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What is Graph?

Graph is a program designed to draw graphs of mathematical functions in a coordinate system and similar
things. The program is a standard Windows program with menus and dialogs. The program is capable of
drawing standard functions, parametric functions, polar functions, tangents, point series, shadings and
relations. It is also possible to evaluate a function for a given point, trace a graph with the mouse and much
more. For more information on using the program see How to use Graph.

Graph is free software; you can redistribute it and/or modify it under the terms of the GNU General Public
License [http://www.gnu.org/licenses/gpl.html]. Newest version of the program as well as the source code
may be downloaded from http://www.padowan.dk.

Graph has been tested under Windows 2000, Windows XP, Windows Vista and Windows 7, but there may
till be bugs left. If you need help using Graph or have suggestions for future improvements, please use the
Graph support forum [http://www.padowan.dk/forum].

When you send a bug report, please write the following:

* Which version are you using? Thisis shown in the Help - About Graph dialog box. Y ou should check
that you are using the newest version as the bug may have been fixed already.

« Explain what happens and what you expected to happen.

» Explain carefully how | can reproduce the bug. If | can't see what you see, it is very difficult for meto
solve the problem.
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How to use Graph

When the program starts, you will see the main window shown below. This window shows the graphing area
to the right with the coordinate system where the graphs you insert will be shown. Y ou can use the menu or
the buttons on the toolbar to show different dialog boxes to insert a function, edit functions, delete functions
etc. You can find a description of all the menu items.

The toolbar may be customized by right clicking on the bar and selecting Customize toolbar... from the
popup menu. Y ou can then customize the toolbar by dragging commands to and from the bar. The status bar
at the bottom of the window shows tooltips or other information to the |eft and the coordinates located at the
mouse pointer to the right.
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Y ou can add new elements to the coordinate system from the Function menu. For exampleif you want to add
anew function you use the menu item Function — Insert function...

The function list to the left shows alist of functions, tangents, point series, shadings and relations you have
added. If you want to manipulate anything in the list, just select it and use the Function menu. Y ou can aso
right click on anitemin the list to get the context menu with available commands. An item may be edited by
double clicking on it.

The Calc menu contains commands to make cal culations on functions, for example evaluations at specific
coordinates or given intervals.




Installation and startup

Installation

Graph isusually distributed as an installation program named SetupGraph-x.y.exe, where x.y isthe version
number. To install, just execute the file and follow the instructions. The installation will install the following
filesin the selected directory and subdirectories:

G aph. exe The program file.

PDFl i b. dl | Library used to create PDF files.

Thunbnai | s. dl | Shell extension for showing thumbnails of grf-filesin Explorer.
Local e\ *. nD Tranglations of the program.

Hel p\ *. chm Help filesin different languages.

Pl ugi ns\ *. py Some examples of plugins. Custom plugins can be placed here too.
Li b\ *. py Library files used by plugins.

Exanpl es\ *. grf | Some examples that can be opened in Graph.

Theinstallation will create a shortcut in the Start menu, which may be used to start the program. During the
installation you select the preferred language. This can later be changed from the Options dialog.

If an older version of the program is already installed, the installation suggests you install in the same
directory. You can just install over the old version. There is no need to uninstall the old version first, but
make sure the old version is not running while installing.

The Graph Setup can take the parameters specified in the table below. These are especially useful when you
want to automate the installation.

/ SI LENT

Instructs the Setup to be silent, which means that the wizard and the background
window are not displayed but the installation progress window is. Everything else
isnormal so for example error messages during installation are displayed. If a
restart is necessary, a Reboot now? message box is displayed.

/ VERYSI LENT

Instructs the Setup to be very silent. Thisis the same as silent with the addition
that the installation progress window is not displayed either. If arestart is
necessary, the Setup will reboot without asking.

/ NORESTART

Instructs Setup not to reboot even if it's necessary.

/ LANG=l anguage

Specifies the language to use. language specifies the English name of the
language. When avalid /[LANG parameter is used, the Select language dialog
will be suppressed.

/ DI R=x:\di r nane

Overrides the default directory name displayed on the Select destination
location wizard page. A fully qualified pathname must be specified.

Uninstallation

Uninstallation is done from Add/Remove Programs in the Control Panel. Just select Graph and click on the
Change/Remove button. Thiswill remove all traces of the program. If files were added to the installation
directory after the installation, you will be asked if you want to delete them. Make sure Graph is not running

while uninstalling.




Installation and startup

Startup

Usually Graph is started from the link in the Start menu. A .grf file can be passed as parameter, in which case
Graph will open the specified file. In addition to this the parameters in the table below can be passed to Graph

on the command line.

Parameter Description

/SI=file Used to save an opened .grf file as an imagefile. Thefile type can be any of the
image formats supported by Graph.
/' W DTH=wi dt h Used in combination with /SI to specify the width in pixels of the image to be

saved.

/ HEI GHT=hei ght

Used in combination with /SI to specify the height in pixels of the image to be
saved.




Frequently Asked Questions

>
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What are the system requirements of Graph?

Graph requires Microsoft Windows 2000 or newer. It has been tested under Windows 2000, Windows
XP, Windows Vistaand Windows 7.

Will Graph run under Linux?

Graph is a native Windows application and not tested under Linux, but several users have informed me
that Graph runs without problems under Linux with Wine.

Will Graph run on aMac?

As with the above, you cannot run Graph directly on a Mac. However abundle of Graph with Wineis
available from the website [ http://www.padowan.dk/graph-on-mac/].

When will the next version be rel eased?
When it isready.
How can | move the coordinate system?

When you hold down the Ctrl key you can use the arrow keys to move the coordinate system. Y ou can
also use Zoom - Move system and drag the coordinate system around with the mouse.

How can | easily zoom in and out?

When you hold down the Ctrl key you can use the + and - keys to zoom in and out. The scroll wheel
on the mouse can be used for zooming at the position of the mouse pointer. When you move the scroll
wheel up the program will zoom into the coordinate system and center the graphing area at the position
of the mouse pointer. When you move the scroll wheel down the program zooms out.

How do | save default settings?

Set the desired default settingsin the Edit axes dialog, and put amark in Save as default before
pressing the OK button. Next time you create a new coordinate system, the saved default settings will be
used.

Can | make the program remember the size and position of the window?

When you select Save workspace on exit in the Options dialog. Graph will save the position and size
of the main window when the program quits. The next time the program starts the same size and position
is used.

Why does the program not accept a comma as decimals separator?

I know alot of countries use comma to separate the decimal part from the integer part, but Graph uses
comma for separating function arguments. The program always uses a period to separate decimals from
the integer value, no matter your local settings.

How do | plot avertical line?

A vertical line can be drawn as a parametric function. Select Parametric function as Function
type when adding the function. Y ou can then add the vertical lineat x=5asx(t) =5, y(t)=t.
Alternatively you can add x=5 asarelation.

How do | plot afunction x=f(y)?

To draw afunction with y as the independent variable, you need to use a parametric function. Select
Parametric function as Function type when adding the function. If you want to draw the function
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x=sin(y), you can now enter the functionasx(t) =si n(t), y(t)=t.Alternatively you can draw it
as arelation where you can enter x=si n(y) directly.

How do | plot acircle?

Y ou need to use a parametric function to draw acircle. When inserting the function, select
Parametric function as Function type. Y ou can now add a circle with radius 5 and center in (2,3) as

x(t)=5cos(t)+2, y(t)=5sin(t)+3.Youmay needtouseZoom - Square to make the axes
equally scaled. Else the circle may look like an ellipse. A circle can also be added as a polar function,
but only with center in (0,0). A circle with radius 5 may be added as the polar functionr (t) =5.
Alternatively you can use arelation and add the circleas ( x- 2) *2+(y- 3) *2=5"2.

Why do circles ook like ellipses?

That is probably because the axes are not equally scaled. Y ou can either change the size of the window

until the axes scales equally or select Zoom - Square in the menu to change the y-axis to scale equal
to the x-axis.

How do | calculate the area between two functions?

If you want to find the area between two functions f1(x)=3x and f2(x)=x"2, the easiest way isto create
anew function that is the difference between the two functions: f(x)=f1(x)-f2(x)=3x-x"2. Y ou can then

use Calc - Integrate to calculate the areafor agiven interval.
How do | plot theinverse of any given function?

Y ou can use a parametric function for this. If you want to plot the inverse of f(x)=x2-2x, you can insert it
asthe parametric functionx(t) =t ~2-2t, y(t)=t.

How can | draw the negative part of f(x)=sgrt(x+2) ?

For each value x, f(x) will evaluateto at most onevalue. f ( x) =sqrt ( x+2) will therefore only have
positive values of f(x). To plot it for negative f(x) too, you will have to create two separate functions:
f(x)=sqrt(x+2) andf (x)=-sqgrt (x+2).Alternatively you can plot it astherelation: y*2=x+2.

How do | plot acomplex function like f(t)=e(i*t)?

Y ou probably want to show the real part on the x-axis and the imaginary part on the y-axis. In that case
you can draw the function as the parametric functionx(t) =re(e”(i *t)), y(t)=imer(i*t)).
Notice that Calculate with complex numbers must be enabled in the Edit axes dialog.

How can | make Graph plot functions with vertical asymptotes correctly?

Functionslikef ( x) =t an( x) with vertical asymptotes may not always be shown correctly. As default
Graph will evaluate the function for each pixel on the x-axis. But if the graph has a steep slope that goes
against infinite and back between two pixels, Graph will not notice it. To plot the function correctly you
can tell Graph how many evaluations to perform. This may be entered in the Steps field in the Insert
function dialog. A number around 100000 will usually show the function correctly.

How to create a PDF file from Graph?
Y ou can choose to save as PDF in the Save asimage dialog.
Why will the program not start under Windows 95?

Graph no longer supports Windows 95. The last version to run under Windows 95 was Graph 4.2.




OLE server/client

OLE server
Graph has been implemented as an OLE (Object Linking and Embedding) server, which means that Graph
objects can be placed (embedded) into an OLE client. Many applications can work as OLE clients, for
example Microsoft Word.

You can use Edit —~ Copy image in Graph to copy the current content to the clipboard. Afterwards you can
select Paste in Word (or similar in another OLE client) to insert the Graph object from the clipboard. When
you double click on the object anew instance of Graph will start where you can edit the object. If you don't

want to paste the data as a Graph object into Word, you can use Paste — Paste Special... in Word to paste
asapicture instead.

