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What is MATLAB?

MATLAB is shortcut from Matrix Laboratory. The Matlorks Inc. was developed this
software system originally for solving of the limesuation systems through the use of linear
matrixes.

And what is Matlab? One of the smart questions fumiversity praxis say — Matlab is the
philosophy of the solving mathematical and engimggproblems. Matlab is the
environmental system and programming language ltegelt is mathematical oriented
computer system based on solving many problems natihematic and other research
section. It is interactive system based on thenQuage.

In present it is standard for solving vary of emginng and scientific problems from praxis.
The origin in the C language cases many similasrélgms and principles of the computation.

Design of MATLAB screen and windows function

After starting Matlab from the proper directory (@nd of the NET administration in the
computer pool) appears three windows on the comsateen.

The basic MATLAB environment hdkree basic windows The largest window (from these
three) is for the right half of screen (default-the right side of the LCD screen). This
window has nam€ommand Windowand this is for first lecture the most importditimary
function of this window is working like desktop calator with “fingers” input and like the
numeric output area in the same time.

The left half of screen is broken down between swialler widows. Upper left from these has
name according the lower bookmark or flag and @usrent Directoryor Workspace These
two functions are switchable.

The menu itenCurrent Directoryshows the actual setting of the working directoiractual
installed MATLAB. But many installations have inglwindow the default directory with the
name Work and directed into disc C: with the dgfpubgram installation.

This is important for saving our temporary filessaripts or function (in future exercises).
Current directory is directory for storing datafies and many more (in future namely). This
directory may be set vary, it depends on the gpttie main Matlab program. Indication
about the actual setting the current working dogcts on the small box on the top of the
menu bar on the Matlab primary screen.
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TheWorkspaceunction is more interesting. Window in this stgleows the actual defined
variables and constants and functions. We willteeein future. Each defined variable (in the
common style object) has in this window small yel&ymbol, the most usually small square.

The last window has nan@@mmand Historyand show the flow of used commands from our
lecture. It is possible to click on selected comcth&tom history line and it is activating.

These windows are possible change and close, boufcstarting lecture it is not good idea.
If you make some changes and want to return tautteftyle, you must push (from top menu)
path Desktop — Desktop layout and Default settings.

The last part of screenisenu baron top of screen. It has the similar shape likeot
Windows programs.
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Menu items

File — classical style of Windows programs
(Open items and discuss them — New, Import, Prete®and other).

Desktop —important function for setting the changes of wiwddo the standard or default
style is wayDesktop — Desktop Layout — Default

Help — the most important item from menu bar. Thiglesal for self-study of MATLAB. In
Demos is possible finding many of interesting dsrgmnd functions.

Demos — MATLAB — Mathematics — Basic Matrix Operais and next

Command Window

Work in this window has the desktop calculator elatgr. For programmers — it is typical
BASIC mode of work (sometimes called interpretgtedt User types your code and after
pushing keyEnter - Matlab calculates the result. Numeric input imgérs typing is not
common for large numeric values; we use it onlytfis exercise and for training.
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In this Command window we will teach and standaltas¢ some simple commands for first
par of today lecture.

Next commands we will test (by manual typing) ie targest window — Command window
(type it and see what do Matlab).

clc — most important command — remove all in this windincluding error messages)
clear — remove content our working variables (includingir name and type)
who — list of used variables in memory (simple shape)

whos— list of used variables in memory in detailed fdgize and memory)
what — list of M-files in actual directory (described €urrent Directory window)
exit — end of MATLAB session and escape from this paogr

quite — the same like exit

demo- run demo session (the same like from menu bar)

bench- starting program for testing power of your congpybenching)

10 help + next command- for examplenelp elfun— detailed list elementary fc.
11.ver —returns MATLAB version with detailed summary obtboxes.

12.date - returns the actual system time in the specifiméd

13.clock — return actual time in the vector shape

14.computer — returns the type of the computer

15.!dir — provides commands of old DOS system, in thig dais dir of disc C:

©CoNoO~WNE

Very interesting command diary. This command makes complete list of used command
and functions with results of mathematical opereito one file. This is like notice book or
work pad. This is very useful for lectures likestioine.

diary today.txt
diary on

This file is stored in actual working directory ohefd byCurrent Directory.

