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What is MATLAB
MATLAB is a programming and numeric computing 
platform used by engineers and scientists to analyze 
data, develop algorithms, and create models.

It is a high-performance language for technical 
computing. It integrates computation, visualization, and 
programming in an easy-to-use environment where 
problems and solutions are expressed in familiar 
mathematical notation.
 



Industry Applications

 
 



 
 

Toolboxes
MATLAB features a family of application-specific 
solutions called toolboxes. Very important to most users 
of MATLAB, toolboxes allow you 
to learn and apply specialized technology. Toolboxes are 
comprehensive collections of MATLAB functions (M-
files) that extend the MATLAB environment to solve 
particular classes of problems. Areas in which toolboxes 
are available include signal processing, control systems, 
neural networks, fuzzy logic, wavelets, simulation, and 
many others.



Course Contents
 Variables, and data types
 Script Files
 Conditional Statements
 Loops, Nested Loops
 Arrays
 Functions 
 Plotting
 Use of MATLAB to solve Mathematical Problems

MATLAB® Desktop



MATLAB Desktop
§ The Command window is where you type 

MATLAB commands following the prompt:  >>

§ The Workspace window shows all the variables 
you have defined in your current session.  
Variables can actually be manipulated within the 
workspace window.

§ The Command History window displays all the 
MATLAB commands you have used recently – 
even includes some past sessions.

§ The Current Folder window displays all the files in 
whatever folder you select to be current.

MATLAB Desktop

You can select what is on your desktop by Clicking on 
Layout.  Go down to Command History and select docked.



M-File
 An m-file, or script file, is a simple text file where you 
can place MATLAB commands.

 Save your work
 Convenient for debugging
 Run directly

Using MATLAB® As a 
Calculator



Arithmetic Operators and 
Order of Operations

§ Addition (+), Subtraction (-), Multiplication (*), 
Division (/), Power (^)

§ Order of Operations (same rules you should already 
know from math class and using a calculator)

1. Complete all calculations inside parenthesis or  
               brackets using the precedent rules below

2. Powers (left to right)
3. Multiplication and Division (left to right)
4. Addition and Subtraction (left to right)

 
    



 
  

Arithmetic Operators and 
Order of Operations

>>  10/5*2   

 
>>  5*2^3+4(2)

 
>> -1^4

 
>>  8^1/3

Some Examples:



Exercise 1

Calculate the area and circumference of a circle 

with a radius of 4 cm.

Area = 50.27 cm2

Circumference = 25.13 cm

Doing Mathematics with Matlab (I)
Exercise

Doing Mathematics with Matlab (I)

Department of Mathematics and Statistics
Virtual University of Pakistan, Lahore, Pakistan.

imrantalib@vu.edu.pk
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Arithmetic

This lecture describes some of the basic MATLAB commands that will be used
in this course. For example

+ command is used for addition.

- command is used for subtraction.

For division, we use /.

* command is used for multiplication.

The MATLAB Desktop looks like the Figure 1 after performing these
commands.

Imran Talib VU Lecture NO.02 3

Doing Mathematics with Matlab (I)
Exercise
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f \ MATLAB 7.10.0 (R2010a) - -- X 
I ~ -- ~ ------- --- --

File Edit Debug Parallel D•sktop Window H• lp 
--~-r================== 

'0 @ I .1' "' ~ ., (" I ~ r:iJ ![) I ~ I Curr• nt Folder: \\lro-homes-01\ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !tl How to Add !tJ What's Now 

IG 

an.s = 

10 ~ . 1000 

A» 

Workspace 

'@ • ~ Ill .. I Sta ck: ~ 

Name • 

EEl ans 

Command History 
~ ·· c l c 

l "he l pdesk 

; ·· c l c 

i ·· doc 

; ·· c l c 

; ·· he l pwin 

·· c l c 

"he l pdesk 

·· c l c 

Value 

104.1000 

~ .. ·%-- 8/4/16 3:08 PH --\ 

~ .. ·%-- 3/8/16 11:17 Ali --\ 

~···· c l c 

L s A3 + ( 5 - ~ l /10- 7*3 

... , C] p X 

]I I$> S•loct dato to p... • 

Min Max 

104.10... 104.10 ... 

.,.1 Ci f'X 

= 

~ -- ~~ · -'- ~ ~ ~ .... ~ .. ~ .. r.J -- Mi- ~ -- ~~~~~ .................................................. ~~ -~O .. VR 

Figure: (1) The Matlab Desktop display after performing some basic arithmetic
commands
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Arithmetic

Note that in the Figure 1, MATLAB prints the answer and assigns the
value to a variable called ans.

If the further calculation is needed then simply use the variable ans, rather
than retype the answer.

It is to be noted that MATLAB assigns a new value to ans with each
calculation.

For example the square root of the previous answer can be taken using the
command sqrt(ans). The output is displayed in the Figure 2
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(l. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I ,l' ... ~ II) ~ I ~ tin i§!l I ~ I Current Folder: I \\lro-homes-01 \ usersS\imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add I !!I What's New I 
Command Window IC:I~ Workspace ... [j ~ X 

>> 5 A3+ (5 - 4)/10- 7•3 ~ - ~ :.1 .. I Stack: I Ba ... ·Ill ~ Select data to p ... · I 
Name • Value Min Max 

an s = 
EB ans 1.2225e•10 1.2225 ... 1.2225 ... 

104 . 1000 

>> sqrt (an s ) 

an s =I 

10 .20 2 9 

>> an s "S 

an s = 

1.105 7 e +005 Command History ... [j ~ X 

i ·· doc • 

>> an s "2 - sqrt (an s ) ! ·· c l c 

I ·· he l pwin 

an s = ! ·· c l c 

I ·he l pdesk 

1. 2225e+010 1 "Cl c 

fx I 
$ %-- 8/4/16 3:08 Pl1 --% 

>> 
L. c l c 

B %-- 8/8/16 11:17 AH --% 

' "Cl c 

I -5 A3+ (5 - 4)/10- 7*3 

! "Sqrt (a n s ) 

I ·· an s "S 

1 = 
·· an s"2- sqrt (an s) ~ 

Figure: (2) The Matlab Desktop display after performing some basic arithmetic
commands
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Arithmetic

On the other hand, sometimes while doing complex calculations, we prefer
to assign the variables of our own choice to computed values.

So, MATLAB gives us independence to assign variables of our own choice.

For example, sin2(1) + cos2(1) can be computed by assigning a variable to
sin(1), and b variable to cos(1). The results are displayed in Figure 3.
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Exercise
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t l MA I LA~ / .lU.U l KLUlUa) 

File Edit Debug Parallel Desktop Window Help 

[) ~ I d' ... ~ ") (!' I ~ l!'iU i§'Q I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window 1%::1~ Workspace ... [j ~ X 

>> a=cos (1) @· ~ fii .. I Stack: I Ba ... y I l l ~ Select data top ... yl 
Name • Value Min Max 

a = 
a 0.5403 0.5403 0.5403 

0 .5403 
ans 1 1 1 

b 0.8415 0.8415 0.8415 

>> b=sin(1) 

b = 

0 . 8415 

>> a "2 +b"2 

an s = 

1 Command History ... [j ~ X 

: .. ·he l pdesk A 

fx >> L.. c l c 

$ %-- 8/4/16 3 :08 Pl1 --% 

'···· c l c 

~ %-- 8/8/16 11 :17 AH --% 

; ·· c l c 

I .. 5 -3+(5 - 4) / 10- 7°3 

I "Sqrt (a n s ) 

i ·· an s "S 

! .. an s "2- sqrt (an s ) 

! 
' 

·· c l c 

; .. a=cos (1) 

I .. b=sin (1) 

! = 
.. a "2 +b "2 ~ 

~ Start I 

Figure: (3) The Matlab Desktop display after performing some basic arithmetic
commands
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Doing Mathematics with Matlab (I)
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Symbolic Computation

To perform symbolic calculations, make sure that Symbolic Toolbox is
installed on your system.

For this type help symbolic in the Command Window and run this
command by pressing enter key.

If it is installed then the MATLAB desktop looks like the Figure 4,
otherwise you have to install it like the installation of the other packages.
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/ 1 MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 E3i I .1' IIIII ~ "') (II I ~ ~ 1§1 I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

.,; Com ~:.; ma ::;:o nd :=, W ~ indow :=;;:.. -------------------------------------------------- ICI-. 1 .1 1!• .,~ Workspace .. , Cl ~ X 

~ ~ • ~ Ill .. I Stack:! Ba... y Ill ~ Select data to p... y I >> h e l p symbolic 

Symbolic Hath Tool box 

Versi o n 5. 4 (R2 010a ) 25- J a n - 2 010 

Cal c ulus. 

diff 

int 

limit 

taylor 

iacobian 

svmsum 

- Di fferen t i ate. 

- Integrate. 

- Limit. 

- Ta ylor seri es. 

- J acobi a n matri x. 

- Summati o n of seri es. 

Linear Algebra. 

4\ Start I 

diag 

triu 

tril 

inv 

det 

rank 

rref 

n u ll 

col space 

eig 

svd 

iordan 

EQ!y 

expm 
mldivide 

ropo'Ner 

mrdivide 

mtimes 

transpose 

- Create or extract d i a g o n a l s. 

- Upper tri angle. 

- Lo wer tri angle. 

- Hatri x inverse. 

- Determina n t. 

- Ra n k. 

- Reduced r ow ech e l o n form. 

- Basi s for null space. 

- Basi s for column space. 

- Eige nva lues a n d e ige nvectors. 

- Singular v a lues a n d s ingular vectors. 

- J ordan can onical (norma l) form. 

- Ch aracteri sti c polynomia l . 

- Hatri x expon e n t i a l . 

- \ matri x l eft d ivis i o n . 

- A matri x p ower. 

- I matri x r ight d ivis i o n . 

- k matri x mult i plicati o n . 

- • matri x tran spose. 

Name • Value 

Command History 

- 5 A3+ (5 - 4)/10- 7°3 

'-sqrt (a n s ) 

.. a n s " S 

i· .. a n s " 2 - sqrt (a n s ) 

!. ·c l c 

, .. a =cos (1) 

' ·b=sin (1) 

'· .. a " 2 +b " 2 

~ ·· %-- 8/9/16 9:57 Al1 --% 

l··· c l c 

' ·h e l p sytr.bolic 

B ·%-- 8/9/16 1o:o5 AJ1 --% 

·c l c 

L h e l p symbolic 

Min Max 

~•Cll'X 

= 

Figure: (4) The Matlab Desktop display with help symbolic command
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Symbolic Computation

To do symbolic computations, you must use syms to declare the variables
you plan to use to be symbolic variables.

Usually this command is used to solve algebraic expressions. For example

To compute (x − y) ∗ (x − y)2, declare x and y to be symbolic.

The MATLAB Desktop looks like Figure 5.
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4\. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

; '[) ~ I ,!' -.a ~ ") ~ I ~ jjJ ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !!I How to Add !!I What's New 

'r. 

>> s yms x y 

>> (x - y )•(x - y )A2 

an s = 

>> exp a n d (a n s ) 

an s = 

>> fac t or (an s ) 

an s = 

an s = 

an s = 

X - y 

fx >> 

1 .. Start J 

Workspace ~• Cl ll X 

f!l • ~ rj .. I Stack:j Ba... • Il l ~ Select data to p... •I 
Name • Value 

~ an s <1xl sym> 

~ X <1xl sym> 

~y <1xl sym> 

Command History 

'···· a "2+b"2 

$··%-- 8/9/16 9:57 AH --% 

I L. h e l p symbolic 

8 .. %-- 8/9/16 1o:o5 AJ1 --% 

~ ·· c l c 

I ·h e l p symbolic 

l ·· c l c 

I ·· s yms x y 

i ·· (x - y ) • (x - y ) A2 

I ·exp a n d ( a n s ) 

l ·· fac t or (an s ) 

I ·s i mpl ify ( (x A2 - y A2 ) / x +y) 

1 ·s i mpli f y ( (x A2 - y A2 ) I (x +y)) 

Min Max 

~•Cll'X 

= 

Figure: (5) The Matlab Desktop display after declaring x and y to be symbolic
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Symbolic Computation

Remark

It is to be noted that MATLAB uses floating point arithmetic for its

calculations. But exact arithmetics can also be done using the Symbolic Math

Toolbox with symbolic expressions.

For example, the floating point format of cos(pi/2) in MATLAB is

6.1232e − 17. However, it is known that cos(pi/2) is really equal to zero.

The inaccuracy is due to the fact that typing pi in MATLAB gives an

approximation to π accurately to about 15 digits. But sym command gives

accurate value of π. Look at the Figure 6
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1(\. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

; '0 E3i I .1' IIIII ~ "') (II I ~ ~ 1§1 I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !!I How to Add !!I What's New 

.,; Com ~:.; ma :;,;:: nd :.;;, W ~ indow =;;;. -------------------------------------------------- ICI-. 1 .1 1!• .,~ Workspace .. , Cl ~ X 

~ • ~ Ill .. I Stack:! Ba... y Il l ~ Select data to p... y I >> cos (s ym( 'pi/2' )) 

an s 

0 

>> s ym ( '1/2' ) +s ym ( '1/3' ) 

an s 

5 / 6 

an s = 

2 9 5 4312 7065508336 10752 

an s = 

2 9 5 4312 70655083369 8 6 43 

A» 

4\ Start I 

Name • Value 

~ ans <lxl sym> 

~ X <lxl sym> 

~y <lxl sym> 

Command History 

··· s impl ify ( (x A2 - yA2 ) / x +y) 

·· s impli f y ( (x A2 - yA2 ) I (x +y)) 

.... c l c 

·· cos (s ym( 'pi/2) ' ) 

.... c l c 

·· cos (s ym( ' pi/2 · )) 

.... c l c 

·· cos (s ym ( 'pi/2' )) 

··· s y s m ( '1/2' ) + s y s m ( '1/3' ) 

···· c l c 

·· cos (s ym ( 'pi/2' )) 

·· s ym( '1/2' ) +s ym( '1/3' ) 

·· s ym(3 A45 ) 

·· s ym( '3A45' ) 

Min Max 

~•Cll'X 

= 

Figure: (6) The Matlab Desktop display with sym command
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Substitution in Symbolic Expressions

While working with symbolic expressions, some times it is necessary to
substitute a numerical value, or even another symbolic expression, for one
or more of the original variables in the expression.

subs command is used for this purpose.

For example, we want to substitute the numerical value 2 for the symbolic
variable x in the symbolic expression u = x + y2.

For this we use the command subs(u,x,2).

Similarly, we can substitute the symbolic expression y + x for the symbolic
variable y in the symbolic expression u = x + y2 as, subs(u,y,y+x).

The MATLAB Desktop looks like the Figure 7.
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' ' M A l iA ~ / ,lU.U (KLUl ua) 

File Edit Debug Parallel Desktop Window Help 

: '0 a I "' ... ll:l!l "' ("' I ~ ~ ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !t1 How to Add !t1 What's New 

Command Window II)~ Workspace ... Cl ~ X 

>> s yms X y ~ • @ ,. .. I Stack: I Ba ... • Ill ~ Select data top ... · I 
>> u=x+y"2 

Name • Value Min Max 

u = ~ ans <lxl sym> 

~ u <lxl sym> 

yA2 + X 
~ X <lxl sym> 

~ y <lxl sym> 

>> s ubs (u , x , 2 ) 1 

an s = 

yA2 + 2 

>> subs (u , y, y+x ) 

an s = 

Command History ... Cl ~ X 

X + ( X + y ) A2 >· vpa (pi/2 ) 

1 L. vpa ( 'pi/2' ) 

A 

>> s impl i f y (a n s ) 8 %-- 8/12/16 10 : 27 Al1 --% 
·· c l c 

an s = l ·· subs X y 

·· u= 

X + ( X + y ) A2 
; ·· clc 

fx.. I 
.. subs X y 

>> 
; "Clc 

.. s yms X y 

; ·· u=x+y"2 

.. s ubs (u , x , 2 ) 

l ·· subs (u , y, y+x ) 
= 

' "Simplify (a n s ) ~ 

.. Start I 

Figure: (7) The Matlab Desktop display with substitution command
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Errors in input

If you make an error while entering input in a Command Window,
MATLAB will beep and print an error message.

For example, note that what happens when you try to evaluate sin10:

» sin10 ??? Undefined function or variable ’sin10’.

Note that there you did not write the correct command. The correct
command is sin(10). Then Matlab gives you the correct output. See Figure
8.
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I' MA I LA~ / .l U.U [KLUlUa) liiCJ' I~ !"C._I 

File Edit Debug Parallel Desktop Window Help 

'0 fJ I ~ - ~ "J (!' I ~ rjJ 1§1 I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window ICI ~ Workspace ... [j ~ X 

>> s inlO @. ~ fil 'I Stack: l Ba ... ~Ill ~ Select data top ... ~ I 

??? Undefined funct ion or variable •s inlo• . 
Name • Value Min Max 

>> s in (10 ) ~ ans -0.5440 -0.5440 -0.5440 

€J u <lxl sym> 

an s = 
€Jx <lxl sym> 

€Jy <lxl sym> 

- 0 .5440 

fx. » I 

Command History ... [j ~ X 

.... c l c A 

.... subs X y 

"" U = 

···· c l c 

.... subs X y 

·· .. c l c 

.... s yrns X y 

···· u=x+y"2 

.... s ubs (u , x , 2 ) 

.... subs (u , y , y+x ) 

·· s imp l ify (a n s ) 

···· c l c 

"" SinlO 
= 

·· s in (10 ) ~ 

A Start I 

Figure: (8) The Matlab Desktop display while removing error
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Doing Mathematics with Matlab (I)
Exercise

1 Find the value of the following polynomials at x = 2 using subs command:

p(x , y) = x
2 + 3y

2
x + 10

u(x) = x
3 + 4x + 10

2 Find the value of the following trigonometric functions at x = π

2
using sym

command:

cos(x), sin(x), tan(x).
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Doing Mathematics with Matlab (I)
Exercise

1 Expand the following algebraic expressions using expand command:

(x + y)10

(x + y)3 + (x + y)2

2 Simplify the following quantities:

2 + 5 − 4 + 1010 + 72.
2/5 + 4/10 − 1002
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Department of Mathematics and Statistics
Virtual University of Pakistan, Lahore, Pakistan.

imrantalib@vu.edu.pk
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Variables and Assignments

In MATLAB, = sign is used to assign values to a variable.

For example, to assign 7 value to a variable x , we proceed as

» x=7
x =
7

From now to own-ward, whenever MATLAB sees the letter x, it will
substitute the value 7.

For example, if y has been defined as a symbolic variable, then

» x=7
x =
7
» syms y » x3 + 2 ∗ x ∗ y + 10 ∗ x

ans =
14 ∗ y + 413
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Variables and Assignments

To assign a new value to a variable x , type clear x command.

For example, to assign 8 value, we have to proceed as

» syms y
» clear x » x=8
x =
8
» x3 + 2 ∗ x ∗ y + 10 ∗ x

ans =
16 ∗ y + 592

The MATLAB Desktop looks like the Figure 1
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ill- MA I LA~ / .lU.U (KLUlUa) ,..,._, 
File Edit Debug Parallel Desktop Window Help 

'D ~ I d' ... • ") (!' I ~ l!'iU l§n I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window 1%::1~ Workspace ... [j ~ X 

>> x=7 @ 
- ~ fii .. I Stack: I Ba ... y I l l ~ Select data to p ... yl 

Name • Value Min Max 
X = 

; : ns 
<lxl sym> 

7 
8 8 8 

~y <lxl sym> 

>> syms y 

>> x "3+2 *'x *'y + 10*'x 

an s = 

14•y + 413 

>> c l ear X 

>> x=S 

I 
X = Command History ... [j ~ X 

i "Subs (u,x,2 ) A 

8 
! ·· subs (u, y , y+x ) 

; "" S i mpl ify (a n s ) 

>> x "3+2 *'x *'y+ 10*x I ·· c l c 

t ·· s inlO 

an s = l s in (10 ) 

8 %-- 8/16/16 3:56 Pl1 --% 
1 6•y + 592 

i ·· c l c 

fx 
l "" X=7 

>> I ·· syms y 

l ·· x "3 +2 *x *y+ 10*x 

i ·· c l ear X 

l "" X=S 
= 

·· x "3 +2 *x *y+ lO*x ~ 

~ Start I 

Figure: The Matlab Desktop display with Variable assign command
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A vector is an ordered list of numbers. A vector of any length can be entered in
MATLAB as

By typing a list of numbers, separated by commas or spaces, inside square
brackets. For example

A vector X with entries 2, 4 and 5 can be generated as

» X=[2,4,5]
X =
2 4 5

On the same fashion a vector Y with entries 2, 7, and 8 can be generated
as

» Y=[2,7,8]
Y =
2 7 8
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IIMATLAB 7.10.0 (R2010a I[ ~ ~ -=-- - --- - ----- . -

File Edit Debug Parallel Desktop Window Help 

'[) ~ I ~ 1111 • ") t" l 4tJ. rJJD ~ I ~ I Current Folder: \\lro-homes-01\ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts 1!1 How to Add (!] What's New 

>> X= [2,4,5) 

X = 

2 4 5 

>> Y= [2,7,8] 

y = 

2 7 8 

fx >> 

.,_ Start! 

~ Workspace 

@.@ IIi ' I Stack: [ Ba ... 

Name • Value 

~~ 
[1,4,5) 

[1,7,8) 

Command History 

"l a t.e x (X [2,4,5)) 

~ .. l a t.ex ( [ 2, 4, 5 ) ) 

! ·· c l c 

~ .. X= [2, 4,5) 

! .. l atex (an s ) 

l 
·· c l c 

.. X= [2 , 4, 5 ) 

.. Y= [2,7, 8) 

~ % -- 8/17/16 11:44 AM 

·· clc 

~ ··cle a r a ll 

~ ·· clc 

l .. X= [2,4,5 ) 

l-Y= [2, 7,8 ) 

_., 
Cl ~ X 

-J I ~ Select data to p ... • 

Min Max 

2 5 

2 8 

_., 
Cl ~ X 

~ 

__ , 

c::::o 
• 

r 
OVR 

Figure: The Matlab Desktop display with Vector command
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Vectors

Vector can also be created without typing each number. For example

The vector X with entries 2, 3, 4 and 5 can also be created as

» X=2:5
X =
2 3 4 5

The notation X=2:5 represents a vector of numbers running form 2 to 5
with increment 1, that increment can also be specified as the second of
three arguments as

» Y=1:2:12
Y =
1 3 5 7 9 11
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Vectors

To change a vector Y from a row vector to a column vector, simply put a
prime (’) after Y , as

» Y’
ans =
1
3
5
7
9
11

You can also extract the entries of vector Y . For example, the entry 5 can
be extracted as

» Y(3)
ans =
5
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1\. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I ,l' ... ~ II) ~ I ~ tin i§!l I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcut s !!I How to Add !!I What's New 

Command Window IC:I~ Workspace ... [j ~ X 

>> X=2:5 ~ - ~ :.1 .. I Stack: I Ba ... ·Ill ~ Select data top ... · I 
Name • Value Min Max 

X = 
X [2,3,4,5[ 2 5 

2 3 4 5 
y [1,3,5,7,9,11[ 1 11 

ans 5 5 5 

>> Y= 1 : 2 : 12 

y = 

1 3 5 7 9 11 

>> Y' 

an s = 

1 Command History ... [j ~ X 

3 
i ·· c l c • 

5 i-x = [ 2, 4,5J 

71 L. y = [ 2, 7 , 8J 

9 ~ %-- 8/17/16 11:44 AH --% 

11 i "Cl c 

! ·· c l e a r a ll 
>> Y(3 ) I ·· c l c 

! ·· X= [ 2, 4,5) 
an s = I ·Y= [ 2, 7 , 8) 

5 
! "Cl c 

I ·X=2 : 5 

fx >> I ! ·· Y= 1 : 2 : 12 

I ·· Y' 

1 = 
·Y(3 ) ~ 

Figure: The Matlab Desktop display with increment command
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Vectors

Mathematical operations can also be performed on vectors. For example,
to square the elements of of the vector Y ,use the following command

Y .2

ans =
1 9 25 49 81 121

Similarly you can perform other mathematical operations, see the Figure 4
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(1. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

• '0 ~ I .1' ... ~ "') ('I I ~ rJ/J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

>> Y=1 : 2 : 12 

y = 

1 3 5 7 9 11 

>> Y . "2 

an s 

1 9 25 49 81 12 1 

>> y . *Y 

an s 

1 9 25 49 81 12 1 

>> y ./3 

an s 

0 . 3333 1.0000 1 .6667 2 . 3333 3 . 0000 3 .6667 

fx.» 