Y ou may create a new Graph object in Word by choosing Object in the toolbar and selecting Graph system
as Object type. The same dialog can be used to create an embedded Graph object from an existing grf-file.

If you select Link to file, you will get alinked object instead of an embedded object. Thisway al changesto
the object will be reflected in the original grf-file. If the grf-fileis not available you will not be able to edit the
object, but you can still see the image in Word.

To edit a Graph object you must have Graph installed on the system. If Graph is not installed you will till be
able to see the image but not edit it.

OLE client

Graph can work asan OLE client as atext |abel in Graph is an OLE container. This means that you can paste
images and OLE objectsinto the editor used to add labels. Asin any other OLE container you can edit the
object by double clicking on it. From the context menu you can use Insert object... to create anew OLE
object in the label. The same dialog can be used to create an object from afile. Y ou can for example insert an
image filethisway. To edit an OLE object the server must be installed on the system, else you will only be
able to see abject but not edit it.




List of menu items

Thefollowingisalist of al the menu itemsin the program:

File -~ New (Ctrl+N)
Use this to create a new coordinate system for drawing graphsin.

File - Open... (Ctrl+O)
Reads an earlier saved coordinate system from a.grf file.

File — Save (Ctrl+S)
Saves the coordinate system to afile.

File - Save as...
Saves the coordinate system to afile with a new name.

File — Save as image... (Ctrl+B)
Saves the shown coordinate system as an image.

File » Import - Graph file...
Imports the contents of another Graph file into the current coordinate system.

File — Import - Point series...
Imports one or several point series from atab, comma or semicolon separated data file. The first column
shall contain the x-coordinates. The following columns shall contain the y-coordinates. Graph will create
as many point series as there are columns with y-coordinates in the file. There is no limit to the number
of point series possible in the data file as long as they share the same x-coordinates.

File - Print... (Ctrl+P)
Sends the coordinate system and graphs to a printer.

File - Exit (Alt+F4)
Quits the program. Y ou may be asked to save thefile.

Edit - Undo (Ctrl+2)
Use this to undo the last thing you did. Y ou can choose how many undo steps that are saved in the
Options dialog.

Edit — Redo (Ctrl+Y)
Use thisto redo the last thing undone. Thisis only available after you have selected Edit — Undo.

Edit - Cut (Ctrl+X)
Thiswill copy the selected graph element to the clipboard. The element will be deleted afterwards.

Edit - Copy (Ctrl+C)
Thiswill copy the selected graph element to the clipboard.

Edit - Paste (Ctrl+V)
Thiswill paste an earlier copied graph element from the clipboard into the coordinate system.

Edit . Copy image (Ctrl+I)
Copies the shown coordinate system to the clipboard as an image. Y ou can then paste it into another
program, i.e. Microsoft Word.

Edit - Axes... (Ctrl+A)
Edit specifications for the axes, e.g. scale, colors, legend placement, etc.




List of menu items

Edit - Options...
Thiswill change global settings for Graph, e.g. association of .grf files, showing of tooltips, maximum
number of undo stored undo steps, etc.

Function - Insert function... (Ins)
Inserts afunction into the coordinate system. Functions may be added with different width and color, and
you can choose to only show the graph in a specified interval, and specify other settings too.

Function - Insert tangent... (F2)
Use this dialog to add a tangent to an aready shown function at a user-specified point. The tangent will
be added to the function selected in the function list.

Function - Insert shading... (F3)
This menu item is used to add a shading to the selected function. Y ou may choose between different
styles of shading and different colors. The shading may be added above the function, below the function,
between the function and the x-axis, between the function and the y-axis, inside the function or between
two functions.

Function - Insert f'(x)... (F7)
Thisdialog is used to add the first derivative to the selected function.

Function - Insert point series... (F4)
Inserts a new point series into the coordinate system. An infinite number of points defined by their x- and
y-coordinates may be added. It is possible to choose color, size, and style of the point series.

Function - Insert trendline... (Ctrl+T)
Inserts atrendline as the curve of best fit for the selected point series. Y ou may choose between different
kinds of functions for the trendline.

Function - Insert relation... (F6)
Thisinserts an equation or inequality into the coordinate system. Equations and inequalities are used to
express relations between x- and y-coordinates with the same operators etc. as for graphs of functions.
Relations may be added with different shading styles and colors.

Function - Insert label... (F8)
Thiswill show adialog, which may be used to create a formatted text label. The label will aways be
created at the center of the graphing area but can afterwards be dragged to another place with the mouse.

Function - Edit... (Enter)
Thiswill show adialog where you can change the selected graph element in the function list.

Function - Delete (Del)
Thiswill delete the selected graph element in the function list.

Function - Custom functions... (Ctrl+F)
This shows a dialog used to create custom functions and constants in addition to the built-in ones.

Zoom - In (Ctrl++)
Thiswill zoom in at the center of the graphing area, so you will see 81% of the previous graphing area. If
you hold down Shift it will zoom in more, so you see 25% of the previous graphing area.

Zoom — Out (Ctrl+-)
Thiswill zoom out so you see 1.23 times as much as on the previous graphing area. If you hold down
Shift it will zoom out more, so you see 4 times the previous graphing area.




List of menu items

Zoom - Window (Ctrl+W)
Hold down the |eft mouse button while you select the area you want to fill the whole graphing area.
Right click or press Esc to cancel the command.

Zoom — Square (Ctrl+Q)
This changes the y-axis to the same scale as the x-axis. It will make a circle look correctly instead of
showing as an ellipse. The axes will stay equally scaled until disabled again.

Zoom - Standard (Ctrl+D)
Returns the axes settings to the same default settings used when creating a new coordinate system.

Zoom — Move system (Ctrl+M)
When selected the mouse pointer changes to a hand. Y ou may now use the mouse to drag the coordinate
system around. Select the menu item again, right click or press Esc to return to normal mode. Asan
aternative to this menu item, you may hold down the Shift key and drag the coordinate system around.

Zoom - Fit
Thiswill change the axes settings to show all parts of the selected graph element.

Zoom - Fitall
Thiswill change the axes settings to show all parts of all the elementsin the function list.

Calc - Length of path
Calculates the distance along the path between two points on the selected graph.

Calc - Integrate
Calculates the definite integral for a specified domain range. Thisis the same as the signed area between
the graph and the x-axis.

Calc - Evaluate (Ctrl+E)
Thiswill evaluate the selected function for a given value. For standard functions f(x), f'(x) and f"(x) are
evauated. For parametric functions x(t), y(t), dx/dt, dy/dt and dy/dx are evaluated. For polar functions
r(t), x(t), y(t), dr/dt and dy/dt are evaluated.

Calc - Table...
Thisdialog fills atable with a user-specified range of values and the result of evaluating the selected
function for the values.

Calc —» Animate...
This dialog allows you to create an animation from the data in the coordinate system by changing an
existing custom constant. This makes it easy to see what happens when the constant changes. The
animation may be saved to adisk file.

Plugins
Thisisacommon place for plugins to put menu items that activates the plugin. The menu will not be
shown if there are no plugins or the plugin system is not available.

Help - Contents and index (F1)
Shows the contents and index of the help file.

Help - List of functions (Ctrl+F1)
Shows alist of functions and constants that may be used for plotting graphs.

Help - Frequently Asked Questions
Thiswill show alist of frequently asked questions and their answers.
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List of menu items

Help - Tip of the day
Thiswill show some tips about using Graph in amore optimal way, and certain features of Graph you
may not know about.

Help - Internet — Graph web site
Shows the web site for Graph in your default web browser.

Help - Internet — Support
Shows the support forum for Graph in your default web browser.

Help - Internet — Donate
Shows the web page that allows you to donate to the Graph project to support its development.

Help - Internet —» Check for update
Thiswill check if anew version of Graph isavailable. If thereis anew version, you will be asked if you
want to visit the web site of Graph to download the new version.

Help — About Graph (Alt+F1)
Shows version number, copyright and license information for Graph.

Shortcuts

Shift+Drag
This allows you to move the coordinate system around. It is basically the same as selecting Zoom -
Move system in the menu.

Scroll wheel
Y ou can use the scroll whedl on the mouse to zoom in and out at the position of the cursor in the
graphing area.

Ctrl+Arrow
Hold down Ctrl while you use the arrow keys to move the view around in small step. If you also hold
down Shift you can movein larger steps.

Ctrl+Home
Thiszoomsin on the x-axisin small steps. If you also hold down Shift you can zoom in larger steps.

Ctrl+End
This zooms out on the x-axisin small steps. If you aso hold down Shift you can zoom in larger steps.

Ctrl+PgUp
Thiszoomsin on the y-axisin small steps. If you also hold down Shift you can zoom in larger steps.

Ctrl+PgDn
This zooms out on the y-axisin small steps. If you aso hold down Shift you can zoom in larger steps.
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Error messages

Error 01: An error occurred while evaluating power function.
This error occurs when a number raised to the power of another number resulted in an error. For example
(-HN(-5.1) gives an error, because a negative number cannot be raised to a negative non integer number
when calculating with real numbers.

Error 02: Tangent to pi/2+n*pi (90°+n180° in degrees) is undefined.
tan(x) is undefined for x= TY2+10 = 90°+p180°, where p is an integer.

Error 03: Fact can only be calculated for positive integers.
fact(x), which calculates the factorial number of X, is only defined for positive integers of x.

Error 04: Cannot take logarithm to number equal or less than zero.

The logarithmic functions In(x) and log(x) are undefined for x<0, when the calculation is done for real
numbers. When the calculations are done with complex numbers, x is only undefined at 0.

Error 05: sgrt is undefined for negative numbers.
sgrt(x) is undefined for x<0, when the calculations are done for real numbers. sqrt(x) is defined for all
numbers, when the calculations are done with complex numbers.

Error 06: A part of the evaluation gave a number with an imaginary part.
This error may occur when calculations are done with real numbers. If apart of the calculation resulted in
anumber with an imaginary part, the calculation cannot continue. An example of thisis: sin(x+i)

Error 07: Division by zero.
The program tried to divide by zero when calculating. A function is undefined for values where a
division by zero is needed. For example the function f(x)=1/x is undefined at x=0.

