Clicking ""Help'' and choosing ''Show Features (ppsx)''...
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...you will watch several movies with help about...
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Show LAB Fit Features

Curve Fitting

Treatment of Non Similar Data
Treatment of Similar Ungrouped Data
Treatment of Similar Grouped Data
Error Propagation

Graphs 2D and 3D

Ordinary Differential Equation

Roots of Equations

System of Equations

Treatment of Two Similar Samples




The ""Tools'' menu

File Curvefit Treatment of data | Tools Help
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Integral, derivative and ODE

Boot and non-linear equation I
20 Graph: uzer model

30 Graph: wzer model I

Hotes

LCalculator

Help: Toolz menu

The “Tools” menu makes the resources to solve the following types of problems
available:

1) System of linear equations solution;

2) Integral, derivative and ordinary differential equations (ODE) calculation;
3) Roots of function and non-linear equation;

4) 2D graphs plotting;

5) 3D graphs plotting;

6) Calculator.

System of Equations (S. Eq)

To solve a simple system of equations, at the “Tools” menu, click on “System of
Equations” or on the “S. Eq” button. Then, a dialog box will appear where it is possible to write a
system of equations with up to 6 equations and 6 unknowns.

L5 Fit Touls: Systomofsquations

- Equations

|5 K+ K2 3| e | 5| ®6 = [10

B K| Xas 3| e | 5| X6 = |2

| K1+ X2+ X3+ e | 5 | X6 = |

| K1+ X2+ X3+ e | 5 X6 = |

| K1+ %2+ | %3+ e | 5+ %6 = |

| K1+ %2+ | %3+ e | 5+ %6 = |

Cancel | [ ok ]




After informing the coefficients of the system of equations, click on “OK” that the results
will be shown at a dialog box:

I LAB Fit - Tools: Spstem of equations !

—Results

ik niowmns

®1 = 0.223529E+01
®2 = - 117E47E+01

<< Back

If there is need to access the informed data set, click on the “Back” button.

Integral, derivative and ODE (IDDE)

Integral and derivative

To determine the numerical value of the defined integral of a function and also its first
and second derivatives for a value of X, the user must, at the “Tools” menu, click on “Integral,
derivative and ODE” or also on the “IDDE” button. Then, the following dialog box will appear:

HLAB Fit - Tools: Decision

— Optionz

| & lnteqgral and derivative

— System of ardinary differential equations

, 1 Differential equation

™ 2 Differential equations
3 Differential equations
4 Differential equations
" A Differential equations

— Ordinary differential equation [ODE]
™ First Order

¢~ Second Order

¢~ Third Order

" Fourth Order

™ Fifth Order

LCancel | QE.




Choosing the "Integral and derivative" option and clicking on the “OK” button the
following dialog box will appear:

: LAB Fit - Tools: Integral and Denvative [

— Informatiarn
Function [independent varniable:
V=
[up to 94 characters] Operationz: +, -, =, £, * [power]
— Integral

lawer: # = I Lpper: ¥ = I

— Dernivative
= I [ firzt and second order |
' Cancel | Graph | Syntax | ok I

At the first edit box the function that is under study must be written, in Fortran. At the
second and third boxes the integration limits must be written and, at the last one, the value of
X of the derivatives that will be determined. After, click on “OK”.

Ordinary Differential Equation (ODE)
To determine the numerical solution of an ordinary differential equation up to the fifth

order (or a system, up to five first order equations) you must supply the necessary information
on the dialog box and click on the "OK" button.

LAB Fit - Tools: Differential Equation 1

"Differential E quation: Fifth Order

— Settingz

WO = I uf = I Mumber of subdivizions of the interval: M = I

[& great value for M implies in slowness)

tixgl = | o= [
iyl = | vl = [
alwy) = | v [
iyl = | ywol= [
syl = | yewel= [

[ Each function: up to 150 characters |

LCancel | Syntax | k.

Then a new dialog box will appear and you can access the file with the (x,y) points
referring to the numeric solution (Runge-Kutta, fourth order).

Attention: If your ODE is not adequate for the general form shown on the dialog box,
you must transform it into a first order system.



Approximate solution for an ODE

You can try to determine an approximate function, with up to four parameters, for the
numeric solution of an ordinary differential equation (ODE) by using curve fitting. For this
purpose, execute the following steps:

1) Select and copy the points from the file with the numeric solution. If it is
possible, eliminate points with abscissa (or ordinate) smaller or equal to zero;

2) Close the ODE option (“Close” button) ;

3) Click on the "New" button to fit the data;

4) Use the "Paste" option to inform the data;

5) Click on the "Find" button to select the functions;

6) Click on the "Libr" button to fit the selected function;

7) If Xo has a value between Xmin and Xmax you must solve the problem twice,

appending together the following results: a) from Xo up to Xf = Xmin b)
from Xo up to Xf = Xmax.

