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What i« the Matlah?

«Is a high-performance, high-level language.

«Stands for Matrix Laboratory.

*Can be used as a fancy calculator.

*Allows you to easily work with entire matrices rather than one number at
a time.

*Is useful for anything that requires matrix and vector manipulations such

as:
+ Mathematical, scientific, engineering, statistical and financial
problems.
« Anything that requires plotting/visualizing and analyzing
data.

scomes with a basic set of tools for visualizing data and for performing
calculations on matrices and vectors.

MATT AR FNVIRONMENT

The MATLAB environment (on most computer systems) consists of
menus, buttons and a writing area similar to an ordinary word processor.
There are plenty of help functions that you are encouraged to use. The
writing area that you will see when you start MATLAB, is called the
command window. In this window you give the commands to MATLAB.
For example, when you want to run a program you have written for
MATLAB you start the program in the command window by typing its
name at the prompt. The command window is also useful if you just want
to use MATLAB as a scientific calculator or as a graphing tool. If you write
longer programs, you will find it more convenient to write the program
code in a separate window, and then run it in the command window
(discussed in Intro to programming).

In the command window you will see a prompt that looks like >> . You
type your commands immediately after this prompt. Once you have typed

the command you wish MATLAB to perform, press <enter>.
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MATLAB Windows: -

The MATLAB Work Environment

Menubar
Help Current Working Directory
/ Toolbar
JN1ATLAB 8.0 (R20092) I =iEE=s)
File * EditJ View Debug Parallel Desktop Window Help
N« a9 o H& & B ‘ o | Current Directory:| C:\Users\John\Documents\MATLAE ~ E] ®

© Shortcuts [ Howto Add (2] What's New
T e

O &l Command Window 0O 2 X | Workspace e eSS
@ % |} « MATLAB v e oNewto MATLAB? Watch this Video, see Demos, or read Getting Started. X E a @] - n @ ~ || Base
[ Name ~  Date Modified e >> Name A fiValues 0| Mins | Max
Current Workspace
Directory ( Variable List )
Contents !
Command Window Command History 02 X
Details b $—-—-:3/28/310 5:12 PN —-%
File Details
Select a file to view details Command HiStOTy
\ Function Catalo -
9 Getting Started ( Start here )
Figure 1
The Command Window

Often times you will work at the command line in the command window.
The command window allows you to type commands directly and see the
results immediately.

For example at the >>, define a variable "a" by typing
>> a=[1 2]

What is printed out below is the output of the command
a=

12
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The Command Historv Window

shows the commands you have entered in the past. You can repeat any
of these commands by double-clicking on them, or by dragging them from
the Command History Window into the Command Window. You can also
scroll back to previous commands by using the up arrow in the Command
Window. When you learn how to edit Matlab script files or functions, you

can also drag commands from the Command History Window into a file.

The Worksnace Window

shows the list of variables that are currently defined, and what type of
variable each is. ( l.e. a simple scalar, a vector, or a matrix, and the size of
all arrays. ) Depending on the size (i.e. type ) of the variable, its value may

also be shown.
Cottinoc Heln

Matlab has an incredibly good help system. The help is built into
Matlab and can be accessed from the help menu, but the full help is
available online at mathworks.com. Because this help is so good, it is silly
to reproduce everything here. We show some brief descriptions on
commands below, but we expect you to READ THE HELP FILES.

To get help on a command, type "doc commandname™ in Command

Window where commandname is the command of interest. For example:
>> doc plot

gives
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MATLAB Functions: plot

MATLAB Function Reference

plot

Linear 2-D plot

Syntax

plot (¥)
y e B, o i L2 s LT |
ploc (X1,¥1,LineSpec,...)

plot({...,'PropertyvName',PropertyValue,...)
h = plot(...)
Description

plot (Y} plots the columns of ¥ versus their index if ¥ is a real number. If ¥ is complex, plot (¥)
is equivalent to plot (real (¥), imag(¥) ). In all other uses of plot, the imaginary component is
ignored.

plot {X1,¥1,...) plotsall lines defined by Xnversus ¥n pairs. If only Xn or ¥n is a matrix, the
vector is plotted versus the rows or columns of the matrix, depending on whether the vector's row or
column dimension matches the matrix.

plot {¥X1,¥1,LineSpec,...) plots all lines defined by the Xn, ¥n, LineSpec triples, where
LineSpec is a line specification that determines line type, marker symbol, and color of the plotted
lines. You can mix Xn, ¥n, LineSpec triples with Xn, ¥n pairs:

plot (X1,Y1,X2,Y2,LineSpec,X3,Y3).

plot{...,'PropertyName',6 PropertyValue,...) sets properies tothe specified property
values for all line graphics objects created by plot. {See the "Examples” section for examples.)

& |

Figure 2
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The Fditor Window

Alternatively, you can write a program or script called a m-file (has a
.m extension) in the Editor Window. The Editor Window is a word
processor specifically designed for Matlab commands, so it automatically

formats certain things for you such as the command "for" below

Yk c:\Documents and Settings\connorsc\My Documents\FBF_matlab\bla.m g@
File Edit View Text Debug Breakpoints Web Window Help

D& & BRo = S MF | X EEE D% stad|es x]
1-| |for i=1:10
Pl v=v+1;
3= pause(l)
4|~ plot{wv)
5(= x1im([0 20]),y1lim([0 20])
6/-| end

Editor Window

‘script Ln1 Col1

Figure 3

This program may consist of one or many commands to execute. Once
the program is saved you can just type the name of the file and all of the
commands will execute. It is common to try a series of commands at the
command line and once you like them, copy them from the Command
History and then paste them into a m-file. If you want to make comments
that help explain in English what different code does you put a "%" symbol

in front of the text.

Lec. By Safa Hussain




Access vour files

<9 4 ;.) o * K » Documents and Settings » D5YS » My Documents » MATLAS »

Corot s

Name >> y=1

- T

>

create variables

As you work in MATLAB, you issue commands that create variables and
call functions. For example, create a variable named a by typing this

statement at the command line:
a=1

MATLAB adds variable a to the workspace and displays the result in

the Command Window.

a=

Create a few more variables.

b=2
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2
c=a+b
3
d = cos(a)
d=
0.5403

B When you do not specify an output variable, MATLAB uses the
variable ans, short for answer, to store the results of your

calculation.

sin(a)

ans =
0.8415

B If you end a statement with a semicolon, MATLAB performs the

computation, but
suppresses the display of output in the Command Window.

e = a*b;
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B You can recall previous commands by pressing the up- and down-
arrow keys, 1 and |. Press the arrow keys either at an empty
command line or after you type the first few characters of a
command. For example, to recall the command b = 2, type b, and

thenpress the up-arrow key.
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Commonly used Operators and Special

Characters
MATLAB supports the following commonly used operators
and special characters:

Operator Purpose

+ Plus; addition operator.

- Minus; subtraction operator.

* Scalar and matrix multiplication
operator.

* Array multiplication operator.

A Scalar and matrix

exponentiation operator.

N Array exponentiation operator.
\ Left-division operator.

/ Right-division operator.

A Array left-division operator.

A Array right-division operator.

Colon; generates regularly
spaced elements and
represents an entire row or
column.

@ Parentheses; encloses function
arguments and array indices;
overrides precedence.

[] Brackets; enclosures array
elements.
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Decimal point.

Ellipsis; line-continuation
operator

Comma; separates statements
and elements in a row

Semicolon; separates columns
and suppresses display.

%

Percent sign; designates a
comment and specifies
formatting.

Quote sign and transpose
operator.

Non-conjugated transpose
operator.

Assignment operator.

>> 14/4
ans =
3.5000
>> ans ? (-6)
ans =

5.4399e-004
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Example:
Evaluate the MATLAB expressions

The expressions are given by:

@2} 3*4-5

1/2/3/4
1/2+3/4+5
5=2%3% (2+7)
(143)*(2-3) /3%4
\\E?_S*(4_3))*4f5

In MATLAB

2 4
1+2/3%4-5=14+-4-5=—

3 3’
1
1/2/3/4=(((1/2)/3)/4) = 57
1/043/ a5 1,3, _ W7
5-2%3%(2+7) = 5 — 6(9) = —49,
(148) % (2-3) /354 = — 3[,_ - —?,
4 4
>> 1+2*3
ans =
i
>> X = 1+2*3
X =
.
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>> 4*x

ans =
28.0000
>>1=05;
>>t=1+1
t=

6

Special Variables and Constants
MATLAB supports the following special variables and
constants:

Name Meaning

ans Most recent answer.

eps Accuracy of floating-point
precision.

iJ The imaginary unit V-1.

Inf Infinity.

NaN Undefined numerical result (not
a number).

pi The number 1

has the value 3.1415926...
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Operations Description

== Equal

~= Not equal

< Less than

> Greater than

<= Less than or equal
>= Greater than or equal
Example:

>> a=1:9; b=9-a;
>> t=a>4 %finds
greater than 4.
t =
000011111

elements of (a) that are

Zeros appear where a < 4, and ones where a > 4.
Experiment No. (4) Relational and Logical Operations

>> t= (a==Db) $%findselements of (a) that are equal to those

in (b).
t =
0O 00O0O0OOO0ODO

Logical Operation

Operation Description

& Logical AND and(a,b)

| Logical OR or(a,b)

~ Logical NOT

xor (a,b) Logical EXCLUSIVE OR
Example:

> a = 1[04 0 -3 -5 2];

>> b = ~a

b =

101000
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Example:

letx=[ 2 -3 5 ;0 11 0], then
a) find elements in x that are greater than 2
b) find the number of nonzero elements in x
solution

a)

>> x>2

n

coow
R o
o r

b)

>> t=~(~x);
>> sum(sum(t))
ans =

4

Bitwise Operation

MATLAB also has a number of functions that perform bitwise logical
operations.

If A, B unsigned integers then:

Operation Description

bitand (A, B) BitwiseAND

bitor (A, B) Bitwise OR

bitset (A, BIT) sets bit position BIT in Ato 1

bitget (A, BIT) returns the value of the bit at
position BIT in A

xor (A, B) Bitwise EXCLUSIVE OR

Example: if A=5, B=6 then:
>> bitget(A,3)
ans=1 where A=10100 000
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>> pitget(A,(1:8))
ans =
10100000

>> pitand(A,B)
ans =

4

>> and(A,B)
ans =

1

Housekeeping Functions

Here are some functions that don’t really do math but are useful in
programming.

abs(x)  the absolute value of a number (real or complex)

clc clears the command window; useful for beautifying printed
output

ceil(x) the nearest integer to x looking toward +1

clear clears all assigned variables

close all closes all figure windows

fix(x) the nearest integer to x looking toward zero

fliplr(A)  flip a matrix A, left for right

flipud(A) flip a matrix A, up for down

floor(x)  the nearest integer to x looking toward -1
length(a) the number of elements in a vector

mod(x,y)  the integer remainder of x/y; see online help if x or y are
negative
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rem(X,y)
rot90(A)

round(x)

sign(x)
size(c)
sqrt(x)
acos(x)

angle(x)
asin(x)
atan(x)
exp(x)

imag(x)

log(x)
log10(x)

rand(n)

the integer remainder of x/y; see online help if X or y are negative

rotate a matrix A by 90
the nearest integer to x
the sign of x and returns 0 if x=0

the dimensions of a matrix
Square root.
Inverse cosine.

Phase angle (angle of complex number).
Inverse sine.
Inverse tangent.