41 Start I 

Workspace ~• Cl ll 

\!1 If @ rj .. I Stack: I Ba... •Il l ~ Select data to p... • 

Name • 

X 
y 

ans 

Command History 

·· c lc 

.. X=2 : 5 

.. Y=1 : 2 : 12 

.. yt 

·Y (3) 

·· Y . " 2 

.. c lc 

·Y=1 : 2 : 12 

·· Y" . 2 

·· c lc 

.. Y=1 : 2 : 12 

.. Y. "2 

·· Y. *Y 

"Y./3 

Value Min Max 

(2,3,4,5) 2 5 

(1,3,5,7,9,11] 1 11 

[0.3333,1,1.6667,2.333... 0.3333 3.6667 

... [j ~ 

rm 

Figure: The Matlab Desktop display with operations on vectors
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Built-in Functions

MATLAB has all the usual elementary functions built in. For example,

exp(x) indicates the exponential function of x .

log(x) represents the natural logarithm function of the argument x .

sqrt is used to take the square root of an entity.
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User Defined Functions

We can also define our own functions in MATLAB using the command
inline or using the operator @.

We prefer the latter command. For example, the function x3 can be
defined as

» f = @(x)x3

f =
@(x)x3
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User Defined Functions

Once the function is defined, it can be evaluated at any real number. For
example

To calculate the value of x3 at x = 10, we will proceed as

» f = @(x)x3

f =
@(x)x3

» f(10)
ans =
1000

See the Figure 5
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User Defined Functions

41. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

: '0 @ I ,l' ... f.ll!l Ill) (II I ~ r::Ji7 i§Q I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !!I How to Add !!I What's New 

.; Command ~~=.;::, W ololo; i ndow :;:og;;;., __________________________________________________ m.-. ' oll l!• ;;; ~ Workspace -+I Cl ~ X 

~ If @ 'Iii .. I Stack:! Ba... T Il l ~ Select data top... T I » f = @ ( X ) x "3 

f = 

» f (10 ) 

an s = 

1000 

» f ( 9 ) 

I 
an s = 

729 

fx..» 

4' Start I 

Name • 

1;1;1 ans 

~ ~ 

Command History 

·· syrns x 

· l oq (x ) 

·x=S 

· l og (a n s ) 

·· c l c 

Value 

729 

@(x)xA3 

s··%-- 8/18/16 u : 12 AJ1 --% 

·· e l eel e 

·· c l c 

" f = @ (X) XA3 

" C 

·· c l c 

· f = @ ( X ) 

· f (10 ) 

· f ( 9 ) 

x "3 

Min Max 

729 729 

~•Cll'X 

c 

Figure: The Matlab Desktop display with user defined function command
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User Defined Functions

This command can also be used to define functions of several variables. For
this we proceed as

» h = @(x , y)x2 + y2

h =
@(x , y)x2 + y2

h(x , y) = x2 + y2 can also be evaluated at different values of x and y as,

» h(1,2)
ans =
5

See the Figure 6
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-il. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

: '[) ~ I cl' 1111 ~ Ill) ~ I ~ r:1J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !!I How to Add !!I What's New 

Command Window lei~ Workspace -+I [j ~ X 

>> h =@ (X, y ) x " 2 +y " 2 ~ - ~ Ill .. I Stack: I Ba ... ·II ~ Select data top ... · I 
Name • Value Min Max 

h = 
1;1;1 ans 5 5 5 

@(x,y) x A2 + y A2 ~ ~ @(x)xA3 

€) h @(x,y)xA2+yA2 

>> h(1,2) 

an s = 

5 

fx >> I 

Command History -+I [j ~ X 

(·· l oq (a n s ) A 

L. c l c 

e %-- 8 / 18/ 16 11 : 12 AH --% 

; ·· e l eel e 

! ·· c l c 

I · f = @ (X) x "3 

! ·c 

I ·· c l c 

! · f = @ (X) x "3 

I · f (10) 

! · f (9 ) 

I ·· c l c 

! ·h =@ (X, y) x " 2 +y " 2 

! = 
·h (1 , 2 ) • 

I ~ Start! 

Figure: The Matlab Desktop display with user defined function command
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Solving Algebraic Equations

Now, we learn how to solve the Algebraic equations in MATLAB. The command
solve or fzero is used for this purpose. For example,

The MATLAB solution of the equation x2
− 5x + 6 = 0 can be find as

» solve(′x2
− 5 ∗ x + 6 = 0′).

The MATLAB output is

ans =
2
3

Note that here the equation to be solved is specified as a string, that is, it
is surrounded by a single quotes.

See the Command Window 7
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il. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 f5 I eM> "' ~ ") t" I ~ r1J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window II)~ Workspace -+I Cl ~ X 

>> solve ( ' x "2-5*x + 6=0' ) ~ · ~ Ill .. I Stack: I Ba ... ·I l l ~ Select data to p ... · I 
Name • Value Min Max 

an s = 
€1 ans <2xl sym> 

2 

3 

fx >> 

Command History -+I Cl ~ X 

; ·· e l eel e A 

i ·· c l c 

I · f = @ ( X ) x "3 

! " C 

I ·· c l c 

I " f = @ ( X ) x "3 

i · f (10) 

! · f (9) 

l ·· c l c 

! " h =@ ( X , y) x "2 +y"2 

[ 
h (1 , 2 ) 

El·%-- 8/19/16 10 : 03 Al1 --% 

l ·· c l c 
= 

'"·· solve ( ' x "2-5*x + 6=0' ) ~ 

_. Start I 

Figure: The Matlab Desktop display with Algebraic equations solver
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Solving Algebraic Equations

Note that, the input to solve can also be a symbolic expression. For instance

The MATLAB syntax for solving x2
− 3x = −7 is:

syms x;
solve(x2

− 3 ∗ x + 7)

The MATLAB generated output is

ans =
3/2 − (19(1/2) ∗ i)/2
3/2 + (19(1/2) ∗ i)/2
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(l. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I ,l' 1111 ~ II) t" I ~ rjj ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

r. 

>> s yms x ; 

solve (x A2 - 3*x +7 ) 

an s = 

3/2 - (19 A(1/2 ) 'i) / 2 

3/2 + (19 A(1/2 ) •i) / 2 

fx. » 

Workspace ~• Cl ll X 

f!l .. ~ Ill ' I Stack:j Ba... ·Il l ~ Select data to p... •I 
Name • 

€J ans 

li')x 

Command History 

.. c l c 

Value 

<2xl sym> 

<1xl sym> 

j .... h =@ (x , y ) x A2 +yA2 

L.. h (1 , 2 ) 

e··%-- 8/19/16 10:03 AH --% 
; .. c l c 

! .. solve ( ' x "2-5*x + 6=0' ) 

! .. s yms x ; solve (x "2 - 3*x +7 =0 ) 

l .. s yms x ; solve (x "2 - 3*x +7 ) 

! .. double (a n s ) 

! .. solve ( ' x "2 - 3kx +7=0) 

! .. solve ( ' x "2- 3*x +7=0' ) 

l .. c l c 

! .. s yms x ; 

l .. solve (x A2 - 3•x+7 ) 

Min Max 

~•Cll'X 

= 

Figure: The Matlab Desktop display with Algebraic equations symbolic command
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Solving Algebraic Equations

The solve command can also be used to solve higher degree polynomial
equations, as well as many other types of equations.

It can also be used to solve equation having more than one variables. For
example to find the solution of x2

− y = 2 and y − 2x = 5, the following
syntax is used:

» [x , y ] = solve(′x2
− y = 2′,′ y − 2 ∗ x = 5′)

The MATLAB generated output is:

x =
2 ∗ 2(1/2) + 1
1 − 2 ∗ 2(1/2)
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Solving Algebraic Equations

Note that, MATLAB reports the solution of the above system of equations
by giving two x values and two y values.

Thus the first solution consists of first value of x together with the first
value of y .

Similar case exists for the second solution.

The first solution can also be extracted by typing x(1) and y(1) in the
Command Window.

See the Command Window 9
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'I MATLAB 7.10.0 (R2010a) 

'ile Edit Debug Parallel Desktop Window Help 

'0 a I d' "' ~ ., (!" I ~ ~ §!) I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

:ommand~~==- W ~ indow ::,;;:;;;., __________________________________________________ c:;.;;;;;;. ' o~ ll• ;;, ~ Workspace -+o Cl ~ X 

~ • ~ rj .. I Stack:j Ba... ? Ill ~ Select data to p... ? I 

~ 

>> (x,y] =solve ( ' x A2- y=2 ' , 'y -2 ~ x=5 ' ) 

X = 

2 • 2 A (1/2) + 1 

1 - 2 • 2 A (1/2) 

y = 

4•2A(1/2) + 7 

7 - 4•2A(1/2) 

>> X (1) 

an s = 

2 • 2 A (1/2) + 1 

» y (1) 

an s = 

4•2A(1/2) + 7 

>> 

l Start I 

Name • Value 

~ ans <1xl sym> 

~ X <2xl sym> 

€Jy <2xl sym> 

Command History 

.... c l c 

.... solve ( ' x "2-5*x +6=0' ) 

.... syms x ; solve (x "2 - 3*x +7 =0) 

.... syrns x ; solve (x "2 - 3 *x +7) 

... double (an s ) 

.... solve ( ' x "2 - 3*x +7=0 ) 

.... solve ( ' x "2- 3*x +7=0' ) 

.... c l c 

···· syms x ; 

"' SOlVe (XA2 - 3 • x +7) 

.... c l c 

Min Max 

~•Cll'X 

.... [x , y ) =so lve ( ' x "2- y =2' , 'y-2 *'x=S ' ) 

·· x (1) 

· y(1) 
= 

Figure: The Matlab Desktop display with the solution of the system of algebraic

equations
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Solving Algebraic Equations

Sometimes an equation have more than one solutions and you may not get
what you expected. For example the MATLAB syntax:

» solve(′exp(−x) = sin(x)′), gives

the complex number answer. But we are interested to see its another
numerical solution near to 0.5. For this use the following syntax:

» h = @(x)exp(−x)− sin(x);
» fzero(h,0.5)

The required output will be

ans =
0.5885
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MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 f5 I eM> "' ~ ") t" I ~ r1J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

,:. Com ~=. ma := nd =.: W ::,::, indow ;:;;:;;:., _________________________________________________ ....; ICI ;;;;. 1 .- I! ~ Workspace -+• Cl ~ X 

» h =@( x ) exp (- x ) - s in(x ) ; f!l . ~ Ill 'I Stack:! Ba ... ·III ~ Se l ectdatatop ... • I 

fzero (h, 0 .5) 

an s 

0 .5885 

A» 

~ Start 

Name • Value Min Max 

1;1;1 ans 0.5885 0.5885 0.5885 

~ ~ @(x)exp( -x)-sin(x) 

~ h @(x)exp( -x)-sin(x) 

~ X <1xl sym> 

~y <2xl sym> 

Command History ~•Cll'X 

( 

"fzero (inline ( ' - s in( x )+exp( - x ) ' ) ,o.S ) ""' 

·· fzero (inline ( ' exp( - x ) - s in( x ) ' ) ,o.S ) 

"fzero (inline ( ' exp( - x ) - s in( x ) ' ) , o.S ) 

·· fzero (inline ( ' exp( - x ) - s in( x ) ' ) , o.S ) c 

"Ckc 

"Cl c 

" f=@ (x ) exp (- x ) - s in (x ) ; 

· fzero ( f, o.5) 

"h=@( x ) exp (- x ) - s in(x ) ; 

· fzero (h, 0 .5) 

·· c l c 

·h =@( x ) exp (- x ) - s in(x ) ; 

" fzero (h, 0 .5) 

Ill J • 

= 

Figure: The Matlab Desktop display with fzero command
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Solve the following equations using MATLAB solve command

x2 + 2x − 4 = 0.

x3 + 5x2 + 4x + 3 = 0

Solve the following equations for x using solve command

x + log(y) = 3.

x + 10y = 6.

Find the solution of the following equation using fzero command near to x = 3

exp(−x) = sin(x).

Solve the following system of equations using solve command

x + y2 = 2, y − 3x = 7.

x + y2 = 2, 2y2
− 3x = 7.
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ezplot Command

In this lecture, we learn the use of the basic plotting commands in MATLAB.

ezplot command is used to plot the graph of a function of one variable.

It expects a string, a symbolic expression or a function representing the
function to be plotted.

For example, the MATLAB command to draw the graph of the function x3

on the interval [−2, 2], using the string form of ezplot is:

» ezplot(’x3’,[-2,2]).

Note that the result will display in a new window labeled "Figure1". Look
at the Figure 1
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ezplot Command

-«J. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

: '[) ~ I cl' 1111 ~ Ill) ~ I ~ r:1J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !!I How to Add !!I What's New 

Command Window 

>> ezpl ot ( ' x"3' , ( - 2,2 ) ) 

fx..» IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

'O ~ IIii1 ~ 1 ~ ~~e.. o®~ /. · I ~ I D~E I• !k!! 

x3 

8 

6 

4 

2 

0 

-2 

-4 

-6 

-8 

-2 -1.5 -1 -0.5 0 0.5 1 
X 

I ~ Start I 

•~Cll'X 

I = I §l I ~Je-i'M- 1 

., 

1.5 2 

Workspace ~•Cll'X 

~ .. ~ l'iii .. I Stackd Ba ... ·II ~ Select data top... •I 
Name • Value Min Max 

Command History 

·· c l c 

· f=@ (X) exp ( - x ) - s in (x ) ; 

· fzero ( f, o .S) 

·h =@( x ) exp (- x ) - s in(x ) ; 

· fzero (h, O.S) 

·· c l c 

·h =@( x ) exp (- x ) - s in(x ) ; 

, fzero (h, 0 . 5 ) 

~ .. %-- 8/22/16 12 : 08 PZ1 --% 

·· c l c 

·· ezpl ot ( ' x "3' , ( - 2,2]) 

·\latex (ezpl ot ( ' x A3' , ( - 2,2 ) )) 

·· c l c 

·· ezpl ot ( ' x "3' , ( - 2,2 ] ) 

~•Cll'X 

= 

l ovR .:: 

Figure: String form plot with ezplot command
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ezplot command can also accepts a symbolic expression. For example

The graph of x3 can also be produced using the following input:

» syms x;
» ezplot(x3, [-2,2])

See the Figure 2
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ezplot command with symbolic expression

jl. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I ,l' 1111 ~ II) t" I ~ r:1J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window 

>> s yms x ; 

>> ezpl ot (x "3 , 

fx. » 
( - 2,2 ) ) IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

O @ riii ~ l ~ ~~~ O® ~ /. - I (2b i D ~E I• Il:!l 

x3 

8 

6 

4 

2 

0 

-2 

-4 

-6 

-8 

-2 -1.5 -1 -0.5 0 0.5 1 
X 

•~Cll'X 

l = I @) • tJ,I 

., 

1.5 2 

Workspace ~•Cll'X 

f!l .. ~ Ill ' I Stack:j Ba ... ·Ill ~ Select data top ... •I 
Name • Value 

<1xl sym> 

Min Max 

Command History 

·· h - @( x ) exp (- x ) - s in(x ) ; 

·· fzero (h, O.S) 

.. c l c 

·· h =@( x ) exp (- x ) - s in(x ) ; 

, fzero (h, 0 . 5 ) 

B··%-- 8/22/16 12 :08 Pl1 --% 
.. c l c 

.. ezpl ot ( ' x "3' , [ - 2,2] ) 

·· \latex (ezpl ot ( ' x A3' , ( - 2,2))) 

·· c l c 

.. ezpl ot ( ' x "3' , ( - 2,2]) 

.. c l c 

·· ezpl ot (x A3 , (- 2,2 ) ) 

~•Cll'X 

= 

I OVR .:: 

Figure: Symbolic expression form plot with ezplot command
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The graph of function x3 can also be plotted by using an anonymous
function as the argument of ezplot. For this case the input will be:

» ezplot(@(x)x .3, [-2,2]).

See the Figure 3
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ezplot command on anonymous function

~ MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

; '[) ~ I .1' "' ~ ., ('I I ~ jj/J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !!I How to Add !!I What's New 

Command Window 

>> ezpl ot (@( x ) x. A3, ( - 2,2 ) ) 

A» 
IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

O ~ Q ~ I ~ ~~<=1. 0®~ /. · I ~ I D~ I• i!:!! 

x3 

8 

6 

4 

2 

0 

-2 

-4 

-6 

-8 

-2 -1 .5 -1 -0 .5 0 0.5 1 

X 

•~Cll'X 

I = I @) ljpeoA-1 

.,. 

1.5 2 

Workspace ~•Cll'X 

\'@ • @ Ill .. I Stack:! Ba ... y Il l ~ Select data to p... y 

Name • Value 

<1xl sym> 

Min Max 

Command History 

·· c l c 

1 h =@(x ) exp ( - x ) - s in (x ) ; 

1 '"· fzero (h, O. S ) 

13 .. ·%-- 8 / 22/ 1 6 12 : 08 Pl1 --% 

·· c l c 

·· ezpl ot ( ' x "3 ' , [ - 2,2] ) 

"\l atex (ezpl ot ( ' x A3 ' , [ - 2, 2 ) )) 

·· c l c 

.. ezpl ot ( ' x "3 ' , [ - 2,2] ) 

·· c l c 

"eZpl Ot( XA3 , ( - 2,2 ) ) 

·· c l c 

.. ezpl ot (@ (x ) x. A3 , [- 2,2 ) ) 

~•ClliX 

= 

Figure: Anonymous function form plot with ezplot command
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Graphs can be modified in a number of ways. For example

The title of the graph can be inserted.

Different types of labels can be given to both axis.

The region of the Graph can be seen in the form of grid.

To accomplish this task, simply type the following commands in the
Command Window

syms xy ;
y=ezplot(x3, [-2,2])
xlabel(’x ’);
ylabel(’y ’);
title(’The graph of y = x3’);
grid; ee the output 3
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Modification of Graphs

MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'[) ~ I cl' 1111 ~ Ill) ~ I ~ r:1J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window 

>> syms x y ; 

y=ezpl o t (x "3 , 

x l ab e l ( ' x ' ) ; 

y l a b e l ( 'y' ) ; 

( - 2,2 ) ) 

t i t l e ( 'The gra ph o f y=x"3' ) ; 

gri d ; 

y 

174 -0148 

fx..» 

I ~ Start I 

File Edit View Insert Tools Desktop Window Help 

The graph of y=x3 

8 --------~--------~--------~--------f--------f--------f--------f-------~ 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 6 --------~--------~--------~--------t--------t--------t--------t----- --
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

4 --------~--------~--------~--------~--------~--------~--------~- ------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 2 --------~--------~--------~--------~--------~--------~--- ---~--------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

0 --------~--------~--------' --~--------t--------t--------
0 0 0 0 0 

0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 0 

-2 --------~--- ----~--------~--------~--------~--------~--------~--------
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

~ ------ -:--------:--------:--------:--------:--------:--------:--------
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

-6 -- -----~--------~--------~--------f--------f--------f--------f--------
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

-8 --------L--------L--------L--------l--------l--------l--------l--------
1 I I I I I I 

-2 -1_5 -1 -0.5 0 
X 

0.5 1.5 2 

Workspace ~•Cll'X 

~ .. ~ l'iii .. I Stackd Ba ... ·II ~ Select data to p... •I 
Name • 

Command History 

···· syms x y ; 

Value 

<1xl sym> 

174.0148 

···· y =ezpl o t (x "3, 

···· x l ab e l ( ' x ' ) ; 

( - 2,2)) ; 

··yla b e l ( 'y' ) ; 

···· t i t l e ( 'The gra ph o f y =x"3' ) ; 

···· gri d ; 

···· c l c 

···· syms x y ; 

·· y =ezp l o t (x A3, ( - 2,2 ) ) 

···· x l ab e l ( ' x ' ) ; 

·· y l a b e l ( 'y' ) ; 

···· t i t l e ( 'The gra ph o f y =x"3' ) ; 

···· gri d ; 

Min Max 

174.01... 174.01... 

X 

= 

Figure: Modification of the Graph y = x
3
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Example:

Plot the graph of the function y = x2 on [−3, 3] using ezplot command
considering x and y to be symbolic variables.

Label the horizontal axis as "VU" and vertical axis as "IT".

Keep the title of the graph as "Parabola"

Solution:

The following syntax can be used to attain the required graph:

» syms x , y ;
y=ezplot(x2, [-3,3])
xlabel(’VU’);
ylabel(’IT’);
title(’Parabola’);
grid;

Also see the Graph 5
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Graphical view of the Example

~ MA TLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'[) ~ I cl' 1111 ~ Ill) ~ I ~ r:1J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window 

( - 3 , 3 ) ) 

>> s yms x y ; 

y =ezpl o t (x "2, 

x l ab e l ( 'VU' ) ; 

y l a b e l ( 'IT' ) ; 

t i t l e ( 'Parabol a ' ) ; 

g r i d ; 

y = 

174 . 019 4 

fx..» 

I ~ Start I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

Parabola 

: : ' ' ' 
' ' ' ' ' 9 -----------~-----------~-----------t-----------t-----------t----------~ 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 8 - ---------~-----------~-----------~-----------~-----------~---------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 7 --- -------~-----------~-----------t-----------t-----------t------- ---
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 6 ----- -----~-----------~-----------t-----------t-----------t---- ------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 5 -------- --~-----------~-----------~-----------~-----------~-- --------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 4 ----------- -----------~-----------~-----------~-----------,-----------

' ' ' ' ' ' ' ' ' ' ' ' ' 
3 -----------:-- --------:-----------:-----------:-------- --:-----------

' ' ' ' ' ' ' ' ' ' 
2 -----------~------ ----~-----------f-----------f---- ------f-----------

0 ' ' ' ' 

' ' ' ' ' ' ' ' ' ' 
-----------~-----------, -----------~-----------,-----------~-----------

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
0 -----------:-----------:-------- : --------:-----------:-----------

-3 
1 I I I I 

-2 -1 0 
vu 

2 3 

•~Cll'X Workspace ~•Cll'X 

~ .. ~ l'iii .. I Stackd Ba ... ·II ~ Select data to p... • 

y 

Value 

<1xl sym> 

174.0194 

Command History 

···· yms x y ; 

·· y =ezp l o t (x A2, ( - 3,3)) 

···· x l ab e l ( 'VU' ) ; 

·· y l a b e l( 'IT' ) ; 

···· t i t l e ( 'Parabol a ' ) ; 

···· gri d ; 

···· c l c 

···· s yms x y ; 

·· y =ezp l o t (x A2, ( - 3,3) ) 

···· x l ab e l ( 'VU' ) ; 

·· y l a b e l( 'IT' ) ; 

···· t i t l e ( 'Parabol a ' ) ; 

···· grid; 

Min Max 

174.01 ... 174.01 ... 

~•Cll'X 

c 
• 

Figure: Modification of the Graph y = x
3
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plot Command

This command works on the vectors of numerical data.

The syntax is plot(X,Y).

X and Y are the vectors of same length.

This command considers the vectors X and Y to be lists of x and y

coordinates of successive point on a graph, and joins the points with line

Under Plot command the vectors X = [3 5 7] and Y = [9 11 13] are
connected by line segments as (3,9) to (5,11) to (7,13).

See their graphical view in Figure 7.
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Graphical view of plot command

File Edit Debug Parallel Desktop W1ndow Help 

'[) ~ I ~ - ~ II) {'! I ~ cD f!1 1 ~ I Current Folder: \\lro-homes-01\ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts 1!1 How to Add [!] What's New 

Command Window 

>> X= [ 3 5 7) ; 

Y= [ 9 11 13); 

plot (X, Y) 

fx.» 

ll Figure 1 

File Edit View 

~ t Hh~ ~ 

13 

12.5 

12 

11.5 

11 

10.5 

10 

9.5 

9 
3 

Insert Tools Desktop Window Help 

~ C... {'H ~.l ~ /. . ~ 0~ 

3.5 4 4.5 5 5.5 

•~ D 11 X 

lc:>l® 

.. 
•I!JI 

6 6.5 7 

Workspace 

@I If ~ fll ' I Stacie: Ba ... 

Name • Value 

X 
y 

[3,5,7) 

[9,11,13) 

Command History 

·· y=ezplot (x h2, [ 3 , 3)) 

·· x l ab e l ( 'VO' ); 

·· yla b e l( 'IT' ); 

·· t i t l e ( 'Parabola' ); 

·· grid; 

.,., D fl X 

I ~ Select data top... • 

Min Max 

3 

9 

7 

13 

.. , 0 fl X 

8···%-- e/23/16 11 : 17 A11 __ , 

·· clc 

·· X= [ 3 5 7) ; 

·· Y= [ 9 11 13 ) ; 

·· plot (X, Y) 

·· clc 

·· X= [ 3 5 7) ; 

·· Y= ( 9 11 13); 

l-plot (X, Y) 

OVR 

Figure: Plot command view of vectors of same length

Imran Talib VU Lecture NO.04 14

Graphics Techniques in MATLAB

ezplot Command
ezplot command with symbolic expression
ezplot command on anonymous function
Modification of Graphs
Example
Plot command
Graphs of Multiple Curves
Parametric Plots
Contour Plot
Exercise

Example:

Example:

Using the plot command, plot the graph of x2 + x + 1 on the interval
[−2, 2] by taking increment of 0.1 of the domain set.

