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Installation

If you intend to run MATLAB on a PC, particularly the Student Version, it is
quite possible that you will have to install it yourself. The following points can
be beneficial for installation of the MATLAB

The task can be easily accomplished using the product CDs.

Follow the installation instructions as you would with any new software
installation.

During the installation you may be asked which toolboxes you wish to
install.

We suggest that you install any that seem of interest to you or that you
think you might use at some point in the future.

But for the purpose of this course , you should be sure to include the
Symbolic Math Toolbox.
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Starting MATLAB

You start MATLAB as you would any other software application:

On a PC you access it via the Start menu, in the programs folder under
MATLAB R2010a or MATLAB 7.0.

Alternatively you may have a desktop icon that enables you to start
MATLAB with a simple-double click

As you start of MATLAB, you will briefly see a window that displays the
MATLAB logo alongwith some MATLAB product information, like version
of MATLAB etc.

Then a MATLAB desktop window will launch.

That window will contain a title bar, a menu bar, a tool bar, and four and
embedded windows, one of which is hidden.

The largest and most important window is the Command Window on the
left.
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Starting MATLAB

Later we will go into more detail on the use and manipulation of the other
three windows: the Workspace Browser, the Command History Window,
and the Current Directory Browser.

Now, we focus on Command Window in order to get you started issuing
MATLAB commands.

At the top of Command Window, you may see some general information
about MATLAB, the most important of all, you will see a command
prompt (»).

If the Command Window is active, its title bar will be dark, and the prompt
will be followed by a cursor (a blinking vertical line). That is the place
where you will enter your MATLAB Commands.
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Starting MATLAB

Figure 1 contains an example of a newly launched MATLAB Desktop.
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Figure: MATLAB Desktop
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Use of the Command Window

To type the mathematics in a Command Window follow the following points:

Click in the Command Window to make it active.

When a Window becomes active, its titlebar darkens and a blinking cursor
appear after the prompt.

Now you in a position to enter simple commands in a Command Window.
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Use of the Command Window

Type 2 + 5, then press ENTER key, the output will be 7.

Type factor(987654321) and press ENTER key.

Type factor(9).

Type factor(10).

Your MATLAB desktop looks like the Figures 2 and 3.
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Use of Command Window

7\MATLAB 7.10.0 

File Edit View Graphics Debug Parallel Desktop Window Help 

: 'CJ I ¥. ... llf) t" I r::1J I I Current Folder: \ \ lro-homes -01 \ usersS\ imrantal ib\ My Documents\ MATLAB 

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

Command Window 

>> 2+5 

ans 

7 

>> 

ans = 

3 3 17 17 379721 

>> faceor (9) 

an s 

3 3 

>> face or(lO) 

an s 

2 5 

fx.» 

I-" Start ! 

Value 

ans [2.51 

Command History 
8···%- 8/2/16 11 : 3'! AM --\ 

L.clc 

8···%-- 6/3/16 12 : 19 PM --\ 

L. c l c 

$··%-- 8/2/1 6 11 : 'l1 Al1 --\ 

·· c l c 

'····3+'! 

L.clc 

8···%-- 8/3/16 10 : '!5 AM --\ 

··clc 

··2+5 

- factor ( 98765'l321 ) 

·· factor ( 9 ) 

l- faceor (10) 

Min 

2 

Max 

5 

... Cl l' X 

Figure: (2) MATLAB Desktop with several simple commands
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Use of the Command Window

MATLAB 
I - . 

File Edit Debug Parallel Desktop Window Help 

: 0 e I ... lll!l 117 (II I rrJt1 [f) I I Current Folder: \ \ lro-homes-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

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

Workspace "'' Cl P 
>> cos(9 0) 

ans = 

- 0 . 44 81 

>> cos (pi ) 

ans 

- 1 

>> sin (90) 

an s 

>> sin( pi / 2) 

an s 

1 

fx. » I 

· Start ! 

@ • @ flii ' I Stack: I Select data to plot • 

Name • 

< L 

Command History 
··clc 

-- cos(9 0) 

--sin (90) 

-- cos( \ pi) 

--sin (pi) 

--sin(p i/2) 

··clc 

-- cos(pi /2) 

-- s in(pi)clc 

··clc 

"C03 (90) 

i "COS (pi ) 

[---sin (90) 

'- sin (pi / 2 ) 

Value 

1 

Min 

1 

Ill 

... Cl 

Max 

1 

j 

p ) 

c 

lovF 

Figure: (3) MATLAB Desktop with several simple commands
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Online Help

MATLAB has extensive online help that can be gotten in one of the several
ways

Typing help at the command prompt will reveal a long list of topics for
which help is available.

To see a general purpose MATLAB Commands, type help general will
reveal a long list of general help commands.

To learn about the solve commands, type help solve.

Your MATLAB Desktop looks like the Figures 4, 5, and 6.
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Online Help

.l / .lU.U 

File Edit Debug Parallel Desktop Window Help 

'[) I - • Ill) t" I l!:li'J I I Current Folder: \ \ lro-homes -01 \ usersS\ imrantalib\ My Documents \ MATLAB 

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

• ' • 
finderi v\ fi nderiv - Financial Deri vatives Toolbo x 

- (No cabl e o f cont e nts file ) 

- Toolbox 

fin fixe d\finfixdemos - (No cabl e o f cont ents file ) 

fixe dQoint \ fidemos - (No cable o f cont ents file ) 

- (No cable o f co!ltent:.s file ) 

s!lared \ spcuilib - (No cable o f content:.s file ) 

s!lared \ siqlib - (No cable o f content:.s file ) 

toolbox \ fix2Q1 Dt - Simulin k Fixed Point 

fuzzy \ fuzzy - Fuzzy Logic Toolbox 

fuzzy \ f uzdezr;;os - Fuzzy Logic Toolbox Oen:os . 
f uzzy \ f uzzvutil - (No cable o f contents file ) 

toolbox \ gau ges - Gauges Blocksec 

- Gauges Blocksec Demos . 

exte ns ions\ghsroulti - Using Embedded IDE Link f or use wit h Green Hills (R) 

g bsmult i\util - (No cable of cont e nts fil e ) 

- (No table of contents f il e ) 

2hsmu l t i\rr.dlinfo - (No table of contents f il e ) 

2hsmu l t i\ tf l - (No table of contents f il e ) 

2loba loEtim\2lobalOEt1m - Global Optimiza t ion Toolbo x 

- Global Optimi zation Toolbo x Demos 

hdlcoder \hdlcoder - Simulin k HDL Coder 

- Simulin k HDL Coder Demos 

hdlfilter\ hdl f ilter - Filter Desiqn HDL Coder 

hdlfilter \hdl f iltdemos - Filter Desiqn HDL Coder Demos 

exte nsions\iarew - (No cable o f contents f il e ) 

iare r.v\rndlin f o - (No cable of contents f il e ) 

toolbo x \ idelink - Etl'.bedded IDE Link 

f oundation\2jtgenerator - (No tabl e o f content s f il e ) 

QjtQenerator \rtw - (No tabl e o f content s f il e ) 

- (No cabl e o f contents file ) 
fie. oita eneTHnT\ ,f2 - (No cabl e o f contents file ) 

-all Workspace 
_., CJ X 

A @I • 'Iii ' I Stack: I Select data to plot • 

Name • Value Min Max 

1 1 1 

MULTI (R) : E < I Ill 

Command History 
_., CJ X 

i 
"Sin(pi)clc 

··clc 

! 
! 

"COS(9 0) 

"COS (pi) 
! "Sin(90) 
! ·· s in (pi/2) 

! ··clc 

l .. h e lp 

t ··clc 

l .. h e lp general 

··clc 

l 
l 

.. h e lp solve 

··clc 
[_h elp 

a 

'oVR 

Figure: (4) MATLAB Desktop with help commands
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Online Help

{1. MATLAB 7.10.0 

File Edit Debug Parallel Desktop Window Help 

'0 @li I ,!' - • "" ('I I on [fl I I Current Folder: \ \ lro·homes-01 \ usersS\ imranta lib\ My Documents\ MATLAB 

Shortcuts 1!1 How to Add [!] Whaf s New 

Debugging . 

debug 

""'' • ._ I 

- Lise debuooino 

Tools to locate dependent functions o f an M-file. 
depfun - Locate dependent functions o f M-fi le o r P-file. 
depdir - Locate dependent directori es o f an M-file o r P-file. 

Loading and shared libraries . 

call lib 
liboointer 

libst.ruct 
libisloaded 

loadlibrary 
libf unctions 

- Call a function in an library . 
- Creates a pointer object f or u se with external libraries . 
- Creates a structure point er f or u se wi t h exter na l libraries . 
- True if the specified shar ·ed libr ary i s load ed . 
- Load a shared library inc a MATLAB. 
- Return inform ation on f unc t ion s in an exter na l library . 

libf unctionsview - View the functions in a n exter na l libr ary . 
unlo adlibrary - Unload a shared libr a ry loaded wi t h LOADLIERARY. 

i a va 
use i a va 

- Using Java from wic hin MATLAB. 
- True it ehe speci f i ed J a va feat ure is s upported in MATLAB. 

Controlling mulcichreading seccing . 
maxNumCompihreads - Controls the max imum number of compu tat ional t hreads. 

See a lso lang , datatypes , graphics , c ps , strf un , t imefun , 
demos , graphics , datatun , uitools , doc , punc t , arith . 

control Library - General Utilities . 

Vers ion 8 .5 25 - Jan-2010 

fx.» 

I= 

Workspac e ... , CJ fl X 

@I • @ fill ' I Stack: I Select data to plot • 

Name • 

< L 

Command History 
··cos (90) 

; ··cos (pi) 

'·· sin (90) 

: ··sin (pi / 2) 

! "Clc 

:··help 

··clc 

Value 

1 

general 

··clc 

solve 

L clc 

:·· h e lp 

}-··clc 

L h elp general 

Ill 

Min 

1 

Max 

1 

.. , CJ fl X 

rovR 

Figure: (5) MATLAB Desktop with help general commands
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Online Help

Jl. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I d' - • ., (!" I r1J §!:1 I I Current Folder: I \\lro-home s-01 \ usersS\ imranta lib\ My Documents \ MATLAB 

Shortcuts !!I How to Add !!I What's New 
__________________________________________________ Workspace -+o Cl X 

.. >> h e l p so l ve 
S OLVE Symbo li c solut i o n of a lgebra i c e quat i o n s. 

I 

SOLVE ( ' eqnl' , ' eqn 2 ' , ... , ' eqnN' ) 

SOLVE(' eqnl' , ' eqn2 ' , ... , ' eqnN' , 'var l , var2, ... , varN') 
SOLVE(' eqnl' , ' eqn2 ' , ... , ' eqnN' , 'varl' , 'var2 ' , ... 'varN') 

The eqn s are symbo li c express i o n s or str ings spec i fying e quat i o ns. The 

vars are symbo li c vari abl es or str ings spec i fying t h e unknown vari abl es. 

SOLVE seeks zeros of t h e express i o n s or solut i o n s of t h e e quat i o n s. 

I f not spec i f i ed, t h e unkn o wns in t h e syste m a re deter mined b y 

I f no an a lyt i c a l solut i o n i s fo und an d t h e number of e quat i o n s e qua l s 

t h e number of depe nde n t vari abl es, a numeri c solut i o n i s atte mpted . 

Three d i ffere n t types of o utpu t are poss i b l e. For o n e e quat i o n an d o n e 

o utput, t h e res ul t ing solut i o n i s ret u r ned, wi t h mul t i p l e solut i o n s to 

a n onlin ear e quat i o n in a symbo li c vector. For severa l e quat i o n s an d 

an e qua l number of o utputs, t h e res ults a re sorted in l exi cographic 

order an d ass igned to t h e o utputs. For severa l e quat i o n s an d a s ingl e 

o utput, a structure containing t h e solut i o n s i s ret u r ned. 

Ex ampl es: 

solve (' p *s in( x ) = r ') c hooses ' x ' as t h e unknown an d ret u r n s 

an s = 

asin (r / p ) 

[x ,y] = sol ve (' x A2 + x *y + y = 3' , ' x A2 - 4*x + 3 = 0') ret u r n s 

X = 

[ 1 ) 

[ 3 ) 

Name • 

EB ans 

( 

Command History 
·· s in( 9 0) 

... s in (p i/2) 

····c l c 

... h e l p 

····c l c 

Value 

1 

... h e l p genera l 

····c l c 

... h e l p solve 

····c l c 

... h e l p 

····c l c 

... h e l p g e nera l 

····c l c 

.... h e l p solve 

Min Max 

1 1 

Ill I ' 

Cl 

Figure: (6) MATLAB Desktop with help solve commands
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Online Help

There is much more user friendly way to access the online help, namely via the
MATLAB Help Browser. It can be activated in a several way. For example

Type helpwin, helpdesk or doc in the Command Window.

Your MATLAB Desktop looks like the Figures 7, 8, and 9.
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Online Help

Jl MATLAB 7.10.0 

File Edit View Go Favorites 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 

Help 

I 
Contents I Search Results! 

.. Release Notes 
$ .. Installation 

Toolbox 
$ .. Bioinformatics Toolbox 

$ .. Communications Toolbox 

$· Control System Toolbox 
$ .. Curve Fitting Toolbox 
$ .. Data Acquisition Toolbox 

$ .. Database Toolbox 
$· Datafeed Toolbox 
fi, . .e.. . 'T, ' '" 

Command Window 

>> he l pwin 

Jx.» 

I 

p Tl"' .. .. .0· 1 M-File Help: Default T epics 

01 
M-File Help: OefaultTop ics 

HELP topic s: 

mat l a b \ g e n e r a l 
mat l a b \ ops 
mat l a b \l a ng 
mat l a b \ e l mat 
mat l a b \ r andf u n 
mat l a b \ e lf u n 
mat l a b \ s p e c f u n 
mat l a b \ matf u n 

1 :. k \ :.<F u .... 

( 

-
-
-
-
-
-
-
-
-

A 

DefaultTopics @ 

General pu rpose corrJnands. 
Operators and spec i a l characters . 
Pro gramming l angua ge constr ucts . 
El ementary matrices a nd matri x ma nipulat ion . 
Random matrices and random streams. 
El ementary math f unc t ion s. 
Speci a l i zed math f unc t ion s. 
Hatri x f unc t ion s - numerica l l inear a l gebra. 

:0 :o """ :o l u o .O o ·-"' 0 "' .... :o .... o.f:.-........,..o 

Ill • 
! Cl ll X Workspace ! Cl ll X 

I 

@ • rj .. I Stack: ll!ji> Select data to plot •I 
Name • 

Command History 

····clc 

.... dec 

····clc 

.... doc 

····clc 

.... he l pwin 

Value Min Max 

Ill _I t> 

i Cl X 

= 

Figure: (7) MATLAB Desktop with helpwin command
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Online Help

fl MATLAB 7.10.0 (R2010a) 

File Edit View Go Favorites 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 

Shortcu t s !!I How to Add !!I What' s New 

p T .. .. f>· • MATLAB • 

Contents Search Results 

.. Release Notes 

Installation 
tfJ .. @ttSI!.!:I 

Toolbox 
$ .. Bioinformatics Toolbox 

Communication s Toolbox 

iiJ .. Control System Toolbox 

$· Curve Fitting Toolbo x 
$ .. Data Acquisition Toolbox 

00· Database Toolbo x 

$ .. Datafeed Toolbox 

Command Window 

>> h e l pdesk 

fx.» 

_. Start I 

MATlAB'" 

Funct ions: Handle Graphics: 
• By Category • Object Propert ies 
• Alphabetica l list 

What's New 

• MATLAB Release Notes 
Summarizes new features, bug fixes, upgrade issues, etc. 

! Cl X Worksp ace ! Cl X 

\!! If @ rj .. I Stack: Select data to plot •I 
Name • Value Min Max 

I 

( Ill I ' 

Command History ! [j X 

.... c l c 

"" dOC 

.... c l c 

.... he l pwin 

.... c l c 
= 

... h e l pdesk 

Figure: (8) MATLAB Desktop with helpdesk command
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Online Help

il MATLAB 7.10.0 (R2010..) 

File Edit View Go Favorites Debug Parallel Desktop Window Help 

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

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

Installation 
@t·Sii.!:i 
Aerospace Toolbox 
Bioinformatics Toolbox 

Communications Toolbox 

Control System Toolbox 

Curve Fitting Toolbox 
Data Acquisition Toolbox 

Database Toolbox 

Datafeed Toolbox 

:ommand Window 

>> doc 

>> 

Funct ions: Hand le Graphi cs: 
• By Category • Object Propert ies 
• Alphabetica l list 

What's New 

• MATLAB Release Notes 
Summarizes new features, bug fixes, upgrade issues, etc. 

! Cl ll X Workspace ! Cl ll X 

@ .. @ rj .. I Stack: lliji> Select data to plot •I 
Name • Value Min Max 

I 

( Ill J • 

Command History t [j X 

···clc 

·· .. he lpwin 

.... clc 

·· h e lpdesk 

.... clc 
= 

.... doc 

Figure: (9) MATLAB Desktop with doc command
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MATLAB Windows

There are several windows you will encounter as you work with MATLAB, like

Command Window

Help Browser

Command History Window

Current Dictionary Browser

Workspace Browser

Editor (M-files)

Some of these windows launched separately, and some are embedded in the
Desktop through the Desktop menu button. We will discuss later in detail the
functionality of the Editor.
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MATLAB Windows

The Matlab Desktop display after embedding the different windows inside the
Desktop, see the following Figure

WI. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel D<sktop 

Shortcuts !tl How to Add !tJ 
Current Folder 

• • Wi! << FPDE CS 

D Name • 

f) weight.m 
upsilon_hat.m 

® upsilon.m 
@) theta.m 

par_der_xy.m 
.[) ort.m e jacob_two_vector_xy.m 
€J jacob_system_dery.m 

€) jacob_system_derx.m 
.[) jacob _system_alphax.m 
.[) jacob _system_alphat.m 
.[1 jacob_inta.m 
D jacob_inta.asv 
@l jacob_der.m 
@) funvecxy.m 
@) funvec.m 
D funvec.asv 
@) fracintx.m 
@ fracdiff.m 

fracderx.m 
!:) exp_6.m 
f!J exp_5.m 
!) exp_4.m 

exp_3.m 
exp_l.m 

f!l EXAMPLE_l.m 
EXAMPLE12.m 

.(£1 creat_index.m 
k"l coefvecxv.m 

" " " " 

" 

... Minimize Command Window 

Cl Maximize Command Window 

Undock Command Window 

+ Move Command Window 

..,. Rtsiz.e Command Window 

Desktop Layout 

S.v• Layout ... 

Command Window 

Command History 

Curr<nt Fold<r 

Workspac. 

H<lp 

Profil<r 

Fil• Exchang• 

Editor 

Figur<s 

W<b Browser 

Variabl• Editor 

Fil• and folder Comparisons 

Toolbars 

Titl<s 

lJ 

:apital_A.m (J,!All.AB fund1011) _..:.._ ___ _ 
"' Start I 

Ctrl+ Shift+ U 

• 

• 

ct(Ph.D)\programing (articles)\ FPDE CS 

Comm and Window Only 

History and Command Window 

AliTabbed 

All but Command Window Minimized 

Workspace .... CJ P X 

l!J .. rj .. JJ S<loct data to plot 

Name • Value 

. '" ---
Command History 

··dec 

·· c lc 

··doc 

·· c l c 

"he l pwin 

·· c l c 

··doc 

·· c lc 

·· he lpwin 

··clc 

"h e lpde s k 

'--clc 

M 

... , Cl l' X 

OVR 

Figure: The Matlab Desktop display after embedding the different windows inside the
Desktop
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Ending a Session

The simplest way to conclude a MATLAB session is to type quit in the
Command Window.

Special symbol can also be used (like X in the upper right hand corner)
that closes your window.

Exit MATLAB option from the File menu of the Desktop can also be used
to close the window.

Imran Talib VU Lecture NO.01 21

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq



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

Imran Talib VU Lecture NO.02 1

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Doing Mathematics with Matlab (I)
Exercise

Outline

1 Doing Mathematics with Matlab (I)
Arithmetic
Symbolic Computation
Substitution in Symbolic Expressions
Errors in input

2 Exercise

Imran Talib VU Lecture NO.02 2

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Doing Mathematics with Matlab (I)
Exercise

Outline

1 Doing Mathematics with Matlab (I)
Arithmetic
Symbolic Computation
Substitution in Symbolic Expressions
Errors in input

2 Exercise

Imran Talib VU Lecture NO.02 2

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Doing Mathematics with Matlab (I)
Exercise

Arithmetic
Symbolic Computation
Substitution in Symbolic Expressions
Errors in input

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.
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f \ MATLAB 7.10.0 (R2010a) - -- X 
I ------- --- --

File Edit Debug Parallel D•sktop Window H• lp 

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

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

IG 

an.s = 

A» 

Workspace 

'@ • Ill .. I 
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 --\ 

L s A3 + /10 - 7*3 

... , C] p X 

]I I$> S•loct dato to p... • 

Min Max 

104.10... 104.10 ... 

.,.1 Ci f'X 

= 

.... .. .. .................................. ................ .. 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\imranta lib\ My Documents \ MATLAB 

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

>> 5 A3+ (5 - 4)/10 - 7•3 :.1 .. I Stack: I Ba ... 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 = 

1.10 5 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 
$ %-- 8/4/1 6 3:08 Pl1 --% 

>> L. c l c 

B %-- 8/8/1 6 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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t l / .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\ imranta lib\ My Documents\ MATLAB 

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

Command Window Workspace ... [j X 

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

a = 
a 0.5403 0.5403 0.5403 

0 .5 403 ans 1 1 1 
b 0.8415 0.8415 0.8415 

>> b=sin(1) 

b = 

0 . 841 5 

>> a "2 +b"2 

an s = 

1 Command History ... [j X 

: .. ·he l pdesk A 

fx >> L..c l c 

$ %-- 8/4/1 6 3 :08 Pl1 --% 

'····c l c 

%-- 8/8/1 6 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 

I 

Figure: (3) The Matlab Desktop display after performing some basic arithmetic
commands
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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 

Workspace .. , Cl X 
• Ill .. I Stack:! Ba... y Select data to p... y I >> h e l p symbo li c 

Symbo li c Hat h Tool box 

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

Cal c ulus. 

diff 

int 

limit 

taylor 

iacobian 

svmsum 

- Di ffere n t i ate. 
- Integrate. 

- Limi t. 

- Ta ylor ser i es. 

- J acob i a n matr i x. 

- Summat i o n of ser i es. 

Linear Algebra. 

4\ Start I 

diag 

tri u 

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 angl e. 

- Lo wer tri angl e. 

- Hatr i x inverse. 

- Deter mina n t. 

- Ra n k. 

- Reduced r ow ech e l o n form. 
- Bas i s for null space. 

- Bas i s for column space. 
- Eige nva lues a n d e ige nvectors. 

- Singul ar v a lues a n d s ingul ar vectors. 

- J orda n can onical (norma l) form. 
- Ch aracter i st i c polynomia l . 

- Hatr i x expo n e n t i a l . 

- \ matr i x l eft d ivi s i o n . 

- A matr i x p ower. 

- I matr i x r ight d ivi s i o n . 

- k matr i x mul t i plicat i o n . 

- • matr i 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=s in (1) 

'· .. a " 2 +b " 2 

8/9/1 6 9:57 Al1 --% 

l···c l c 

' ·h e l p sytr.bo li c 

B ·%-- 8/9/1 6 1o:o5 AJ1 --% 
·c l c 

L h e l p symbo li c 

Min Max 

= 

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 Windo w Help 

; '[) I ,!' -.a ") I jjJ I I Current Folder: I \\lro-home s-01 \ usersS\ imrantal ib\ My Document s\ MATLAB 

: Shortcut s !!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 = 

>> fa c 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... • Select data to p... •I 
Name• Value 

<1xl sym> 
<1xl sym> 
<1xl sym> 

Command History 
'····a "2+b"2 

$··%-- 8/9/16 9:57 AH --% 

I L. h e l p symbo li c 

8 .. %-- 8/9/1 6 1o:o5 AJ1 --% 

·· c l c 

I ·h e l p symbo li c 

l ·· c l c 

I ·· s yms x y 

i ·· (x - y ) • (x - y ) A2 

I ·exp a n d ( a n s ) 

l ·· fa c 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 

= 

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\ imranta lib\ My Documents \ MATLAB 

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

Workspace .. , Cl X 
• Ill .. I Stack:! Ba... y 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 5 431 2 70 655 0833 6 10752 

an s = 

2 9 5 431 2 70 655 0833 69 8 6 43 

A» 

4\ Start I 

Name • Value 

<lxl sym> 
<lxl sym> 
<lxl sym> 

Command History 
···s impl if y ( (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 

= 

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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' ' / ,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\ imranta lib\ My Documents\ MATLAB 

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

Command Window Workspace ... Cl X 

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

Name • Value Min Max 

u = <lxl sym> 
<lxl sym> 

yA2 + X 
<lxl sym> 
<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 %-- 8/12/1 6 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 ) = 
' "Simpl ify (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' / .l U.U [KLUlUa) liiCJ' !"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 ... Select data top ... 
??? Undefined funct ion or variable •s inlo• . 

Name • Value Min Max 

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

€J u <lxl sym> 

an s = €J x <lxl sym> 
€Jy <lxl sym> 

- 0 .5 440 

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 if y (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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Doing Mathematics with MATLAB II
Exercise

Doing Mathematics with Matlab (II)

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

imrantalib@vu.edu.pk
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Doing Mathematics with MATLAB II
Exercise

Outline

1 Doing Mathematics with MATLAB II
Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

2 Exercise
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Doing Mathematics with MATLAB II
Exercise
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Variables and Assignments
Vectors
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2 Exercise

Imran Talib VU Lecture NO.03 2

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

ill- / .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 Document s\ MATLAB 

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

Command Window Workspace ... [j X 

>> x=7 @ fii .. I Stack: I Ba ... y Select data to p ... yl 
Name • Value Min Max 

X = 

; : ns 
<lxl sym> 

7 8 8 8 
<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 

I 

Figure: The Matlab Desktop display with Variable assign command
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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

Vectors

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

Vectors

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

Vectors

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\ imranta lib\ My Documents\ MATLAB 

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

Command Window Workspace ... [j X 

>> X=2:5 :.1 .. I Stack: I Ba ... 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, 4,5 J 

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

9 %-- 8/17/1 6 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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

Vectors

(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 .666 7 2 . 3333 3 . 0000 3 .666 7 

fx.» 

41 Start I 

Workspace Cl ll 

\!1 If @ rj .. I Stack: I Ba... 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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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

Imran Talib VU Lecture NO.03 15

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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\ imranta lib\ My Documents\ MATLAB 

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

__________________________________________________ Workspace -+I Cl X 

If @ 'Iii .. I Stack:! Ba... T 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··%-- 8/18/1 6 u : 12 AJ1 --% 
·· e l ee l e 

·· c l c 

" f = @ (X) XA3 

" C 

·· c l c 

· f = @ ( X ) 

· f (10 ) 

· f ( 9 ) 

x "3 

Min Max 

729 729 

c 

Figure: The Matlab Desktop display with user defined function command
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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

User Defined Functions

-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 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 ee l 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 ) • 

Start ! 

