Window Help -

Deds | k| RANDEL- || IEH oD

1

0.e

0.6

04

0.2 g

1}

% - /.
A A~
IR .-

Lty 1y L
" ; A -

o 1 2 o) 4 5 & T & § 10
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Now we will add another equation in addition to the first equation:

|7 Editor - C\Users\DesignyDocuments\ MATLAB training.m* = x
£ trainingam* | + ]

— clc E |
= clear

= X=0:0.1:10;

T=sin (X} -
- Z=cos (X} -
= plot (X, T}

= plot (X, Z)

e grid

mqmm.&-wm»—-|"
i 4

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:

~ Editor - C\Users\Design\Documents\MATLAB training.m® @ x

training.m* Nl + ]
s clc O

l
1
2= clear

= X=0:0.1:10;

4 - T==in(X) =3
b= Z=cas (X) o
| "Fe hold an
T plot{X,¥)
g - plot (X, 2)
g - grid

L= hold off

Thus it will appear as in the following figure:
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File

Edt View Inset Toals Desktop Window Help L

NOEL| b ALAODREL-B|0E 0D

1
0.8 ot Pl e ot b ik KB e
0.6
i e B! SIS oL iy BRSPS N
D2t T L B SRS TR
02

04 .
EPG pectise bt s s

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:

"|' Editor - C:\Users\Design\Documents\MATLABAtraining.m ® x

!
1
2
-]
4
5
L]
7
2
9

10

training.m 3’[ + |

clc L
clEar

sl The first command to plot the function in red color

¥==in(X) -
Z=caos (X) l/ -—
plot (X, X, "z%'):

grid <——— Draw the first function on grid figure

figure <—— Open new figure to draw the next function
Bploc(x, Z, 'ma")

grid \

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:

10
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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:

cle
clear
close all

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

= Editor - CA\Users\Design\Documents\MATLAR training. m* @ x
2| traininga® ['+ |
= cle U

= clear

s close gll

o b R R B

¥=sin(X) T
- Z=cos (X) =
= plat (X, ¥, 'exty:

= grid

(T P B T T
|

— figure
plot (X, 2, 'm0’ )
grid

)
(=1
A

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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Figure 1 =13
-

Fle Edt View Inzart Tools Deskiop Window  Help

DS K QAaQMe « 0B n O

Row * Columa

* 13
Lea 12

i e 3,

an 2 o

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

Figure 1
Fl= Edt WView Insert Took Desktop Window Help -
Deds K A= & 08B =0
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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:

subplot(1,2,1)

The number The number
of rows of columns

And the subplot command for the previous second figure can be written as:

subplot(1,2,2)

The number The number
of rows of columns
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Now we will write a full code:

' Editar - C:\LIcer;\ﬁe:ign\Dncuments\MATLAE\train|r|g.m"

I @ x
E_J training.m® ]_+h]
1 - ela [ |
e clear
W close all
: s ;212;! i Should be used Plot command after =
- Z=cos (X} subplot command -
: ] subplot (1,2,.1)
g - plot (¥, ¥, "=="):
g - grid
10 —

subplot (1,2,2)
plot (X, 2, 'mo"}
LE= grid

13 =

The execution will be as show below:

E
File Edit Wiew [ncert Toole Desktop Window Hep »
NEds||RA0LRA-|R|08B| oD
L e 4
0A}-5-- % ya 0513 g
* T & * 5 &5 2
0+ = & o
4 o
D4+ e & 062 &
iy * e o
+. & +. < Lz}
0.4 e 04
e & % + 3 ]
02 s oo 02 £
y + * + a e
* * + 2 o
L1 e TR L e i e e e
* + + 4 . L
+ o
g PR R e (SR R e e |
+ * + o g" a
S S E 2 L2
DA fmm e T g A gy
+ i+ 4
* 1y kE a 2 o
D - e S e -
£ i g ]
o8 % a8 Q‘E Djé !
a 3 10 1 B 1

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

65



[Number of all locations that occupies by figure]

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

Figure 7 E
Fis Edk View insert Took [eshiop Window heb *

Dedd8 Kk RANSe ¢« O0E O

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:

[ Editor - Cilsers\ DesigniDocuments\MATLAB training.m™ @ x
_j training.m* 3 | + |

J= clc O

= clear

= elase all

= X=0:0.1:10;

- g Y=sin (X) =

- Z=coa (X) =

= V=exp (K);

= subplot (3.3.01 2 3 4 5 61}

9 - plot (¥, Y, '==*);

Al = grid

b subplot(3.3.7)

L plot (X, Z, 'mo")

o grid

14 = subplot (3,3.9)

15— plot ¥, V)

16 — grid
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In addition, the result will be in the following figure:

File Edit Wiew Insert Tools Desktop Window Help ]

DEEb| kR ODEL | G|0B| 00

: T 1 ﬂ I
£ /o 4 o & N
__i 4 _i______i__ | i eﬁ_______:___fi_"__

&
2
0.5 -4t
i o
&
F,
By

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:
xlabel(' the name of the axis")

vlabel(" the name of the axis")

It must be the name between
single quotations as shown in Fig.
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Example:

(=7 Editor - CAUsers\Design\Documents\MATLAB training.m
: | training.m ?ﬁl + l

S o clec

- clear
> close all
= =00 Ti10;
¥==in(X)
- ploc(X, ¥, 'B' )
= xlabel ('¥ RAxis'):
= viabel ('Y Axia'):
= grid

[FRN- RS N T I S
1

The result is:

Film Edit Aisw lnsert Tools Desktop  Window  Help -
CEde| k| RO EAL- A |08 o
1 /—
L St e -
- - . X

LR B A A ST S

2

of--

1 hsis

0.4}~

0.6~

o8-

-1

4-1.7 Put a Title of the Graph

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

Syntax:

title("the title of the graph')

It must be the name between
single quotations as shown in Fig.
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By reference to the previous example and apply the title command:

1 Editor - C\Users\Desigm\DocurmentsA\MATLAB training im @ x
I vainingm % | +
_1 - elc ||
g clear
3 - close ail
k= ¥=0:0.1:10;
[ Ym=in (X} —
B= plot (X, ¥, "B )i
F= xlebel (*X Axis');
B ylabel ("1 Axis');
8= t3tie( ' Fhe Sine Wave graph'ls;
0 — grid

The result is:

B s = 3]
File Edit View Inser Tools Desitop Window Help -
Dada| h(RANBDEL- A 0EH| oD
1 Thesinsw‘amw !
a = ra
I \
al. 3 /
il \ /
L i \
o \ / \
-4 \ \
-0.E - TR {
-0.& x’
= 0
X Axia

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
Text {position of the pomt at X-Axis, position of Y-Axis, | The text on that point |

N

[t must be the text between
single quotations as shown in Fig.
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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:

[ Editar - C:\Users\[.};zsi.gn\E.]ocumentsl\MATLAB\tra.ining.m m x
+ |

e
&

training.m

e cle &
= clear
- close all

x»=linespace (0,310,100}
- v=gini(x) FexAp(-0.3%*%);
i | YIAXTLEX (V) ¢

o ind=find {y=—vmax) ;

1- Find the large element by using max.
function

R I S R U
|

2- Determine the large numberin a
vector

3-  Must write == where its mean “we
find this exactly element without the
other elements”

The result will appear as below:

Waorkspace G
Mame « Yalue Min Max

-H ind 14 14 14

HH = 1100 Seuble 0 10

Hy 5100 dooRy 10,2542 06521

HH yrmax 06521 DF521 0652

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:

_‘,’ Editor - C:\Users\DesigniDocuments\MATLABtraining.m

@ x
g training.m X]T]
[Tg= clc |
= cleax

) close all
x=linspace({0,10,100);
= y=gin(x) .*exp(-0.3%x);
= ymax=max (v}

L ind=find(y—ymax) ;

[ T = T T S U R
|

o5 xmax=x(ind}) ;

\ Find x-value in the y-max. value by using x(ind)

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

Waorkspace

Mame = Value Min M az

FH ind 1 14 14

mok Ixi100 dovbis i 10

1] xrnax 13131 | 1319 1313

Oy Ix100 douvbie -0.2542 06521
Wrax 06521 06521 D652

Now write the code and put "maximum value" on a max point
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i Editor - Ch\Users\Design\Documents\MATLAB training.m ® x
: | training.m V.| +]

> cle

r= clear

T close a2ll

»=linspace (0,110,100}
y=gin(x) . *exp(-0.3%x):
= ymax=max (y):

= ind=Ffind({y—ymax=);

= xmax=x{ind) ;

(T I N
I

= plot (X, ¥, Xxmax, ymax, "zo"};
title('Damrping Eguation'}:
xlabel [ "X-Axis');

ylabel ('Y-Raiz'}:

e el e
T O =
[ L5

grid

o
b
|

text (xmax+0.03, ymax+0.03, "Maxiram Point');

The result is:

File. Edit View Insert Tools Desktop Window Help ]

e IR AN G
Damping Equation

Wasimum Paint |
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4-1.9 Legend Command

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

Syntax:

Legend ('the color reference’)

Example:

I= Editor - ChlUsers\Design\Documents\MATLABtraining.m @ x

| trainingim | +
= cle Ir|

1
& = clear
4 = close all
4 = H=-pi:pif20:pi;
N = yl=gin (x):
= y2=cos (®)}
q = figure
g = plot(x,vl,"'-xo0', X, y2,"'-.b")
g = legend('sini(x) ', 'cos(x) ")

The result is:

File Edit Wiew Insert Tools Deskiop  Window Hep »
DS AN DEL-|R|0E D
1
nef
D6}
D4t
p2t
u -
\ s g A i
¢ Thisis a leg(:,nd used
ol to explaining each
D6} color in a graRh k
0t \ 1
1 (i 1 1 1 ¥ L
4 3 I 0 1 2 3 4
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Example:

|# Editor - C\Users\Design\Docurments\MATLAB\training.m
.] training.m m[ +

1. = cle

— cleazx

= close all

= ¥=linspace (0,10,100);

= y=gin(x).*exp(-0,3%¥x)
VIEX=Tax (¥)

- ind=Ffind (y==vmax] ;

= xmax=x(ind);

= plot (X, ¥, xmax, ymax, 'ro');

(F- B L ST R
|

o i ticle ('Denping Egaatien'):

[} - wlabel ("H-Axis'):

12 = ylabel (*Y-HAxis');

14— grid

14 — text (xmax+0.03, ymax+0.03, 'Haxinom Boinc');
18—

legend('H-Y Relation'/[\'l{axirr.m‘r. Foinc'):

1*trelation 2" relation

The result is:

File Edit VWisw Insert Tools Desidop Window Help o
DS5ES | RRRODEL-2(0EH oD

Dramping Equation
07 F

0.6

1

04 -

0.3

02

Y-Axiz

=]
i i

S
i

o
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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:

Carmmand Windaw ®
@ Mew to MATLAB? Watch this Video, see BE@mples, or read Getting Started. =

%% axis([-10,10,-10,10])

fross
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It will appear this window:

Faqure
He Eft View Inset Toos Deiton Window  Hep -
Dgde kA5 N9EL- 2 |0H 00

@1".“:‘3?”.‘"‘79

4 & 4 2 L} 2 i L3 B @

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:

Number of
input times
minputinumber of entry)

Each point is selected its
coordinates (X,Y)

However, if we want to enter an unlimited number of points we use the
following formula (without mentioning the number of points):

[z ¥]=ginput()

o}

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:

':’T Editor - C:\Users\Design\Documents\MATLAB training.m

= x

; training.m = +|
= clc

= 1
i It must use the command hold on to

= YT be the points in the same window

- hold on
e axis ([0 10 C 10]}:
xlabel ("X-Axis"};
= ylabel | "¥-Rxis"};
i grid

= Ix yl=ginput(5}:

= plot {x: 3 e}

L= - = N N - R
|

o

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:

File Edit \iew [rasrt Tools Desktop  Window  Halp -

NEada [ k[ ARDDEL- A 0E[=am@

iy
o
1

Vb
o =+ how s wmoa N @@
T
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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:

It is repeated y-axis

It Is repeated x-axis
values long the x-axks

values along the y-axis

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.

|47 Editor - C\Users\Design\Documents\MATLABtraining.m @ x
£ | trainingm 32 l + l
= clc |

— clear

= close all

i *=linspace {0,10,100};

= y=sin(x}:

- = yl=meshgrid(x,y}: =
= z=gin (X} . *exp (—0.3%*x} ./ (cos (¥} +2) ;

e mesh({x, ¥, Z):

0 =1 o ods L R

The result is as follows:

File Edif  Wiew Insef Tools  Desktop  Window Help »

DEde | RARO09EL- 2|08 |00
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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.

14 Editor - CUsers\Design\Documents\MATLAB\training.m

EﬂJ training.m V.FTFW

cle

= cleaxr

- close all > The number of points
3 increased from 100 to 1000

x=11nspac&{0,10{lﬂﬂﬂy:
- y=sin(x): NS
- [* y]=meshgridix, ¥):

- z=ain(x).*exp(-0.3*x) ./ (co={v)+2):
= meshix,¥,2) ;¢

0 -1 Bh 1 i La R =
|

The result is as follows:

Fle Edit View lnset Tools Desktop Window Help

DEdsS | |ARODEA- 2| 0B O

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

|7 Editar - C\Users\Design\Docurments\MATLAB training.m X
£ | training.m ‘KIT]
_I = clc |
- clear
B close all

. Ko F="gin £} "
\ When put the equation in a single

quotation be as string

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

Warkspace 1G]
Mame = Yalue Min Mazx
i 'sin(t)'

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:
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The result is:

File Edit View Inset Tools Desktop  Window  Help

DEAL| k| ARNDRAL B 0E| 0D

F-Ais

s et e
_n_4___._..,:.._.__
5 o P

B e L

1

0.8

i

1 A

0z

0

-1
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|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

Operator Mathematical symbol | MATLAB symbol
Equal = ==
Not Equal * ~ =
Less Than < <
Greater Than > >
Less than or equal < <=
Greater than or equal > >=
Logical Operator
Operator Mathematical symbol MATLAB symbol
And AND &
Or OR |
Not NOT ~
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Example

€I Naw to MATLAB? Wateh this Video, se2 Bamples, or read Getting Started. x

% w=h:

Fx y=10:

Ry

ans =

i

xRN

ans. =

=

3

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

Command Window @
> x=[1 5 3 T1;¥=10 2 8 71;k=x<y i
k=

) L) i ]
> k=xe=y
k=
o] 4] 8 &
> kERmy i
k=
1 = o 0
55 k=x—y
k=
Q a a 1 —
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5-2 Logical Operators

Command Window

3> w=[1 5 3 7], ¥=[0 2 & T],k=(x>v}&(x>4)

e
1 5 3 7
v =
] z g T
]'I -
a 1 a a
fx v
Comments

-the Relational and logical operators are used to
element, the vectors x and y.

Single and double

compare, element by

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

Command Window ®
o G Checles if 5 is larger than 8
ans = Since the comparison is false (5 is not larger than 8}

the answer is

Checks if 5 is smaller than 10 and assigns the
> a=5<10 answerfoa

Since the comperison is true (5 is smaller than 10)
the number 1 is assigned to a

S5 y=(6<10) + f7>3] +(5*3—g0/4) Using relational operation

in math expression
Equa] to 0 since 7
is not larger than 8

Equal to 1 since 5*3 is

fg »> Equalto 1 since 6 equal to 60/4
is smaller than 10
Command Window ®

»» b= [15 6 94 11 7141} c=[ 820 92 19 7101} Dafine
>> d=c>=b

vectors h

Checks which ¢ elements are larger than or equal to B &
d = b elements

4] 1 B 4] 1 1 a
b ]

Assigns 1 where an element of ¢ is larger than or equal

ans = to an element of b

o a X a a 1 a

Checles which b elements are equal to ¢ elements
for b=—=c and Checks which b elements b~=c
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Command Window (]

E:
1 a 0
1 a 1 *
=
0 0 1
Jrous -

The results of relational operation with vectors ,which are vectors
with Os 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 :

Command Window =

>» r=[8 12 9 4 23 19 10]: Define a vector r
Fm=rd=10

Checks which ¢ clements are smaller than or equal to 10

1 a 1 ! a a 1

A logical vector s with 1s at positions where clemnts of ¢
are smaller than or equal to 10

Use s for addresses in vector r to create vector t

e B o B ]
£ =

8 2 L:: 10

Wector t consists of clements of 1 In positions

> <=10
e ! where s has 1s

The same procedure can be done in one step

8 a a io
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Exercises

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

a) 14>15/3
by =3<5x3+1>9
Qy=8/(2<5)x 3+ (1>9)
d)24+4x3~=60/4—1

2- Given a=4, b=7 .Evaluate the following expressions without using
MATLAB .Check your answer with MATLAB.

a)a+b >=axb
by)y=a+(b>=a)xb
cy=b—a<a<a/b

3-Givenv=[4-2-1501-382],andw=[021-10-24 3 2 ].Evaluate the
following expressions without using MATLAB .Check your answer with
MATLAB .

A v<=w
byw=v
c)v<w+tyv

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

Examples
ifa <b
ifc=5

ifa==
ifa=0
if (d<h)&x>7)
if x~=13) |(¥<0)

N\

hJ
Consisting of relational
and/ or logical operators

All Variables must have
assigned values




THREE FORMS OF THE if STATEMENT

If conditional statement
Commands

end

if conditional
statement

command group 1
else
command group 2

end

90

if conditional statement 1
command group 1
elseif conditional statement 2
nd group 2
else
command group 3

end




5-3.1 The if —end Statement

Commands

:} end

----------

----------

end

----------
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Example of using the if- end statement

[ Editor-C:\Users\[]es.ign\[-]ocumenis.\MATLA.E\training.m @ b4
training.m l + |

% 2 sczipt file that demonstrates the use of the if-end statements =
T . Ihe UBer 18 asked To BhOter three grades

% The program calealates the average of the grades

% if the average is less than B0, & massage!