Error 08: Inverse trigonometric function out of range [-1;1]
The inverse trigonometric functions asin(x) and acos(x) are only defined in the range [-1;1], and they
are not defined for any numbers with an imaginary part. The function atan(x) is defined for all numbers
without an imaginary part. This error may also happen if you are trying to take arg(0).

Error 09: The function is not defined for this value.
This error may occur for functions that are not defined for a specific point. Thisisfor example the case
for sign(x) and u(x) at x=0.

Error 10: atanh evaluated at undefined value.
Inverse hyperbolic tangent atanh(x) is undefined at x=1 and x=-1, and not defined outside the interval
x=]-1;1] when calculating with real numbers only.

Error 11: acosh evaluated at undefined value.

Inverse hyperbolic cosine acosh(x) is only defined for x=1 when using real numbers. acosh(x) is defined
for al numbers when cal culating with complex numbers.

Error 12: arg(0) is undefined.
The argument of zero is undefined because 0 does not have an angle.

Error 13: Evaluation failed.
This error occurs when a more complicated function like W(z) is evaluated, and the evaluation failed to
find an accurate result.

Error 14: Argument produced a function result with total 1oss of precision.
An argument to afunction call produced a result with total loss of significant digits, such as sin(1E70)
which gives an arbitrary number in the range [-1;1].
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Error 15: The custom function/constant '%s was not found or has the wrong number of arguments.
A custom function or constant no longer exists. Y ou can either define it again or remove all uses of the
symbol. This may aso happen if acustom constant has been changed to afunction or vice versa, or if the
number of arguments to a custom function has been changed.

Error 16: Too many recursive cals
Too many recursive calls have been executed. Thisis most likely caused by a function that callsitself
recursively an infinite number of times, for example foo(x)=2*foo(x). The error may also occur if you
just call too many functions recursively.

Error 17: Overflow: A function returned a value too large to handle.
A function call resulted in value too large to handle. This for example happensif you try to evaluate
sinh(20000)

Error 18: A plugin function failed.
A custom function in a Python plugin did not return aresult. The Python interpreter window may show
more detailed information.

Error 50: Unexpected operator. Operator %s cannot be placed here
An operator +, -, *, / or » was misplaced. This can happen if you try entering the function f(x)="2, and it
usually means that you forgot something in front of the operator.

Error 55: Right bracket missing.
A right bracket is missing. Make sure you have the same number of left and right brackets.

Error 56: Invalid number of arguments supplied for the function '%s
Y ou passed awrong number of arguments to the specified function. Check the List of functionsto find
the required number of arguments the function needs. This error may occur if you for example write
sin(x,3).

Error 57: Comparison operator misplaced.
Only two comparison operators in sequence are allowed. For example "sin(x) <y < cos(x)" is okay while
"sin(x) <x <y < cos(x)" isinvalid because there are three <-operators in sequence.

Error 58: Invalid number found. Use the format: -5.475E-8
Something that looked like a number but wasn't has been found. For example thisis an invalid number:
4.5E. A number should be on the form nnn.fffEeee where nnn is the whole number part that may be
negative. fff is the fraction part that is separated from the integer part with adot '.". The fraction part
isoptional, but either the integer part or the fraction part must be there. E is the exponent separator
and must be an 'E' in upper case. eeeis the exponent optionally preceded by '-'. The exponent is only
needed if the E isthere. Notice that 5E8 is the same as 5* 10"8. Here are some examples of numbers:
-5.475E-8, -0.55, .75, 23E4

Error 59: String is empty. Y ou need to enter aformula.
Y ou didn't enter anything in the box. Thisis not allowed. Y ou need to enter an expression.

Error 60: Commais not allowed here. Use dot as decimal separator.
Commas may not be used as decimal separator. Y ou haveto usea'.' to separate the fraction from the
integer part.

Error 61: Unexpected right bracket.
A right bracket was found unexpectedly. Make sure the number of left and right brackets match.

Error 63: Number, constant or function expected.
A factor, which may be a number, constant, variable or function, was expected.

Error 64: Parameter after constant or variable not allowed.
Brackets may not be placed after a constant or variable. For example thisisinvalid: f(x)=x(5). Use
f(X)=x*5 instead.

Error 65: Expression expected.
An expression was expected. This may happen if you have empty brackets: f(x)=sin()
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Error 66: Unknown variable, function or constant: %s
Y ou entered something that looks like a variable, function or constant but is unknown. Note that "x5" is
not the same as "x*5".

Error 67: Unknown character: %s
An unknown character was found.

Error 68: The end of the expression was unexpected.
The end of the expression was found unexpectedly.

Error 70: Error parsing expression
An error happened while parsing the function text. The string is not avalid function.

Error 71: A calculation resulted in an overflow.
An overflow occurred under the calculation. This may happen when the numbers get too big.

Error 73: Aninvalid value was used in the calcul ation.
Aninvalid value was used as data for the calculation.

Error 74: Not enough points for calculation.
Not enough data points were provided to calculate the trendline. A polynomial needs at least one more
point than the degree of the polynomial. A polynomial of third degree needs at least 4 points. All other
functions need at least two points.

Error 75: lllegal name %s for user defined function or constant.
Names for user defined functions and constants must start with aletter and only contain letters and
decimal digits. Y ou cannot use names that are already used by built-in functions and constants.

Error 76: Cannot differentiate recursive function.
It is not possible to differentiate a recursive function because the resulting function will be infinitely
large.

Error 79: Function %s cannot be differentiated.
The function cannot be differentiated, because some part of the function does not have afirst derivative.
Thisisfor example the case for arg(x), conj(x), re(x) and im(x).

Error 86: Not further specified error occurred under calculation.
An error occurred while calculating. The exact cause is unknown. If you get this error, you may try
to contact the programmer with a description of how to reproduce the error. Then he might be able to
improve the error message or prevent the error from occurring.

Error 87: No solution found. Try another guess or another model.
The given guess, which may be the default one, did not give any solution. This can be caused by a bad
guess, and a better guess may result in a solution. It can also be because the given trendline model doesn't
fit the data, in which case you should try another model.

Error 88: No result found.
No valid result exist. This may for example happen when trying to create atrendline from a point series
whereit is not possible to calculate atrendline. One reason can be that one of the calculated constants
needs to beinfinite.

Error 89: An accurate result cannot be found.
Graph could not calculate an accurate result. This may happen when calculating the numerical integral
produced aresult with atoo high estimated error.

Error 99: Internal error. Please notify the programmer with as much information as possible.
Aninternal error happened. This means that the program has done something that isimpossible but
happened anyway. Please contact the programmer with as much information as necessary to reproduce
the problem.
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List of functions

Thefollowing isalist of al variables, constants, operators and functions supported by the program. The

list of operators shows the operators with the highest precedence first. The precedence of operators can be
changed through the use of brackets. (), {} and [] may all be used alike. Notice that expressionsin Graph are
case insensitive, i.e. there are no difference between upper and lower case characters. The only exceptionise
as Euler's constant and E as the exponent in a number in scientific notation.

Constant | Description

X The independent variable used in standard functions.

t The independent variable called parameter for parametric functions and polar angle for polar
functions.

e Euler's constant. In this program defined as e=2.718281828459045235360287

pi The constant 1T, which in this program is defined as pi=3.141592653589793238462643

undef Always returns an error. Used to indicate that part of afunction is undefined.

i Theimaginary unit. Defined asiZ = -1. Only useful when working with complex numbers,

i nf The constant for infinity. Only useful as argument to thei nt egr at e function.

rand Evaluates to a random number between 0 and 1.

Operator Description

Exponentiation (") Raise to the power of an exponent. Example: f(x)=2"x

Negation (-) The negative value of afactor. Example: f(x)=-x

Logical NOT (not) not a evaluatesto 1if a is zero, and evaluates to O otherwise.
Multiplication (*) Multiplies two factors. Example: f(x)=2*x

Division (/) Divides two factors. Example: f(x)=2/x

Addition (+) Adds two terms. Example: f(x)=2+x

Subtraction (-) Subtracts two terms. Example: f(x)=2-x

Greater than (>) Indicatesif an expression is greater than another expression.

Greater than or equal to | Indicates if an expression is greater or equal to another expression.

(>=)

Lessthan (<) Indicatesif an expression is less than another expression.

Lessthan or equal to Indicatesif an expression isless or equal to another expression.

(<3)

Equa (=) Indicatesif two expressions evaluate to the exact same value.

Not equal (<>) Indicatesif two expressions does not evaluate to the exact same value.

Logical AND (and) a and b evaluatesto 1 if both a and b are non-zero, and evaluates to O
otherwise.

Logical OR (or) a or b evauatesto 1if either a or b are non-zero, and evaluates to 0 otherwise.

Logical XOR (xor) a xor b evaluatesto 1 if either a or b, but not both, are non-zero, and evaluates
to O otherwise.
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Function Description