Figure: The Matlab Desktop display with user defined function command
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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

Solving Algebraic Equations

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\ imranta lib\ My Documents\ MATLAB 

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

Command Window Workspace -+I Cl X 

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

an s = 
€1 ans <2xl sym> 

2 

3 

fx >> 

Comma nd History -+I Cl X 

; ·· e l ee l 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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

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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Doing Mathematics with MATLAB II
Exercise

Variables and Assignments
Vectors
Built-in Functions
User Defined Functions
Solving Algebraic Equations

Solving Algebraic Equations

(l. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Windo w Help 

'0 @ I ,l' 1111 II) t" I rjj I I Current Folder: I \\lro-homes -01 \ usersS\ imranta lib\ 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... 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 ) 

! .. doubl e (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 

= 

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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Solving Algebraic Equations

'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\ imranta lib\ My Documents\ MATLAB 

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

__________________________________________________ Workspace -+o Cl X 

• rj .. I Stack:j Ba... ? Select data to p... ? I >> (x,y ] =solve ( ' x A2- y=2 ' , 

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 

<1xl sym> 
<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) 

... doubl e (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 

.... [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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Solving Algebraic Equations

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 

_________________________________________________ Workspace -+• Cl X 

» h =@(x ) exp (- x ) - s in( x ) ; f!l. 'I Stack:! Ba ... ... • I 
fzero (h, 0 .5 ) 

an s 

0 .5885 

A» 

Name • Value Min Max 

1;1;1 ans 0.5885 0.5885 0.5885 
@(x)exp( -x)-sin(x) 
@(x)exp( -x)-sin(x) 
<1xl sym> 
<2xl sym> 

Command History 

( 

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

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

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

·· fzero (inlin e ( ' 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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Exercise

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 Windo w Help 

: '[) I cl' 1111 Ill) I r:1J I I Current Folder: I \\lro-homes-01 \ usersS\ imranta lib\ 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 

x3 

8 

6 

4 

2 

0 

-2 

-4 

-6 

-8 

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

Start I 

I = I §l 

., 

1.5 2 

Workspace 

.. 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 ] ) 
= 

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 Windo w Help 

'0 @ I ,l' 1111 II) t" I r:1J I I Current Folder: I \\lro-homes -01 \ usersS\ imranta lib\ 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 

x3 

8 

6 

4 

2 

0 

-2 

-4 

-6 

-8 

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

l = I @) • tJ, I 

., 

1.5 2 

Workspace 

f!l .. Ill ' I Stack:j Ba ... 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··%-- 8/22/1 6 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 ) ) 
= 

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-home s-01 \ usersS\ imranta lib\ 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 

x3 

8 

6 

4 

2 

0 

-2 

-4 

-6 

-8 

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

I = I @) ljpeoA-1 

.,. 

1.5 2 

Workspace 

\'@ • @ Ill .. I Stack:! Ba ... y 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 ) ) 
= 

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 Windo w Help 

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

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

Command Window 

>> syms x y ; 

y=ez pl 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..» 

Start I 

File Edit View Insert Tools Desktop Window Help 

The graph of y=x3 

8 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 6 --
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

4 ------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 2 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 0 
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 --
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 

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

Command History 

····syms x y ; 

Value 

<1xl sym> 
174.0148 

····y =ez pl o t (x "3, 

····x l ab e l ( ' x ' ) ; 

( - 2,2 )) ; 

·· yl a 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 =ez p 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-home s-01 \ usersS\ imranta lib\ My Documents\ MATLAB 

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

Command Window 

( - 3 , 3 ) ) 

>> s yms x y ; 

y =ez pl o t (x "2, 

x l ab e l ( 'VU' ) ; 

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

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

g r i d ; 

y = 

174 . 019 4 

fx..» 

Start I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

Parabola 

: : ' ' ' 
' ' ' ' ' 9 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 8 -
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 7 --- ---
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 6 ----- ------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 5 -------- --------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 4 -----------

' ' ' ' ' ' ' ' ' ' ' ' ' 3 -----------:-- --------:-----------:-----------:-------- --:-----------
' ' ' ' ' ' ' ' ' ' 2 ------f-----------
0 ' ' ' ' 

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

-3 
1 I I I I 

-2 -1 0 
vu 

2 3 

Workspace 

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

y 

Value 

<1xl sym> 
174.0194 

Command History 

····yms x y ; 

·· y =ez p 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 ( 'Parabo l a ' ) ; 

····gri d ; 

····c l c 

····s yms x y ; 

·· y =ez p 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 ( 'Parabo l a ' ) ; 

····grid ; 

Min Max 

174.01 ... 174.01 ... 

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-hom es-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 

13 

12.5 

12 

11.5 

11 

10.5 

10 

9.5 

9 
3 

Insert Tools Desktop Window Help 

C... /. . 

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' ); 

··yl a 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
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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-hom es-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 

13 

12.5 

12 

11.5 

11 

10.5 

10 

9.5 

9 
3 

Insert Tools Desktop Window Help 

C... /. . 

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' ); 

··yl a 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\ imranta lib\ 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 ipl e Graphs' ) 

x l abe l ( ' x ' ) ; 

ylabe l ( 'y' ) ; 

g r i d; 

fx >> 

41. Start 

IPJ Figure 1 = @) 

File Edit View Insert Tools Desktop Windo w Help 

Multiple Graphs 

. ' ' ' ' ' ' . . 

. . . . . . . . . 

0 ' ' ' ' 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' . . . . . . . . . . . . . . . . 
0 

-0_5 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

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

. . . . . . . . . . . . . . . . . . . . 
-1 

. . •y·-------y--------y-------. . . 

0 

' ' ' ' ' ' ' ' 

2 3 4 
X 

. . . . . . 
5 6 7 8 

Workspace 

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 ( '!1ul t ipl e 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 ipl e 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".

Imran Talib VU Lecture NO.04 22

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



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

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;

Imran Talib VU Lecture NO.04 23

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



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

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 ; 

titl e ( 'Muleiple Graphs' ) 

xlabel ( • x' ) ; 

ll Figure 1 

File Edit View Insert Tools Desktop Window Help 

y label ( • y • ) ; 
Multiple Graphs 

grid; 

fx.» 

>. 

. . . . . . 
0.6 --; -------- : --- , ............ .. 

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

0.2 
o o o I I o 

• ••••••r •••• ••r••••••• 

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

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 

.. 

.,., Cil'X 

I Select data to p... • 

Name • Value 

X 
y 

<bill double > 
[9,11,13) 
<bl sym> 

Command Histol)' 
-- t i t l e ( 'MulUple Graphs • ) 

·· x l abel ( ' x ' ) ; 

-- yl abel ( •y• ) ; 

··grid ; 

"Cl c 

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

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

··hol d on; 

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

-- hol d o ff ; 

·· title ( 'Multl.ple Graphs' ) 

·· x labe l( 'x' ) ; 

[·-·ylab e 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 ) ,s in( 2 *pi* t )) 

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

>> y l abe l ( ' y ' ) ; 

>> t i t l e ( ' Parametr i c pl ot of c i rc l 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 

-1 -0 .5 0 0 .5 

X 

Cl ll X Workspace Cl ll X 

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

= I Name • Value 

<1xll double> 

Command History 
·h o l d off ; 

.. t i t l e ( ' Hul t i pl e Grap h s ' ) 

·· x l abe l ( ' x ' ) ; 

"Ylabe l ( ' y ' ) ; 

·· g r i d; 

8··%-- e/24/1 6 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 

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

·· g r i d; 

.. ax i 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

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



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 ) ,s in( 2 *pi* t )) 
x l abe l ( ' x ' ) ; 

y l abe l ( 'y' ) ; 

t i t l e ( ' Pararr.etr i c pl ot of c i rc l e ' ) ; 
gri d; 

axi s s quare ; 

A» 

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 ----- -----

-0.8 ----------

. . . . . . . . . -- -:-------------. . . . 
----------

-1 -0.5 0 
X 

0.5 

= 1 @) 1Jeoof3-1 

Workspace Cl ll X 

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

tEt <1x101 double> 0 1 

Command History 
·· 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 plo t of c i rc l e ' ) ; 

····gri d; 

.... ax i 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 ( ' Para metr i c plo t of c i rc l e ' ) ; 

····gri d; 

.... ax i 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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ezplot command on anonymous function
Modification of Graphs
Example
Plot command
Graphs of Multiple Curves
Parametric Plots
Contour Plot
Exercise

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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Graphics Techniques in MATLAB

ezplot Command
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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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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

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 ) = mes hqri 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 abe l ( 'y' ) ; 

>> g r i d; 

>> t i t l e ( 'Con t o ur plo tt ing o f s qua r es ' ) ; 

A» 

4\ Start I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

Contour plott ing of squares 

0 ---

= @) 

Workspace 

• Ill .. I Stack:! Ba ... y 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 
·· y l abe l ( 'y' ) ; 

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

····gri d; 

.... ax i s s qua re ; 

.... c l c 

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

.... c l c 

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

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

.... ax i s s qua re 

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

·· y l a be l ( 'y' ) ; 

.... gri d; 

···· t i t l e ( 'Con t o u r plo tt ing o f s qua res ' ) ; 
= 

Figure: Contour plotting
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Graphs of Multiple Curves
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Contour Plot
Exercise

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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Graphics Techniques in MATLAB

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

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

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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Contour Plot
Exercise

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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Contour Plot
Exercise

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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Doing Calculus with MATLAB
Higher Order Derivatives

Integration
Exercises

Calculus With MATLAB

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

imrantalib@vu.edu.pk
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3 Integration
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Definite Integral
Improper Integral
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Differentiation
Differentiation with respect to a particular variable

Differentiation

To differentiate a symbolic expression, MATLAB uses diff command.

The recipe for differentiation of a symbolic expression is:

» syms x
» diff(sin(x2), x)
ans =
2 ∗ x ∗ cos(x2)
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Doing Calculus with MATLAB
Higher Order Derivatives

Integration
Exercises

Differentiation
Differentiation with respect to a particular variable

Differentiation

Example:

Differentiate the following functions using diff command.

Moreover plot the multiple graphs of the given functions and their
derivatives on the interval [0, 5].

f (x) = x2 + 2x + 10.

g(x) = sin(x).
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Differentiation

Solution: The recipe of the solution for the function f(x) is as under:

» syms x
diff(x2 + 2 ∗ x + 10, x)
ans =
2 ∗ x + 2
ezplot(x2 + 2 ∗ x + 10,[0,5]);
hold on
ezplot(ans,[0,5]);
hold off
title(’Multiple plot of x2 + 2 ∗ x + 10 and its derivative 2 ∗ x + 2’);
xlabel(’x’);
ylabel(’y’);
grid;
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Doing Calculus with MATLAB
Higher Order Derivatives

Integration
Exercises

Differentiation
Differentiation with respect to a particular variable

Differentiation

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 

>> syms x 
d i ff (x A2 +2 • x + lO ,x) 

an s 

2 *x + 2 

>> ezpl ot (x A2 +2 • x + 10 , [0 , 5 )) ; 

ho l d on 
ezpl ot (a n s, [0 ,5 )) ; 

h o l d off 

t i t l e ( '11ul t ipl e plo t of x "2+2* x +10 and i ts der ivative 2*x + 2' ) ; 

x l abe l ( ' x ' ) ; 

ylabe l ( 'y' ) ; 

gri d; 
fx >> 

,,_ Cl X 

• Ill .. I Stack:! Ba... Select data to p... •I 
1 = 1 @) Value Min Max 

<1xl sym> 
IPJ Figure 1 

Desktop Window Help ., ( I 
-,-,1 .:._/..,.-·-,-1 1,--•-1!:!1=------1 <1xl sym> 

File Edit View Insert Tools 

Multiple plot of x2+ 2'x+ 10 and its derivative 2'x + 2 

12 

11 -:------ t------ ------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 10 _,_-----_ .. ------ .. ------ ... _----- ' ------

' ' ' ' 9 ------ -:------ -----
' ' ' ' ' ' ' ' ' ' ' ' 8 ' ' ' ' ' ' ' ' ' ------ -:------ '------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

>- 7 ------ t------i-------:------ i------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 6 ------ t------ -:-------' ------ t------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 5 ------ ' -----
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 4 ------ '------ -:------

x + lO ,x) 

2 • x + 10 , (0 , 5 )) ; 

3 ' ' ' ' ' ' ' ' ' ------' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 2 ------ r------ -:-------:-------r------ -:-------:-------r------ (0 ,5 )) ; 

' ' ' ' ' ' ' ' ' i i i i i i i i i 
0.5 1.5 2 2.5 3 3.5 4 4_5 5 0 

i ple plot of x A2+2* x +10 a nd 

X 

= 
···grid; 

( Ill J • 

Figure: Multiple plot of the function f (x) and its derivative.
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Differentiation
Differentiation with respect to a particular variable

Differentiation

Solution: The recipe of the solution for the function g(x) is as under:

» syms x
diff(sin(x), x)
ans =
2 ∗ x + 2
ezplot(sin(x),[0,5]);
hold on
ezplot(ans,[0,5]);
hold off
title(’Multiple plot of sin(x) and its derivative cos(x)’);
xlabel(’x’);
ylabel(’y’);
grid;
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Doing Calculus with MATLAB
Higher Order Derivatives

Integration
Exercises

Differentiation
Differentiation with respect to a particular variable

Differentiation

MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Windo w Help 

'0 I cl' IIIII Ill) (!o I I I Current Folder: I \\lro-homes -01 \ users$\ imrantali b\ My Documents \ MATLAB 

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

Command Window 

>> syms x 

>> d i ff (s in( x ) ,x) 

an s 

COS ( X ) 

>> ezpl ot (s in( x ) , (0 ,5 ) ) 
ho l d o n 
ezpl ot (an s, (0 ,5 ) ) 
hol d off 
t i t l e ( ' Hul t ipl e plot of s in (x ) an d i ts de rivative cos (x ) ' ) 

x l abe l ( ' x ' ) ; 

ylabe l ( ' y ' ) 
g r i d; 

fx >> 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

Multiple plot of sin(x) and its derivative cos(x) 

0.5 ------ ------, 

0 ' ' ' ' ' ' -----r------r------,-

' ' ' ' ' ' ' ' ' -0.5 

-1 ------.------ -•------ _____ • _____ o_,.; __ <-"'- ... _____ _____ 

0 0.5 1.5 2 2.5 
X 

3 3.5 4 4.5 5 

@ rril ' I Stack:j Ba ... 

Value 

<1xl sym> 

I I 
<1xl sym> 

ry 

( ' y ' ) 

i n( x ) ,x) 

(sin( x ) (0 ,5 ) ) 

n 

(ans, ( 0 , 5 ) ) ; 

f f 

II Select data to p... 

Min Max 

-+1 [j X 

' Mult ipl e plot of s i n(x ) a nd i ts 

( ' x ' ) 

= ... g r i d; 
( Ill 

I 

Figure: Multiple plot of the function g(x) and its derivative.
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Differentiation with respect to a particular variable

Sometimes there are two or more variables are involved in a function.

Then it is necessary to specify the differentiation variable.

For example the MATLAB syntax to find the derivative of the function
f (x , t) = sin(x ∗ t2) with respect to x and t is as follows

syms x t
diff(sin(x ∗ t2), x);
diff(sin(x ∗ t2), t);

The following outputs are generated:

» syms x t
» diff(sin(x ∗ t2), x)
ans =
t2

∗ cos(t2
∗ x)

» diff(sin(x ∗ t2), t)
ans =
2 ∗ t ∗ x ∗ cos(t2

∗ x)
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Differentiation with respect to a particular variable

Example:

Find the derivative of the following function with respect to x , and t

variables using diff command. Moreover plot the multiple graph of the
function and their derivatives by defining X and Y using meshgrid

command, Then define Z and create a surface plot:

f (x , t) = xe−x2
−t2 , x , t ∈ [−2, 2].
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Differentiation with respect to a particular variable

Solution:

The recipe for the solution is as under:

» [X,T]=meshgrid(-2:0.2:2,-2:0.2:2);
Z1=X . ∗ exp(−X .2 − T .2);
surface(X,T,Z1)
hold on
view(3)
Z2= 1./exp(T .2 + X .2)− (2 ∗ X .2)./exp(T .2 + X .2);
surface(X,T,Z2)
hold off
view(3)
xlabel(’x’);
ylabel(’y’);
title(’Surface plot’)
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Differentiation
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Differentiation with respect to a particular variable

MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Windo w 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 

>> ( X, T) =mes hqri d (- 2: 0 -2:2, - 2: 0 .2:2 ) ; 
Zl =X. • exp (- X. A2 - T . A2 ) ; 

s urface (X, T,Z l) 

ho l d on 
vie w(3) 
Z2= 1 . / exp (T . A2 + x. A2 ) - (2 • X. A2 ) . / exp (T . A 

s urface (X, T,Z2 ) 

ho l d o ff 

vie w(3) 
x l abe l ( ' x ' ) ; 

y l abe l ( 'y' ) ; 

t i t l e ( 'Sur fa c e plo t ' ) 
fx >> 

_. Start I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

0 

-0.5 
2 

y 

Surface plot 

-2 -2 

2 

X 

Workspace 

• Ill .. I Stack:! Ba ... ·II Select data to p... • 

Name • Value M in Max 

T <21x21 double> -2 2 
X <21x21 double> -2 2 
y <41x41 double> -2 2 
z <21x21 double> -0.4218 0.4218 

Z1 <21x21 double> -0.4218 0.4218 

Z2 <21x21 double> -0.4454 1 
<1xl sym> 

f <1x100 double> -0.9999 0.9999 
<1x100 double> -0.9995 1 
<1xl sym> 
<1xl sym> 
<1x100 double> -0.9999 0.9999 

<1x100 double> -0.9995 1 

Command History 

( 

"Cl c 

"( X, T) =mes hqr i d (- 2: 0 .2:2, - 2: 0 .2:2 ) ; 

.. z l =X. • exp (- X. A2 - T . A2 ) ; 

·· s urface (X, T,Z l) 

·· ho l d on 

"Vie w( 3 ) 

" 22= 1./ eXp (T . A2 + X. A2 ) - (2 kX. A2 ) ./ex: 

·· s urface (X, T, 22 ) 

"ho l d o ff 

"Vie w( 3 ) 

·· x l abe l ( ' x ' ) ; 

"Yl abe l ( 'y' ) ; c 
"t i t l e ( 'Sur fa c e plo t ' ) ' 

Ill • 

Figure: Surface plot of the function f (x , t) = xe−x
2
−t

2

, x , t ∈ [−2, 2]. .

Imran Talib VU Lecture NO.05 12

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Doing Calculus with MATLAB
Higher Order Derivatives

Integration
Exercises

Higher Order Derivatives of Univariate Expression
Higher Order Derivatives of Multi-variate Expression

Higher Order Derivatives of Univariate Expression

MATLAB also facilitate to find the higher order derivatives of univariate
and multi-variate expressions.

The recipe to find the higher order derivatives of univariate expression is as
under:

» syms x
» diff(x10 + 2 ∗ (x2) + cos(x),order of derivative)
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Higher Order Derivatives of Multi-variate Expression

Higher Order Derivatives of Univariate Expression

Example:

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

Plot the multiple graphs of the outputs using ezplot command.

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

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

Imran Talib VU Lecture NO.05 14

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Doing Calculus with MATLAB
Higher Order Derivatives

Integration
Exercises
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Higher Order Derivatives of Univariate Expression

Solution:

The recipe for the solution is as under:

» diff(x10 + 2 ∗ (x2) + cos(x),1)
ans =
4 ∗ x − sin(x) + 10 ∗ x9

» diff(x10 + 2 ∗ (x2) + cos(x),2)
ans =
90 ∗ x8

− cos(x) + 4
» diff(x10 + 2 ∗ (x2) + cos(x),4)
ans =
cos(x) + 5040 ∗ x6
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Higher Order Derivatives of Univariate Expression

Solution:

The recipe for graphical view is as under:

» ezplot(x10 + 2 ∗ (x2) + cos(x),[-pi,pi])
hold on
ezplot(4 ∗ x − sin(x) + 10 ∗ x9,[-2*pi,2*pi])
hold on
ezplot(90 ∗ x8

− cos(x) + 4,[-3*pi,3*pi])
hold on
ezplot(cos(x) + 5040 ∗ x6,[-2*pi,2*pi])
hold off
grid
xlabel(’x’)
ylabel(’y’)
title(’Multiple plot of the function and its derivatives’)
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Doing Calculus with MATLAB
Higher Order Derivatives

Integration
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Higher Order Derivatives of Univariate Expression
Higher Order Derivatives of Multi-variate Expression

Higher Order Derivatives of Univariate Expression

i l 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 

If @ 'Iii .. I Stack:! Ba... T Select data to p... T I 
an s 

an s = 

>> d i ff (x A10 +2• (x A2 ) +cos (x ) , 4) 

I 
an s = 

Jx.. » I 

4' Start I 

Name • 

Command History 

·· ho l d on 

Value 

<1xl sym> 
<1xl sym> 
<1xl sym> 

Min Max ' 

·· ezpl ot (90* x "8 - cos (x ) + 4 , [ - 3*'pi , 3*'pi 

·· ho l d on 

·ezp!Ot (COS (X) + 5 040• x A6, (- 2 kp i , 2 • p i ) ) 

"h o l d o ff 

·g r i d 

·· x l abe l ( ' x ' ) 

"Ylabe l ( 'y' ) 

"t i t l e ( '11ul t ipl e plo t o f t he f unc t ion a. 

·· c l c 

"d i ff (XA10 +2 k (XA2 ) +COS (X) , 1) 

"d i ff (XA10 +2 k (XA2 ) +COS (X) , 2 ) 

"d i ff (XA10 +2k (XA2 ) +COS (X) , 4) 

( Ill J 

= 
• 

Figure: Higher order derivatives of univariate expressions.
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Doing Calculus with MATLAB
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Higher Order Derivatives of Univariate Expression
Higher Order Derivatives of Multi-variate Expression

Higher Order Derivatives of Univariate Expression

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\ imranta lib\ My Documents\ MATLAB 

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

Command Window 1<- Cl X Worksp ace -+I Cl X 

>> ezpl ot(xA1 0 +2*( x A2 )+co s (x ), ( - pi,pi ) ) 

ho l d on 
IPJ Figure 1 rti .. I Stack: I Ba ... y Select data top ... yl 

ezpl ot(4*x - s in( x ) + 10* x A9, [ - 2*pi,2*p i]) 

ho l d on 
ezpl Ot(9 0kXA8 - COS(X) + 4, (- 3•pi,3•pi ) ) 

ho l d on 
ezpl Ot(COS(X) + 5040• x A6, ( - 2•pi,2•p i)) 

ho l d off 
gri d 

x l abe l ( 'x' ) 

y l abe l ( 'y' ) 

t i t l e ( 'Multiple plot of the f unc t ion and i ts derivatives' 

A» 

4\ Start I 

) 

File Edit 

'0 

2.5 

2 

1.5 

>. 

1 

0.5 

0 

View Insert Tools Desktop Window Help 

l:il I I e.. 0 ® /. . I @, I 0 - I • ll:!I 
X 108 Multiple plot of the function a nd it s deriva tives 

' ' : : : ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ---------- -r----------,---------- -,----------- r---------- ._-----------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' --------- -:-----------

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' -- --
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' -:- -- ' ' ' ' ' ------,-----------;-----------,-----------;-----------,------ -- -

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ... ____ -- --_ .. ---------- _,_----------.. ----------... _-- -- - --· ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' i------7 1- ' ' ' ' ._-----------r 
i i i i i 

-6 -4 -2 0 2 4 6 
X 

I 

.,. Value Min Max 

<1xl sym> 
<1xl sym> 
<1xl sym> 

History -+I Cl X 

A 

lo t (x A10+2•( x A2)+co s (x ), I - pi, pi J ) 

d on 

lot (4*'x - s in( x ) + 10*'x "9, [- 2*'pi ,2*: 

d on 

lo t (90• x A8 - COS (X) + 4, [ - 3*'pi,3*'pi 

d on 

lot (COS (X) + 5040*' x "6, (- 2•pi ,2•pi ) ) 

d off 

d 

, .... x.tabe l ( 'x' ) 

·· y l abel ( 'y' ) = 
··· t i t l e ( 'l1ul t ipl e plot of the f unc t ion a. 

y 
( Ill I • 

Figure: Multiple plot of the function and its derivatives.
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Higher Order Derivatives of Multi-variate Expression

MATLAB also facilitate to find the higher order derivatives of multi-variate
expressions

The recipe to find the higher order derivatives is as under:

» syms x y
» diff(2 ∗ x ∗ y + (x ∗ y)3,y,order of derivative)
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Higher Order Derivatives of Multi-variate Expression

Example:

Find the first-order, second-order, and fourth-order derivatives of the
function f (x) = 2 ∗ x ∗ y + (x ∗ y)3 with respect to variable y using diff

command.
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Higher Order Derivatives of Multi-variate Expression

Solution:

The recipe for the solution is as under:

» syms x y
» diff(2 ∗ x ∗ y + (x ∗ y)3,y,1)
ans =
3 ∗ x3

∗ y2 + 2 ∗ x

» diff(2 ∗ x ∗ y + (x ∗ y)3,y,2)
ans =
6 ∗ x3

∗ y

» diff(2 ∗ x ∗ y + (x ∗ y)3,y,4)
ans =
0
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Higher Order Derivatives of Univariate Expression
Higher Order Derivatives of Multi-variate Expression

Higher Order Derivatives of Multi-variate Expression

MATLAB 7.10.0 (R2010a) I = I ® lp...f3.,1 
File Edit Debug Parallel Desktop Window Help 

; '0 @ I d' ... ll) (!" I §!:1 I I Current Folder: I \\lro-homes-01 \ usersS\ imranta lib\ My Docume nts\ MATLAB 

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

__________________________________________________ Worksp ace -+o Cl X 

fx.. » syms x y l!J • rj .. I Stack:! Ba... ? Select da ta top... ? I 
d i ff (2 • x •y+ (x • y )A3 ,y, 1) 

an s = 

3*x "3* y "2 + 2 *x 

an s = 

6 *x "3* y 

an s = 

0 

I 

Name • Value Min Max 

X <1x401 dou ble> -2 2 
y <1x401 double> -2 2 
z <1x802 dou ble> -2 2 

<1xl sym> 
<1xl sym> 
<1xl sym> 
<1xl sym> 

Command History 

- d i ff (2 • x •y+ (x • y )A3 ,y, 4) 

... y =- 2 : 0 . 01 : 2 

.... p l o t (2 *x *y+ (x *y)"3 ,Y, 3*x "3* y "2 + 2 *x ,Y 

·· X= - 2 : 0 . 01 : 2 ; 

... y=- 2 : 0 . 01 : 2 ; 

.... Z= [ X, Y) ; 

.... p l o t (2 *x *y+ (x *y) "3 , Z, 3*x "3* y "2 + 2 *x , Z 

... y =- 2 : 0 . 01 : 2 ; 

.... p l o t (2 *x *y+ (x *y )"3 ,Y, 3*x "3* y "2 + 2 *x ,Y 

·· X=- 2 : 0 . 01 : 2 ; 

... y =- 2 : 0 . 01 : 2 ; 

····p l o t (2 *x *'y+ (x *y )"3 ,X,Y, 3*x "3* y "2 + 2 *x = 
····c l c 

Ill • 

Figure: Multiple plot of the function and its derivatives.
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Improper Integral

Indefinite integral

Matlab also used to evaluate the indefinite and definite integrals of the
functions.

int command is used for this purpose.

For example, the integral of the function x3 can be evaluated using the
following syntax:

» syms x;
» int(x3,x)

The output is

x4/4.

Imran Talib VU Lecture NO.05 23

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Doing Calculus with MATLAB
Higher Order Derivatives

Integration
Exercises

Indefinite integral
Definite Integral
Improper Integral

Indefinite integral of Multi-variate Expression

To find the indefinite integral of multi-variable expression, it is necessary to
mention the integrable variable.

For example, the integral of the function x/(1 + y2) with respect to
variables x and y can be evaluated using the following MATLAB syntax:

» syms x y
» int(x/(1 + y2),x)
ans =
x2/(2 ∗ (y2 + 1))
» int(x/(1 + y2),y)
ans =
x ∗ atan(y)
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Indefinite Integral

Example:

Find the integral of the function f (x) = x2 + 10x + 4 using int command.

Plot the multiple graphs of the function and its output using plot

command.