% The student did not pass the course; 15 printed

= sppbre = inpuc ('edger (23 & veoopr ) the secores of the three tescs!)i
o ave grade= (acore(l)+acore(2)+acore(3)}/3;

- diep('The sverage grade iz : ')

i
2
3
4
5
]
7
L}
El

e disp(ave grade)

= if ave grade<&l

s & bl disp('The student did not pass the couxrse,')
i end

Executing the script file in Command window:

Command Window ®

>» training
enter (a8 & vector ) the scores of the three testcs [ 78 &1 85]
The average grade is |

T4.6667

b g
»>» training
enter (a8 a vestor ) the scores of the three tests: [60 38 55]
The average grade is
51

The student did not pass the course.
fro»>
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5-3.2 The if-else-end Statement

False
True
Commands| | Commands
Group 2 Giroup |
| b

If Conditional

MATLAB Program

expression

oooooooooo

Group 1 of MATALB

Commands
else
Group 2 of MATALB
Commands
End
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Example of Using The if-else-end Statement

- Editar - t:\Users\Design\DacumenB\IMATLAl::‘r\training.m @ x

training.m ;‘r§| +

I % A scraipt File that demonstrates the use of the if-else-end statewents [
2 % . Ihe geer 33 2sked to eater thres grades

E i The program czliculakces the aversge of the grades

4 % 4Af the dwverage is less then 60, & massage:

5 % Toe student did not pass the coorse, is printed

[ scoce = input [“enter |as a wector | the scores of fhe fHree tests'l:
b g ave grade= (score{l}+score(2}+=core(3})/3;

|t disp|"The awerage grade is : '}

B= disp(ave_ grade}

= if ave_ graded&d

= e stadentt: did- ook pass the pourse. ')

p - R

A== dizp|*Ihe student passed the couarse,'}

= end

Executing the script file in the command window:

Command Window @

»» training
enter (as a wvector ) the scores of the three tests [ 65 B0 83]
The average grade is=s @

76

The sctudent passed the course.
>» Craining
enter (as a vector ) the scores of the three testa [60 30 55]
The average grade is
51,6667

The student did not pass the course.

fx >
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5-3.3 The if-elseif-else-end Statement

MATALB Program
If Conditional expression
"""" Group 1 of MATALB
....... Commands
Elseif Conditional
expression
Commands |
Group | Group 2 of MATALB
Commands
else
------- Group 3 of MATALB
' S R Commands
> end
1 End
...... . MATALB
....... Program
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Example of if-elseif-else-end statement

:’,’ Editor - ChUsers\Desigm\Documents\MATLAB training.m @ x
training.m 3‘%[ + |

1 % A script File st denonsStrates thae use of |
2 + the if-elseif-else-end statemsnts

3 % The program caloulaces the Tip in & Iestaurant

4 % afcoording to the snount of the bill

5 %2 if tne bill ig iess than 108 the tip iz 1.BE

& % between 10% and 602 the tip is 183% of the bill

T % Zbove 602 the tip is 20% of the bill

g= bill = inpat ('Enter the apognt of the Lill (in dollars):i'};

g - if (bill<=10)

10— tip=1.8;

5 R elseif (billx10)& (bill<=60) =
g tip =bill*0.13;

13 = elae tip=bill+*0.2:

16 = end

15~ disp('The tip is (in dollars);'}

16 - disp(tip)

Executing the script File of The Restaurant Tip Calculation

Cormmand Window @

»» Craining
Enter the amount of the bill (in dollars) :ls
The tip is (in doliars):

2.7000

> praining
Enter the sSmount of the bill (in doliars)i6
The tip is (in dollars);

1.2000

> Craining
Enter rthe amount of the bill (in dollars) :100
The tip is (in dollars)yy;

20

fx o
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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

if x >= 0O

y = sqrt(x)
Vo for x>0 else
y fr—
e —1 for o <O y = exp(x) — 1
end

if x >= 5
= log(x
elsz B0 if = >= 5
N Tr %o o v = log (x)
Y — n»r i ax =D v = sqre( elseif x >= O
Vo oif 0< a2 < b end y = sqgrt(x)
end end

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 ('l 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 .

String

Every time a disp command executed, the display it generates appears In a
new line.
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Example of script file that uses the input and disp commands

[=7 Editor - C:\Users.\[.ies.i.gn\[.locuments\MATLAE\tréining.m @ X
[ training.m .‘?‘§| + |
1 & This scxipt file galculaces thie averege polnts boored o
2 % in three games
3 % IThe point fyon each gane are assigned to the variskble by
4 % Uaing-che inpoat: cornsnd
5 % The disp command is used to display the pucpuc:
i — ganmel =inpuc {'EntErx the poings -scored 1in the firxsr gewe ¥) 2
o game2 = input (' Entex the points. scnxed in the gsecond gawe: ')’
8= game3d=input (' Enter the points scorxed in the third game "):
L ave_points=(gmel+gme2+gm3}f3: : .
1 = di=sp (' vy Display empty line
11 — disp ('Che average of poincs sogorxed in a gaxe is (')
13-~ disp (ave pointa) \Disp].aytexi
Display the value of average points
Running the script file with the input and disp commands in the command
window
Command Window =

>3 training

Enter the points scored in the Ffirst game 825 The scores are enterad
Enter the points =scored in the second game &0 following the prompt
Enter the points scored in the third game 82

the average of points =scored in a gamne is = Display empty line

T =
\ \D:sp}.ay text

fx »»  Display the value of the
average points
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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

»>» fprintf('hella warld'}
hello world>>

fr>> |

The following are list of useful space characters for fprintf,

Code Result Example
Jumps a line after the e )
\n displayed text fprintf('text to be type\ n')
Leaves backspace after the e ,
\b displayed text fprintf('text to be typed \ b ")
\t Leaves tab af::)r(tthe displayed Fprintf('text to be typed \ 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 .

code Result

% f Decimal format

%e Exponential format
%g Whichever is shorter

Example 1
oadien 4|
1- «cc
2-  clear
3-  x=[1.1 2.2 3.3
[ i &
5-  fprintf({'hella. (¥1.3f,%1.3f), (51,15, 51.08)\n', .
6 x(1),y (1}, 2(3}, ¥ (3115
T

Executing the practice script file in the command window:

Command Window

hello. (1.100,2.200}, (3.3, 7}

Jized
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Example2

E:Epradil:e.m rl

1 % program Calculation

2- «clec

3-  clear

4-  r= input('Please Enter the radius of the circumfrence in cm ='};
5-  ASpitrnl

§-  fprintf('the area of circumfrence is %f in cu®2 ',R);

7
This is the
format

This is what will be displayed on the command screen :

Command Wndow

Please Enter the radius of the circumfrence in em = 2
A =
12.566370614359172

the area of circumfrence is 12.566371 in cm™2 >>
e >> |

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.

E:[pral:h'cern* >¢|

1 % program Calculation

2- «clc

3-  clear

4-  r= input('Please Enter the radius of the circumfrence in em ='};

5-  A=pi*r*2

6-  fprintf('the area of circumfrence is %4.2f in cm™2 ',R};

T

8 Formatting the
number

102



This is what will be printed:

Command Window ®

Please Enter the radius of the circumfrence in cm = 2
A=
12.566370614359172

the area of circumfrence is 12.57 in cm*2 >>
S>>

Using the Scientific notation with the % e specifier

:[practice.m K]

1 % program Calculation

2- clec

3-  clear

4-  r= input('Please Enter the radius of the circumfrence in cm ='};
5-  A=pi*r~2

6-  fprintf{'the area of circumfrence is $4.2e in em®2 ',R);

7

The display is

Command Window

Please Enter the radius of the circumfrence in cm = 2

12.566370614359172

the area of circumfrence is 1.26e+01 in cm™2 >>
fe>> |
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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:

V=m125%h
The volume for the cylindrical and conical sections of the tank is given by:
1
V =m125%19 + 3 m(h —19)(12,52 + 12.57, + 1,%)

Where 7,=12.5+=> (h — 19)

Ans.[h=8m ,V=3927m?; h=25.7m ,V=14115 m3]

23m

12.5m

Water level in the in a water tower

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 :
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x+y x=20andy =0
x+y? x=0andy<0
x2+y x<0andy =0
x2+y?2 x<0andy <0

fx,y) =

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)=s?>+6s+9

Sol.

Command Window @
»» d={1 & 9]:roots(d)

ans =

-3.0000 + 0.00001
-53.0000 - 0.00001

fx o>
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Example

Find the roots of the cubic polynomial
P(s) =s3—2s2— 3s+ 10
Sol.

Corarmand Window @.