Exponential: e Xx.

Complex imaginary part.
Natural logarithm: In(x).
Common (base 10) logarithm: log10(x).

returns an N-by-N matrix containing pseudorandom
values drawn from the standard uniform distribution on

the open interval(0,1). rand(M,N) returns an M-by-N
matrix. rand returns a scalar.

randn(n)

returns an N-by-N matrix containing pseudorandom
values drawn from the standard normal distribution on
the open interval(0,1). randn(M,N) returns an M-by-N

matrix. randn returns a scalar.
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Elementary math functions

Function

Description

Example

sgrt(x)

Square root.

>> sqrt(81)
Ans=9

nthroot(x,n)

Real nth root of a
real number x.

>> nthroot(80,5)
ans =

(X must be a positive
integer.)

(If x is negative n|2.4022
must be an
odd integer.)
exp(x) Exponential(e”X) >> exp(b)
ans =
148.4132
abs(x) Absolute value . >> abs(-24)
ans =
24
log(x) Natural logarithm. >> 1og(1000)
Base e logarithm |ans =
(In). 6.9078
log10(x) Base 10 logarithm >> |0g10(1000)
ans =
3.0000
factorial(x) The factorial | >> factorial(5)
function x! ans =

120

Lec. By Safa Hussain




Examples of Expressions:-

1) >> x = (1l+sqrt(5))/2

X =

1.6180

>> a = abs (3+41i)

a =

5

>> y=sin(pi/3)+cos(pi/4)-2*sqrt(3)

y —

-1.8910

2) Solve the following system

X+y=1

X-y+z=0

X+y+z=2

Solution

> a=[110; 1 -11; 11 17];
b=[1;0;2];

>> x=inv(a)*b

or

>> x=a\b

Another functions:-

clear Removes all variables from the memory.

clearxy z Removes only variables X, y, and z from the
memory.

who Displays a list of the variables currently in
the memory.

Whos Displays a list of the variables currently in

The memory and their sizes together with
information about their bytes and class

Lec. By Safa Hussain




Try to type the following assignment:
>>x = 2;
y=4;

z = x*y
b A=
8

>> who

Your variables are:

XV 2
>> whos

Name Size Bytes Class Attributes
X 1x1 8 double

y 1x1 8 double

z Ix1 8 double

Now Try to do the following:

>> a=3

>> a=3; can you see the effect of semicolon " ; "'
>> a+5 assign the sum of aand 5 to ans

>> b=a+5 assignthesumofaand5tob
>> clear a

>> a can you see the effect of clear command

>>clc clean the screen
>> b
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Precedence Mathematical Operation

First Parentheses. For nested
parentheses, the innermost
are executed first.

Second Exponentiation.
Third Multiplication, division (equal
precedence).
Fourth ddition and subtraction.
>> 7+8/2

ans = {0 2 press Enter.

8/2 is executed first.

11

>> (7+8)/2

ans = 4 )¢ 2N press Enter,
7+8 is executed first.

7.5000

>> 4+5/3+2

ans = 5/3 is executed first.

7.6667

>> 51 3/2
ans = — 573 is executed first, /2

is executed next.

62.5000
>> 27/(1/3)+3270.2 1/3 is executed first,
27™1/3) and 3270.2 are
executed next, and + is executed
last.
ans =
5
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>> 2771/3+3270.2 27”1 and 3270.2 are

— executed first, /3 is executed

next, and + is executed last.
ans =
11

>> 0.7854-(0.7854)" 3/(1*2*3)+0.785"5/(1*2*3*4*5)... Type three periods
... (and press Enter) to
continue the expression on the next

eme————— line.

-(0.785)" 7/(1*2*3*4*5+6*7)

ans = The last expression is the first
four
terms of the Taylor series for sin(x /4).
0.7071

Example:

>> 142

Ans=

3

>>3 N2 % 3 raised to the power of 2
ans=

9

>> A= 1+2
A=
3
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>> B=2*A
B =
6

>> x = 3-2"4
X =-13

>> C=BMNA
C=
216

>> sin(pi /2) % sine of angle 90°
ans =

1

>>7/0 % Divide by zero
ans=

inf

>> sqrt(9) % root mean square of 9i.e. 9
ans=

3

Consider the expressions

3 aq ah
3 2 5 : a”—b —15
4+ bhr 4+ ecx—23 _
c+4 d + :f

The corresponding MATLAB program lines are
x3+bkx2+ckx—23, (a2-b3)/(c+4), ((axb)/(x—15))/(d + 3/5)

MATLAB is case sensitive

(-X) is not equal to (x)

*Variable names must start with a letter

—You'll get an error if this doesn’t happen

—After that, can be any combination of letters, numbers and underscores
>> x=4

X =

4
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>>X=7

>>x-X
ans=

Elementary functions
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cos(x) Cosine
sin(x) Sine

tan(x) Tangent
acos(x) Arc cosine
asin(x) Arc sine
atan(x) Arc tangent
exp(X) Exponential

sgrt(x) Square root
log(x) Natural logarithm
log10(x) Common logarithm

abs(x) Absolute value
sign(x) Signum function
max(x) Maximum value
min(X) Minimum value
ceil(x) Round towards +1
floor(x) Round towards j1
round(x) Round to nearest
integer

rem(x) Remainder after division
angle(x) Phase angle
conj(x) Complex conjugate

Trigonometric math functions
Function Description Example:

1)sin(x)

sind(x)

Sine of angle x (x in radians).
Sine of angle x (x in degrees).
>> sin(pi/6)

ans =

0.5000

2)cos(X)
cosd(x)
Cosine of angle x (x in radians).

Cosine of angle x (x in degrees).
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>> c0sd(30)
ans =
0.8660

3)tan(x)

tand(x)

Tangent of angle x (x in radians).
Tangent of angle x (x in degrees).
>> tan(pi/6)

ans =

0.5774

4)cot(x)

cotd(x)

Cotangent of angle x (x in radians).
Cotangent of angle x (x in degrees).
>> cotd(30)

ans =

1.7321

Function Description Example:
1)round(x) Round to the nearest integer.
>>round(17/5)

ans =

3

2)fix(x) Round toward zero.

>> fix(13/5)

ans =

2

3)ceil(x) Round toward infinity.

>> ceil(11/5)

ans =

3

Afloor(x) Round toward minus infinity.
>> floor(-9/4)

ans =

-3

5rem(x,y) Returns the remainder after x is
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divided by vy.
>>rem(13,5)
ans =3

Example:

We illustrate here some typical examples which related to the elementary
functions previously

de ned.

As a rst example, the value of the expression y = eja sin(x) + 10

P
y,fora=5,x=2,and
y = 8 is computed by

>>a=5;x=2;y=8;

>>y = exp(-a)*sin(x)+10*sqrt(y)
y =

28.2904

The subsequent examples are
>> log(142)

ans =

4.9558

>>10g10(142)

ans =

2.1523

Note the di®erence between the natural logarithm log(x) and the decimal
logarithm (base

10)

log10(x).

To calculate sin(*4=4) and e10, we enter the following commands in
MATLAB,

>> sin(pi/4)

ans =

0.7071

>> exp(10)

ans =2.2026e+004
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Error messages

If we enter an expression incorrectly, MATLAB will return an error
message. For example,

in the following, we left out the multiplication sign, *, in the following
expression

>>x = 10;

>> 5X

77?7 5X

|

Error: Unexpected MATLAB expression.

Entering a Vector
« A vector is a special case of a matrix. An array of dimension
1x n is called a row vector, whereas an array of dimension m
x 1 is called a column vector.
» The elements of vectors in MATLAB are enclosed by square
brackets and are separated by spaces or by commas. For
example, to enter a row vector, v, type

EX:
>>v=[147 10 13]
V =

147 10 13

« Column vectors are created in a similar way; however,
semicolon (;) must separate the components of a column
vector

EX:

>>u=1[1; 4;7; 10; 13]
u-=

1

4

7

10

13

m=1[123; 456; 7 8 9]
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MATLAB will execute the above statement and return the
following result:
m

NphBR
coO LT N I
o 0w

To obtain a vector whose entries are 0, 2, 4, 6, and 8, you can type in the
following line:

» v = [0:2:8]

VvV =

024638

Here we specified the first entry 0, the increment value 2, and the last entry
8. The two colons ( ;) “tell” MATLARB to fill in the (omitted) entries using
the specified increment value.

* On the other hand, a row vector is converted to a column
vector using the transpose operator. The transpose operation
Is denoted by an apostrophe or a single quote (*).

>>wW =V
W =
1
4
7
10
13
Colon Notation and Extracting Parts of a
Vector

To access blocks of elements, we use MATLAB's colon
notation (:). For example, to access the first three elements of
vV, we write,
v=[14 7 10 13]
>> v (1:3)
ans =
1 4 7
Or, all elements from the third through the last elements,
>> v (3:end)
ans =
7 10 13
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» u = [0:8]
u =

01234586738

Here we specified the first entry 0 and the last entry 8, separated by
acolon (:).

In general, first: step: last produces a vector of entities with the
value first, incrementing by the step until it reaches last:
>>0.2:05:24

ans =
0.2000 0.7000 1.2000 1.7000 2.2000
>>-3:3:10
ans =

-3 03 6 9

Parts of vectors can be extracted by using a colon notation :
>>r =[-1:2:6, 2, 3, -2]
r =
-1 1 3 5 2 3 -2

»

A [1 2 3; 3 45; 6 7 8]
A

123
345
6 7 8
We can avoid separating each row with a semicolon if we use a carriage
return instead. In other
words, we could have defined A as follows
» A = [
123
345
6 7 8]
A =
123
345
6 7 8
which is perhaps closer to the way we would have defined A by hand using
the linear algebra
notation.
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You can refer to a particular entry in a matrix by using parentheses. For
example, the number 5

lies in the 2nd row, 3rd column of A, thus

» A(2,3)

ans =

5

The order of rows and columns follows the convention adopted in the linear
algebra notation.

This means that A (2, 3) refers to the number 5 in the above example and
A(3,2) referstothe

number 7, which is in the 3rd row, 2nd column.

Note MATLAB’s response when we ask for the entry in the 4th row, 1st
column.

» A(4,1)

??? Index exceeds matrix dimensions.

As expected, we get an error message. Since A is a 3-by-3 matrix, there is
no 4th row and

MATLAB realizes that. The error messages that we get fromMATLAB can
be quite informative

9

when trying to find out what went wrong. In this case MATLAB told us
exactly what the

problem was.

We can “extract” submatrices using a similar notation as above. For
example to obtain the

submatrix that consists of the first two rows and last two columns of A we
type

» A(1l:2,2:3)

ans =

2 3

4 5

We could even extract an entire row or column of a matrix, using the colon
(:) as follows.

Suppose we want to get the 2nd column of A. We basically want the
elements [A (1, 2)

A(2,2) A(3,2)]. Wetype

» A(:,2)

ans =

2

4

7
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where the colon was used to telIMATLAB that all the rows are to be used.
The same can be

done when we want to extract an entire row, say the 3rd one.