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

Keeps the title "Graph of function and its integral"
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Indefinite Integral

Solution:

» syms x
int(x2 + 10 ∗ x + 4)
ans =
(x ∗ (x2 + 15 ∗ x + 12))/3
» X=-2:0.01:2;
plot(X .2 + 10. ∗ X + 4,X , (X . ∗ (X .2 + 15. ∗ X + 12))./3,X)
» grid;
» xlabel(’x’);
» ylabel(’y’);
» title(’Graph of function and its integral’)
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Indefinite Integral

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 
int (x A2 +10• x +4 ) 

Workspace 

• rj .. I Stack: I Ba ... ? Select data top ... ?I 

an s 

>> X=- 2: 0 . 01 :2; 
p l ot (X. A2 +10 .•X+4 , X, (X. •( X. A2 + 15. • X + 12 )) . /3 ,X) 

>> g r i d; 

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

>> ylabe l ( 'y' ) ; 

>> o f f unct ion and i t s integral' ) 
fx >> 

I 

IPJ Figure 1 l= l @l 

File Edit View Insert Tools Desktop Window Help 

() @ Q I I e.. 0 ® /. . I I 0 IE - I • ll:!I 
Graph of function and its integral 

2 : : : : : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
1.5 

. . . . . . . . ------.. ------ _,_-----_ .. ------.. ------ ·-' ' ' ' ' ' . 
' ' ' ' ' ' . . 
' ' ' ' ' . . . 
' ' ' ' ' . . . . 
' ' ' ' ' . . . . 
' ' ' ' ' ' ' ' ' 1 ------ t------ -:------ '------ '------
' ' ' ' . . . . . 
' ' ' ' . . . . . 
' ' ' ' . . . . . . . . . . . . . . . . . ' ' ' ' 0.5 
. . . --:------ :------:-------:-------:-------:------------;------;-------,----. . . . . . . . ' ' ' ' ' . . . . ' ' ' ' ' . . . . ' ' ' ' ' . . . ' ' ' ' ' ,_, 0 . . . . . . ' ' ' ' ' ' . . . ' ' ' ' ' ' . . . . . . . . . . . . . . . . . 

-0.5 . . :------ t------ i------------r------,-----. . . . ' ' ' ' ' ' ' . . ' ' ' ' ' ' ' . . ' ' ' ' ' ' . . ' ' ' ' ' ' 
-1 

. . . ------.. ------ -------· . . . . . . ' ' ' ' ' ' . . . ' ' ' ' ' ' . . . ' ' ' ' ' ' . . . ' ' ' ' ' ' 
-1 .5 

. . . ' ' ' ' ' ' ------·- ---- -·-----. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I I I I I I I I I -2 

-15 -10 -5 0 5 10 15 20 25 30 35 
X 

• &.,1 e ... Value Min Max 

<1x401 double> -2 2 ., 
<41x41 double> -2 2 
<1x802 double> -2 2 

s <1xl sym> 
<1xl sym> 
<1xl sym> 
<1xl sym> 

mand History ... [j X 

... X=- 2: 0 . 01 :2; • 
" ·p l ot (X. A2 +10 . • X+4 , X, (X . • (X. A2 + 15. • X 
... X=- 2: 0 . 01 :2; 

" ·p l ot (X. A2 +10 . • X+4 , X, (X . • (X. A2 + 15. • X 

" ·c l c 

" ·s yms X 

" · int (x "2 +10* x +4 ) 

" ·X=- 2: 0 . 01 :2; 

" ·p l ot (X. A2 +10 . • X+4 , X, (X . • (X. A2 + 15. • X 
... g r i d; 

·x l abe l ( ' x ' ) ; 

" ·ylabe l ( 'y' ) ; 
! = 

... t i t l e ( 'Gra p!'l o f f unct ion an d i t s i::1teg 

< Ill _I • 

Figure: Multiple plot of the function and its integral.
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Definite Integral of Univariate Expression

Definite integral can also be evaluated using int command.

For example, the MATLAB syntax to evaluate the definite integral of the
function x3 from 0 to 1 is as under:

» syms x
» int(x3,0,1)
ans =
1/4
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Definite Integral of Univariate Expression

Some integrals can not be evaluated symbolically in MATLAB using int

command.

Such type of integrals can be computed numerically using double

command.

For example the integral of the function log (1 + x2) ∗ e(−x2) can not be
computed symbolically. it is computed using the following MATLAB

»syms x
»hardintegral=int(log (1 + x2) ∗ e(−x2),x,0,1)
» double(hardintegral).

The out put is:
ans =
0.1539
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Definite Integral

. ... l l.J.\D / . t U.U l i'\.::::U.lUaJ I J-1 I 1.:..1' IFF-

File Edit Debug Parallel Desktop Window Help 

'[) I .1' 1111 ") 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 

Workspace -+I Cl X 

l!J .. l'iii .. I Stack:j Ba... Select data top... •I >> syms x 
hardinteg ral =int (log(l +x A2 ) *exp (- x A2 ) ,x, 0 , 1) 

Warning : Expli c i t integ ra l could not be fo und. 

hard integ ra l = 

int (lo q( x A2 + 1)/exp (x A2 ) , x = 0 .. 1) 

>> doubl e (hard inteq ral) 

an s = 

0 . 15 39 

A» 

Start ! 

Name • Value Min Max 

1;1;1 ans 0.1539 0.1539 0.1539 
I() hardinte gral 

€l x 

<1xl sym> 
<1xl sym> 

Command History 

i,.,·int (XA3, 0 , 1) 

8 ··%-- 9 / 9 / 1 6 10 :2s Al1 --% 

( 

' ; ·· c l c 

i ·· hardinteg ra l =int (lo g (l+x ) A2 *'exp (- x A2 ) , . 

' ·doubl e (hard inteq ral) 

i ·· hardinteg ra l =int (lo g (1+x A2 ) *'exp (- x A2 ) , . 

; ·· s yms x 

i ·· hardinteg ra l =int (lo g (1+x A2 ) *'exp (- x A2 ) , . 

' ·doubl e (hard inteq ral) 

i ·· c l c 

; ·· s yms x 

i ·· hardinteg ra l =int (lo g (1+x A2 ) *'exp (- x A2 ) , .c 

'·· doubl e (hard integ ral) -.. 
Ill ' 

Figure: Evaluation of the definite integral with double command.
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Improper Integral

MATLAB also have ability to evaluate the improper integrals using int

command.

For example the integral of the function sin(x)/x from 0 to infinity can be
computed using the following MATLAB syntax:

» syms x
» int(sin(x)/x ,x,0,inf)

The output is:
ans =
pi/2
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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"
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Doing Calculus with MATLAB
Higher Order Derivatives

Integration
Exercises

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

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

Keeps the title "Multiple plot of the function and its derivatives"
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Doing Calculus with MATLAB
Higher Order Derivatives

Integration
Exercises

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"
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M–Files
Exercise

Use Of the M-Files

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

imrantalib@vu.edu.pk
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M–Files
Exercise

Outline

1 M–Files
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

2 Exercise
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M–Files
Exercise

Outline

1 M–Files
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

2 Exercise
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M–Files
Exercise

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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M–Files
Exercise

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.

Imran Talib VU Lecture NO.06 4

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



M–Files
Exercise

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

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\ imranta lib\ My Documents\ MATLAB 

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

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

• • Iii (( MATLAB ·IPI<t· :o e3 • I .1' 
"" 

(11 1/:il '"&) · I"' .... · • <I .. If !I • II Base rEf _ • x f!l • flii .. Select data to plot · I -

D Name ... 
• +liD . "" "" - ll.O I + I ..,. lu lx . Name • Value M 

1 ll...j 

( I Ill • ! 

Command History -+I [j X 

• ·· l atex (a2 ) A 

'"··c l c 

$ %-- 10/24/1 6 11 :45 Al1 --% 
i"··c l c 

Comman d Window -+I j L.he l p so lve 

>> edi t 10/2 5 /1 6 2:57 Pl1 --% 

fx.» j L .. c l c 

$ %-- 10/25/1 6 3 : 00 Pl1 --% 
'"··c l c 

$ %-- 10/25/1 6 3 : 01 Pl1 --% 
'"··c l c 

B %-- 10/25/1 6 3 : 04 Pl1 --% 
i ·· c l c = 

Details A .. ·· ed i 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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M–Files
Exercise

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

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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M–Files
Exercise

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

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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M–Files
Exercise

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

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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M–Files
Exercise

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

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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M–Files
Exercise

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

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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M–Files
Exercise

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

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 . Workspace ,., Cl 

• • Iii « MATLAB · IPI<t· :o f3 • d' ll) ?i) · 1141 • • • €J <I .. IJ Jl • II Base ·II !"- x '!@ .. @ Ill .. Select data to plot · I 
D . ., I ll.O I+ I ... lu l x 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 so lve • 
8 %-- 10/25/1 6 2 :57 Pl1 --% 

'"··c l c 

8 %-- 10/25/1 6 3 : 00 Pl1 --% 

Command Window 
-+l[j 

! L.c l c 

8 .. ·%-- 10/25/1 6 3 : 01 Pl1 --% 

r= Mli!l i 

I L.c l c 

8 %-- 10/25/1 6 3 : 0 4 Pl1 --% 
1 , 922 Ql .. ·· c l c 

L. edi t 

Jx..» B %-- 10/ 27/1 6 11 :26 Al1 --% 
.. c l c 

·· ed i t = 
Details A .. c l c -- --

I I scnpt I Ln 2 Col 12 I OVR 

Figure: Computational values of
sin(x)

x
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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

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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:i l / .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 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 data to plot • 

Current Folder , .. CJ fl X 

• • MATLAB << • p f) . - . - . 
D Name • ·111 I I Name • Value M 

l- echo O::l 
[;l <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, ... 

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

l r . 

>> 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 "SCr iptfilel • 
y = I ·· c l c 

I ·· format long 
Coluro.ns 1 t hrough 4 I "SCr iptf ilel 

I "Clc 
0 . 9983341 6646 8 28 2 0 . 9999 8 3333416666 0 . 999999833333342 0 . 999999998333333 I 

I 
.. scr iptf ilel 

··clc 
Coluro.n 5 I "SCr iptfile1 

0 . 999999999983333 l ··clc 

I "SCr iptfile1 

echo o ff l ··clc 

fx..» l .. · s criptfilel 

PI 
Details "' '-scriptfilel -

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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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

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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Attributes of the M–Files
Script M-files
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Display of the commands with results in Command Window
Adding Comments
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Function M–Files
Loops

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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Execution or run of the Script file
Display of the commands with results in Command Window
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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 -

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

1 - e cho 0:1 0 <1xl sym> 
2 % Solu tion 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 

>> scriptfil e l 

% Solut i o n o f t he scriptfil e 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 ) ; 
Column s 1 t hrough 4 

"'9 = f inverse ( f ) 

0 . 9983341 66 468282 0 . 99998333341 6666 0 . 999999833333342 0 . 999999998333333 
.... s yms X 

· f (X) = doubl e (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 .... scr iptfil e l 

.... c l c 
= 

Details A ... scr iptfil e l -- --
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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. .. / ,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* ,., Cl X I Workspace 
I -
. '0 f3 I d' It) ?iJ · I "' • • • <I - IJ Jl • II Base ·II !,. ID · I X f@ .. Ill .. Select data to plot · I 

D Name ... 
+@I I I 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, ... 

6 - e cho 0:1 -
7 % Solu tion 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 • 
>> scr iptfil e l ,.: 

Command History ... [j X 
% Solu t ion of t he scriptfi l e l .... c lc A 

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

x= [0 . 1,0 . 01,0 . 001,0 . 0001,0 . 00001 ) ; % coos e n domain v a lues 
y=sin (x ) ./x % display t he out put .... u=x+y"2 

.... clc 

y = .... scriptfi l 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 
c 

o ff .... scriptfi l e l 

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\ imranta lib\ My Documents\ MATLAB 

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

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

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

'@ ... · I >> •• 
D : •GI I I .;.II!:Jx Name • Val Name • • Gl Gl 

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

2 s ine power compu tes 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 . 9983341 66 468 28 2 
.... c l c 

0 . 99998333341 6666 .... s inepo wer ( 7) 

0 . 999999833333342 .... c l c 

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

0 . 999999999983333 .... c l c 

fx..» I 
.... s inepo wer ( 7) 

.... c l c 

.... s inepower ( 7) 

.... c l c 

.... s inepo wer ( 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\ imranta lib\ 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 

: '0 f3 • I cl' 1111 "> '&1 ·1141 ... .. I • €J <I .. IJ !I •1 Stack:! Base ·II /Yo 

I D Name ... : I - + I .;. X I I 0. 

l£:.t ails 

1 -

2 -

3 -

4 -
5 -

format long 

fTJ f o r i = 0 :2 

L y .:. s in (i) 
en d 

:: scriptf ilel. m xl sinepo wer.m x If sinefunction .m xI fictor ialfu nction. m* xl 
Comman d Window 

y = 

0 

y 

0 . 841470 9848078 9 7 

y 

0 . 9 0929 74268 256 8 2 

y 

0 . 90929 7 426 8 256 8 2 

A fx.. » 

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 • 
Com mand ... Cl ll X 

' I 
I n 

·· c l c 

·· s ine f unct i on 

"Cl c 

·· s ine f unct i on 

·· c l c 

·s in (3) 

"Cl c 

·s in ( 1) 

·· s in ( 2 ) 

·s in (3) 

"Cl c 

·· 

·· 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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M–Files
Exercise

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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M–Files
Exercise

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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M–Files
Exercise

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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M–Files
Exercise

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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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Solving Ordinary Differential Equations (ODEs)
in MATLAB

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

imrantalib@vu.edu.pk
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Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Explicit solution of the first order equations
Graphical Views of the First-order Equations
Graphical view of the family of solutions

First order equations

MATLAB is primarily a numerical package, it can certainly solve differential
equations symbolically.

For this purpose MATLAB uses dsolve command.

For example, the input and output for solving dy
dx

= x ∗ y in MATLAB is
given below:

» dsolve(′Dy = x ∗ y ′,′ x ′)
ans =
C2 ∗ exp(x2/2)

Note that MATLAB uses capital letter D to indicate the derivative and
requires that the entire equation appears in single quote.
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Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
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Explicit solution of the first order equations
Graphical Views of the First-order Equations
Graphical view of the family of solutions

First order equations

Alternatively, if we are interested in using the dy
dx

= x ∗ y a number of
times, then define it as a variable, say, eqn1

The input and output for this purpose is given below:

» eqn1 = ′Dy = x ∗ y ′

eqn1 =
Dy = x ∗ y

» y=dsolve(eqn1,’x’)
y =
C2 ∗ exp(x2/2)
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Graphical Views of the First-order Equations
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First order equations

MATLAB also has ability to find the particular solution of the differential
equations corresponding to certain initial and boundary conditions.

For example, the particular solution of the first-order problem dy
dx

= x ∗ y

subject to initial condition y(1) = 1 in MATLAB can be found as

» eqn1 = ′Dy = x ∗ y ′

eqn1 =
Dy = x ∗ y

» y=dsolve(eqn1,’y(1)=1’,’x’)
y =
exp(x2/2)/exp(1)(1/2)
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Graphical Views of the First-order Equations
Graphical view of the family of solutions

First order equations

Suppose, we want to observe the behaviour of the solution of the
differential equation dy

dx
= x ∗ y .

For this purpose, the ezplot command can be used to see the graphical
view of the solution subject to certain initial condition.

The input and output command for seeing the graphical view is as under:

» eqn1 = ′Dy = x ∗ y ′

eqn1 =
Dy=x ∗ y

» y=dsolve(eqn1,’y(1)=1’,’x’)
y =
exp(x2/2)/exp(1)(1/2)
» ezplot(y,[0,2]).
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First order equations

MATLAB 7.10.0 (R2010a) 

'ile Edit Debug Parallel Desktop Windo w Help 

0 e I cl' ... fllh If) (!" I tit} I I Current Folder: \\lro-homes-01 \ usersS\ imrantalib\ My Documents \ MATLAB 

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

:ommand Window 

>> eqnl = 'Dy=x*y' 

eqn1 = 

Dy =x *y 

>> y=dso lve (eqnl , 'y(l) =l' , ' x ' ) 

y = 

>> ezpl o t (y, (0 ,2 )) 

j\ Start I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

exp(x2/2)/exp(1) 112 

4.5 

4 

3.5 

3 

2.5 

2 

1.5 

1 

0.5 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 
X 

l = I @) 11 

.,. 

1.8 2 

Cl ll X Workspace Cl ll X 

f!l • IIi ' I Stack:! Ba... Select data to p... •I 
Name • Value 

€) ans <1xl sym> 

€)y 

'Dy=x•y• 

<1xl sym> 

Command History 
·· c l c 

1 "SymB X 

·· int (s in( x )/x,x, O, inf ) 

B .. ·%-- 9 / 22 / 16 10:54 AH --% 

.. dso l v e () c l c 

"Cl c 

"dso lve ( ' Dy=x *y ' , ' x ' ) 

"Cl c 

.. eqnl = ' Dy=x *y ' 

·· y =dso lve (eqnl , ' x ' ) 

"Cl c 

·· eqnl = ' Dy=x *y ' 

·· y =dso lve (eqnl , ' y (1) = 1 ' , ' x ' ) 

.. ezpl ot (y, [0 ,2 )) 

M in Max 

= 

Figure: Graphical view of the solution of initial value problem on the interval [0,2].
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Explicit solution of the first order equations
Graphical Views of the First-order Equations
Graphical view of the family of solutions

First order equations

Example:

Find the solution of the following initial value problem
dy
dx

= x2 + y , y(1) = 3.

Moreover, plot the graph of the solution using ezplot command on the
interval [0,2].
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Graphical Views of the First-order Equations
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First order equations

Solution:

The recipe for the solution is as under:

» eqn1 = ′Dy = x2 + y ′

eqn1 =
Dy = x2 + y

» y=dsolve(eqn1,’y(1)=3’,’x’)
y =
(8 ∗ exp(x))/exp(1)− 2 ∗ x − x2

− 2
» ezplot(y,[0,3])
» xlabel(’x’)
» ylabel(’y’)
» grid
» title(’Graphical view of the initial’)
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41. 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\ imranta lib\ My Documents\ MATLAB 

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

Command Window 

>> eqnl ' Dy=x"2+y' 

eqnl = 

>> y =dso lve (eqnl , 'y ( 1) =3' , ' x ' ) 

y = 

(S• exp (x ))/ exp (l) - 2 • x - x A2 - 2 

>> ezpl ot (y, [0 , 3 ) ) 

>> x l abel ( ' x ' ) 

>> ylabe l ( 'y' ) 

>> gri d 

>> vie w o f t he 
fx >> 

41. Start 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

Graphical view of the initial 
45 ·----------r-----------r-----------, -----------,-----------,----------

, ' ' ' ' 
' ' ' ' ' ' ' ' ' ' 40 
0 ' ' ' ' 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 35 ---
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 30 ------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 25 ---------
0 0 0 0 
0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

20 -----------r-----------r-----------r-----------r--------- -r-----------
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

15 -----------r-----------r-----------r-----------r--- -------r-----------
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 
0 0 0 0 0 

10 -----------r-----------r-----------r-------- --r-----------r-----------
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 

5 -----------r-----------r------- --r-----------r-----------r-----------
0 0 0 0 0 
0 0 0 0 
0 0 0 0 0 

0 

0 0.5 1.5 2 2.5 3 
X 

Workspace 

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

Command History 

Value 

<1xl sym> 
'Dy=xA2•y' 

<1xl sym> 

·· eqnl = ' Dy =x"2 +y' 

.. y=dso lve (eqnl ,x) 

·· c l c 

··eqnl = ' Dy =x"2 +y' 

·· y =dso lve (eqnl , ' x ' ) 

"Cl c 

·· eqnl = ' Dy =x"2 +y' 

·· y =dso lve (eqnl , 'y ( 1) =3' , ' x ' ) 

·ezpl ot (y, [0 , 3 ) ) 

·· x l abe l ( ' x ' ) 

"Yl abe l ( 'y' ) 

.. gri d 

Min Max 

= 
·· t i t l e ( vi e rN o f t he i::1i t i a l' ) ,.. 

Ill • 

Figure: Graphical view of the solution of initial value problem on the interval [0,3].
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Solution Of System Of Differential Equations
Exercise

Explicit solution of the first order equations
Graphical Views of the First-order Equations
Graphical view of the family of solutions

First order equations

Sometimes, we often want to see the family of solutions of the differential
equations obtained by varying the initial conditions.

Here is a natural way to do this in MATLAB.

Begin by solving the given differential equation with a generic initial value.

For example,

» eqn1 = ′Dy = x2 + y ′

eqn1 =
Dy = x2 + y

» y=dsolve(eqn1,’y(0)=c’,’x’)
y =
exp(x) ∗ (c + 2)− x2

− 2 ∗ x − 2
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Graphical Views of the First-order Equations
Graphical view of the family of solutions

First order equations

The solution formula exp(x) ∗ (c + 2)− x2
− 2 ∗ x − 2 is in terms of the

initial value c .

Now let we want to plot the solution curves with initial values
y(0) = −2,−1, 0, 2,−2, on the interval [0,2].

one approach is to execute the command using for loop as explained in the
next slide:
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First order equations

» eqn1 = ′Dy = x2 + y ′

eqn1 =
Dy = x2 + y

» y=dsolve(eqn1,’y(0)=c’,’x’)
y =
exp(x) ∗ (c + 2)− x2

− 2 ∗ x − 2
» figure, hold on;
» syms x;
» for cval = -2:2
ezplot(subs(y ,’c’, cval) ,[0,2])
end
» axis tight
» xlabel(’x’)
» ylabel(’y’)
» title(’Plot of family curves of Dy = x2 + y at different initial conditions.
’)
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Graphical Views of the First-order Equations
Graphical view of the family of solutions

First order equations

41. 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\ imranta lib\ My Documents\ MATLAB 

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

Command Window 

>> eqnl ' Dy=x"2+y' 

eqnl = 

>> y =dso lve (eqnl , 'y ( 1) =3' , ' x ' ) 

y = 

(S• exp (x ))/ exp (l) - 2 • x - x A2 - 2 

>> ezpl ot (y, [0 , 3 ) ) 

>> x l abel ( ' x ' ) 

>> ylabe l ( 'y' ) 

>> gri d 

>> vie w o f t he 
fx >> 

41. Start 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

Graphical view of the initial 
45 ·----------r-----------r-----------, -----------,-----------,----------

, ' ' ' ' 
' ' ' ' ' ' ' ' ' ' 40 
0 ' ' ' ' 

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 35 ---
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 30 ------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 25 ---------
0 0 0 0 
0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

20 -----------r-----------r-----------r-----------r--------- -r-----------
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

15 -----------r-----------r-----------r-----------r--- -------r-----------
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 
0 0 0 0 0 

10 -----------r-----------r-----------r-------- --r-----------r-----------
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 

5 -----------r-----------r------- --r-----------r-----------r-----------
0 0 0 0 0 
0 0 0 0 
0 0 0 0 0 

0 

0 0.5 1.5 2 2.5 3 
X 

Workspace 

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

Command History 

Value 

<1xl sym> 
'Dy=xA2•y' 

<1xl sym> 

·· eqnl = ' Dy =x"2 +y' 

.. y=dso lve (eqnl ,x) 

·· c l c 

··eqnl = ' Dy =x"2 +y' 

·· y =dso lve (eqnl , ' x ' ) 

"Cl c 

·· eqnl = ' Dy =x"2 +y' 

·· y =dso lve (eqnl , 'y ( 1) =3' , ' x ' ) 

·ezpl ot (y, [0 , 3 ) ) 

·· x l abe l ( ' x ' ) 

"Yl abe l ( 'y' ) 

.. gri d 

Min Max 

= 
·· t i t l e ( vi e rN o f t he i::1i t i a l' ) ,.. 

Ill • 

Figure: Plot of the family of curves of Dy = x2 + y at different initial conditions on
the interval [0,2] .
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Graphical Views of the First-order Equations
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First order equations

Example:

Plot the family of curves of the following differential equation on the
interval [0,3], with initial values y(0) = −3 : 3,
dy
dx

= x ∗ y + 2 ∗ x2.
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First order equations

Solution:

The recipe for the solution is as under:
» eqn1 = ’Dy = x ∗ y + 2 ∗ x2’ eqn1 =
Dy = x ∗ y + 2 ∗ x2

» y=dsolve(eqn1,’y(0)=c’,’x’)
y =
c ∗ exp(x2/2)− exp(x2/2) ∗ ((2 ∗ x)/exp(x2/2)− (pi (1/2) ∗ x3)/(2 ∗

(x2/2)(3/2)) + (pi (1/2) ∗ x3
∗ erfc((x2/2)(1/2)))/(2 ∗ (x2/2)(3/2)))

» figure; hold on
» for cval = -3:3
ezplot(subs(y,’c’,cval),[0,3])
end
» axis tight
» xlabel(’x’)
» ylabel(’y’)
title(’Solutions of Dy = x ∗ y + 2 ∗ x2 with initial conditions
y(0)=-3,-2,...,3’).
» hold off
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II. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 E3i I ,!' - f.ll!l If) I r'iU I I Current Folder: I \\lro-homes -01 \ usersS\ imranta lib\ My Documents\ MATLAB 

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

:ommand Window 

>> eqnl 'Dy x *'y + 2*'x "2' 

eqnl 

Dy = x *y + 2 *x "2 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

>> y=ds olve (eqnl , 'y(O) =c' , ' x ' ) Solutions of Dy = x"y+2"x2 with initial conditions y(0)=-3,-2, ... ,3 

y = 

>> f igure; ho l d on 

>> f o r c v a l = - 3 : 3 
ezpl ot (s ubs (y, 'c' ,cv a l) , [0 , 3 ] ) 

end 

>> axi s t ight 

>> x l abe l ( ' x ' ) 

>> y l abe l ( 'y' l 
>> t i t l e ( 'Solu t ions o f $Dy = x *'y + 2*'x "2$ wi t h ini t i a l c 

??? t i t l e ( 'So lut i o ns o f $ Dy = x *y + 2*x "2$ wi t h ini t i a l 

Error : Une x pec t ed HATLAS operator . 

>> o f Dy = x *'y + 2*x "2 wi t h ini t i a l con 

??? t i t l e ( 'So lut i o ns of Dy = x *y + 2 *x "2 wi t h ini t i a l co 

Error : Une xpec t ed 11ATLA8 operator . 

>. 

450 

400 

350 

300 

250 

200 

150 

100 

50 

0 

-50 
0 0.5 

>> t i t l e ( 'Solu t ions of Dy = x *'y + 2*x "2 wi t h ini t i a l condi t ions y(0) =-3, - 2, ... ,3' . ) 

Ill 

1.5 2 2.5 
X 

3 

Cl ll X Workspace 
A f!l .. Ill ' Select data ... · I -

Name • Value 

<1xl sym> 

! cval 3 
eqn1 'Dy = x*y + 2*x"'2' 

<1xl sym> 

€Jy <1xl sym> 

/ 21 l -

( Ill I • 
Command History ... [j X 

.... f igure; h o l d 0:1 A 

.... f o r c v a l = - 3 : 3 

.... ezpl ot (s ubs (y, 'c 1
, c v a l) , 

····e nd 

.... axi s t ight 

···· x l abel ( 1 x ' ) 

.. .. y l abe l ( 'y' l 

.... t i t l e ( 1 Solu t ions of $Dy 

.... t i t l e ( 1 Solu t io::1s of Dy = 

.... t i t l e ( 1 Solu t ions of Dy = 

.... t i t l e ( 'Solu t io::1s of Dy = 

.... t i t l e ( 1 Solu t ions of Dy = = 

.... t i t l e ( 1 Solutio::1s of Dy = 

• ' I Ill I • 

Figure: Plot of the family of curves of Dy = x2 + y at different initial conditions on
the interval [0,2] .
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Explicit Solution of Second-order ODEs
Examples

Second–order ODEs

dsolve command can also be used to find the solution of certain
second–order ODEs.

For example, the MATLAB syntax for solving the
y ′′(x) + 8y ′(x) + 2y(x) = cos(x) is as under:

» eqn=’D2y+8*Dy+2*y=cos(x)’;
» dsolve(eqn,’x’)
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Solution Of System Of Differential Equations
Exercise

Explicit Solution of Second-order ODEs
Examples

Example

Solve the following second-order differential equation

y ′′(x) + y ′(x)− 6y = 0

subject to the following initial conditions

y(0)=1,y’(0)=0.