An Example

y”’ + 0.5y’ = sin(y), with y(0.0)=0.0, y’(0.0)=-1.0, from X0=0.0 up to Xf=1.0

Clicking on the "IDDE" button and choose the "Second Order" option (from Ordinary
Differential Equation (ODE)) the following dialog box will appear:

LAB Fit - Tools: Differential Equation l

{Differential Equation: Second Order -‘

W ] = ey

— Settings

WO = E wf= 11 Murmber of subdivizions of the interval, M = |15IJEI

[t areat walue for M implies in slowness]

Hiwyl = |siniy] yiral=  [00
flxy) = |05 yiel= [0

|
| |

[ Each function: up to 150 characters |

LCancel | Syntax |

{17

s0 you can supply the necessary information about the ODE. Then, two files are obtained:
1) One with the points of y(x);

2) Another with points of the first derivative y'(x).



See a part of the (x,y(x)) file and of the (x,y’(x)) file:

& Function y - Bloco de notas M= E3 || £ First Derivative of y - Bloco ... =] E3

Arguivo Editar Pesquizar  Ajuda Arguwo Editar  Pesguizar  djuda

| ©.80BPEEBE+688 O.0AOAAGBE+BR |« 0.A00PBOBE+BA -1.80800688 ﬂ
6.6666668E-083 -6._6556172E-03 6.6666668E-03 —-B.9966944
1.3333334E-082 -1.3289381E-02 1.3333334E-82 -8.9934448
2_000000BE-82 -1.9981659E-02 2 _00B000BE-DB2 -0.99082485
2_6666667E-082 -2_6492815E-02 2 _666666FE-02 -B.98710876
3.3333335E-82 -3_3063214E-02 3.3333335E-82 -A.9840289
3.9999999E-82 -3_9613213E-082 3.9999900F-32 -A.9809881
4 _666666GFE-B82 -4 _6143174E-02 4 _666666FE-02 -0.9780089
C_3333335E-82 -5_2653451E-82 5.3333335E-82 -0.97508829
C.9990999E-p82 —5.911111396E—32-|L| 5.9090000F-A2 -A.9722899 =

4 A | KE | Bz

Accomplishing the seven steps indicated previously for each obtained file, at the end,
the following approximate function is determined with four parameters (in the step 6 you
should set POWER = 50):

Yappr =0.5133¢1-2037X ¢ 5135.0-7366x
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With the same seven steps an approximate function is determined for the first
derivative:

Y appr = ~0.999703+0.49339x ~0.5918x % +0.12798x >
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In this example, the results were so good that it is not possible to differentiate the line
that represents the approximate function (and its first derivative) from the points referring to
the numeric solution.

Attention: The Runge-Kutta method does not determine values referring to the second
derivative of the function obtained from a second order ODE but, if you
want it, you could obtain that by direct derivation of the approached function
for the first derivative, y'appr(x):

Y appr = 0.49339 —1.1836x +0.38394x 2
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For verification purposes of the obtained results, you could determine y, y' and y" for
x=0, x=0.5 and x=1.0 (from the approximate functions) which gives the following result:

Yaoer(0.0)=-0.0002 ’or(0.0)=-0.9997 Y (0.0)=0.4934

 oor(0.5)=-0.0024

y
Yaoor(0.5)=-0.4610 Y’(0.5)=-0.8850 y
Yaor(1.0)=-0.9186 y y

*oor(1.0)=-0.9701 ” oor(1.0)=-0.3063

You can observe that, for these results, with small tolerance, the ordinary differential
equation of this example is verified.



Fortran Syntax

Operations:
Addition: +
Subtraction: -
Multiplying: *
Division: /
Power: ** or *

Functions applied to a value x
Sine of x: sin(x)
Cosine of x: cos(x)
Tangent of x: tan(x)
Arc which the sine is x: asin(x)
Arc which the cosine is x: acos(x)
Arc which the tangent is x: atan(x)
Hyperbolical Sine of x: sinh(x)
Hyperbolical Cosine of x: cosh(x)
Hyperbolical Tangent of x: tanh(x)
Sine of x (x in degrees): sind(x)
Cosine of x (x in degrees): cosd(x)
Tangent of x (x in degrees): tand(x)
Natural Logarithm of x: log(x)
Logarithm of x at the base 10: log10(x)
Exponential of x (e powers x): exp(x)
Root square of x: sqrt(x)