» A(3,:)

ans =

6 7 8

MATLAB will allow you to look at specific parts of the vector. If you want,
for example, to only

look at the first 3 entries in the vector v, you can use the same notation you
used to create the

vector:

» v(1:3)

ans =

0 2 4

Note that we used parentheses, instead of brackets, to refer to the entries of
the vector. Since we

omitted the increment value, MATLAB automatically assumes that the
increment is 1. The

following command lists the first 4 entries of the vector v, using the
increment value 2 :

» v(l:2:4)

ans =

0 4

Operatlons on Vectors
A number of operations can be done on vectors. A vector can be
multiplied by a scalar , or added /subtracted to/ from another vector
with the same length, or a number can be added/subtracted to/ from
a vector. All these operations are carried out element-by-element.

>>v=[-1 2 7];w=[2 3 4];

>>z7=V+Ww

7 =

1 5 11

A simple way to compute the inner product is by the use of the dot
product, i.e ( .*) , which performs element-wise multiplication. For
two vectors x and y, of the same length, is defined as a vector [x1
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yl, X 2 y2,..... xn yn] thus, the corresponding elements of two
vectors are multiplied. For instance:

>>u=[-1 3 5];

>>v=[-1 2 7],

>>y .Fv
ans =
1 6 35

Mathematically ,it is not defined how to divide one vector by
another. However, in MATLAB, the operator ( ./) is defined
to perform an element-by-element division. It is, therefore,
defined for vectors of the same size and type:

>>u./v
ans =
1.0000 1.5000 0.7143

Matrices
« Matrices are fundamental to MATLAB. Therefore, we need to
become familiar with matrix generation and manipulation.
Matrices can be generated in several ways.

Entering a Matrix
A matrix is an array of numbers. To type a matrix into MATLAB you
must:

* begin with a square bracket, [

* separate elements in a row with spaces or commas (,)

» use a semicolon (;) to separate rows

» end the matrix with another square bracket, ].
Here is a typical example. To enter a matrix A, such as,
type,

>>A=[123;456;789]

MATLAB then displays the 3x3 matrix as follows,
A =

~N AP
0 U1 N
© o w
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Matrix Indexing

We select elements in a matrix just as we did for vectors, but now
we need two indices. The element of row i and column j of the matrix
Ais denoted by A(i, j). Thus, A(i, j) in MATLAB refers to the element
A ij of matrix A. The first index is the row number and the second
index is the column number. For example, A (1,3) is an element of
first row and third column. Here, A (1,3)=3.
Correcting any entry is easy through indexing. Here we substitute
A(3,3)=9 by A(3,3)=0. The result is

>> A (3,3)=0

A

1
4
I

oo U1 N
oo w

Creating a Sub-Matrix

 To extract a submatrix B consisting of rows 2 and 3 and
columns 1 and 2 of the matrix A, do the following:

>>A=[123;456;789];
>B=A([23],[12])
B =

4 5

7 8

* Tointerchange rows 1 and 2 of A, use the vector of row indices
together with the colon operator.

>C=A([213],:)
C_

5 6
2 3
8 9

N o

» To delete a row or column of a matrix, use the empty vector
operator, [ ].
>>A3,:) =[]
A =
1 2 3
4 5 6
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Third row of matrix A is now deleted. To restore the third row, we
use a technique for creating a matrix

>> A =[A(1,:);A(2,:);[7 8 0]]

A=
1 2 3
4 5 6
7 8 0

Matrix A is now restored to its original form.

* To determine the dimensions of a matrix or vector, use the
command size. For example,

>> size(A)
ans =
3 3

Transposing a Matrix

The transpose operation is denoted by an apostrophe or a single
quote ('). It flips a matrix about its main

diagonal and it turns a row vector into a column vector. Thus,

>> A
ans =
1 4 7
2 5 8
3 6 0

Defining a matrix is similar to defining a vector. To define a matrix A, you
can treat it like a

column of row vectors. That is, you enter each row of the matrix as a row
vector (remember to

separate the entries either by commas or spaces) and you separate the rows
by semicolons ( ;).

Define now another matrix B, and two vectors s and t that will be used in
what follows.

» B = [

-1 3 10

-9 5 25

0 14 2]

B =

-1 3 10

-9 5 25

0 14 2
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The real power of MATLAB is the ease in which you can manipulate your
vectors and matrices.
For example, to subtract 1 from every entry in the matrix A we type

5 6 7

It is just as easy to add (or subtract) two compatible matrices (i.e. matrices
of the same size).

» A+B

ans =

0 5 13

-6 9 30

6 21 10

The same is true for vectors.

» s-t

??? Error using ==> -

Matrix dimensions must agree.

This error was expected, since s has size 1-by-3 and t has size 3-by-1. We
will not get an error if

we type

» s—-t'

ans =

-8 8 -6

since by taking the transpose of t we make the two vectors compatible.
We must be equally careful when using multiplication.

» B*s

??7? Error using ==> ¥

Inner matrix dimensions must agree.
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» B*t
11

ans =
103
212
22

Matrix Generators

MATLAB provides functions that generates elementary matrices.
The matrix of zeros, the matrix of ones, and the identity matrix are
returned by the functions zeros, ones, and eye, respectively.

eye(m,n) | Returns an m-by-n matrix with 1 on the main diagonal
eye(n) Returns an n-by-n square identity matrix

zeros(m,n) | Returns an m-by-n matrix of zeros

ones(m,n) | Returns an m-by-n matrix of ones

diag(A) Extracts the diagonal of matrix A

rand(m,n) | Returns an m-by-n matrix of random numbers

Make sure you ask for help on all the above commands.

To create the identity matrix of size 4 (i.e. a square 4-by-4 matrix with ones
on the main diagonal

and zeros everywhere else) we use the command eye.

» eye(4,4)

ans =
1 000
0100
0010
0001
>> eye (3)
ans =
1 0 O
O 1 O
O 0 1

The numbers in parenthesis indicates the size of the matrix. When creating
square matrices, we
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can specify only one input referring to size of the matrix. For example, we
could have obtained

the above identity matrix by simply typing eye (4) . The same is true for
the matrix building

functions below.

Similarly, the command zeros creates a matrix of zeros and the
command ones creates a

matrix of ones.

» zeros (2, 3)

ans =

00O

000

» ones (2)

ans =
11
11
>>b =ones (3,1)
b =
1
1
1

We can create a randomly generated matrix using the rand command.
(The entries will be
uniformly distributed between 0 and 1.)

» C = rand(5,4)

C =

0.2190 0.3835 0.5297 0.4175
0.0470 0.5194 0.6711 0.6868
0.6789 0.8310 0.0077 0.5890
0.6793 0.0346 0.3834 0.9304
0.9347 0.0535 0.0668 0.8462

As mentioned earlier, the command diag has two uses. The first use is
to extract a diagonal of a

matrix, e.g. the main diagonal. Suppose D is the matrix given below. Then,
diag (D) produces
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a column vector, whose components are the elements of D that lie on its
main diagonal.

» D = [

0.9092 0.5045 0.9866

0.0606 0.5163 0.4940

0.9047,0.3190,0.2661];

» diag (D)

ans =

0.9092

0.5163

0.2661

The second use is to create diagonal matrices. For example,

» diag([0.9092;0.5163;0.2661])

ans =

0.9092 0 O

0 0.5163 O

0 0 0.2661

creates a diagonal matrix whose non-zero entries are specified by the vector
given as input. (A

short cut to the above construction is diag (diag (D)) ).

This command is not restricted to the main diagonal of a matrix; it works
on off diagonals as well.

See help diag for more information.
A=1[9,7,0;0,8,6;7,1,-6]

0

6

-6

» size (A)
ans =
33

o VvV Yy
R oo dJ Il

Matrix Arithmetic Operations

MATLAB allows arithmetic operations: +,-*, and ” to be carried out
on matrices.

Those operations work as for vectors: they address matrices in the
element-by-element way, therefore the can be performed on
matrices of the same sizes. They also allow for scalar — matrix
operations.
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For the dot product or division, corresponding elements are
multiplied together or divided one by another. Thus,

A+B or B+A is valid if A and B are of the same size

A*B is valid if A's number of column equals B's number of rows
A"2 is valid if A is square and equals A*A

a*A or A*a multiplies each element of A by a

OPERATION MATRIX ARRAY

Addition + +
Subtraction — —
Multiplication * K

Division / ./
Left division '
Exponentiation

« Matrix additions and subtractions
A few examples of basic operations are provided below:
>>B=[1-13;407]

B =
1 -1 3
4 0 7
>>B2=[12;51;56];
>> B= B+B2' %add two matrices
B=

2 4 8

6 1 13
>> B-2 % subtract 2 from all elements

of B
ans =
O 2 6
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4 -1 11

The code for this should be relatively self explanatory:

> A = [1 5 6, 0 2 3 -1 0 0
>>B=[0-32;10-2;10-4];

>>disp(3*A-B)
>>disp(A*B)

« Matrix multiplications and divisions

We can perform array multiplication. It is important to recognize that
this is not matrix multiplication. We use the same notation used
when multiplying two vectors together (.*).

Axp=|9 %2 by by)_
(y Ay \by by) \(ay)(by) (ay)by)

Example
>>A=[12 3;-1 6];
B=[4 2;9 1];
>>C=A.*B
C=
48 6
-9 6
- LetB=[2 4 8;6 1 13]
>> B=
2 4 8
6 1 13

Lec. By Safa Hussain




>> B./4 % divide all elements of the
matrix B by 4

ans =
0.5000 1.0000 2.0000
1.5000 0.2500 3.2500

Vector Functions

Other MATLAB functions operate essentially on vectors returning a scalar
value. Some of these

functions are given in the table below.

max largest component
min smallest component
length length of a vector
sort sort in ascending order
sum sum of elements

prod product of elements
median median value

mean mean value

Magic The syntax of this function

Example:

Let z be the following row vector.
» z = [0.9347,0.3835,0.5194,0.8310]

Z =

0.9347 0.3835 0.5194 0.8310
Then

» max(z)

ans =

0.9347

» min (z)

ans =

0.3835
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» sort(z)

ans =

0.3835 0.5194 0.8310 0.9347
» sum(z)

ans =

2.6686

» mean (z)

ans =

0.6671

Example:

» M = |

0.7012,0.2625,0.3282

0.9103,0.0475,0.6326

0.7622,0.7361,0.7564];

If we used the max command on M, we will get the row in which the
maximum element lies

(remember the vector functions act on matrices in a column-by-column
fashion).

» max (M)

ans =

0.9103 0.7361 0.7564

To isolate the largest element, we must use the max command on the
above row vector. Taking

advantage of the fact that MATLAB assigns the variable name ans to the
answer we obtained,

we can simply type

» max (ans)

ans =

0.9103

The two steps above can be combined into one in the following.

» max (max (M) )

ans =

0.9103
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(length(A)) Returns the number of elements
in the vector A.

>> A=[59 2 4],
>> length(A)
ans =

4

(size(A)) Returns a row vector [m,n],
where m and n are the size

of the array A.

>> size(A)

ans =

25

(mean(A)) If A is a vector, returns the
mean value of the elements
of the vector.

>> mean(A)

ans =

5
>>A=[614012;5196
8 2]

A =

614012

519682

Example:
>>A=[5924116111];
>> C=max(A)

C=

11
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>> [d,n]=max(A)
d=

11

n=

5

>> A=[59 2 4],
min(A)

>> A=[59 2 4];
>> min(A)
ans =

2

sum(A)

>> A=[59 2 4];
>>sum(A)
ans =

20

sort(A)

>> A=[59 2 4];
>> sort(A)
ans =

2459

median(A)

>> A=[59 2 4];
>> median(A)
ans =

4.5000
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Example

Forb=1234;5678;9101112; 1314 15 16 represent a matrix write
this matrix in matlab form and fined the sum function.