Moreover plot the solution curve on the interval [0, 2].
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Solution Of System Of Differential Equations
Exercise

Explicit Solution of Second-order ODEs
Examples

Solution

The recipe for the solution is as under:

» eqn =′ D2y + Dy − 6 ∗ y = 0′;
initialcondns= ’y(0)=1,Dy(0)=0’; dsolve(eqn,initialcondns,’x’)
ans =
(3 ∗ exp(2 ∗ x))/5 + 2/(5 ∗ exp(3 ∗ x))
» ezplot((3*exp(2*x))/5 + 2/(5*exp(3*x)),[0,2])
» xlabel(’x’);
» ylabel(’y’);
» grid
» title(’The graph of (3 ∗ exp(2 ∗ x))/5 + 2/(5 ∗ exp(3 ∗ x))’) .
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jl MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I ,l' ... II) I tin I I Current Folder: I \\lro-home s-01 \ usersS\ imrantal ib\ My Documents \ MATLAB 

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

Command Window 

>> e qn= 'D2y + Dy-6 *y =0' ; 

ini t i a l c ondns= 'y(O) = l , Dy(O) =O' ; 

dso lve (eqn , ini t i a l condns, ' x ' ) 

an s 

(3• exp (2 *x )) / 5 + 2/( 5 *exp (3• x )) 

>> ezp1 oe ((3* exp (2 * x )) / S + 2 /( S *exp (3* x )) , [0 ,2 )) 

>> x l abe l ( ' x ' ) ; 
>> ylabe l ( •y• ) ; 

>> g r i d 

>> t i t l e ( 'The gra ph o f (3• exp(2* x ))/5 + 2/(5* exp(3• x )) ' ) 
fx » 

4\ Start I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

The graph of (3'exp(2'x))/5 + 2/(5'exp(3'x)) 

: : : : : 
' ' ' ' ' 

30 ' ' ' ' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 25 ------ -:------ ----
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

' 20 ------ -:------ -
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 15 ------ f------ -:-------:------- f------ -:------ -· ------ r------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' . . . . . . 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 10 ------ t------ -:------ t------ ' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 5 ------ -:------ .. - ' ' ' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
0 ' 

' ' ' ' ' ' ' o ------t------i------+------r------;------i------ -r------r------
' ' ' ' ' ' ' ' 

0 0.2 0.4. 0.6 0.8 1.2 1.4 1.6 1.8 2 
X 

ab initialcondns 

• 0 • 

( [ 

X 

····x l abe : • 

'"· y l }'! h t=• 

... gri d 

.... t i t l e 

····c l c 

.... eqn= ' : 

····ini t i. 

.... dso lv' 

····ezpl o · 

····x l abe : 

····vlabe : 

... g r i d 
= 

···· t i t l e T 

• 

Figure: Graphical view of the solution curve of y ′′(x) + y ′(x)− 6y = 0.
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Solution Of System Of Differential Equations
Exercise

Explicit Solution of Second-order ODEs
Examples

Example

Solve the following second-order differential equation

y ′′(x) + y ′(x)− 6y = 0

subject to the following initial conditions

y(0)=1,y’(1)=0.

Moreover plot the solution curve on the interval [0, 3].
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Explicit Solution of Second-order ODEs
Examples

Solution

The recipe for the solution is as under:

» eqn =′ D2y + Dy − 6 ∗ y = 0′;
initialcondns= ’y(0)=1,Dy(1)=0’; dsolve(eqn,initialcondns,’x’)
y =
(2 ∗ exp(2))/(exp(3 ∗ x) ∗ (2 ∗ exp(2) + 3/exp(3))) + (3 ∗ exp(2 ∗

x))/(exp(3) ∗ (2 ∗ exp(2) + 3/exp(3)))
» ezplot(y,[0,2])
» xlabel(’x’);
» ylabel(’y’);
» grid
» title(’The graph of the solution curve y ’) .

Imran Talib VU Lecture NO.07 23

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Explicit Solution of Second-order ODEs
Examples

jl MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I ,l' ... II) I tin I I Current Folder: I \\lro-home s-01 \ usersS\ imrantal ib\ My Documents \ MATLAB 

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

Command Window 

>> e qn= 'D2y + Dy-6 *y =0' ; 

ini t i a l c ondns= 'y(O) = l , Dy(O) =O' ; 

dso lve (eqn , ini t i a l condns, ' x ' ) 

an s 

(3• exp (2 *x )) / 5 + 2/( 5 *exp (3• x )) 

>> ezp1 oe ((3* exp (2 * x )) / S + 2 /( S *exp (3* x )) , [0 ,2 )) 

>> x l abe l ( ' x ' ) ; 
>> ylabe l ( •y• ) ; 

>> g r i d 

>> t i t l e ( 'The gra ph o f (3• exp(2* x ))/5 + 2/(5* exp(3• x )) ' ) 
fx » 

4\ Start I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

The graph of (3'exp(2'x))/5 + 2/(5'exp(3'x)) 

: : : : : 
' ' ' ' ' 

30 ' ' ' ' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 25 ------ -:------ ----
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

' 20 ------ -:------ -
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ab initialcondns 

• 0 • 

( [ 

X 

····x l abe : • 

'"· y l }'! h t=• 

... gri d 

.... t i t l e 

····c l c 

.... eqn= ' : 

····ini t i. 

.... dso lv' 

····ezpl o · 

····x l abe : 

····vlabe : 

... g r i d 
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···· t i t l e T 

• 

Figure: Graphical view of the solution curve of y ′′(x) + y ′(x)− 6y = 0 .
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Example

dsolve command can also be used to find the solution of system of
differential equations.

For example, we want to find the solution of the following system of
differential equations

x ′(t) = x(t) + 2y(t)− z(t),

y ′(t) = x(t) + z(t),

z ′(t) = 4x(t)− 4y(t) + 5z(t).

The MATLAB syntax with dsolve command is mentioned in the next slide:
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Exercise

Example

» eqn1 =′ Dx = x + 2 ∗ y − z ′;
» eqn2 =′ Dy = x + z ′;
» eqn3 =′ Dz = 4 ∗ x − 4 ∗ y + 5 ∗ z ′;
» [x,y,z]=dsolve(eqn1,eqn2,eqn3).

The desire output is as under:

x =
−(C16 ∗ exp(t))/2 − (C17 ∗ exp(2 ∗ t))/2 − (C18 ∗ exp(3 ∗ t))/4,
y =
(C16 ∗ exp(t))/2 + (C17 ∗ exp(2 ∗ t))/4 + (C18 ∗ exp(3 ∗ t))/4 ,
z =
C16 ∗ exp(t) + C17 ∗ exp(2 ∗ t) + C18 ∗ exp(3 ∗ t) .
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Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Example

Find the solution of the following system of differential equations

x ′(t) = x(t) + 2y(t)− z(t),
y ′(t) = x(t) + z(t),
z ′(t) = 4x(t)− 4y(t) + 5z(t). corresponding to the following conditions
x(0)=1,
y(0)=2,
z(0)=3.

Moreover plot the solution curves using the plot command.
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Example

Solution:

The recipe for the solution is as under:

» eqn1 =′ Dx = x + 2 ∗ y − z ′;
eqn2 =′ Dy = x + z ′;
eqn3 =′ Dz = 4 ∗ x − 4 ∗ y + 5 ∗ z ′;
initialcondns = ′x(0) = 1, y(0) = 2, z(0) = 3′;
[x , y , z ] = dsolve(eqn1, eqn2, eqn3, initialcondns)
x =
6 ∗ exp(2 ∗ t)− (5 ∗ exp(3 ∗ t))/2 − (5 ∗ exp(t))/2
y =
(5 ∗ exp(3 ∗ t))/2 − 3 ∗ exp(2 ∗ t) + (5 ∗ exp(t))/2
z =
10 ∗ exp(3 ∗ t)− 12 ∗ exp(2 ∗ t) + 5 ∗ exp(t)
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Example

Solution:

» t=linespace(0,.5,25);
» t=linspace(0,.5,25);
» xx=eval(vectorize(x));
» yy=eval(vectorize(y));
» zz=eval(vectorize(z));
» plot(t,xx,t,yy,t,zz)
» xlabel(’x’);
» ylabel(’y’);
» grid;
» title(’Graph of the solution curves of system of differential equations’)
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Example

k MATLAB 7.10.0 (R2010a) 

'ile Edit Debug Parallel Desktop Window Help 

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

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

:ommand Window 

>> eqnl= ' Dx=x +2 *y-z ' ; 

eqn2 = ' Dy =x+ z ' ; 

ini t i a l condns = ' x (O) = l , y(0) =2,z (0) =3' ; 

( x ,y,z ] =dso lve (eqnl ,eqn2,eq n3 , ini t i a l condns ) 

X 

6•e x p (2 • t ) (S • exp (3• t ))/ 2 - (S • exp (t )) / 2 

y 

(5 • exp (3• t ))/ 2 - 3•exp (2 *t ) + (S • exp (t ))/ 2 

z 

10 •exp (3• t ) - 12•exp (2 • t ) + s•exp (t ) 

>> t=linespace (O, . 5,25 ) ; 
??? Undefined f unc t ion or method 'linespace' 

>> t=linspace (O, . 5,25 ) ; 

>> xx=e v a l(vector i ze (x )) ; 

>> yy=eva l(vector i ze (y)) ; 
>> zz=e v a l(vector i ze ( z )) ; 

>> pl ot (t,xx,t,y y ,t, zz ) 

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

>> y l abel ( 'y' ) ; 

>> gri d; 

for inpu t of 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

25 

20 

Graph of the solution curves of system of differential equations 

' : : ' ' : ' ' : 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ------;------;-------,-------,-------;------;-------,-------,-------;-----
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 15 ------ f------ +----- f------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 10 ------ t------ -:------ t------ J-

' ' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 5 

l l l l l ---+-----:------ t------i----
0 ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 
i I I I I I I I I 

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 
X 

>> t i t l e ( 'Graph of t he solut i o n cur ves of s ystem of d i ffere nt i a l equat i o ns ' ) 

l Start I 

A 

-

-

Workspace l!J. .. · I , 
Name • 

eqn 
eqnl 
eqn2 

eqn3 

:nitialcondns 

;: 
ltl z 

"' I 

V; 

<] A 

'D 
'D 
'D 
'D 

'x( = 
<] 
<] 
<] 
<] 
<] 

<] 

• 
Command ... Cl ll X 

l···eqn3= ' Dz= 4"'x- .... 

, ... ini t i a l condns 
' '"· ( x , y , z ] =dso lv 

; ... t=linespace (O 
' , ... t=linspace (0 , 

' ... xx=e v a l (vecto 
' ... y y =ev a l(vecto 

... zz=e v a l (vecto 

' ... pl ot (t, xx , t, y 

L· x l abe l ( ' x ' ) ; 
' ... y l abe l ( 'y' ) ; 

' ... gri d; 
' ... t i t l e ( 'Grap!'l 

< @] • 
= 

Figure: Graphical view of the solution curve of the system of differential equations.
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Example

Find the solution of the following system of differential equations

x ′′(t) = x ′(t) + 2y ′(t)− z ′(t),
y ′′(t) = x ′(t) + z ′(t),
z ′′(t) = 4x ′(t)− 4y ′(t) + 5z ′(t).
corresponding to the following conditions x(0)=1,x’(0)=2
y(0)=1,y’(0)=4
z(0)=3,z’(0)=4.

Moreover plot the solution curves using the plot command.
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Example

Solution:

The recipe for the solution is as under:

» eqn1 =′ D2x = Dx + 2 ∗ Dy − Dz ′;
eqn2 =′ D2y = Dx + Dz ′;
eqn3 =′ D2z = 4 ∗ Dx − 4 ∗ Dy + 5 ∗ Dz ′;
» initialconditns =′ x(0) = 1,Dx(0) = 2, y(0) = 1,Dy(0) = 4, z(0) =
3,Dz(0) = 4′;
» [x , y , z ] = dsolve(eqn1, eqn2, eqn3, initialconditns)
x =
7/3 − (exp(t) ∗ (16 ∗ exp(2 ∗ t)− 72 ∗ exp(t) + 72))/12
y =
(exp(t) ∗ (32 ∗ exp(2 ∗ t)− 72 ∗ exp(t) + 144))/24 − 10/3
z =
(exp(t) ∗ (32 ∗ exp(2 ∗ t)− 72 ∗ exp(t) + 72))/6 − 7/3
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Example

Solution:

» t=linespace(0,1,20);
» xx=eval(vectorize(x));
» yy=eval(vectorize(y));
» zz=eval(vectorize(z));
» plot(t,xx,t,yy,t,zz)
» xlabel(’x’);
» ylabel(’y’);
» grid;
» title(’Graph of the solution curves of system of differential equations’)
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

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 

>> eqnl= ' D2x=Dx +2 *Dy - Dz ' ; 
eqn2 = ' D2y =Dx+Dz ' ; 
eqn3= ' D2 z=4*Dx- 4*Dy+5 *Dz ' ; 

>> ini t i a l condi t ns = ' x (Ol =1, Dx (Ol =2 ,y(Ol =1,Dy(Ol =4, z (Ol =3, Dz (Ol =4' ; 
>> ( x , y ,z ] =ds olve (eqnl ,eqn2,eq n3 , ini t i a l condi t ns ) 

X 

7/3 - (exp (t l'(1 6• exp (2 • t l - 72 • exp (t l + 72 11/1 2 

y 

(exp (t l*(3 2 • exp (2 *t l - 72 • exp (t l + 14411/ 2 4 - 10/3 

z 

(exp (t l * (32 *exp (2 • t l - 72 • exp (t l + 7211/ 6 - 7/3 

>> t=linspace (0 , 1 ,20) ; 
>> xx=eva l(vector i ze (x )) ; 
>> yy=eva l(vector i ze (y ll ; 
>> zz=eva l(vector i ze ( z )) ; 
>> pl ot (t,xx,t,y y ,t,z z ) 
>> x l abel ( ' x ' ) ; 

>> yl abe l ( 'y' l ; 
>> g r i d; 
>> o f t he s olut ion curves o f t he s ystem o f d i ffe r e nt i a l e quations ' ) 

fx >> 

I 

IPJ Figure 1 

File Edit 

() @ Q 

50 

45 

40 

35 

30 

,_, 25 

20 

15 

10 

5 

0 

Workspace 

• .. · I )) 

I Name _... V; 

l= l @l <l A 

View Insert Tools Desktop Window Help 
'D ., 
'D 

I I e.. 0 ® /. . I I 0 IE I • ll:!I 'D -
'D 

Graph of the solution curves of the s yste m of differential equ ations onditns 'x( ;: 

: : : : : ondns 'x( . . . . . . . . . . . . . <l . . . . . . . . . . . . . . . . . . <l 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' <l ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ------;------;-------,-------,-------;------;-------,-------,-------;-- --- <l 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' <l ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ------ -:------ t ------ -
' ' ' ' ' ' ' ' • 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' . 
' ' ' ' ' ' ' ' d ... -+I Cl X ------.. ------,-------·------ .. ------,------.,------
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' . 

D2y=Dx+ ' ' ' ' ' ' ' ' . A 

' ' ' ' ' ' ' ' . 
' ' ' ' ' ' ' . 

D2 z=4 • D ------ T------ 1-------,------ -r------ T------ 1------ ._-------
' ' ' ' ' ' ' ' ' ' ' ' ' ' . . 
' ' ' ' ' ' ' . . i t i a l condi t : ' ' ' ' ' ' ' . . 

------ t------ -:------ t------
' ' ' ' ' ' ' . . , y, z ] =ds o l v ..... 11±t ' ' ' ' ' ' ' ' ------!------ _:_----- - --- lin space (O, 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' =ev a l(vecto ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ------t------i-------:------ ---i------ ------ lr=ev a l (vecto 
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' =ev a l(vecto 
' ' ' ' ' ' ' ' ------ t------ J---- ' ----- J.- - '------. . . . . ot (t,xx,t,y . . . . . . . . I I I I I I abe l ( ' x ' ) ; 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 abe l ( 'y' ) ; 
X id; = 

t l e ( 'Gra p!'l 

L· [!!iJ • 

Figure: Graphical view of the solution curve of the system of differential equations.
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Find the general solution of the following differential equation
y ′(x) = 2xy + 2x3.
Also plot the family of solution curves on the interval [−4, 4 of the above
differential equation obtained using the following initial conditions,
y(0)=-3,-2,0,1,2,3
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Find the general solution of the following boundary value problem
y ′′(x) + 8y ′(x) + 2y(x) = cos(x).
Then plot the solution curve on the interval [0, 4] corresponding to
following boundary conditions
y(0)=4, y(1)=5.

Imran Talib VU Lecture NO.07 36

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Find the solution of the following system of differential equations

x ′′(t) = 2x ′(t) + 2y ′(t)− z ′(t),
y ′′(t) = 3x ′(t)− 3z ′(t),
z ′′(t) = 5x ′(t)− 4y ′(t) + 5z ′(t),
corresponding to the following conditions
x(0)=2,x’(0)=1
y(0)=3,y’(0)=4
z(0)=3,z’(0)=5.

Moreover plot the solution curves using the plot command.
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Solving Ordinary Differential Equations (ODEs) in MATLAB
Second-order Ordinary Differential Equations in MATLAB

Solution Of System Of Differential Equations
Exercise

Find the solution of the following system of differential equations

x ′(t) = 2x(t) + 2y(t)− 3z(t),
y ′(t) = 2x(t) + 3z(t),
z ′(t) = x(t)− y(t) + z(t),
corresponding to the following conditions
x(0)=2,
y(0)=1,
z(0)=4.

Moreover plot the solution curves using the plot command.
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

MATLAB coding of some numerical methods

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

imrantalib@vu.edu.pk
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Outline

1 Euler’s Method
Application of the Method

2 Improved Euler Method
Application of the Method

3 Runge–Kutta Method
Application of the Method

4 Higher Order Taylor’s Method
Taylor’s method of second order
Application of the Method

5 Exercises
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Outline

1 Euler’s Method
Application of the Method

2 Improved Euler Method
Application of the Method

3 Runge–Kutta Method
Application of the Method

4 Higher Order Taylor’s Method
Taylor’s method of second order
Application of the Method

5 Exercises
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Outline

1 Euler’s Method
Application of the Method

2 Improved Euler Method
Application of the Method

3 Runge–Kutta Method
Application of the Method

4 Higher Order Taylor’s Method
Taylor’s method of second order
Application of the Method

5 Exercises
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Outline

1 Euler’s Method
Application of the Method

2 Improved Euler Method
Application of the Method

3 Runge–Kutta Method
Application of the Method

4 Higher Order Taylor’s Method
Taylor’s method of second order
Application of the Method

5 Exercises
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Outline

1 Euler’s Method
Application of the Method

2 Improved Euler Method
Application of the Method

3 Runge–Kutta Method
Application of the Method

4 Higher Order Taylor’s Method
Taylor’s method of second order
Application of the Method

5 Exercises
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Consider the general first order differential equation

dy

dx
= f (x , y); y(x0) = y0. (1.1)

Suppose we want to find its numerical solution on the interval of
x − values [x0, xn].

Our goal will be to approximate the value of the solution y(x) at each of
the x values in a partition P = [x0, x1, ..., xn].

To achieve this goal, the following formula is used:

yn+1 ≈ yn + f (xn, yn)∆x . (1.2)

Where ∆x represents the length of each subinterval of equal length.
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Find the numerical solution of the following differential equation on the
interval [0, 1] using Euler’s Formula for n = 10

dy

dx
= sin(xy); y(0) = π. (1.3)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Solution

The recipe of the solution is as under:

function [xvalues,yvalues]= euler(f,x0,y0,xn,n)
format long
n=10;
x0=0;
xn=1;
y0=pi;
x(1)=x0;
y(1)=y0;
xn=1;
dx=(xn-x0)/n;
for k=1:n
x(k+1)=x(k)+dx;
y(k+1)=y(k)+sin(x(k)*y(k))*dx;
end
xvalues=x’;
yvalues=y’
plot(xvalues,yvalues)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

The coding of Euler’s formula in Editor (Function M–File)

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 V:\ Research Project(Ph.D)\programing (articles)\FPDE CS 

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

1'3 Editor - .... 
EErn : '0 @. d' (!" I "l?1 · l14i + .. fr'.. l IE • €J <I .. If Jl •1 Stack:l Base ·II f>< 

+lEI 
lEI lEI - ILO I + I .;. lu l x 

1 - f unc t ion [xva lues ,yva lues ] = 1:: 
2 %l1ATLAB function !1-- File that solve the ODE 

3 - f orma t long 

4 - n= lO ; 

5 - x O=O; 

6 - 1-
7 - yO=pi ; 

8 % number of iterations 
9 - X (l) =xO; 

10 - y(l) =yO ; 

11 % left end point of the interval 

12 - x:n=l ; 

13 % Right end point of the interval 

14 - dx= (xn- xO)/n ; 

15 % length of n equally spaced subintervals 

16 - - f o r k= l : n 

17 - "' ( k+ l) =x ( k ) +dx; 1-
18 - X ( k+ 1) =y(k)+sin( x ( k)•y( k))• dx; 1-
19 % Euler's formula 
20 - en d 

21 - xva lues=x ' ; 
22 - 1-
23 - plo t (x v a lues ,yva lues ) 

24 

25 

scriptfilel.m x I sinepower.m x I sinefunction.m x I fictorialfunction.m X I[ xI inputfunction.m x I funvecxy.m x I funvec.m xl 

Figure: Coding of dy

dx
= sin(xy); y(0) = π using Euler’s Formula
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Output of the above coding shown in Command Window.

{1. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I .1' ... • Ill) I ti/J l§'n I I Current Folder: I Y:\ Research Project (Ph.D)\program ing (articles)\FPDE CS 

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

Command Window 

yvalues = 

an s 

3 . 141 5 9265 3589793 

3 . 141 5 9265 3589793 

3 . 172 4943 53027 288 
3 .2317717 525 071 23 

3 . 314 2338319 628 63 
3 . 411 2 45070 6138 5 7 

3 .5 10337 5 4130 2908 

3 .59 6343 6874 9349 1 
3 .65 4784 629956 404 

3 .67 638941994 2312 

3 .65 975 137349 2600 

0 

0 .200000000000000 

0 . 300000000000000 

0 . 400000000000000 
0 .500000000000000 

0 .600000000000000 

0 . 700000000000000 

0 . 800000000000000 

0 . 900000000000000 

1 . 000000000000000 

Jx.. » I 

Figure: Numerical solution (output) of dy

dx
= sin(xy); y(0) = π using Euler’s Formula
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Graphical view of the results of dy
dx

= sin(xy); y(0) = π.

iJ. MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

; '0 @ I d' - • ll) (!" I §!:1 I I Current Folder: I V:\ Research Project(Ph.D)\programing (articles)\FPDE CS 

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

File Edit View Insert Tools Desktop Window Help 

3.8 ,---,---.----.--.---,--,--.-----.----.----, 

jacob_inta.asv 
jacob_inta.m 
jacob_system_alphat.m 
jacob_system_alphax.m 
jacob_system_derx.m 
jacob_system_derxy.m 
jacob_system_dery.m 
jacob_two_vector_xy.m 

funvec.m (MATLAB F.:.un.:.ct:.:i.:.on:.:.> _____ _ 

I 

:: scriptfilel. m x sinepower.m x sinefunction.m x fict 1 

Command Window 

fx..» 

0 

0 . 100000000000000 

0 . 200000000000000 

0 . 300000000000000 

0 . 400000000000000 

0 .500000000000000 

0 .600000000000000 

0 . 700000000000000 

0 . 800000000000000 

0 . 900000000000000 

1 . 000000000000000 

3.7 

3.6 

3.5 

3.4 

3.3 

3.2 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

euler 

)) 

Val 

<11 

Ill • 
mand ... Cl ll x 

·3 2000 +25 000 • 

·c l c 

"' f Or k=1 : 5 

·end 

·c l c 

· f o r k=1 : 5 

···end 

·c l c 

- - 11/ 9 / 1 6 10 : 

·c l c 

·solve ( 

·solve ( ' x +lO*\ ·= 
·c l c -.. 

Ill • 
Ln 11 Col 33 I OVR 

Figure: Graphical view along with the command window and function M–File of
dy

dx
= sin(xy); y(0) = π.
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

The general form of improved Euler’s method is as under:

yk+1 = yk +
∆x

2
(y ′

k + f (xk+1, yk +∆xy ′

k)) , i = 0, 1, 2, .., n − 1. (2.1)

I will not go into the detail study of this method.

The detail is mentioned in MTH603.
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Find the numerical solution of the following differential equation on the
interval [0, 1] using improved Euler’s Formula for n = 10

dy

dx
= sin(xy); y(0) = π. (2.2)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Solution

The recipe of the solution is as under:

function [xvalues,yvalues ] = impeuler(f,x0,x1,xn,n)
format long
f = @(x , y)sin(x . ∗ y);
n=10;
x0=0;
y0=pi;
xn=1;
x(1)=x0;
y(1)=y0;
dx=(xn-x0)/n;
for k=1:n x(k+1)=x(k)+dx;
y(k+1)= y(k)+dx/2*(f(x(k),y(k))+f(x(k),y(k)+dx*y(k)));
end
xvalues=x’
yvalues=y’;
plot(xvalues,yvalues)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

The coding of Improved Euler’s formula in Editor (Function M–File)

II MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

'0 @ I .1' ... "'> t" I ti/J l§'n I I Current Folder: I Y:\ Research Project (Ph.D)\program ing (articles)\FPDE CS 

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

- ILO I + I .;. 11.1 I X I I o. 
1 - f unct ion [ xva lues ,yva lues ] = 1'--
2 - format long 

3 - f=@ (x , y) s in (x . •y) ; 

4 - n = lO ; 

S - x O=O; 

6 - yO=pi ; 

7 - xn= l ; 

8 - X (l) =xO; 

9 - y(l) =yO ; 

10 - dx= (x n - x O) /n ; 

11 - - f o r k=l : n 

12 - ,., ( k+1) =x ( k )+dx; 

13 - X( k+l) = y( k )+dx/ 2 •( f (x ( k ),y( k ))+ f (x ( k ),y( k )+dx•y( k ))) ; 1-
14 - e n d 

15 - 1-
1 6 - yva lues,:y' 

17 - plo t (xva lues ,yva lues ) 

18 

19 

20 

21 

:: scriptfilel .m xI sinepower.m xI sinefunction.m xI fictorialfunction.m xI euler.m xI inputfunction.m xI[;. ..1. · x J 

I I impeuler I Ln 7 Col 6 I OVR 

Figure: Coding of dy

dx
= sin(xy); y(0) = π using Improved Euler’s Formula
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Output of the above coding shown in Command Window.

MATLAB 7.10.0 (R2010a) 

fi le Cdit Debug Porollel W indow llelp 

; '0 I ... • Ill) (!o I !§!) I I Current Folder: I Y:\ Research Project (Ph.D)\program ing (articles)\FPDE CS 

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

x va lues 

an s 

0 

0 . 100000000000000 

0 .200000000000000 
0 . 300000000000000 

0 . 400000000000000 

0 .500000000000000 
0 .600000000000000 

0 . 700000000000000 

0 . 800000000000000 

0 . 900000000000000 
1 . 000000000000000 

0 

0 . 100000000000000 

0 .200000000000000 
0 . 300000000000000 

0 . 400000000000000 
0 .500000000000000 

0 .600000000000000 

0 . 700000000000000 

0 . 800000000000000 

0 . 900000000000000 
1 . 000000000000000 

Jx.. » I 

I"' Start I 

Figure: Numerical solution (output) of dy

dx
= sin(xy); y(0) = π using Improved

Euler’s Formula
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Graphical view of the results of dy
dx

= sin(xy); y(0) = π.

41. MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

; '0 @ I d' - • ll) (!" I §!:1 I I Current Folder: I V:\ Research Project(Ph.D)\programing (articles)\FPDE CS 

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

jacob_inta.asv 
jacob_inta.m 
jacob_system_alphat.m 
jacob_system_alphax.m 
jacob_system_derx.m 
jacob_system_derxy.m 
jacob_system_dery.m 
jacob_two_vector_xy.m 

funvec.m (MATLAB F.:.un.:.ct.:.i.:.on,::) _____ _ 

I 

:: scriptfilel. m x sinepower.m x sinefunction. 