Case sensitivity

The most important axiom in MATLAB iI€EASE SENSITIVITY. In praxis this sentence
means that a isn’t equal to(A# A). It is very important and many peoples make in this
command many errors. And our consensus will bettfeavectors and matrixes will have
names written thru uppercases.

Notice:

Matrix and vector objects in names use generalpeupases (capitals — f.g. MATRIX ) and

the real constant, text and numeric values usergiynwer case (letters — f.g. scalar). Keep
in mind this rule.
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Basic mathematical operations

Notice:

Before starting our work in this larggommand Windowit is necessary to say, that the style
of work is the same like on the usual desktop datou (that means interpreter style). This is

similar to computer language like Basic and diffeér® language like C or Fortran. These are
compilation types of work. Not the interpreter styl

Allocation

Allocation — that means operations that join themeaf the variable with the value to the one
expression (variable definition). For single valeis the same like in other languages. Very
simple:

A=5

(And when we try now the commamdhos— show us the detailed information)

When we write a = 5, we have two variables. A ardake care abowhse sensitivity

A = ‘text’

(When we want allocates string variables. In thisecit is normal allocation like in case real
numeric value.)

For complex values it is very similar. For examgédinition of complex number A:

A=2+i

(On complex variables apply the same operatioresrike on usual variables. The
differences exist only in case complex. For examplie matrix operation A’ and A.’). This
problem will be discussed in the next text.

Variable ans

Ansis the shortcut for answer and in this variablstiged result of last previous operation
including for example inversion and similar othengle function.

List of the basic operation on the real variab$egassibly to obtain by usirdgelp elfun.

Try some examples. When necessary, it is goodfatedetailed information about definition
range and many more parameters use help and ctntaition.

In the Command Window is possible working like be hormal scientific calculator.
Using of thehelp command (for the group of command with specifinsgnuence)

help / — returns the group of operators and sjedifaracters
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help elfun — returns the group of elementary fuori

help elmat - returns the group of elementary mdinictions

help funfun  —returns the group of special funcdiand commands

help ops — returns the group of the special chara¢the same like help /)

Formatting the numerical output (for visual form on the screen)

Format command

This instruction set the visible output numeriatat. It is very important especially in
floating point variables and numbers. This setting format doesn’t affect for the internal
computation and internal numeric precisions.

Format short — only 4 number after comma

Format long — 15 digits in double precision expi@ssnd 7 digits for single precision.
Format hex — hexadecimal format

Format bank — fixed format for dollars and cents

Format rat — expression values like ration of snmadigers

And many more. Details obtain after typihglp format.

Matrixes

Before starting in the definition of matrixes,stnecessary say a lot of special characters used
for these operations — there are parentheses arudiyation marks.

Definition of row vectors:

Row vectoRV=1[1, 2, 3,4, 5,6, 7, 8, 9]

Like separator is used in this case comma. Exéssétond possibility — and this is using key
spacefor separating values, but it is not recommendsslibssibility of mistake with
unwished push this key.

Column vectoICV=[1; 2; 3; 4, 5; 6; 7; 8; 9]

Like vector elements separator is used semicolbis eparator is used in case separation of
row in matrix. But in the case of column vectoisitypical using in the vector.

For translation between column and row vector foamesused symbol of apostrophe. That
means in you want make column vector from row uweatse apostrophe (symbol for
transposition).

CV =RV

Remember:

Parentheses (very often use as the border charmatethe vector and matrix definition):
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[ ] — brackets (for vectors and matrixes definijion
() — classical parentheses (for mathematicalaifmers, indexes, arguments and more)
{} — braces (useful for special operation, texgaments and more)

All parentheses must be always paired!!!

Separators:

. — colon (separation of indexes, alternate symhoirfatrix structures)
, — semicolon (the end of row vector in matrix, gatian of commands)

, —comma (vector and matrix element separator, isg@arator)

Definition of matrixes:

Each matrix has row and column elements sortimgsquare or rectangular structure. In the
most usual cases of technical computations itususgstructures and the name is the same —
square matrixes. Exist non-square matrixes (retgqbgt its import is very small in the usual
technical computation. In the next text we willaissed only square matrixes.