Label the horizontal axis with x and vertical axis with y .

Finally, gives the title "Parabola" to the graph of x2 + x + 1.

Solutioin:

Firstly, we make a list X of x values.

For this we need the enough values of x to get surety about the smoothness
of the resulting graph. That is why we are going to subdivide the

Thus a recipe for graphing the parabola is:
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Example:

Solution:

» X=-2:0.1:2;
plot(X ,X .

2 + X + 1)
xlabel(’x’);
ylabel(’y’);
title(’Parabola’);
grid;

The results appear in Figure 7
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Graphical view of Example

File Edit Debug Parallel Desktop W1ndow Help 

'[) ~ I ~ - ~ II) {'! I ~ cD f!1 1 ~ I Current Folder: \\lro-homes-01\ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts 1!1 How to Add [!] What's New 

Command Window 

>> X= [ 3 5 7) ; 

Y= [ 9 11 13); 

plot (X, Y) 

fx.» 

ll Figure 1 

File Edit View 

~ t Hh~ ~ 

13 

12.5 

12 

11.5 

11 

10.5 

10 

9.5 

9 
3 

Insert Tools Desktop Window Help 

~ C... {'H ~.l ~ /. . ~ 0~ 

3.5 4 4.5 5 5.5 

•~ D 11 X 

lc:>l® 

.. 
•I!JI 

6 6.5 7 

Workspace 

@I If ~ fll ' I Stacie: Ba ... 

Name • Value 

X 
y 

[3,5,7) 

[9,11,13) 

Command History 

·· y=ezplot (x h2, [ 3 , 3)) 

·· x l ab e l ( 'VO' ); 

·· yla b e l( 'IT' ); 

·· t i t l e ( 'Parabola' ); 

·· grid; 

.,., D fl X 

I ~ Select data top... • 

Min Max 

3 

9 

7 

13 

.. , 0 fl X 

8···%-- e/23/16 11 : 17 A11 __ , 

·· clc 

·· X= [ 3 5 7) ; 

·· Y= [ 9 11 13 ) ; 

·· plot (X, Y) 

·· clc 

·· X= [ 3 5 7) ; 

·· Y= ( 9 11 13); 

l-plot (X, Y) 

OVR 

Figure: Plot command view of the Parabola
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Graphs of Multiple Curves

Each time we execute a plotting command, MATLAB erases the old plot
and draws a new one.

But if we want to see the two or more plots, then use command hold on.

This command instructs MATLAB to retain the old graphics and draw any
new graphics on top of the old.

This command remains in effect until we type hold off.
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Graphs of Multiple Curves

Example:

Plot the graphs of e−x and sin(x) on the interval [0, 8] using the ezplot,
hold on, and hold off commands.

Label the horizontal axis with x and vertical axis with y .

Finally, gives the title "Multiple Graphs".
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Graphs of Multiple Curves

Solution:

The recipe for graphing the multiple curves is:

» syms x;
ezplot(exp(−x),[0,8])
hold on
ezplot(sin(x),[0,8])
hold off
title(’Multiple Graphs’)
xlabel(’x’);
ylabel(’y’);
grid;

The results appear in Figure 8
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Graphical view of Example

MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I d' ... ~ ., (!" I ~ r1J §!:1 I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window 

>> s yms x ; 

ezplot (exp (- x ) , ( 0,8 ) ) 

ho l d on 

ezpl ot (s in(x ), ( 0,8 ) ) 

h o l d off 

t i t l e ( 'l1ul t iple Graphs' ) 

x l abel ( ' x ' ) ; 

ylabel ( 'y' ) ; 

g r i d; 

fx >> 

41. Start 

IPJ Figure 1 = @) 

File Edit View Insert Tools Desktop Window Help 

Multiple Graphs 

. ' ' ' ' ' ' 
--------~--- --~--------~--------t--------t--------t--------t------. . 

--~--------~---- . . . . . . . . . 

0 ' ' ' ' 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ---~--------·--------·--------·------ . . . . . . . . . . . . . . . . 
0 --------~--------~-- ~ - ~ - ~ - : _ : _ : _ t ~ \: - ~ - ~ - ~ - ~ - ~ - ~ - ~; ~ - ~ - ~ - ~ - ~ - ~ - ~ - ~ - +- ------ -4 -, t- ----+- ------ ~ 

-0_5 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
--------~--------~--------~----- --~--------~------. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . 

-~--------~------- . . . . . . . . . . . . . . . . . . . . 
-1 --------~--------~--------~--------~----

. . •y·-------y--------y-------. . . 

0 

' ' ' ' ' ' ' ' 

2 3 4 

X 

. . . . . . 
5 6 7 8 

•~ClliX Workspace ~•Cll'X 

l!J • ~ rj .. I Stack:! Ba ... ? II ~ Select data top... ? 

X 
y 

€Jx 

Value 

<1x41 double> 

[9,11,13] 

<1xl sym> 

Command History 

···· t i t l e ( '!1ult iple Graphs' ) 

.... x l abe l ( 1 x 1
) ; 

... ylabe l ( 'y' ) ; 

.... g r i d; 

.. .. c l c 

.... s yms x ; 

·· ezpl ot (exp (- x ) , (0 , 8 ) ) 

·· h o l d on 

··ezpl ot (s in(x ) , (0 , 8 ) ) 

... h o l d off 

.... t i t l e ( '!1ul t iple Graphs' ) 

.... x l abe l ( 1 x ' ) ; 

... ylabe l ( 'y' ) ; 

···· g r i d; 

Min 

-2 

9 

Max 

2 

13 

X 

= 

Figure: Ezplot command view of multiple curves
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Graphs of Multiple Curves

Example:

Plot the graphs of e−x and sin(x) on the interval [0, 8] using the plot, hold
on, and hold off commands.

Label the horizontal axis with x and vertical axis with y .

Finally, gives the title "Multiple Graphs".
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Graphs of Multiple Curves

Solution:

The recipe for graphing the multiple curves is:

» X=0:0.1:8;
plot(X , exp(−X ))
hold on;
plot(X , sin(X ))
hold off;
title(’Multiple Graphs’)
xlabel(’x’);
ylabel(’y’);
grid;
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Graphical view of Example

~ MATLAB 7.10.0 

File Edit Debug Parallel Desktop W1ndow Help 

: '0 @1li I ,!' - ~ "" ('! I ~ on ~ I ~ I Current Folder: \\lro-homes-01\ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts 1!1 How to Add [!] What's New 

Command Window 

>> X=O : O . l : S ; 

plot (X, exp ( - X)) 

hold on; 

plot (X,sin (X)) 

hold off ; 

title ( 'Muleiple Graphs' ) 

xlabel ( • x' ) ; 

ll Figure 1 

File Edit View Insert Tools Desktop Window Help 

y label ( • y • ) ; 

Multiple Graphs 
1 r- ---r ~~ ~--~-- ~ ~~~--~----~ ~ ~ 

grid; 

fx.» 

>. 

. . . . . . 
0.6 -- ; --------: --- ---- : -------- ~ ------- -f------- ·f·····-- , ............ .. 

0.4 
' ' ' ' 
' ' ' ' 
' ' ' ' o I I o 

0.2 
o o o I I o 

• ••••••r •••• ••r••••••• r••••••··~ ··••••••y •••••••••••• 

' ' ' ' ' 
' ' ' ' 
' ' ' ' 
' ' ' ' 

0 ' ' ' • • • • • • • • r • • • • • • • • r • • • • • • • • r • • • • • • ·' • • • • 
' ' ' ' 
' ' ' ' 
' ' ' ' 

-0.2 
' ' ' ' -------- ~-------- ~-------- ~-- -----!-- ------! ---..... ! 
' ' ' ' ' 
' ' ' ' 
' ' ' ' 

-0.4 ' ' ' ' 
--------~--- ---------------- --- ---·--- ----- ·------- ·-------- ·-------

' ' ' ' ' 
' ' ' ' ' 
' ' ' ' ' 
' ' ' ' ' 

-0 .6 ' ' ' ' ' ' ' --------r--- -----r--------r- ----- - , --------, ----· •• r •••••••• r••••••• 

' ' ' ' ' ' ' 
' ' ' ' ' ' ' 
' ' ' ' ' ' ' 
' ' ' ' ' ' 

-0 .8 --------~----- ---~--------~ -------- ····· ! ·····--- ~ -----·-
' ' ' ' ' 
' ' ' ' ' 
' ' ' ' ' 

2 3 4 

X 

5 6 7 B 
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Name • Value 

X 
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~X 

<bill double> 

[9,11,13) 

<bl sym> 

Command Histol)' 

-- t i t l e ( 'MulUple Graphs • ) 

·· x l abel ( ' x ' ) ; 

-- ylabel ( •y• ) ; 

·· grid; 

"Cl c 

-- X=0 : 0 . 1 : 8 ; 

-- plot (X, exp ( - X) ) 

·· hold on; 

-- plot (X, s in (X) ) 

-- hold o ff ; 

·· title ( 'Multl.ple Graphs' ) 

·· x labe l( 'x' ) ; 

[·-· ylabe l ( •y• ) ; 

L grid; 

Min 

0 

9 

Max 

8 

13 

.. , CJ fl X 

= • 

Figure: plot command view of multiple curves
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Parametric Plots

We observe the flexibility of the plot command by parametric plot of the
circle centered at (0, 0), and radius 1.

The parametric representation of the circle can be expressed with the aid of
equations x = cos(2πt) and y = sin(2πt), t varies from 0 to

The recipe for graphing the parametric plots is:

» t=0:0.1:1;
» plot(cos(2*pi*t),sin(2*pi*t))
» xlabel(’x’);
» ylabel(’y’);
» title(’Parametric plot of circle’);
» grid;
» axis square;
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Parametric plot of the circle

jl. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I ,!' ... ~ llf) (!o I ~ ~ ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window 

>> t=0 : 0 - 1 : 1 ; 

>> pl ot (cos (2 *pi*t ) ,sin(2 *pi*t )) 

>> x l abe l ( ' x ' ) ; 

>> y l abel ( ' y ' ) ; 

>> t i t l e ( ' Parametri c pl ot of c i rcl e ' ) ; 

>> g r i d; 

>> axi s s quare; 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

fx >> Parametric plot of circle 

~ ~ . . . . 
0.8 ------------ '------------- -:--------------' -------------

. . . 
0.6 ----- -------:--------------:--------------:-------- -----

. . . . . . 
0.4 

. . . --- --------- ~------------- -:------------- -~--------- ---. . . . . . . . . . . . - -----------,--------------·--------------.. -----------. . . 0.2 . . . . . . . . . 
0 -------------:--------------:--------------:--------------

. . . . . . 
-0 .2 

. . . 
----------- ~------------- -:------------- -~-----------. . . . . . . . . . . . --------- ~------------- -·------------- -~---------. . . -0 .4 . . . . . . . . . . . . 

-------,--------------,------------- -r--------0.6 

-0 .8 ------------ --------------:-------------- ------------. . 
-1 L_ _ _j~ ==:::±==:::::::_-,-L __ _j 

-1 -0 .5 0 0 .5 

X 

•~ Cl ll X Workspace ~• Cl ll X 

~ • ~ lriJi .. I Stack:j Ba... •II ~ Select data top... • 

= I @II ~ Name • Value 

<1xll double> 

Command History 

·h o l d off ; 

.. t i t l e ( ' Hult i pl e Graph s ' ) 

·· x l abe l ( ' x ' ) ; 

"Ylabe l ( ' y ' ) ; 

·· g r i d; 

8··%-- e/24/16 1o :11 A11 --% 

.. c l c 

"t=0 : 0 . 1 : 1 ; 

Min 

0 

.. p l ot (cos (2 *'pi*'t ) , s in (2 *'pi*'t )) 

·· x l abe l ( ' x ' ) ; 

"Ylabe l ( 'y' ) ; 

Max 

1 

~•Cll'X 

·· t i t l e ( ' Parametri c plot of c i rc l e ' ) ; 

·· g r i d; 

.. axi s square; 

Figure: Parametric plot of the circle using plot command
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Parametric Plots

Example:

Plot the parametric graph of the circle with center at (0, 0), radius 1, and
with increment of 0.01 in the domain set.

Label the horizontal axis with x and vertical axis with y .

Make the shape of the graph square.

Keeps the title of the graph "Parametric plot of the circle".
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Parametric Plots

Solution:

The recipe for graphing the parametric plots is:

» t=0:0.01:1;
» plot(cos(2*pi*t),sin(2*pi*t))
» xlabel(’x’);
» ylabel(’y’);
» title(’Parametric plot of circle’);
» grid;
» axis square;

The results are presented in Figure 10

Imran Talib VU Lecture NO.04 28

Graphics Techniques in MATLAB

ezplot Command
ezplot command with symbolic expression
ezplot command on anonymous function
Modification of Graphs
Example
Plot command
Graphs of Multiple Curves
Parametric Plots
Contour Plot
Exercise

Parametric plot of the circle

4l MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I d' ... ~ ., (!" I ~ r1J §!:1 I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window 

>> t=O: O. Ol : l ; 

pl ot (cos (2 *pi*t ) ,sin(2 *pi*t )) 

x l abel ( ' x ' ) ; 

y l abe l ( 'y' ) ; 

t i t l e ( ' Pararr.etri c pl ot of c i rcl e ' ) ; 

gri d; 

axi s s quare; 

A» 

~ Start I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

Parametric plot of circle 

: . 
0.8 

. . --,--------------·--------------.. -

0.6 ------ -1------------- -:--------------:--------. . . . . . . . . . . . ----------- .. -------------_,_------------ _ .. ----------. . . 0.4 . . . . . . . . . . . . ------------,--------------·--------------.. ------------. . . 0.2 . . . . . . . . . 
0 -------------1--------------:--------------:-------------. . . . . . . . . 

-0.2 t ------------ ~------------- -:------------- -~------------ ~ . . . . . . . . . 
-0.4 

. . . - ----------- ~------------- -:------------- -~---------- :. -

-0.6 ----- -------i--------------:--------------~------- -----
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. . . . . . . . . 
-- ~------------- -:------------- -~-. . . . 

----------
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0.5 

•~Cll'X 

= 1 @) 1Jeoof3-1 

Workspace ~• Cl ll X 

l!J • ~ rj .. I Stack:! Ba... ? Il l ~ Select data top... ? I 
Name • Value Min Max 

tEt <1x101 double> 0 1 

Command History ~•Cll'X 

·· p l ot (cos (2 *p i*t ) , s in (2 *p i*t )) 

.. .. x l abe l ( ' x ' ) ; 

... y l abe l ( ' y ' ) ; 

.... t i t l e ( ' Parametr i c plot of c i rc l e ' ) ; 

···· gri d; 

.... axi s s quare; 

.. .. c l c 

... t=O: O. Ol : l ; 

·· p l ot (cos (2 *p i*t ) , s in (2 *p i*t )) 

.... x l abe l ( ' x ' ) ; 

... y l abe l ( 'y' ) ; 

.... t i t l e ( ' Parametr i c plot of c i rc l e ' ) ; 

···· gri d; 

.... axi s s quare; 
= 

Figure: Parametric plot of the circle using plot command
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Contour Plot

A contour plot of an expression in two variables is a plot of the level curves
of the expression.

For example, the level curves of the expression x2 + y2 are the circles.

meshgrid and contour are the two commands used for the contour
plotting.

meshgrid command is used to produce a grid of points in a specified
rectangular region, with a specified spacing.

contour command is used to produce a contour plots in the specified
regions.
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Contour Plots

Example:

Plot the contour plots of the expression x2 + y2 using meshgrid and
contour commands.

Label the horizontal axis with x and vertical axis with y .

Make the shape of the graph square.

Keeps the title of the graph "Contour plotting of squares".
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Contour Plots

Solution:

The recipe for graphing the contour plots is:

» [X,Y] = meshgrid(-2:0.1:2,-2:0.1:2);
» contour(X ,Y ,X .

2 + Y .
2)

» axis square
» xlabel(’x’);
» ylabel(’y’);
» grid;
» title(’Contour plotting of squares’);
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Contour Plot

il. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 E3i I .1' IIIII ~ "') (II I ~ ~ 1§1 I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Command Window 

>> [X,Y) = meshqri d (- 2 : 0 . 1 : 2, - 2 : 0 . 1 :2) ; 

>> contour (X,Y,X. "2+Y . "2 ) 

>> axi s s qua r e 

>> x l abe l ( ' x ' ) ; 

>> y l abel ( 'y' ) ; 

>> g r i d; 

>> t i t l e ( 'Cont o ur plotting o f s qua r es ' ) ; 

A» 

4\ Start I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

Contour plotting of squares 

0 ---

= @) 

Workspace ~•Cll'X 

~ • ~ Ill .. I Stack:! Ba ... y Il l ~ Select data top ... y I 
Name • 

X 
y 

Value 

<41x41 double> 

<41x41 double> 

<1xl01 double> 

Min Max 

-2 

-2 

0 

2 

2 

1 

Command History ~•Cll'X 

·· y l abe l ( 'y' ) ; 

·· .. t i t l e ( ' Pa r arr.etric plot o f circle ' ) ; 

···· gri d; 

.... axi s s qua re ; 

.... c l c 

····( X Y) =meshqri d (- 3 : 0 . 01 : 3, - 3 : 0 . 01 : 3 ) 

.... c l c 

····[ X, Y) = meshqri d (- 2: 0 . 1 :2, - 2: 0 . 1 : 2 ) ; 

.... contou r (X, Y, X. "2+Y. "2 ) 

.... axi s s qua re 

.... x l abe l ( ' x ' ) ; 

·· y l a be l ( 'y' ) ; 

.... gri d; 

···· t i t l e ( 'Cont o u r plotting o f s qua res ' ) ; 
= 

Figure: Contour plotting
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Exercise

Plot the graph of the function x3 + x2 + 4 on the interval [−2, 2], using
ezplot command.

Label the horizontal axis with x and vertical axis with y .
Make the shape of the graph square.
Keeps the title of the graph "The Graph of x3 + x2 + 4 ".
Keeps the layout of the graph as grid.
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Exercise

Plot the graph of the function sin(x) + cos(x) on the interval [0, 1], using
plot command.

Label the horizontal axis with x and vertical axis with y .
Make the shape of the graph square.
Keeps the title of the graph "The Graph of sin(x) + cos(x)
".
Keeps the layout of the graph as grid.
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Exercise

Plot the multiple curves of the functions sin(x) + cos(x) and e−x + x2 on
the interval [0, 4], using ezplot command.

Label the horizontal axis with x and vertical axis with y .
Make the shape of the graph square.
Keeps the title of the graph "The Graph of Multiple curves
using ezplot command ".
Keeps the layout of the graph as grid.
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Exercise

Plot the multiple curves of the functions sin(x) + cos(x) and e−x + x2 on
the interval [0, 4], using plot command and without the use of hold on
and hold off commands.

Label the horizontal axis with x and vertical axis with y .
Make the shape of the graph square.
Keeps the title of the graph "The Graph of Multiple curves
using plot command ".
Keeps the layout of the graph as grid.
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Exercise

Plot the contour plots of the circles x2 + y2 of radius 1, 2,
√

2,
√

3.

Label the horizontal axis with x and vertical axis with y .
Make the shape of the graph square.
Keeps the title of the graph "Contour plots of circles ".
Keeps the layout of the graph as grid.
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Ezplot, Plot and FPlot

 We have used different plotting command to 

plot the curve in MATLAB. 

 We will go through these command and check 

what are the differences between these. 

ezplot Command
 ezplot(fun) plots the expression fun(x) over the default 

domain -2π < x < 2π, where fun(x) is an explicit 
function of only x.

 ezplot(fun)

 ezplot(fun,[xmin,xmax])

 ezplot(funx,funy)



ezplot
For example

Passing the Function as a Character Vector or String
ezplot('x^2')

Ezplot('x^2-y^4')

Passing a Function Handle

fh = @(x,y) x.^2 + y.^3 - 2*y - 1;

ezplot(fh)

plot Command
 Plot function also plots a 2-D line plot. 

 plot(X,Y) creates a 2-D line plot of the data in Y versus 
the corresponding values in X.

 plot(X,Y,LineSpec) sets the line style, marker symbol, 
and color.

 plot(X1,Y1,...,Xn,Yn) plots multiple X, Y pairs using the 
same axes for all lines.



plot
 plot(X1,Y1,LineSpec1,...,Xn,Yn,LineSpecn) sets the line 

style, marker type, and color for each line. You can mix 
X, Y, LineSpec triplets with X, Y pairs. 

 For example, plot(X1,Y1,X2,Y2,LineSpec2,X3,Y3).

 x = 0:pi/100:2*pi;

 y = sin(x);
 plot(x,y)

 x = linspace(-2*pi,2*pi);
 y1 = sin(x);
 y2 = cos(x);

 plot(x,y1,x,y2)

 Y = magic(4)

 plot(Y)



Specify Line Style
 x = 0:pi/100:2*pi;

 y1 = sin(x);
 y2 = sin(x-0.25);

 y3 = sin(x-0.5);

 figure

 plot(x,y1,x,y2,'--',x,y3,':')

Specify Line Style, Color, and Marker

 x = linspace(0,10);
 y = sin(x);
 plot(x,y,'-o','MarkerIndices',1:5:length(y))



Line Style

 Line Style Description
 - Solid line
 -- Dashed line

 : Dotted line

 -. Dash-dot line

Marker
 Marker Description
 'o' Circle
 '+' Plus sign
 '*' Asterisk
 '.' Point
 'x' Cross
 '_' Horizontal line
 '|' Vertical line
 's' Square
 'd' Diamond
 '^' Upward-pointing triangle
 'v' Downward-pointing triangle
 '>' Right-pointing triangle
 '<' Left-pointing triangle
 'p' Pentagram
 'h' Hexagram



Color

Color     Description
 y Yellow
 m magenta

 c cyan
 r red

 g green

 b blue
 w white

fplot Command

 Plot expression or function

 fplot(f) plots the curve defined by the function y = f(x) 
over the default interval [-5 5] for x.

 fplot(f,xinterval) plots over the specified interval. 
Specify the interval as a two-element vector of the 
form [xmin xmax].



 fplot(funx,funy) plots the curve defined by x = funx(t) 
and y = funy(t) over the default interval [-5 5] for t.

 fplot(funx,funy,tinterval) plots over the specified 
interval. Specify the interval as a two-element vector of 
the form [tmin tmax].

 fplot(___,LineSpec) specifies the line style, marker 
symbol, and line color. For example, '-r' plots a red 
line. Use this option after any of the input argument 
combinations in the previous syntaxes.

Examples
 Plot sin(x) over the default x interval [-5 5].

 fplot(@(x) sin(x))

 Plot Parametric Curve

 xt = @(t) cos(3*t);
 yt = @(t) sin(2*t);

 fplot(xt,yt)



Specify Plotting Interval and Plot 

Piecewise Functions

fplot(@(x) sin(x+pi/5),'Linewidth',2);
hold on

fplot(@(x) sin(x-pi/5),'--or');

fplot(@(x) sin(x),'-.*c')
hold off

Plot Multiple Lines in Same Axes
 fplot(@(x) sin(x))

 hold on 

 fplot(@(x) cos(x))
 hold off



fplot3

 3-D parametric curve plotter. 

 fplot3(funx,funy,funz)

 fplot3(funx,funy,funz,tinterval)

 fplot3(___,LineSpec)

 fplot3(___,Name,Value). 



Example
 Plot the 3-D parametric line

x=sin(t)

y=cos(t)

z=t

over the default parameter range [-5 5].

xt = @(t) sin(t);

yt = @(t) cos(t);

zt = @(t) t;

fplot3(xt,yt,zt)

Specify Parameter Range
x=e^(−t/10)sin(5t)
y=e(−t/10)cos(5t)
z=t

over the parameter range [-10 10] by specifying the 
fourth input argument of fplot3.

xt = @(t) exp(-t/10).*sin(5*t);
yt = @(t) exp(-t/10).*cos(5*t);
zt = @(t) t;

fplot3(xt,yt,zt,[-10 10])



Specify Line Properties and 

Display Markers
 fplot3(@(t)sin(t), @(t)cos(t), @(t)t, [0  2*pi], 

'LineWidth', 2)

 hold on

 fplot3(@(t)sin(t), @(t)cos(t), @(t)t, [2*pi 4*pi], '--or')

 fplot3(@(t)sin(t), @(t)cos(t), @(t)t, [4*pi  6*pi], '-.*c')
 hold off

plot
 plot(X1,Y1,LineSpec1,...,Xn,Yn,LineSpecn) sets the line 

style, marker type, and color for each line. You can mix 
X, Y, LineSpec triplets with X, Y pairs. 