Command Window 

fx..» 

0 

0 . 100000000000000 

0 . 200000000000000 

0 . 300000000000000 

0 . 400000000000000 

0 . 500000000000000 

0 . 600000000000000 

0 . 700000000000000 

0 . 800000000000000 

0 . 900000000000000 

1 . 000000000000000 

File Edit View Insert Tools Desktop Window Help 

3.8 r-----,.----.---r---.--.---.--...,--.---.----, 

3.7 

3.6 

3.5 

3.4 

3.3 

3.2 

3. 1 
0.1 0.2 0.3 0.4 0.5 0.6 0. 7 0.8 0.9 

I impeuler 

X 

)) 

ans 

Val 

<11 
@(x, €l t 

' I "' • 
Command ... Cl ll x 

' I 

"Cl c 

.. e uler 

.. c l c 

·· i mpe uler ( f, 0 , 

"Cl c 

··mpeuler ( f, 0 , t 

.. c l c 

·· i mpe uler ( f, 0 , 

"Cl c 

·· i mpe uler ( f, 0 , 

.. c l c 

·· i mpe uler ( f, 0 , = 
"C l C T 

Ill • 
I Ln 16 Col 12 I OVR 

Figure: Graphical view along with the command window and function M–File of
dy

dx
= sin(xy); y(0) = π.
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

The recursive relation of fourth–order Runge–Kutta Method is as under:

yk+1 = yk +
h

6
(K1 + 2K2 + 2K3 + K4) ,

where

K1 = f (xk , yk) ,

K2 = f

(

xk +
∆x

2
, yk +

∆x

2
K1

)

,

K3 = f

(

xk +
∆x

2
, yk +

∆x

2
K2

)

,

K4 = f (xk+1, yk +∆xK3) .

(3.1)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Example:

Find the numerical solution of the following differential equation on the
interval [0, 1] using Runge–Kutta method of fourth order for n = 10

dy

dx
= sin(xy); y(0) = π. (3.2)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Solution:

The coding of the solution is as under:

function [xvalues, yvalues ] = RungeKutta(x0,xn,f,n,y0)
format long
f = @(x , y)sin(x . ∗ y);
n=10;
x0=0;
xn=1;
y0=pi;
x(1)=x0;
y(1)=y0;
dx=(xn-x0)/n;
for k=1:n
x(k+1)=x(k)+dx;
k1=f(x(k),y(k));
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Solution Continuing

Solution:

k2=f(x(k)+dx/2,y(k)+dx/2*(k1));
k3=f(x(k)+dx/2,y(k)+dx/2*(k2));
k4=f(x(k+1),y(k)+dx+(k3));
y(k+1)=y(k)+dx/6*(k1+2*k2+2*k3+k4);
end
xvalues =x’;
yvalues=y’
plot(xvalues,yvalues)
title(’Runge Kutta method od order 4’);
xlabel(’x’);
ylabel(’y’);
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

The coding of Rumge–Kutta method in Editor (Function M–File)

(l. MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Windo w Help 

'0 @ I ,l' IIIII It) to I r:1J I I Current Folder: I \\lro-homes- 01 \ users S\ imranta lib\ My Documents\ MATLAB 

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

3 Editor-

'0 eJ • d' IIIII It) to I "&1 · I"' + .. I IE • €J <I .. IJ !I •1 Stack: I Base T II A 
- ILO I + I ... 11.1 I X I I o. 

1 - f unct ion [xva l ues, yva l ues ] = 

2 - format l o ng 

3 - f=@ ( x , y) s in (x. •y) ; 

4 - n= lO ; 
5 - xO=O; 
6 - xn= l ; 

7 - yO=pi; 
8 - X(l) =xO; 
9 - y(l) =yO; 

10 - dx= (xn- xO) / n ; 
11 - - f or k=l : n 

12 - ::> ( k+ l) =x ( k)+dx;j 
13 - k1 =f (X ( k) , y ( k) ) ; 
14 -
15 -

16 -
17 -

k2=f (x ( k)+dx/ 2,y ( k)+dx/ 2 *( k1)) ; 
k3=f (x ( k)+dx/ 2,y ( k)+dx/ 2 *( k2 )) ; 
k4=f (x ( k+ l),y( k)+dx+ ( k3)) ; 

18 - e nd 
19 - x v a l ues =x '; 

20 -
21 -

yva l ues:_y' 
plot( x va l ues,yva l ues ) 

22 - t i t l e ( ' Runge Kutta rr.ethod oct order 4 ' ) ; 

23 - x l abel ( ' x ' ) ; 

24 - ylabel ( •y • ) ; 

25 

26 
27 

28 

:I euler.m x inputfunction.m x I impeuler.m x ll xl 

1:: 

1-

1-

1-

Figure: Coding of dy

dx
= sin(xy); y(0) = π using Runge–Kutta Formula
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Output of the above coding shown in Command Window.

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-hom es-01 \ usersS\ imrantalib\ My Documents\ MATLAB 

Shortcu t s !!I How to Add !!I What's New 

Command Window 

yvalue s = 

3 . 141 5 9265 3589793 

3 . 15 759011837489 2 
3 . 204 62 4489 22 477 6 

3 . 27843498737941 6 

3 . 3 69987 693441434 

3 . 46600087 6394848 

3 . 55 190 61 660 20503 
3 . 615 49 6349 609 639 

3 . 6491894743 6665 7 

3 . 65075708173 6371 
3 . 6226 9710 29834 25 

an s 

fx..» 

0 

0 . 100000000000000 

0 . 200000000000000 
0 . 300000000000000 

0 . 400000000000000 
0 . 500000000000000 

0 . 600000000000000 

0 . 700000000000000 

0 . 800000000000000 

0 . 900000000000000 

1 . 000000000000000 

_. Start I 

Figure: Numerical solution (output) of dy

dx
= sin(xy); y(0) = π using Runge–Kutta

Formula
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Application of the Method

Graphical view of the results of dy
dx

= sin(xy); y(0) = π.

... MATLAB 7.10.0 (R2010a) 

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\ imranta lib\ My Documents\ MATLAB 

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

Curre... ,,_ Cl X Editor - Y·\ Siides MatlabVU\ Script files\ RungeKutta m 

•Iii « M ... · !PI> 
- I 

:o f3 •1 d' -· ll) (!"1 /:il '!i'J · I "' • • I liEl • €J <I .. IJll •1 Stack: f Base ·II !,. HliTl E3 X • fliii .. Sele ... · I 
.. , Cl X Workspace 

: ., I I Name • Value . "' "' 
1 ['iJ f u nc t ion [ x v a lues, yva lues I = I EB ans <llxl double> 

2 - format long 

D Name ... 

3 - f=@(x ,y) s in( x.•y ) ; IPJ Figure 1 l= l @l .....,_1 

4 - n= lO ; 
File Edit View Insert Tools Desktop Window Help ., 

5 - x O=O; 

6 - xn= l ; '0 f3 Q /:il l 0 • 11:!1 
7 - yO=pi ; 

8 - X (l) =xO; Runge Kutta method od order 4 

9 - y (l) =y O; 3.8 

10 - dx= (xn- x O)/n ; 

11 - [ f o r k= l : n 
3.7 

12 - ( k+ l) =x ( k ) +dx; 
Ill • 13 - k l =f (X ( k ) , y ( k ) ) ; --......_ 

::1_ euler.m x l_ inputfunction.m x l_ impeu ler.m x IJ RungeKutta .m xl 3.6 Histo ry ... Cl X 

l " f=@ (x, y) x ./y • 
Command Window l I 

3.5 I 
.. Rung eKutta (0 , 1 , f, 10 , 

0 ·· c l ear all 

0 . 100000000000000 
>. I .. Rung eKutta (0 , 1 , f, 10 , 

0 . 200000000000000 3.4 I ·· c l ear a ll 
0 . 300000000000000 I ·· c l c 
0 . 400000000000000 I ·· c l ear a ll 
0 . 500000000000000 3.3 I · f=@ (x, y ) x ./y 
0 . 600000000000000 I ·· Rung e Kutta (0 , 1 , f, 10 , 
0 . 700000000000000 3.2 I 
0 . 800000000000000 I 

·· c l ear a ll 

0 . 900000000000000 I 
·· c l c 

1 . 000000000000000 3.1 "Cl ear a ll 
! = 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 "Cl c • 

Details fx..» X Ill _I • 
41. Start I = I Ln 10 Col 14 l o v R 

Figure: Graphical view along with the command window and function M–File of
dy

dx
= sin(xy); y(0) = π.
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Taylor’s method of second order
Application of the Method

The basic idea of Euler’s method can be improved in a straight forward
manner by using higher order Taylor’s polynomials.

Remember that while deriving Euler’s method, we approximate y(x) with a
first order polynomial.

More generally, if we use a Taylor polynomial of order n, we obtain the
Taylor method of order n.

For example, if we use a Taylor polynomial of order 2, we get a Taylor
method of order 2.

Similarly, the idea can be extended to higher order Taylor methods by
increasing the order of Taylor polynomial.

Imran Talib VU Lecture NO.08 20

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB

V IMPORTANT



Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Taylor’s method of second order
Application of the Method

I will not go into the detail study of the second order Taylor’s method.

Simply, I will write down the iterative relation of the method, which is as
under:

yk+1 ≈ yk + f (xk , yk)∆x

+

(

∂f

∂x
(xk , yk) +

∂f

∂y
(xk , yk) f (xk , yk)

)

(∆x)2

2

(4.1)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Taylor’s method of second order
Application of the Method

Find the numerical solution of the following differential equation on the
interval [0, 1] using Taylor’s method of the second order for n = 10

dy

dx
= sin(xy); y(0) = π. (4.2)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Taylor’s method of second order
Application of the Method

Solution:

The MATLAB coding of the Method is given as under:

function [xvalues,yvalues] = Taylororder2(x0,xn,f,n,y0)
format long
n=10;
f = @(x , y)sin(x . ∗ y);
x0=0;
xn=1;
y0=pi;
x(1)=x0;
y(1)=y0;
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Taylor’s method of second order
Application of the Method

Solution:

dx=(xn-x0)/(n);
for k=1:n
x(k+1)=x(k)+dx;
y(k + 1) = y(k) + f (x(k), y(k)) ∗ dx + (y(k) ∗ cos(x(k) ∗ y(k)) + x(k) ∗
cos(x(k) ∗ y(k)) ∗ f (x(k), y(k))) ∗ (dx)2/2;
end
xvalues=x’;
yvalues=y’
plot(xvalues,yvalues)
xlabel(’x’);
ylabel(’y’); title(’Taylor’s method of second Order.’)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Taylor’s method of second order
Application of the Method

The MATLAB coding of Taylor’s method of second Order in Editor
(Function M–File)

1\. MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Windo w Help 

'0 @ I d' "' • It) t" I tJIJ I I Current Folder: I \\lro-h omes- 01 \ users$\ imranta lib\ Desktop 

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

Editor-

EErn '0 @. d' -· "" (!" I ?i'1 ·l14i .. . I itJ • €J <I .. If !I •1 Stack:l Base ·II !,. 
• lEI 

1m 1m - 11.0 I + I ..,_ lu l x 

1 lw 
2 - f unct ion [x v a lues ,yva lues ] = 1-
3 - f o rmat l o ng 
4 - n= lO ; 
5 - f=@(x ,y) s in( x . •y) ; 

6 - x O=O; 
7 - xn= l ; 

8 - yO=pi ; 

9 - X (1) =xO; 

10 - y (1) =yO ; 

11 - dx= (xn-xO) I (n) ; 

12 - - f o r k=1 : n 

13 - .!> ( k+1) =x ( k ) +dx; 1-
14 - X ( k+1) =y( k )+ f (x ( k ),y( k ))• dx +(y( k ) •cos (x ( k ) •y( k ) )+x ( k ) •cos (x ( k ) •y( k )) • f (x (k ) ,y( k ))) •( dx)A2 /2 ; 1-
15 

16 

17 - end 
18 - xva lues=x ' ; 
19 - yva lues:_y' 1-
20 - plot (x v a lues ,yva lues ) 
21 - x l ab e l ( ' x ' ) ; 

22 - yl ab e l ( • y • ) ; 

23 - t i t l e ( ' Tayl or rr.ethod of seco nd Order . ' ) 
24 

25 

26 

27 

euler.m X inputfunction.m x I impeuler.m x I RungeKutta.m X I[ I xI Picardmethod.m xl 
A Start I I T aylororder2 I Ln 7 Col 6 I OVR 

Figure: Coding of dy

dx
= sin(xy); y(0) = π using Taylor’s method of second Order.
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Taylor’s method of second order
Application of the Method

Output of the above coding shown in Command Window.

fl MATLAB 7.10.0 

File Edit Debug Parallel Desktop Window Help 

'0 f5 I eM> "' ") t" I r1J I I Current Folder: I \\lro-hom es-01 \ usersS\ imrantalib\ Desktop 

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

Command Window 

yvalues = 

an s 

3 . 14159265 358 9793 

3 . 157300 61 68 5774 2 
3 .2035 05 426002 15 7 

3 .27 66012787839 9 0 

3 . 3 69593 9730 23788 

3 . 471 275 3 65 48733 5 

3 .56666 70177 6 45 12 

3 .6791 56 45085292 3 

3 .68004 5711873733 
3 .6 457019377 6562 7 

0 

0 . 100000000000000 

0 .200000000000000 
0 . 300000000000000 

0 . 400000000000000 
0 .500000000000000 

0 .600000000000000 

0 . 700000000000000 

0 . 800000000000000 

0 . 900000000000000 

1 . 000000000000000 

Jx.. » I 

Figure: Numerical solution (output) of dy

dx
= sin(xy); y(0) = π using Taylor’s method

of second Order.
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Taylor’s method of second order
Application of the Method

Graphical view of the results of dy
dx

= sin(xy); y(0) = π.

II. MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Windo w Help 

'0 f5 I eM> ... • ") t" I r1J I I Current Folder: I \\lro-hom es-01 \ usersS\ imranta lib\ Desktop 

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

-® Editor- V·\ Siides MatlabVU\ Script files\ Taylororder2 m 

• • IIi « Desktop • • f P loO· : o •I eM> .... .., 7i1 · 1141 .. .. I IE • €J <I- If Jl •1 Stack:l Base ·II !,. 
D Nam e ... 

1±1 New folder 

III Review article 
III Review articles 

024_Belgace m_ICNPAA2016 -1 (l).pdf 
024_Belgacem _ICNPAA2016 -l.pdf m 2016-Properties of solutions of voltera-integr .. . 

Differential Equations Their Solutions Using S .. . 
@ Fancy-CV-HAJRA.docx 

Hammad .pdf 
Online Session Record.docx 

THESIS_Imran(31-11-2016).pdf 

Picture - Copy.JPG m Science International Circulation to All. PDF 

Details 

_. Start I 
A -

: ."" I - "" "" I 
1 

2 - f unct ion [x v a lues, yva lues ] = Ta y l 

3 - format long 
4 - n= lO ; 

5 - f =@(x ,y) s in( x - • y ) ; 
6 - x O=O; 
7 - xn=l ; 
8 - yO=pi ; 
9 - X(1) =x0 ; 

10 - y (1) =y0 ; 
11 - dx= (x n-xO) I (n) ; 
12 - - f or k=1 : n 

13 - !!. ( k+ 1) =x ( k ) +dx ; 

euler.m x l inputfunction.m x L impeuler.m x l Run 1 

Command Window 

0 
0 _100000000000000 

0 . 200000000000000 
0 . 300000000000000 

0 . 400000000000000 

0 . 500000000000000 

0 . 600000000000000 

0 . 700000000000000 
0 _800000000000000 

0 _900000000000000 

1 . 000000000000000 

fx..» 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

0 • 
Taylor method of second Order. 

3.8 

3.7 

3.6 

3.5 

>. 

3.4 

3.3 

3.2 

r-
3.1 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
X 

-+I Cl X Workspace -+I Cl X 
I 

HliTl E3 151 [QJ X f!l Sel ... · I >> 

Name• Val 

":'10 <1 

l= I @J I f3.. 1 

.,. 

1!:!1 

< I Ill I • 
Command ... -+1 [j X 

i " f =@(x ,y) s in( A 

j 

' 
.. c l c 

j " f =@(x ,y) s in( 

' "f x=d i ff (f, x ) 
! " f x=@(x ,y) f 

"fy=d i ff (f, y) 
l " fy=@(x ,y) fy 

·· [ xva lues, yva 
i ·· c l c 
! 
' 

.. c l ear a ll 

' .. c l c 

0.8 0.9 1 11/ 15 / 1 6 1( = 
'· .. ·c l c 

( c::::!!CJ • 

Figure: Graphical view along with the command window and function M–File of
dy

dx
= sin(xy); y(0) = π.

Imran Talib VU Lecture NO.08 27

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Find the numerical solution of the following differential equation on the
interval [0, 1] using Euler’s method for n = 20

dy

dx
=

y − x

y + x
; y(0) = 0.5. (5.1)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Find the numerical solution of the following differential equation on the
interval [0, 1] using Improved Euler’s method for n = 20

dy

dx
=

y − x

y + x
; y(0) = 0.5. (5.2)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Find the numerical solution of the following differential equation on the
interval [0, 1] using Runge–Kutta method of fourth order for n = 20

dy

dx
=

y − x

y + x
; y(0) = 0.5. (5.3)
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Euler’s Method
Improved Euler Method

Runge–Kutta Method
Higher Order Taylor’s Method

Exercises

Find the numerical solution of the following differential equation on the
interval [0, 1] using Taylor’s method of second order for n = 20

dy

dx
=

y − x

y + x
; y(0) = 0.5. (5.4)
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First–Order initial value problems

Numerical Solutions of ODEs in MATLAB

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

imrantalib@vu.edu.pk
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First–Order initial value problems

Outline

1 First–Order initial value problems
Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

First–Order initial value problems (IVPs)

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.

This command attempts to produce an approximate solution with error less
than or equal to 10−3.

This command produces the plot of the approximate solution by default.

To make the picture more clear, consider the following example:
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Example1:

Find the numerical plot of the following initial value problem on [0, 2]:

y ′(x) = y − x2 + 1, y(0) = 0.5

Solution:

Define the right hand side as an anonymous function, like that

f = @(x , y)y − x .2 + 1.

The dot in front of the power sign indicates that the function must be able
to operate on vectors.

The recipe of the solution is given in the next slide.
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

» f = @(x , y)y − x .2 + 1
f =
@(x , y)y − x .2 + 1
» ode45(f,[0,2],0.5)
» xlabel(’x’);
» ylabel(’y’);
» title(’Graphical view of the numerical solution of y ′(x) = y − x2 + 1’)

The graphical view of the approximate solution is given in the next slide
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

; '0 @ I d' ... ., (!" I §!:1 I I Current Folder: I \\lro-home s-01 \ usersS\ imranta lib\ My Documents\ MATLAB 

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

Command Window 

>> f=@(x ,y) y- x. A2+ 1 

f = 

@(x ,y) y- x. A2+ 1 

>> ode 45 ( f , (0 ,2 ) , 0 .5 ) 
>> x l ab e l ( ' x ' ) ; 

>> y l ab e l ( 'y' ) ; 

>> t i t l e ( 'Graph vie w of t he numerica l sol ut ion of dy/ dx 

A» 

41. Start 

' IPJ Figure 1 ireC3= 

File Edit View Insert Tools Desktop Window Help .,. 

Graph view of the numerical solution of dy/dx = y-x2+ 1 
5.5 r--.-----,,-----,,-----,-----,----,----,----,----,---, 

5 

4.5 

4 

3.5 

2.5 

2 

1.5 

X 

-+I Cl X 

tac k: I Select data to plot • 

Value M in Max 

<1xl sym> 
@(x,y)y-x,A2•1 

<llxl double> 0 2 
<llxl double> 0 2 
<llxl double> 1 2.2361 

<llxl double> 0.5000 5.3055 

Ill 

- x "2+1' , 'y(O) =O.S ' , ' x ' ) 

"2+ 1 

),0 .5 ) 

(! , 0 : 0 . 2 : 2, 0 .5 ) 

"2+ 1 

( 

····x l ab e l ( ' x ' ) ; 

····y l ab e l ( 'y' ) ; = 
·· .. t i t l e ( 'Gra ph vie 'N of t he nurr.erica l so -.. 

Ill 

Figure: Graphical view of the numerical solution of y
′(x) = y − x

2 + 1’
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Using ode45 command, we can also plot the family of solutions of the
above initial value problem.

For this, we have to define the initial condition y(0) at different values. For
example

y(0) = 0.5 : 0.2 : 3.

That is we have to change the third argument (0.5) of the command
ode45(f,[0,2],0.5) with 0.5:0.2:3.

Study the following example:
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Example2:

Plot the family of the approximate solutions of the following IVPs

y ′(x) = y − x2 + 1, y(0) = 0.5 : 0.2 : 3

Solution:

The recipe of the solution is as under:

» f = @(x , y)y − x .2 + 1
f =
@(x , y)y − x .2 + 1
» ode45(f,[0,2],0.5:0.2:3)
» xlabel(’x’);
» ylabel(’y’);
» title(’Graphical view of the family of the approximate solutions of
y ′(x) = y − x2 + 1’)

See also the following figure.
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

; '0 @ I d' ... ., (!" I §!:1 I I Current Folder: I \\lro-home s-01 \ usersS\ imranta lib\ My Documents\ MATLAB 

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

Command Window 

>> f=@(x , yl y- x. A2+1 

f = 

@(x ,yl y- x. A2+1 

>> ode 45 ( f , ( 0 ,2 ),0 .5: 0 . 2 : 31 

>> x l ab e l ( ' x ' ) ; 

>> y l ab e l ( 'y' ) ; 

>> t i t l e ( 'Graphic a l vie w o f t he family o f t he appro x imate o f $dy/ dx 

A» 

I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Windo w Help 

Graphical view of the family of the approximate solutions of $dy/dx = y-x2+ 1$ 

20 

15 

1.2 1.4 
X 

·· x l ab e l ( ' x ' ) ; 

····y l ab e l ( 'y' ) ; 

1.6 1.8 2 

.2361 

s o 

c 
·· .. t i t l e ( 'Gra phic a l vie 'N o f t he family o "" 

• I "' I • 
I OVR 

Figure: Graphical view of the numerical solution of y
′(x) = y − x

2 + 1’
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Extraction of the numerical values at some particular

domain values

Up to now, we see the results of the approximate solutions in the form of
graphs.

But using ode45 command, we can also extract the numerical values at
some specific domain values.

For this, we have to make some changes in the second argument of the
command ode45(f,[0,2],0.5).

Study the next example.
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Example3:
Compute the numerical values of the approximate solution of the following
IVP at x= 0:0.2:2

y ′(x) = y − x2 + 1, y(0) = 0.5

Solution:
The recipe of the solution is as under:
» f = @(x , y)y − x .2 + 1
f =
@(x , y)y − x .2 + 1
» [x,ya]=ode45(f,0:0.2:2,0.5)
x =
0
0.200000000000000
0.400000000000000
0.600000000000000
0.800000000000000
1.000000000000000
1.200000000000000
1.400000000000000
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Solution:

x = 1.600000000000000
1.800000000000000
2.000000000000000

ya =
0.500000000000000
0.829298806102213
1.214087852350423
1.648940818452941
2.127229773242783
2.640859343211129
3.179941816703143
3.732400315281681
4.283484106130412
4.815176603278762
5.305472351203669
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Solution:

Note that, MATLAB stores the domain values in vector x.

The corresponding approximate values are stored in vector ya.

The graphical view corresponding to these specific domain values is given
in the next slide.
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

; '0 @ I d' ... ., (!" I §!:1 I I Current Folder: I \\lro-home s-01 \ usersS\ imranta lib\ My Documents\ MATLAB 

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

Command Window 

>> f=@(x , y) y- x. A2 +1 

f = 

@(x , y) y- x. A2 +1 

>> [ x ,ya ) =ode 45 ( f , 0 : 0 . 2 : 2, 0 .5 ) 

X = 

ya 

0 

0 . 200000000000000 

0 . 400000000000000 
0 .600000000000000 

0 . 800000000000000 

1 . 000000000000000 
1 . 200000000000000 

1 . 400000000000000 

1 .600000000000000 

1 . 800000000000000 

2 . 000000000000000 

0 .500000000000000 

0 . 8 2929 880 61022 13 

1 . 2 140878 5 2350423 

1 .6 489408184 5294 1 
2 . 127229 773 2 42783 

2 .6 408 5 9343 2 111 29 

fx 3 . 1799 4181 6703143 

I 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

5 .5 

5 

4 .5 

4 

3.5 

3 

2 .5 

2 

1.5 

1 

0.5 
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 

Cl ll X Workspace 

• lliJi .. I Stack: Select data to plot · I -
l = I @) 111 i3oo. Name • Value M in Max 

.,. <1xl sym> 
@(x,y)y-x,A2•1 

t <llxl double> 0 2 
X <llxl double> 0 2 
y <llxl double> 1 2.2361 

ya <llxl double> 0.5000 5.3055 

-

( Ill ' 
Command History -+1 [j X 

.... t i t l e ( 'Gra ph vie 'N o f t he nurr.e ric al 30 A 

····c l c 

- f=@(x ,y) y- x. A2 +1 

... ode 45 ( f , ( 0 ,2 ),0 .5: 0 . 2 : 3) 
- ····x l ab e l ( ' x ' ) ; 

····y l ab e l ( 'y' ) ; 

.... t i t l e ( 'Gra phic a l vie 'N o f t he family 0 

·· .. c l c 

1.8 2 -· f=@(x ,y) y- x. A2 +1 

-( x ,ya ) =ode 45 ( f , 0 : 0 . 2 : 2, 0 .5 ) 

·· p l o t [x , ya ) 

·· .. p l o t 9 x , y a O = 
·· p l o t (x , ya ) 

' I Ill I • 

Figure: Graphical view of the numerical solution of y
′(x) = y − x

2 + 1 at some specific

domain values
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

We can also compare the exact and approximate solutions to observe the
accuracy of the ode45 command.

For this purpose, we have to find the exact solution of the under-discussion
differential problem.

The methodology is discussed in Example 4.

Example4:

Find the exact solution of the following IVP then compute its approximate
solution at x= 0:0.2:2 using ode45 command. Finally, makes the table of
the values of t, ya, and y(exact solution).

y ′(x) = y − x2 + 1, y(0) = 0.5
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Solution:

The recipe of the solution is as under:

» eqn = ′Dy = y − x2 + 1′;
» initialcondn= ’y(0)=0.5’;
» y= dsolve(eqn,initialcondn,’x’)
y =
2 ∗ x − exp(x)/2 + x2 + 1
» f = @(x , y)y − x .2 + 1;
» [x,ya]=ode45(f,0:0.2:2,0.5);
» [x , ya, 2. ∗ x − exp(x)./2 + x .2 + 1]

The output is displayed in the next slide
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

/ 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 

Workspace .. , Cl X 

>> eqn = 'Dy=y -xA2+1' ; 

>> ini t i a l condn= 'y(0) =0 .5 ' ; 

>> y = dso lve (eqn,ini t i a l condn, ' x ' ) 

y = 

2 • x - exp( x )/2 + x A2 + 1 

>> f=@(x ,y)y - x. A2+1 ; 

>> [x ,ya ) =ode 45 ( f ,0 : 0 .2:2 ,0 .5 ) ; 
>> [x ,ya , 2. • x - exp( x ) . / 2 + x. A2 + 1) 

an s = 

0 0 .500000000000000 0 .500000000000000 
0 .200000000000000 0 . 8 2929880 61022 13 0 . 8 29298 62091991 5 
0 . 400000000000000 1 .2 140878 52350423 
0 .600000000000000 1 .6 489408184 52941 1 .6 48940 59980474 6 
0 . 800000000000000 2. 127229773 2 42783 2. 1272295357537 67 

1 . 000000000000000 2.6 408 59343 2 111 29 2.6 408 5908 5770477 
1 .200000000000000 3 . 17994181 6703143 3 . 179941 538 6317 26 

1 . 400000000000000 3 . 732 40031 5281 681 3 . 732 40001 6577 662 

1 .600000000000000 4 .28348410 613041 2 4 .28348378780 2 443 
1 . 800000000000000 4 . 815 17 66032787 62 4 . 815 17 626 7793 527 

2. 000000000000000 5. 305 47235 1203 669 5. 305 4719 50534 675 

fx..» 