For example matrixA=11, 2, 3; 4,5, 6; 7, 8, 9]

That means like border symbols are used brackéts.i§ important; each type of parenthesis
has its own function. Separation of elements — camreeparations of rows — semicolon.

Comma and semicolon have next function, we saytah@uiin the next text.

When we input this matrix into MATLAB, in the lefipper window \(Vorkspacé appears
new definition symbol of our matrix (yellow squaxeth name.
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When we make double click by the mouse on the weiguare symbol (in this left upper
window -Workspacé appears in the right window new structure with tiameArray editor.
In this editor is possible to change values of tharix. It is very similar to Microsoft Excel
editor with cells. After closing this editor chamsgare valid in the new shape of the matrix.
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Structure of matrix

Matrix has own structure. Each element has your pasition. It is possible to sign this
position with row and column coordinates.

The most important lines in matrixes aosvs (horizontal group of elements) andlumns
(vertical group of elements). When the number @efs@sequalthe number of columns, we
say, that the matrix isquare matrix These types of matrix are very useful for commptifor
example inversion and translation). Non squareirestrare very problematic for many
mathematical operations and we don’t use thedeeiméxt lecture.

Very interesting line in matrix idiagonal line of elementsEach matrix has two diagonals.
One diagonal (from upper left corner to the rigiwér corner) names main and the second
diagonal in the opposite direction names adjageatybe better will by term - slave).

When the main diagonal contains only number onetla@adther elements in the matrix are
zeros, we names this matrix like identity or undtrix. This matrix is possible obtain like
result of certain mathematical operation for examile multiply inversion matrix with the

origin one. But this operation has many restrictivaditions (for example singularity of input
matrix and many more).

Construction of matrix

It is possible to enter each element handy frormtha window (Command window). The
more efficiency way is the using M-File editor. $hwill be containing of next lesson.
Matrixes are possible download from external scatoe.

Example:

A=1[4,2,0;4,2,6;7,2,1]

Inversion form obtain after using functionv (A)
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Transpose forms obtain after using functfon

After using functiorsize (A will be in theansvariable in this case numbers 3 and 3. That
means this matrix has 3 rows and 3 columns.

When you use on the same matrix funcsom (A),obtain summation of each column. In
this case it will be 15, 6, 7.

Results from this operation storing in the variaotes are again matrixes of vectors. That
means, these results are possible to allocate smtlke normal next variable (or vector of
course).

Functiondiag(A) makes vector from elements from main diagonal imatr In our example it
will be 4, 2, 1.

When use commandkag(diag(A))obtain matrix with the same diagonal and othemelats
are zeros.

Notice:

In opposite side, when we use commdiaj(A), where A is vector (row or column — it is no
matter) — we obtain matrix full of zeros with elamtgeon the main diagonal identical with the
elements of original vectak.

Constructions matrixes from vectors

One of vary possibilities of construction of maéis adding two or more vectors together
into matrix structures.

We have vectors A=[1, 2,3]and B =[4, 5, 6] &4 [7, 8, 9].

Command MATRIX = [A;B;C] construct new matrix withese elements.

Notice:

The same process us useful in case of column #tor In case of column vector is used
like separator symbol comma.

Arithmetical function with matrixes

Matrixes are the common variables like simple J@ea defined by one number. But the
mathematical operations with matrixes subjectethcemathematical laws. This is not the
same like the simply scalar variables (for exangipkesion on the matrixes).

A=1[4,2,2;2,0,1;7,2,1]

B=[3,2,4;1,2,4;2,0,1]
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Multiplication
A*BZB*A

A * B is in this case matrix operation
A.* B is not the matrix operation. A and B are Imistcase arrays not matrixes.

A*BZ£A.*B

Array operations

A.*B=B.*A

This operation is defined. They are arrays anddperation multiplies their elements. That
means these elements are elements of arrays atitenames of matrix. This is not the matrix
operation! This is very important notice. Sometirttesarray operation called operation type
“element by element”.