Trigonometric
sin Returns the sine of the argument, which may be in radians or degrees.
cos Returns the cosine of the argument, which may bein radians or degrees.
tan Returns the tangent of the argument, which may bein radians or degrees.
asin Returns the inverse sine of the argument. The returned value may bein radians or degrees.
acos Returns the inverse cosine of the argument. The returned value may bein radians or degrees.
atan Returns the inverse tangent of the argument. The returned value may be in radians or
degrees.
sec Returns the secant of the argument, which may be in radians or degrees.
csc Returns the cosecant of the argument, which may be in radians or degrees.
cot Returns the cotangent of the argument, which may be in radians or degrees.
asec Returns the inverse secant of the argument. The returned value may bein radians or degrees.
acsc Returns the inverse cosecant of the argument. The returned value may be in radians or
degrees.
acot Returns the inverse cotangent of the argument. The returned value may be in radians or
degrees.
Hyperbolic
sinh Returns the hyperbolic sine of the argument.
cosh Returns the hyperbolic cosine of the argument.
tanh Returns the hyperbolic tangent of the argument.
asinh Returns the inverse hyperbolic sine of the argument.
acosh Returns the inverse hyperbolic cosine of the argument.
atanh Returns the inverse hyperbolic tangent of the argument.
csch Returns the hyperbolic cosecant of the argument.
sech Returns the hyperbolic secant of the argument.
coth Returns the hyperbolic cotangent of the argument.
acsch Returns the inverse hyperbolic cosecant of the argument.
asech Returns the inverse hyperbolic secant of the argument.
acoth Returns the inverse hyperbolic cotangent of the argument.
Power and Logarithm
sqr Returns the square of the argument, i.e. the power of two.
exp Returns e raised to the power of the argument.
sort Returns the sgquare root of the argument.
root Returns the n" root of the argument.
In Returns the logarithm with base e to the argument.
log Returns the logarithm with base 10 to the argument.
logb Returns the logarithm with base n to the argument.
Complex
abs Returns the absolute value of the argument.
arg Returns the angle of the argument in radians or degrees.
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Function Description

conj Returns the conjugate of the argument.
re Returnsthe rea part of the argument.
im Returns the imaginary part of the argument.
Rounding
trunc Returns the integer part of the argument.
fract Returns the fractional part of the argument.
cell Rounds the argument up to nearest integer.
floor Rounds the argument down to the nearest integer.
round Rounds the first argument to the number of decimals given by the second argument.
Piecewise
sign Returns the sign of the argument: 1 if the argument is greater than 0, and -1 if the argument
islessthan 0.
u Unit step: Returns 1 if the argument is greater than or equal 0, and 0 otherwise.
min Returns the smallest of the arguments.
max Returns the greatest of the arguments.
range Returns the second argument if it isin the range of the first and third argument.
if Returns the second argument if the first argument does not evaluate to O; Else the third
argument is returned.
Special
integrate Returns the numeric integral of the first argument from the second argument to the third
argument.
sum Returns the sum of the first argument evaluated for each integer in the range from the second
to the third argument.
product Returns the product of the first argument evaluated for each integer in the range from the
second to the third argument.
fact Returns the factorial of the argument.
gamma Returns the Euler gamma function of the argument.
beta Returns the beta function evaluated for the arguments.
W Returns the Lambert W-function evaluated for the argument.
zeta Returns the Riemann Zeta function evaluated for the argument.
mod Returns the remainder of the first argument divided by the second argument.
dnorm Returns the normal distribution of the first argument with optional mean value and standard
deviation.

Notice the following relations:
sin(x)"2= (sin(x))"2
sin 2x = sin(2x)
sin 2+x = sin(2)+x
sin x"2 = sin(x"2)
2(x+3)x = 2* (x+3)*x
-X"2 = -(x"2)
2X = 2*x
12x = 1/(2*x)
e'\2x = eN(2*X)
XN2N3 = XMN(213)
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Constants

rand constant
Returns arandom number in the range O to 1.

Syntax
rand

Description
r and isused as a constant but returns a new pseudo-random number each timeit is evaluated. Thevalueisa
real number in the range [0;1].

Remarks
Becauser and returns a new value each timeit is evaluated, agraph using r and will not look the same each
timeitisdrawn. A graph using r and will aso change when the program is forced to redraw, e.g. because the
coordinate system is moved, resized or zoomed.

Implementation
r and uses a multiplicative congruential random number generator with period 2 to the 32 power to return
successive pseudo-random numbersin the range from 0 to 1.

See also
Wikipedia [http://en.wikipedia.org/wiki/Random_number_generator#Computational_methods]
MathWorld [http://mathworld.wolfram.com/RandomNumber.htmi]

Trigonometric

sin function
Returns the sine of the argument.

Syntax
sin(z)

Description
The si n function calculates the sine of an angle z, which may be in radians or degrees depending on the
current settings. z may be any numeric expression that evaluates to areal number or a complex number. If z
isarea number, the result will bein therange -1 to 1.

Remarks
For arguments with alarge magnitude, the function will begin to lose precision.

See also
Wikipedia [http://en.wikipedia.org/wiki/Trigonometric_functions#Sine]
MathwWorld [http://mathworld.wolfram.com/Sine.htmi]

cos function
Returns the cosine of the argument.

Syntax
cos(2)

Description
The cos function calculates the cosine of an angle z, which may bein radians or degrees depending on the
current settings. z may be any numeric expression that evaluates to areal number or a complex number. If z
isarea number, the result will beintherange-1to 1.

Remarks
For arguments with alarge magnitude, the function will begin to lose precision.
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See also
Wikipedia [http://en.wikipedia.org/wiki/Trigonometric_functions#Cosine]
MathWorld [http://mathworld.wolfram.com/Cosine.htmi]

tan function
Returns the tangent of the argument.

Syntax
tan(z)

Description
Thet an function calculates the tangent of an angle z, which may bein radians or degrees depending on the
current settings. z may be any numeric expression that evaluates to areal number or a complex number.

Remarks
For arguments with alarge magnitude, the function will begin to lose precision. t an isundefined at z =

p* 172, where p isan integer, but the function returns a very large number if z is near the undefined value.

See also
Wikipedia [http://en.wikipedia.org/wiki/Trigonometric_functions#Tangent]
MathWorld [http://mathworld.wolfram.com/Tangent.html]

asin function
Returns the inverse sine of the argument.

Syntax
asin(z)

Description
Theasi n function calculates the inverse sine of z. The result may bein radians or degrees depending on the
current settings. z may be any numeric expression that evaluates to areal number. Thisisthe reverse of the
si n function.

See also
Wikipedia [http://en.wikipedia.org/wiki/lInverse trigonometric_functions]
MathWorld [http://mathworld.wolfram.com/I nverseSine.html]

acos function
Returns the inverse cosine of the argument.

Syntax
acos(z)

Description
The acos function calculates the inverse cosine of z. The result may bein radians or degrees depending on
the current settings. z may be any numeric expression that evaluatesto areal number. Thisisthe reverse of
the cos function.

See also
Wikipedia [http://en.wikipedia.org/wiki/Inverse_trigonometric_functions]
MathWorld [http://mathworld.wolfram.com/InverseCosine.html]

atan function
Returns the inverse tangent of the argument.

Syntax
atan(z)
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Description
The at an function calculates the inverse tangent of z. The result may be in radians or degrees depending on
the current settings. z may be any numeric expression that evaluatesto areal number. Thisisthe reverse of
thet an function.

See also
Wikipedia [http://en.wikipedia.org/wiki/lInverse trigonometric_functions]
MathWorld [http://mathworld.wolfram.com/InverseTangent.htmi]

sec function
Returns the secant of the argument.

Syntax
sec(2)

Description
The sec function calculates the secant of an angle z, which may be in radians or degrees depending on
the current settings. sec(z) is the same as 1/cos(z). z may be any numeric expression that evaluatesto areal
number or a complex number.

Remarks
For arguments with alarge magnitude, the function will begin to lose precision.

See also
Wikipedia [http://en.wikipedia.org/wiki/Trigonometric_functions#Reciprocal _functions]
MathWorld [http://mathworld.wolfram.com/Secant.html]

csc function
Returns the cosecant of the argument.

Syntax
csc(2)

Description
The csc function calculates the cosecant of an angle z, which may bein radians or degrees depending on
the current settings. csc(z) isthe same as 1/sin(z). z may be any numeric expression that evaluatesto areal
number or a complex number.

Remarks
For arguments with alarge magnitude, the function will begin to lose precision.

See also
Wikipedia [http://en.wikipedia.org/wiki/Trigonometric_functions#Reciprocal _functions]
MathWorld [http://mathworld.wolfram.com/Cosecant.html]

cot function
Returns the cotangent of the argument.

Syntax
cot(2)

Description
The cot function calculates the cotangent of an angle z, which may be in radians or degrees depending on
the current settings. cot(z) is the same as L/tan(z). z may be any numeric expression that evaluatesto areal
number or a complex number.

Remarks
For arguments with alarge magnitude, the function will begin to lose precision.

See also
Wikipedia [http://en.wikipedia.org/wiki/Trigonometric_functions#Reciprocal _functions]
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MathwWorld [http://mathworld.wolfram.com/Cotangent.html]

asec function
Returns the inverse secant of the argument.

Syntax
asec(z)

Description
The asec function calculates the inverse secant of z. The result may be in radians or degrees depending on
the current settings. asec(z) is the same as acos(1/z). z may be any numeric expression that evaluatesto areal
number. Thisisthe reverse of the sec function.

See also
Wikipedia [http://en.wikipedia.org/wiki/Inverse_trigonometric_functions]
MathWorld [http://mathworld.wolfram.com/InverseSecant.html]

acsc function
Returns the inverse cosecant of the argument.

Syntax
acsc(2)

Description
The acsc function calculates the inverse cosecant of z. The result may bein radians or degrees depending
on the current settings. acsc(z) is the same as asin(1/z). z may be any numeric expression that evaluatesto a
real number. Thisisthe reverse of the csc function.

See also
Wikipedia [http://en.wikipedia.org/wiki/Inverse_trigonometric_functions]
MathWorld [http://mathworld.wolfram.com/InverseCosecant.html]

acot function
Returns the inverse cotangent of the argument.

Syntax
acot(2)

Description
Theacot function calculates the inverse cotangent of z. The result may be in radians or degrees depending
on the current settings. acot(z) isthe same as atan(1/z). z may be any numeric expression that evaluatesto a
real number. Thisisthe reverse of the cot function.

Remarks
Theacot function returns avaluein the range 1-1v2;1v2] (]-90;90] when calculating in degrees), which isthe
most common definition, though some may define it to be in the range ]0;11.

See also

Wikipedia [http://en.wikipedia.org/wiki/Inverse_trigonometric_functions]
MathWorld [http://mathworld.wolfram.com/InverseCotangent.htmi]

Hyperbolic

sinh function
Returns the hyperbolic sine of the argument.

Syntax
sinh(z)
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Description
The si nh function calculates the hyperbolic sine of z. z may be any numeric expression that evaluatesto a
real number or a complex number.

Hyperbolic sineis defined as: sinh(z) = ¥4(e-€?)

See also
Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/HyperbolicSine.html]

cosh function
Returns the hyperbolic cosine of the argument.

Syntax
cosh(z)

Description
The cosh function calculates the hyperbolic cosine of z. z may be any numeric expression that evaluates to
areal number or a complex number.

Hyperbolic cosine is defined as: cosh(z) = Y4(e’+€?)

See also
Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/HyperbolicCosine.htmi]

tanh function
Returns the hyperbolic tangent of the argument.

Syntax
tanh(z)

Description
Thet anh function calcul ates the hyperbolic tangent of z. z may be any numeric expression that evaluatesto
areal number or a complex number.