Absolute value of x: abs(x)

Roots of functions (Root)

To determine the roots of a function the user must, at the “Tools” menu, click on the
“Zeroes of functions” option , or at the “Root” option. Then, the following dialog box will appear:



, LAB Fit - Tools: Root of Function & Hon-linear Equation

— Information
Foot of Function: wite f[x]  Mondinear Equation: for B[] = (2[=] write F1[x] - 2[x]

0= |[x"2-Fw+ 2F(w5)"2
[up to 180 characters) Operations: +, -, = £, * [power]

Search Intereal - lower: ¥ = I"I 0 LppEer ¥ = I'I 0

Talerance: tal = I'I 0000000E-06 © [wen small talerance omits 2ema)
MHumber of subdivizions of the zearch interval: M = |5|:I

(& areat value for M implies slowness)

Cancel | Graph | Syntax | (]

At the first edit box the function must be written. At the two following dialog boxes,
the user must indicate the interval limits in which the roots search will be performed. At the
fourth edit box, the user must write the tolerance (the default value is 1.0E-06) and, at the last
one, the number of subdivisions of the interval, into which ones, the bisection method will be
applied (the default is N = 10 but it was changed to N=50).

In case the user does not have a clear idea if the pointed interval is suitable or not, the
“Graph” button can be clicked and it will be possible to see the function plotted for the given
interval. For the information of the previous dialog box, we have:

Title

Y={n*=2-3mxs 215 (x5)""2

0 3S0000E +E

W oams (L)
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1DO00EHZ = SOOO0E HM 0. O0D00E-+ID D SOD00OE-+HI1 0, 10000E 12
L :I_I:,L:l
Legend

It becomes clear, then, that if there are any roots, they must be at the interval between
X =-1,0 and 7,5 (because this is the region where the graph touches or crosses the X axis).
Then, when we close the window with the graph, it will be automatically returned to the dialog
box shown previously, the interval limits must be rewritten with the new values. When “OK” is

clicked, the results will be shown:



i LAB Fit - Toolz: Root & Hon-linear Equation !

—Resultz (It can have amizsion of roots]

Zero; ¥ = 0.100000E +071
Zero; ¥ = [0.200000E +071
Zero; ¥ = [1.500000E +01
Zero; ¥ = [1.500000E +01

<< Back A Foots

2D Graph: User model (G 2D)

To plot the graph of a function with 1 independent variable, the user must, at the “Tools”
menu, click on the “2D Graph: User model” option, or then at the “G 2D” button. Then, the
following dialog box will appear:

LAB Fit - Tools: 2D Graph [Decizion]

— Decizion

i+ Jnborm the fanchion i
" Inform the functions =[u] and [u

" Inform dataset in columns

S o |

The user has, then, the option of informing the function (normal or parametric) or
importing a point set to be linked.

The second case, when “Ok” is clicked, the dialog box for the files’ selection will appear
(browse), and the user must indicate the non-formatted file with the points in columns.

At the first case, when “OK” is clicked for the parametric function, the following dialog
box will appear:



1

' LAB Fit - Tools: 2D Parametric Graph [User model] |

— Functionz - Parametric Variable:

Al = |

Yiu = |

[up to 150 characters each funchion] Operations: +, -, % /. * [power]

Interval: wi= I uf = I
# of points = I 250 [ from 41 up to 500

LCancel all | Suntax | Ok I

|
E
%
§

Then you must to inform X(u), Y(u) and the limits for the variable u.

At the first case, when “OK” is clicked for the function normally written, the following
dialog box will appear:

lLAB Fit - Tools: 2D Graph (User model) |

— Function

) = | (w23 2)

[up to 150 characters] Operations: +, -, %, /. * [power]

Interval: *i= I-?.S i = |1EI.E
# of points = I 280 [ from 471 up to 500 ]

m LCancel all | Syntax | 0k, I

When “Ok” is clicked, the question if it is desired to draw another graph will appear (it
can be possible to plot up to 3 graphs simultaneously). Answering no, a new box for the
definition of how the graph must be plotted will appear:

LAB Fit - Tools: 2D Graph [0ptions]) I

— Decizion

I™ Show Grid

™ Lines: Different Colors
[~ Sizeof the fwmes > 111

LCancel | m

When “OK” is clicked, the plotted graph will appear:
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Legend

At the same time that the 2D graph is being plotted, a dialog box appears with the graph
final characterization (title, legend, axis and function definition):

2 GRAPH2D
File Edit [Graph

S PLOT
LAB Fit - 2D Graph [Caption] |

— Gerneral information
[ Title]
Title I
L d
Legend Faen
5 awis | ¥ awis [Ux) | oK I
' aris v awiz (U]
Funiction =[x A 2] Cancel |

Once the 2D graph is characterized, there are two options to print it.