»» P=[1 -2 -3 101:
»» R=roots (P}

B =
-2.0000 + 0.0000i
2.0000 + 1.00004

2.0000 - 1.00001

S o=

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.
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Example
F(x)=5x3+6x2—7x+3

Command Window

> B=[5 & -7 3]

B o=
5 B =F 3

> k=32

=

> ¥=polywval (B, x)
Y =

o |

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

107



Example
F(x)=3x2—-2x+4

Command Window @
v g el % e & B9
=» k=polyder(p)

k=
& =3

fro=» 2 dyfde= Bx -2

Exercises

1-Find the roots of the polynomial p(x) = x3 — 3x2 + 1
Ans =2.8797, 0.6527, -0.5321

2- For the polynomial (x) = x* + 7x2? — x , find q(x) value at x= -1
Ans =0,0.0712+2.64861,0.0712-2.64861,-0.1424,-7

3- Find the derivative of the polynomial p(x) = x? —3x + 5
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

I+ Editor - C:\Users\lﬁ)eﬁign\t!ocuments.,.\MATi_.é‘B.\training.m @ x
training.m ¥ l + |
Tfar ®=1:1:3 O
u i
;nd
Command Window ]

> training

4
1
S
2
e
3
fr >

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

 Editor - C:‘.\Users\Design\Documentﬁ\MATLAB\training.m = x
training.m ¥ | 4 |

:E— for n—0;5 Lal

- ITll:lispt"-:1:].].|:| world')

A= —end

Comrmand Window =

»» training
hello world
hells world
hello world
hello world
hello world
hello world

fx o wx
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2- How many times will this code print Guten tag welt

[ Editor - CAUsers\DesigriDocuments\ MATLAB trainin g m & %
J trainingim ¥ ,T|

1- [lfar §=1,-1:-5 [}
o Lﬂ.‘lep('g::.ten tag welt')

4= end

Comirnand Wind ow 0}

> trmining

puten tag welt
guten tag wels
guten tag welt
guren tag welt
guten tag wels

fo =

3- How many times this code print hello

-~ Editor - CAUsers\Designm\Documents\MATLAB treining. m @ b4
+ |

[ trainingm =
1- [for a=10:10:50 =
1- [Hifor p=11115
s disp('neilo')
4

L

= end
= “end

Example

Squaring the numbers 1through 10in a loop is performed as:

| Editar - CAsers\ Design Docum entst A TLAEN Eraining.m @ =
P | tainingm | + |
e Eor i=l:4 O
[ 1z32 -
B= end
Camrand Window ®
»> training =
ana =
1
ans =
4 e
=
ans =
L]
ang =
16 =
£ -
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Loop variable are used to index into arrays and matrices

Example

= Editor- Ci \Users\Design\Docu ments\MATLABtraining.m

| training.m |

= a= [3,&0,1,3,0]:
2= b= [~7:5.,-0.9:18,1]i
3= e= [ ]2
4 - foxr 3=1ib
2= T clijy=a(i)+bii)
&= end
Sol.

Cormmand Window

>» training

=t
-4
o =
= 45
e
—4.0000  45.0000 0.6000
o
-4.0000  45.0000 0.6000 24,0000
=
-4,0000 45,0000 0.6000 24,0000
fr >
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Example

Write a for loop to compute the sum of squares of all integers from 2 to 20.
22432+ 4%+ .. 4202
Sol.

We will initialize a variable sum for cumulative sum throughout the loop
(the initial value is zero)

[=7 Editor - C\Users\Design\Documents\MATLAB training.m = x
[ training.m Xl + |

L= sun=0 u
2= for n=2:20 =
Few T sun=sun+n®2 -
4 - end

- surn £ sum =2568 -

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

|7 Editor - C:.\.Users\Design\Ducuments\MATLAE\training.m

trainingm % | + |

®=1
while x<5S
-

x=x+1

end

>> training i

Fa
i
S
E
e
z
pao
-
v
ooy
3
=
4
—
4
e
5
fr o -
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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 kello world?

~ Editor - C\Users\Design\Documents\MATLABraining m & =
: training.m X l + |

1- n=10 [l
2 - while nx0 T
3= disp(*nello worid!)

i- n=n-1 =
= end

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

3-What values will this code print?

mmpmm»-|"'

Exam

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

Sol.

<1 Editor - Ci \U5er5\De5|gn\Document.-\MATLAE\trammg m

| training.m |

i i T |..||-.-|

(= Editar - C:\Users\ﬁesiQr'l\ljocuments\NLﬂ.TLA.B\tra.ining.m
: training.m ;‘e‘il + |

n=1

while n>0

disp('hello woxrid')

n=n+l
end

training.m = | + |

_.’ Editor - C:‘-\L.Isers\Design\Dncumentﬁ\MATLAB\tra ining:m

1l

n=1
while n<100

di=zp{'hello wozld')

n=n*2
end

le

sun=0

current=1

while curxrent <=100
Jum =Zum +current
current=current+l
end
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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
_‘,’ Edlitor - C:\Users\Design\Document.s\MATLAB\training.m = x
E | training.m %| + |
T—= for x=1:2:15 ]
F di=p (=) =4
B end -
Command Window @

¥» training
i

a

5

i B

13

15
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While loop

-_",’. 71— C:.\Users\Design\Document.;»\MATLAB\tral'n ing.m @ x

| trainingm x| + |

= #=1 FoscEn 1 [
- while (x<=15}) & step 2

= disp{x)

s =42 % =tep 3 -—

== end

mm.hu:l\:l—-|'

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

il Editor - CUsers\Desig n.\Documents\MATL.AB-\traiHing.m @ X

training.m % | 4 |

for m=1i3) |
for =1tk

sCatenents

end

end

The syntax for a nested while loop in MATLAB as follows

T Editar - C:\'Users\Design\Dncuments\MATLAE\training.m* @ b4

training.m* 4 l + |

while expression 1 TD
while expressian 2 =
statements

end =
end
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Example

[ Editor - ChUsers\Desigm\Do cuments\MATLAB training.m ® x
£ | training.m ?’| + |
1= For I=%Fs4: TD
2= TOr =it il
B R e S
4= end e
o= end
&
7 =
Command Window @
> training =
e i
i B -3 2 ;
2 : & t3
& 6 ] 12
4 Ea hi . i6
Example

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

Sol.

|+ Editar - C:A\Users\Design\Documents\MATLABStraining.rm @ %

training.m Xl + |

- clear =
o clc
= =57
R n=6;

m
I

E

F &

2

3

4

= Par 3=1in;
a — for j=1l:m;
el e S
- end

= - end

10 ol
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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
’-_’i' Editor - Ci\Users\Desigm\Documents\MATLAB training.m ® x
| training.m 2“’| + |
i — =l r et om0 503,00, 31,021 TD
il Tor A =X35:
3 - for 3 =1:4: E-.
- mi{I J)om{I, J)*2
e end
B end
7 -

The resulting matrix will be :

2 4 6 8
[10 12 14 16]

18 20 22 24

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 =20kN, F2 =40 kN, F3 =200 kN, al =40°, a2 =25°and a3 = 58°.

EaY R oy

Fig. 1

Solution: We know that for a coplanar force system

n n
RX = Z Fi COS X; ny = Z Fi sin o . (1)
=1 =1
Therefor R =R +R} N 7))
And o= tan™t e (3)

X

Let < be the value defined by Eq. (3) and such that — 90" < o} < 90°.
Then we have

If R, 20andR, =0 Xp=p e (4)
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If Ry =0andR, <0 = 360" +
o e e (5)
If R, <0 o= 180 + o}, e e (6)

MATLAB Solution:

 Editor - CAlisers\Desig MATLAB\training. m —x

trainingm % |+ |
1-  n=3; % Munker of forces |
i alpha= [40 25 58]:
= alphal=alpha*pi/180;
i Torce= [20 30 20D]1:
i Eum=0:
= suny=0;
= for i=l:n
= sunx~aunx + force (i)*cos (alphal (i}};
a1 sumy—sumy + force (i}*zin (slghal(i)):
1= end
v T=agrt (sSumx~2+ennyt2)
12— alphar = atan2 (sumy, sumx);
13 — alphar—alphar*180/pi;
18, ~ if alphar< D
15~ alghar = alphar + 3607
18— end
= IprintE ('Ihe resultant R 18 #4.ZF kKNAD', I):
15— fprintf ('The angle BEetwsen the resultant and ¥ awis 1= % 4.3f dsgress’n', alphar):
Cormmand Window ®

»r-training
The resultanc R iy 254,11 kN
The angle between the resultant snd x axis is 51,68 degrees

Sr o
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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).

e

X

3
|
._! =]
e
ey
f—
=]
=

Fig. 2

Solution: Free-bc
is shown in Fig. 2a.
From equilibrium, resolving the forces

along positive x and y directions:

T=ZFX=Pcosoc+500cosB

O=ZFy=Psinoc—5005inB

Solving the above two equations, we obtain

500 sin
P = —ﬁ
sina
And T =500 (sinff cota + cosf3)

From the geometry o= tan~! (2) and B = tan_l(g)

Complete MATLAB program is given below:
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00 1 oy dR e L R L

e e el el =
LT O R =]

trainingim = | + ]

.@.X_

£ Range of d

b e s 1

% Define ‘alpha

zlpha = atan (5./d);

thefins beta

beta = atan(7./d);

% Compuats ‘forcs B

P = 500%=sin(beta).fsinialpha):

% Define force T

T=500#(sin (beta).*cet (alpha)} +cas (beta)}):
plat (d, B,'-*', d, T,'-g")
xlabel ('d. (mm) ')

ylabel ('Force (H) ')i
legend('Fozxce B', 'Het foxrece T"):
grid an;

2 Figure 1 - jol =re =]

File

Edit View Inset Tools Desktop Windew Help

DEde [ KA EL-BI0E D

Force (M)

1200

1000

800 -

600

A00 -

200
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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
a.

(b) Write a MATLAB program to plot the tension in each cable for 0° < o <
90°.

(¢) Determine the smallest value of a for which both cables are in tension.