Solution:

>>b=[1234;5:8;9101112;13141516]
b=

1234

5678

9101112

1314 1516

>> sum(b)

ans=

28 32 36 40

Example:
Fined the min function for above matrix b and return the result at x
variable.

>> x= min(b)
X=
1234

Example:
Fined the max function for above matrix b and return the result at ENB
variable.

>> ENB= max(b)
ENB=
13141516

Example:
Fined the diag function for above matrix b and return the result at k
variable.

>> k=diag(b)
k=

1

6

11

16
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Example2:
Fined the diag function for below matrix A and return the result at
variable B.

A=115211;23145;31157;14910
Solution:
>>A=[115211;23145;31157;14910]
A=

115211

23145

31157

14910

>> B=diag(A)

B=

1

1

15

10

Example: Fined the mean function for above matrix b and return the
result at M variable.

>> M=mean(b)
M=256.510.5145

Example: Fined the sum(b(:)) function for above matrix b.
>>sum(b(:))
ans= 136

(size function): number of row and number of column
Example:
Fined the size function of the above matrix b.

>> size(b)
ans=
4 4

Nu\mberofro\

Number of column
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=5 4=[34 9,24 5]

A=
size %)
3 4 49
2 4 4
== size(d) .
b ) e
s = Paasyl sas
3 34

Fined the prod command of below matrix A and return the result at B
variable.

Solution

== A=[115211,23145,31157,14910]

A=

=> B=prod(i)
E =

639 &0 1050 3850

Example : For the matrix A below find the sum(diag(A)) and prod(diag(A))
for each case return the result at variable B.
Solution

Lec. By Safa Hussain




= A=(115211,25145.311577, 14%10]

b=
1 12 2 11
221 4 5
501 15 7
1 4 9% 10

>> B=sum(liag(A))

2

= A=[115211.23145,31157.14 9 10]

-tllll‘-=
1 15 2 11
231 4 5
51 15 7
1 4 ¢ 10
== B=prodidiagl4))
E =
150

Magic function: The syntax of this function
Variable name = magic(N) where N the number of row that must equal to

the number of column i.e. generate rectangular matrix.
== A=magc(s)

A=

Ea WA Rl
h
L2 =1 o
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Note:

*For variable Vector: varl

varl(:) gives all row or column elements

*varl(1:5) gives the first five row or column elements
*Varl (2) gives the second element

Example:

For M a vector with elements 2:3:42write in matlab form and find
k=M(2:5) M(:) R=M(7)

Solution:

>>M=[2:3:42]

M=

258111417 2023 262932353841

>> k=M(2:5)

ans=

581114

>> M(:)
Ans =
2

5

8

11

14

17

20

23

26

29

32

35

38

41

>> R=M(7)

20
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For variable Matrix: matl

Mat1l (1,3) gives the first row, third column element

Mat1 (:,2) gives all elements in the second column

Matl (1,:) gives all elements in the first row

Mat1 (3:4,1:3) gives all elements in the third and fourth rows that

are in the first through third columns

Mat1(2,3)gives one element in second row and there'd column

Use in place of an index to represent all elements in a row or column of a
previously defined matrix

Subscript expressions involving colons refer to portions of a

matrix. For example: A(1:k,j)

- refers to the first k elements of the jth column of A.

Example: For S matrix with elements
s=123;456;789;1011 12

write this matrix in matlab form and fined
R=S(4,:)

S(1:2,2)

S(:,3)

S(6)

K=S(2:4,2:3)

M= (3:4,1:3)

T=(3,2)

Solution:
>>S5=[123;456;789;101112]
S=123456789101112
>>R=5(4,:)

R=101112

>>5(1:2,2)

ans=25
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>> S(:,3)
ans=

3

6

9

12

>> 5(6)
ans=

5

>> K=5(2:4,2:3)
K=

56

89

1112
>>M= (3:4,1:3)
M=

789
1011 12
>>T=(3,2)
T=

8

>> A =[1:3;8:10;11:13]
A=1 2 3
8 9 10
11 12 13
>> A(2,3)
ans =10
>> A(1:3,2)
ans =2
9
12
>> A(2,:)
ans =8 9 10
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Removing Elements of Matrices and Vectors
To remove a row or column of a matrix, set its value to an empty vector:
>>x=[724;9812;478;121 4]

Xx=7 2 4
812
7 8
14

H
N-h@\l

>>x(:,2) =[] :All,elements of column two has cancel
X=74

912

4 8

12 4

>>x(3,:)=[] %means delete all elements of row 3
X=

724

9812

1214

>>X(:,3)=[] % means delete all elements of column 4
X=

72

08

47

121

>>x(2,end) % delete end element of second row
x:

724

98

478

1214

The same technique can be used to remove single vector
elements:

>>y=[137129158];

>>y(3) =1
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y:
1379158

Inverse of a matrix:

The matrix B is the inverse of the matrix A if, when the two matrices
are multiplied,

the product is the identity matrix. Both matrices must be square and
the

multiplication order can be BA or AB

BA=AB =1

>>A=[214;418;2-13]
A =

214

418

2-13

>> B=inv(A)

B =

5.5000 -3.5000 2.0000
2.0000 -1.0000 O
-3.0000 2.0000 -1.0000

Homework
About the general matrix functions:
For A matrix with the elements as shown

[2:2:8;5243;3:6;1234]

Represent this matrix in MATLAB form and fined the following:
C=prod(A)

D=diag(A)

E=sum(sum(A))

F=mean(A)
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G=2.*A

H=A(:)
1=A(:,2)=(]
J=max(A)
K=size(A)
L=sum(diag(A))
zeros (2, 3)
ones (N, M)
ones (2, 3)
size (x)
>>x=[1 2 3 4 5 6];
size (x)
>>v=[1l 2 3];
length (v)

>>x=[1 2 3 4 5 6];

max (x)

max (max (x))

min (x)

>> x=[1 2 3 4 5 6];
min (x)

min (min (x))

magic (x)

> x=[1 2 3 4 5 6];
prod (x)

prod (prod(x))

>x=[4 6 8 10 91 8 2 5];
median (x)

median (x,2)

median (median (x))
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Introduction to 2-D plot

The drawing is meant to be the relationship that governs the drawing process
between two variables only.

*Linspace

It is used by linear vector routing by specifying the smallest number, the largest
number and the number of desired points between two numbers

Linspace(a,b,n)
a= it’s the small number.
b=it’s the large number.

n=number of points required between two digits.

Example:-

Generate a vector (x) where the number of points divided by this vector = 10
X=[5,20]
Sol:

MATLAB R20142| = =

e S @) seorcn Documen tation pn

e New Variable Analyze Code oE) ) Preferences (o) (% Commun ity
=2 o O grndaries & m = L |=a =] (3 O
L1} Open Variable + L5 Run and Time . = Request Support
e

ew  New Open || Compare Impot  Save
cript v ~ Data Workspace (- Clear Workspace v [’ Clear Commands ~ Lt

@

FiL v
== O H b C: b Users ¥ safa b Documents » MATLAB

Command Window

»>> x=linspace(5,20,10)
x =
5. 0000 6.6667 8.3333 10.0000 11.6667 13.3333 15.0000 16.6667 18.3333 20.0000

Jx >

Examble:-

Generate a vector where the number of points is divided by 100
X=[0,10]

Y=sin(x)

Sol:

X=linspace(0,10,100)

Y=sin(x)

>>plot(x,y)
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MATLAB R2014a| = =

dEistaslacE @ISear(H Docurnertation DE

— , New Variable Analyze Code oE O} Preferences  (n7y (7§ Commun ity
E oo 3 crare e D= w =& 3 @ 8
L} Open Variable ~ {7 Run and Time (-7 Set Path =7 Request Support
New MNew Open |[-]Compare Import  Save Simuink  Layout Hep —
Seript v < Data Workspace [y ClearWorkspace ~ |’ Clear Commands v  Library = [l aratel ~ > O AddOns v
7 CODE | smMuLink nRONME c:
&« EE » C: » Users b safa b Document ts » MATLAB -
£ and Windk g
= = (B %
Columns 23 through 33 i i
File Edit View Inset Tools Desktop Window Help x
0.7952  0.7300  0.6574  0.5781 0.4925  0.4026  0.3082  0.2107 0.
DS | k| RATDEL-|S/0B D
Columns 34 through 44
-0.1906  -0.2886 -0.3837 -0.4748 -0.5612 -0.6418 -0.7158 -0.7826  -0. 1
Columns 45 through 55 08
-0.9643  -0.9661 -0.9878 -0.9994 -0.9906 -0.9720 -0.9434 -0.9051 -0. 2@
Columns 56 through 66
04
-0.6651  -0.5864 -0.5017 -0.4120 -0.3180 -0.2207 -0.1213  -0.0206 0.
02
Columns 67 through 77
0.3742  0.4658  0.5526  0.6338  0.7086  0.7761 0.8358  0.8869 0. 0
Columns 78 through 88 0.2
0.9971 0.9997  0.8821 0.9744  0.9467  0.9094  0.5629  0.8075 0. 04
Columns 89 through 99 06
0.5106  0.4215  0.3277  0.2508  0.1515  0.0308 -0.0701 -0.1705  -0. 29
Column 100
A .
_0.5440 0 1 9 10

>> plot(x,y)
>

Setting of 2-D properaties:
Some characteristics (change colors and add title to graphic ........ )

How does this property take shape in the Matlab?

This property takes its shape into the matlab, which is included in the order(plot)
as it takes the following picture:

Plot(x,y," ")

The property is always between two separators.

Example:

The vector(x) where the number of points divided = 100 and the following
equation:

X=[0,1]

Y=e"-x sin(6*pi)
Sol:
X=linspace(0,1,100);
y=exp(-x)*sin(6*pi);
Plot(x,y)
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MATLABR2014a| = | B | 52 |

IStar:h Docurnentation PE

= E‘\]j | EEFmaF»es & E L, New Variable gAnslyzeCnde |ES| E {0} Freferences. @ (% Community
£t} open variabie ~ {7 Run and Time (3 setPath 5} Request Support
New New Open | [-|compare Import  Save Simulink  Layout Help
Seript v = Data Workspace |7 Clear Workspace v (/7 Clear Commands ~  Library. v [l Parater ~ ~ 0] AddOns v
FlLE VARIABLE conE SULINK RESCURCES
<« 37 » C: ¢ Users b safa » Documents » MATLAB -
Command Window D] Fguell= B % |
> ¥=linspace(0,1,100) ;
5> y=exp(-x) +sin(64pi) ; File Edit View Inset Tools Desktop Window Help N
>> plot(x,y) = \ 5 &
fes> DNEHe | M ARKOBDEA- S| 0EH| O
x 10"
0
A 1
2 i
3 1
4 i
5 1
% 1
7 1
3 . . . . . .
0 1 2 3 5 6 8 9 10

1)First property:

Change the line color

Plot(x,y,'r")