 For example, plot(X1,Y1,X2,Y2,LineSpec2,X3,Y3).

 x = 0:pi/100:2*pi;
 y = sin(x);

 plot(x,y)



fsurf
 fsurf(f)

fsurf(f) creates a surface plot of the function z 
=f(x,y) over the default interval [-5 5] for x and y.

 fsurf(f,xyinterval)

 fsurf(funx,funy,funz)

plots the parametric surface defined by x = 
funx(u,v), y = funy(u,v), z = funz(u,v) over the 
default interval [-5 5] for u and v.

 fsurf(funx,funy,funz,uvinterval)

 fsurf(___,LineSpec)

 fsurf(___,Name,Value)

 Plot the expression sin(x)+cos(y) over the default 
interval −5<x<5 and −5<y<5.

fsurf(@(x,y) sin(x)+cos(y))



Specify Interval of Surface Plot and 

Plot Piecewise Expression
Plot the piecewise expression

erf(x)+cos(y)   −5<x<0

sin(x)+cos(y)   0<x<5

over −5<y<5.

Specify the plotting interval as the second input argument of 
fsurf. When you plot multiple surfaces over different intervals 
in the same axes, the axis limits adjust to include all the data.

Code

 f1 = @(x,y) erf(x)+cos(y);

 fsurf(f1,[-5 0 -5 5])

 hold on

 f2 = @(x,y) sin(x)+cos(y);

 fsurf(f2,[0 5 -5 5])

 hold off



Parameterized Surface Plot

Plot the parameterized surface

x=rcos(u)sin(v)

y=rsin(u)sin(v)

z=rcos(v)

wherer=2+sin(7u+5v)

for 0<u<2π and 0<v<π. Add light to the surface using 
camlight.

Code

r = @(u,v) 2 + sin(7.*u + 5.*v);
funx = @(u,v) r(u,v).*cos(u).*sin(v);
funy = @(u,v) r(u,v).*sin(u).*sin(v);
funz = @(u,v) r(u,v).*cos(v);
fsurf(funx,funy,funz,[0 2*pi 0 pi]) 
camlight



fmesh
 fmesh(f)

creates a mesh plot of the expression z = f(x,y) 
over the default interval [-5 5] for x and y.

 fmesh(f,xyinterval)

 fmesh(funx,funy,funz)

plots the parametric mesh defined by x = 
funx(u,v), y = funy(u,v), z = funz(u,v) over the 
default interval [-5 5] for u and v.

 fmesh(funx,funy,funz,uvinterval)

 fmesh(___,LineSpec)

Example

 Plot a mesh of the input sin(x)+cos(y) over the default 
interval −5<x<5 and −5<y<5.

 fmesh(@(x,y) sin(x)+cos(y))



Parameterized Mesh Plot

Plot the parameterized mesh

x=rcos(s)sin(t)

y=rsin(s)sin(t)

z=rcos(t)

wherer=2+sin(7s+5t)

for 0<s<2π and 0<t<π. Make the mesh partially 
transparent using alpha.

Code

r = @(s,t) 2 + sin(7.*s + 5.*t);
x = @(s,t) r(s,t).*cos(s).*sin(t);
y = @(s,t) r(s,t).*sin(s).*sin(t);
z = @(s,t) r(s,t).*cos(t);
fmesh(x,y,z,[0 2*pi 0 pi]
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Attributes of the M–Files
Script M-files
File saving procedure
Execution or run of the Script file
Display of the commands with results in Command Window
Adding Comments
Structuring Script M–File
Function M–Files
Loops

Up to now, we are working in Command Window. But for the
complicated problems, Command Window is insufficient to produce the
results.

To handle the coding of the complicated problems, a much better approach
is to create an M–File.

MATLAB uses two different kinds of M–Files. One is script M–File and
the other is function M–File.

We learn the use of both types of M–Files.
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Attributes of the M–Files
Script M-files
File saving procedure
Execution or run of the Script file
Display of the commands with results in Command Window
Adding Comments
Structuring Script M–File
Function M–Files
Loops

M–Files are ordinary text files containing MATLAB commands.

We can create and modify the MATLAB commands using MATLAB’s
built in M–File editor, known as Editor/Debugger.

This Editor automatically checks for certain MATLAB syntax
requirements, and highlights different parts of the file in special colours.

This Editor can be opened with the "New M–File" or "Open" icons on
the tool bar.

It can also be opened by typing edit at the command prompt.

In the next slide, the Editor is opened writing edit in the command prompt.
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Editor Window along with Command Window

/ l MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

; '0 E3i I .1' IIIII ~ "') (II I ~ ~ 1§1 I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !!I How to Add !!I What's New 

Current Folder 1<- [j ~ X I!} Editor - 11 o:D~ Workspace -+1 Cl ~ X 

• • Iii (( MATLAB ·IPI<t· :o e3 • I .1' - ~ "" 
(11 1/:il '"&) · I"' .... (< ~ l iE~ · • ~ <I .. If !I • II Base ·II !~ rEf _ • ~ x f!l • ~ flii .. Il l ~ Select data to plot · I -

D Name ... 
• +liD ~ "" . "" "" - ll.O I + I ..,. lu lx l %~%~ 1 0 . Name • Value M 

1 ll...j 

( I Ill • ! 

Command History -+I [j ~ X 

• ·· l atex (a2 ) A 

'"·· c l c 

$ %-- 10/24/16 11 :45 Al1 --% 

i"·· c l c 

Command Window -+I 

[j ~ 
j L. he l p solve 

>> edi t 
~-· % . -- 10/25 /16 2:57 Pl1 --% 

fx.» j L .. c l c 

$ %-- 10/25/16 3 : 00 Pl1 --% 

'"·· c l c 

$ %-- 10/25/16 3 : 01 Pl1 --% 

'"·· c l c 

B %-- 10/25/16 3 : 04 Pl1 --% 
i ·· c l c 

= 
Details A ~ .. ·· edi t ~ 

4\ Start I I scnpt I Ln 1 Col 1 I OVR .:! 

Figure: Display of the MATLAB desktop with Editor Window
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Now, we are going to learn how to construct a script M–File to solve
different kind of problems.

For this we use the Editor/Debugger to create the script M–File.

For more clarity, consider an example

Example:

Calculate sin(x)
x

at x = 0.1, 0.01, 0.001, 0.0001, 0.00001 using
Editor/Debugger. Moreover display the outputs up to 15 digits using
format long command.
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Solution:

Use Editor/Debugger to create the file containing the following lines:

x = [0.1, 0.01, 0.001, 0.0001, 0.00001];
y = sin(x)./x .

To see the output it is necessary to save and execute the above code.

The execution and saving procedure is explained in the next slide.
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Now save the file with the name scriptfile1.m in your working directory, or
in some directory on your path, using the Save AS, which is a menu item
in the File menu of the editor.

Note that you can also save the file with the name what ever you like, but
the ".m" suffix is mandatory to write.

Note that editir add this suffix automatically.
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The Script file can be executed or run by writing scriptfile1 in the
Command Window.

Note that while the execution of the Script file, there is no need to write
scriptfile1.m in the Command Window. Just write only scriptfile1.

The required out put will be displayed in the Command Window.

Remember that the Command Window does not give us liberty of editing.

But Editor Window has advantage of editing.

From now to onward, we will write our all codes in Editor Window instead
of Command Window.
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Note that the out put will be displayed in the command window not in the
Editor/Debugger window.

The desire out put is as follows:

y =
0.9983 1.0000 1.0000 1.0000 1.0000

Above discussion is summarized in the next slide.
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J\ MATLAB 7.10.0 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

; '0 @ I d' ... ~ ll) (!" I ~ ~ §!:1 I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !!I How to Add !!I What's New 

Current Folder ,,_ [j ~ X B Editor - v., co: ... I H . 1 . ~ o:D ~ Workspace ,., Cl ~ X ~ 

• • Iii « MATLAB · IPI<t· :o f3 • d' - ~ 
ll) (!" I ~ ?i) · 1141 • • ~' ~ I ~ • €J ~ <I .. IJ Jl • II Base ·II !"- rEf ~· ~ x '!@ .. @ Ill .. Ill ~ Select data to plot · I 

D 
. ., ~"' I ll.O I+ I ... lu l x l %~%~ 1 0 . Name • Value M Name • . "' "' -
1 - x= [0 . 1 , 0 . 01 , 0 . 001 , 0 . 0001 , 0 . 00001) ; lw 

~~ 
[0.1000,0.0100,1.0000 ... 1.0 

2 - y;:s in (x ) ./ ~ 1- [0.9983,1.0000,1.0000, ... 0. 

( I Ill • 
Command History ... [j ~ X 

'· .. ·he l p solve • 
8 %-- 10/25/16 2 :57 Pl1 --% 

'"·· c l c 

8 %-- 10/25/16 3 : 00 Pl1 --% 

Command Window 
-+l[j ~ 

! L. c l c 

8 .. ·%-- 10/25/16 3 : 01 Pl1 --% 

r= Mli!li 

I L. c l c 

8 %-- 10/25/16 3 : 0 4 Pl1 --% 

~ . gggg ~ . gggg ~ . gggg 1 , 922Ql ~ .. ·· c l c 

L.edi t 

Jx..» B %-- 10/27/16 11 :26 Al1 --% 

.. c l c 

·· edi t 
= 

Details A .. c l c ~ 

-- --
~ Start I I scnpt I Ln 2 Col 12 I OVR 

Figure: Computational values of
sin(x)

x
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Echoing Commands

Note that in the previous discussion we observe that the commands in the
Script M–File were not automatically be displayed in the Command
Window. Only results are to be displayed.

But echo Command displays the Commands along with the results.

echo command works as;

echo on
format long
x = [0.1, 0.01, 0.001, 0.0001, 0.00001];
y = sin(x)./x .
echo off

For more clarity see the next Figure.
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:il MA I LA ~ / .10.0 (KLOl Ui 
~ ------------------- - -----------------

File Edit Debug Parallel Desktop Window Help 

: [) ~ I d(, IIIII • .., ('I I ~ r:Jb ~ I ~ I Current Folder: \\lro-homes-01\ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts [!! How to Add !!I What's New 

of Editor- Y:\Siides_MatlabVU\Script files\scriptfilel.m -=:--=::-:=-=~~==;;--;--;c; -+ = • =' Cl "=;~ ~ __;, x .:... Workspace -+• Cl ~ X 

() d 8 I d(, IIIII • ~ ('I I ~ ":i> · I 141 . .. f<J I 1!.1 · ~ ~ • - If !I • I Base ·II fx [ Q • ! ~ x @ • @ 'ii ' II ~Select data to plot • 

Current Folder , .. CJ fl X 

• • MATLAB << • p f) . - . - . 

D Name • ·111 ~~ I -~+ I +~x 1 %~%~ 1 0 . Name • Value M 

l- echo O::l 
[;l ~ans <lxl sym> 

2 - f ormac lo:tq i; (OlOOO,O.GlOO,l.OOOO ... u 
3- x=[O . l,O.Ol,O . OOl,O . OOOl,O . OOOOl] ; (0.9983,1.0000,1.0000, ... 0~ 

4 - y=sin( x ) . / x 1-
5- echo off 

l r . .:11 ~ 
>> scripcfilel 

tarmac long 
< '- Ill l ' x =[O . l,O . Ol,O . OOl , O. OOOl,O . OOOOl] ; 

y=sin (x ) . / x Command History ... Cl ~ X 

i "SCriptfilel • 
y = I ·· c l c 

I ·· format long 

Coluro.ns 1 t hrough 4 I "SCriptfilel 

I "Clc 
0 . 998334166468 28 2 0 . 99998 3333416666 0 . 999999833333342 0 . 999999998333333 I 

I 
.. scriptfilel 

·· clc 
Coluro.n 5 I "SCriptfile1 

0 . 999999999983333 
l ·· clc 

I "SCriptfile1 

echo o ff l ·· clc 

fx..» l .. · s criptfilel 

~···· clc 
PI 

Details "' '-scriptfilel -
I ~ Start! OVR - II E • u ., I A I = -- ~------ - ~ -

Figure: Display of the Commands along with the results in the Command Window

using echo command.
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It is very much important to include comments in the Script M–File to
explain what is being done in the calculation.

Any line in a Script M–File that begins with a percent sign is treated as
a comments and is not executed by MATLAB.

For more clarity see the solution of the above example with comments.
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Solution with adding comments

echo on

format long

x=[0.1,0.01,0.001,0.0001,0.00001];

y = sin(x)./x
echo off

For more clarity see the next slide
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/1. MATLAB 7.10.0 (R2010a) I =I ® 1,.,.sa....1 
File Edit Debug Parallel Desktop Window Help 

; '0 @ I ~ - • lot) (!" I ~ ~ ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !!I How to Add !!I What's New 

Current Folder I<- Cl ~ X 8 Editor- V·\ Siides MatlabVU\ Script files\ scriptfilel m -+1 Cl ~ X I Workspace 
I -

• .. I ~ « MATLAB ·IPI<t· :o ~ • I ~ -· lot) (!" I ~ '@ · I"' • • ~' ~ I ~ • ~ ~ <I - IJ Jl • II Base ·II !,. ID · I ~ X : f!l .. ~ Ill .. Il l ~ Select data to plot · I 
D : ."" ~"" I - ~ + I + ~ x 1 %~%~ 1 0 . Name • Value M Name • . "" "" 

1 - e cho 0:1 0 ~ ~ <1xl sym> 

2 % Solution o f the scriptfilel 

~~ 
<1xl sym> 

3 - format l o:1q % Turns on 15 digits display [0.1000,0.0100,1.0000 ... 1.0 

4 - x= [O . l,O . Ol , O. OOl , O. OOOl,O . OOOOl) ; % coosen domain values [0.9983,1.0000,1.0000, ... 0.9 

s - y,::s in (x ) ./x % display the output -
6 - echo off 

Command Window o:D~ 
>> scriptfile l 

% Solut i o n o f t he scriptfile l 

f ormat long % Tur ns on 15 digi ts di s pla y 

x= [0 . 1,0 . 01 , 0 . 001 , 0 . 0001 , 0 . 00001) ; % coosen doma in v a lues 
( I Ill • 

y=sin (x ) ./x % di s pla y t he out put Command History -+1 [j ~ X 

.... c l c • 
y = .... s yms X 

"" f (X) = 1/tan (x ) ; 
Columns 1 t hrough 4 

"' 9 = f inverse ( f ) 

0 . 998334166 468282 0 . 999983333416666 0 . 999999833333342 0 . 999999998333333 
.... s yms X 

· f (X) = double (1/tan( x )) 

Column 5 "" f (X) = vpa (1/tan (x )) 

I .... c l c 

0 . 999999999983333 .... u = x "2 

.... u=x+y"2 

echo o ff .... c l c 

tx. » I .... scriptfile l 

.... c l c 
= 

Details A ... scriptfile l ~ 

-- --
~ Start I 

Figure: Computational of the values of y = sin(x)/x at given domain values with

adding comments.
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Make sure that your current MATLAB session is not affecting by other
variables that had been defined in the last session. That is make sure that
your present Script M–File is self contained, unaffected by other variables,
and uncorrupted by left over graphics.

For this ensuring, clear all command should be used. This command
ensure that previous definitions of variables do not affect the results.

Then in general your Script M–File should usually start with the clear all
command.

You should also either include the close all command at the beginning of
an M–File that creates graphics.

This command will automatically will close all graphics Windows and
start with a clean slate.

For more clarity observe the new version of the above example with clear
all and close all commands in the next slide.
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. .. IV I ~tl.P. D / ,J.V.U l i'\.::::U.lUa) 

File Edit Debug Parallel Desktop Window Help 

'0 f5 I d' ... ~ It) (!" I ~ ~ ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Current Folder ,,_ Cl ~ X ® Editor- V·\ Siides MatlabVU\ Script files\ scriptfilel m* 

~.~.~ ~ ~ ~ « = M = ~ = LA = B ========= . ~I P =>I ~ ~ -
,., Cl ~ X I Workspace ~•Cll'X 

I -
. '0 f3 ~'lit I d' -~ 

It) (!"I~ ?iJ · I "' • • ~' ~ I ~ • ~ ~ <I - IJ Jl • II Base ·II !,. ID · I ~ X f@ .. ~ Ill .. Ill ~ Select data to plot · I 
D Name ... 

+@I 

~"" I - ~ + I + ~ x 1 %~%~ 1 0 . Name • Value M "" "" 
1 % Rerr.ove old variables definitions - 0 _, ans <1xl sym> A 

2 - clear all r- ~ ~ <1xl sym> 

3 % Rerr.ove old graphics windows 

~~ 
<1xl sym> 

4 - c lose a ll [0.1000,0.0100,1.0000 ... 1.( 

5 % Display the coirrmand lines in the CorrJOand Window (0.9983,1.0000,1.0000, ... 0 .~ 

6 - e cho 0:1 -
7 % Solution o f the scriptfilel 

8 - f ormat lo:>q % Turns on 15 digits display -
9 - x= [0 . 1,0 . 01,0 . 001,0 . 0001,0 . 00001 ) ; % coosen domain values 

10 - y;:sin (x ) ./x % display the output '-

11 - e cho off ~ 

~ ( I Ill • 
>> scriptfile l ,.: 

Command History ... [j ~ X 
% Solut ion of t he scriptfi l e l 

.... c lc A 

format l ong % Turns on 15 digits displ a y 
.... u = x "2 

x= [0 . 1,0 . 01,0 . 001,0 . 0001,0 . 00001 ) ; % coose n domain v a lues 

y=sin (x ) ./x % display t he out put 
.... u=x+y"2 

.... clc 

y = .... scriptfil e l 

I= 
.... clc 

Columns 1 t hrough 4 .... scriptfi l e l 

.... clc 

0 . 998334166468282 0 . 999983333416666 0 . 999999833333342 0 . 999999998333333 .... syms X y ; 

Column 5 
.... u = (x +y) A10 ; 

.... exp a nd (u) ; 

Details 

0 . 999999999983333 
.... subs (exp a nd (u), x , 4) 

'- .... c lc 

[ ! ~e cho 
c 

o ff ~ .... scriptfil e l ~ 

~ Start I 

Figure: Structuring of the solution file with clear all and close all command.
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Sometimes, it is necessary to repeat a process several times for different
input values of a parameter.

For instance, we can provide different inputs to a built-in function in order
to find an output that meets a given criterion.

We have already defined our own functions using @ syntax or the inline
command.

In many situations, however, it is more convenient to define a function
using an M–File instead of an anonymous or inline function.

M–File allows us to extend the functionality of MATLAB by defining our
own functions.
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Solution of the above example using sinepower function

The solution of the previous example using M–File is as under:

function y = sinepower(c)
format long
b=1:c;
y = (sin(10.(−b))./10.(−b))′;

Now save this M–File with sinepower name.

Then execute this file by typing sinepower(c) in the Command Window.
But, make sure that the numerical value has been assigned to c.
Otherwise, it gives execution error.

For more clarity see the next slide.
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IJ. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 f5 I eM> "' ~ ") t" I ~ r1J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

Current Folder '" Cl ~ X ® Editor- V·\ Siides MatlabVU\ Function M-- Files\ sinepower m -+o [j ~ X I Workspace -+o Cl ~ X 1 
I -

111 « MATLAB · IPI<t· :o f3 • 1M> - ~ .., t" I ~ ~ ·1141 + • fr ~ I ~ • €J ~ <I .. IJ 11•1 Stack: l Base ·II !,. Hl rn a e [QJ ~ x 
1

'@ lf i ~ Sel ... · I >> •• 
D : •GI ~"' I -~+ I .;.II!:Jx 1 %~%~ 1 0 . Name • Val Name • • Gl Gl 

1 [? f unct ion y = s inepower (c) - Gl ans (0.9 
A 

2 [~ % s ine power computes t he va lues o f s in(10h- b)/(10h- b) r- X (0.1 

3 % where b=l, ... ,c y [0.9 

4 - format lo::1g 

5 - b= l : c; -
6 - y= (s in(lO . h( - b )) ./lO . h( - b )) ' ; 

7 

8 L... 

9 

10 
~ 

:: scriptfilel.m x I[ sinepower.m xj 

~ ( I Ill I • 
>> s inepower (S ) 

Command ... ... [j ~ X 

.... c l c A 

an s = 
.... s inepower ( 7) 

0 . 998334166 468 28 2 
.... c l c 

0 . 999983333416666 .... s inepower ( 7) 

0 . 999999833333342 .... c l c 

0 . 999999998333333 .... s inepower ( 5 ) 

0 . 999999999983333 .... c l c 

fx..» I 
.... s inepower ( 7) 

.... c l c 

.... s inepower ( 7) 

~ 
.... c l c 

.... s inepower ( 5 ) 

.... c l c 
= 

Details .... s inepower ( 5 ) ~ 

--
_. Start! 

Figure: Solution of the previous example using Function M–File.
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A loop specifies that a command or group of commands should be repeated
several times.

The easiest way to create a loop is to use a for statement.

For more clarity see the upcoming example:
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For Loop

Example:

Compute the values of sin(x) at x = 0, 1, and 2 using for loop.

Solution:

The recipe of the solution is as under

format long
for i= 0:2
y = sin(i)
end
y

For more clarity see the next slide.
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~ MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

: '[) ~ I cl' 1111 ~ It) ~ I ~ r:1J ~ I ~ I Current Folder: I \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts !!I How to Add !!I What's New 

Current Folder ,,_ Cl ~ X B Editor - V:\Siides MatlabVU\Script fdes\sinefunction.m 

,..::• ::::..: • ~ fi=;: IJ ~ < =< M = A = TLA = B ==== . ~ ~ P =;l~<t _. · : '0 f3 • I cl' 1111 ~ "> ~ l ~:i! '&1 ·1141 ... .. fr ~ I ~ • €J ~ <I .. IJ !I •1 Stack:! Base ·II /Yo 

I D Name ... : ·~ ~ ~ I - ~ + I .;. ~ X I %~ %~ I 0. 

l£:.tails 

I ~ 

1 -

2 -

3 -

4 -

5 -

format long 

fTJ f o r i = 0 :2 

L y .:. s in (i) 

en d 

:: scriptfilel.m xl sinepower.m x If sinefunction.m xI fictorialfunction.m* xl 
Command Window 

y = 

0 

y 

0 . 84147098480789 7 

y 

0 . 9 092974268 2568 2 

y 

0 . 909297 4268 2568 2 

A fx.. » 

o:D~ Workspace .. , Cl ~ X 

Hl rn E3 151 [QJ ~ X f!l - ~ ~ Sel... · I >> 

0 
Name • Val 

0.14 

10 

ans 

f 

i 

X 

y 

2 
[0.1 

0.90 

• I "' I • 
Command ... ~• Cl ll X 

' I 
I n 

·· c l c 

·· s ine f uncti on 

"Cl c 

·· s ine f uncti on 

·· c l c 

·s in (3) 

"Cl c 

·s in ( 1) 

·· s in ( 2 ) 

·s in (3) 

"Cl c 

·· f i ctor i a l f un< ~ 

·· c l c 

Ill • 
. I 

Figure: Computation of the values of sine function using for loop.
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Discussion

The loop begins with the for statement and ends with end statement.

The command between those statements is executed a total of three times,
once for each value of i from 0 to 2.

The Editor automatically colors the commands for and end in blue.
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Solve the following algebraic equations using Script M–File.

x2 + 2x − 4 = 0.

x3 + 5x2 + 4x + 3 = 0

Solve the following equations for x using Script M–File.

x + log(y) = 3.

x + 10y = 6.

Solve the following system of equations using Script M–File.

x + y2 = 2, y − 3x = 7.

x + y2 = 2, 2y2
− 3x = 7.
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Exercises

Problem:

Find the first-order, second-order, and fourth-order derivatives of the
function f (x) = x10 + 2 ∗ (x2) + sin(x) using diff command.

Plot the multiple graphs of the outputs using ezplot command on the
interval [−π, π].

Label the horizontal axis with x and vertical axis with y .

Keeps the title "Multiple plot of the function and its derivatives"

All the coding should be written using Script M–File.
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Exercises

Problem:

Find the first-order, fourth-order, and fifth-order derivatives of the function
f (x) = ln x + sin(x) using diff command.

Plot the multiple graphs of the outputs using plot command on the
interval [0, 1] and without using hold on and hold off commands

Label the horizontal axis with x and vertical axis with y .

Keeps the title "Multiple plot of the function and its derivatives"

All the coding should be written using Script M–File.
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Exercises

Problem:

Find the first-order, fourth-order, and fifth-order derivatives of the function
f (x , y) = ln x ∗ y + sin(x2) using diff command.

Plot the multiple graphs of the outputs using plot command on the
interval [0, 1] and without using hold on and hold off commands

Label the horizontal axis with x and vertical axis with y .