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

Applying the equations of equilibrium:
(a) ZFX =0 — (Foy — Fou) sin30° — F + 200 cos x = 0

or (Foy — Fou) = 2F — 400 cos «
Substituting F= 150 N
(Fon — Fom) = 300 — 400 cos o e (1)

ZFy =0 — (Foy + Foy) cos 30" — 200 sin < = 0

2
or (Fou + Fon) =200 X ﬁ.sin o = 230.94sin < .....(2)

Solving eqn. (1) and (2).
Fon = 150 — 200 cos « 4+ 115.47 sin «
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Foy = 115.47 sin o< + 200 cos < —150
For finding range of « at which tension are positive equate Fpy = 0 and
Foy = 0 and find o.
(b) MATLAB Program:

=« Edltor - C:‘LUsers\DE.ign\DocumEnB\MATLAB\training.m; ® x
trainingm® = | + |

i3
k2o Alpha= [0:2:80]: |
2 - zlpha=Alpha*pi/180;

q= fon =150-200%co= (alpha) +115.47*%=in (alpha);

4 - fon=-150+4115.47*sin (alpha) +200%cos (alpha);
L tan=zbs [(faon):
g = tom=abs (fom):
Fi= [ton min, il=min (taomn):
- g [tom min, jl=min (tom);
g- Ingl min=Alphz (i};

10 - Ang2 min=Alpha (j};

i plot (Rlpha, fon, Alpha, faom):

b Jegend ('Foa', “Fom'; .2)

i E xlebel ('"Alpghz (degzee)')

14 - ¥lsbel ('Cable cension [H)')

A= grid cn

16 — fprintE (' {c)\n'}

17 fprincE ('Smallest wvalue of Alpha for which the tension=s are positive is -
18 - from %g to %g degreesin', Angl min, AngZ min)

Command Window ®

¥»r training

le}

Smallest value of Alpha for which the tensions afe positive is from 20 to 80 degrees
e d

oy
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The output is shown in Fig. below
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NEAL | MAAODRL- |G| 0D
=08 ——r T T 1 T
Fon | i H ¥ ¥ ¥ ¥
L e e e
o ari T
= : : : ; : : : :
§ 160 S e e s
=
2 ! ! ! ! . : : :
N e S S SR i e e Ses tes S
_m ' ' ' ' ' I I |
L]
[ A T o N T R
1] SR £ AT CCREN ARSI £ ARSI SRRSPRRS, (uStce. | Rep -
50 1 1 1 1 | | | |
i} 10 20 30 40 50 B0 70 80 90
Alpha (degres)

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.

Ll-SOmm-hQ— FOmm —rl;’

Fig. 4
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. . 5000 N
Solution: Free-body diagram of the W,

System is shown in Fig. 4a |

The equilibrium equations can be written as

Moment about rear wheel axis:

m
Z—

Fig.4 a

Y. M, =0=5000(70) — N (120) — W;x =0
Y>E=0=N+N-5000—W, =0
Solving the above equations for ¥, we obtain
W, = 5000
(60 + x)
The plot of W, as a function of x is shown in Fig. 5a from the following
program.
MATLAB Solution
MATLAB solution

“[practicem

1 % Define the range of z for the plot
2-  x=0:0.05:60;

3 $Define W1

4-  W1=B000./(60+x);

5- plot{xWi);

& %Llabals

e xlabel ('x (mm} ')

8- ylabel ('Load weight [H]')
9- grid onl
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The output will be :

a5

76

70

55

a5

= (mm)

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 a 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
a.

6kN

BkN 12kN 10KkN
Fig. 5

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.

SMF =0=6sin 0 (12) — 6 cos 0(4) +4(9) + 10(6) + 8(3) —Jy (12)
Jy=10+6sin 6 —2 cos 6
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A 3m 3am 3m 3m &

4kN 10kN  8kN
Fig.5 a

Note that the rocker can only exert an upward force at A. Thus, to be in
equilibrium, Jy must be positive. Since sin 0 and cos 0 vary between plus
and minus one, the above equation indicates that Jy will be positive for all
0. Thus, the truss will be in equilibrium for all values of 6.

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:
ZFX = 0=AB + 6cos0, ZFy=0=—6sin0—A]
A] = —6sinf,AB = —6cos @

Note that AB = BC since Bl is a zero-force member.

Joint J:
13 13
ZFX = 0=1]+—Q(A]+]y )=—g(10—2C05‘9)
3
[] = ——JC=15-3cosH
Joint I:

3 4
ZFX: 0=GI—1]+§IC,ZF3, =O=§IC—4
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3
IC=5kN.IG=I]—§5=12—3c039

Joint J

AKkN

Note in the above that substitutions have been made in order to
express each force explicitly in terms of 8. 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:

I Editar - Ch\Users\DesigmDocuments\MATLAB raining.m @ X
i training.m | + |

= th=0:0.05:2%pi; [l
= Jy=10+6%2in (th)-2Z%cos (th):

- AJ=—6%=2in (th):

o BC=—6*cns (th);

JC=agrt [13) f2* (AT + J¥):

- I7=—3/sqrt (13)*JC;

- IC=5;

b IG=IJ-3;

- plot (th, BC, th, JC, th, IC, th, 1G)

legend ('3C','500,'ICY,"IGE")

xiabel ("Therca: (rads) ')

yiabel ([(*Force (KM)™)

LV S - R R L VR
|

e
[
i R
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Force (kN)

25
20
18

0r

File Edit View Inset Tools' Desldop Window Help

NEdL kA 0BEL- B 0F =0

——BC
—Jc—
—IC
—1G ||

| 1 L |
0 3 4 5 6 7
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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

(1)) T=60N,

(1)) T=80 N,

(ii)) T=110N.

Solution: Free-body diagram is shown in Fig. 6 (a).
The length of AC is from the figure,
AC = ,/(600)2 + (320 + ¢)? 2
For the angle a we have
320+c¢ 4
AC et
600 A e 8

COS X =

800 mm

sin X« = —
AC |4—d—>|<—b

The tension T is given by 320mm
T=-Tcosai—Tsinj Fig.6a
And the position vector from point B as
r=320i + 600j
The moment about point B is
Mg =1 x T = (320i + 600j) % (- cos ai—sin aj) T
=T (600 cos a.— 320 sin a) k
The magnitude of the moment is
600 T,

P Vc? + 640 ¢ + 462400
T
My = - [600 (320 + ¢) — 320 * (600)]

600 Tc
MB =
V(600)2 + (320 + ¢)?
Or
600 Tc

V2 4+ 640 ¢ + 4624000
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MATLAB Program:

W o = on N &= L M

g training.m 2

1 Editor - Cilsers\Designi\Documents\WMATLAB training.m

c=[320:1:960]:
Mbl=600=60*c.f (agrt(c. "24+640%c+462400) ) :
ME2=600%80%*c.f (sgrtic. " 2+640*c+462400) ) ;
Mb3=600%110%c./ (sqgrric. 2+640%*c+462400) )
plotic,Mbl,c,Mb2, . c,Mb3)

Iegendi ! T=al Hf ' T=B0: N T=210"N';2)
xlabel ('cimm) ')

vlabel ( '"Momentc (H m) ')

grid on

File Edit View Insert Tools Desktop  Window Help

ﬂ PO T w

RANDEL- @ I oD

(el
in

Momant{N mmj
Y T

I
:JiUD. 400 500 500 700 400 300 1000
c{mmj

134



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 mand wy=20 kN/m.

T L, 0, S BB ¢
A 2

Solution: It is known that
av
dx —
am B
dx —

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

X L X
V=—fwdx=fwosin7 dx=wo; cosT+C1

2

l T X l WX
szdezj(wo ;cosT+Cl)dx=wo<E> smT+C1x+C2

The boundary conditions are written as:

”“’) + C,(0) + G,

Atx=0: M=0=w, (ﬁ) sin—=
Which implies that C,=0
Atx=1 M=0= w, (ﬁ)z n=8 4 ¢yl
Which implies that C,=0

Hence, V = Woicos— M= W,,(l)2 sin"l—x.
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MATLAB Solution:

|7 Editor - C\Users\Desigm\Documents\MATLAB Eraining.m @ x
| tratning.m .'S”|—+|
1 % Inpat wo snd 1 |
&= wo=20;
e 2 e
i = ® = [0:0.1:4]; =
b= vl = wi* |1/pi) foos= (piFx/ 1) ;
& — ml= wo® {1/pi) “2%sin(pi*x/1};
R plot (X, v1)
B ®xlabel ("xim) ")
2 w¥ishel |"Bhssr foree [k *)
1Dy— grid on
15— figuare
12-= plot {x,ml)
13 - x1ibel [*x, (m] ")
1d.— ylabel |*Bending moment kM-1e) ')
15— grid on

File Edit VWiew Inset Tools Descop Window Help ]

D288 A9 RL- 208/ 0O

# 7 T ! ! ] : :

Shear force (kM)
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Example 8: Figure 8 shows three flat blocks positioned on an inclined
oriented at angle a. Write a MATLAB program to plot the maximum value
of P (if no slipping occurs) versus o. Assume only positive values of P and
indicate the regions over which

(1) The 40 kg block slides alone,

(i1) The 40 kg and 30 kg blocks slide together.




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.