Name • 

ffi ans 

l()f 

Value Min Max 

<llx3 double> 
'Dy=y-xA2• 1' 
@(x,y)y-x.A2•1 
'y(0): 0,5' 
<llxl double> 
<lxl sym> 
<llxl double> 

0 5.3055 

i 
0 2 

co ya 0.5000 5.3055 

( Ill • 
Command History 

'·· [ x, ya, y) 

i · [ x, ya,2. • x - exp . (x ) ./2 + x. A2 + 1) 

: · [ x, ya,2. • x - exp( x ) ./2 + x. A2 + 1) 

! ·· c l c 

l ·· eqn = 'Dy=y-x"2+1' ; 

! ·· >>ini t i a l condn= ' y (0) =0 . 5' ; 

: ·» y 

! ·· c l c 

= dso lve (eqn , ini t i a l condn , ' x ' ) 

l ·· eqn = 'Dy=y-x"2+1' ; 

! ·· ini t i a l condn= 'y (0) =0 . 5' ; 

l ·· y = dsolve (eqn , ini t i a l condn , ' x ' ) 

i- f=@(x, y)y- x. A2+1 ; 

>- [ x, ya ) =ode 45 (f, 0 : 0 .2:2 ,0 .5 ) ; 
1 · [ x, ya,2. • x - exp( x ) ./2 + x. A2 + 1) 

= 

Figure: Comparison between exact and approximate solutions of y
′(x) = y − x

2 + 1 at

some specific domain values

Imran Talib VU Lecture NO.09 17

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Solution:

Note that, MATLAB stores the domain values in vector x.

The corresponding approximate values are stored in vector ya.

And the corresponding values of the exact solution are stored in y(Third
Column).

It is to be noted that the approximate solution is correct to atleast 4 digits
in all cases
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Limitations of the ode45 command

ode45 command will only compute a solution on an interval with the initial
condition is given at one of the end points.

We have discussed the case when initial condition is given at the left end
point in the above discussed examples.

But when the initial condition is given at the right end point of the
interval, then enter the values in decreasing order.

For example, to plot the approximate solution of
y ′(x) = y − x2 + 1, y(0) = 0.5 on the interval [−1, 0], type the following
syntax in the command

ode45(f,[0,-1],o.5).
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Example5:

Plot the approximate solutions of the following IVP at some specific
domain elements, x = −0.2,−0.4,−0.6,−0.8,−1, 0 in the interval [−1, 0]
using ode45 command.

y ′(x) = y − x2 + 1, y(0) = 0.5

Solution:

The recipe of the solution is as under:

» f = @(x , y)y − x .2 + 1;
» ode45(f,0:-0.2:-1,0.5)
» xlabel(’x’);
» ylabel(’y’);
» title(’Graphical view of the concerned IVP, when initial condition is
mentioned at the right end pont.’)

The graphical view of the approximate solution is given in the next slide.
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

, . / .lU.U (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 

>> f=@(x ,y) y- x. "2+ 1; f unc t ion 
>> ode 45 ( f, 0 : - 0 . 2 : - 1 , 0 . 5 ) % Plot c orrma n d f o r t h e give n IVP 

>> x l abel ( ' x ' ) ; 

>> y l abe l ( 'y' ) ; 

>> t i t l e ( 'Gr aphiv a l vie w o f t he conc e rne 
fx >> 

IPJ Figure 1 

File Edit View Insert Tools Desktop Window Help 

I = I @J lpe-S3-I 

.,. 

Graphival view of the concerned IVP, when initial condition is mentioned at the right end pont. 
0.5 

0.4 

0.3 

0.2 

>. 

0.1 

0 

-0.1 

-0.2 
-1 -0.9 -0.8 -0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 

X 

Workspace [j X I 
• rtii .. I Stack: Select data to plot 

Name • 

( 

Value 

@(x,y)y-x.A2•1 

Ill 

Min Max 

• 
Command History 

'····[ x ,ya,2 . *'x - exp (x ) . / 2 + x. "2 + 1 ] .... 

B ·%-- 10/19/1 6 10 :22 AH --% 

·· c l c 

· f=@ (x, y ) y - x. A2+ 1 ; %anonyreouu s f un 

"" Ode 45 ( f, 0 : - 0 . 2 : - 1 , 0 .5 ) % Plot c orrma 

·· x l abe l ( ' x ' ) ; 

.. y l abel ( 'y) ; 

.. c l c 

· f=@ (x , y) y - x. A2 +1 ; %anonyreouu s f un 

"" Ode 45 ( f, 0 : - 0 . 2 : - 1 , 0 .5 ) % Plot corrma 

·· x l abel ( ' x ' ) ; 

·y l abe l ( 'y' ) ; = 
.. t i t l e ( 'Gra phiv a l vie r11 o f t he conc e rne -.. 

• I "' I • 

Figure: Graphical view of the concerned IVP, when initial condition is mentioned at

the right end pont.
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Sometimes we are interested in finding the approximate solution of the IVP,
when initial condition is defined at the end points of the interval but the
end points of the interval are other than the initial point. Then in such
situation, we subdivide the interval

For example, if the initial condition is defined at 0, and the domain of
interest is [−1, 2], then the possible subdivision of the domain set is
[−1, 2] = [−1, 0]U[−1, 2].

Then we compute the approximate solution separately on each subinterval.

The procedure is explained in the coming slide.
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Example6:

Plot the family of the approximate solutions of the following IVP on the
interval [−1, 2]. using ode45 command.

y ′(x) = y − x2 + 1, y(0) = 1 : 0.2 : 3
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

Solution:

The recipe of the solution is as under:

» f = @(x , y)y − x .2 + 1;
» [x,y]= ode45(f,[0,-1],1:0.2:3);
» plot(x,y)
» hold on
» [x1,y1]=ode45(f,[0,2],1:0.2:3);
» plot(x1,y1)
» hold off
» xlabel(’x’);
» ylabel(’y’);
» title(’Graphical view of the approximate solution by subdividing the
interval’)

The graphical view is shown in the following slide
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First–Order initial value problems

Examples
Family of approximate solutions
Extraction of the numerical values at some particular domain values
Comparison between exact and approximate solutions
Limitations of the ode45 command
ode45 command when initial condition point lies between the interval

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 

Command Window 

>> f=@(x ,y) y - x . A2+ 1 ; %anonymouus function 
>> ( x ,y) = ode 45 ( f, (0 , - 1),1 : 0 . 2 : 3) ; 

>> p l ot (x , y ) 

>> ho l d 0:1 

>> ( x 1 ,y1) =ode 45 ( f, (0 ,2 ),1 : 0 . 2 : 3) ; 

>> p l ot (x 1 , y 1) 

>> h o l d off 

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

>> y l abe l ( 'y' ) ; 

% Plot corrroand for the given IVP 

% Plot c orrmand for the given IVP 

>> view of t he a ppro x imate solution by subdividing t he inter val' . ) 
??? t i t l e ('Gr aphic a l view of t he approx imate solut ion by s ubdividing t he interva l' . ) 

Error : Unexpected 11ATLA8 operator . 

>> t i t l e ( 'Gr aphic a l vie w of t he appro x imate solution by subdividing t he interva l' ) 
fx >> 

Cl ll X Workspace ... Cl X 

IPJ Figure 1 Ekz 

File Edit View Insert Tools Desktop Window Help .,. 

1 0 
2 

Graphical view of the approximate solution by subdividing the interval .9117 ... 3 
25 .-----.------.-----.------.-----.------, 23.778 

20 

15 

10 

5 

-0.5 0.5 
X 

• 

concerne ... 

uus fun 
); % p 

) ; % p 

1.5 2 

.... t i t l e ( 'Graphical view of the 

.... t i t l e ( 'Gra phic a l vi e w of t he approx im T 

• I "' I • 
1 .. Start I f'OvR.:! 

Figure: Graphical view of the family of approximate solutions by subdividing the

interval.

Γ (tau2 + 1 + i)
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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
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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
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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

Imran Talib VU Lecture NO.10 6

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



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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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

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 @ .. . 1 » . . I 

D 
+liD I - I + El X 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 
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 

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

e ·%-- 11/ 21 / 16 1( 
step vec = 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 

··t4atr i x a lqeb 
; ··c l c 

··rowvec = (2, 
; ··col vec=2: 6 

I i '-' 
··step vec = 2 : . 

>etails "' • I Ill I ' 

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

Matrix Algebra
Exercise

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
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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 , .. .. • » 

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

D adobetest.as v (2,5 
. col ve e = colvec [2;5 JN I I 

U euler.asv €) f <1 
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 >> colv e 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 iqur e (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 ""' 

odobetes t.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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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

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 \\l ro-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 Command Wlnd<!w ... 
)) 

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) =mes hqr 
1 ··contou r (X, Y, 

B %-- 11/24/1 6 ' 
.. 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

Imran Talib VU Lecture NO.10 16

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

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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Matrices in MATLAB
Matrices

Matrix Algebra
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

Matrix Algebra
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 Docume nts\ MATLAB 

: Shortcuts In How to Add In What's New 

Current Folder ,,_ Cl X · !B Editor Y·\Siides Matlab VU\ Script files\ Matrix algebra m Cl ll X Workspace Cl I - - I 

1111 · !Pi(}· lr. window 01 lliiiif '@ .. · I >> • • « MATLAB 

D Name • >> A=s ym( l 5 / 6, 1/6, 0 ;5/ 6, 0 , 1/ 6; 0 ,5 / 6, 1/ 6 )) Name • Val 

<3 
A = €i s <1 

'\ le 

I 5 / 6, 1/6, OJ 
I 5 / 6, o, 1/ 6] 

I o, 5 / 6, 1/ 6] 

>> B=s um( A) 

E = 

I 5 / 3, 1 , 1/3 ] 

• I Ill I ' 
fx. >> Command ... ... 

; .. ans = A 

; I 5 / 6, 5 / 6, 
; I 1/6, o, 
; I o, 1/6, 
; ·B=s um (A') 
; ·B = 
; I 1 , 1 , 1] 
; ··8 ' 

; .. ans = 
; "1 
; ·· c l c 
; .. A=sym ( 15 / 6, 1= 
; ·B=s um (A) T 

Details "' ! • ' 
41 Start I 

Figure: Display of the sum command
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

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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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Some useful operations on matrices

Sum of the entries of the row vectors of A

MATlAB 7.10.0 (R2010a) 

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 l r . Window 1'!1 .. · 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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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

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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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

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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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

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, .. • » 

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=s um( A ) A 

c = l. ·c l c 

1 
i · ·A=s ym( [ 5 / 6, 1 

l. B=d i aq(A ) 

A» B%-- 11/2 5 /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=s ym( [ 5 / 6, 1 

l .. B=s um( A( : ,en = 
' .. C=sum (A ( : , 2 ) 

)etails "' I • c::EQ ' 

Figure: Display of the sum command with colon operator
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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

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 in MATLAB
Matrices

Matrix Algebra
Exercise

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 

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:-

· 0 €3 • ('!Il l i;i, • ,. . .. I • €J 41 - If .!Ill • 1 Stade l Base 

.. ILO I + I .;. lu l x . 
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 

Workspace .. , Cl iCXJ 
HJ ITJ E3 Cjl '@ .. .. · I >> 

L.. 

-

-
_--

I Ln 

Name • Val 

A (1, 
B (1,4 
c [13, 

2 
2 

• I Ill I ' -
Command ... Cl ll x 

··x=lin space (0 ..... 

"plo t (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 in MATLAB
Matrices

Matrix Algebra
Exercise

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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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Matrices Multiplication
Determinant of a matrix
Inverse of a matrix

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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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Matrices Multiplication
Determinant of a matrix
Inverse of a matrix

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

Imran Talib VU Lecture NO.10 29

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

Matrices Multiplication
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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Matrices in MATLAB
Matrices

Matrix Algebra
Exercise

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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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




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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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

Linear Algebra and MATLAB

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

imrantalib@vu.edu.pk
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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

Outline

1 Eigen Values and Eigen Vectors

2 Reduced row echelon form

3 Solution of system of linear equations
Solution of equations when coefficient matrix have inverse

4 Elementary row operations

5 Spanning set

6 Exercise
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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

Computation of the eigen values and eigen vectors.

... l'f' I.I""'.' '-I"'IU l o.I.V oV \ 1'-'V.I.VO J 0 1 

File Edit Text Go Cell Tools Debug Parallel Desktop Windo w 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 

'=Sc=rip=t f=ile=s D • ;; Ill ill!! ") <" • 141 .. + • €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.as v 

adobediscussion.m 
0 adobetest.as v 

adobetest.m 
Eigenvaluesand eigenvectors.m 

0 Eigenvaluesandeigen vectors.as v 
Eigenvaluesandeigen vectors.m 

0 euler.asv 

0 fictorialfunction.as v 

fictorialfunction .m 

0 impeuler.a; v 
impeuler.m 

@ inputfunction.m 

Matrix algebra.m 
Matrixmultiplication.m 

0 picardinputfunc.as v 
picardinputfunc.m 

0 Picardmethod.as v 
Picardmethod.m 
RungeKutta .m 

0 scriptfilel.as v 
scriptfilel.m 

0 sinefunction.as v 
sinefunction.m 

0 Taylororder2.a sv 
® 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 of the matrix P denotes the eigen vectors of the 
%and the matrix D denotes tbe diagonal matrix with eigen values l 
%on the main diaginal 

:; adobetest.m x I euler.m x I X II , xl 

Details A Command Windo w 

"" Start I 

[W 

1-
8 

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 

( I 

··B= {O, 1 ,3 ;2 , 4, 1;6 , 1 , 

; .. c l c 

.. B=sym ( I o, 1 , 3 ; 2 , 4, 1 ; 

• "late x (B) 

"latex ( P) 

• "late x ( ( P, D] =e i g (B) ) 

"late x ( ( P, DJ =ei g (B) 

• "late x ( ( P, D] =e i g (B)) 

.. c l c 

• "late x ( ( P, D] =e i g (B) ) 

"late x ( ( 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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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 - I 
• Iii « Script files · [Pi <t· :o @•I .1' .... "" <" '&} ·I"' ., • I it] • €J <I .. IJ !I •1 Stack:J Base ·II t ... ID X fii .. Sel. .. · I -

D : ·"" I I .;._O x Name • Value Name • . "" "" 
0 adobediscussion.asv Command Window 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 
- 1.971 6 0 Eigenvaluesandeigenvectors.asv 

Eigenvaluesandeigenvectors.m 10 . 1881 

0 euler.asv 3 . 783 5 

.@ 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 .2 448 - 0 .96 03 
fn Matrix algebra.m Command History ... [j X 

0 . 49 00 0 .923 3 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=s ym ( [ 0 , 1 , 3 ; 2, 4 , 1 ; ® Picardmethod.m 

- 1.971 6 0 0 I ·· l atex (B) @ RungeKutta.m 
0 10 . 1881 0 ! D scriptfilel.asv · l atex ( P) 

scriptfilel.m 0 0 3 . 783 5 I ·· l atex ( ( P, D) =e i q (B)) 

0 sinefunction.asv 
Jx.. » I 

! · l atex ( ( P, D) ==e i q (B) 
sinefunction.m I ·· l atex ( ( P, D) =e i q (B)) 

D Taylororder2.asv ! ·· c l c @) T aylororder2.m I ·· l atex ( ( P, D) =e i 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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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 files 

: Shortcu ts !!I How to Add !!I What's New 

6 Editor- V:\ Siides_MatlabVU\ Script files\ Eigenvaluesandeigen vectors.m 

• J;j « Script files •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 adobediscuss ion.m 

0 adobetest.as v 
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 ate x ( ( P,D ) ==e iq(B) • 

·· l ate x ( [ P,D ) =e iq(B)) 

·· c l c 

·· l ate x ( [ P,D ) =e iq(B)) 

.. l ate x ( [ 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, 

.. rref(B) • 

Ill 

Figure: output of rref command
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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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 system of linear equations
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Exercise

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 -

• Iii « Script files · fPJ <t· :o M. II) (!o ';@ · I"' ., ,. • €J <I .. If ll • 1 Stack:J Base ·II !,. ID X rtii .. Sel. .. • 

D : •GI I I Name • Value Name • • Gl Gl 

D adobediscussion.as v 1 %solution of system of linear equations when coefficient matrix having - 0 <2x2 sym> A 

adobediscussion.m 2 %inverse <2xl sym> 

0 adobetest.as v 3 - c l ear a ll <2x2 sym> 

adobetest.m 4 - c l ose a ll <2xl sym> 

Eigenvaluesand eigen vectors.m s - c l c -0 Eigenvaluesandeigen vectors.as v 6 - A=s ym( [1 , 3 ;2, 4)) ; 
Eigenvaluesandeigen vectors.m 7 - B=s ym ( [ - 2; 1)) ; -0 euler.asv 8 - C=inv (A) ; 

.(gl) euler.m 
L... 

9 - X::f. •B 0 fictorialfunction.a sv • 

fictorialfunction.m adobetest.m x _l euler.m x _l Matrixmultiplication.m Xi Eigenvaluesandeigen vecto ... 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 =inlin e ( 'co s (x )+l/ 

0 Picardmethod.asv ' 
; .. vector i ze ( f ) ® Picardmethod.m fx.» 

@ RungeKutta.m 
i ·pl ot (0 : 0 . 1 : 1,an s ) 
' 

0 scriptfilel.a sv 
; ·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 • 
I 

Figure: Display of the MATLAB Editor with code of the solution of linear equations
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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

Solution of equations when coefficient matrix have inverse

Solution of linear equations

... / .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 

'0 .1' - ll:l!l It) ("' 'E · 1141 + + l iE • €J .. IJ 11•1 Stack:IBase •II j,. @. fil 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 =so lve (eqnl ,eqn2,eq n3) ; 
- X= doubl e ( [so l . x,so l . y,so l . z ] )' 

Name • 

IL 
eqn1 
eqn2 
eqn3 

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 
.. 

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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.

Imran Talib VU Lecture NO.11 16

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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 

P-:;]--:-o0--1· '0 @ • .1' IIIII "') (!o I ?i'J • 141 .. . I itJ • €J <I .. If Jl • I Stack: I Base •II /'!. • flii .. Sel... • 

D Name ... I - ll.O I + I .;. 11.1 I X I I o_ 
D adobediscussion.as v A a u ; 

1 4 - c l c; 
adobediscussion.m D adobetest.as v 5 - A= [3, 2, 1 ; 0 , 1 , 0 ; 1 , 2, 0 ] ; 

a'> 6 - b = (1, 2, 3 ) ' ; 
adobetest.m 
Eigenvaluesand eigen vectors.m 7 - Ab= [A b ) ; 

0 Eigenvaluesandeigen vectors.asv 8 - Ab ( 1, : ) = 1/3*'Ab ( 1, : ) ; 

Eigenvaluesandeigen vectors.m 9 - Ab ( 3, : ) =Ab ( 3, : ) - Ab ( 1, : ) ; 
0 euler.asv 10 - Ab( 1 , : ) =Ab( 1 , : ) - 0 .666 7*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.a sv 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 . 000 2 

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' 

- Command History 

; .. 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 atexc l 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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

Application of rref command

(1. MATLAB 7.10.0 (R2010a) 

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 -

• Iii « Script files · fPJ <t· :o M. II) ';@ · I"' • • • €J <I .. If ll •1 Stack:J Base ·II !,. ID X f!] If rj .. Sel. .. • 

D : •GI I I Name • Value Name • • Gl Gl 

U adobetest.asv A 1 - c l ear a ll ; Cl (-2,1;1,6] 
adobetest.m 2 - c l ose a ll ; <2x3 sym> 
Eigenvaluesand eigenvectors.m 3 - c l c; <1xl sym> 

0 Eigenvaluesandeigenvectors.asv r- 4 - b <2xl sym> syms a 
fil Eigenvaluesandeigenvectors.m s - A= [- 2, 1 ; 1 , 6 ) ; <2xl sym> 
0 euler.asv 6 - b= [a;b ) ; 

euler.m 7 - Ab= IA b ) ; 0 fi ctorialfun ction.asv 

fictorialfunction.m 
8 - s ym( rref (Ab)) 

0 impeuler.asv 
9 

@il impeule r.m :: x _l Eigenvaluesandeigenvecto ... xi Sollineareqns.m x l reducedechelonform.m x l systemlineareqnsolvecom ... x I( spaningset.m 
® inputfu nction.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.a sv - 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.a sv 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 

·· 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 • 
I 

Figure: MATLAB code to determine the weights
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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

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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Eigen Values and Eigen Vectors
Reduced row echelon form

Solution of system of linear equations
Elementary row operations

Spanning set
Exercise

Show that

(

h

k

)

is in the span of

(

−3 2
4 5

)

for any h and k.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Numerical Methods for Integration

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

imrantalib@vu.edu.pk
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Outline

1 Riemann Sum
Brief introduction
Examples
Random selection of the points

2 Numerical Methods for Integration Part–I
Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

3 Exercise
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Riemann Sum
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Outline

1 Riemann Sum
Brief introduction
Examples
Random selection of the points

2 Numerical Methods for Integration Part–I
Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

3 Exercise
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Brief introduction
Examples
Random selection of the points

The MATLAB built-in-function quad is used to approximate definite
integrals that could not be evaluated by Fundamental Theorem of Calculus.

In order to understand the type of calculation carried out by quad, we will
develop a variety of algorithms for approximating values of definite
integrals.

In this section we will introduce the Right End Point Method, Mid Point
Method.

First, we get the idea of Riemann sums
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Brief introduction
Examples
Random selection of the points

Let f (x) be a continuous function on interval [a, b], and suppose this
interval is partitioned by the values
a = x0 < x1 < x2 < ... < xn − 1 < xn = b.

Any sum of the form

R =

n
∑

k=1

f (ck)∆xk , (1.1)

where ∆xk = xk − xk−1, and ck ∈ [xk−1, xk ] is refer to as a Riemann sum
of f . Let

||P|| := max (∆x1,∆x2, ...,∆xn) (1.2)

denote the norm of the partition, then we say f is Riemann integrable if

lim||P||→0

n
∑

k=1

f (ck)∆xk (1.3)

exists.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Brief introduction
Examples
Random selection of the points

Example: Compute the Riemann sum of the function f (x) = e−x2

for n=4,6,8,
10, 100, and 1000 by choosing cK as the right end point of the interval [0, 2].
Solution:

If we take a regular partition with n intervals, then each interval has length
∆x = b−a

n
.

The kth end point is xk = a + k∆x .

The Riemann sum becomes

R =

n
∑

k=1

f (ck = a + k∆x)∆xk , (1.4)

Particularly, for n = 4, it becomes

R =

4
∑

k=1

f (ck = 0 + k0.5)0.5, (1.5)
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Brief introduction
Examples
Random selection of the points

MATLAB code

The MATLAB code for the solution is as under:

function value=riemannsum1(f,a,b,n)
clear all;
clc;
close all;
a=0;
b=2;
n=100;
value=0;
f=inline(′exp(−x2)′);
dx=(b-a)/n;
for k=1:n
c=a+k*dx;
value=value+f(c);
end
value=dx*value
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Brief introduction
Examples
Random selection of the points

Riemann sum when ck is chosen as the right end point of each sub-interval.

MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools 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 113 Editor- CD Workspace -+I Cl X 

• Iii « Script files · fPJ <t- M. 
"" 

';@ · I"' ., ,. • €J <I .. If ll • I Stack:! Base ·II !,. rEL · X rtii .. Sel. .. • 

D 
•GI - ILo I+ I .., lu l x Name • Value Name • Gl Gl 

D adobediscussion.asv 
L ' Q ' e,, !;!' !11 -1'-- 0.8723 A A 

adobediscussion.m r 2 - c l ear a ll ; 

0 adobetest.asv 
3 - c l c; 1-

adobetest.m 
4 - c l ose a ll ; 

D Assignmentls ol.asv 
s - a =O; 

Assignmentlsol.m 
6 - b=2; 

D Assignmentls olq2.asv 7 - n = 100 ; 

AssignmenUsolq2. m 8 - v a lue =O; 
I= 

Eigenvaluesand eigenvectors.m 9 - f =inlin e ( ' exp( -xA2)' ) ; 

0 Eigenvaluesandeigenvectors.asv 10 - d x= (b- a ) /n ; l 

Eigenvaluesandeigenvectors.m - 11 - f o r k= 1 : n 

D euler.asv 12 - c =a+k *dx ; 

euler.m 13 - v a lue=va lue+f (c ) ; 1- ' I Ill I · I 0 fictorialfunction.asv 14 - end 
fictorialfunction.m 15 v a ' 

,,., *va lue Command History -+I Cl X 

0 impeuler.asv i ·· c l c A 

' 
.@ impeuler.m Command Window -+I Cl ; · f =inlin e ( ' exp ( -xA2) 

® inputfunction.m i ·· c l c 
Matrix algebra.m ' value = 
Matrixmultiplication.m 

; "r i emanns uml 

0 picardinputfunc.asv 
'-- \ "Cl c 

0 . 8 723 
B %--picardinputfunc.m 12/ 23 / 16 9:3 0 Al1 

D Picardmethod.asv i ·· c l c 
Picardmethod.m 

' 
an s = 

; ·ran d (1) 
0 reducedechelonform.asv i ·· ran d (N) 

reducedechelonform.m ' 

D riemannsuml.asv 
0 . 8723 ; ·ran d (2 ) 

® riemannsuml.m 
i ·ran d (3) 
' 

RungeKutta.m A» ; "Cl c 
n scriotfilel.asv T \ = 

I 
·ran d (1, 2 ) T 

Details "' ' Ill • 
I I nemannsuml I Ln 10 Col 12 l ovR 

Figure: Riemann sum of the function e
−x

2

on [0,2] for n=100.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Brief introduction
Examples
Random selection of the points

One interesting aspect of the Riemann sum is that the point ck need not
be chosen in the same place on each interval.

For example, suppose we partition the interval [0, 1] with
x0 < x1 = 2

3
< x2 = 4

3
< x3 = 2. If we choose c1 as the left point of the

interval [0, 2/3], c2 as the right end point of the interval [2/3, 4/3], and c3

as the left end point of the interval[4/3, 2]. Then the possible Riemann
sum in this case is:

f (0)
2

3
+ f (2/3)

2

3
+ f (4/3)

2

3
. (1.6)
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Brief introduction
Examples
Random selection of the points

Example: Compute the Riemann sum of the function f (x) = e−x2

for n= 100
by choosing cK is randomly selected on the interval [0, 2].
Solution:

To choose randomly the points cK , we know that the points
c = (1 − r)a + rb moves from a to b as r goes from 0 to 1.

Our generic interval is [a + (k − 1)∆x , a + k∆x ] and rand denotes a value
randomly chosen between 0 and 1.