Multiplication matrix with scalar is simply. Try tmultiply 5 * A and discuss results.
Operations with the symbol of point we called dp¢@tion or array operation. Dot
operations are defined not on the matrixes of nbwalaes but on the fields of elements. The
difference between field and matrix is not visiblethe first look, but exist in the
mathematical laws defined on these structures.

Examples — we have linear row vectors A and B

A=[1,2,3] ,B=[4,5,6].

What will obtain like result of operation A * B?he& right answer in this case is error!

But if we use these structures in the dot operadigB obtain the right result [4 , 10, 18] !
The same problem appears in the case of multiplyiogcolumns vectors. Non dot operation
on these types of vectors is not defined. Dot derayives us result. Dot multiplying is
multiplying elements on elements. Each elementipligs with the same one on the same
position in the second structure.

Array operations are not defined in the linear htgeBut array operations are very often
usable in the case of graphical expressions namelyse 3-dimensional graphs. This
problematic will be discussed later in the sectledicated the 3-dimensional graphs.
Division

Division is very problematic function defined on tnixees and linear algebra generally. Not
the each division is possible. But the theory o groblem is very deep from theory of

matrixes (or linear algebra). For the similaritytlois problem we do somsmplifications

A and B will be matrixewith the same size and square shape
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A/B is the first possible operation. This is normaksh. We called this division from B the
right side.

A\B is the second possible operation. This is bsleksh. We called this division from A the
left side.

A /B =A*inv (B)- In mathematical expression itAsB™
A\ B =inv (A) * B— In mathematical expression itAs" . B

Small notice — slash and back slash are defingl@neal number too. Please try similar
operation 2 / 3 and compare with 2\ 3 ! Answaesiisilar too, 2\3=3/2!

Inversion functioninv is not defined on the each matrix. Very simplpassible say, that this
is division 1/ matrix, but this non mathematicaicsm!

Special case is the division one matrix by oneself

A/A=A*inv (A) = 1 (The symbol for this identity matrix maybe vary.)
A\A=inv(A)*A=1

A/ A =A\A (In this condition is this divisionguivalent operation).

Command for generation of identify matrixage. Exampleeye(5)generates 5 x 5 matrix.

The list of all basic operations with matrixes @sgible obtain after typinigelp ops

Some next examples:

Addition

A + B = B +A (Fully equivalent function. Only these size of matrixes.)
Subtraction

A — B not the equal B—- A

(In these both cases not the dot operator defifieel result will be the same.)

Powering

A"2 = A * A (result in this case is equal to clasdimatrix operation — multiply)
A2 = A * A (resultin this case is power of each elem@nhatrix A)
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Predefined constants

ans variable with last result (ans like answer)

eps accuracy (respect computer and software posgiilit

pi 3.14159...i.e. t”

(] complex unit , sqrt(-1), it is not good idea reraitnor use like index !

inf infinity, result of certain mathematical operasqfior example division “1/0”)
NaN Not-a-Number, result of certain mathematical opena(for example “0/0")
clock actual date and time (in inversion order)

date actual date (from computer memory)

Special types of matrixes

eye— identity unit (main diagonal full of ones otleements equal to zero)

zeros— matrix full of zeros (zeros (5) — matrix 5 xUlfof zeros)

ones— matrix full of ones

diag(A) — vector full of elements from main diagonal mati

magic— matrix contains elements having certain unupt@erties (sum of row = sum of
column and sum of elements on the main diagonal).

pascal— matrix contains the same elements like Pasealdie (but in square shape)
rand — matrix from randomise numbers from interval {0-1

Other special types of matrixes is possible obadtier typinghelp elmat

Indexing in matrix elements
Special instructions for selection some struct@res or column) from matrix.
Colon symbol

For example, if we want select second raw from mats type: A (2, :) This operation has
only one condition — the size of matrix A must lo@a& or higher to 2!

If we want extract first column from matrix A, weust write other command(:, 1)

That means the colon is in these cases very impastenbol for selecting whole structure
from matrix. If we want select row, colon is on gerond position and if we have select
column, we must give colon on the first position.