+ 30(9.81)N
¥

i Fy

[XFy =0]: 25 kg ; N1 -25(9.81)cos 6 =0
40 kg ; N2 — N1 —-40(9.81) cos 6 =0
30 kg ; N3 —N2-30(9.81) cos 0 =0

These equations can be readily solved for the normal forces.
N1=25(9.81) cos 0 ; N2 = 65(9.81) cos 0 ; N3 =95(9.81) cos
0

[XFx=0]: 40kg;P—-F1-F2+40(9.81)sin6=0
30kg; F2 - F3+30(9.81)sin6=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 0 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 0 and F2 = 0.4N2 = 255.06 cos 0. Substituting these results into
the equilibrium equations yields

P1=328.635cos 6 —392.4sin 0

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 6 and F3 = 0.4N3 =
372.78 cos 6. Substitution of these results into the equilibrium equations
gives,

P2 =446.355 cos 6 — 686.7 sin 6

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 6. This plot will be generated in the script
below. The basic idea is that at any specified angle 0, the critical or
maximum value of P will be the smaller of two values calculated.

MATLAB Program:

- Editar- C:‘-,Users\Design‘\Dclcuments\MATLAE\tfainin_q.m @ x
| training.m ¥ l + |
| theta=0:0.01:pi/f4; U
F= P1=328.635%cos [theta)-302.4%=in(theta) :
e P2=446.335%cos |{theta) -686.T~=in (theta) ;
i plot [theta#180/pi, PFl, thetz+ 180/pi , PI)
5
&
7
[

= legend | "FL1®, "E2" |

- xl1abel | "Theta (degzee] *)
™ ylabel {"F (H) "]

g grid on
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Example 9: The coefficient of friction p, can be determined by p = 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|) 124 | 232 | 305 | 60.8 | 116.5 | 293.8 | 597.3

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

This is simple application of mathematics. " I

Program is given below: Pl
Cosfficient of friction, p

Fig. 9
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=1 Editor - CAUsers\DesigntDocuments\MATLABtraining.m (G4

: _. trainingm ¥ | 4 |

% Forcge and mass wvalues in vector forxm D
= P=[12.4 23.2 30.5 &0.8 11a.5 293.8 :697.3]:
= n=[2 4 5 10 20 50 100]:
%Coefficient of fricrtion, ma
-~ mu=F./ (m*3.81) -
3 average muosmean(mid)
= S5UM = sum(ma) —

mqmm.ﬁ-wMH|

-~ average=mean (SUM) /7 —

Command Window @

>» craining

0.86320 0.5912 0.8218 0.6158 0.58938 0.58580 0.8089

4.2865

average =

0.80585

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 p for 0 < p < 1, where p is the coefficient of friction for the
threads.
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Solution: Mt and My can be obtained as
Mr=2tan(@+a) MT Tr ... (1)
And Mp=2tan(@—a)MLTr... 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

o= tan™! (sz) and ¢ = tan™1(y) ... 3)

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

MATLAB Program:

7 Editor - Chlsersi\Designi Documents\WATLABtraining. m T x
| training.m ?ﬂ| + |
1 % Ingat T.0, ehd T L
== T=12000;
Ho L=1/5;
4 — e 3 s B e
- e alpha = atan(L/2/pifr)
L e = 0:0.01:1;
i phi = atan{mua);
B MT = 2#T*r*tan(alpha + phi);
¥= HI~=2*T*r*tan|phi-alpha);
10 % FPlape m horizontal Jingat. =0
1= M=0%mu;
x— plot ({ma, MT , ma, ML, ma, M)
. Xlaehel('Coefficient of friction')
14 = y¥label | "Homent: (1bk-3z) "}
19 texc({0.5,5000,'To loo=zen')
I = texc(0.3,8000, 'To tighten')
o grid an
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The plot of moments MT and ML as functions of pfor 0 <p <1

anu:el
File Edit View Inset Tools Desktop Window Help -
DEds | k|A309EA- 2|08 |20
16000
e L T e e
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| I - WO (RN W SRR R ey
= i
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£ : f |
A e
= i
(17 Y R B [ 2 S RERS SR, OEEs R £ 6
2000 -
0
e ¢ ¥ 4 4 4 F i ]
o 1 02 03 0.4 0.5 0.6 or 0.8 0.3 1

Coafficient of frictian

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.

Fig.11

(a) For 6 = 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 Ppax and Py, versus pfor 0 < p <1,
where p 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 6 may
have before the load begins to slip.

(d) Plot Omin versus pfor0 <pu <1.
Limit the variation of 6 between —60° and 360°.

Solution: Free-body diagram of the circular drum is shown in Figures 11
(a) and (b).

981 N 981 N
Fig. 11a,0= 0, p = /2 Fig. 11 b, P = 550 N, B=0+x/2
Here we have T, = Te* (belt friction)
Recall that in deriving this formula it was assumed that T2 > T1.

(a) With 6 = 0 the contact angle is f = n/2 rad. For impending upward
motion of the load we have T = Tnax and T; =981 N. Hence

Prax = 981 eHm/2

For impending downward motion of the load we have T2 = 981 N
and T1 = Ppyn,
981 = Ppine”™? or P, = 981 e #7/2
(b) With P = 550 N we have p =n/2 +0, T2 =981 N and T1 =P = 550 N.

Therefore,

981

T — pu(0+m/2
550  ©
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The plots are shown in Fig. below as output of following MATLAB
program.

MATLAB Solution:

| Editar - CiUsersh DesignyDocuments\MATLAB training.m = x
= [ training.m Xl + |

+ Plots of Fmax end Fmin versas coefficient of friction O
=, me=0:0.005:1;

= prax=381%exp (mu*pi/f2) /1000;

= pnin=981%exp (-ma*pi/f2} f1000;
plot {ma, prax, ma, pmin}

= grid on

- ®label | "Coefficient of frictioa”)
= ¥label [*Force P (KN} "}

— text(0.4,.32.5, . "Foax"'}

text (Q.85 0 65" Fmin" )

grid o5

(7 B T I R A
|

e
[ =
k@l

B Figure 1 - -
File Edit View Inset Tools Desktop Window Help u
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(c) Taking the natural logarithms on both sides of the above equation and

981
In(;zy) n

solving for 0 gives, 6 = p 5

(d) Following program plots minimum value of 6 versus p.

[ Editor - ChUsers\DesigniDocuments\MATLAR training. m & x
|' training.m ?"|T|
I %2 Flot of mininum sSngle theta wersus ma |
i ma=0:0.005:1;
B thet=log(981/550) . /ma-pif2;
4 = plot (ma, thet=1280/pi) ;
o= axis ({0 1 -80 360]1)
& — xisbal |*Coefficient oF fxictian’|
f yviabel (*Thets (degres| *)
| R grid on
Fl'gure"i
File Edit WView Insert Tools Desktop Window Help o

NEAL K AODEL- |G 0B 0O

Theta (degree)

0 0.1 0.2 03 04 05 06 07 08 1G9 1
Coefficient of friction
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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 o for the system to remain in equilibrium

(b) The reactions at A and D

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

(b).

P=50N
Figlla

Since the 80 N force tends to rotate the pulley counterclockwise, the cable
tends to slip relative to the pulley clockwise and we have

Ti = Tcp, T2 = Tas, Us = static friction

B =120° = 27/3 radians.

From the ratio of belt-tension relations:

or
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21
Tpp = 3% .Tep
From the force triangle, we have using the law of cosines

PZ = TAZB + TC?D - ZTABTCD COSﬂ

2n 2m 1
=(e3uTCD)+TgD_2(eaﬂTCD)(_E)
2m \2 2n
(e3”) +1+e3% (T4
P2FT},

Where
2

2n 2n
F = <e3”) +1+e3H
Hence, we have that
1

TCD:\/_fP

(a) The corresponding values of a for the system to remain in
equilibrium. Using the law of sines we have.

siny sinf
Tep P

T
siny = %sinﬁ

1 1
siny = —sin =sin~!(— sin )
re y =i (G g
x= 90" — (60" + y)

(b) The reactions at A and D are as follows:
Substituting P = 80 N in Eq.(2), then

1
D=Top == (80)N
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LT
And from Eq. (1), A = Tp = e 3" (ﬁ) (50)N

MATLAB program for this problem is given below:

| Editor - C\Users\Design\Documents\MATLABtraining m™

J training. m™ “&F]

Y= =0

2 fCatput Headings

&= fprincf ("Fricoion Angle\n'}

qi= fprincE|"\a'}

5 - ang=120.*pi/f180.