Hyperbolic tangent is defined as: tanh(z) = sinh(z)/cosh(z)

See also
Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/HyperbolicTangent.html]

asinh function
Returns the inverse hyperbolic sine of the argument.

Syntax
asinh(z)

Description
Theasi nh function calculates the inverse hyperbolic sine of z. z may be any numeric expression that
evaluatesto areal number or acomplex number. asi nh isthereverse of si nh, i.e. asinh(sinh(z)) = z.

See also
Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/InverseHyperbolicSine.html]

acosh function
Returns the inverse hyperbolic cosine of the argument.

Syntax
acosh(z)
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Description
The acosh function calculates the inverse hyperbolic cosine of z. z may be any numeric expression that
evaluatesto areal number or acomplex number. acosh isthereverse of cosh, i.e. acosh(cosh(z)) = z.

See also
Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/InverseHyperbolicCosine.html]

atanh function
Returns the inverse hyperbolic tangent of the argument.

Syntax
atanh(z)

Description
The at anh function calculates the inverse hyperbolic tangent of z. z may be any numeric expression that
evaluatesto areal number or acomplex number. at anh isthereverse of t anh, i.e. atanh(tanh(z)) = z.

See also
Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/InverseHyperbolicTangent.html]

csch function
Returns the hyperbolic cosecant of the argument.

Syntax
csch(z)

Description
The csch function calculates the hyperbolic cosecant of z. z may be any numeric expression that evaluates
to areal number or a complex number.

Hyperbolic cosecant is defined as: csch(z) = 1/sinh(z) = 2/(e*-€?)

See also
Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/HyperbolicCosecant.html]

sech function
Returns the hyperbolic secant of the argument.

Syntax
sech(z)

Description
The sech function calculates the hyperbolic secant of z. z may be any numeric expression that evaluatesto a
real number or a complex number.

Hyperbolic secant is defined as: sech(z) = 1/cosh(z) = 2/(e’+€7?)
See also

Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/HyperbolicSecant.html]

coth function
Returns the hyperbolic cotangent of the argument.

Syntax
coth(z)
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Description
The cot h function calculates the hyperbolic cotangent of z. z may be any numeric expression that evaluates
to areal number or a complex number.

Hyperbolic cotangent is defined as: coth(z) = 1/tanh(z) = cosh(z)/sinh(z) = (¢’ + €%)/(&’ - €7)

See also
Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/HyperbolicCotangent.htmi]

acsch function
Returns the inverse hyperbolic cosecant of the argument.

Syntax
acsch(z)

Description
The acsch function calculates the inverse hyperbolic cosecant of z. z may be any numeric expression that
evaluatesto areal number or acomplex number. acsch isthereverse of csch, i.e. acsch(csch(z)) = z.

See also
Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/InverseHyperbolicCosecant.html]

asech function
Returns the inverse hyperbolic secant of the argument.

Syntax
asech(2)

Description
The asech function calculates the inverse hyperbolic secant of z. z may be any numeric expression that
evauatesto areal number or acomplex number. asech isthereverse of sech, i.e. asech(sech(z)) = z.

See also
Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/InverseHyperbolicSecant.html]

acoth function
Returns the inverse hyperbolic cotangent of the argument.

Syntax
acoth(z)

Description
The acot h function calculates the inverse hyperbolic cotangent of z. z may be any numeric expression that
evaluatesto areal number or acomplex number. acot h isthereverse of cot h, i.e. acoth(coth(z)) = z. For
real numbersacot h isundefined in theinterval [-1;1].

See also

Wikipedia [http://en.wikipedia.org/wiki/Hyperbolic_function]
MathWorld [http://mathworld.wolfram.com/InverseHyperbolicCotangent.html]

Power and logarithm

sqgr function
Returns the sgquare of the argument.

Syntax
sar(z)
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Description
The sqgr function calculates the square of z, i.e. z raised to the power of 2. z may be any numeric expression
that evaluates to areal number or a complex number.

exp function
Returns e raised to the power of the argument.

Syntax
exp(z)

Description
The exp function is used to raise e, Euler's constant, to the power of z. Thisisthe same as e*z. z may be any
numeric expression that evaluates to areal number or a complex number.

See also
Wikipedia [http://en.wikipedia.org/wiki/Exponentia_function]
MathWorld [http://mathworl d.wolfram.com/Exponential Function.html]

sqrt function
Returns the sguare root of the argument.

Syntax
sart(2)

Description
Thesqrt function calculates the squareroot of z, i.e. z raised to the power of .. z may be any numeric
expression that evaluates to areal number or a complex number. If the calculation is done with real numbers,

the argument is only defined for z = 0.

See also
Wikipedia [http://en.wikipedia.org/wiki/Square_root]
MathWorld [http://mathworld.wolfram.com/SquareRoot.html]

root function
Returns the n™" root of the argument.

Syntax
root(n, z)

Description
Ther oot function calculates the n™ root of z. n and z may be any numeric expression that evaluatesto a
real number or a complex number. If the calculation is done with real numbers, the argument is only defined

forz = 0.

Remarks
When the calculation is done with real numbers, the function is only defined for z<O if n isan odd integer.
For calculations with complex numbers, r oot isdefined for the whole complex plane except at the pole n=0.
Notice that for calculations with complex numbers the result will always have an imaginary part when z<0
even though the result is real when calculations are done with real numbers and n is an odd integer.

Example
Instead of x(1/3), you can use root(3, x).

See also
Wikipedia [http://en.wikipedia.org/wiki/Nth_root]
MathWorld [http://mathworld.wolfram.com/Radica Root.html]

In function
Returns the natural logarithm of the argument.
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Syntax
In(2)

Description
Thel n function calculates the logarithm of z with base e, which is Euler's constant. In(z) is commonly
known as the natural logarithm. z may be any numeric expression that evaluatesto areal number or a
complex number. If the calculation is done with real numbers, the argument is only defined for z>0. When
calculating with complex numbers, z is defined for all numbers except z=0.

See also
Wikipedia [http://en.wikipedia.org/wiki/Natural _|ogarithm]
MathWorld [http://mathworld.wolfram.com/Natural Logarithm.html]

log function
Returns the base 10 logarithm of the argument.

Syntax
log(2)

Description
Thel og function calculates the logarithm of z with base 10. z may be any numeric expression that evaluates
to areal number or acomplex number. If the calculation is done with real numbers, the argument is only
defined for z>0. When cal culating with complex numbers, z is defined for al numbers except z=0.

See also
Wikipedia [http://en.wikipedia.org/wiki/Common_logarithm]
MathWorld [http://mathworld.wolfram.com/CommonL ogarithm.htmi]

logb function
Returns the base n logarithm of the argument.

Syntax
logb(z, n)

Description
Thel ogb function calculates the logarithm of z with base n. z may be any numeric expression that
evaluates to areal number or a complex number. If the calculation is done with real numbers, the argument
isonly defined for z>0. When cal culating with complex numbers, z is defined for all numbers except z=0. n
must evaluate to a positive real number.

See also
Wikipedia [http://en.wikipedia.org/wiki/L ogarithm]
MathWorld [http://mathworld.wolfram.com/L ogarithm.html]

Complex

abs function
Returns the absolute value of the argument.

Syntax
abs(2)

Description
The abs function returns the absolute or numeric value of z, commonly written as |z|. z may be any numeric
expression that evaluates to areal number or a complex number. abs(z) always returns a positive real value.

See also
Wikipedia [http://en.wikipedia.org/wiki/Absolute_value]
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MathWorld [http://mathworld.wolfram.com/AbsoluteVaue.html]

arg function
Returns the argument of the parameter.

Syntax
arg(2)

Description
The ar g function returns the argument or angle of z. z may be any numeric expression that evaluatesto
areal number or a complex number. arg(z) always returns areal number. The result may be in radians or

degrees depending on the current settings. The angle is always between -1tand Tt If z isarea number, arg(z)
is O for positive numbers and Ttfor negative numbers. arg(0) is undefined.

See also
Wikipedia [http://en.wikipedia.org/wiki/Arg_(mathematics)]
MathWorld [http://mathworld.wolfram.com/ComplexArgument.html]

conj function
Returns the conjugate of the argument.

Syntax
conj(2)

Description
Theconj function returns the conjugate of z. z may be any numeric expression that evaluatesto areal
number or a complex number. The function is defined as: conj(z) = re(z) - i*im(2).

See also
Wikipedia [http://en.wikipedia.org/wiki/Complex_conjugation]
MathWorld [http://mathworld.wolfram.com/ComplexConjugate.html]

re function
Returnsthe real part of the argument.

Syntax
re(z)

Description
Ther e function returns the real part of z. z may be any numeric expression that evaluates to areal number
or acomplex number.

See also
Wikipedia [http://en.wikipedia.org/wiki/Real _part]
MathWorld [http://mathworld.wolfram.com/Real Part.html]

im function
Returns the imaginary part of the argument.

Syntax
im(z)

Description
Thei mfunction returns the imaginary part of z. z may be any numeric expression that evaluatesto areal
number or a complex number .

See also
Wikipedia [http://en.wikipedia.org/wiki/Imaginary_part]
MathWorld [http://mathworld.wolfram.com/ImaginaryPart.html]
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Rounding

trunc function
Removes the fractional part of the argument.

Syntax
trunc(z)

Description
Thet r unc function returns the integer part of z. The function removes the decimal part of z, i.e. rounds
against zero. z may be any numeric expression that evaluatesto areal number or acomplex number. If z isa
complex number, the function returns trunc(re(z))+trunc(im(z))i.

See also
Wikipedia [http://en.wikipedia.org/wiki/Truncate]
MathWorld [http://mathworld.wolfram.com/Truncate.html]

fract function
Returns the fractional part of the argument.

Syntax
fract(z)

Description
Thef ract function returnsthe fractional part of z. The function removes the integer part of z, i.e. fract(z) =
Z - trunc(z). z may be any numeric expression that evaluates to areal number or acomplex number. If z isa
complex number, the function returns fract(re(z))+fract(im(z))i.

See also
Wikipedia [http://en.wikipedia.org/wiki/Floor_and_ceiling_functions#Fractional _part]
MathWorld [http://mathworld.wolfram.com/Fractional Part.html]

ceil function
Rounds the argument up.