Keeps the title "Multiple plot of the function and its derivatives"

All the coding should be written using Script M–File.
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Entering input into a program

 There are multiple ways to enter input variables 

into a MATLAB program. Three most common 

methods are as follows: 

I. Use hard-coded variables in MATLAB program.

II. Use input statements within the program to prompt 

the user in the MATLAB command window to enter 

input variable.

III. Use Menu statements within the program to prompt 

user to click on a button to select an input. 



Using Hard Coded Variables
 Whenever, we need a value in the program, we simply 

create a variable

 >>x=7;

 >>food=‘Pizza’

 Why not use hard coded variable all the time?

I. Does not allow the user to choose different values.

II. Program is only useful for one specific case.

III. You might not know the needed value beforehand

Using Input Statements for Number

 To allow the user to choose a value is to use an input 
statement:

>>variable=input(‘message’)



Using Input Statements for String
 If you want to allow the user to enter a letter or a word 

instead of a number then the statement

>>variable= input(‘please enter a letter: ’)

Please enter a letter: a

Error using input

Undefined function or variable a

 Add the second argument to the input statement to 
specify that the value will be string: 

>>variable=input(‘Please enter a letter:’, ‘s’)

Examples
>>radius=input(‘Please enter the radius: ’) 

Please enter the radius: 3

>>disp(radius);

>>name=input(‘Please enter the name: ’, ‘s’)

Please enter the name: XYZ



Using Menu Statement
 A menu statement can be used to allow the user to 

select form a set of predefined choices.

 When you use a menu statement, MATLAB will create 
a new window with a set of buttons.

>>variable1=menu(’Message’,’opt1’,’opt2’,’opt3’,…)

 The order you list the option in your message 
statement determines the order the buttons are 
displayed. 

 The first button has value 1 and second 2 and so on.

Output Statements





Unsuppressing Statement

 The simples way to display a value in MATLAB is not 
to suppress it:

 When you place a ; at the end of a line in MATLAB, 
you are telling MATLAB that you do not want to 
display the result in command window. 

 If you leave ; at the end of a statement then MATLAB 
will show you the result.



Using Displaying Statement

 If you want to display additional information then you 
can use disp(‘message’) command.

 You can use constant or variable in disp command to 
be displayed. 

Example

If we want to display 

>>radius=input(‘Please enter the radius: ’);

>>Circumference= 2*pi*radius;

>>Area=pi*radius^2;

>>disp(‘Circumference : ’); disp(circumferenece);

>>disp(‘Area’); disp(Area)



fprintf statement

 If we want additional formatting, we can use the 
fprintf statement:

 Mix string with values

 Specify the number of decimal places

 Insertion formats

 %s –insert text

 %f-insert a floting number

Insertion formats
 %f 

Fixed-point notation (Use a precision operator to specify the number of digits after the decimal point.)

 %e

Exponential notation, such as 3.141593e+00 (Use a precision operator to specify the number of digits after the 
decimal point.)

 %E

Same as %e, but uppercase, such as 3.141593E+00 (Use a precision operator to specify the number of digits after the 
decimal point.)

 %g

The more compact of %e or %f, with no trailing zeros (Use a precision operator to specify the number of 
significant digits.)

 %G

The more compact of %E or %f, with no trailing zeros (Use a precision operator to specify the number of 
significant digits.)



Special Characters

 Special Characters            Representation

Single quotation mark ``

Percent character %%

Backslash \\

Backspace \b

New line \n

Horizontal tab \t

Vertical tab \v

Example

>>day=`Wednesday`; weather=`Sunny`; temp=75;

>>fprintf(`Today is %s \n`, day)

>>fprintf(`The weather today is %s  and the temperatue
is %i \n’`,weather,temp)

>>fprintf(`The weather today is %s  and the temperatue
is %0.3f \n’`,weather,temp)



Print Double-Precision Values as Integers

 >>a = [1.02 3.04 5.06];

 >>fprintf('%d\n',round(a));

%d in the formatSpec input prints each value in the 
vector, round(a), as a signed integer. \n is a control 
character that starts a new line.

Print Literal Text and Array Values

>>A1 = [9.9, 9900];

>>A2 = [8.8,  7.7 ];

>>formatSpec = 'X is %4.2f meters or %8.3f mm\n';

>>fprintf(formatSpec,A1,A2)



Write Tabular Data to Text File

>>x = 0:.1:1;

>>A = [x; exp(x)];

>>fileID = fopen('exptest.txt','w');

>>fprintf(fileID,'%6s %12s\n','x','exp(x)');

>>fprintf(fileID,'%6.2f %12.8f\n',A);

>>fclose(fileID);

Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Matrix Algebra and MATLAB

Department of Mathematics and Statistics
Virtual University of Pakistan, Lahore, Pakistan.

imrantalib@vu.edu.pk

Imran Talib VU Lecture NO.10 1



Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Outline

1 Matrices in MATLAB
Creating Vector and Matrix Variables

2 Matrices
Some useful operations on matrices

3 Matrix Algebra
Matrices Multiplication
Determinant of a matrix
Inverse of a matrix

4 Exercise

Imran Talib VU Lecture NO.10 2

Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Outline

1 Matrices in MATLAB
Creating Vector and Matrix Variables

2 Matrices
Some useful operations on matrices

3 Matrix Algebra
Matrices Multiplication
Determinant of a matrix
Inverse of a matrix

4 Exercise

Imran Talib VU Lecture NO.10 2



Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Outline

1 Matrices in MATLAB
Creating Vector and Matrix Variables

2 Matrices
Some useful operations on matrices

3 Matrix Algebra
Matrices Multiplication
Determinant of a matrix
Inverse of a matrix

4 Exercise

Imran Talib VU Lecture NO.10 2

Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Outline

1 Matrices in MATLAB
Creating Vector and Matrix Variables

2 Matrices
Some useful operations on matrices

3 Matrix Algebra
Matrices Multiplication
Determinant of a matrix
Inverse of a matrix

4 Exercise

Imran Talib VU Lecture NO.10 2



Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Creating Vector and Matrix Variables

Matrices can be introduced into MATLAB in several ways:

Entered by an explicit list of elements.

Generated by so called built–in statements and functions.

Loaded by external data.

Created by M–Files.
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Creating Vector and Matrix Variables

Generating matrices as a list of its elements. The following basis conventions
have to be taken into account:

The elements of a row are separated by commas or spaces.

A semi-colon indicates the end of each row.

The entire list of elements has to be surrounded by brackets [ ].
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Creating Vector and Matrix Variables

Row Vector

Row vector variables can be created in several ways.

The simplest method is to put the values that you want in the variable in
square brackets, separated by either spaces or commas.

For instance, a row vector with four elements in MATLAB can be
generated as:

rowvec=[2,4,5,6]

The required output is as under

rowvec =
2 4 5 6
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Creating Vector and Matrix Variables

Row vector using Colon Operator

Row vector can also be generated using Colon operator(;)

The entries in the generated Row vector iterates from the starting to the
ending value with a default step of one.

In this case the square brackets are not necessary.

For example, a row vector having 2, 3, 4, 5, 6 entries can be generated as

» colvec=2:6

The necessary output is

colvec =
2 3 4 5 6
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Creating Vector and Matrix Variables

Colon Operator with Step value

Row vector with Colon operator can also be generated by defining step
value for each entry of the matrix.

For example, the row vector with entries 2, 4, 6, 8, 10 can be generated as

» stepvec = 2:2:10

The desired output is

stepvec =
2 4 6 8 10
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Creating Vector and Matrix Variables

Row vector is generated in different ways

J1 MATLAB 7.10.0 

File Edit Debug Parallel Desktop Window Help 

'CJ e3 I d!i - llll! "') (II I A ~ ~ I · ~ I Current Folder: \\lro-lnomes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts [fJ How to Add [fJ What's New 

Current Folder '" Cl ~ X ®' Editor- Y:\ Siides MatlabVU\ Script files\ Matrix algebra.m 

.=."-f.=ljl:::==« =MA=TLA= B=====.=rl =P -;=-1 o-"""'. ; 'CJ €3 • I dG ~ ~ 'IJ (II I ~ 'fi1 ·1141 + • fo I ~ • €J t'J 41 .. If ll &I Stack:! Base ·II fx 

~• Cl ll X f I Workspace ~• Cl ll X , 

HJ [I] E3 iSl [QJ ~ x @ - ~ ~ Sel. .. . 1 » . . I 

D 
+liD ~fll I - ~+ I + El X 1 %~ %~ 1 • . Na·me • Val Name • Gl 

• [;;] 

~ colvec [2,3 
;: -4: J T aylororder2.m x J. Picardmethod.m x j_ coefvec.m x J picardinputfunc.m xI weight.m x J. funvec.m x l_ adobetest.m x [( Matrix algebra.m x j ~ 

rowvec [2,4 

~ 3 stepvec [2,4 

>> rowvec = ( 2,4,5,6) 

r o wvec = 

2 4 5 6 

>> col vec=2: 6 

col vee = 

I • I Ill I ' 
2 3 4 5 6 Command ... ... Cl ~ X 

!····c l ear a A 

>> stepvec = 2 : 2: 10 L.. c l ear a ll 

e ·%-- 11/ 21/ 16 1( 

stepvec = L.. c l c 

6 't -- 11/ 22/lG 1 < 
2 4 6 8 1.0 

; ··c l c 

fx. I ··rowvec = (2, >> 
; ··c l c 

··t4atri x a lqeb 

; ··c l c 

··rowvec = (2, 

; ··col vec=2: 6 

I i 
'-' 

··stepvec = 2 : . 
>etails "' • I Ill I ' 

Figure: Display of the Row vector in different ways
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Matrices in MATLAB
Matrices
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Creating Vector and Matrix Variables

Column Vector

There are two basic methods for creating Column vector:

Either by putting the values in square brackets, separated by semicolons.

or by creating a row vector and then transposing it.

The transpose operator in MATLAB is the apostrophe.
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Creating Vector and Matrix Variables

Column Vector with Square bracket and semicolons

For example, the column vector with entries 2, 5, 10 can be generated as

» colvec=[2;5;10]

The required output is
colvec =
2
5
10

Imran Talib VU Lecture NO.10 10



Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Creating Vector and Matrix Variables

Column Vector with apostrophe

Alternatively, the column vector with entries 2, 5, 10 can also be generated
as

» Rowvec=[2,5,10]
Rowvec =
2 5 10
» colvec=Rowvec’
colvec =
2
5
10
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Creating Vector and Matrix Variables

Column vector is generated in different ways

II. MATlAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 f3 I ¥, Ill 1:&\ .., ("' I ~ tilt ~ I ~ ~ I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

Shortcuts !tl How to Add !tl What's New 

Current Folder 1+- [j ~ X I 8 Editor - V:\ Siides_MatlabVU\ Script files\ Matrix algebra.m 
_,, 

[j ~ X Workspace 
_,, 

[j ~ X 

~ • I jj << Script files · [Pi 0 · lr , om- ~ .. l ~ sel. .. • » 

D Name • >> colvec=(2;5; 10] Name • Val 

D adobetest.asv ~ Ro wv ec (2,5 
. col ve e = colvec [2;5 JN I I 

U euler.asv €) f <1 

~ euler.m 2 €J g <1 

0 fictorialfunction.asv 5 €) h <1 

-[I fictorialfunction.m 10 li) x <1 

D impeuler.asv 

~ impeuler.m >> Rowvec=(2, 5 ,10] 

® inputfunction.m 

~ Matrix algebra.m Rowve c = 

D picardinputfunc.asv 

~ picardinputfunc.m 2 5 10 
D Picardmethod.asv • I Ill I ' ~ Picardmethod.m >> colve c =Rowvec' 

Command ... [j 
~ RungeKutta.m 

_,, 
~ X 

0 scriptfilel.asv i ·· for i =1 :5 A 

~ scriptfilel.m 
col ve e = I "Y ( : , i) = i•loq 

D sine:function.asv 
2 

l ·· end 

~ sinefunction.m 
5 

l ·· colorstring 
D Taylororder2.as.v 

~ T aylororder2.m 10 i "f iqure (1) ; c 

; "hOld on 

fr. » I l ·· for i = 1 : 5 

l "plot (x, y ( : , 

i ·· end 

l ·· clc 

i ··colvec= [ 2;5; 

~ .. Rowve c = (2 5 , '= 
: ··col vec=Rowve ""' 

odobetest.m (MATLAB Scnpt) "' I • c:::!!O ' 

Figure: Display of the Column vector in different ways
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Some useful operations on matrices

Matrix variables can be created by putting the values in square brackets.

The values within the rows are separated by either spaces or commas.

Each individual row is separated by semicolons.

The must always be the same number of values in every row.

The colon operator can be used to iterate within the rows.
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Some useful operations on matrices

For example, the matrix

A =







5
6

1
6

0
5
6

0 1
6

0 5
6

1
6







in MATLAB is generated as

» A=[5/6,1/6,0;5/6,0,1/6;0,5/6,1/6]
A =
0.8333 0.1667 0
0.8333 0 0.1667
0 0.8333 0.1667

or
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Some useful operations on matrices

A=sym([5/6,1/6,0;5/6,0,1/6;0,5/6,1/6])
A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6
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Some useful operations on matrices

Generation of the matrix in MATLAB

f' MATLAB 7.10.0 [R2010a) 

File Edit Debug Parallel Desktop Window Help 

'CJ (i§ I ¥, -.a ~ lfJ ('!o I ~ ~ ~ I ~ I Current Folder: I \\lro-homes-01\ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

.... urrent Folder - ''" Cl ~ "XJ 1l!J Editor· Y'\Siides MatlabVU\ Script files\Matrix algebra m - ~• Cl ll X Workspace ~• Cl ll Xl 

.. • lill « MATLAB ~ i P i q · Command Wlnd<!w ~ · 1!J · I ~ Sel ... ~ I 
)) 

D Name • >> A= ( 5 / 6, 1/6, 0 ;5/ 6, 0 , 1/6; 0 ,5/ 6, 1/6 ) Name • Val 

€JA <3 
A = 

0 . 8333 0 . 1 667 0 

0 . 8333 0 0 . 1 667 

0 0 . 8333 0 . 1 667 

>> A=sym( ( 5 / 6, 1/6, 0 ;5/ 6, 0 , 1/6; 0 ,5/ 6, 1/6 ) ) 

A = 

I 
I 5 / 6, 1/6, 0) 

I 5 / 6, o, 1/6 ) • I Ill I ' 
I o, 5 / 6, 1/6 ) Command ... Cl 

-... ~ X 

·· c l c A 

f'; » ! .. A= ( 5 / 6, 1/6, 0 

~ ·· c l c 

! .. ( X, Y) =meshqr 

~ ·· contou r (X, Y, 

! ·· , c l c 

~ .. (X, Y) =meshqr 

1 ·· contou r (X, Y, 

B %-- 11/24/16 ' 
~ .. A= ( 5 / 6, 1/6, 0 

~ ·· c l c 

! · A= ( 5 / 6 1/6 0 

\ ' ' = 
.. A=sym ( ( 5 / 6, 1 T 

tetails A I • [liD ' 
• Start I 

Figure: Graphical view of the matrices
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Some useful operations on matrices

Sum of column vectors of a matrix

The sum command computes a Row vector containing the sum of the
columns of a matrix.

Note that MATLAB prefers to work with the columns of a matrix.

For example, the sum of the columns of the matrix A is computed as:

A=sym([5/6,1/6,0;5/6,0,1/6;0,5/6,1/6])
A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6





» B = sum(A)
B =
(

5
3

1 1
3

)
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Exercise

Some useful operations on matrices

Sum of row vectors of a matrix

To compute the sum of Row vectors of a matrix, we should take the
transpose, then compute the sum and finally transpose the result.

For example, the sum of the Row vectors of the matrix A is calculated in
the next slide. Please see it.
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Matrices in MATLAB
Matrices
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Exercise

Some useful operations on matrices

Sum of the entries of the column vectors of A

f l MATLAB 7.10.0 (R2010a) I= ! I!!Jl ! 

File Edit Debug Parallel Desktop Window Help 

: '0 6 I dio - ~ "'.) ('Ill I ~ t1J 1§1 I @) I Current Folder: \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts In How to Add In What's New 

Current Folder ,,_ Cl ~ X · !B Editor Y·\Siides MatlabVU\ Script files\ Matrix algebra m ~• Cl ll X Workspace ~• Cl ~ 
I 

- - I 

1111 · !Pi(}· lr. window 01 lliiiif '@ lf ; ~ sel. .. · I >> • • « MATLAB 

D Name • >> A=sym( l 5 / 6, 1/6, 0 ;5/ 6, 0 , 1/6; 0 ,5/ 6, 1/6 )) Name • Val 

~ A <3 
A = €i s <1 

~ans '\ le 

I 5 / 6, 1/6, OJ 

I 5 / 6, o, 1/6] 

I o, 5 / 6, 1/6] 

>> B=sum(A) 

E = 

I 5 / 3, 1 , 1/3 ] 

• I Ill I ' 
fx. >> Command ... ... Cl ~ 

; .. ans = A 

; I 5 / 6, 5 / 6, 

; I 1/6, o, 
; I o, 1/6, 

; ·B=sum (A ') 

; ·B = 

; I 1 , 1 , 1] 

; ··8 ' 

; .. ans = 

; "1 

; ·· c l c 

; .. A=sym ( 15 / 6, 1= 
; ·B=sum (A) T 

Details "' ! • ~ ' 
41 Start I 

Figure: Display of the sum command
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Some useful operations on matrices

Sum of row vectors of a matrix

»A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6





» A’=





5
6

5
6

0
1
6

0 5
6

0 1
6

1
6





» B=sum(A’)
B =
[ 1, 1, 1]
» B’
ans =
1
1
1.
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Some useful operations on matrices

Sum of the entries of the row vectors of A

~ MATlAB 7.10.0 (R2010a) 1 ~ 1.@ 1~ 

File Edit Debug Parallel Desktop Window Help 

; '0 ~ I ,!(, ... ~ '? ('I I • t1J ~ I ~ I Current Folder: I \\lro-homes-01 \ users$\ imrantalib\ My Documents\ MATLAB 

: Shortcuts ~ How to Add ~ What's New 

Current Folder •+- Cl ~ X I®' Editor- V·\ Siides MatlabVU\ Script files\ Matrix algebra m - ' 

l.i · [ P I ~ · l r . Window Cll~ 1'!1 · ~ ~ Sel. .. · I )) • • « MATlAB 

~• Cl t'l X Workspace ~• Cl ll X ~ 

D Name • fx. >> A=sym ( [5 / 6, 1/6, 0 ;5/ 6, 0,1/6; 0, 5 / 6, 1/6 J ) Name • Val 

filA <3 
A = €J B <1 

L:l ans '\le 

[ 5 / 6, 1/6, OJ 

[ 5 / 6, o, 1/6 J 

[ o, 5 / 6, 1/6 J 

A' 

ans = 

[ 5 / 6, 5 / 6, OJ 

[ 1/6, o, 5 / 6 J < I Ill I ' 
[ o, 1/6, 1/6 J Command ... ... Cl ~ X 

; I o, 5 / 6 , 4 

B=sum(A' ) 
; ·· clc 

B = 
; .. A=sym ( ( 5 / 6 , 1 

; ·B = s um(A) 

[ 1 , 1 , 1 J 
; " l atex (B) 

; ·· clc 

B' ; .. A=sym ( ( 5 / 6 , 1 

; ··A' 

a n s = 
; ·B=sum(A') 

; ··B' 
1 

; "\latex (A') 
1 

1 
; " l atex (A') 

= 
·· clc ? 

Details "' < c:::!!CJ ' 
41. Start J 

Figure: Display of the sum command
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Some useful operations on matrices

Column vector containing the Diagonal elements of a matrix

The diag command produces a column vector containing the elements of
the main diagonal of a matrix.

For example,

»A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6





The MATLAB displays the following result:

» B=diag(A)
B =
5/6
0
1/6
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Some useful operations on matrices

Sum of individual row and column

The collective use of sum command and colon (:) operator is used to
compute the sum of any individual column and row of a matrix.

The colon operator refers to all elements in a row or column of a matrix.

The key word end refers to last column or row.

For example, the sum of last column of the matrix A in MATLAB is
calculated as

»A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6





The MATLAB displays the following result:

» B=sum(A(:,end))
B =
1/3
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Some useful operations on matrices

Sum of the entries of the last and the second column of A

/l MATlAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 f3 I ¥, Ill 1:&\ .., ("' I ~ tilt ~ I ~ ~ I Current Folder: I\ \ lro-homes-01 \ users$\ imrantalib\ My Documents\ MATLAB 

Shortcuts !tl How to Add !tl What's New 

Current Folder 1+- [j ~ X I 8 Editor- Y:\ Siides_MatlabVU\ Script files\ Matrix algebra.m ... [j ~ X Workspace ... [j ~ X 

• • ljj << MATlAB · [Pi 0 · lr, om- ~ .. ~ ~ Sel... • » 

D Name • >> A=sym( { 5 / 6, 1/6, 0 ;5/ 6, 0 , 1/6; 0 ,5/ 6, 1/6 ] ) Name • Val 

€)A <3 
A = €J B <1 

€l c <1 

I 5 / 6, 1/6, 0 ] 

I 5 / 6, o, 1/6 ] 

I o, 5 / 6, 1/6 ] 

>> B=s um (A ( : ,en d ) ll 

B = 

1/3 

• I Ill I ' 
>> C=sum (A ( : , 2 ) ) 

Command ... ... [j ~ X 

i · ·B=sum(A ) A 

c = l. ·c l c 

1 
i · ·A=sym( [ 5 / 6, 1 

l. B=d i aq(A) 

A» B%-- 11/25 /16 1( 

; ·· c l c 

i ··c l ear a ll 

l ·· c l c 

i .. A= [ 5 / 6, 1/6, 0 

l ·· c l c 

i .. A=sym( [ 5 / 6, 1 

l .. B=sum(A( : ,en 
= 

' .. C=sum (A ( : , 2 ) ~ 

)etails "' I • c::EQ ' 

Figure: Display of the sum command with colon operator
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Matrices Multiplication
Determinant of a matrix
Inverse of a matrix

Matrices multiplication using for loop

The matrix multiplication can be defined using MATLAB’s for loop, colon
notation, and vector scalar product.

For example, the MATLAB syntax for the multiplication of two matrices A

and B using for loop is as under:

clear all;
close all;
clc;
A=[1,2,3;4,5,6];
B=[1,4;6,7;0,1];
for i=1:2
for j=1:2
C(i,j)=A(i,:)*B(:,j);
end
end
C
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Matrices Multiplication
Determinant of a matrix
Inverse of a matrix

Multiplication of the matrices A and B

MATLAB 7.10.0 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

: '0 6 I dio - ~ "') ('Ill I ~ t1J 1§1 I @) I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

: Shortcuts In How to Add In What's New 

Current Folder 

+ • Ill\ « Script files 

D Name • 

D adobetest.asv 

~ adobetest.m 

0 euler.asv 

~ eule r.m 
D fictorialfunction.asv 

~ fictorialfunction.m 

D impeuler.asv 

~ impeuler.m 

~ inputfunction.m 

~ Matrix algebra.m 

f) Matrixmultiplication.m 

0 picardinputfunc.as,v 

~ picardinputfunc.m 

0 Picardmethod.asv 

.® Picardmethod.m 

.[) RungeKutta.m 

D scriptfilel.asv 

~ scriptfilel.m 

0 sinefunction.asv 

!:) sinefunction.m 

D Taylororder2.asv 

.@ T aylororder2.m 

Details 

41 Start! 

... Cl ~ X 
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I!] Ecj@t:- V :\~ 
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.. ~~~ ~ - ILO I + I .;. lu l x l %~%~ 1 0 . 
1 - c l ear all; 

2 - c lose a ll ; 

3 - clc; 

4 - A= (1,2,3; 4, 5 ,6] ; 

s - B= (1,4;6, 7 ; 0 , 1] ;j 

6 -

r 
i = 1 : 2 

7 - for j = 1 : 2 

8 - £(i,j) =A(i, : )•B( : ,j) ; 

9 - end 

10 - end 

11 - £ 

;: I adobetest.m xJI xl 
. ·:--

Command Wmdow 

c = 

13 2 1 

34 5 7 

f x., » 

• J1 A 

I script 

Cl ~ Workspace .. , Cl iCXJ 
HJ ITJ E3 Cjl ~X '@ .. : ~ Sel. .. · I >> 

L.. 

-

-

_--

I Ln 

Name • Val 

A (1, 

B (1,4 

c [13, 

~ ; 
2 

2 

• I Ill I ' -
Command ... ~• Cl ll x 

··x=linspace (0 ..... 

"plot (x , f ) 

"PlOt (X, f (X)) 

"p l ot (x , p) 

"PlOt (X, p (X)) 

"p l ot (x , p) 

g .. ,. __ 12/7/1 6 9 

• I 

·· c l c 

.. A= ( 1,2,3; 4, 5 

·8 = (1,4;6, 7 ; 0 

.. A•B 

·· clc 

Ill 

" 
' 

= 
T 

5 Col 17 I OVR .:: 

Figure: Matrices multiplication using for loop
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Matrices multiplication using asterisk operator

Single asterisk operator (*) can also be used for the matrices multiplication.