= N=1;

7 — [Elwhile mu<0.60

g ¥ (M) =mma;

Bt 2=exp (pi*ang*mnua} ; =
10 — E=aqgrt (a”2+1.42); s
11— ooe=1. /E;
= sganma=noe¥sin (ang}) ;
1= Ganma=asin (sganmca) ;

14 — alpha (N)=pif2.-(1.0472+Gamma} ;

15 — X (N)=alpha (N} *180/pi:

16— D(N)=o0e*80.;

1T = A (M)=2%D(MN):

18 — fprintf|' 25.5f £5.3£\n', Y (N}, X (M) )

B o=t . 057

20 — N=N+1;

21 - =end3whiie

22 — fprintf('\n'}

28 = fprintf (*\a*}

24 — Ifprintf (*Friction Reac.kh Beac.Dhn" ¥
7 - fprintf|® ®5.3f $5.3F $5. 562", 0 (T} & (T),.D(I}}
2B = end

28 = figure 1)

30 - plot (¥,X)

4l = xTabel | "Confficinmt of Eraction”) (F=
digl= ¥label |"Eoglis sipha”})

= grid oo

34 = Eigure (I)

35 - plet (¥, D, ¥, 4)

36 = xlabel | "Coaf ")

3T = ylabel | "Reactions")

A= grid oo

38 — legend|*Eeaction at L', ‘Reaction at D', 2)
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Output is as follows:

Command Window

»» training
Friction Angle

0.000D =0.000

0.050 5.377

0.3100 10.351

0.150 14.780

Q.200 18._425

0.250 21.332

0.300 23.582

0.350 25.286

0.400 25.558

0.450 27.ag97

0. 500 28.186

0.550 28.887
Friction Reac.h Reac.D
0.000 46.188 46.188
0.050 53.481 38.488
0.100 539.260 31.001
0.150 65.068 24.251
0.200 £9.105 12.535
0.250 T2.125 13.822
0.300 T74.336 10.326
0.350 T5.934 T.581
0.400 T7.083 5.544
0.450 T7.907 4.033
Q.500 72.493 2.825
Q.550 TE.921 Z2.11&

fr »»

File Edit WView Tnset Tools Desktop Window Help it
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Angle alpha
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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.

[ H
L o
i A
Fig. 13
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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=50cmand 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 = chl +Vcap

5 1

=nr’H +3 wh?(3R — h)
Where,
h = R- Rcos® = R(1— cosB) (see Fig. 13(a))
and r=Rsin 0 or 6 =sin—1 (r R)
The height H, of the cylindrical part is given by

H = V- Vcap
r?

The surface area of the silo is the sum of the surface areas of the cylindrical
part and the spherical cap.
S=Scy1 +Scap = 2nrH + 2nRH.

MATLAB Solution:

|~ Editor - C:AUsers\DesigmDocumentsiMATLAB training.m = %

[E training.m 3 +|

=3

= R=50;

- V=125000;

Theta=asin|{r/R};

h = R*[l-ca=(Theta}}:

Veap=pi~*h"2% |3*R-h}/3;

E={V-Vcap) / [pi*r"2Z);

S=2#pi~ [r~H+R*h};

fomintrt [*The Bescht H = 3F o * Hi >

o .
= T R R T B
|

fprintf('The surface arez of the silec 5 = %f sguare em.',5}):

-
"

m | ¥
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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 =35t - 110t
And y=115t2-42¢
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 vy 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, vy =x=70t—110; vy = y = 230t — 126t2 are component of
velocities and a, = ¥ = 70; a, = y = 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:

=

[ T T R I A

10
11
i1z
13
14
15
16
T
18
18
20
21
22
235
26
27
28
29

i

Editar -

Ci\UsershDesign\Documents\MATLAB training.m

trainin

g.m K[_;ﬁ

N x

t=[0:0.5:25)};% Vary the time from O to 25 in steps of 0.5
=350 2 -T10% e § conprate %
F=1ISWEI T -ERTNECINED 8 coRpate i

v _x=T0%t-110; % conpute vx
v_y=230%t-1267C."2; % compute vy
v=sgrt(v_x."2+v y."2}; % compute ¥
a x=T0;% conpate ax

a y=230-232%t; % Compute ay
a=sgrtla x."Zi+a wv.*2}:

% compute & FLOTING THE CALCULATED DATA
Figure (1)

plot{x, v} ;

xlabel (*x{mm} *}

ylabel { 'y (mm) '}

legend ("Trajectory")

grid on

axis ([0 10000 -2.5e5 0]}

figure (2}

plot(t,v_x,C,v_¥,t, V)
xlabel ("t (sec] "}

ylabel ('v_x,v_v,V(omes) '}

legend (*w_ =" 'w w*otwt,2)

plot (t,a ®,t,a ¥,Tt,a)
xlabel |t (sec] ")

ylabel('a x,a ¥V a(ompst2) ")
legend('a_x"',"a v','a", 2}

grid an
Rl Edit Wiew [set Took Desktop  Window Help -

DEEL|HAA0DEL- (R 0EaD

x10°
; ‘-\\_\I\\‘\I ! Trajectony
05 :

25 | i 1
0 1000 2000 3000 4000 5000 GODD 7000 BOOD S000 10000

A[miem)
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H Figure 2

File Edit View Insert Tool Desktop Window Help -

DEEL[ L ARO9RA- R IH D

¥

vl ¥ {mmpe)

B Figure 3 N - l=[=2] % |

Fle Edit View Inset Tools Destop Window Help o

DSAS| kAU RL-E|0E T

BOOD

—a
6000 | —a, -E..._________

a

4000

2000

Iy

a_.a almmps?)
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A0 [-mr e e

-5000

-B000
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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. v?

Integrating both sides

[(om o [(trore= 5[] or= (ot e o)
0703 ) O T g v 302 T T ( 302)
Position s is give by

ds_ —(14t 1™
v \F +W>

Or integration

S t 1 —0.5
ds=j (1.4t+ —) dt
fo ; 302
.5 1

Ors=-= [(1.4t+$)0 -=

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:

_‘.' Editor - C:\Users\Design\Documents\_MATLAB\tlaining.m
training.m ‘N| + |

1]
h
2
3
4
5
&
7
a
b |

10
11
12
13
14

Bl Figure 1

® x

t=0:0.05:1.5;

»0=30; FINITIAL VELOCITY
r=(1.4%c+1/w0"2) i"=0.5;
s=2/1.4%(=grt(l,4%c+1/v0"2)-1/30)
Figure{l)

plot{t,w);

xlabel (‘t{sec) ')
yviabel{'vixes) ')

grid an

figure (2)

plot{t,s)
xlabel('tisec) ')
yliabel("'sim) ")

grid on

O

File Edit \View Insert Tools Desitop  Window Help
ODde | h|RAN9BA-B|0B| 0D
30
oy e e e T e TSR TR TSR S S BT T e

05 1
t(sec)
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B Figure 2 - =El R ]

File Edit Vew Insett Toolr Detktop Window Help £

DEdL | |AAWDEAL- |2 |0E|nD

25

s(m)

t(zac)

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 40°.

b
Solution: Components of velocity ] %
Vox = V0. cos 0 and vy = vo. sin 0. /,,-"'"h:;““n‘x
Height hya= v20y /2 g o8 + i
and corresponding time - - »
tmax= Voy / Fig. 16

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

1
Y = Vot x =3 gt? and x = v,,t
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MATLAB script is shown below:

|7 Editor - CAUsers\Desig niDocuments\MATLAB\training.m*
: J training.m™ Nl + ]

1

(T TS B T B P X

o il e i = S T
B Y N S PR A T T T T

% Trejectary calculates the max Height
% and distance of a8 projeccile;
Z0urput arguments are:

ThHe function Creaces alss & plot 6f Ghe Trajeccory;
g=3.81:

fvl=initial velocity in(m/s) 250.
ftheca=angle in degrees 44,
v0x=250%cos (40*pi/180);
w0y=250*3in (40*pi/180) ;
thrax=voyv/g;

Shmax=waximam height in (m).
hrax=v0y~2/(2%g);

ttot=2*chmax:

Fdmax—mwaxinrum distance in(m) .
duax=vOx=tcor:

fCreEacing 8 ©rajeccory plat
tplot=linspace (0, ttor, 200) ;
X=vix*cplaot;
vyvOy*cplot-0.5*g*cplon, ~ 2

plot (%, ¥)

xl1abel ('Discance(m) ')

ylabel ('Height(m)')
title('Brojeccile’s Trajectoxy')
grid on

B Figur= 1
File Edit  Wiew Insert Tools Desktop Window Hep -

DEEL kAN DEL- B0 00
Projectila's Trajectory

N

N

1400

1200

ol R SRS

Haight{m)

i
o 1000 2000 3agy 4000 5000 Q00 Joog
Distance[m)
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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.

10N

R R T

Fig. 17

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

The work-energy principle is
T+ 22U =T,,

Where T, = Initial kinetic energy and
T, = Final kinetic energy of the particle.
Here, T, =0 and T, = 1/2 .mv?

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

2U = (100 c0s20° —u N) x s,
Where N = (10 + W — 100 sin10°),
W = 3g, the weight of block.
Thus Y. mv? = XU, relates velocity and kinetic friction p.
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The program for this problem is written as follows:

'»_;f Editor - C1\U sers\Design’Docu ments\Mﬁ-tTL.A-E;\t!a :[nl'n g.m

:J trainingm % | 4

% CEFINE ALL VARIASLES
- m=3;

o =10

T g=8:81;

F1=100;

o Fa=10;

™= T=0.5#m~w"2;

= m=0:0.05:0.5;

(TR . - T 1 R U SR
I

=
(=]
I

plocim, =, '-p')

xlabel {'Hinetic friction'});
ylabel {'Distance (m)');
grid on:

el el
oM
|

Output is given in Fig. below

=HFigureI
| File Edit Wiew Tnset Tocl Deskbop Window Help

NEdL| k| SaAandDB4 A 0B ad
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i R R R B, 2

Dictance (m)

161

i
0 DOs DT 095 02 025 03 035 04
Kinetic friction

161

- ==150./ (Fl*cos (20%pi/180) —-mu* (F2+m*g-Fl#=in (20%pi/180)}) ;



Example 18: Figure 18 shows a block B of mass mg 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: mg = 10 kg and mA = 16 kg.