Syntax
cel(2)

Description
Thecei | function findsthe smallest integer not lessthan z. z may be any numeric expression that evaluates
to areal number or acomplex number. If z isacomplex number, the function returns ceil(re(z))+ceil (im(2))i.

See also
Wikipedia [http://en.wikipedia.org/wiki/Floor_and_ceiling_functions]
MathWorld [http://mathworld.wolfram.com/CeilingFunction.htmi]

floor function
Rounds the argument down.

Syntax
floor(z)

Description
Thef | oor function, which is also called the greatest integer function, gives the largest integer not greater
than z. z may be any numeric expression that evaluates to areal number or acomplex number. If z isa
complex number, the function returns floor(re(z))+floor(im(z))i.

See also
Wikipedia [http://en.wikipedia.org/wiki/Floor_and_ceiling_functions]
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MathWorld [http://mathworld.wolfram.com/FloorFunction.html]

round function
Rounds a number to the specified number of decimals.

Syntax
round(z,n)

Description
Ther ound function rounds z to the number of decimals given by n. z may be any numeric expression
that evaluates to areal number or a complex number. If z isacomplex number, the function returns
round(re(z),n)+round(im(z),n)i. n may be any numeric expression that evaluates to an integer. If n<0, z is
rounded to n placesto the left of the decimal point.

Examples
round(412.4572,3) = 412.457
round(412.4572,2) = 412.46
round(412.4572,1) = 412.5
round(412.4572,0) = 412
round(412.4572,-2) = 400

See also
Wikipedia [http://en.wikipedia.org/wiki/Rounding]
MathWorld [http://mathworld.wolfram.com/Nearestl ntegerFunction.html]

Piecewise

sign function
Returns the sign of the argument.

Syntax
sign(2)
Description
Thesi gn function, which is aso called signum, returnsthe sign of z. z may be any numeric expression that

evauates to areal number or acomplex number. When z isareal number, sign(z) returns 1 for z>0 and -1
for z<0. sign(z) returns 0 for z=0. When z evaluates to a complex number, sign(z) returns z/abs(z).

See also
Wikipedia [http://en.wikipedia.org/wiki/Sign_function]
MathWorld [http://mathworld.wolfram.com/Sign.html]

u function
The unit step function.

Syntax
u(2)

Description
u(z) is commonly known as the unit step function. z may be any numeric expression that evaluatesto areal
number. The function is undefined when z has an imaginary part. u(z) returns 1 for z=0 and 0 for z<0.

See also
Wikipedia [http://en.wikipedia.org/wiki/Unit_step#Discrete_form]
MathWorld [http://mathworld.wolfram.com/Heavisi deStepFunction.html]

min function
Finds and returns the minimum of the values passed as arguments.
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Syntax
min(A,B,...)

Description
Them n function returns the minimum value of its arguments. ni n can take any number of arguments
not less than 2. The arguments may be any numeric expressions that evaluate to real numbers or complex
numbers. If the arguments are complex numbers, the function returns min(re(A), re(B), ...) + min(im(A),
im(B), ...)i.

max function
Finds and returns the maximum of the values passed as arguments.

Syntax
max(A,B,...)

Description
The max function returns the maximum value of its arguments. max can take any number of arguments
not less than 2. The arguments may be any numeric expressions that evaluate to real numbers or complex
numbers. If the arguments are complex numbers, the function returns max(re(A), re(B), ...) + max(im(A),
im(B), ...)i.

range function
Returns the second argument if it isin the range between the first argument and the third argument.

Syntax
range(A,z,B)

Description
Ther ange function returns z, if z is greater than A and lessthan B. If z < Athen Aisreturned. If z > B
then B is returned. The arguments may be any numeric expressions that evaluate to real numbers or complex
numbers. The function has the same effect as max(A, min(z, B)).

if function
Evauates one or more conditions and returns a different result based on them.

Syntax
if(condl, f1, cond2, f2, ..., condn, fn [,fz])

Description
Thei f function evaluatescondl and if it is different from O then f 1 is evaluated and returned. Else cond2
isevaluated and if it is different from O then f 2 isreturned and so forth. If none of the conditions are true
f z isreturned. f z isoptional and if not specifiedi f returns an error if none of the conditions are true. The
arguments may be any numeric expressions that evaluate to real numbers or complex numbers.

Special
integrate function

Returns an approximation for the numerical integral of the given expression over the given range.

Syntax
integrate(f,var,a,b)

Description
Thei nt egr at e function returns an approximation for the numerical integral of f with the variable var
from a to b. Thisis mathematically written as:

Lb f(x) dx
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Thisintegral is the same as the area between the function f and the x-axis from a to b where the area under
the axisis counted negative. f may be any function with the variable indicated as the second argument

var . a and b may be any numeric expressions that evaluate to real numbers or they can be - | NF or | NF

to indicate negative or positive infinity. i nt egr at e does not calculate the integral exactly. Instead the
calculation ig done using the Gauss-Kronrod 21-point integration rule adaptively to an estimated relative error
lessthan 10

Examples
f(X)=integrate(t"2-7t+1, t, -3, 15) will integrate f(t)=t"2-7t+1 from -3 to 15 and evaluate to 396. More useful
isf(x)=integrate(s*sin(s), s, 0, x). Thiswill plot the definiteintegral of f(s)=s*sin(s) from 0 to x, which isthe
same as the indefinite integral of f(X)=x*sin(x).

See also
Wikipedia [http://en.wikipedia.org/wiki/Integral]
MathWorld [http://mathworld.wolfram.com/Integral.html]

sum function
Returns the summation of an expression evaluated over arange of integers.

Syntax
sum(f,var,a,b)

Description
The sumfunction returns the summation of f wherevar isevaluated for al integersfroma to b. Thisis
mathematically written as:

i f(x)

f may be any function with the variable indicated as the second argument var . a and b may be any numeric
expressions that evaluate to integers.

See also
Wikipedia [http://en.wikipedia.org/wiki/Summation]
MathWorld [http://mathworld.wolfram.com/Sum.html]

product function
Returns the product of an expression evaluated over arange of integers.

Syntax
product(f,var,a,b)

Description
Thepr oduct function returns the product of f wherevar isevauated for al integersfroma to b. Thisis
mathematically written as.

EL f(x)

f may be any function with the variable indicated as the second argument var . a and b may be any numeric
expressions that evaluate to integers.

See also
Wikipedia [http://en.wikipedia.org/wiki/Multiplication#Capital_pi_notation]
MathWorld [http://mathworld.wolfram.com/Product.html]

fact function
Returns the factorial of the argument.
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Syntax
fact(n)

Description
Thef act function returns the factorial of n, commonly written as n!. n may be any numeric expression that
evauates to a positive integer. The function is defined as fact(n)=n(n-1)(n-2)...1, and relates to the gamma
function as fact(n)=gamma(n+1).

See also
Wikipedia [http://en.wikipedia.org/wiki/Factorial]
MathWorld [http://mathworld.wolfram.com/Factorial .html]

gamma function
Returns the value of the Euler gamma function of the argument.

Syntax
gamma(z)

Description

The gamma function returns the result of the Euler gamma function of z, commonly written as'(z). z may
be any numeric expression that evaluates to areal number or a complex number. The gamma function relates
to the factorial function as fact(n)=gamma(n+1). The mathematical definition of the gammafunctionis:

M(z) = Lmtz_le_t it

This cannot be calculated precisely, so Graph is using the Lanczos approximation to calculate the gamma
function.

See also
Wikipedia [http://en.wikipedia.org/wiki/Gamma_function]
MathWorld [http://mathworld.wolfram.com/GammaFunction.html]

beta function
Returns the value of the Euler beta function evaluated for the arguments.

Syntax
beta(m, n)

Description
Thebet a function returns the result of the Euler beta function evaluated for mand n. mand n may be any
numeric expressions that evaluate to real numbers or complex numbers. The bet a function relates to the
ganma function as beta(m, n) = gamma(m) * gamma(n) / gamma(m+n).

See also
Wikipedia [http://en.wikipedia.org/wiki/Beta_function]
MathWorld [http://mathworld.wolfram.com/BetaFunction.html]

W function
Returns the value of the Lambert W-function evaluated for the argument.

Syntax
W(2)

Description
The Wfunction returns the result of the Lambert W-function, also known as the omega function, evaluated for
Z.z may be any numeric expression that evaluates to areal number or a complex number. Theinverse of the
Wfunction is given by f(W)=W* eV,
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Remarks
For real values of z when z < -1/e, the Wfunction will evaluate to values with an imaginary part.

See also
Wikipedia [http://en.wikipedia.org/wiki/Lambert_w_function]
MathWorld [http://mathworld.wolfram.com/L ambertW-Function.html]

zeta function
Returns the value of the Riemann Zeta function evaluated for the argument.

Syntax
zeta(z)
Description

The zet a function returns the result of the Riemann Zeta function, commonly written as {(s). z may be any
numeric expression that evaluates to areal number or a complex number.

Remarks
The zet a function is defined for the whole complex plane except for the pole at z=1.

See also
Wikipedia [http://en.wikipedia.org/wiki/Riemann_zeta function]
MathWorld [http://mathworld.wolfram.com/RiemannZetaFunction.html]

mod function
Returns the remainder of the first argument divided by the second argument.

Syntax
mod(m,n)

Description
Calculates mmodulo n, the remainder of m/n. nod calculates the remainder f, where m = a*n + f for some
integer a. The sign of f is aways the same as the sign of n. When n=0, nod returns 0. mand n may be any
numeric expressions that evaluate to real numbers.

See also
Wikipedia [http://en.wikipedia.org/wiki/Modular_arithmetic]
MathWorld [http://mathworld.wolfram.com/Congruence.html]

dnorm function
Returns the normal distribution of the first argument with optional mean value and standard deviation.