MATLAB R2014a| = | E) | 52

b e SL

= | Search Documentation

=, r New Variable Analyze Code oE Preferences | (o) (% Community
B o O e & 03 = = FERNE= @]
L1 Open Variable + £ Run and Time 5] Set Path = Request Support
New HNew Open {°Compare Import  Save Simuink  Layout Help
Script - © Data Workspacs [ Clear Workspacs ~ [ G Lincar: dd ? !
Fue ARIABLE ] Fguell = B ¥
L At e b C b Users » safa b Documents b MATLAB File Edit View Insert Tools Desktop Window Help £l M
E
[e d Wind = N ® ©
St il DEEe |3 AKOBDEL- |08 e
> ¥=linspace(0,1,100) :
>> y—exp(-x) ¥sin(64pi) e
>> plot(x,y) 0
>> Plot(x,y,'r’)
Undefined function 'Plot' for imput arguments of type 'doubl
E 1
Did yeu mean:
»>> plot(x,y,'r')
fo o> 2 1
3 1
4 1
5 1
5 1
T 1
3 " . . . . n . . .
0 1 2 3 4 5 6 7 8 9 10

Or
Plot(x,y,'G")
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= ' L5 Fina Fies v urc| ;? i |85 EE| = @] ["E_:
Open Variablz ~ k> Run and Time Set Path Request Support
- Sinuink  Layout tep
~ 07 AddOns v

New New Open |[-|compare Import  Save
Seript ¥ - Data Workspace |- ClearWorkspace v [/ Clear Commands v  Library ~ Il Paraliet ~

VARIABLE GoDE SIMULINK ENVIRONMENT RESOURCES

FILE
= EFE | L G » Users b safa b Documents + MATLAB

Command Window o Fgre L =a
>> X=linspace(0,1,100) ;
> ymexp (-x) #sin(64pi) File Edit View Inset Tools Desktop Window Help M
>> plot(x,¥) 5 X % &
>> Plot(x,y, 'r') DEde | b|RKRUPDRA- S |0E oD
Undefined fanction 'Plot’ for input argumd -
x 10
Did you mean: 0
>> plot(x,y, ')
>> plot(x,y, 'G") 4 |
fo o>
P) |
3 |
4 |
5 |
5 |
gl |
8 ,
0 1 2 3 4 5 ] 7 8 9 10

Color Marker Line Style
blue . point - solid
green circle : dotted
red x-mark - dashdot
cyan plus -- dashed
magenta star (none) | no line
yellow square

black diamond
triangle (down)
triangle (left)
pentagram
hexagram

+ | @

ES

e B e =T

< |lalw

eV

second property:
Change the shape of the line:

Plot(x,y,"™*")

7

ATLAB R2014a |1 I

B & L & 5 @) sesrch Documentstion 2

HOME

[ MHew Variable Analyze Code o) {8} Preferences. a7 (% Community
=2 EE:' ('} L] Find Files. & I l_\‘? = E @ e
[t} Open Variable ~ {7 Run and Time (-5 SetPath = Request Support

New HNew Open |- Compare Import  Save Simuink  Layout Help
- Data Workspace (- Clear Workspace v 77 Clear Commands ~  Library ~ |llli Paratel ~ ~  CJAddOns v

Seript v
Fie [EES O ————————— o) )
n Figure 1(= =0

o 5 L » G o> Users » safa » Documents » MATLAB
Command Window File Edit View Insert Tools Desktop Window Help N r
>> X=linspace(0,1,100) NEEHS| K ARUDRA- 0B | nDd
2> y=exXp(-X)*Sin(6+*pi) s
> pIot(x,y, " *") &
fi > QX1
) ﬂ
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third property:
Change the line type:
>> plot(x,y,":")

BELELoe (3)] search Dacurmentation

@ d'}l 3 Corariee & E L, New Variable | Analyze Code @ E @) Preferences. @ (% Community
- ) {5 Open variable £ Run and Time. ) (5 SetPath 5} Request Support
New New Open || Compars Impot  Save Simuink  Layout Help
Seript v - Data Workspace |7 Clear Workspace v (/7 Clear Commands ~  Library v [l Parater ~ ~ 0] AddOns v
FlLE VARIABLE = -
==
= EE L > G » Users » safa » Documents » MATLAB a Figure 11 = .
Command Window File Ecit View Inset Tools Desktop Window Help N
jetmniivino DEde (B AU A- S0 =D
> plot(x,¥, ':') e
fe s> Pl -
4 4
2 4
3 4
-4 4
5 ]
n 4
Tk 4
3 1 1 L 1 1 1 1 L 1
0 1 2 3 4 5 6 7 8 9 10

*If we want to merge two properties together

(Change font color to green and line to + shape)

>>plot(x,y,'G+")

J y 142 10 |I=BT 25|

HOME 2 0 & 5 ()] search Documentation 2

P New Variable Analyze Code oE) ) Preferences. a (% community
0 e & B2 L & B ON]
L1} Open Variable + L5 Run and Time (5 et Path = Request Support
New New Open | {-|Compare Import  Save Simuiink  Layout Help
Script v v Data Workspace [/, Clear Workspace v [ Clear Commands ~  Library ~ Il Parater = >  CpAddOns v
FiLE VARIABLE. A PSS —

e« E A b C: ¥ Users b safa b Documents » MATLAB )] Figure 1= -
Command Window File Edit View Insert Tools Desktop Window Help N r

>> X=linspace(d,1,100) ; Ndde | A|RRAOD9LRAL- 2|08 | ad

2> yexp (-X) *SIn(6#D1) ¢

>> plot(x,y, 'G+') 1
Sg > o210

i
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The fourth property (drawing grid)

The matlab places a grid on the drawing so that it is easy to
determine the values from the drawing

* To add a grid to the drawing we use the following command>>grid
on

* To remove a grid from the graphic we use the following
command>>grid off

7 MATLAE R2014a e | 1=l 25|

BELADTLS (2)] 5earch Document tation bl
] P New Variable Analyze Code oE) ) Preferences. 2 (% communi ity
= [ Find Fis. ¥ 0] @ e &2 B 2) 8
L1} Open Variable + L5 Run and Time (5 SetPath = Request Support
New New Open |.|Compare Import  Save Simuink  Layout Hep
Seript v v Data Workspace (7 Clear Workspace ~ [ Clear Commands ~  Library < Il Parater = ~  CAddOns v
E ENVIROMMENT c

FLE vaARIASLE
«EHA b C b Users » safa b Documents b MATLAB
Command Window

® |Workspace
»> X=linspace(0,1,100) ;
2> Y=oXD (-X) #SIin(6*pi) ¢ )] Figure 1 (s o(=l S
>> plot(x,y¥,':")

>> grid on File Edit View Inset Tools Desktop Window Help ~

o E DIDEEY P ARG

x10"°

7 MATLAE R2014a e | 1=l 25|

FaLsblbee ()] search Document tation 2
3 ¢ New Variable Analyze Code 5T Q) Preferences (o) (' Commun ity
BN N & 0] @ = &8 B 2) 8
L1} Open Variable + L5 Run and Time (5 SetPath = Request Support
New New Open |.|Compare Import  Save Simuink  Layout Hep
Script v v Data Workspace (7 Clear Workspace v [ Clear Commands ~  Library ~ Il Parater = >  CpAddOns v
E ENVIROMMENT c

FLE
«EHA b C b Users » safa b Documents b MATLAB

Command Window

Workspace
»>> X=linspace(0,1,100) ;
> ymeap () #SIn (5opi) ¢ ] Figure 101 1=1: S
>> plot(x,¥, ')
>> grid on File Edit View Inset Tools Desktop Window Help £l
>> d off = \ ® ©
A > et o O He K RLODEL- S| 0EH|nD
x10™®
[]
-1
2
-3
4
-5
6
,7“
3 .
0 1 2 3 4 5 6 T 8 9 10

Fifth property (title and drawing of axis)

To add a title to the graphic, we use the command (title) where it
takes the next image

>>title(' any string’)
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()] search Documentation

E E‘\]j | (o] e & E [, New Variable L& Analyze Code lE_:J E {©) Preferences. @ (% Community

sl ol £t} open variabie ~ {7 Run and Time e (3 setPath s 5} Request Support
Script v - Data Workspace |7 Clear Workspace v (/7 Clear Commands ~  Library. v [l Parater ~ ~ 0] AddOns v
FlLE VARIABLE Gone SULINK RESCURCES
== 5 & | | » G » Users » safa » Documents » MATLAB -
Command Window @ | Workspace

>> X=linspace(0,1,100) ; ~
> y=exp (-x) *sin(6#pi) ; )] Figure 1ecas =l [
>> plot(x,y, "=’}
5> title( the shape’) File Edit View Inset Tools Desktop Window Help ~

& NEES| AT EL- |2 0B

x10™"° the shape

0 — ——

4 1

If we want to name the axis of the (X-Axis) we use the command
(xlabel):

Xlabel(‘any string"')

()] search Docurmentation

E E‘\]j 9 [ e & E L, New Variable [ Analyze Code (z2] E () Preferences @ (3 Communty

o [ - P (% Open variable {5 Run and Time. el [ set Patn e =) Request Support
Script v - Data Workspace | ClearWorkspace w (7 Clear Commands +  Library ~ [l Paraliel ~ ~ O AddOns »
FLE VARIABLE Gone SMULING RESOURGES
4= = EE |1 » C» Users » safa » Documents + MATLAB -
Command Window @  Workspace

>> X=linspace(0,1,100) ;

>> peexp(-x) #sin(64pi) ; n Figure 1ls=20sE) [
>> plot(x,y, ')
>> xlabel (xxXXXXILKXX) File Edit View Inset Tools Desktop Window Help ~

Undefined function or variable 'XXXXXXXXXXXX'. NEES bR NDEL- A 08 a0

)

>> xlabel (' woooooc’)

e >> x10

A 4

2 j

3 j

4 j

5 i

0 1 2 3 4 5 6 7 8 9 10
X00000000000¢

If we want to name the axis of the (y-Axis) we use the command
(ylabel):

ylabel(‘any string")
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- N 51 261 I W 5

IS R B & 5 O] search Documentation

EE:' ™ [p— & E [z, New Variable [ & Analyze Code (z=] E (@) Preferences @ &% Community

Open Variable ~ % Run and Ti Set Path 57 Request Support
New MNew Open |[]Compare Import  Save oo DAL Simuink  Layout = I
Seript - - Data Workspace ) Clear Workspace ~ | Clear Commands ~  Library ~ [l Paratiet ~ ~  CJAddOns v
FiLE VARIABLE cope SIMULING RESCURCES
«=>EA » C:» Users » safa » Documents » MATLAE -
Command Window @ | Workspace
>> ¥=linspace(0,1,160) - -,
>> y=exp (-x) *sin(6*pi) ; )] Figure 1o )
>> plot(x,y,':")
>> ylabel('yyyy') File Edit View Insert Tools Desktop Window Help x
fi 2> 5 o
9 DNEHe | RRAUDELEL- |02 a0
x10™
0 ——
A 4
2 i
3 4
=
o4 q
=
5 4
5} 4
Tt 4
K] L
0 1 2 3 4 5 6 7 8 9 10

Example:
>>xlabel(‘xaxis")
>>ylabel(‘yaxis')

>>title('graph’)