Fig.18

Solution: Drawing velocity triangle as shown in Fig. 18 (a).
Applying principle of conservation of momentum to the particles A and B
mg Vpa €OS € — (Mma + mp Jva =0

Therefore, speed of block B relative to wedge A:

(my + mp)uy

v =
Ba mg cos @

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

1 2, 1 2
mpgh = 5 Mavi +§ mpvp

Where v = v2 + v3, — 2v,4Vp, cos 6 (cosine rule from triangle Fig. 18 a

1 1
10 X 9.81 X s cosf = 3 mym3 +5 mgm3
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Here vp and vpa can be replaced in terms of va and plot of v and s can be
drawn

1
mpg.scosf == myuvs +

2

=0.5 x

mA+mB(1+{

1 2
— MgV
2 BYAB

my + mpg

1+

(my + mp)? _ (my +mp)

mg cos 6

}) _y (my +mp)

mg cos 6

cos 9] v2

2 cos2
mg cos“ 6 mg >

Now speed of wedge v and relative velocity vga are plotted as a function
of s. Complete MATLAB program is given below:

MATLAB Program:

'_a_‘}' Editor - C:AUsers\DesigniDocuments\MATLAB\training.m

1
2
3
4
3
&
7
8
3

10
11
12
13
14
15
16

trainingm 2 | + |

= x

LTDEFAULT DATA GIVEN

= g=9.81;

i ma=16;

- nb=10;

— ctheca=45#pif180;

= mul=(ma+nb} f (nb*cos (theta) ) ;

% ANGLE CF WEDGE

% MULTIFLICATICH FACTOR

e den=0.5%na+0.5%eb¥ (1+mul"*2-2*mul~caos {theta} };

= s=[0:0.02:1];

= pe=nxb*s*cog (theta) #g:

= va=sgrt{pe./den):

S ploci=s,va, '=*"' =,
™ Rlabel("sim) "}
e ylabel {"Veloeity

% FOIENIIRL ENERGY

% EXPRESS5IDH FOR VELOCITY OF A
¥ vba=mul#*va; 3% RELATIVE VELOCITY

vba, '-g')

(mf=) ')

o legend{'Velocity of A', "Welocity of B

e grid an
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Output is shown in Fig. below.

'r Figur.e 1 - J &l F
File Edit VYiew Insert Tools Desktop Window Help k]
NEEL | ARNDEL- B0 oD
I | R
—+— Welocity of A : : : : 8
4 —=*— Velocity of B rmlativa to A f1-onmmdoomoodemoomeob oo o adeno
E 25 ~
= :
8 2 sl g -
b3 : |
151 i E : =
i i ¥
1k 18 ol ]
Q5 b " 4 -1
o i i i i i i i i i
a oA 02 0.3 0.4 05 06 <07 08 0g 1
s(m}

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.

B -

—

L

Fig. 19

Solution: This problem can be done with either absolute motion analysis or
relative motion analysis. Let us do it with absolute motion analysis, where
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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 © =
When t=0, 6 =0°.
At time t, the angle 0 is given by
0=ot=60t,and
That 6 =0 at all times.

The distances d; and h are given by
di=rcosd andh=rsin 6

Knowing h, the distance d2 is obtained as:
d, = (c? — h?)Y?2 = (¢? — r? sin? §)1/?
The position x of the piston P with respect to A (common origin) is given
by
x=d; +d, =7 cos8 + (c? —r? sin? 9)1/2

The velocity of the piston is given by

r2

2 (c? — r2%sin29)1/2

Xx=-r0sinf —

The acceleration of the piston is given by
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. . 41202 cos 20 (c? — r?sin? 0) + (12 dsin 29)2
X =-r062cosf —

4 (c? — r2sin?9)3/2

Complete MATLAB program for this problem is given below:

'_-_’.' Editor - C:h\Users\DesigniDocuments\MATLAB training.m*

-_[ training.m* | +

1 £ HMATLAS Solatian:

2 % Define TI; =, and <

- S B=550; % Speed in rpm

= TD=N#*2*pif60; % Speed in radians/sec

5= tf=2#pifID;

6= r=0.3280 £ radivs of crank in-metexrs

S c=0:250; 2 length of connecting Tod in meters

- Rage t=linspace [0, tf,200}; ¥ Create a vector with 200 elements
i TH=TD*t; & Compuate Thets for each ©

10 = dis=c2-r"2%sin (TH) ."2; £ 42 sguared

B x=r¥*cos |TH)+sgrt (d2s} ; ¥ Calculate x for esach Theta
12 — xd=-r*TD¥*sin (TH} - (r"2~ID*sin (2*TH} } ./ (2~sgrt (d2s}}; % Velccity
13 % Acceleratian

14 xdd=-T+TD"2%cos (TH) - (4¥T"2+TD"2%cos (2+TH) .

15 Fd2s+(r"2%sin (2%TH) *TD) . "2) . f (4*d2s. " [3/2) ) ;

16 — subplaot (3,1,1)

= plott, xF: Plot X versus t©

" 5 e grid

19 — xlabel ['Time (3)')

= yiabel (' Position (m)")

21 - subplat (3,1,2)

22 - plot (t;=d} § Plot Velocity ve. &

ey grid

24 — xlabel (* Time (3)')

A5 = ylabel ("Velocity (m/s)"}

26 — subplot (3,1, 3)

ar= plot(t, xdd} % Plot Acceleration Ve. £

48 = grid

28 = xlabel ('Time (s) '}

40 = ylal?ell'acc_ele_:;_tion En:;_’__s“z_i '__}
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Output of the program is shown in Fig. below

File. Edit View Insert Tools Desktop Window Help u

DEAL| K RAVDEL B|0E|oD
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a 4
=
ER
= .
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@ 10 T T T T T
£
e e e e T e e g s T S e i
S
°
> -0 ' '
0 0.02 0.04 0.06 0.08 01 0.12
= Time (s}
i
=
c
=)
&
5
[iH]
o
(%)
E

Tirke 1)
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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.

F

Fig. 20 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.
e, T1+XUL=T,

Here T, = initial kinetic energy of the system =0
T, = final kinetic energy = %2.1o%. Where I = %5 .mr?
>U;, = work done by force and moment = M6 +Fs = (M +Fr) 0

Hence (M + Fr)8 = = [w? =2 (lmwrz) = 2mw?r?
2 2 \2 4

A simple program that relates ® and 0 is given below:

= Editor - ChUsers\Desigm\Documents\MATLABtraining.m ® x
: | training.m ”l + |
i L Tnitialize values U
= E=103
= M=5
4 - w=30;
| r=0.02;
= theta=0:10:
Q= anega=2*sgrt | (M+F*r) , *theta/ (e r"2) )
8= plot (theta,onega, '-p'):
- e »1label ('Moxbey of repoluciong'ii
10 = vlabel ('Angnlar speed (rad/s)'):
= grid on
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B Figure 1
File' Edit View [nsert Tools Desktop Window Help !

DAL A0 EAL- 0| oD
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= = =
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B
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3
]
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1 2 1 4 6 B i ] 9 10
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5

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.

Fig. 21

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+Vz

Where initial state is rest. Thus, T) = V|, = 0. Here, initially if spring is
compressed then potential energy, Vi = % k&%

Where 0y is initial compression of spring.
Final energies are written as, T, = 5 mv?,
Where v is velocity of block

And V, = elastic energy + gravitational energy + work due to external force
F.

Thus fxa=0 kxdx + mg x s — F X Af

Where Af = AP— BP= stretch in string length, which can be expressed in
terms of s. From geometry,

AP =042 +032 =05m

BP = ,/(0.4% — 5)2 + 0.32

Now the principle of conservation of energy can be applied to relate
velocity v and distance s. i.e., Vo + To=0
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MATLAB program for this problem is generalized as follows:

|- Editor - C:\Users\Design'Documents\MATLAB\training.m m x
E_I training.m xﬁ]
1 % St of defaulc waines L
b =8.817
T m=0.8;
4 = =100;
5= F=100;
B W=m~g:% weight of bBlock
f e s=0:0:05:0.4;
B= gf= 9. E-=gre] (0. 4-3} ."2+0.3"2}; % distence maved Ey stExring
= Va= [W.®=it0_SFERs_*JI-F.®dfl: % pocential energy of bilock
00— v=sqgrt{{2/m}.¥|-V2}}; & Velocity of klock
1T~ plot(s,v);
Ig== xlzbel ["Distance moved along =lot (m)};
13 = ylabel ("Velocity of klock (mf=s)"}
id— grid ooz
& mr 3

_— _—
B Figur= 1 =

File Edit VWiew Insert Tools Decktop Window Help -

US@% | h|RANBDEL- A0 oD

B T T

B

ma

Welocity of block (mis)
w

i i
0 0.05 0.1 045 02 0.25 03 035 0.4
Distance moved slong slat (m)
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