M (matrix M has structure 4 x 4)

Second row from M — M (2, )
Second column from M - M (:, 2)

The most interesting situation begins when we w@amntake more difficult changes. For
example if we want to extract or change rows in&drim or make changes in the columns.
MATRIX =11, 2, 3; 4,5, 6; 7, 8, 9]

And if we want write second and third rows: M (23
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And if we want write second and third column: M 2:3)

And if we have change rows order (the same): ML(3;-: )
And if we have change columns order (the same) M£1:2)

And like the most beautiful command try this: M-(31, 3:-1:1)

(This is totally reordered of whole matrix.)

When is necessary choose only one element, weinmugthis coordinates, for example
second element in third rawA (3, 2)

Like the first parameter is number of raw and secparameter is number of column.

Using these functions allow make vectors or simidexed structure.

Special forms of matrix are sub matrixes and célmttions (vectors)

For example:

X =10:0.1:1] - create vector from 0 to 1 with st@g (it is possible use normal parentheses)

X = [1:5] — create vector from 1 to 5 (incremental)
(if the increment is one it is not necessary tdewtiem)

X =[10:-1:0] — decrement style of vector definiti@cdecrement is necessary write in all cases)

If we want make linear vector X from elements 02,13, .... end element we may write this
command X = (0: end)

And if we will make some vector with the certaimmaer of equidistant elements, we may
use the function for linear rowinspacewith the syntax:

VECTOR = linspace(0, 100, 10)

Notice:
Commandinspaceis useful for vector construction like our prevsocommand with colons.
But if we want to obtain the same numbers, we ny it in the right shape:

A =0:1:10is the same lik& = linspace(0,10,11) !
This command makes vector from 0 to 100 with 1onelets. If we want make logarithmic

vector, use commaridgspace(0, 2, J0when the first parameter defined’ 5@cond
parameter targeting number < Hhd the third parameter defined number of elements
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Linear equation and matrixes principles

Application of matrix in the real engineering igyaOne of the widest ranges using linear
system is in analysis electrical circuit namelytia application of Kirhoffs laws.

Whole system reduces after using certain rulebdasystem of linear equations. This linear
system is very efficiency solves due to matrixds fiuman acceptable style of solving of
this linear system based on the Gaussian elimimagtsod with the step-by-step elimination
of separate variables. But Matlab prefer the othethod:

We have for example this linear system:
3x+4y+2z=10

2Xx—2y—-4z =2

10x — 8y +2z =8

This real linear system we must reduce on two-matructure.

Main matrix A and the right side values into vedBor

A=[3, 4, 2;2,-2,-4;10, -8, 2]
B=[10; 2; 8]

And the own solving is very simple:’A B
When you write this in MATLAB, it is..

C=inv(A)*B
It is very good to allocate to some variable nafoegxample C.

From definition of linear algebra is the same egpian like in cas€ = A\ B We obtain the
same results in both equations.

Complex numbers

In Matlab we have two defined complex units — i aritlis advices to don’t use these
characters to other variables like is for examptiek in the cycle or similar.

When you solve problems from range electrical emxgiimg, you may meet the complex
number like elements of matrix. For this complexnmehold the other computation rules
than in the case the usual real elements. Openatiored transposition exist in the linear

algebra only with the symbol In other side we obtain conjugate matrix, not the
transposition! We must use the dot operation marrkhfe transposition.

A = [1+, 2-i; 14, 5-2i]

For complex matrixes holds the same mathematicaiadions like for their normal version.
Only some special kind is dot operation with apmste.
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If we use for complex matrix apostrophe withoutrpipobtain other matrix like in case using
the dot symbol. COMPLEX# COMPLEX.” Try to explore difference!

Determinant

Last of the important matrix function named deteramit. Mathematical expression of
determinant is not so simple. The determinantm&rix is a number, which can tell us
something about the properties of the matrix.

In MATLAB this function represent commaiaiet It is scalar value.

Determinant of matrix A we obtain usicigt(A)

Some special function in technical praxis
Integration

For numeric evaluate integral MATLAB uses functoumd, which used for calculation
integration function from A to B recursive adapt®enpson quadrature.