L L L & 2 @) search Documentation

':Ej ™ =i & E [, New Variable [ Analyze Code m E @) Preferences @ % Communty

Open Variable > 5 Run and Tir Set Path = Request Support
New New Open |{|Compare Import  Save e LD Simulink  Layout = Hep — i
Sorpt. v v Data Workspace [/ ClearWorkspace + (7 ClearCommands ~ Lirary = [[] Paraliel ~ ~ O AddOns v
FLE vARIBLE cope SmuLING RESOURCES
«EHA b C ¥ Users » safa b Documents b MATLAB -
Command Window ® | Workspace
>> X=linspace(0,1,100) ; ™
>> yexp (-X) *31n(6%D1) ¢ )] Figure 10 o= fiee
>> plot(x,y,':")
> xlabel{'xaxis') File Edit View Inset Tools Deskiop Window Help ~
>> ylabel('yaxis') s % &
22 ylabel(yaxic, FEFNEE T AEREEEE
fi >>
x10™ graph
A
2
3
x4
5
E1
7 :
8 L
0 1 2 3 4 3 6 7 8 9 10
xaxis

The sixth property:
Place text on a dot in the graphic

We can place text on any location in the drawing using the function
(text)

>>text(x,y,'string’)

X=Position the point on the axis
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Y=Position the point on the axis

String=To write the text, be between the commas
Example:

Place text on the point in the graphic where we want to specify a
point between(x,y)

X=0.35

Y=0.6

>>text(0.35,0.6,'plot")

BELADTLS (2)] 5earch Document tation bl
3 ¢ New Variable Analyze Code 5T Q) Preferences (o) (' Commun ity
=] ':Ej i | LGl Find Fies & g = Ij =] E (7 &
[} Open Variable + £ Run and Time [5 Set Path = Request Support
New New Open || Compare Import  Save Simuink  Layout Hep
Seript v ~ Data  Workspace (- Clear Workspace v [’ Clear Commands ~  Library < Adg-Ons v
Z Z n Rt |-
«pTHaE F C: F Users b safa b Documents b MATLAB
Command Window File Edit View Inset Tools Desktop Window Help » [’
Y N = &
>» X=linspace(0,1,100) + NS HS | | ARRD9EL- 2|08 0D
>> y=exp (-x) *sin(64pi) ;
>> plot(x,y, ':')
>> x=0.35 1
x =
plot
8.3500 05
>> y=0.6
¥ =
0
0. 6000
>> text(0.35,0.6, 'plot')
fe 2> 05
Kl
1.5 .
= 0.5 0 0.5 1 15

Seven property:
*legend

This is used by placing a guide on the drawing page to show what
each color means on the drawing and take it in the Matlab:

Legend(‘any string','any string’,...... )

>>legend('x-y relation")
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(2 RS C L SN 2l - orch Docurnentation P
r New Variable Analyze Code oE (G} Preferences  (my (/% Communi ity
=] E‘\]j i [l Fina Files & [ lj (CE) E (2 &
£} open variable ~ (> Run and Time [ setPath = Request Support
New New Open |{|Comparc Import  Save Simulink  Layout Help
Scrpt v v Data Workspace ) ClearWorkspace w (77 ClearCommands + Lbrary ral
o T
&= 57 F Ci b Users » safa b Documents » MATLAB
—— File Edit View Inset Tools Desktop Window Help ~ r
> x=linspace(0,1,100) ; Ddde [ | RRODEL- 2|0 oo
>> y=exp(-x)*sin(6)
>> plot(x,y, 'G+')
>> legend('x-y relation’) 01
fr >> -y relation
012
014
016
018
02
022
024
026
028 -
03 n . . . . " . . .
0 0.1 02 03 04 05 06 07 0.8 09 1

Multiple 2-D plots in awindow

We can create separate graphics in a single window using the
command (subplot) by selecting several graphics that will be
illustrated, where (subplot) command to put the image as a matrix
or vector.

*When using this command, you must know how many graphics will
appear and how to place them on the window

*The general image of the MATLAB (subplot) is used on the
following image:

Subplot(m,n,p)
M=Number of rows
N=Number of columns

P=The number of the cell we are running

The following figure shows us the merging of several drawings into
a single window
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Examble:

We have a vector that increases the rate=0.1 of creating these

functions drawing to be in one function and several separate
drawings x=[0,10]:

1-sin(x)
2-sin(2x)
3-cos(x)
1. >>x=(0,0.1,10)
>>subplot(2,2,1),plot(x,sin(x));

2.subplot(2,2,2),plot(x,sin(2*x));

3.subplot(2,2,3),plot(x,exp(x));

4.subplot(2,2,4),plot(x,exp(x));

) ATLAB R2014a | | L=l

BEELBLESE ()] se2rch Document tation »
= r New Variable Analyze Code s Preferences (") (1} Commun ity
Bl of O Qe & b3 = L By T @ @ 6
New New Open (Flca e {5 Open variable ~ L Run and Time. o (5 Set Path = Request Suppo
I compare
T e oo+ pomieen -+ S R S
\;‘d,ﬁ?;]m o P ‘A“"‘B‘EMATLAB WUONSY | File  Edit  View Insert Tools Desktop Window Help ~
[ » C: ¥ Users b safa b Documents ¥ = . o=
Command Window DEde | A0 EL- 2|08 | D 3
>» subplot(2,2,1),plot(x,sin(x))
>> sabplot(2,2,2) plot(x,sin(2#%x)) 1 1
>» subplot(2,2,3),plot(x,cos(x))
>> sabplot(2,2,4) plot{x,exp(x))
o 0.5 0.5
0 0
0.5 0.5
< 1
0 5 10 0 5 10
10*
1 3
0.5
2
0
q
0.5
1 0
0 5 10 0 5 10
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Combining
- Merge over a graphic into a single window
Examble:

We have a vector (x) where it increases by=0.1

Create the graphic for the variables (x,y) in a single graphic.

X=[0,10]

X=cos(x) y=sin(x)

Two ways to incorporate :

1-the first graphic using the command(hold on,hold off)
>>x=(0:0.1:10)

>>y=sin(x)

>>7=C0S(X)

>>hold on

>>plot(x,y)

>>Plot(x,z,'r")

>>hold off

I A e o @) search Documentation

\i}!‘ E‘\]j - [Emnums & Hﬁ Lz, News Variable: gAnaNzeCDde E__E; E {6} Freferences. @ (% Communi ity
e fion oo B o Bl sy e k7 open variabie ~ {ip Run and Tme e — (3 setPath - ReuueslsunDDn
5 -~ Data Workspace |/ Clear Workspace ~ |77 Clear Comma ~
S T
@ = EE | » Co» Users » safa » Documents » MATLAB File it View Insert Tools Desktop Window Help ~[1
CoppenelWglos 0Eds [ [R309E4- (3|0 a0 [
Columns 1 through 16
1.0000  0.9950  0.9801 0.9553  p.8211 0.8776 0. 5
Columns 17 through 32
-p.0292  -0.1288 -0.2272 -0.3233 -p.4161 -0.5048 -0 %
Columns 33 through 48
-0.9953  -0.9875 -0.9668 -0.9365 -0.8968 -0.8481 -0 || \Bs
Columns 4% through 64
5.0875  0.1865  0.2837  0.3780  0.4655  0.5544 o 5]
Columns 65 through 80
6.9952  0.9766  0.9502  0.9144  0.8694  0.6157 o |F4
Columns 61 through 96
-0.1455 -0.2435 -0.3392 -0.4314 -0.5193 -0.6020 -0.| B2
Columns 97 through 101
-0.9547  -0.9624 -0.9304 -0.8892 -0.8391

>> hold on
2> plot(Xx,¥)
>> plot(x,y¥, 'r')
>»> hold off
i o>

2-Method 2 to merge the drawings

It is about writing variables in one line within (plot)
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-0.9900
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0.0707

-0. 9851

-0.0124
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-0.0460
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plot(x,y,x,t)
>>x=(0:0.1:10)
>>y=sin(x)
>>7=Cc0S(X)

>>plot(x,y,x,z,'r")

>>plot(x,y,'G+',x,z,":")

BlLblEl9e (2)] s=arch Documentation »
3 ¢ New Variable Analyze Code oE Q) Preferences. o (% Commun: ity
= ':Ej i | Lql Find Fiies &; g = \j =l E (2 &
L1} Open Variable + £ Run and Time. 5] Set Path = Request Support
New New Open |{|Compare Import  Save Simulink  Layout Help
Scipt v v Data Workspace (7 ClearWorkspace v [’ Clear Commands ~  Library ~ [l paratel ~ ~  GJAddOns v
FLE vARIELE c SmuLINgG RESOURCES
4= = F |1 > C b Users b safa b Document s » MATLAB n Figue1l = (B X -
Sonpan Window, File Edit View Insert Tools Desktop Window Help ~
2= DEde b ALTVEA- 2|08 (D
Colmmns 1 through 16 .
1.0000  0.9950  0.8801  0.9553  0.$211  0.8776  0.64 a0 0.1700  0.0707
Columns 17 through 32 06
-0.0202 -0.1288 -0.2272 -0.3233 -0.4161 -0.5048 -0.5 ', -0.9900  -0.9991
04 ) / : 1
Columns 33 through 48
0.2 | B
-0.9983 -0.9875 -0.9668 -0.9365 -0.5968 -0.8481 -0.7: “, N ‘L -0.1122 -0.0124
o g ; ]
Columns 49 through 64
02 \ ; | 1
0.0875 0.1865 0.2837 0.3780 0.4685 0.5544 0. 6. . I n 0.9965 0.9999
4 L : \
Columns 65 through &0
06 L ; ) 1
0.9932 0.9766 0.%502 0.9144 0.8694 0.8157 0.7 " i N 0.0540 -0.0460
an L i .
Columns §1 through 96
4 " . A . . . S
-0.1455 -0.2435 -0.3392 -0.4314 -0.5193 -0.6020 —-0. 6 0 1 2 3 4 5 6 T 8 9 10 -0.9997 -0.9972
Columns 97 through 101
-0.9847 -0.9624 -0.9304 -0.8892 -0.8391
>» plot(x,y,%,2, 'r')
>> plot(x,y, 'G+',x,2,":")
% > S

Statistical plots

Matlab supports statistical graphics and ratio by using two
commands (bar,pie)

Bar(y) pie(y)
Bar(x,y) pie(x,y)

Examble:

The distribution of grades for 70 students in the programming course
Is shown in the following research:

>>x=(0 17 21 10 6)

>>pie(x)
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’ ATLAB R2014a [ | 22

(2SN s ch Docurnentstion

=) y New Variable Analyze ¢ = o, p— L
L2 e & G2 I mEe
. s - e £t} open variabie ~ Ereana] A, e ——
52::;1 v" :E“ (5] Compare 'S:f, wum;:,m @Cb:rw‘:rkspaxz - @Cba,(h,‘ || File Edit View Insert Tools Desktop Window Help b
FILE VARMABLE AN de | ¥ RRODEL- 2|08 0O
== 5 F L » C > Users » safa » Documents » MATLAB M
Command Window 1

>> x=[0 17 21 10 6] ULk

x =

39%

>>par(x)

’ ATLAB R2014a [ | 22

IR L & B @) search Dacumentation

= E‘\]j I Crmaries &

E L4, New Variable

£t} open variabie ~

New Mew Open {7Compare Import  Sa
Script v = Dat

FILE

ve
ta Workspace /) Clear Workspace ~ L’_;qcmwﬂ-
col

VARIABLE

& Analyze
L Run an

Dade |k

«>TH

Command Window

» C: b Users » safa » Documents » MATLAB

>> x=[0 17 21 10 &]
x =
o 17 21 10 s

>> bar(x)
S>>

25

File Edit View Insert Tools Desktop Window Help

LANPE -2 0E D

20

Plotting Discrete signals

Matlab analyzes signals, using the following command(stem)

In the Matlab it is the following picture:

Stem(y)
Stem(x,y)
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Examble:
We have a vector(x) as the number of points

The divider is 60 created by the intermittent signal of the
function(sin(x))

X=[0,2pi]

Sol:
>>x=linspace(,2*pi,60);
>>y=sin(x);

>>stem(X,y)

] ATLAB R2014a 05 | IEN|TRE

B E L5 9 @ (2)] 5earch Document tation bl
= P New Variable Analyze Code oE) ) Preferences. a) (% communi ity
o 3 (3] Find Fies. & H 2 =3 ERNEE] (7 &
L1} Open Variable + L5 Run and Time (5 SetPath = Request Support
New New Open ||Compare Import  Save Simuink  Layout Hep
Seipt, v~ Data Workspace [ Clear Workspace v [ Clear Commands v Library v [ Paralel ~ ~ O AddOns ¥
FiLE VARIABLE con: '—'—__-.
B ... 1=l
«EHA b C b Users » safa b Documents b MATLAB -
=T File Edit View Inset Tools Desktop Window Help |
>> x-1inspace (0, 2+p1, 60) ; NEES [k ALODELAL- S| 0E | D
> y=sin(x);
>> stem(x,y)
fi >> 1
0.8

0.6

Zﬁ ?Tﬂm mﬁh &
H

-0.6

0.8

-1

L L L L s
0 1 2 3 4 5 6 7

Examble:

How to draw a circle by Matlab?
>>t=(0:360);

>>r=5;

>>A=2;

>>B=6;

>>X=a+r*sind(t);
>>y=b+r*cosd(t);

>>Plot(x,y);

>>axis equal
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File | Edit View Inset Tools Desktop Window Help ~ Py — "
om references  (n (1§ Commun
NEES b2\ 0DEL 3 05 a0 [Cpge=! w S
- - = [ setPath = Request Support
Simuink  Layout Hej
Library ~ [l Paraliel ~ ~ O AddOns »
ququququququ NUENT o

® Workspace

5.7822 6. 8652 5.9540 7.0396 7.1248 7.2096 7.2941 7.3782 7.4619

8.1131 8.1915 8.2700 8.3474 8.4240 8.5000 8.5752 5.6495  8.7232

5.2803 9.3457 9.4100 9.4733 9.5355 3.5967 9. 6568 9.7157 9.7735

10.1934 10.2402 10.2858 10.3301 10.3731  10.4147  10.4550 10.4940 10.5315

10.7815 10.8063 10.8295 10.8515 10.8719  10.8907 10.9081  10.9240  10.9384

- ) i0.999z 11.0000

Three — Dimentional Graphics

Introduction 3-D plot

Basic Plots

A MATLAB surface is defined by the z coordinates associated with
a set of (x,y) coordinates . for example , suppose we have the set of
(X, y) coordinates:

1,1 2,1 31 41
x.y)= 1,2 22 32 4.2
- Y 1,3 2,3 33 43
14 24 34 44
The points can be plotted as (X.y) pairs

The (X.v) pairs can be split into two matrices:

1 2 3 4 1111
[ 1 2 34 g=| 2222
1 2 3 4 3333
12 3 4 4444

The matrix x varies along its rows and v varies downits column. We define

B e

the surface z :

Which is the distance of each (x,y) point from the origin (0,0) . to
calculate z in MATLAB for the x and y matrices given above, we
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begin by using the mesh grid function, which generates the required
, X and y matrices.

>> [x,y] = meshgrid (1:4)

Example Write a program to draw a 3-D plot of sinc function
for x,y in the interval from -8to 8 in step of 0.5.

>>[x,y]=meshgrid(-8:.5:8);
>>r=sqrt (x.*2 +y.~2) + eps;
>>z=sin (r)./r;

>>mesh (X,y,z)

>> z=sin (r)./r

4 MATLAB R2014a = =2

EaiLEbag @'sfmm Docurnertation DH

Gl o5 [ rnariee & B = New Variable Lsf Analyze Code .HJJ E {9} Preferences (9 (4 Community

£} open variable ~ {7 Run and Time [ setPath =7 Request Support
New MNew Open ||Comparc Import  Save Simulink  Layout Help
Seript v - Data Workspace |- ClearWorkspace v (% Clear Commands +  Library ~ |l Paratel ~ ~ O AddOns »

FlLE VARIABLE cone smuLne | Figue1l = | B K
> EOE b Ci b Users b safa b Documents + MATLAB -
Command Window File Edit View Inset Tools Desktop Window Help ~

—v.vuz> —v.ivzo “v.zi1s —v.zavs “v.zurw -v.v. . N & G J . .
-0.0065 -0.1313 -0.2016 -0.2158 -0.1816 -0.1 I WIS NSNS L (] W= =
0.0328 -0.1086 -0.1927 -0.2171 -0.1894 -0.1
0.0470 -0.1002 -0.18%2 -0.2172 -0.1918 -0.1
0.0329 -0.1086 -0.1927 -0.2171 -0.1894 -0.1
-0.0065 -0.1313 -0.2016 -0.2i58 -0.1816 -0.1
-0.0629 -0.1623 -0.2117 -0.2107 -0.1674 -0.0.
-0.1241 -0.1827 -0.2172 -0.1985 -0.1452 -0.0
-0.1771 -0.2131 -0.2120 -0.1761 -0.1143 -0.0.
-0.2102 -0.2158 -0.1918 -0.1419 -0.0749 -0.0.
-0.2158 -0.1964 -0.1550 -0.0865 -0.0283 0.0
-0.1918 -0.1550 -0.1036 -0.0431 0.0187 0.0
-0.1419 -0.0865 -0.0431 0.0127 0.0638 0.1
-0.0749 -0.0293 0.0187 0.0638 0.1002 0.1
-0.002% 0.0358 0.0727 0.1032 0.1228 0.1
0.0615 0.0886 0.1110 0.1251 0.1279 0.1
0.1073 0.1207 0.1278 0.1263 0.1147 0.0
0.1276 0.1277 0.1214 0.1073 0.0852 0.0
0.1207 0.1102 0.0939 0.0717 0.0443 0.0
0.0903 0.0731 0.0517 0.0265 -0.0010 -0.0.

>> mesh(x,y,z) E
Je >> 2

Example Plot the function

2
z=ye * ¥

>[x,y]=meshgrid(-2:0.1:2);
>>zzy . *exp(—x. A 2-y.N2);
>> mesh(x,y,z),xlabel('x"),ylabel('y'),zlabel('z")
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ISearth Docurmentation

g -

=l ,{’Ij ™~ i @ E [, New Variable Lsp Analyze Code: =) E {8} Preferences @ 5 Community
= FndFies %] - . (|a) '
New New Open @Cﬂmp&m Import. Save EUD&H Variable > §> Run and Time Simuiink  Layout ﬁSelPath Help i:) USRI
Seript v~ Data Workspace | Clear Workspace = [/ Clear Commends =  Lbrary = [l Paralel ~ ~ O pAddOns v
FiLe vaRIAELE coDE SIMULINK ] Figurell= B[ & |
€3 ® ﬁ » G Users b safe b Documents ¥ MATLAB File Edit View Inset Tools Desktop Window Help -
Command Window -
v.vi00 v.UuLio5 V.uiue v.uus s v.uvoT v.uv Ujlﬂé k CN 7\@@@%' @J DIE DE pi
0.0355 0.0271 0.0203 0.0149 0.0107 0.00
0.0506 0.0386 0.0289 0.0212 0.0152 0.01
0.0629 0.0480 0.0359 0.0263 0.0189 0.01
0.0719 0.0549 0.0410 0.0301 0.0216 0.01
0.0772 0.0590 0.0441 0.0324 0.0233 Q.01 05+
0.0791 0.0604 0.0452 0.0332 0.0238 Q.01 L
£ .
0.0778  0.0594  0.0445  0.0326  0.0234  0.01 ;i,’:{::‘:\‘ﬂ\‘{
0.0739 0.0564 0.0422 0.0310 0.0223 0.01 2500 s
0.0679 0.0518 0.0388 0.0284 0.0204 0.01 8
0.0605 0.0462 0.0346 0.0254 0.0182 0.01 " ;
0.0525 0.0400 0.0300 0.0220 0.0158 0.01
0.0443 0.0338 0.0253 0.0185 0.0133 Q.00
0.0364 0.0278 0.0208 0.0152 0.0110 0.00
0.0282 0.0223 0.0167 0.0122 0.0088 0.00
0.0228 0.0174 0.0130 0.0096 0.0069 0.00
0.0174 0.0133 0.0100 0.0073 0.0053 0.00
0.0130 0.0099 0.0074 0.0054 0.0039 0.00
0.0095 0.0072 0.0054 0.0040 0.0029 0.00
0.0068 0.0052 0.0039 0.0028 0.0020 0.00|
>> mesh(x,y,z),xlabel('x'), ylabel('y'), zlabel('z"') 5
Jx >> o
—N- i T T
>>t=0:pi/10:2*pi;
>>[x,y,z]=cylinder(1+cos(t));
>>surf(x,y,z)
4 MATLAB R2014a| = = |

i DL ISzar(HDntumzntatmn

B -]

= Eﬂj ™~ fej— & E [, New Variable |_j?AHBlyza Code. |ﬂ| E {0} Preferences @ % Community
e [nicilopenl = oo Mo B [} Open Variable + £ Run and Time e Mt [5 Set Path - = Request Support
Seript v v Data Workspace [/ Clear Workspace v [ Clear Commands ~  Library ~ Il Parater = >  CpAddOns v
FILE VARIASLE CODE SIMULINK ENVIRONUENT RESOURCES
«pTHaE F C: F Users b safa b Documents b MATLAB -
Command Window a Figwe 1115 jne 1
;Z;;; ;;;;; ;;;;; ;;’;;; ;;;;; File Edit View Insert Tools Desktop Window Help ~ -
. . . . . — A =
0.1500  0.1500  0.1500  0.1500  0.1500 Qdds | :|SQUBE£-G 0 =D
0.2000 0.2000 0.2000 0.2000 0.2000
0.2500 0.2500 0.2500 0.2500 0.2500
0.3000 0.3000 0.3000 0.3000 0.3000
0.3500 0.3500 0.3500 0.3500 0.3500
0.4000 0.4000 0.4000 0.4000 0.4000
0.4500 0.4500 0.4500 0.4500 0.4500
0.5000 0.5000 0.5000 0.5000 0.5000
0.5500 0.5500 0.5500 0.5500 0.5500
0.6000 0.6000 0.6000 0.6000 0.6000
0.6500 0.6500 0.6500 0.6500 0.6500
0.7000 0.7000 0.7000 0.7000 0.7000
0.7500 0.7500 0.7500 0.7500 0.7500
0.8000 0.8000 0.8000 0.8000 0.8000
0.8500 0.8500 0.8500 0.8500 0.8500
0.9000 0.8000 0.9000 0.%8000 0.9000
0.9500 0.8500 0.9500 0.8500 0.8500
1.0000 1.0000 1.0000 1.0000 1.0000
>> surf(x,y,z) [

Jx >>
‘
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Input / Output of Variables in script file
script is basically just a sequence of commands
the same kind we enter into the command window
scripts are stored as a plain text files with an .m extension
so called m-files can also contain functions
name of the script can be used as a command

The syntax of the input command is :
variable = input (‘a string displayed in the command window tells a
user what to do’)

As with any variable ,the variable and its assigned value will be displayed

in the command window unless a semicolon is type at the input command.