To use the first option, click on “Print window ”, at the “File” menu, but this option is
used to print only a sketch, because the printing will not have a good quality: the printed picture
will have the same resolution shown on screen.

The second option makes possible to print a graph with a better quality than the
previous one, what can be done by clicking on the “Superzoom in” item at the “Graph” menu.
The graph will be, then, plotted again, but with a much higher resolution than the original one,
using a much bigger space than the available screen size. After that, at the “File” menu, the
user must click on “Print graph (superzoom)”.



To paste the graph, the user must choose, at the “Edit” menu, the “Select All” option as
it is shown at the picture at next:

o GRAPH2D
File | Edit Graph

f Select All
[Eopy [EtriH e
Eauze B+

Then, at the “Edit” menu, it must be clicked on “Copy”, as it is shown at next.

File Iﬁ Graph
Selech il
LCopy Chil+lnz
Eesume By

Then, it is just a matter of opening the document, and pasting the image that was stored
at the clipboard.

3D Graph: User model (G 3D)

To plot a graph with 2 independent variables the user must, at the “Tools” menu, click
on the “3D Graph: User model” option, or at the “G 3D” button. Then, the following message will
appear: ‘Please: click on “graph” menu and set the parameters!”. When “Ok” is clicked, at
the message box, and afterwards on the “Graph” item of the menu of the same name, the
following dialog box will appear:

LAB Fit - Tools: 3D Graph [User model] |

— Function

Y1, ®2) = |2 5%eup(172 4272

[up to 150 characters] Operations: +, -, *, &, [power]
><‘|i=|-3 ><1f=|3

Interval:
wai= |-3 waf = I

LCancel | Syntax | Ok

At the first edit box, the function of two variables (X1 and X2) , which the graph will be
drawn must be written. At the following edit boxes, the interval limits of X1 and X2 must also be
written. When “OK” is clicked the graph will be drawn.
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At the same time that the 3D graph is being drawn, a new box for the final
characterization appears (title, legend, axis and function definition):

2 GRAPH3D

File Edit Graph Design

LAB Fit - 3D Graph [Caption] |

— General information

Title: I

I Legend

Legend

1 awis | 1 asis (Ux1)
w2 anis | x2 avis (Un2) | ok |
' iz I W anis [Uy)

Function [Y=2 Sexpl-+12 +22] Carcel_|

Once the 3D graph is characterized, there are two options to print it.

To use the first option, we must click on “Print window”, at the “File” menu, but this
option is only used to print only a sketch, because the printing is not of good quality: the printed
picture will have the same resolution shown on screen.



The second option makes it possible to print a graph with a better quality than the
previous one, what can be done by clicking on the “Superzoom in” item from the “Graph”
menu. The graph will be, then, drawn again, but with a resolution much higher than the original
one, occupying a much bigger space than the available screen size. After that, at the “File”
menu, the user must click on “Print graph (superzoom)”.

To paste the graph on a document, the user must, at the “Edit” menu, select the “Select
All” option as it is shown at the picture at next:

2 GRAPH3D

File | Edit Graph Design

Select Al

[Eapy (Bt s
Bause [Etrles

After, at the same “Edit” menu, we must click on “Copy”, as it is shown at next.

o GRAPH3D
File | Edit Graph Design
Seleat Al

Copy Chrl+lng
Besume (Bl

Then, it is only a matter of opening the document, and pasting the image that was
stored at the clipboard.

The “Design” menu of the Graph3D

In case the user is plotting a 3D graph, some unique options can be chosen, that are
shown at the “Design” menu, at next.

o GRAPH3D
File Edit Graph | Design

L Plot Hatatiarsurface wiel

LCaolar

Grid

Linez

Surface [rotation: 07

The “Rotation (surface: wire)” option makes it possible to rotate the graph in up to 45
degrees (the default is 0 degrees) but does not work for a solid mesh which is the default
option. Whereas the “Color” option makes it possible to choose among six distinct colors
(standard, blue, red, magenta, green and gray, the default is standard) for the drawing of the
wire frame or the solid mesh. The “Grid” option makes it possible to draw grids at the X1-Y,
X2-Y and X1-X2 planes (the default is with grids enabled) whereas, clicking on “Lines”, the user
can indicate with how many lines the surface must be drawn (from 10 up to 100, the default is
40).