Using this function isn’t so simple.
Q =quad (fun, A, B, tol)
F = @(x) sin (x); (allocate the function of variak)

Q =quad (F, 0, pi) (and for this interval is reQ)

More details are in the contextual help after tggwelp quad
Example:

Integral = quad(‘sin(x)’, 0, 2*pi,0.1)

Symbolic variables for analytic calculus

Previous integration represented the numerica¢ stiyproblem solving. We must specify not
only the main function but the low and high integma limits.

In special cases we need the analytical resulbmiesproblem. There is necessary like the
first step input the symbolic variable — for exampl

X=sym (‘x’) — definition of symbolic variables
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Y = diff (1/x) — this is request for analytical soig this expression
MATLAB answers:

Y =-1/x"2

diff — analytical derivation

int — analytical integration

Second lecture

M-File editor
B Editor - Untitled S
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Working in the interpretation style in the main daw (Command window) is not suitable
for long group of commands and sentences.

For writing the longer scripts are very useful udihg M-File editor. M-Files are named
scripts and functions which build the skelet of MAAB function group. Many of commands
used in MATLAB are functions and it is possibleettit them.

M-File editor is the next window, which is possiloleen from menu bar after click sequence.
File — New — M-File

After this sequence is possible open new windowethEditor. The basic window has style
usual window, but it is small code editor for edlifiand inputting scripts and functions. This
editor has on the left side column from numbers theise numbers are not useful like row
label, only for debugging and error searching.




Working text to |. part of the Matlab course 16

In this editor is possible trace code, make comargrand many useful things with our
scripts.

The main window is possible broken into variableniver of sub windows by the clicking on
the symbol in menu bar (small windows in the rigbsition in menu bar).

Graphics

The very high power of MATLAB is graphical systemany graphical instructions including
usual graphic, functional oriented graphic, paraime2D and 3D graphic a many others. We
will try to show some of the most useful from them.

2D graphs

%Program for testing basic graphical commands
%
%Graph of sinus function
%

%Definition of range X axis (or time basis)
t=-pi:pi/100:pi;
%

y=sin(t);

%graphical instruction
plot(ty);

grid on
aXIS([_pI!pI!_lvl])a

xlabel(-\pi \leq {\itt} \leq \pi");
ylabel(\it sin(t)");

title("\bf \it Sinus function’);

text(1,-1/3,\it {Notice into graph}");

Notices to program listing:

Very interesting is the definition of the time k&gt is vector defined due range with colons.
Symbol percent % is used for commentary and thesHhias green colour.

Commandplot (t,y) by using to draw mark on requested coordinates.

After usinghelp plotit is clear, that in this case missing the thirdgpaeter for definition the
marker style, colour and other parameters.

Commanadaxis defined the borders of plotting area and scalmg graph for these numbers.
Commandslabel andylabeladds the specific text on the current axes. \Vieigresting in

this case is the parentheses content. The spaitics formatting by text command
compatible with the text editor TEX. (For examplertcutit means italic style).
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Commanditle makes possible insert the name of current grajb épostrophes).

Commandext makes possible insert text notice into graph arethe demanding
coordinates.

Command legend adds into the picture the legentl text.
legend(‘'sin(x)’,4)

The parameter 4 determines the position of then@gao graphic window. Details about this
command we obtain — help legend.

Modification — standalone exercises

Change step size into time base definition — snajragph
Change colour of graph curve

Change thickness of the graph line

Change the text notice and change their positignirfflex point)
Change the setting the legend position.

Special types of 2D graphs

Bar graph

X =-2.9.0.2:2.9;
bar(x, exp(-x.*x))

Result from this script at the next picture
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3D bar graph

A=[521;123,99-1;33 3]
bar3(A)
box on

] Fgur=1
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Area graph

X=0:0.1:2*pi,
Y= sin(X)
area(Y)
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3D graphs
Advanced graphics commands for 3D graphic

%Advanced graphlc command for 3D functlonallty
% -
%Def|n|t|on of ba5|c plate mesh

[X,Y]=meshgrid(-10:.5:10);

%Definition of own 3D function
R=sqrt(X.~2+Y."2)+eps;
Z=sin(R)./(R);

%Graphlcal output

% - R
surf(X, Y Z);

%shading function

shading interp;

m |g;rel I Bt
|F1Ie E|:I|I'. '.'Te'w Tngent T|:u:||5 .Eleiktup Window  Help » |

lD eHS kRSO D ¥ 0 CJ

3D graph creating by function surf without shading

Notices to program listing:

Very important is the definition of the basic pldtas like “floor” of the graphics system.
The verbal translation of the commaméshgridis the grid with the mesh structure. And the
values represent the size of these windows imtieish.