To Input new M-file:
1)

71 Edit Debug Parallel Desktop Window Help

e | e

Open... Ctrl+0 Figure

Close Command Window Variable
Madel

Import Data...
GUI

Save Workspace As.., ]
Deployrment Project

! Editor - Untitled N s - . =<

File Edit Text Go Cell Tools Debug Desktop Window Help

Bog | -0 |+ | =1 x| o e | @

A X

NEH| R0 o B-dag | Bl-8xEBE B M8 | st Base ~ EE!I:I]EIE’@

r
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Example:Calculate the radical equation of the second order?
a=1,

b=5;

C=6;
x1=-b/(2*a)+sqrt(b”2-4*a*c)/(2*a)
x2=-b/(2*a)-sqrt(b”"2-4*a*c)/(2*a)

EDITOR PUBLISH

G E e EE- | D e &
|:) compare ~  Comment % g “4J 2 GoTo = i
New Open Save ke e Breakpoints  Run  Runand | Advance  Runand
v v v Pt v Indent [5] w3 |54 ({ Find - ~  Advance Time
NAVIGATE _| BREAKFOINTS
frawla.m +
1- a=1;
23 [= b=5; 4 MATLAB R2014a = | B |
= c=6; HOME NS e )] seorch Dacumen tation p
4 - X1=-b/(2%*a) +sqrt (b*2-4*a*c)/(2*a)
i " '{IF' ™ @ iz, New Variable
5 - x2=-b/ (2*3) -sqrt (b*2-4*%a*c) /(2*a) 1= [JfndFies (%) Lla
0 Variable ~
New MNew Open |-|Compare Import  Save 57 Open Var: L
Script v - Data Workspace [77 Clear Workspace ¥ - - -
FILE VARIABLE
@ @ | L v C » Users + safa b Documents » MATLAB
Command Window @ Workspace
>> frawla
x1 =
-2
x2 =
fo 3

Input of Variable
variable = input (‘a string displayed in the command
window tells a user what to do’)

Example:Finding roots of a second order equation?
a=input(‘write the value of a: ')

b=input(‘'write the value of b: ")

c=input('write the value of c: ')
x1=-b/(2*a)+sqrt(b”2-4*a*c)/(2*a)
x2=-b/(2*a)-sqrt(b”2-4*a*c)/(2*a)
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EDTOR

EDJ = E [ Find Fiies Insert 5] fie > <@ ") L@ EEZI ™
New Open Save (5 Compara. ~ | Commen t % g A gcon - Breakpoints ~ Run  Run and, - L P e A - . T e
o S et - EaE O % T Mvan# g;; New ogen [ compare VARIABLE | CODE | SIMULINK | ENVIRONMENT | RESOURCES:
FILE EDIT NAVIGATE. BREAKPOINTS = - = - - -
frawlam _+ : . e mE b C b Users » safa b Documen its b MATLAB -

1 4 Finding roots of a second order equation T
2 - a=input('write the value of a: ') rawla —
3- b=input('write the value of b: ') write the value of a: 3
4 - c=input('write the value of c: ')
5 - x1=-b/ (2*a) +sqrt (b 2-4*a*c) /(2*a) a =
6 — x2=-b/ (2*a) -sqrt (b 2-4*a*c) /(2*a)
7 3

write the value of b: 2

b =

2
write the value of c: 1
o =
i
x1 =
S -0.3333 + 0.4714i -

Input() function
asking for user input:
>> a = input('Enter a number: ")
Enter a number: 4.7
a=
4.7000
the 4.7 was entered by keyboard
the rest is MATLAB output

The input is actually an expression:
>> b = input('Enter an expression: ")
Enter an expression: 2*sin(pi/3)
b=
1.7321
even variables can be used:
>> ¢ = input('Enter an expression: ")
Enter an expression: 2 * b
c=
3.4641

S0 we can input vectors and matrices:
>> A = input('Enter a matrix: ')
Enteramatrix:[123;456;789]

A=
123
456
789
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e and strings:
>> s = input("Your name: ")
Your name: 'Thomas'
S =
Thomas
e but more conveniently:
>> t = input('Favorite color: ', 's")
Favorite color: blue
t=
blue

EXAMPLE:Calculates the area of a triangle in script file ?

ans:

% knowing the base and height and which are entered using the input
command.

a=input(‘Enter the base of the triangle a=’‘);

b=input(‘Enter the base of the triangle b=°);

Triangle area =(‘a*b’)/2

a=input('input the value of a');
b=input('input the value of b");
Area=0.5*a*b

Output of Variable
«disp (x)
displays the array ( x ), without printing the array name. In all other ways it's
the same as leaving the semicolon off an expression except that empty arrays
don't display.

disp(name of the variable ) or disp(‘text as a string ‘)

If (x)is astring, the text is displayed.
>>x=[12 3];
>> X
X =
123
>> disp(x)
123
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Example:

>> a=6;

>> p=a;

>> s='Ahmed has "

>> w="Ali has ’;

>> t=' Dinars’;

>>disp([ s num2str(a) t]);
>>disp([ w num2str(b) t]);
the execution result is:
Ahmed has 6 Dinars

Ali has 6 Dinars

Example:To calculate the area and circumference of a circle?

r=input('The radius of the circle(r)=");

A=pi*rr;

C=2*pi*r;

disp(['The area of the circle =",num2str(A)])
disp(['The circumference of the circle =',num2str(C)])
The radius of the circle(r)=6

The area of the circle = 113.0973

The circumference of the circle = 37.6991

Example:Write aprogram to calculate sumation for two numbers?

2 *Editor - C:\MATLAB7\workisum2num.m [= |[B](X]
File Edit Text Cell Tools Debug Desktop Window Help ~ &8 X

N {fwBo |Gl ] ”0%

1k | x=input ('the first no. is :'}):;

2l = y=input ('the second no. is :'):;

3 |= Z2=X+v;

4 = dispiz):

AL £

script Ln 4 Cal g9
OR
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¥ Editor - C:\MATLAB7\work\sum2num.m Q@@

File Edit Text Cell Tools Debug Desktop Window Help ¥ @ X
Dl | fRBBo o & | 0O

it | = x=input ('the first no. is :'):;

2| y=input ('the second no. is :'}):

3 - 2=xX+y

= z|

script Ln 4 Col 2 Pr

Example:write a MATLAB program to find circumference of circle (c=2mr)?

r=input (‘enter the value of r :');
c=2*pi*r;
disp('the value is :")
disp(c)
the execution result is:
enter the value of r :4
the valueis:
25.1327

Example:The solution of quadratic equstion is given by quadratic formula :
—b +vb? — 4dac

2a 2

X =

Sol,write a MATLAB to find roots x1 and x2.
a=input (‘enter the value of a :');

b=input (‘'enter the value of b :");

c=input (‘enter the value of c :');
x1=(-b+(b"2-4*a*c)"0.5)/(2*a);
x2=(-b-(b"2-4*a*c)"0.5)/(2*a);

disp('the value of x1:")

disp(x1)

disp('the value of x2:")

disp(x2)

the execution result is:
enter the value of a :3
enter the value of b :2
enter the value of c :1
the value is x1:
-0.3333 + 0.4714i
the value of x2 : -0.3333 - 0.4714i
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Example: Program to convert temperature from Fahrenheit to Celsius?

Tf=input('Enter the temperature in Fahrenheit: ');
Tc=(5/9)*(Tf-32);
disp(['The temperature = ',num2str(Tc)," degree celsius'])

Homework:
(1) Write aprogramTo calculate the area and perimeter of a
rectangle?

(2)write a Program to calculate the area of a triangle?

(3)Write a MATLAB program to find Area of square?
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Flow Control

Computer programming languages offer features that allow you to control the
flow of command execution based on decision making structures. MATLAB has
several flow control constructions:

* if statement.

* switch and case statement.
* for statement.

* while statement.

(1)if statement

The if statement evaluates a logical expression and executes a group of
statements

when the expression is true. The optional elseif and else keywords provide for
the execution

of alternate groups of statements. An end keyword, which matches the if,
terminates the last

group of statements.

if statement
if syntax:

if condition
command
command

command
end

Example:

x = input(Enter a number: "),
if x>0

disp(‘positive’)

end

if x ==

disp(‘'zero’)

end

ifx<0

disp('negative’)

end
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(2)if-else statement

if-else syntax:
if condition
command(s)
else
command(s)
end

Example:

X = input('Enter a number: );
ifx>0
disp(‘positive")
else

if x ==
disp(‘'zero’)
else
disp('negative’)
end

end

Example:

x = input(Enter a number: ");
if mod(x,2)==0
disp(‘positive’)

disp(‘even’)

else

disp(‘odd")

end
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(3)if-elseif statement
if-elseif syntax:
if condition
command(s)
elseif condition
commmand(s)
elseif condition
command(s)
else
command(s)
end
Example:
A=input('A=";
B=input('B=");
ifA>B
'GREATER'
elseif A<B
'LESS'

elseif A ==
'EQUAL'

else

error (‘'Unexpected situation’)
end

Example:

course_mark=input('Mark =");

if (course_mark <50 )

course_grade="fail’;

elseif (course_mark >=60 && course_mark < 70)
course_grade='pass’;

elseif (course_mark >=70 && course_mark < 80)
course_grade='Good";

elseif (course_mark >=80 && course_mark < 90)
course_grade='Very Good’;

elseif (course_mark >=90)
course_grade="Excellent;

end

disp(['course_grade =" course_grade]);
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(4)The switch Statement

The general form of switch statement is:

Example:

Write a Program to reads the number of the month and prints the number
of days?

m=input(‘'enter month:");
switch (m)
case {2}
disp('28 or 29Y;
case{1,3,5,7,8,10,12}
disp('31);
case {4,6,9,11}
disp('309;
otherwise
error('such month does not exist');
end
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(5)for

For counter=first;step:last
statements

end

Counter: The counter controlling the circuit.

First:The initial value of the meter.

Step: The amount of increase or decrease in the value of the meter in each
cycle.

Last: The final value of the meter.

Example:
s=0;

for r=1:3
S=S+r;

end

S

output:
1+2+3=6

Example:
s=0;

for r=1:2:9
S=SH+T;

end

S

output:
1+3+5+7+9
s=25
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Example:Write aprogram to find factorial of the number(n)?

n=input(‘enter the value of factorial n:")
s=1;
fori=n:-1:1
S=s*i;
end
S

output:
n=5
fact=120

Example:Write aprogram to find if the number is prime or not?

x=input ('=number')
c=0,
for i=1:x

if mod(x,i)==0

c=c+1

end
end
if (c==1)

disp('number is prime')
else

disp ('number is not prime')
end
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(6)While:

while exp
statements

end

Example:Write aprogram to Find the largest common
denominator of two numbers?

x=input('input the first no: ")
y=input(‘input the second no: )
while (x~=y)
if x>y
X=X-Y;
else
y=y-X
end
end
X

output:
X=6

y=8

The result:
X=2

Homework:

(1)Write a program to input student's degree and print the average?(use
if)

(2)Write a Program takes the number of the month and prints in any of

the seasons of the year there is this month?(use switch)

(3)Write a Program to calculate sum of cubes of positive numbers less
than 6?(use for)

(4) Write a program to calculate factorial of numbers 1 through 10?(use
for)

(5)Write a program to determine the triangle type(Equilateral, Isosceles,
Scalene)(use elseif)
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