Therefore, c = (1 − rand)(a + (k − 1)∆x) + rand(a + k∆x)) will give the
formula that we use to develop the MATLAB code for randomly selection
of the points.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Brief introduction
Examples
Random selection of the points

Solution:

The MATLAB code for the solution is as under:

function value=riemannsum2(f,a,b,n)
clear all;
clc;
close all;
a=0;
b=2;
n=100;
value=0;
f=inline(′exp(−x2)′);
dx=(b-a)/n;
for k=1:n
c=c=dx*rand+(a+(k-1)*dx);
value=value+f(c);
end
value=dx*value
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Brief introduction
Examples
Random selection of the points

Riemann sum when the points ck is selected randomly.

li MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

'0 f5 I eM> ... • ll) t" I r1J I I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

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

Current Folder 1<- Cl X 0 Editor - V:\Siides MatlabVU\Script files\riemannsum2-m ICI Workspace -+I Cl X l 
• Iii « Script files · fPJ <t- '0 @•I eM> .... .., (lo '&} · I"' .. .. fr'.. l • €J <I .. If Jl •1 Stack:J Base ·II !>< ID •In Ill .. Sel. .. • ·-
D •lEI I I Name • Value Name • lEI lEI 

D adobed iscussion.asv A 1 - f unction 0 1;1;1 ans 0.8825 
r -adobed iscussion.m 2 - c l ear a ll ; <lxl inline> 

D adobetest .asv 3 - c l c; 

adobetest .m 4 - c l ose a ll ; 
0 Assignmentls ol.asv s - a =O; 

Assignmentlsol.m 6 - b =2; 
D Assignmentlsolq2.as v 7 - n =100 ; 

Assignmentlsolq2. m 8 - va lue =O; 
!iJ Eigenvaluesand eigenvectors.m 9 - f =inlin e ( ' e xp( - x A2) ' ) ; 
0 Eigen valuesande igenvectors.as v 10 - d x= (b- a )/n ; 

Eigenvaluesandeigenvectors.m -
0 euler.asv 

11 - - f or k=1 : n 

12 - c= d x • rand+ (a+ ( k- 1)•dx) -@ euler.m 
13 - va lue=va lue+f (c ) ; ' I Ill I • D fictorialfunction.asv 

fictorialfunction.m 14 - end Command History -+I Cl X 

0 impeu ler.asv 15 - va lue =dx *va lue; El %-- 12/ 26/ 16 12 : 35 PH ""' 

impeu ler.m riemannsuml.m x If riemannsum2.m xl i ·· c l c 
@II inputfunction.m ' 

Command Window -+I Cl x_"' 
; "r i emanns um2( f, 0 ,2,E 

Matrix algebra.m i .. f =inlin e ( ' exp ( -x"2) !!J Matrixmultiplication.m 
A 

' '--- = ; .. r i emanns um2( f, 0 ,2,E 0 picardinputfunc.asv c = 

picardinputfunc.m i 
' 

"Cl c 

0 Picardmethod.asv 0 . 0080 ; "r i emanns um2( f, 0 ,2,E 
® Picardmethod.m i "Cl c 
0 reducedeche lonform.asv ' 

; .. r i emanns um2( f, 0 ,2,E 
reducedeche lonform.m c = i "Cl c 0 riemannsuml.as v ' 

.@ riemannsu ml.m 
; "r i emanns um2( f, 0 ,2, l 

0 . 0 2 15 
® riemannsu m2.m i "Cl c 

' = .&'11 RunaeKutta.m ' .. r i emanns um2 (f, 0 , 2, l-.. 
Details A 

-- fx.. _r. = ' I Ill I • 
_. Start I I nemannsum2 I Ln 7 Col 7 

Figure: Riemann sum of the function e
−x

2

on [0,2] for n=100.

Imran Talib VU Lecture NO.12 11

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

The important observation for evaluation of the definite integrals using
Riemann sum is that if a function is increasing then approximation by
evaluation at right end points always overestimates the area, while
approximation by evaluation at left end point always underestimates the
area.

Precisely the opposite is true for decreasing functions.

So, in order to address this Trapezoidal Rule takes an average of these two
approximations. That is

Tn ≈

∑n

k=1 f (xk)∆xk +
∑n

k=1 f (xk−1)∆xk

2
,

≈
b − a

n

(

f (b) + f (a)

2
+

n−1
∑

k=1

f (xk)

)

, ∆xk =
b − a

n
.

(2.1)
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

Example: Compute the definite integral of f (x) = e−x2

using Trapezoidal Rule
considering hundred sub-intervals (that is, n= 100) on the interval [0, 2].
Solution:

Here, ∆xk = b−a
n

= 0.02.
∑99

k=1 f (xk) = f (1) + f (2) + ...+ f (99).

Then Trapezoidal approximation for this case becomes:

Tn =≈
b − a

n

(

f (b) + f (a)

2
+

n−1
∑

k=1

f (xk)

)

, ∆xk =
b − a

n
,

T100 =≈
2 − 0

100

(

f (2) + f (0)

2
+ f (1) + f (2) + ...+ f (99)

)

.

(2.2)
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

The MATLAB code for the solution is as under:

function value=trapezoidalrule(f,a,b,n)
clear all;
clc;
close all;
sum=0;
a=0;
b=2;
n=100;
f = inline(′exp(−x2)′);
dx = (b − a)/n;
Averagevalue=(f(b)+f(a))/2;
for k=1:(n-1)
c = a + k ∗ dx ;
sum=sum+f(c);
end
Answer= (sum+Averagevalue)*dx
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

Trapezoidal approximation of definite integral.

j.. MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

'0 @ I d' ... ll) (!" I §!:1 I I Current Folder: I V:\ Siides_MatlabVU\ Script files 

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

Details 

41. Start 

- f unc t ion 

c l ear a ll ; 

c l c; 

c l ose a ll ; 
s um=O; 

a=O; 

b=2; 
n =100 ; 

f=inlin e ( ' e x p (- x A2 ) ' ) ; 

dx= (b- a )/n ; % Uniform length of each subinterval 

Averaqe va lue= ( f (b ) +f (a ))/ 2; %Average value at end points of the interval lf ,2 1 
- f o r lc=1 : (n- 1) 

c=a+ k *'dx; 
s um=sum+f (c ) ; 

e nd 
Ans wer= (s um+Average v a lue ) *dx 

;: riemannsuml.m x I riemannsum2.m x I( · xl 
Command Window 

Ans wer = 

0 . 882 1 

A» 

Name • 

": '-- ffi an; 

-

' I Ill 

Command History 

Value 

0.5000 

• 

i ·· c l c .... 

- ' .. r i emanns um2 ( f, 0 , 2, l 

l ·· c l c 
-

' .. syms x 

1- d i ff (s in( x - 2 ) ,x) 

' .. c l c 

1- d i ff (s in( x - 2 ) ,x) 

.. c l c -

I 

I trapezo1dalrule 

8·· %-- 12/ 27 / 16 10:37 Al1 

' I 

' .. c l c 

1- 0 .5092+ 1 .2880 +1 .65! 

-5.2 142 •0 .5 

: ·1.3000*0 .2 
Ill 

I Ln 11 Col 7 

= 
• 

Figure: Evaluation of the definite integral of the function e
−x

2

using Trapezoidal Rule
on [0,2] for n=100.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

The idea behind Simpson’s Rule is to proceed by approximating f (x) by
quadratic polynomials rather than by linear one (lines).

More generally, any order of polynomial can be used to approximate f , and
higher orders give more accurate method.

The general form of Simpson one–Third Rule is given as under:
∫ xn+h

x0

f (x)dx ≈
∆

3

[

(y(x0) + y(xn)) + 4 (y(x1) + y(x3) + ...+ y(xn−1))

+ 2 (y(x2) + y(x4) + ...+ y(xn−2))

]

.

(2.3)
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

Example:

Compute the definite integral of f (x) = e−x2

on the interval [0, 2] using
Simpson’s one–Third Rule by dividing the interval [0, 2] into 6 sub-intervals
.

Note:

While using Simpson one–Third Rule, the given interval of integration must
be divided into an even number of sub-intervals, since we find the area over
two sub-intervals at a time.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

Solution:

For this case, n = 6(must be even).

Calculate the width, ∆x = 2−0
6

.

Calculate the values of x0 to x6 as
x0 = 0, x1 = 0 +∆x , x2 = 0 + 2∆x , ..., x6 = 0 + 6∆x = 2.

Now find the values of f (x) = e−x2

from y(x0) to y(x6) for the
corresponding x0 to x6.

Finally, substitute all the above found values in the Simpson one–Third
Rule to calculate the approximate integral value.

Imran Talib VU Lecture NO.12 18

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

MATLAB code for the above example

The MATLAB recipe for the Simpson’s one–Third Rule is as under:

function simpson=Simpsononethird(f,a,b,n)
format long
clear all;
clc;
close all;
sum1=0;
sum2=0;
a=0;
b=2;
n=6;
f = inline(′exp(−x2)′);
dx=(b-a)/n;
value=f(b)+f(a);
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

MATLAB code for the above example

for k=1:n-1
c=a+k*dx;
if mod(k,2)==0
sum1=sum1+2*f(c);
else
sum2=sum2+4*f(c);
end
end
sum=sum1+sum2;
Answer=(value+sum)*(dx/3)
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

Simpson’s one–Third Rule to approximation the area.

/).. MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

'0 I cl' 1111 "> I r:1J I I Current Folder: I V:\ Siides_MatlabVU\ Script files 

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

'0 f:3 rzil cl' 1111 It) · I"' .. .. fr!. l • €J 41 .. 1J 11•1 Stack:! Base •II /'!. Ill Sel ... • 

I D Name ... - ILO I + I .;. lu I X I I o_ 
0 adobediscussion.asv 

adobediscussion.m 
0 adobetest.as v 

W Assignmentlsol.as v 
Assignmentl sol.m 

D Assignmentlsolq 2.asv 
Assignmentl solq2.m 
Eigenvaluesand eigenvectors.m 

0 Eigenvaluesandeigenvectors.asv 
Eigenvaluesandeigenvectors.m 

0 euler.asv 
@il euler.m 

0 fictorialfunction.asv 
fl fictorialfunction.m 
0 impeuler.asv 
@) impeuler.m 
® inputfunction.m 

Matrix algebra.m 
fJ Matrixm ultiplication.m 

D picardinputfunc.asv 
picardinputfunc.m 

0 Picardmethod.asv 
Picardmethod.m 

D reducedechelonform.asv 
reducedechelonform.m 

0 riemannsuml.a sv 
® riemannsuml.m 
@il riemannsum2.m 

RunaeKutta.m 
(MATLAB Script) 

Start I 

1 

2 -
3 -
4 -
s -
6 -
7 -
8 -
9 -

10 -
11 -
12 -
13 -
14 -
15 -
16 -
17 -
18 -
19 -
20 -
21 -
22 -
23 

- f unct ion % Simpson one -third rule 
forma t long 

c l ear a ll ; 
c l c; 
c l ose a ll ; 
s uml =O; 
s um2=0 ; 
a=O; 
b=2; 

n= 6; 
f =inlin e ( ' e xp(- x h2) ' ) ; 

d x= (b - a )/n ; 

v a lue = f (b ) +f (a ) ; 
- f o r lc=1 : n - 1 

c =a+k*dx ; 

e nd 

ll mod ( k,2 ) ==0 

s uml =s um1 +2 * f (c ) ; 

e l se 
s um2 =s um2 + 4* f (c ) ; 

e nd 

s um=s um1+sum2; 

% Uniform length of each subinterval 
% Average value at end points of the interval [0,2 ] 

1:: riemannsuml.m xI riemannsum2.m xI X If 

Command Window 

0 . 882 031 5 7495 472 1 

Name • Value 

-: 1'-- <1xl sym> 

1-
<lxl inline> 
<1xl sym> 

I= 
' I "' • 
Command History Cl ll X 

1-
; "Cl c • 
' 
; - d i ff (ln( x ) +s in( x ) , l 
; ·· s yms X 

; - d i ff ( 'ln( x )+sin( x ) • 
! ·· s yms X 

1- ; - d i ff (ln( x ) +s in( x ) , l 

i ·· d i ff (log (x ) +s in (x ) , 
' 
; ·· c l c 

' 
·· Si mpso no nethreee igt 

... 0 X 

• 

; .. c l c 
! - f =inlin e ( '1/(1+ x h2) 

0 
; ·· Si mpso no nethreee i g t 
1 = 

"Cl c 

' I Ill • 
I S1mpsononeth1rd I Ln 1 Col 67 I OVR 

Figure: Evaluation of the definite integral of the function e
−x

2

using Simpson’s
one–Third Rule on [0,2] for n=6.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

While using Simpson’s Three-Eight Rule, the given interval of integration
must be divided into sub-intervals whose number n is a multiple of 3.

The general form of Simpson’s Three-Eight Rule is given as under:

∫ xn+h

x0

f (x)dx ≈
3∆

8

[

(y(x0) + y(xn)) + 3 (y(x1) + y(x2) + ...+ y(xn−1))

+ 2 (y(x3) + y(x6) + ...+ y(xn−3))

]

.

(2.4)
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

Example:

Compute the definite integral of f (x) = e−x2

on the interval [0, 2] using
Simpson’s Three-Eight Rule by dividing the interval [0, 2] into 6
sub-intervals .

Solution:

For this case, n = 6(must be a multiple of 3).

Calculate the width, ∆x = 2−0
6

.

Calculate the values of x0 to x6 as
x0 = 0, x1 = 0 +∆x , x2 = 0 + 2∆x , ..., x6 = 0 + 6∆x = 2.

Now find the values of f (x) = e−x2

from y(x0) to y(x6) for the
corresponding x0 to x6.

Finally, substitute all the above found values in the Simpson’s Three-Eight
Rule to calculate the approximate integral value.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

MATLAB code for the above example

The MATLAB recipe for the Simpson’s Three-Eight Rule is as under:

function simpson38=Simpsononethreeeight(f,a,b,n)
format long
clear all;
clc;
close all;
sum1=0;
sum2=0;
a=0;
b=2;
n=6;
f = inline(′exp(−x2)′);
dx=(b-a)/n;
value=f(b)+f(a);
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

MATLAB code for the above example

for k=1:n-1
c=a+k*dx;
if mod(k,3)==0
sum1=sum1+2*f(c);
else
sum2=sum2+3*f(c);
end
end
sum=sum1+sum2;
Answer=(value+sum)*(3*dx/8)
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Trapezoidal Rule
Simpson’s one–Third Rule
Simpson’s Three-Eight Rule

Simpson’s Three-Eight Rule to approximation the area.

1(\. MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

'0 f5 I eM> "' ll) t" I r1J I I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

Shortcuts !!I How to Add !!I What's New 
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Figure: Evaluation of the definite integral of the function e
−x

2

using Simpson’s
Three-Eight Rule on [0,2] for n=6.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

For the following integral

∫ 5

1

√

(1 + x3)dx . (3.1)

Compute the Riemann sum approximation using 100 equally spaced
sub-intervals and left end points.

Compute the Riemann sum approximation using 100 equally spaced
sub-intervals and right end points.

Compute the Riemann sum approximation using 100 equally spaced
sub-intervals and mid points.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Exercise

Compute the following integral

∫ 5

1

√

(1 + x3)dx (3.2)

Using the Trapezoidal Rule considering 10 equally spaced sub-intervals.
Using the Trapezoidal Rule considering 100 equally spaced sub-intervals.
Using the Trapezoidal Rule considering 1000 equally spaced sub-intervals.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Exercise

Compute the following integral

∫ 5

1

√

(1 + x3)dx (3.3)

Using the Simpson’s One-Third Rule considering 6 equally spaced
sub-intervals.
Using the Simpson’s One-Third Rule considering 30 equally spaced
sub-intervals.
Using the Simpson’s One-Third Rule considering 300 equally spaced
sub-intervals.
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Riemann Sum
Numerical Methods for Integration Part–I

Exercise

Exercise

Compute the following integral

∫ 5

1

√

(1 + x3)dx (3.4)

Using the Simpson’s Three-Eight Rule considering 6 equally spaced
sub-intervals.
Using the Simpson’s Three-Eight Rule considering 30 equally spaced
sub-intervals.
Using the Simpson’s Three-Eight Rule considering 300 equally spaced
sub-intervals.
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Polynomials

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

imrantalib@vu.edu.pk
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Outline
1 Importance of orthogonal polynomials

Orthogonal Functions
Orthonormal Functions
Orthogonal Polynomials
Orthonormal Polynomials
Properties of Orthogonal Polynomials

2 Some Important Orthogonal Polynomials
Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

3 Function Approximation using Jacobi Polynomials

MATLAB code to determine the constant factor R
(α,β)
T ,j , j = 0, 1, 2, ..., n, ...

Exercise
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Functions
Orthonormal Functions
Orthogonal Polynomials
Orthonormal Polynomials
Properties of Orthogonal Polynomials

Orthogonal polynomials are very much important in view of the
development of the numerical schemes of certain types of differential
equations.

The numerical solution of many fractional and integer order ordinary and
partial differential equations is based on the orthogonal polynomials. A
number of research articles are available in the existing literature in which
the numerical schemes have been developed using orthogonal polynomials.

These polynomials exhibit the numerical solution in a series form.

Frequently used orthogonal polynomials are Legendre polynomials, Jacobi
polynomials, Bernstein polynomials, and Hermite polynomials.

There we get the precise idea of these polynomials.
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Functions
Orthonormal Functions
Orthogonal Polynomials
Orthonormal Polynomials
Properties of Orthogonal Polynomials

Two functions fi (x) and fj(x) are orthogonal on an interval [a, b], if

∫ b

a

fi (x)fj(x)dx = 0 (1.1)

Mathematically, we say that the inner product of the functions fi (x) and
fj(x) is zero.
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Functions
Orthonormal Functions
Orthogonal Polynomials
Orthonormal Polynomials
Properties of Orthogonal Polynomials

Two functions fi (x) and fj(x) are said to be orthonormal, if

∫ b

a

fi (x)fj(x)dx = δij ,

where

(1.2)

δij = 1, i = j

= 0, i 6= j
(1.3)

Imran Talib VU Lecture NO.13 5

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Functions
Orthonormal Functions
Orthogonal Polynomials
Orthonormal Polynomials
Properties of Orthogonal Polynomials

A set of orthogonal polynomials is an infinite sequence of polynomials,
p0(x), p1(x), p2(x), ...pn(x), ....

Where pn(x) is a polynomial of degree n.

Any two polynomials in the set are orthogonal to each other, that is,

∫ b

a

pi (x)pj(x)dx = 0, i 6= j (1.4)
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Functions
Orthonormal Functions
Orthogonal Polynomials
Orthonormal Polynomials
Properties of Orthogonal Polynomials

The set of polynomials is orthonormal, if

∫ b

a

pi (x)pj(x)dx = δij . (1.5)

Note:

The interval [a, b] is known as the interval of orthogonality and may be
infinite at one or both ends.

Any infinite sequence of polynomials pn, with pn having degree n forms a
basis for the infinite-dimensional vector space of all polynomials.
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Functions
Orthonormal Functions
Orthogonal Polynomials
Orthonormal Polynomials
Properties of Orthogonal Polynomials

Any polynomial g(x) of degree n can be expressed as a linear combination
of orthogonal polynomials:

g(x) =
n

∑

i=0

cipi (x). (1.6)

Where ci is constant and can be determined easily.

Given an orthogonal set of polynomials p0(x), p1(x), p2(x), ..., pn(x), ...,
each polynomial, pk(x), is orthogonal to any polynomial of degree < k.

Each polynomial in p0(x), p1(x), p2(x), ..., pn(x), ... has all n of its roots
real distinct and strictly within the interval of orthogonality. That is not on
its ends.
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

Jacobi polynomials was first introduced by Carl Gustav Jacob Jacobi
(1804–1851).

These polynomials are solutions of the second order homogeneous
differential equations of the form:

(1 − x2)y ′′(z) + (β − α− (β + α+ 2)) y ′(z) + n (n + α+ β + 1) y(z) = 0.

(2.1)

The two parametric shifted Jacobi polynomials defined on [0, τ ] in one
dimension is defined as:

P(α,β)
n (x) =

i
∑

k=0

(−1)(i−k)Γ(i + β + 1)Γ(i + k + α+ β + 1)

Γ(k + β + 1)Γ(i + α+ β + 1)Γ(i − k + 1)Γ(k + 1)τk
xk ,

(2.2)

where i = 0, 1, 2, ...
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

Orthogonal Shifted Jacobi Polynomials Contd.

The two parametric orthogonal shifted Jacobi polynomials defined in (2.2)
is also known as the function vector in one dimension.

Example:

Construct the function vector P
(α,β)
n (x) (Orthogonal Shifted Jacobi

Polynomials) defined on [0,T ] of degree 0, 1, 2, and 3 using equation (2.2).

Solution:

For i = 0, k is also equal to zero, and we get P0(x) = 1.

For i = 1, k varies from 0 to 1, and we get P1(x) =
2 x
T

− 1.

For i = 2, k varies from 0 to 2, and we get P2(x) =
6 x2

T2 − 6 x
T

+ 1.

For i = 3, k varies from 0 to 3, and we get P3(x) =
12 x
T

− 30 x2

T2 + 20 x3

T3 − 1.
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

Solution Contd.

In matrix form (vector form), the required polynomials can be written as:








P0(x)
P1(x)
P2(x)
P3(x)









=









1
2 x
T

− 1
6 x2

T2 − 6 x
T

+ 1
12 x
T

− 30 x2

T2 + 20 x3

T3 − 1








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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

Solution Contd.

The MATLAB code for the construction of function vector, P
(α,β)
n (x)

(Orthogonal Shifted Jacobi Polynomials) is as under:

function P=Jacobfunvec(M,alpha,beta)
clc;
clear all;
close all;
syms xTk

alpha=0;
beta=0;
M=4;
for i=0:M-1
a1 = (−1)(i − k);
a2 = gamma(i + beta + 1);
a3 = gamma(i + k + alpha + beta + 1);
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

Solution Contd.

d1 = gamma(k + beta + 1);
d2 = gamma(i + alpha + beta + 1);
d3 = gamma(i − k + 1);
d4 = gamma(k + 1);
d5 = T k ;
aa = (a1 ∗ a2 ∗ a3)/(d1 ∗ d2 ∗ d3 ∗ d4 ∗ d5);
P(i + 1) = symsum(aa ∗ xk , k , 0, i);
end
P = transpose(P);
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

Solution Contd.

Function vector generated by using orthogonal shifted Jacobi polynomial,

P
(α,β)
n (x).
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Eigenvaluesandeigenvectors.m 

0 euler.asv 
.@ euler.m 

0 fictorialfunction.asv 
fictorialfunction.m 

funvec.m 
0 impeuler.asv 
® impeuler.m 
@il inputfunction.m 

Matrix algebra.m 
Matrixm ultiplication.m 

0 picardinputfunc.asv 
picardinputfunc.m 

0 Picardmethod.asv 
Picardmethod.m 

0 reducedechelonform.asv 
reducedechelonform.m 

0 riemannsuml.a sv 
.@ riemannsuml.m 

riemannsum2.m 

."" I "" "" I 
1 - f unct ion P=Jacobf unvec 

2 - c l c; 

3 - c l ear a ll ; 

4 - c l ose a ll ; 

5 - syms X T k 
6 - a l pha=O; 

7 - bet a=O; 

8 - !1=4; 

9 - - f o r i =O:H- 1 

10 - a 1= (- 1) A (i - k) ; 

11 - a2=qamma (i+beta+ 1) ; 

12 - a 3=qamma (i+k+a l pha+beta+ 1) ; 

13 - d 1=qamma (k+bet a +1) ; 
14 d2=qamma (i+a l pha+beta+ 1) ; 
15 d3=qamma (i - k+1) ; 
16 d4=qamma ( k+1) ; 
17 d5=TAk; 
18 aa= (a 1•a2 • a3)/( d 1*d2 *d3*d4*d5 ) ; 

19 
20 ,R(i + l) = syms um( aa f<'x "k,k, O, i) ; 

21 e nd 
22 P=tra n spose ( P) ; 

1 

(2 *x ) /T - 1 
(6*XA2 ) /TA 2 - (6*X) /T + 11 

(12 *X) /T - (30*XA2 ) /TA 2 + (20*XA3 ) /TA 3 - 1 

·II !,. 
Cl ll X Workspace 

ID · I X 

0 -

• r.ii .. • 

Name • Value 

<lxl sym> 
<4xl sym> 

€Jx <lxl sym> 

< I Ill I • 
Command History 

·· f unvec 

·· c l c 

B .. ·%-- 1/ 4/ 17 8 : 49 Al1 -

·· c l c 

·· Jacobf unvec 

·· f unvec 

·· c l c 

"l atex ( (2 *x ) /T - 1) 

·· syrns x T 

"l atex ( (2 • x ) /T - 1) 

·l atex ( (6• x A2 ) /TA 2 -

"l atex ( (12 • x ) /T - = 
·· l atex (an s ) 

>etails A T <( I Ill I to 

l ovR .:: 

Figure: Orthogonal shifted Jacobi Polynomials generated by taking i = 0, 1, 2, 3
Imran Talib VU Lecture NO.13 14

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

Construct the function vectors (Orthogonal Shifted Jacobi

Polynomials,P
(α,β)
n (x) ) defined in (2.2) on the interval[0, 1] by taking

α = 1, β = 2, and scale level M = 10.

Note:

Scale level M means, the parameter i varies from 0 : 10. In this case, 10
function vectors of different degrees will be generated.
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

The weight function W
(α,β)
T (x) is defined as under:

W
(α,β)
T (x) = (T − x)αxβ , (2.3)

where α and β are the parameters.

The MATLAB code for defining the weight function is as follow:

function W=weightfuncjacob(x,alpha,beta,T)
clc;
clear all;
close all;
syms T x alpha beta
W = xbeta ∗ (T − x)alpha;
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

Construct the weight function, W
(α,β)
T (x) defined in (2.3) on the

interval[0, 1] by taking α = 1, β = 2.

Construct the weight function, W
(α,β)
T (x) defined in (2.3) on the

interval[0, 1] by taking α = 0, β = 0.
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

The orthogonality condition for the Jacobian Polynomial with respect to
weight function is as under:

∫ T

0

P
(α,β)
T ,i (x)P

(α,β)
T ,j (x)W

(α,β)
T ,j (x)dx = R

(α,β)
T ,j δ(i,j),

where

(2.4)

R
(α,β)
T ,j =

Tα+β+1Γ(j + α+ 1)Γ(j + β + 1)

(2j + α+ β + 1)Γ(j + 1)Γ(j + α+ β + 1)
(2.5)
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Orthogonal Shifted Jacobi Polynomials
Exercise
Weight function
Exercise
Orthogonality Condition
Exercise

Exercise:

Check the orthogonality of orthogonal shifted Jacobi polynomial, P
(α,β)
n (x)

on [0,T ], by choosing α = 1, β = 1 with respect to the weight function

W
(α,β)
T (x).
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

MATLAB code to determine the constant factor R
(α,β)
T,j

, j = 0, 1, 2,
Exercise
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

The orthogonality relation defined above allows us to approximate
f (x) ∈ C ([0,T ]) in terms of Jacobi series as follows:

f (x) =

∞
∑

i=0

CiP
(α,β)
i (x), (3.1)

where C ([0,T ]) is a space of continuous functions defined on [0,T ].
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

MATLAB code to determine the constant factor R
(α,β)
T,j

, j = 0, 1, 2,
Exercise
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

Function Approximation using Jacobi Polynomials Contd.

The series coefficients Ci can be easily determined using the orthogonality
relationship of Jacobi Polynomials. That is

Ci =
1

R
(α,β)
T ,j

∫ T

0

f (x)W
(α,β)
T (x)P

(α,β)
i (x)dx . (3.2)
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

MATLAB code to determine the constant factor R
(α,β)
T,j

, j = 0, 1, 2,
Exercise
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

The constant factor R
(α,β)
T ,j defined in (2.5) is computed in MATLAB as

function R=testcaseorthogonalitycheck(alpha,beta,T,M)
clc;
clear all;
close all;
syms i alpha beta T
M=4;
alpha=1;
beta=1;
T=1;
for i=0:M-1
a1 = T (alpha+beta+1);
a2=gamma(i+alpha+1);
a3=gamma(i+beta+1);
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

MATLAB code to determine the constant factor R
(α,β)
T,j

, j = 0, 1, 2,
Exercise
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

MATLAB code to determine the constant factor R
(α,β)
T ,j

contd.

d1=(2*i+alpha+beta+1);
d2=gamma(i+1);
d3=gamma(i+alpha+beta+1);
R(i+1)=(a1*a2*a3)/(d1*d2*d3);
end
R=transpose(R)
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

MATLAB code to determine the constant factor R
(α,β)
T,j

, j = 0, 1, 2,
Exercise
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

Constant factor involved in orthogonality condition of Jacobian Polynomial.