For example, above defined matrices, A and B can also be multiplied in
MATLAB as

» A=[1,2,3;4,5,6];
» B=[1,4;6,7;0,1];
»
» C=A*B.
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Multiplication of the matrices A and B.

111 MATlAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

[) 1!:3 I ~ ... ~ ., <" I • l!:lD ~ I ~ I Current Folder: I Y:\Siides_MatlabVU\ Script files 

Shortcuts !tl How to Add !tl What's New 

>> A= [1,2,3; 4 ,5,6) ; 

>> B=( 1,4;6, 7 ; 0,1) ; 

>> 
>> C=A•B 

c = 

13 211 
34 57 

A» 

4l Start! 

Figure: Matrices multiplication using asterisk operator
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The determinant of a square matrix in MATLAB can be determined using
det command.

For example, the determinant of the following matrix is determined as

»A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6





» A=sym([5/6,1/6,0;1/6,0,5/6;0,5/6,1])

» det(A)

The desired MATLAB output is
ans =
-131/216
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Determinant of a matrix
Inverse of a matrix

The inverse of a square matrix in MATLAB is determined using the inv
command.

For example, the inverse of the matrix A is computed as

» inv(A)

The required output is as under:

ans =




150
131

36
131

−

30
131

36
131

−

180
131

150
131

−

30
131

150
131

6
131
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Determinant and inverse of the matrix A.

~ · MATlAB 7.10.0 

File Edit Debug Parallel Desktop Window Help 

[) 1!:3 I ~ ... ~ ., <" I • l!:lD ~ I ~ I Current Folder: I Y:\Siides_MatlabVU\ Script files 

Shortcuts !tl How toAdd !tl What's New 

>> A=sym( (5 / 6, 1/6, 0 ; 1/6, 0 ,5/ 6; 0 ,5/ 6, 1 ) ) 

A 

5 / 6, 1/6, 0 ) 

1/6, o, 5 / 6) 

o, 5 / 6, 1 ) 

>> det(A) 

an s = 

- 131/216 

>> inv(A) 

I 
an s = 

150/131, 36/131 , 

36/131, - 180/131, 

- 30/131' 150/131' 

>> l atex (a n s ) 

an s = 

- 30/131 ) 

150/131) 

6/131) 

\left (\be qin{a rra y }{ccc } \ frac {150 }{ 131 } & \ frac {3 6 }{ 131 } & - \ frac {30 }{ 131 }\\ \ f r a c {3 6 }{ 131 } & - \ frac {180 }{ 131 } & \ frac {150 }{ 131 }\\ - \ frac {30 }{ 131 } & \ frac {150 }{ 131 

A» I 

Figure: det and inv command in MATLAB

Imran Talib VU Lecture NO.10 31

Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Compute AB using for loop in MATLAB, if

A=





5
6

1
6

0
1
6

0 5
6

0 5
6

1





B=





5
2

1
2

0
1
3

0 5
3

0 5
6

1





Imran Talib VU Lecture NO.10 32



Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Compute the sum of the second column of the following matrix using sum
command.

C=





1 1
2

0
1
3

1
6

2
0 0 1





Compute the sum of the second row of the matrix C using sum command.
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Creating Vector and Matrix Variables

Matrices can be introduced into MATLAB in several ways:

Entered by an explicit list of elements.

Generated by so called built–in statements and functions.

Loaded by external data.

Created by M–Files.
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Generating matrices as a list of its elements. The following basis conventions
have to be taken into account:

The elements of a row are separated by commas or spaces.

A semi-colon indicates the end of each row.

The entire list of elements has to be surrounded by brackets [ ].
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Row Vector

Row vector variables can be created in several ways.

The simplest method is to put the values that you want in the variable in
square brackets, separated by either spaces or commas.

For instance, a row vector with four elements in MATLAB can be
generated as:

rowvec=[2,4,5,6]

The required output is as under

rowvec =
2 4 5 6
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Row vector using Colon Operator

Row vector can also be generated using Colon operator(;)

The entries in the generated Row vector iterates from the starting to the
ending value with a default step of one.

In this case the square brackets are not necessary.

For example, a row vector having 2, 3, 4, 5, 6 entries can be generated as

» colvec=2:6

The necessary output is

colvec =
2 3 4 5 6
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Creating Vector and Matrix Variables

Colon Operator with Step value

Row vector with Colon operator can also be generated by defining step
value for each entry of the matrix.

For example, the row vector with entries 2, 4, 6, 8, 10 can be generated as

» stepvec = 2:2:10

The desired output is

stepvec =
2 4 6 8 10
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Row vector is generated in different ways

J1 MATLAB 7.10.0 

File Edit Debug Parallel Desktop Window Help 

'CJ e3 I d!i - llll! "') (II I A ~ ~ I · ~ I Current Folder: \\lro-lnomes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts [fJ How to Add [fJ What's New 

Current Folder '" Cl ~ X ®' Editor- Y:\ Siides MatlabVU\ Script files\ Matrix algebra.m 

.=."-f.=ljl:::==« =MA=TLA= B=====.=rl =P -;=-1 o-"""'. ; 'CJ €3 • I dG ~ ~ 'IJ (II I ~ 'fi1 ·1141 + • fo I ~ • €J t'J 41 .. If ll &I Stack:! Base ·II fx 

~• Cl ll X f I Workspace ~• Cl ll X , 

HJ [I] E3 iSl [QJ ~ x @ - ~ ~ Sel. .. . 1 » . . I 

D 
+liD ~fll I - ~+ I + El X 1 %~ %~ 1 • . Na·me • Val Name • Gl 

• [;;] 

~ colvec [2,3 
;: -4: J T aylororder2.m x J. Picardmethod.m x j_ coefvec.m x J picardinputfunc.m xI weight.m x J. funvec.m x l_ adobetest.m x [( Matrix algebra.m x j ~ 

rowvec [2,4 

~ 3 stepvec [2,4 

>> rowvec = ( 2,4,5,6) 

r o wvec = 

2 4 5 6 

>> col vec=2: 6 

col vee = 

I • I Ill I ' 
2 3 4 5 6 Command ... ... Cl ~ X 

!····c l ear a A 

>> stepvec = 2 : 2: 10 L.. c l ear a ll 

e ·%-- 11/ 21/ 16 1( 

stepvec = L.. c l c 

6 't -- 11/ 22/lG 1 < 
2 4 6 8 1.0 

; ··c l c 

fx. I ··rowvec = (2, >> 
; ··c l c 

··t4atri x a lqeb 

; ··c l c 

··rowvec = (2, 

; ··col vec=2: 6 

I i 
'-' 

··stepvec = 2 : . 
>etails "' • I Ill I ' 

Figure: Display of the Row vector in different ways
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Column Vector

There are two basic methods for creating Column vector:

Either by putting the values in square brackets, separated by semicolons.

or by creating a row vector and then transposing it.

The transpose operator in MATLAB is the apostrophe.
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Creating Vector and Matrix Variables

Column Vector with Square bracket and semicolons

For example, the column vector with entries 2, 5, 10 can be generated as

» colvec=[2;5;10]

The required output is
colvec =
2
5
10
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Creating Vector and Matrix Variables

Column Vector with apostrophe

Alternatively, the column vector with entries 2, 5, 10 can also be generated
as

» Rowvec=[2,5,10]
Rowvec =
2 5 10
» colvec=Rowvec’
colvec =
2
5
10
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Column vector is generated in different ways

II. MATlAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 f3 I ¥, Ill 1:&\ .., ("' I ~ tilt ~ I ~ ~ I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

Shortcuts !tl How to Add !tl What's New 

Current Folder 1+- [j ~ X I 8 Editor - V:\ Siides_MatlabVU\ Script files\ Matrix algebra.m 
_,, 

[j ~ X Workspace 
_,, 

[j ~ X 

~ • I jj << Script files · [Pi 0 · lr , om- ~ .. l ~ sel. .. • » 

D Name • >> colvec=(2;5; 10] Name • Val 

D adobetest.asv ~ Ro wv ec (2,5 
. col ve e = colvec [2;5 JN I I 

U euler.asv €) f <1 

~ euler.m 2 €J g <1 

0 fictorialfunction.asv 5 €) h <1 

-[I fictorialfunction.m 10 li) x <1 

D impeuler.asv 

~ impeuler.m >> Rowvec=(2, 5 ,10] 

® inputfunction.m 

~ Matrix algebra.m Rowve c = 

D picardinputfunc.asv 

~ picardinputfunc.m 2 5 10 
D Picardmethod.asv • I Ill I ' ~ Picardmethod.m >> colve c =Rowvec' 

Command ... [j 
~ RungeKutta.m 

_,, 
~ X 

0 scriptfilel.asv i ·· for i =1 :5 A 

~ scriptfilel.m 
col ve e = I "Y ( : , i) = i•loq 

D sine:function.asv 
2 

l ·· end 

~ sinefunction.m 
5 

l ·· colorstring 
D Taylororder2.as.v 

~ T aylororder2.m 10 i "f iqure (1) ; c 

; "hOld on 

fr. » I l ·· for i = 1 : 5 

l "plot (x, y ( : , 

i ·· end 

l ·· clc 

i ··colvec= [ 2;5; 

~ .. Rowve c = (2 5 , '= 
: ··col vec=Rowve ""' 

odobetest.m (MATLAB Scnpt) "' I • c:::!!O ' 

Figure: Display of the Column vector in different ways
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Some useful operations on matrices

Matrix variables can be created by putting the values in square brackets.

The values within the rows are separated by either spaces or commas.

Each individual row is separated by semicolons.

The must always be the same number of values in every row.

The colon operator can be used to iterate within the rows.
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Some useful operations on matrices

For example, the matrix

A =







5
6

1
6

0
5
6

0 1
6

0 5
6

1
6







in MATLAB is generated as

» A=[5/6,1/6,0;5/6,0,1/6;0,5/6,1/6]
A =
0.8333 0.1667 0
0.8333 0 0.1667
0 0.8333 0.1667

or
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Some useful operations on matrices

A=sym([5/6,1/6,0;5/6,0,1/6;0,5/6,1/6])
A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6
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Some useful operations on matrices

Generation of the matrix in MATLAB

f' MATLAB 7.10.0 [R2010a) 

File Edit Debug Parallel Desktop Window Help 

'CJ (i§ I ¥, -.a ~ lfJ ('!o I ~ ~ ~ I ~ I Current Folder: I \\lro-homes-01\ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcuts !!I How to Add !!I What's New 

.... urrent Folder - ''" Cl ~ "XJ 1l!J Editor· Y'\Siides MatlabVU\ Script files\Matrix algebra m - ~• Cl ll X Workspace ~• Cl ll Xl 

.. • lill « MATLAB ~ i P i q · Command Wlnd<!w ~ · 1!J · I ~ Sel ... ~ I 
)) 

D Name • >> A= ( 5 / 6, 1/6, 0 ;5/ 6, 0 , 1/6; 0 ,5/ 6, 1/6 ) Name • Val 

€JA <3 
A = 

0 . 8333 0 . 1 667 0 

0 . 8333 0 0 . 1 667 

0 0 . 8333 0 . 1 667 

>> A=sym( ( 5 / 6, 1/6, 0 ;5/ 6, 0 , 1/6; 0 ,5/ 6, 1/6 ) ) 

A = 

I 
I 5 / 6, 1/6, 0) 

I 5 / 6, o, 1/6 ) • I Ill I ' 
I o, 5 / 6, 1/6 ) 

Command ... Cl 
-... ~ X 

·· c l c A 

f'; » ! .. A= ( 5 / 6, 1/6, 0 

~ ·· c l c 

! .. ( X, Y) =meshqr 

~ ·· contou r (X, Y, 

! ·· , c l c 

~ .. (X, Y) =meshqr 

1 ·· contou r (X, Y, 

B %-- 11/24/16 ' 
~ .. A= ( 5 / 6, 1/6, 0 

~ ·· c l c 

! · A= ( 5 / 6 1/6 0 

\ ' ' = 
.. A=sym ( ( 5 / 6, 1 T 

tetails A I • [liD ' 
• Start I 

Figure: Graphical view of the matrices
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Some useful operations on matrices

Sum of column vectors of a matrix

The sum command computes a Row vector containing the sum of the
columns of a matrix.

Note that MATLAB prefers to work with the columns of a matrix.

For example, the sum of the columns of the matrix A is computed as:

A=sym([5/6,1/6,0;5/6,0,1/6;0,5/6,1/6])
A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6





» B = sum(A)
B =
(

5
3

1 1
3

)
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Some useful operations on matrices

Sum of row vectors of a matrix

To compute the sum of Row vectors of a matrix, we should take the
transpose, then compute the sum and finally transpose the result.

For example, the sum of the Row vectors of the matrix A is calculated in
the next slide. Please see it.
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Some useful operations on matrices

Sum of the entries of the column vectors of A

f l MATLAB 7.10.0 (R2010a) I= ! I!!Jl ! 

File Edit Debug Parallel Desktop Window Help 

: '0 6 I dio - ~ "'.) ('Ill I ~ t1J 1§1 I @) I Current Folder: \\lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

: Shortcuts In How to Add In What's New 

Current Folder ,,_ Cl ~ X · !B Editor Y·\Siides MatlabVU\ Script files\ Matrix algebra m ~• Cl ll X Workspace ~• Cl ~ 
I 

- - I 

1111 · !Pi(}· lr. window 01 lliiiif '@ lf ; ~ sel. .. · I >> • • « MATLAB 

D Name • >> A=sym( l 5 / 6, 1/6, 0 ;5/ 6, 0 , 1/6; 0 ,5/ 6, 1/6 )) Name • Val 

~ A <3 
A = €i s <1 

~ans '\ le 

I 5 / 6, 1/6, OJ 

I 5 / 6, o, 1/6] 

I o, 5 / 6, 1/6] 

>> B=sum(A) 

E = 

I 5 / 3, 1 , 1/3 ] 

• I Ill I ' 
fx. >> Command ... ... Cl ~ 

; .. ans = A 

; I 5 / 6, 5 / 6, 

; I 1/6, o, 
; I o, 1/6, 

; ·B=sum (A ') 

; ·B = 

; I 1 , 1 , 1] 

; ··8 ' 

; .. ans = 

; "1 

; ·· c l c 

; .. A=sym ( 15 / 6, 1= 
; ·B=sum (A) T 

Details "' ! • ~ ' 
41 Start I 

Figure: Display of the sum command
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Some useful operations on matrices

Sum of row vectors of a matrix

»A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6





» A’=





5
6

5
6

0
1
6

0 5
6

0 1
6

1
6





» B=sum(A’)
B =
[ 1, 1, 1]
» B’
ans =
1
1
1.
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Some useful operations on matrices

Sum of the entries of the row vectors of A

~ MATlAB 7.10.0 (R2010a) 1 ~ 1.@ 1~ 

File Edit Debug Parallel Desktop Window Help 

; '0 ~ I ,!(, ... ~ '? ('I I • t1J ~ I ~ I Current Folder: I \\lro-homes-01 \ users$\ imrantalib\ My Documents\ MATLAB 

: Shortcuts ~ How to Add ~ What's New 

Current Folder •+- Cl ~ X I®' Editor- V·\ Siides MatlabVU\ Script files\ Matrix algebra m - ' 

l.i · [ P I ~ · l r . Window Cll~ 1'!1 · ~ ~ Sel. .. · I )) • • « MATlAB 

~• Cl t'l X Workspace ~• Cl ll X ~ 

D Name • fx. >> A=sym ( [5 / 6, 1/6, 0 ;5/ 6, 0,1/6; 0, 5 / 6, 1/6 J ) Name • Val 

filA <3 
A = €J B <1 

L:l ans '\le 

[ 5 / 6, 1/6, OJ 

[ 5 / 6, o, 1/6 J 

[ o, 5 / 6, 1/6 J 

A' 

ans = 

[ 5 / 6, 5 / 6, OJ 

[ 1/6, o, 5 / 6 J < I Ill I ' 
[ o, 1/6, 1/6 J 

Command ... ... Cl ~ X 

; I o, 5 / 6 , 4 

B=sum(A' ) 
; ·· clc 

B = 
; .. A=sym ( ( 5 / 6 , 1 

; ·B = s um(A) 

[ 1 , 1 , 1 J 
; " l atex (B) 

; ·· clc 

B' ; .. A=sym ( ( 5 / 6 , 1 

; ··A' 

a n s = 
; ·B=sum(A') 

; ··B' 
1 

; "\latex (A') 
1 

1 
; " l atex (A') 

= 
·· clc ? 

Details "' < c:::!!CJ ' 
41. Start J 

Figure: Display of the sum command
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Some useful operations on matrices

Column vector containing the Diagonal elements of a matrix

The diag command produces a column vector containing the elements of
the main diagonal of a matrix.

For example,

»A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6





The MATLAB displays the following result:

» B=diag(A)
B =
5/6
0
1/6
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Some useful operations on matrices

Sum of individual row and column

The collective use of sum command and colon (:) operator is used to
compute the sum of any individual column and row of a matrix.

The colon operator refers to all elements in a row or column of a matrix.

The key word end refers to last column or row.

For example, the sum of last column of the matrix A in MATLAB is
calculated as

»A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6





The MATLAB displays the following result:

» B=sum(A(:,end))
B =
1/3
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Some useful operations on matrices

Sum of the entries of the last and the second column of A

/l MATlAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 
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Shortcuts !tl How to Add !tl What's New 
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D Name • >> A=sym( { 5 / 6, 1/6, 0 ;5/ 6, 0 , 1/6; 0 ,5/ 6, 1/6 ] ) Name • Val 

€)A <3 
A = €J B <1 

€l c <1 

I 5 / 6, 1/6, 0 ] 

I 5 / 6, o, 1/6 ] 

I o, 5 / 6, 1/6 ] 

>> B=s um (A ( : ,en d ) ll 

B = 

1/3 

• I Ill I ' 
>> C=sum (A ( : , 2 ) ) 

Command ... ... [j ~ X 

i · ·B=sum(A ) A 

c = 
l. ·c l c 

1 
i · ·A=sym( [ 5 / 6, 1 

l. B=d i aq(A) 

A» B%-- 11/25 /16 1( 

; ·· c l c 

i ··c l ear a ll 

l ·· c l c 

i .. A= [ 5 / 6, 1/6, 0 

l ·· c l c 

i .. A=sym( [ 5 / 6, 1 

l .. B=sum(A( : ,en 
= 

' .. C=sum (A ( : , 2 ) ~ 

)etails "' I • c::EQ ' 

Figure: Display of the sum command with colon operator
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Matrices multiplication using for loop

The matrix multiplication can be defined using MATLAB’s for loop, colon
notation, and vector scalar product.

For example, the MATLAB syntax for the multiplication of two matrices A

and B using for loop is as under:

clear all;
close all;
clc;
A=[1,2,3;4,5,6];
B=[1,4;6,7;0,1];
for i=1:2
for j=1:2
C(i,j)=A(i,:)*B(:,j);
end
end
C
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Multiplication of the matrices A and B

MATLAB 7.10.0 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

: '0 6 I dio - ~ "') ('Ill I ~ t1J 1§1 I @) I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

: Shortcuts In How to Add In What's New 

Current Folder 

+ • Ill\ « Script files 

D Name • 

D adobetest.asv 

~ adobetest.m 

0 euler.asv 

~ eule r.m 
D fictorialfunction.asv 

~ fictorialfunction.m 

D impeuler.asv 

~ impeuler.m 

~ inputfunction.m 

~ Matrix algebra.m 

f) Matrixmultiplication.m 

0 picardinputfunc.as,v 

~ picardinputfunc.m 

0 Picardmethod.asv 

.® Picardmethod.m 

.[) RungeKutta.m 

D scriptfilel.asv 

~ scriptfilel.m 

0 sinefunction.asv 

!:) sinefunction.m 

D Taylororder2.asv 

.@ T aylororder2.m 

Details 

41 Start! 

... Cl ~ X 

· !Pi(}· 
I!] Ecj@t:- V :\~ 

· 0 €3 • dio - ~ ., ('!Il l i;i, ~ • ,. . .. fr ~ I ~ • €J ~ 41 - If .!Ill • 1 Stade l Base 

.. ~~~ ~ - ILO I + I .;. lu l x l %~%~ 1 0 . 
1 - c l ear all; 

2 - c lose a ll ; 

3 - clc; 

4 - A= (1,2,3; 4, 5 ,6] ; 

s - B= (1,4;6, 7 ; 0 , 1] ;j 

6 -

r 
i = 1 : 2 

7 - for j = 1 : 2 

8 - £(i,j) =A(i, : )•B( : ,j) ; 

9 - end 

10 - end 

11 - £ 

;: I adobetest.m xJI xl 
. ·:--

Command Wmdow 

c = 

13 2 1 

34 5 7 

f x., » 

• J1 A 

I script 

Cl ~ Workspace .. , Cl iCXJ 
HJ ITJ E3 Cjl ~X '@ .. : ~ Sel. .. · I >> 

L.. 

-

-

_--

I Ln 

Name • Val 

A (1, 

B (1,4 

c [13, 

~ ; 
2 

2 

• I Ill I ' -
Command ... ~• Cl ll x 

··x=linspace (0 ..... 

"plot (x , f ) 

"PlOt (X, f (X)) 

"p l ot (x , p) 

"PlOt (X, p (X)) 

"p l ot (x , p) 

g .. ,. __ 12/7/1 6 9 

• I 

·· c l c 

.. A= ( 1,2,3; 4, 5 

·8 = (1,4;6, 7 ; 0 

.. A•B 

·· clc 

Ill 

" 
' 

= 
T 

5 Col 17 I OVR .:: 

Figure: Matrices multiplication using for loop
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Matrices Multiplication
Determinant of a matrix
Inverse of a matrix

Matrices multiplication using asterisk operator

Single asterisk operator (*) can also be used for the matrices multiplication.

For example, above defined matrices, A and B can also be multiplied in
MATLAB as

» A=[1,2,3;4,5,6];
» B=[1,4;6,7;0,1];
»
» C=A*B.
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Multiplication of the matrices A and B.

111 MATlAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

[) 1!:3 I ~ ... ~ ., <" I • l!:lD ~ I ~ I Current Folder: I Y:\Siides_MatlabVU\ Script files 

Shortcuts !tl How to Add !tl What's New 

>> A= [1,2,3; 4 ,5,6) ; 

>> B=( 1,4;6, 7 ; 0,1) ; 

>> 
>> C=A•B 

c = 

13 211 
34 57 

A» 

4l Start! 

Figure: Matrices multiplication using asterisk operator
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The determinant of a square matrix in MATLAB can be determined using
det command.

For example, the determinant of the following matrix is determined as

»A =




5
6

1
6

0
5
6

0 1
6

0 5
6

1
6





» A=sym([5/6,1/6,0;1/6,0,5/6;0,5/6,1])

» det(A)

The desired MATLAB output is
ans =
-131/216
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The inverse of a square matrix in MATLAB is determined using the inv
command.

For example, the inverse of the matrix A is computed as

» inv(A)

The required output is as under:

ans =




150
131

36
131

−

30
131

36
131

−

180
131

150
131

−

30
131

150
131

6
131
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Matrices Multiplication
Determinant of a matrix
Inverse of a matrix

Determinant and inverse of the matrix A.

~ · MATlAB 7.10.0 

File Edit Debug Parallel Desktop Window Help 

[) 1!:3 I ~ ... ~ ., <" I • l!:lD ~ I ~ I Current Folder: I Y:\Siides_MatlabVU\ Script files 

Shortcuts !tl How toAdd !tl What's New 

>> A=sym( (5 / 6, 1/6, 0 ; 1/6, 0 ,5/ 6; 0 ,5/ 6, 1 ) ) 

A 

5 / 6, 1/6, 0 ) 

1/6, o, 5 / 6) 

o, 5 / 6, 1 ) 

>> det(A) 

an s = 

- 131/216 

>> inv(A) 

I 
an s = 

150/131, 36/131 , 

36/131, - 180/131, 

- 30/131' 150/131' 

>> l atex (a n s ) 

an s = 

- 30/131 ) 

150/131) 

6/131) 

\left (\be qin{a rra y }{ccc } \ frac {150 }{ 131 } & \ frac {3 6 }{ 131 } & - \ frac {30 }{ 131 }\\ \ f r a c {3 6 }{ 131 } & - \ frac {180 }{ 131 } & \ frac {150 }{ 131 }\\ - \ frac {30 }{ 131 } & \ frac {150 }{ 131 

A» I 

Figure: det and inv command in MATLAB
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Compute AB using for loop in MATLAB, if

A=





5
6

1
6

0
1
6

0 5
6

0 5
6

1





B=





5
2

1
2

0
1
3

0 5
3

0 5
6

1
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Compute the sum of the second column of the following matrix using sum
command.