Syntax
dnorm(x, [1.0])

Description
The dnor mfunction is the probability density of the normal distribution, also called Gaussian distribution. x

isthe variate, a'so known as the random variable, | isthe mean value and o is the standard deviation. p and
o areoptional and if left out the standard normal distribution is used where u=0 and 0=1. x, 1 and o may be
any numeric expressions that evaluate to real numberswhere ¢ > 0. The normal distribution is defined as:

-_ (X _E)z
2
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dnorm(x, Y, 0) = o ont
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Functions

See also
Wikipedia [http://en.wikipedia.org/wiki/Normal _distribution]
MathWorld [http://mathworld.wolfram.com/Normal Distribution.html]
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Dialogs

Edit axes

When you choose the menu item Edit - Axes..., the dialog shown below will appear. In this dialog you can
configure al options which are related to the axes. The dialog contains 4 tab sheets. The first sheet, shown
below, contains options for the x-axis. The tab with options for the y-axisis completely analog to this.

x-axisly-axis

Edit axes @
wads | y-ads I Settings I Font and color
Minimum: <10 | Label: =
Mgdmum: 10 The x-axds cross aty= 0
Tick unit: |2 V] Auto tick  [¥] Show ticks
Grid unit: |2 V| Auto agrid Show grid

Logarthmic scale

| Show numbers Show as a multiple of T

Save as default [ 0K ] | Cancel | | Help

Minimum
Thisisthe lowest value on the selected axis. Default: -10

Maximum
Thisisthe highest value on the selected axis. Default: 10

Tick unit
This s the distance between the tick marks on the selected axis. Tick marks are shown as small lines
perpendicular to the axis. Tick unit is used for both tick marks and for showing numbers. With a
logarithmic axis the Tick unit indicates the factor between the markers. For example Tick unit set to 4
will show 1, 4, 16, 64, etc. on alogarithmic axis while it will show 0, 4, 8, 12, etc. on anormal axis.

Grid unit

This s the distance between the gridlines perpendicular to the axis. Thisisonly used if grid lines are
shown.

Logarithmic scale
Check thisfield if you want the axis to be scaled logarithmically.

Show numbers
When thisfield is checked numbers are shown on the axis with the distance chosen under Tick unit.

Label
When thisfield is checked, the text in the edit box will be shown just above the x-axisin the right side of
the coordinate system. For the y-axis, the text will be shown at the top to the right of the axis. Y ou may
use this to show what unit is used for the axes.

The x-axis crosses at / The y-axis crosses at:

Thisis the coordinate where the axis will cross the other axis. Thisis only used when Axes style is
Crossed. Default: 0

Auto tick

When checked the program will automatically choose avalue for Tick unit that isfitting for the axes
dimensions and size of the graphing area.
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Auto grid
When checked, Grid unit will have the same value as Tick unit.

Show ticks
When thisfield is checked, tick marks are shown as small lines on the axis with the distance chosen
under Tick unit.

Show grid
When thisfield is checked, grid lines will be shown as dotted lines perpendicular to the axis with the
color chosen under Font and color and with the distance chosen at Grid unit.

Show as amultiple of Tt

When thisis enabled the numbers on the axis are shown as fractions multiplied by 1, for example 3172.
Show numbers must be enabled for this option to be available.

Settings
Edit axes @
Settings | Font and color
Title: @
| Show legend Calculate with comples numbers
Legend placement Fues style Trigonometry
@ Top Right Mone @) Radian
Bottom Right @ Crossed Degree
Top Left Bowed
Bottom Left
Save as defaultt QK ] | Cancel | | Help
Title
Here you can enter atitle that is shown above the coordinate system. Use the button to the right to change
the font.
Show legend

Check thisto show the legend with alist of functions and point series in the upper right corner of the
coordinate system. Y ou may change the font under Font and color.

Legend placement
Here you may choose in which of the four corners you want the legend to be placed. Y ou can also change
this by right clicking on the legend in the graphing area.

Calculate with complex humbers
Check this field to use complex numbers for cal culations while drawing graphs. Thiswill increase
the time for drawing graphs but may be necessary in rare situations where the intermediate result are
complex. Thefinal result must be real for the graph to be drawn. Thiswill not interfere with evaluations.

Axes style
Select None if you don't want the axes to be shown. Select Crossed if you want a normal coordinate
system. The location of the axes may be changed from The y-axis crosses at and The x-axis crosses
at. Select Boxed if you want the axes to be shown at the bottom and |eft side of the coordinate system,
which will overwrite The y-axis crosses at/ The x-axis crosses at.

Trigonometry
Choose whether trigonometric functions should calculate in Radian or Degree. Thisis also used for
showing complex numbersin the polar format.
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Font and color

Edit axes (=23
[ xamis | yais | Settings | Fort and color |

Colors Fonts

Background color. [ ] ~ Label font:

Axes color: - Dumberfort:

Grid color: O Custom. = Legend font:
] Save as defaut | ok | | cance | | Hep |

Colors
Y ou may change the background color, the color of the axes and the color used for drawing grid lines.

Fonts
Y ou may change the fonts used to show axes labels, the font to draw numbers at the axes, and the font
used for the legend.

Save as default
Check thisto save al the current settings in the dialog to be used as default in the future. These settings
are used the next time you choose to create a new coordinate system. The default settings are stored in
your Windows user profile, i.e. each Windows user will have his’her own default settings in Graph.

Options

When you choose the menu item Edit — Options... the dialog shown below will appear. In this dialog, you
can change general program options.

Options
Decimals: 4 = Complex form
I Real
Recent files: 4 = @ Rectangular
Max undo steps: 50 = - Bolar
Font scale: 100% -
Language: English -

[ Custom decimal separator:
Show tooltip
Save workspace on exit

Check for new version of Graph at startup

| ok | | cancel | | Hep |

Decimals
Thisisthe number of decimals that all results are shown with. The number has no influence on the
calculations or the shown graphs.
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Recent files
Thisis the maximum number of recent used files that is shown in the File menu. The number must be
between 0 and 9. 0 means that no recent used files are shown.

Max undo steps
Each time you make a change, the program will save enough information to undo it. As default Max
undo steps are 50, which mean that you are able to undo the last 50 changes you made in the program.
The undo steps will take up a small amount of memory. If your system islow on RAM, you may be able
to free some memory by decreasing the Max undo steps.

Font scale
Y ou can use this to change the scale of the fonts and most of the user interface. Thisis mostly useful if
your screen resolution is very high, or for some other reason, you are having difficulties reading the user
interface.

Language
This shows alist of available languages for the program. The selected language will be the one used by
the program in the future. The language can be selected differently for each user.

Custom decimal separator
Decimal separator used when data are exported to files and the clipboard. When disabled the decimal
separator from the Windows Regional settingsis used. Thisis not used for expressions entered into
Graph, which always use adot as decimal separator.

Show tooltip
When thereisamark in thisfield, you will see asmall box with an explanation when you are holding the
mouse pointer over an object, like an edit field, selection box, etc., for afew seconds. The description is
also shown in the status bar at the bottom of the main window.

Save workspace on exit
When thereisamark in thisfield, Graph will save the size of the main window before it quits. The next
time you start the program the saved size will be used. In addition the width of the function list is also
stored. When the field doesn't have a mark the options that were last saved will be used.

Complex form
Choose how you want a complex number to be shown in the Evaluate frame. Real means that only real
numbers are shown. If anumber has an imaginary part then the number won't be shown and instead you
get an error. Rectangular means that complex numbers are shown as at+bi, where ais the real part and

b istheimaginary part. Polar means that numbers are shown as al16, where aiis the absol ute value of
the number and 6 is the angle of the number. 6 is dependent of the choice between Radian and Degree
under Trigonometry in the Edit axes dialog.

Notice that in some cases you may get a different result in the Evaluate frame depending on the
Complex form setting: When Real is chosen, Graph will try to find areal result if possible, while
Rectangular and Polar may give a non-real result for the same evaluation.

Check for new version of Graph at startup
When checked each time the program starts it will check if anewer version of Graph is available on
the Internet. If anew version isfound you will be asked if you want to visit the web site for Graph to
upgrade. If no new version is available you will not see any messages. If disabled, you can still use Help

- Internet —» Check for update to seeif anew versionisavailable.

Insert function

When you want to insert a function, you use the menu item Function — Insert function... to show the dialog

below. To edit an existing function, you select it in the function list and use the Function — Edit... menu
item.
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Insert function @

Function type: | Standand function y=f{x) -

Function equation
fig)= sinb)

Argument range
From: -5 To: 15 Steps:

Endpoints
Stat: O W End: @ -

Legend text

Description:

Graph properties

Ling stylg: =——— w——w Draw type: | Automatic -
Color: I - Width: 3 =

[ ok | | cancd | [ Hp |

Function type
Y ou can choose between three different types of functions: Standard function, parametric function
and polar function. A standard function is defined as y=f(x), i.e. for each x-coordinate there is exactly
one y-coordinate, though it may be undefined for some x-coordinates.
For a parametric function the x- and y-coordinates are calculated from an independent variablet , called
the parameter, i.e. aparametric function is defined as two functions: x(t) and y(t).

A polar function r(t) indicates an equation to cal culate the distance from the origin to a point on the
function given an anglet . t isthe direct angle between the initial ray and the point on the function. This
means that the x- and y-coordinates are given as x(t)=r(t)* cos(t), y(t)=r(t)*sin(t).

Function equation
Here you enter the equation for the function. This can be f(x), x(t),y(t) or r(t) depending on the function
type. Under List of functions you can see all the available variables, constants and functions, which may
be used to draw the graphs.

Argument range
Y ou can choose an interval for the independent variable. From and To indicates the start and end of
theinterval. If the function is a standard function, you can leave one or both of them blank to draw the
graph from minusinfinity to plusinfinity. If the function is a parametric function or a polar function, you
always have to specify an interval. If the function is a parametric or polar function, you have to specify
the number of steps for which you want the function to be evaluated. When you specify a higher number
of steps, the graph will appear smoother, but it will take longer to plot. It is preferred to leave the Steps
field blank for standard functions to let Graph decide the optimal number of steps. Y ou can however
enter the number of stepsif the graph doesn't show enough details, for example if an asymptote is not
shown correctly. Notice that the Steps only specify a minimum number of calculations. Graph may add
more steps at critical pointsif Draw type is set to Automatic.

Endpoints
Here you can choose to show markers at the start and/or end of the interval. If no rangeis specified, the
endpoints will be showed where the function enters and |eaves the graphing area. The default is not to
show any markers.
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Legend text

Enter a description to be shown in the legend. If the text is empty, the function equation will be shown in
the legend.