J\ MATLAB 7.10.0 

File Edit Debug Parallel Desktop Window Help 

; '0 @ I d' - • ., (!" I §!:1 I I Current Folder: I V:\ Siides_MatlabVU\ Script files 

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

'Kt 
Testl .m 
Testl .m 
T aylororder2.m 
T aylororder2.asv 

taylororderl.m 
taylor6.m 
taylor4.m 
taylor2.m 
taylorQ.m 
systemlineareqn solvecommand .m 

Surfaceplot.m 
Surfaceplot.asv 

spaningset.m 
Sollineareqns.m 
sinefunction.m 
sinefunction.a sv 

Simpsononethreeeight.m 
Simpsononethreeeight.as v 

Simpsononethird.m 
Simpsononethird.asv 
scriptfilel.m 
scriptfilel.asv 
RungeKutta.m 
riemannsum2.m 
riemannsuml.m 

testcaseorthogona litycheck.m (1.1ATLAB Function 

41. Start 

A 10 -
11 -
12 -
13 -
14 -
15 -
16 -
17 -
18 -
19 -

20 

:: coefvec .m x testcaseorthogonal ityche c ... x 

Convnand Window 

R 

an s 

0 . 1 667 
0 . 1333 

0 . 1071 
0 . 088 9 

0 . 1 667 
0 . 1333 

0 . 1071 
0 . 0889 

... Cl X 

ID X 

A 
0 

A 

-

Workspace Cl ll X I 

.. • 

Name • Value 

[0.1667;0.133 

( I Ill • 
Command History ... Cl X 

'"··c l c A 

$ %-- 1/ 19/ 17 12 : 11 PH 
'"··c l c 

$ %-- 1/ 19/ 17 12 : 22 Pl1 
'"··c l c 

$ %-- 1/ 20/ 17 10 : 15 AH 
'"··c l c 

$ %-- 1/ 20/ 17 10 : 28 Al1 
'"··c l c 

$ %-- 1/ 20/ 17 2 : 2q PH 
'"··c l c 

8 %-- 1/ 23/ 17 11 : 17 Al1 = 
'"··c l c 

( I Ill • 
lovR 

Figure: MATLAB code for generating the constant factor R
(α,β)
T ,j .
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

MATLAB code to determine the constant factor R
(α,β)
T,j

, j = 0, 1, 2,
Exercise
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

Compute the constant factor defined in (2.5) for j = 0 : 5 and for α = 2,
and β = 3.

Compute the constant factor defined in (2.5) for choosing scale level
M = 7 and α = 3, and β = 1.
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

MATLAB code to determine the constant factor R
(α,β)
T,j

, j = 0, 1, 2,
Exercise
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

The series coefficients defined in (3.2) can be computed using MATLAB
using the following code:

function C=coefvec(f,x,M,alpha,beta,T)
syms x f alpha beta T
alpha=1;
beta=1;
T=1;
M=4;
W=weightfuncjacob(x,alpha,beta,T);
P=Jacobfunvec(x,M,alpha,beta,T);
PW=f*P*W;
for i=0:M-1
R=orthogonal(i,alpha,beta,T);
aa=PW(i+1);
C(i+1)=(1/R)*int(aa,x,0,T);
end
C=transpose(C)
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

MATLAB code to determine the constant factor R
(α,β)
T,j

, j = 0, 1, 2,
Exercise
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

Computation of the series coefficients Ci , i = 0, 1, 2, 3, 4 defined in (3.2).

MATLAB 7.10.0 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

; 0 I d' -.a • It) I I I Current Folder: I V:\ Siides_MatlabVU\ Script files 

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

Current Folder ''" Cl X 11'3 Editor- - • 

.. ===.=i'f=p ;-J (t...:.J• 0 eJ rzil d' -.a • It) I "'&1 · I"' + .. I itJ • €J <I .. IJ Jl •1 Stack:! Base •II A 
I D Name ... - 11.0 I + I + 11.1 I x I I 0. 

@il weightfuncjacob.m 
® trapezoidalrule.m 
0 trapezoidalrule.asv 

testcaseorthogonalitycheck.m 
Testl .m 
Testl.m 
Taylororder2.m 

0 Taylororder2.asv 
.@ taylororderl.m 

tayloro.m 
ta ylor4.m 
ta ylor2.m 
taylooO.m 
systemlineareqnsolvecommand.m 
Suofaceplot.m 

0 Surfaceplot.asv 
spaningset.m 
Sollineareqns.m 
sinefunction.m 

0 sinefunction.asv 
@n Simpsononethreeeight.m 
0 Simpsononethreeeight.asv 
® Simpsononethird.m 
0 Simpsononethird.asv 

scriptfilel.m 
D scriptfilel.asv 
@ RungeKutta.m 
® riemannsum2.m 
.@ riemannsuml.m 
n riemannsuml.a sv 

Details 

1 .. Start I 

1 - f unct ion C=coef vec ( f, x , !1_, 
2 - syms x f a lpha beta T 

3 - a l p h a = 1 ; 

4 - beta = 1 ; 

5 - T= 1 ; 

6 -

7 - W=weightfunc j acob (x , a l pha,bet a , T) ; 
8 - P=Jacobf unvec (x ,H, a l pha, beta, T) ; 

9 - PW= f • P•W; 

10 - - f o r i =O : H- 11 

11 - R=ort ho g o na l (i , a l pha, bet a , T) ; 

12 - aa= PW (i+ 1) ; 

13 - £ (i+ 1) = (1/R) •int (aa, x , 0 , T) ; 

14 
15 - e n d 

16 - C;:tran s pose (C) 

1:: Jacobfun vec.m x I weightfuncjacob.m x I orthogonal.m x lr -x] testcaseorthogonal itychec ... xl 
Command Window 

an s = 

+ + 3)•( 2 •i + + 2 )A2 ) 

0 

0 

0 

fx..» 

... 

I coefvec 

Cl 

Workspace Cl ll X 

.. Ill " Sel... • 

Name • 

1= 
Value 

<4xl sym> 

1- ' I Ill I • 
Command History ... Cl X 

L..c l c A 

1- S %-- 1/ 20/ 17 Pl1 

L.c l c 

S %-- 1/ 23 / 17 11 : 17 AH 

L.c l c 
X S %-- 1/ 23 / 17 - 1 : 19 Pl1 

A 
i .. c l c 

I 
i ·· 0 . 1 667• 6 

; ·· c l c 
; ·· (gamma (1) •gamma (3) ' 

.. c l c 

B %-- 8 : 2 8 AH = 
·· c l c T 

T ' I Ill I ' 
I Ln 10 Col 12 l ovR 

Figure: MATLAB code with generated output to compute the series coefficients

Ci , i = 0, 1, 2, 3, 4.
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Importance of orthogonal polynomials
Some Important Orthogonal Polynomials

Function Approximation using Jacobi Polynomials
Exercise

Compute the series coefficients Ci of Jacobi Polynomials for i = 0 : 10 and
α = 1, β = 2.

Compute the series coefficients Ci of Jacobi Polynomials for scale level
M = 6 and α = 2, β = 1.
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Orthogonal Polynomials II

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

imrantalib@vu.edu.pk
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Outline

1 Orthogonal Legendre Polynomials
Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

2 Orthogonal Shifted Legendre Polynomials
Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n, ...
Exercise

3 Function Approximation using Legendre Polynomials
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

4 Exercise
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Outline

1 Orthogonal Legendre Polynomials
Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

2 Orthogonal Shifted Legendre Polynomials
Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n, ...
Exercise

3 Function Approximation using Legendre Polynomials
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

4 Exercise
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Outline

1 Orthogonal Legendre Polynomials
Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

2 Orthogonal Shifted Legendre Polynomials
Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n, ...
Exercise

3 Function Approximation using Legendre Polynomials
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

4 Exercise
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Outline

1 Orthogonal Legendre Polynomials
Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

2 Orthogonal Shifted Legendre Polynomials
Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n, ...
Exercise

3 Function Approximation using Legendre Polynomials
MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

4 Exercise
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

These polynomials arise as the solutions of the following differential
equation known as Legendre’s differential equation:

(1 − x2)
∂2P(x)

∂x2
− 2x

∂P

∂x
+ λP(x), λ = n(n + 1). (1.1)

These polynomials are orthogonal on the interval [−1, 1].
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

Legendre’s differential equation is frequently encountered in Physics,
particularly when spherical polar coordinates are used and where the
problems have cylindrical symmetry.

Moreover, Legendre polynomials form part of the quantum mechanical
solution for rotational motion.
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

The Legendre Polynomials defined on [−1, 1] are given by the following
recurrence relation:

Li+1(z) =
2i + 1

i + 1
zLi (Z )−

i

i + 1
Li−1(z), where L0(z) = 1, L1(z) = 1

(1.2)

i = 1, 2, 3, ...
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

Some Legendre Polynomials for different values of i are mentioned below:

P0(z) = 1,

P1(z) = z ,

P2(z) =
1

2
(3z2 − 1),

P3(z) =
1

2
(5z3 − 3z),

P4(z) =
1

8
(35z4 − 30z2 + 3),

and so on...

(1.3)
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

The MATLAB code to compute the Legendre Polynomials defined in (1.3)
using the relation (1.2) is given as under:

function P=Lagendrfucvector(M,T,value1,value2)
syms z

format short
M=2;
value(1)=z ;
value(2)=sym((3/2)) ∗ z2 − sym(1/2);
for i=1:M
value(i+2)=((2∗ i +3)/(i +2))∗z ∗value(i +1)−((i +1)/(i +2))∗value(i);
end
P=simplify(transpose(value));
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

After execution of the above code, the following outputs are generated:








P1(z)
P2(z)
P3(z)
P4(z)









=











z
3 z2

2
− 1

2
z (5 z2

−3)
2

35 z4

8
− 15 z2

4
+ 3

8










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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

Function vector generated by using orthogonal Legendre polynomial, Pn(x).

MATLAB 7.10.0 (R2010a) 

File Edit Debug Parallel Desktop Window Help 

'0 @ I d' "' f.llli Ill) t" I I I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

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

Current Folder ''" Cl X I ® Editor- V·\ Siides MatlabVU\ Script files\ Lagendrfucvector m Cl ll X Workspace -
X Ill' .. • lai « Script fi les o t:J•I d' "'f.llll "" t"l/:il 

'&) · I "' • • I • €J <I .. If Jl •1 Stack:J Base ID · I • 

I D ., I -EJ+ I Name • Value Name • "' "' @11 weightf uncjacob. m A 1 - f unc t ion %def ine d on [- 1,1 ) 0 <4xl sym> 
r -.@ trapezoidalrule.m 2 - syms z 

D trapezoidalr ule.asv 3 - f ormat s hort 

® testcaseorthogona litycheck.m 4 - 11=2 ; 

Test2.m s - v a lue (1) =z; % L e g endre polynomi a l f o r i = l, t hat i s p 1( z ) = z 
Testl .m 6 - v a lue (2 ) =sym((3/ 2 ))• z A2 - s ym(1/ 2 ) ; % Le ge ndre polynomi a l f or i =2, t hat i s 1/ 2 (3 z A2- 1 ) 

@ T aylororder2.m - 7 - - f or i =1 : !1 
0 T aylororder2.asv 8 - -
@!I taylororderl .m 9 - end 

taylor6.m 10 - P=s impli f y( t r a nspose (va lue )) ; 
taylor4.m 
taylor2.m '-

Lagdrfunvec.m xJ Lagendrorthogonal.m xJ Lagendrcoe fvec.m x_L_Lagendrcoefvec T est.m x If Lagendrfucvector.m xl [) taylorO.m ' I Ill I • 
systemlineareqnso lvecommand .m Command Window 

Command Histo ry ... Cl 
Surfaceplot.m X 

0 Surfaceplot.asv ; ·· c l c • 
spaningset. m 

an s = 
; "Simpli f y ( (4*' z * ( (3*' 2 

Sollineareqns .m I ·· s yms z 
sinefunction .m z ! 

0 sinefunction .asv (3• zA2 ) / 2 - 1/2 ' 
"Simpli f y ( (4• z • ( (3• 2 

® Simpsononet hreeeight.m ( z *( 5 *' z " 2 - 3)) 121 ; ·· c l c 

0 Simpsononet hreeeigh t.asv (35 • z A4) /8 - (15 k zA2 )/4 + 3/8 ! "\latex (an s ) 

® Simpsononet hird.m ' ; ·· l atex (an s ) 

0 Simpsononet hird.asv fx..» ; ·· c l c 
scriptfi lel. m 1 l atex ( (3• z A2) /2 - l 0 scriptfi lel.asv 8 %-- 1/ 30/ 17 12 : 17 PH .(E) RungeKutta.m 

® riemannsu m2.m 
; "Cl c 

@il riemannsu ml .m ! ·· l atex (an s ) = n riemannsu ml.asv T ·· c l c T 

Details "' ' I Ill I • 
141 Start I 

Figure: Orthogonal Legendre Polynomials generated by taking i = 0, 1, 2, 3
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Applications of the Legendre’s differential equation
Recurrence Relation to generate the Legendre Polynomials
Some Legendre Polynomials
MATLAB code to compute the Legendre Polynomials
Exercise

Determine the Legendre Polynomials using the relation (1.2) for i = 1 : 20
using the above mentioned MATLAB code with slightly modification. That
is we have to be determined P3(z),P4(z),P5(z), ...P20(z) using P1(z) = z ,

and P2(z) =
3 z2

2
− 1

2
.

Moreover compute the values of the above Legendre Polynomials at
z = 0, z = 1, and z = 5.
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n
Exercise

The transformation x = (z+1)
2

in relation (1.2) transforms the interval
[−1, 1] to [0, 1], then the Orthogonal shifted Legendre polynomials are
given by

Pi (x) =

i
∑

k=0

(−1)(i+k) Γ(i + k + 1)

Γ(i − k + 1)(Γ(k + 1))2
, i = 0, 1, 2, ... (2.1)

It can be easily checked that Pi (0) = (−1)i , and Pi (1) = 1.
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n
Exercise

Construct the function vector Pn(x) (Orthogonal Shifted Legendre
Polynomials) defined on [0,T ] of degree 0, 1, 2, and 3 using relation (2.1).

Solution:

For i = 0, k is also equal to zero, and we get P0(x) = 1.

For i = 1, k varies from 0 to 1, and we get P1(x) = 2x − 1.

For i = 2, k varies from 0 to 2, and we get P2(x) = 6x2 − 6x + 1.

For i = 3, k varies from 0 to 3, and we get P3(x) = 20x3 − 30x2 + 12x − 1.
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n
Exercise

Solution Contd.

In matrix form (vector form), the required polynomials can be written as:








P0(x)
P1(x)
P2(x)
P3(x)









=









1
2 x − 1

6 x2 − 6 x + 1
20 x3 − 30 x2 + 12 x − 1








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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n
Exercise

Solution Contd.

The MATLAB code for the construction of function vector, Pn(x)
(Orthogonal Shifted Legendre Polynomials) is as under:

function P=Lagdrfunvec(M,T)
syms x T k

M = 4;
for i = 0 : M − 1
a1 = (−1)(i+k);
a2 = gamma(i + k + 1);
d1 = gamma(i − k + 1);
d2 = (gamma(k + 1))2;
aa = (a1 ∗ a2)/(d1 ∗ d2);
P(i + 1) = symsum(aa ∗ xk , k, 0, i);
end
P = transpose(P);
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n
Exercise

Solution Contd.

Function vector generated by using orthogonal shifted Legendre polynomial,
Pn(x).

MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

'0 f5 I eM> "' ll) t" I r1J I I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

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

Current Folder ... Cl X 0 Editor - V:\Siides MatlabVU\Script files\ l.agdtfunvec.m ICI Workspace ... Cl X l 
• Iii « Script files · fPJ <t- :o @•I eM> 

.., (lo '&} · I"' .. .. fr'.. l • €J <I .. If Jl •1 Stack:J Base ·II !>< ID •In Ill .. Sel ... • ·-
D •lEI I I Name • Value Name ... lEI lEI 

® weightfuncjacob.m A 1 - f unction 0 <4xl sym> 
r -trapezoidalrule.m 2 - s yms X T k 

D trapezoidalrule.asv 3 - 11= 41: 

® testcaseorthogonalitycheck.m 4 - - f or i =O: H- 1 

Testl .m s - a 1= (- 1) A (i+ k ) ; 
Testl .m 6 - a2=qamma (i+k+1) ; 

.@ T aylororder2.m - 7 - d 1=q amma( i - k+ 1) ; 
D Taylororder2.asv 8 - d2= (qamma ( k+ 1))A 2; 
® taylororderl.m 9 - aa= (a 1•a2 )/( d 1•d2 ) ; 

taylor6.m 10 - f (i+1) = s yms um( aa *x "k, k, 0 , i) ; -
() taylor4.m 

taylor2.m '-- 11 - end 

taylorO.m 
12 - P=tra nspose ( P) ; 

' I Ill I • 
systemlineareqnsolvecommand.m 
Surfaceplot.m Command History ... Cl X 

D Surfaceplot.asv ; "Cl c A 

fil spaningset.m ;: l Lagdrfunvec.m xI Lagendrorthogonal.m x I Lagendrcoefvec.m x J Lagendrcoefvec T est.m xJ Lagendrfucvector.m xl i ·· s impli fy ( (4* z * ( (3* 2 
' 

Sollineareqns.m 
Command Window ... Cl 

; ·· s yms z 
sinefunction.m i ·s impli fy ( (4• z • ( (3• , 0 sinefunction.asv ' 

; "Cl c .@ Simpsononethreeeight.m an s = 

0 Simpsononethreeeight.asv i ·\latex (an s ) 
' 

.@1 Simpsononethird.m 1 ; ·· l atex (an s ) 

D Simpsononethird.asv 2 *x - 1 i "Cl c 
scriptfilel.m ' 

6 *x "2 - 6 *x + 1 ' l atex ( (3 •zA2 ) /2 - l 0 scriptfilel.asv 2 0*x "3 - 30* x "2 + 12 *x - 1 8 %-- 1/ 30/ 17 12:17 PZ1 .@ RungeKutta.m 
j "Cl c riemannsum2.m fx >> I ® riemannsuml.m i ·· l atex (an s ) 
' = n riemannsuml.a sv ' "Cl c 

Details --
A ' I Ill I • 

_. Start I I Lagdrfunvec I Ln 3 Col 4 I OVR 

Figure: Orthogonal shifted Legendre Polynomials generated by taking i = 0, 1, 2, 3
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n
Exercise

Construct the function vector Pn(x) (Orthogonal Shifted Legendre
Polynomials) defined on [0,T ] for i = 0 : 10 using relation (2.1).

Construct the function vector Pn(x) (Orthogonal Shifted Legendre
Polynomials) defined on [0,T ] for the scale level M = 15 using relation
(2.1).
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n
Exercise

The orthogonality condition for the Legendre Polynomial is as under:

∫ 1

0

Pi (x)Pj(x)dx = Rjδ(i,j),

where

(2.2)

Rj =
1

2j + 1
(2.3)

and

δij = 1, i = j

= 0, i 6= j
(2.4)
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n
Exercise

The constant factor Rj defined in (2.5) is computed in MATLAB as

function R=Lagendrorthogonal(i,M)
syms i
M=4;
for i=0:M-1
a1=1;
a2=2*i+1;
R(i+1)=a1/a2;
end
R
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n
Exercise

Constant factor involved in orthogonality condition of Legendre Polynomial.

{l MATLAB 7.10.0 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

'0 @ I ,l' ... II) I tin i§!l I I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

D Name ... 

.@ weightfuncjacob.m 

trapezoidalrule.m 
0 trapezoidalrule.asv 
® testcaseorthogonalitycheck.m 

Testl.m 
Testl .m 

® Taylororder2.m 
0 Taylororder2.asv 

taylororderl.m 
ta ylor6.m 
ta ylor4.m 
ta ylor2.m 
taylorO.m 

A 

r 
1 

2 -

3 -

4 -
s -
6 -

7 -

8 -

9 -

- f unct ion 
s yms 

!1= 4; 
i 

- f o r i =O : 11- 1 

a l = l ; 
a2=2 *'i + 1 ; 

g(i +1) =a 1/a2; 

end 

systemlineareqnsolvecommand.m 
f) Surfaceplot.m 

0 Surfaceplot.asv 
•' xI Lagend rcoefve c.m x I Lagendrcoefvec T est.m x I Lagendrfucvector.m x I riemannsuml.m 

spaningset.m 
Sollineareqns.m 

!) sinefunction.m 

0 sinefunction.asv 
Simpsononethreeeight.m 

0 Simpsononethreeeight.asv 
.@ Simpsononethird.m 
0 Simpsononethird.asv 

scriptfilel.m 
0 scriptfilel.asv 
@il RungeKutta.m 
® riemannsum3.m 
® riemannsum2.m 

.-t!iUiemannsuml. 
·iemannsum1.m (MATLAB Function) 

Command Window 

R = 

1 . 000000000000000 0 . 333333333333333 0 . 200000000000000 0 . 1428 5714 28 57143 

ans = 

1 . 000000000000000 0 . 333333333333333 0 . 200000000000000 0 . 1428 5714 28 57143 

fx.» 

Name • Value 

:: "DA2y: y-xA2 
(1,0.3333,0.20 

€It <lxl inline> 

-
-

' I Ill • 
x I riemannsum3.m > Command History 

... c l c 
. I ' '···l atex ( (3• zA2 ) /2 - l 

I Lagendrorthogona l 

1 
e 12 , 17 PZ1 

I ["··l atex (an s ) 

I 

'"··c l c 

S ·%-- 1/ 30/ 17 3 : 31 PZ1 

'····c l c 

B·%-- 1/ 31/ 17 8 : 22 AH 

( 

; ·· c l c 

·· f =inlin e ( 'y-x"2+1' ) 

·· S= ' D"2y =y-x"2- 2 f<'x +l = 
'" C l C T 

Ill .I • 
I Ln 8 Col 4 I OVR 

Figure: MATLAB code for generating the constant factor Rj .
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Example:
Exercise:
Orthogonality Condition
MATLAB code to determine the constant factor Rj , j = 0, 1, 2, ..., n
Exercise

Compute the constant factor defined in (2.3) for j = 0 : 6 .

Compute the constant factor defined in (2.3) for choosing scale level
M = 10.
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

The orthogonality relation defined in (2.2) allows us to approximate
f (x) ∈ C ([0, 1]) in terms of Legendre series as follows:

f (x) =

∞
∑

i=0

CiPi (x), (3.1)

where C ([0, 1]) is a space of continuous functions defined on [0, 1].
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

Function Approximation using Legendre Polynomials Contd.

The series coefficients Ci can be easily determined using the orthogonality
relationship of Legendre Polynomials. That is

Ci =
1

Rj

∫ 1

0

f (x)Pi (x)dx . (3.2)
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

The series coefficients defined in (3.2) can be computed in MATLAB using
the following code:

function C=Lagendrcoefvec(M,T,f,i)
syms x T i f
M=4;
P=Lagdrfunvec(M,T);
R=Lagendrorthogonal(i,M);
Kw=f*P;
for i=0:M-1
aa=Kw(i+1);
C(i+1)=(1/(R(i+1)))*int(aa,x,0,T);
end
C=transpose(C);

Imran Talib VU Lecture NO.14 23

ht
tp

s:
//w

w
w
.v
ub

io
te

ch
no

lo
gi
st
.g

q

visit our website to get more PDF https://www.vubiotechnologist.gq

vulearninghub.xyz  |  by VU Learning HUB



Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

MATLAB code to determine the series coefficients Ci , i = 0, 1, 2, ...

Computation of the series coefficients Ci , i = 0, 1, 2, 3, 4 defined in (3.2).

1(1. MATLAB 7.10.0 (R2010a) 

File Edit Text Go Cell Tools Debug Parallel Desktop Window Help 

'0 f5 I eM> "' ll) t" I r1J I I Current Folder: I Y:\ Siides_MatlabVU\ Script files 

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

Current Folder ... Cl X 0 Editor - V:\Siides MatlabVU\Script files\ 1 ........!rcoefvec.m ICI Workspace -+I Cl X 

• Iii « Script files · fPJ <t- :o @•I eM> 
.., (lo '&} · I"' .. .. fr'.. l • €J <I .. If Jl •1 Stack:J Base ·II !>< ID •In Ill .. Sel. .. • ·-

D •lEI I I Name • Value Name ... lEI lEI 

® weightfuncjacob.m A 1 - f unc t ion 0 'DA2y: y-xA: 
r -trapezoidalrule.m 2 - s yms X T i f I() ans <4xl sym> 

D trapezoidalrule.asv 3 - 11= 4 ; €) f <lxl inline> 

® testcaseorthogonali tycheck.m 4 - P=Laqdrf unvec (!1, T) ; 

Testl .m s - R=Laq e ndrort h o q o n a l ( i , H) ; 

Testl .m 6 - Kw= f * P; 
.@ T aylororder2.m - 7 - i =O: H- 1 -D Taylororder2.asv 8 - aa=Kw (i+ 1) ; 
® taylororderl.m 9 - £(i + 1) = (1/(R(i +1)))•in t (aa, x , O, T) ; -

taylor6.m 10 - end 
() taylor4.m 

'-- 11 - C=tra n spose (C) ; 
taylor2.m 
taylorO.m ' I Ill I ' systemlineareqn solvecommand.m 
Surfaceplot.m :: x I Lagendrcoefvec T est.m x I Lagendrfucvector.m x I riemannsuml.m x I riemannsum3.m 

Command History -+I Cl X 
Lagendrortho gonal.m x II Lagendrcoefvec.m 

D Surfaceplot.asv j j· ... c l c ' 
fil spaningset.m Command Window -+I I L. l atex ( (3• z A2 ) /2 - l 

Sollineareqns.m e··%-- 1/ 30/ 17 12 , 11 Pl1 
sinefunction.m an s = j i·· .. c l c 0 sinefunction.asv 

I i·· l a tex (a n s ) .@ Simpsononethreeeight.m 
0 Simpsonone threeeight.asv 

T 0 f 
L. c l c 

3°T 0 f 0 (T - 1) 
.@1 Simpsononethird.m 

5 *T* f *( 2 *T 1) • (T 1) S %-- 1/ 30/ 17 3 : 31 Pl1 

D Simpsononethird.a sv 
- -

7°T 0 f 0 (T - 1)•( 5 °TA 2 - s•r + 1) '·· .. c l c 
fil scriptfilel.m El %-- 1/ 31/ 17 8 :22 Al1 0 scriptfilel.a sv fx.» i ·· c l c .@ RungeKutta.m ' 

riemannsum3.m I 
; ·· f =inlin e ( 'y-x"2+1' ) 

® riemannsum2.m i ·· S= ' D"2y =y-x"2- 2 *x +l 
' c 

-!Uiemannsuml. ' "Cl c ' 
rieman ns um1.m (MATLAB Function) --

A ' I Ill I • 
_. Start I I Lagendrcoefvec I Ln 6 Col 8 I OVR 

Figure: MATLAB code with generated output to compute the series coefficients

Ci , i = 0, 1, 2, 3, 4.
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Compute the series coefficients Ci for i = 0 : 10 using relation (3.2).

Compute the series coefficients Ci for scale level M = 6 and using relation
(3.2) .
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Exercise

Determine the Legendre Polynomials using the relation (1.2) for i = 1 : 10.
That is we have to be determined P3(z),P4(z),P5(z), ...P10(z) using

P1(z) = z , and P2(z) =
3 z2

2
− 1

2
.

Moreover compute the values of the above Legendre Polynomials at
z = 3, z = 4, and z = 6.
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Exercise

Construct the function vector Pn(x) (Orthogonal Shifted Legendre
Polynomials) defined on [0, 1] for i = 0 : 20 using relation (2.1). Moreover
compute the values of Pn(x) at x = 2.

Construct the function vector Pn(x) (Orthogonal Shifted Legendre
Polynomials) defined on [0, 1] for the scale level M = 30 using relation
(2.1). Moreover compute the values of Pn(x) at x = 0.
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Orthogonal Legendre Polynomials
Orthogonal Shifted Legendre Polynomials

Function Approximation using Legendre Polynomials
Exercise

Exercise

Compute the constant factor defined in (2.3) for j = 0 : 10 .

Compute the constant factor defined in (2.3) for choosing scale level
M = 40.
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