C=





1 1
2

0
1
3

1
6

2
0 0 1





Compute the sum of the second row of the matrix C using sum command.
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The eig command is used to determine the Eigen value of a square matrix.

This command with slightly modification also used to determine the
associated Eigen vector.

Consider the following example:

Example:

Compute the eigen values and eigen vectors for the following matrix:

B=





0 1 3
2 4 1
6 1 8
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The recipe of the solution is as under:

B=[0,1,3;2,4,1;6,1,8];
eig(B)
[P,D] = eig(B)

Note:

The columns of the matrix P denotes the eigen vectors of the matrix B.

The matrix D denotes the diagonal matrix having eigen values on the main
diaginal.
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Computation of the eigen values and eigen vectors.

... l'f' I.I""'. ' '-I"'IU l o.I.VoV \ 1'-'V.I.VOJ 0 1 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

D f3 I ;; Ill ill!! '? <" I - l!iU ~ I ~ I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

Shortcuts !tl How to Add !tl What's New 

Cu~~dff ·o~x 1 ~B~ ~ · ~· ~ - ~~~~~~~~~~~~~~~~~~i~ ~=; ~;;;~;;~;~=~:::;;===~~~~~l ~~~ ~o~x 
..::: ~ ::::.•:::.: l~ jj ~ « '=Sc=rip=t f=ile=s ==== ~ ~ ~ =- P -:;- • l --:- -1> -' · D ~ • ;; Ill ill!! ") <" ~ ~ • 141 .. + f< ~ ~ • €J t'J <;I tJa It Jl 11111 1 Stack: I Base ~ Jl /'>. ~ f!l If 1!l lril .. ~~~ ~ Sel. .. ~ 

D Name • ·~ ~ ~ I - 11.0 I + I + 11.1 I X I %~ %~ I 0. 
D adobediscussion.asv 

~ adobediscussion.m 

0 adobetest.asv 

~ adobetest.m 

~ Eigenvaluesand eigenvectors.m 

0 Eigenvaluesandeigenvectors.asv 

~ Eigenvaluesandeigenvectors.m 

0 euler.asv 

~ euler.m 
0 fictorialfunction.asv 

~ fictorialfunction.m 

0 impeuler.a;v 

~ impeuler.m 

@ inputfunction.m 

~ Matrix algebra.m 

~ Matrixmultiplication.m 

0 picardinputfunc.asv 

~ picardinputfunc.m 

0 Picardmethod.asv 

~ Picardmethod.m 

~ RungeKutta.m 

0 scriptfilel.asv 

~ scriptfilel.m 

0 sinefunction.asv 

~ sinefunction.m 

0 Taylororder2.asv 

® T aylororder2.m 

------------------------

1 -

2 -

3 -

4 -

5 -

6 -

7 

8 

9 

10 

c l ea r a ll; 

c l ose a ll; 

c l c ; 

B= [0 , 1 , 3 ;2, 4, 1;6, 1 , 8] ; % Given matrix 

e i g(B) %Determine eigen values 

[ P, DJ : e i g(B) %Determine eigenvalues and eigen vectors 

%The col~~s of the matrix P denotes the eigen vectors of the ~trix 

%and the matrix D denotes tbe diagonal matrix with eigen valuesl 

%on the main diaginal 

:; adobetest.m x I euler.m x I X II , xl 

Details A Command Window 

==~ ------------~ 

"" Start I 

[W 

1-

8 

~•Cll'X 

I scnpt 

Name • Value 

8 [0,1,3;2,4,1;6, 

D (-1.9716,0,0;0, 
p ( -0.8480,0.295 

l ans (-1.9716;10.18 

( I Ill 

' Command History ~•Cll'X 

( I 

··B= {O, 1 ,3;2, 4, 1;6, 1 , 

; .. c l c 

.. B=sym ( I o, 1 , 3 ; 2 , 4, 1 ; 

• "latex (B) 

"latex ( P) 

• "latex ( ( P, D] =ei g (B) ) 

"latex ( ( P, DJ =ei g (B) 

• "latex ( ( P, D] =e i g (B)) 

.. c l c 

• "latex ( ( P, D] =ei g (B) ) 

"latex ( ( P, DJ) 

' .. c l c 

Ill 

= 

I Ln 10 Col 10 I OVR 

Figure: Editor file having code of eigen values and eigen vectors
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Results of the eigen values and eigen vectors.

il. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

: '0 f3 I .1' lila • Ill) t" I ~ tin ~ I ~ I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

: Shortcuts !!I How to Add !!I What's New 

Current Folder ''" Cl ~ X e Editor- V·\ Siides MatlabVU\ Script files\ Eigenvaluesandeigenvectors m ~• Cl ll X Workspace ~•Cll'X - I 
~ • Iii « Script files · [Pi <t· :o @•I .1' .... 

"" <" I ~ '&} ·I"' ., • fr ~ I it] • €J ~ <I .. IJ !I •1 Stack: J Base ·II t ... ID · I ~ X ~ - ~ fii .. Il l ~ Sel. .. · I -

D : ·"" ~"" I - ~ + I .;. _O x 1 %~%~ 1 0 . Name • Value Name • . "" "" 
0 adobediscussion.asv Command Window CD ~ B [0,1,3;2,4,1;6,1 

~ adobediscussion.m D (-1.9716,0,0;0, 

D adobetest.asv 
p ( -0.8480,0.295 

~ adobetest.m 
an s = ( -1.9716;10.18 ans 

~ Eigenvaluesand eigenvectors.m 
- 1.9716 0 Eigenvaluesandeigenvectors.asv 

~ Eigenvaluesandeigenvectors.m 
10 . 1881 

0 euler.asv 3 . 7835 

.@ euler.m 

I 0 fictorialfunction.asv 

~ fictorialfunction.m 

0 impeuler.asv 

p = 

.@1 impeuler.m - 0 . 8480 0 .2959 - 0 . 0 3 44 ' I Ill I • 
@iJ inputfunction.m 0 .20 2 0 0 .2448 - 0 .9603 

fn Matrix algebra.m 
Command History ... [j ~ X 

0 . 49 00 0 .9233 0 .27 67 

~ Matrixmultiplication.m ~ "Cl c A 

0 picardinputfunc.asv ! ·· B= (O , 1 , 3 ;2, 4 , 1 ; 6, 1 , 

~ picardinputfunc.m 
D = I .. c l c 

D Picardmethod.asv 
; · B=sym ( [ 0 , 1 , 3 ; 2, 4 , 1 ; 

® Picardmethod.m 
- 1.9716 0 0 I ·· l atex (B) @ RungeKutta.m 

0 10 . 1881 0 ! D scriptfilel.asv · l atex ( P) 

~ scriptfilel.m 
0 0 3 . 7835 I ·· l atex ( ( P, D) =ei q (B)) 

0 sinefunction.asv 

Jx.. » I 
! · l atex ( ( P, D) ==ei q (B) 

~ sinefunction.m I ·· l atex ( ( P, D) =ei q (B)) 
D Taylororder2.asv ! ·· c l c 
@) T aylororder2.m I ·· l atex ( ( P, D) =ei q (B)) 

I 

! · l atex ( [ P, D)) 

! = 
.. c l c ~ 

Details A 

' I Ill I • 
4\ Start I 

Figure: Command window having outputs of the eigen values and eigen vectors
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MATLAB also gives the reduced echelon form of a matrix.

For this rref command is used.

Consider the following example:

Example:

Find the reduced echelon form of the following matrix:

B=





0 1 3
2 4 1
6 1 8
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Reduced echelon form.

i\. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

: 0 f3 I d' ... ~ Ill) ("' I ~ jj'J ~ I ~ I Current Folder: I V:\ Siides_MatlabVU\ Script fi les 

: Shortcuts !!I How to Add !!I What's New 

,...:: C .:. ur " re = n "i: t ;:: F ~ o = ld = e = r ========= ''" = Cl;=::; ~ :- x ~ 6 Editor- V:\ Siides_MatlabVU\ Script files\ Eigenvaluesandeigenvectors.m 

~ • J;j « Script fi les •I P J.O· : 0 f3 •I ~ ~ ~ Ill) ("' 1/:il ?lJ · I"' .. + fr!,. l ~ • €Jlt'J <I .. IJ 11•1 Stack:j Base •JI j,. 

D Name • : ·~ ~~ I - ~ + I .;. ~ X I %~ %~ I 0. 
0 adobediscussion.asv :: adobetest.m x L euler.m x L Matrixmultiplication.m x ~ Eigenvaluesandeigenvecto ... x ( 

'[I adobediscussion.m 

0 adobetest.asv 

1!) adobetest.m 

~ Eigenvaluesand eigenvectors.m 

D Eigenvaluesandeigenvectors.asv 

!!J Eigenvaluesandeigenvectors.m 

D euler.asv 

.® euler.m 

D fictorialfunction.asv 

~ fictorialfunction.m 

0 impeuler.asv 

® impeuler.m 

@il inputfunction.m 

~ Matrix algebra.m 

~ Matrixmultiplication.m 

D picardinputfunc.asv 

'[J picardinputfunc.m 

0 Picardmethod.asv 

.@il Picardmethod.m 

.@ RungeKutta.m 

D scriptfilel.asv 

!) scriptfilel.m 

D sinefunction.asv 

~ sinefunction.m 

D Taylororder2.asv 

@ T aylororder2.m 

Details 

~ , e ... I , _ 

>> 8 = [0 , 1 ,3;2,4, 1 ;6, 1 , 8 ] 

B = 

0 1 3 

2 4 1 

6 1 8 

>> rref(B) 

an s 

1 0 0 

0 1 0 

0 0 1 

tx. » I 

• 

Name • Value 

B 

D 
p 

ans 

[0,1,3;2,4,1;6, 

(-1.9716,0,0;0, 

( -0.8480,0.295 

(1,0,0;0,1,0;0, 

< I Ill • 
Command History ~• Cl ll X 

.. l atex ( ( P,D) ==e iq(B) • 

·· l atex ( [ P,D) =e iq(B)) 

·· c l c 

·· l atex ( [ P,D) =e iq(B)) 

.. l atex ( [ P, D) ) 

"Cl c 

· P ( : , 1) 

·· P (1, : ) 

"Cl c 

"8 = [0 ,1,3;2,4,1;6,1, 

"Cl c 

"8 = [0 , 1, 3 ; 2, 4, 1 ; 6, 1, ~ 

.. rref(B) • 

Ill 

Figure: output of rref command
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Solution of equations when coefficient matrix have inverse

While dealing with system of linear equations two situation often occurs:

Whether the coefficient matrix have inverse or have not?

First we discuss the case when the coefficient matrix have inverse
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Solution of equations when coefficient matrix have inverse

Example:

Find the solution of the following system of linear equations:

x1 + 3x2 = −2

2x1 + 4x2 = 1.
(3.1)

Solution:

The coefficient matrix is as under:

A=

(

1 3
2 4

)

The column matrix is given below:

B=

(

−2
1

)
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Solution of equations when coefficient matrix have inverse

The MATLAB code for the solution of the system is as under:

A=sym([1,3;2,4]);
B=sym([-2;1]);
C=inv(A);
X=C*B

For more clarity see the next slide.
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Solution of equations when coefficient matrix have inverse

Solution of linear equations in MATLAB when coefficient matrix have
inverse.

-,1. MATLAB 7.10.0 

File Edit Debug Parallel Desktop Window Help 

'0 ~ I M. IIIII ~ Ill) (!o I ~ ~ ~ I ~ I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

Shortcuts !!I How to Add !!I What's New 

C •. u .... rr.e .. nt .. F.o .. ld_e, .. r '"Cl -·~ .X. ® Editor- Y:\ Siides MatlabVU\ Script files\ Sollineareq .. n.s .... m. -+o Cl ~ X 1 Workspace ~•Clllx j -
~ • Iii « Script files · fPJ <t· :o ~ • I M. - ~ 

II) (!o I ~ ';@ · I"' ., ,. " ~ I ~ • €J ~ <I .. If ll • 1 Stack:J Base ·II !,. ID · I ~ X f!l lf ~ rtii .. Ill ~ Sel. .. • 

D 
: •GI ~GI I -~+ I ,._~X 1 %~%~ 1 0 . Name • Value Name • • Gl Gl 

D adobediscussion.asv 1 %solution of system of linear equations when coefficient matrix having - 0 ~ A <2x2 sym> A 

~ adobediscussion.m 2 %inverse ~ B <2xl sym> 

0 adobetest.asv 3 - c l ear a ll ~ c <2x2 sym> 

~ adobetest.m 4 - c l ose a ll ~X <2xl sym> 

~ Eigenvaluesand eigenvectors.m s - c l c -
0 Eigenvaluesandeigenvectors.asv 6 - A=s ym( [1 , 3 ;2, 4)) ; 
~ Eigenvaluesandeigenvectors.m 7 - B=s ym ( [ - 2; 1)) ; -0 euler.asv 8 - C=inv (A) ; 
.(gl) euler.m 

L... 

9 - X::f.•B 
0 fictorialfunction.asv • 

~ fictorialfunction.m adobetest.m x _l euler.m x _l Matrixmultiplication.m Xi Eigenvaluesandeigenvecto ... X rr Sollineareqns.m ~ 
D impeuler.asv 

~ ® impeuler.m ' I Ill I • 
@il inputfunction.m 

~ Matrix algebra.m X = Command History ... Cl ~ X 

~ Matrixmultiplication.m i ·pl ot (0 : 0 . 1 : 1,an s ) A 

' 
D picardinputfunc.asv 11/2 ; "pl ot (O : O. l : l , vectol 

~ picardinputfunc.m - 5/2 i ·· f =inline ( 'cos (x )+l/ 
0 Picardmethod.asv ' 

; .. vectori ze ( f ) 
® Picardmethod.m fx.» 
@ RungeKutta.m 

i ·pl ot (0 : 0 . 1 : 1,an s ) 
' 

0 scriptfilel.asv 
; ·e zpl ot (f, [0 , 1 )) 

~ scriptfilel.m \ '" Cl c 

0 sinefunction.asv 8 %-- 12/ 14/ 16 9:57 AH 

fil sinefunction.m ~ "Cl c 
~ Sollineareqns.m ' 

D T aylororder2.asv 
; ·l a tex (A) 

® Taylororder2.m 
i X(1) 
' 
; ·l a tex (A) 

= \ ·l atex (B) • 
Details "' I ' I Ill I • 
~ Start I 

Figure: Display of the MATLAB Editor with code of the solution of linear equations
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Solution of equations when coefficient matrix have inverse

Example:

Solve the following system of linear equations using solve command:

3x + 2y + z = 1,

y = 2,

x + 2y = 3.

(3.2)
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Solution of equations when coefficient matrix have inverse

Solution:

The MATLAB code for the solution is:

eqn1=’3*x+2*y+z=1’;
eqn2=’y=2’;
eqn3=’x+2*y=3’;
sol=solve(eqn1,eqn2,eqn3);
X=double([sol.x,sol.y,sol.z])’
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Solution of equations when coefficient matrix have inverse

Solution of linear equations

... MA l iA~ / .l U.U (KLUlUa) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

'0 a I "' - ll:l!l It) ("' I ~ l!:iU ~ I ~ I Current Folder: I V:\ Siides_MatlabVU\Script files 

Shortcuts !t1 How to Add !t1 What's New 

~~~d~ •o~x ~ 8~ 1 ~ ~ ~ · ~ - ~~~~~i~~~~~~~~~~~~;~~~~ ~~~~~~~~~~=~===~~===~ ~~~] ~~ce 4 0~x 1 
...::. ~ :c:.•::.; J ~ ii = « = S = crip = tf = ile =s === . =i= f p =; J :-: .r;t ~ - '0 ~ . .1' - ll:l!l It) ("' I ~ 'E · 1141 + + fr ~ l iE • €J ~ <I .. IJ 11•1 Stack:IBase •II j,. ~ @. ~ fil 'Il l ~ Sel. .. • 

D Name ... ·~ ~~ I - ll.o I + I .;. lu I X I %~ %~ I o_ 
D adobediscussion.asv 

~ adobediscussion.m 

D adobetest.asv 

~ adobetest.m 

~ Eigenvaluesand eigenvectors.m 

0 Eigenvaluesandeigenvectors.asv 

f:!J Eigenvaluesandeigenvectors.m 

0 euler.asv 

.@ euler.m 

0 fictorialfunction.asv 

~ fictorialfunction.m 

A 1 
r 2 

3 

4 

s 
6 

7 

8 

- c l ose a ll 

- c l ear a ll 

- c l c 

- eqn1= 1 3*x +2 *y+ z= 1 1
; 

- eqn2= 1 y =2 1
; 

- eqn3= 1 x +2 *y=3 ' ; 

- sol =solve (eqnl ,eqn2,eqn3) ; 

- X= double ( [sol . x,sol . y,sol . z ] )' 

Name • 

IL ~X 
~ eqn1 

~ eqn2 
~ eqn3 

~ so l 

1-

Value 

1-1;2;01 

'3..-x+2..-y+z=l 

'y=2' 

'x+2..-y=3' 

<lxl struct> 

0 impeuler.asv 

.@ impeuler.m 

® inputfunction.m 
ti : ~ : ~ G ~ ~ = x : : ~ ~ M ~ a ~ t ~ ri x~ m ~ u ~ lt 1 ip ~ li ~ c ~at ~ io ~ n ~ . ~m ~~ x ~ : ~ ~ Ei ~ g ~ e ~ n v~ a ~ l ~ue ~ s ~ a ~ n ~ d ~ ei ~ g ~ e ~n v~ e ~ c ~ to ~ . ; .. ~ x ~ : ~ ~ So ~ l ~ li ~ne ~ a ~ r ~ eq ~ n ~ s ~ .m ~~ x l~ r ~ e ~ d ~ u ~ce ~ d ~ e ~ c ~ h ~ el ~ o ~ n ~ fo ~ r ~ m ~ . ~m ~~ x ~ : l ~ [ ~~~~~~~~~=~ x J ~ · L~ ( ~~~==~"~'====~~----------~ ' J 

~ Matrix algebra.m -

'(I Matrixmultiplication.m 

D picardinputfunc.asv 

~ picardinputfunc.m 

D Picardmethod.asv 

~ Picardmethod.m 

0 reducedechelonform.asv 

~ reducedechelonform.m 

® RungeKutta.m 

0 scriptfilel.asv 

~ scriptfilel.m 

0 sinefunction.asv 

~ sinefunction.m 

~ Sollineareqns.m '-

fiJ systemlineareqnsolvecommand.m 

n Tavlororder2.asv T 

Details 

_. Start 

Command Window 

X = 

fx.» 

- 1 

2 

0 

I script 

Command History ... 0 ~ X 

8"%-- 12/ 14/ 16 9 : 5 7 Al1 A 

i "Cl c 

! "l atex (A) 

I ·X (1) 

! ·l atex (A) 

I ·· l atex (B) 

! "Ab=1/3•Ab (1 , : I 
I ·· c l c 

! "Sytn (Ab) 

I ·rref (A) 

! .. rref (Ab) 

·· c l c 

= .. an s.x ~ 

( Ill 

' 
I Ln 8 Col 31 I OVR 

Figure: Display of the MATLAB Editor with code of the solution of linear equations

using solve command
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The matrix can also be converted into reduced echelon form using row
operations.

Consider the following example:

Example:

Consider the system of linear equations:

3x + 2y + z = 1,

y = 2,

x + 2y = 3.

(4.1)

Enter it into MATLAB as an augmented matrix named Ab.

Use elementary row operations to reduce it to reduced-echelon form.
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Solution:

The MATLAB recipe for the solution is as under:

A=[3,2,1;0,1,0;1,2,0];
b=[1,2,3]’;
Ab=[A b];
Ab(1,:)=1/3*Ab(1,:);
Ab(3,:)=Ab(3,:)-Ab(1,:);
Ab(1,:)=Ab(1,:)-0.6667*Ab(2,:);
Ab(3,:)=Ab(3,:)-1.3333*Ab(2,:);
Ab(3,:)=1/-0.3333*Ab(3,:);
Ab(1,:)=Ab(1,:)-0.3333*Ab(3,:)
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Reduced echelon form using row operations

/ 1 MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

; '0 E3i I .1' IIIII ~ "') (II I ~ ~ 1§1 I ~ I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

: Shortcuts !!I How to Add !!I What's New 

~~~d~ •o~x ~ ~~ ~ ~ ~· ~· - ~~~~~~~~~~~~~~~~~~=;;:;~;;;;;;;;~:;::~;;:::~~~ ~~ ~ce ~o~x 
...::.: ~ :::..::·~ ~ WIJ~ << = S c = rip = t f = iles ==== . ~ f P-:;]--:-o0--1· '0 @ • .1' IIIII ~ "') (!o I ~ ?i'J • 141 .. . fr ~ I itJ • €J ~ <I .. If Jl • I Stack: I Base •II /'!. ~ ~ • ~ flii .. Il l ~ Sel... • 

D Name ... · ~ ~~ I - ll.O I + I .;. 11.1 I X I %~ %~ I o_ 
D adobediscussion.asv A ~ a u ; 

1 4 - c l c; 
~ adobediscussion.m 
D adobetest.asv 5 - A= [3, 2, 1 ; 0 , 1 , 0 ; 1 , 2, 0 ] ; 

a'> 6 - b = (1, 2, 3 ) ' ; 
~ adobetest.m 

~ Eigenvaluesand eigenvectors.m 7 - Ab= [A b ) ; 

0 Eigenvaluesandeigenvectors.asv 8 - Ab ( 1, : ) = 1/3*'Ab ( 1, : ) ; 

~ Eigenvaluesandeigenvectors.m 9 - Ab ( 3, : ) =Ab ( 3, : ) - Ab ( 1, : ) ; 

0 euler.asv 10 - Ab( 1 , : ) =Ab( 1 , : ) - 0 .6667*Ab(2, : ) ; 

€1) euler.m 11 - Ab ( 3, : ) =Ab ( 3, : ) - 1. 3333 *Ab ( 2, : ) ; 

0 fictorialfunction.asv 12 - Ab ( 3, : ) =1/ - 0 . 3333 •Ab ( 3, : ) ; 

~ fictorialfunction.m 13 - Ab ( 1, : ) .;:Ab ( 1, : ) - 0 , 3333 *Ab ( 3, : ) 

0 impeuler.asv 14 

@iJ impeuler.m ;: adobetest.m xI euler.m xI Matrixmultiplication.m xI Eigenvaluesandeigenvecto ... xI Sollineareqns.m xI[ .~. 
® inputfunction.m 

~ Matrix algebra.m - Command Window 

t1 Matrixmultiplication.m 

0 picardinputfunc.asv 

~ picardinputfunc.m 

D Picardmethod.asv 

.® Picardmethod.m 

D reducedechelonform.asv 

~ reducedechelonform.m 

@I RungeKutta.m 

0 scriptfilel.asv 

~ scriptfilel.m 

0 sinefunction.asv 

~ sinefunction.m 

~ Sollineareqns m 

~ systemlineareqnsolvecommand.m 

n Tavlororder2.asv 

Details 

4\ Start I 

Ab = 

A» 

1.0000 

0 

0 

0 . 0000 

1.0000 

- 0 . 0001 

0 

0 

1.0001 

- 1.0000 

2. 0000 

- 0 . 0002 

I script 

Name • Value -A 
'-- A [3,2,1;0,1,0;1, 

Ab <3x4 double> 

b [1;2;3) 

-
~ 

xI system.l ~ L' .11 ====,;;";.' ====iLI ____ ....:...J' 

~•Cll'X - Command History ~•Cll'X 

; .. c l c 

! .. ans.x 

l ·sol. y 

! ··A= ( 1 , 2, 3 ; 2, 1, 0 , 4, 5, 

! .. A= ( 1,2,3;2, 1,0; 4, 5, 

! ·· frref 

! "Cl c 

~·· % -- 12/ 15/ 16 9 : 53 AH 

' I 

'· s ym(Ab) 

! "l atexcl c 

! "Cl c 

·l atex (Ab) 

.. c l c 

Ill 

= 

• 
I Ln 10 Col 32 I OVR .:! 

Figure: Reduction of the matrix into reduced echelon form
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rref command is also used to check that whether a vector can be written
as a linear combination of the elements (vectors) of a set or not?

Consider the following example:

Example:

Show that

(

a

b

)

is in the span of

(

−2 1
1 6

)

for any a and b.
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Solution:

First declare that a and b as symbolic.

Enter the matrix Ab that can help you to show this.

Use rref on the matrix Ab.