The most interesting part of this script is ther output.
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Commandsurf (shortcut from surface) makes the graph with tiewr surface.

Commandmesh- graph will be in the mesh style.
Commandsurfl — graph will be in the surface style with lightgiaffects.
Commandsurfc — graph will be in the surface style with the canteffect

When we want to smooth the surface, we must usshiaéing instruction. For shading with
the interpolation colour scheme it ghading interp

It is possible to change colour scheme usingthermapcommand.

Cold colour scheme in the blue styleolormap (cool)
Hot colour scheme in the red styleslormap(hot)
Copper colour schemecelormap(copper)

And many more — complete listing the 3D graph pgmbses duehelp graph3d

Modification

Using the command subplot (x,y,z) divide the areth® graph window into 4 section. Into
each section draw different graph.

1 - mesh

2 — surf

3 —surfl

4 — contour

Other types of graphical interpretation

plot3 command
t = 0: pi/50 : 10*pi;
plot3(t.*sin(t), t.*cos(t), t)
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ezplot command

ezplot (‘sin(x)")
(creating graph of entered function).

Complex graphs
cplxroot(3) — definition of Reimann space of complex plaffé z

z = cplxgrid(30)
cplxmap(z,z.*3) — interesting space shape (viz. picture )

) Figuret -lolx|

File Edit View Insert Tools Deskiop Window Help a

NEW&| b RS9 0E 60

Polynomial function

Polynomial functions are the basic function in manientific subjects. Very useful is for
example polynomial regression. In MATLAB is strnctlefined the right convene for writing
polynomials. Each polynomial must be transposewetdor construct from its coefficient
including zero numbers.

43 +3x+1=0

And transcription into vector formis V =[4, 0, B,

Complete list of all polynomial functions obtairfsea typinghelp polyfun.

Commandoots— find polynomial roots. (roots(V) — V is vectoolgnomial coefficients)
Commandpoly — convert roots to polynomial. This function isémsion to function roots.
Commandconv— multiply polynomials

Commandileconv- divide polynomials
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Roots

This function calculates the roots of polynomiélve have the polynomial defined by its
coefficients, we may construct vector from thesefiicients V = (2, 3, -3)

And roots(V) returns roots for this function
Conv

If we have two polynomials defined by theirs cogéfnts (vectors V and Q) we may calculate
theirs multiply by using command conv(V,Q)

Deconv

It is the same function, but inverse - deconv(Mu@) provide division of these two
polynomials.

Polyval

If we have vector with coefficients we may calcalatlue for this polynomial in all values
describing by other vectors.

Y = polyval (V , Xwhere X = vector of testing number [0.1, 0.2, @33, 4]

Testing interval is possible insert in form veckor (0: 0.1 :1)(if we have not the certain
values)

The simplest example of the using polynomial regregn

Other function likepolyfit and usingpolyvalshows this M-File...

% Testing the polynomial regression
0 -- - - -

% Input data sets X and Y

X=1:1:10

Y=1[0.1,0.2,0.8,1.4,2.3,3.8,4.1,5.7,5.8,6.1]

% Graphic output

plot(X,Y, '™ )

grid on

% Polynomial regression

POL=polyfit(X,Y,3);

% The new x-axis values

XX=1:0.1:10;

% The new polynomial calculation y-axis values
YY=polyval(POL,XX)

hold on

plot(XX,YY)

legend( 'Origin data' , 'New calculated curve' 4)
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Notice:

For the fast analysis of high amount of data iSuispecial MATLAB feature nameBasic
fitting. This function is useful when we have the fild dflnumeric data and we want provide
the basic statistical analytic on this data.
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In this moment, when we have the basic graphicgdudwnly in the dot style, is necessary
choose from the menu item of this window — TooBasic Fitting and in the last part choose
the right style of numerical interpolation. Graphti Wwe modified automatically.