Explicitly give the weights w1 and w2, such that:
(

a

b

)

= w1

(

−2
1

)

+ w2

(

1
6

)
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Solution:

The MATLAB code for the solution is as under:

clear all;
close all;
clc;
syms a b
A=[-2,1;1,6];
b=[a;b];
Ab=[A b];
rref(Ab)

The possible values for the weights are

(

b
13

−

6 a
13

a
13

+ 2 b
13

)
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Application of rref command

(1. MATLAB 7.10.0 (R2010a) lc:::J ! ~ I =t" l 

File Edit Debug Parallel Desktop Window Help 

'0 ~ I M. IIIII ~ Ill) (!o I ~ ~ ~ I ~ I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

Shortcuts !!I How to Add !!I What's New 

Current Folder ''" Cl ~ X ® Editor- V·\ Siides MatlabVU\ Script files\ spaningset m ,., Cl ~ X 1 Workspace ~•Clllx j -
~ • Iii « Script files · fPJ <t· :o ~ •I M. -~ 

II) ('II~ ';@ · I"' • • " ~ I ~ • €J ~ <I .. If ll •1 Stack:J Base ·II !,. ID · I ~ X f!] If ~ rj .. Ill ~ Sel. .. • 

D 
: •GI ~GI I -~+ I ,._~X 1 %~%~ 1 0 . Name • Value Name • • Gl Gl 

U adobetest.asv A 1 - c l ear a ll ; Cl ~A (-2,1;1,6] 

~ adobetest.m 2 - c l ose a ll ; ~A b <2x3 sym> 

~ Eigenvaluesand eigenvectors.m 3 - c l c; ~ a <1xl sym> 

0 Eigenvaluesandeigenvectors.asv r-
4 - b ~ ans <2xl sym> syms a 

fil Eigenvaluesandeigenvectors.m s - A= [- 2, 1 ; 1 , 6 ) ; ~ b <2xl sym> 

0 euler.asv 6 - b= [a;b) ; 
~ euler.m 

7 - Ab= IA b ) ; 0 fictorialfunction.asv 

~ fictorialfunction.m 
8 - s ym( rref (Ab)) 

0 impeuler.asv 
9 

@il impeuler.m :: ~ o lication.m x _l Eigenvaluesandeigenvecto ... xi Sollineareqns.m x l reducedechelonform.m x l systemlineareqnsolvecom ... x I( spaningset.m x ) ~ 
® inputfunction.m 

Command Window ~ ~ Matrix algebra.m 
' I Ill I • ~ Matrixmultiplication.m 

D picardinputfunc.asv an s = Command History ... Cl ~ X 

~ picardinputfunc.m .. a n s ( :, 3) A 

D Picardmethod.asv -
b /13 ( 6 • a )/13) I 1 , o, - ·· a n s (1;, 3) 

® Picardmethod.m I o, 1 , a /13 + (2 • b ) /13 ) .. a n s ( :, 3) 
D reducedechelonform.asv 

~ reducedechelonform.m 
·· .. c l c 

>> a n s ( :, 3) 
.@ RungeKutta.m .. a n s ( :, 1) 

D scriptfilel.asv 
an s = 

·· a n s ( :,2) 

~ scriptfilel.m ···· c l c 

D sinefunction.asv 
b /13 - ( 6 • a )/13 ·· a n s ( :, 3) 

fil sinefunction.m 

~ Sollineareqns.m 
a /13 + (2 • b ) /13 ·· l atex (b /13 - ( 6 • a )t 

~ p ~ ni n gset . m 
·· a /13 + (2"b) /13) 

~ systemlineareqnsolvecommand.m tx. » I .. a n s ( :, 3) 

0 T aylororder2.asv '- ···· l atex (a n s ) 
= @D Taylororder2.m T 

.. a n s ( :, 3) T 

spaningset.m (MATLAB Script) "' I ' 
Ill • 

~ Start I 

Figure: MATLAB code to determine the weights
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Consider the system of equations

x1 + 2x2 − 3x3 = −3,

−4x1 − 5x2 + 2x3 = −2,

2x1 + 3x2 − x3 = 2.

(6.1)

Enter it into MATLAB as an (augmented) matrix named Ab.

Use elementary row operations to reduce it to reduced echelon form.

Give the solution of the system. (If the system has no solution say that.
Otherwise, write the basic variables (those corresponding to pivot columns)
as functions of numbers and free variables, if there are any.)
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Consider the system of equations

x1 + 3x3 + x5 = −1,

4x1 + x2 + x3 + 6x5 = 1,

−3x1 − 3x2 − 3x3 + x4 − 19x5 = 6,

10x1 − 4x2 + 38x3 + 2x4 − 12x5 = 0.

(6.2)

Enter it into MATLAB as an (augmented) matrix named Ab.

Use elementary row operations to reduce it to reduced echelon form.

Give the solution of the system. (If the system has no solution say that.
Otherwise, write the basic variables (those corresponding to pivot columns)
as functions of numbers and free variables, if there are any.)
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Show that

(

h

k

)

is in the span of

(

−3 2
4 5

)

for any h and k.
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For Loops
 For loops are counter based loops

for k=1:1:10

MATLAB statement

end





Example
Following code will add up each element of a vector, and 
display the result after ending the for loop.

v = 1:10;

sum = 0;

for i = 1:length(v)

sum = sum + v(i);

end

disp(sum)



Example
We want to add only odd numbers from the numbers in 
1:10

sum = 0;

for i = 1:2:10

sum = sum + i;

end

disp(sum)    

Example
Write a program to ask a number from a user, verify that the 
number is not negative, and compute its factorial.

numb=input('Enter a number: ');
fact=1;
if numb<0
fprintf('the number you have entered is negative');
else
for i=1:numb
fact=fact*i;
end
fact
end



Nested Loops
Let’s say we wanted to print out the following pattern of 
stars, allowing the user to specify how many rows:

Example
rows=input(How many rows do you want: ');

for R=1:rows

for s=1:R

fprintf(‘*’);

end

fprintf(‘\n’);

end



Derivatives in MATLAB
syms x

f = sin(5*x);

The command

diff(f)  differentiates f with respect to x:

ans = 5*cos(5*x)



To take the second derivative of g

g = exp(x)*cos(x);

diff(g,2)

Note that to take the derivative of a constant, you must first 
define the constant as a symbolic expression. 

For example, entering

c = sym('5');

diff(c)

Derivatives of Expressions with 

Several Variables
To differentiate an expression that contains more than one 
symbolic variable, specify the variable that you want to 
differentiate with respect to. The diff command then 
calculates the partial derivative of the expression with respect 
to that variable. For example, given the symbolic expression

syms s t

f = sin(s*t);

the command

diff(f,t)

calculates the partial derivative ∂f/∂t.



Integration in MATLAB
If f is a symbolic expression, then

int(f)

syms x

int(x^n) or int(x^n,x)

syms x
f = exp(-x^2);

int(f)
ans = (pi^(1/2)*erf(x))/2

exp(-x^2), there is no formula for the integral involving standard 
calculus expressions, such as trigonometric and exponential 
functions. In this case, MATLAB returns an answer in terms of the 
error function erf.

If MATLAB is unable to find an answer to the integral of a function 
f, it just returns int(f).



syms x

int(sin(2*x), 0, pi/2) or int(sin(2*x), x, 0, pi/2)

First-Order Linear ODE
Solve this differential equation.

dy/dt=ty.

First, represent y by using syms to create the symbolic 
function y(t).

syms y(t)

Define the equation using == and represent 
differentiation using the diff function

ode = diff(y,t) == t*y.



dsolve
S = dsolve(eqn) solves the differential equation eqn, 
where eqn is a symbolic equation. 

Use diff and == to represent differential equations. For 
example, diff(y,x) == y represents the equation dy/dx = y. 

So we solve the equation using dsolve.

ySol(t) = dsolve(ode)

Example
Solve the first-order differential equation 

dy/dt=ay

syms y(t) a

eqn = diff(y,t) == a*y;

S = dsolve(eqn)



Solve Differential Equation 

with Condition
In the previous solution, the constant C appears because 
no condition was specified. 

Solve the equation with the initial condition y(0) == 2. 

The dsolve function finds a value of C that satisfies the 
condition.

cond = y(0) == 2;

ySol(t) = dsolve(ode,cond)

Example
dy/dt+4y(t)=e−t,

y(0)=1.

syms y(t)

ode = diff(y)+4*y == exp(-t);

cond = y(0) == 1;

ySol(t) = dsolve(ode,cond)



Nonlinear Differential Equation 

with Initial Condition
Solve this nonlinear differential equation with an initial 
condition. The equation has multiple solutions.

(dy/dt+y)2=1,

y(0)=0.

syms y(t)

ode = (diff(y,t)+y)^2 == 1;

cond = y(0) == 0;

ySol(t) = dsolve(ode,cond)

Second-Order ODE with Initial 

Conditions
 Solve this second-order differential equation with two 

initial conditions.

d2y/dx2=cos(2x)-y,

y(0)=1,

y′(0)=0.

syms y(x)

Dy = diff(y);

ode = diff(y,x,2) == cos(2*x)-y;

cond1 = y(0) == 1;

cond2 = Dy(0) == 0;



conds = [cond1 cond2];

ySol(x) = dsolve(ode,conds);

ySol = simplify(ySol)

Example
Solve the following differential Equation 

2x2d2y/dx2+3xdy/dx−y=0.

syms y(x)

ode = 2*x^2*diff(y,x,2)+3*x*diff(y,x)-y == 0;

ySol(x) = dsolve(ode)



Example

syms y(t)

eqn = diff(y,t)==1+t^2+y^2+t^2*y^2;

cond=y(0)==1;

dsolve(eqn,cond)

Third-Order ODE with Initial 

Conditions
Solve this third-order differential equation with three 
initial conditions.

d3u/dx3=u,

u(0)=1, 
u′(0)=−1,
u′′(0)=π.



syms u(x)

Du = diff(u,x);

D2u = diff(u,x,2);

ode = diff(u,x,3) == u;

cond1 = u(0) == 1;

cond2 = Du(0) == -1;

cond3 = D2u(0) == pi;

conds = [cond1 cond2 cond3];

uSol(x) = dsolve(ode,conds)

Solve a System of Differential 

Equations
Solve this system of linear first-order differential 
equations.

du/dt=3u+4v,

dv/dt=−4u+3v.



Example
First, represent u and v by using syms to create the 
symbolic functions u(t) and v(t).

syms u(t) v(t)

Define the equations using == and represent 
differentiation using the diff function.

ode1 = diff(u) == 3*u + 4*v;

ode2 = diff(v) == -4*u + 3*v;

odes = [ode1; ode2]

S = dsolve(odes)

To access u(t) and v(t), index into the structure S.

uSol(t) = S.u

vSol(t) = S.v

Alternatively, store u(t) and v(t) directly by providing 
multiple output arguments.

[uSol(t), vSol(t)] = dsolve(odes)



The constants C1 and C2 appear because no conditions 
are specified. Solve the system with the initial conditions 
u(0) == 0 and v(0) == 0. The dsolve function finds values 
for the constants that satisfy these conditions.

cond1 = u(0) == 0;

cond2 = v(0) == 1;

conds = [cond1; cond2];

[uSol(t), vSol(t)] = dsolve(odes,conds)

Visualize the solution using fplot.

fplot(uSol)

hold on

fplot(vSol)

grid on

legend('uSol','vSol','Location','best')



Find Explicit and Implicit Solutions 

of Differential Equation
Solve the differential equation 

∂/∂t y(t)=e−y(t)+y(t). 

dsolve returns an explicit solution in terms of a Lambert 
W function that has a constant value.

syms y(t)

eqn = diff(y) == y+exp(-y)

sol = dsolve(eqn)

To return implicit solutions of the differential equation, 
set the 'Implicit' option to true.

sol = dsolve(eqn,'Implicit',true)



Find Implicit Solution When No 

Explicit Solution Is Found
If dsolve cannot find an explicit solution of a differential 
equation analytically, then it returns an empty symbolic 
array. You can solve the differential equation by using 
MATLAB numerical solver, such as ode45.

syms y(x)

eqn = diff(y) == (x-exp(-x))/(y(x)+exp(y(x)));

S = dsolve(eqn)

Warning: Unable to find symbolic solution.

S =[ empty sym ]

Alternatively, you can try finding an implicit solution of 
the differential equation by specifying the 'Implicit' 
option to true. 

S = dsolve(eqn,'Implicit',true)



Numerical Solutions of ODEs in 

MATLAB Using ODE45
Sometimes it is not possible to find the exact solution of 
certain differential equations, then in this case we are forced 
to compute their numerical solutions.

To find the numerical solutions of the first–order ordinary 
differential equations, we use ode45 command.

[t,y] = ode45(odefun,tspan,y0)

where tspan = [t0 tf], integrates the system of differential 
equations y′=f(t,y) from t0 to tf with initial conditions y0. 
Each row in the solution array y corresponds to a value 
returned in column vector t.

Example
Simple ODEs that have a single solution component can be 
specified as an anonymous function in the call to the solver. 
The anonymous function must accept two inputs (t,y) even if 
one of the inputs is not used.

Solve the ODE

y′=2t.

Use a time interval of [0,5] and the initial condition y0 = 0.



tspan = [0 5];

y0 = 0;

[t,y] = ode45(@(t,y) 2*t, tspan, y0);

Plot the solution.

Example
Plot the family of the approximate solutions of the 
following IVPs

y'(x) = y-x2 + 1, y(0) = 0:5 : 0:2 : 3

f= @(x; y)y – x^2 + 1

ode45(f,[0,2],0.5:0.2:3)



Solve ODE with Multiple Initial 

Conditions
y'(x) =−2y+2 cos(t) sin(2t)

Create a vector of different initial conditions in the range [−5, 5].

Solve the equation for each initial condition over the time interval [0,3] using ode45.

yprime = @(t,y) -2*y + 2*cos(t).*sin(2*t);

tspan = [0 3];

y0 = -5:5;

[t,y] = ode45(yprime,tspan,y0);

Plot the results.

plot(t,y)



Third-Order ODE with Initial 

Conditions
Solve this third-order differential equation with three 
initial conditions.

d3u/dx3=u,

u(0)=1, 
u′(0)=−1,
u′′(0)=π.

syms u(x)

Du = diff(u,x);

D2u = diff(u,x,2);

ode = diff(u,x,3) == u;

cond1 = u(0) == 1;

cond2 = Du(0) == -1;

cond3 = D2u(0) == pi;

conds = [cond1 cond2 cond3];

uSol(x) = dsolve(ode,conds)



Solve a System of Differential 

Equations
Solve this system of linear first-order differential 
equations.

du/dt=3u+4v,

dv/dt=−4u+3v.

Example
First, represent u and v by using syms to create the 
symbolic functions u(t) and v(t).

syms u(t) v(t)

Define the equations using == and represent 
differentiation using the diff function.

ode1 = diff(u) == 3*u + 4*v;

ode2 = diff(v) == -4*u + 3*v;

odes = [ode1; ode2]

S = dsolve(odes)



To access u(t) and v(t), index into the structure S.

uSol(t) = S.u

vSol(t) = S.v

Alternatively, store u(t) and v(t) directly by providing 
multiple output arguments.

[uSol(t), vSol(t)] = dsolve(odes)

The constants C1 and C2 appear because no conditions 
are specified. Solve the system with the initial conditions 
u(0) == 0 and v(0) == 0. The dsolve function finds values 
for the constants that satisfy these conditions.

cond1 = u(0) == 0;

cond2 = v(0) == 1;

conds = [cond1; cond2];

[uSol(t), vSol(t)] = dsolve(odes,conds)



Visualize the solution using fplot.

fplot(uSol)

hold on

fplot(vSol)

grid on

legend('uSol','vSol','Location','best')

Explicit and Implicit Solutions
 An explicit solution is any solution that is given in 

the form y=y(t). 

In other words, the only place that y actually shows up 
is once on the left side and only raised to the first 
power. 

 An implicit solution is any solution that isn’t in 
explicit form.



Example
Let's use the example initial-value problem

One can derive both an implicit and explicit solution for 
this DE. The implicit solution to this DE is

This solution implicitly defines y(x); all we have here is 
an equation involving y(x). On the other hand, the 
explicit solution looks like

𝑦𝑦′𝑦𝑦 = −𝑥𝑥, 𝑦𝑦(0) = 𝑟𝑟, 𝑟𝑟 constant
𝑥𝑥2 + 𝑦𝑦 𝑥𝑥 2 = 𝑟𝑟2

𝑦𝑦(𝑥𝑥) = ± 𝑟𝑟2 − 𝑥𝑥2
Find Explicit and Implicit Solutions 

of Differential Equation
Solve the differential equation 

∂/∂t y(t)=e−y(t)+y(t). 

dsolve returns an explicit solution in terms of a Lambert 
W function that has a constant value.

syms y(t)

eqn = diff(y) == y+exp(-y)

sol = dsolve(eqn)



To return implicit solutions of the differential equation, 
set the 'Implicit' option to true.

sol = dsolve(eqn,'Implicit',true)

Find Implicit Solution When No 

Explicit Solution Is Found
If dsolve cannot find an explicit solution of a differential 
equation analytically, then it returns an empty symbolic 
array. You can solve the differential equation by using 
MATLAB numerical solver, such as ode45.

syms y(x)

eqn = diff(y) == (x-exp(-x))/(y(x)+exp(y(x)));

S = dsolve(eqn)

Warning: Unable to find symbolic solution.

S =[ empty sym ]



Alternatively, you can try finding an implicit solution of 
the differential equation by specifying the 'Implicit' 
option to true. 

S = dsolve(eqn,'Implicit',true)

Numerical Solutions of ODEs in 

MATLAB Using ODE45
Sometimes it is not possible to find the exact solution of 
certain differential equations, then in this case we are forced 
to compute their numerical solutions.

To find the numerical solutions of the first–order ordinary 
differential equations, we use ode45 command.

[t,y] = ode45(odefun,tspan,y0)

where tspan = [t0 tf], integrates the system of differential 
equations y′=f(t,y) from t0 to tf with initial conditions y0. 
Each row in the solution array y corresponds to a value 
returned in column vector t.



Example
Simple ODEs that have a single solution component can be 
specified as an anonymous function in the call to the solver. 
The anonymous function must accept two inputs (t,y) even if 
one of the inputs is not used.

Solve the ODE

y′=2t.

Use a time interval of [0,5] and the initial condition y0 = 0.

tspan = [0 5];

y0 = 0;

[t,y] = ode45(@(t,y) 2*t, tspan, y0);

Plot the solution.



Example
Plot the family of the approximate solutions of the 
following IVPs

y'(x) = y-x2 + 1, y(0) = 0.5 : 0.2 : 3

f= @(x; y)y – x^2 + 1

ode45(f,[0,2],0.5:0.2:3)

Solve ODE with Multiple Initial 

Conditions
y'(t) =−2y+2 cos(t) sin(2t)

Create a vector of different initial conditions in the range [−5, 5].

Solve the equation for each initial condition over the time interval [0,3] using ode45.

yprime = @(t,y) -2*y + 2*cos(t).*sin(2*t);

tspan = [0 3];

y0 = -5:5;

[t,y] = ode45(yprime,tspan,y0);

Plot the results.

plot(t,y)



Euler's Method

Euler's Method assumes our solution is written in the form 

of a Taylor's Series. That is, we'll have a function of the 
form:

For Euler's Method, we just take the first 2 terms only.

or simply



Continue..

Continue…



Euler Method on MATLAB
f=@(x,y)(x/y)

a=0;

b=2;

ya=1;

n=10;

h=(b-a)/n;      % h is the step

y=zeros(+1,1); % memory allocation, zero column vector

y(1)=ya;

for j=1:n

y(j+1)=y(j)+h*f(x(j),y(j)); % Euler's formula

x(i+1)=x(i)+h;

end

plot(x,y,'-b')

hold on

syms y(x)

ode= diff(y,x)== x/y ;

cond=y(0)==1;

S=dsolve(ode,cond)

F=matlabFunction(S)

fplot(F,[0,2],'r',"LineWidth",2);

hold off



Numerical Integration

Sometimes, the evaluation of expressions involving the 
integrals can become daunting, if not indeterminate. For 
this reason, a wide variety of numerical methods has 
been developed to simplify the integral.

Trapezoidal Rule



Code
clc;
clear all;
f=@(x)1/(1+x); %Change here for different function
a=input('Enter lower limit a: '); % exmple a=1
b=input('Enter upper limit b: ');  % exmple b=2
n=input('Enter the no. of subinterval: ');  % exmple n=10
h=(b-a)/n;
sum=0;
for k=1:1:n-1
x(k)=a+k*h;
y(k)=f(x(k));
sum=sum+y(k);

end
% Formula:  (h/2)*[(y0+yn)+2*(y2+y3+..+yn-1)]
answer=h/2*(f(a)+f(b)+2*sum);
fprintf('\n The value of integration is %f',answer);  % exmple The value of integration is 
0.410451



Simpson’s 1/3 Rule

�𝐼𝐼 = ℎ
3
[𝑓𝑓0 + 4𝑓𝑓1 + 𝑓𝑓2

Continue…



Continue…

Continue



clc;

clear all;

f=@(x)x^3; %Change here for different function

a=input('Enter lower limit a: '); % exmple a=0

b=input('Enter upper limit b: '); % exmple b=3

n=input('Enter the number of sub-intervals n: '); % exmple n=16

h=(b-a)/n;

if rem(n,2)==1

fprintf('\n Enter valid n!!!'); 

n=input('\n Enter n as even number ');

End

so=0;se=0;

for k=1:1:n-1

x(k)=a+k*h;

for k=1:1:n-1

if rem(k,2)==1

so=so+f(x(k));%sum of odd terms

else

se=se+f(x(k)); %sum of even terms

end

end

answer=h/3*(f(a)+f(b)+4*so+2*se);

fprintf('\n The value of integration is %f',answer); 



Simpson’s 3/8 Rule

Continue…
clc;
clear all;
f=@(x)1/(1+x); %Change here for different function
a=input('Enter lower limit a: '); % exmple a=1
b=input('Enter upper limit b: ');  % exmple b=2
n=input('Enter the  number of sub-intervals n: '); % exmple n=21
h=(b-a)/n;

if rem(n,3)~=0
fprintf('\n Enter valid n!!!'); 
n=input('\n Enter n as multiple of 3: ');

end
for k=1:1:n

x(k)=a+k*h;
y(k)=f(x(k));

end
so=0;sm3=0;
for k=2:1:n-1

if rem(k,3)==0
sm3=sm3+y(k); %sum of multiple of 3 terms 

else
so=so+y(k);%sum of others terms 

end
end
answer=(3*h/8)*(f(a)+f(b)+3*so+2*sm3);
fprintf('\n The value of integration is %f',answer); % exmple The value of integration is 0.381665



Bisection Method

The method is applicable for numerically solving the equation f(x) = 0 for 
the real variable x, where f is a continuous function defined on an interval 
[a, b] and where f(a) and f(b) have opposite signs.



Continue…
At each step the method divides the interval in two by 
computing the midpoint c = (a+b) / 2 of the interval and 
the value of the function f(c) at that point.

Unless c is itself a root, there are now only two 
possibilities: either f(a) and f(c) have opposite signs and 
bracket a root, or f(c) and f(b) have opposite signs and 
bracket a root. The method selects the subinterval that is 
guaranteed to be a bracket as the new interval to be used 
in the next step.

Iterative Scheme
The input for the method is a continuous function f, an interval [a, 
b], and the function values f(a) and f(b). The function values are of 
opposite sign. Each iteration performs these steps:

 Calculate c, the midpoint of the interval, 

c = a + b/2.

 Calculate the function value at the midpoint, f(c).

 If convergence is satisfactory (that is, c - a is sufficiently small, or 
|f(c)| is sufficiently small), return c and stop iterating.

 Examine the sign of f(c) and replace either (a, f(a)) or (b, f(b)) 
with (c, f(c)) so that there is a zero crossing within the new 
interval.



Example
Suppose that the bisection method is used to find the root of the polynomial.

𝑓𝑓(𝑥𝑥) = 𝑥𝑥3 − 𝑥𝑥 − 2
First, two numbers a and b have to be found such that f(a) and 
f(b) have opposite signs. For the above function, a=1 and b=2 
satisfy this criterion, as

f(1)=-2
f(2)=4

Because the function is continuous, there must be a root within 
the interval [1, 2].

In the first iteration, the end points of the interval which 
brackets the root are a1=1 and b1=2, so the midpoint is

c= (a+b)/2  = 1.5

f(c)=-0.125

Because f(c) is negative, a=1 is replaced with a=1.5



Code
f=@(x)x^3-x-2;

a=1;

b=2;

if f(a)*f(b) > 0 

disp('There is no change of sign');

return

end

tol=10^-5;

disp('Iter.   a           b         c');

i=1;

while(abs(a-b)>=tol)

c=(a+b)/2;

if(f(c)==0)

fprintf('Root of function is %f \n',c)

return

end

fprintf('%2i \t %f \t %f \t %f \n',i, a, b, c)

if(f(a)*f(c)>0)

a=c;

else

b=c;

end

i=i+1;

end

m=(a+b)/2

fprintf('Root lies at c= %f \n',m )