Graph properties
Y ou can choose between different line styles for which you want the graph to be drawn. Y ou can choose
between solid, dashed, dotted or a combination of these. Line style is only available when Draw type
isset to Lines or Automatic. When Draw type is Dots, only adot is shown at each calculated point.
Likewise the Lines Draw type will connect the calculated points with lines. Automatic will also draw
lines, but Graph will do more calculations at critical pointsif it thinksit will improve the graph. 1t will
also break the lineif it thinks there is an asymptote. Y ou can also choose the width of the graph. The
width is notified in screen pixels. There are also alot of different colors you can choose between. The
program will remember and suggest the same properties last used.

Insert tangent/normal

Y ou can use the dialog below to insert or edit atangent or normal to afunction. To insert a new tangent or
normal, you use Function — Insert tangent/normal.... To change an existing tangent or normal, you first
select it in the function list and use Function - Edit....

A tangent is a straight line that touches the graph of the function at a given point without crossing it. The
tangent may however cross the graph elsewhere. A normal is a straight line perpendicular to the graph of the
function at agiven point. If the item is a standard function the point isidentified by the x-coordinate, while
the point isidentified from the independent t-parameter for parametric and polar functions.

Insert tangent/normal @

=

Legend text

Description:

Argument range

From: Ta:

Endpoints
Start: - End: -

Graph properties Type
Line style:

Coor [N -~

Width: 1 =

Argument range
Y ou can choose an interval for the tangent/normal. From and To indicates the start and end of the
interval. Y ou can leave one or both of them blank to draw the graph from minusinfinity to plusinfinity.

Endpoints
Here you can choose to show markers at the start and/or end of the interval. If no interval is specified, the
markers will be shown at the edge of the graphing area. The default is not to show any markers.

Legend text
Enter a description to show in the legend. If empty the function equation will be used.
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Graph properties
Y ou can choose between different line styles for which you want the tangent/normal to be drawn. You
can choose between solid, dashed, dotted or a combination of these. Y ou can also choose the width of
the tangent/normal. The width is notified in screen pixels. There are also alot of different colors you can
choose between.

Insert shading

The dialog below is used to add a shading to the selected function. To insert a new shading, you use Function
- Insert shading.... To change an existing shading, you first select it in the function list and use Function
- Edit.... The shading is used to mark an area between the function graph and something else.

Shading

o o)

Insert shading @

Shading |Optiuns If-_‘nd function

< U | [

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

{ () Below function ) Above function

e bl
O, X [

Between function
= and y-axis

Between

" Inside function Functions

OK | | cancel | | Hep

In the Shading tab you can choose between the following types of shadings:

Between function and x-axis
Thisisthe most commonly used type of shading. Thiswill shade the area between the graph of the
function and the x-axis in the selected interval. If you check Decrease to intersection or Increase to
intersection, the interval will decrease or increase until the graph is crossing the x-axis.

Between function and y-axis
Thiswill shade the area between the graph of the function and the y-axisin the selected interval. Thisis
rarely used and probably most useful for parametric functions. Notice that you still use the x-coordinates
for the interval. If you check Decrease to intersection or Increase to intersection, the interval will
decrease or increase until the graph is crossing the y-axis.

Below function
Thiswill shade the area below the graph of the function down to the bottom of the graphing areain the
selected interval. If you check Decrease to intersection or Increase to intersection, the interval will
decrease or increase until the graph is crossing the bottom of the graphing area.
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Above function

Thiswill shade the area above the graph of the function up to the top of the graphing areain the selected

interval. If you check Decrease to intersection or Increase to intersection, theinterval will decrease
or increase until the graph is crossing the top of the graphing area.

Inside function

Thiswill shade the area inside the graph of the function in the selected interval. If you check Decrease
to intersection or Increase to intersection, the interval will decrease or increase until the graphis
crossing itself. Thisis especially useful to shade a closed part of a parametric or polar function, but it can
also be used to shade standard functions.

Between functions

Thiswill shade the area between the graphs of two functions. The first function is the one you selected
in the function list in the main window, before you invoked the dialog. The second function is selected
in thelist box in the 2nd function tab. For standard functions, the interval will be the same for the two
functions. For parametric functions, you may select different intervals for the two functions. If you don't
select an interval for the second function, it will use the same interval as the first function.

Options
At the Options tab shown below, you may change the options for the shading.

Insert shading @

Options | 2nd function

Description: Shading 1

Range

From: Decrease to intersection

Te: Increase to intersection

Froperties

Style: W ¥ || Mark border
Color: [ ~

[ ok | | cancel | [ Hep |

From

To

Here you may enter avalue, for which you want the shading to start. Y ou specify the x-coordinate if you
are using a standard function or the t-parameter if you are using a parametric or polar function. If you
don't enter avalue, the shading will start at negative infinity. If you place a check mark in Decrease

to intersection, the start coordinate of the shading will be decreased from the entered value to the
coordinate where the graph is crossing the axis, the edge of the graphing area, itself or another graph,
depending of the type of shading selected.

Here you may enter avalue, for which you want the shading to stop. Y ou specify the x-coordinate if
you are using a standard function or the t-parameter if you are using a parametric or polar function. If
you don't enter a value, the shading will continue until positive infinity. If you place a check mark in
Increase to intersection, the end coordinate of the shading will be increased from the entered value to
the coordinate where the graph is crossing the axis, the edge of the graphing area, itself or another graph
depending of the type of shading selected.

Style

Here you may choose between different styles to use for the shading.
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Color
Here you may choose the color of the shading.

Mark border

Check thisto draw aline around the border of the shading. Uncheck it to leave the shading without a
border, which is useful if you want two shadings to ook as one.

2nd function

When you have chosen Between functions in the Shading tab, you may select the second function in the
2nd function tab. The dialog with the 2nd function tab is shown below.

Insert shading @
2rdfuncion

2nd function:

(j=x 2
xft)=2"2 , vit)=sin &
rit)=t+3

Shading range for 2nd function

From: [] Decrease to intersection
Te: [ Increase to intersection
[ ok | | Cancel | [ Heb |

Shading range for 2nd function
Thisisused to select the interval for the second function, just like you selected the interval for the
first function in the Options tab. Thisis only available for parametric functions and not for standard
functions. For standard functions the interval for the second function is always the same as the interval
for the first function. If you enter neither a start nor an end of interval for a parametric function, the
values for the first function will be used for the second function as well.

Shadings are agreat way to mark an area, but if you get weird results, check that you selected the right
function and the right interval. If you try to shade an interval crossing an asymptote or your shading is
associated with aweird parametric function, you might get weird results. But really, what did you expect?

Insert point series

Y ou can use the dialog below to add a series of points to the coordinate system. The points will be shown
in the coordinate system in the graphing area as a series of markers. To insert a new point series, you use

Function - Insert point series.... To change an existing point series, you first select it in the function list
and use Function - Edit....
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Edit point series @

Description: Series 1 Markers | Emor bars

Coordinate type
X Y @ Cartesian
32 153 Polar
40 167

Marker

Style: ¢ -

Ctrl+X Color: I -
30 Copy Ctrl+C Size: 4 =
100 Paste Ctrl+V
1] Delete  Ctrl+Del Line
200 Stl,*le: — — —
250 Insert row
0 - Coor I -
Remove row

350 Width: 1 =
400 Selectall  Ctrl+A -
450 e Interpalation: | Linear -
500 )
550 Ll Labels —
GO0 0,137 Show coordinates |ﬁ|

Position: | Left

Sample
— — — _‘_ e —
| oK | | Cancel | | Hep |

After adding a point series, you may add a trendline which is the curve of best fit for the points.

In the grid you can enter the x- and y-coordinates of the points. Y ou may enter any number of pointsyou
want, but al points need both an x-coordinate and a y-coordinate.

Y ou can select some points and use the right click menu to copy them to another program. Likewise you may
copy data from other programs like MS Word or MS Excel and paste them into this the grid in dialog.

From the context menu, you can also choose to import data from afile. Graph can import text files with data
separated by either tabs, commas or semicolons. The datawill be placed at the position of the caret. This
makes it possible to load data from more than one file, or to have x-coordinates in one file and y-coordinates
in another file. In the usual case where you have al datain one file, you should make sure that the caret is
located at the upper left cell before you import.

Description
In the edit box at the top of the dialog, you can enter a name for the series, which will be shown in the
legend.

Coordinate type
Y ou need to choose between the type of coordinates used for the points. Cartesian is used when you

want to specify (X,y)-coordinates. Polar is used when you want to specify (8,r)-coordinates, where 6

isthe angle and r is the distance from the origin. The angle 8 isin radians or degrees depending on the
current setting.

Marker
To the right you can choose between different types of markers. The style may be acircle, a square,

atriangle, etc. You may also change the color and size of the markers. If the sizeis set to O, neither
markers nor error bars will be shown.
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Noticethat if you select an arrow as marker, the arrow will be shown pointing tangential to the line at the
point. The actual direction therefore depends on the Interpolation setting. The first point is never shown
when the marker is an arrow.

Line
It is possible to draw lines between the markers. The line will always be drawn between pointsin the
same order they appear in the grid. Y ou can choose between different styles, colors and widths for the
lines. You can aso chooseto draw no line at all.
Y ou can choose between four types of interpolation: Linear will draw straight lines between the markers.
1D cubic spline will draw anatural cubic spline [http://en.wikipedia.org/wiki/Cubic_splines], which
isanice smooth line connecting all the points sorted by the x-coordinate with 3 degree polynomials.
2D cubic spline will draw a smooth cubic spline through all pointsin order. Half cosine will draw half
cosine curves between the points, which might not look as smooth as the cubic splines but they never
undershoot/overshoot like the cubic splines can do.

Labels
Put a check in Show coordinates to show Cartesian or polar coordinates at each point. Y ou may use the

4 putton to change the font, and the drop down box to select whether the labels are shown over, below,
to the left or to the right of the points.

Error bars
Here you can choose to show horizontal or vertical error bars, aso known as uncertainty bars. They
are shown as thin bars at each point in the point series indicating the uncertainty of the point. There
are three ways to indicate the size of the error bars: Fixed is used to specify that al points have the
same uncertainty. Relative is used to specify a percentage of the x- or y-coordinate for each point as
uncertainty. Custom will add an extra column to the table where you may specify a different uncertainty
value for each point. All uncertainties are +values. Custom Y -errors are also used to weight the points
when creating trendlines.

Insert trendline

Use the dialog shown below to insert atrendline that is the function that fits a point series best. A trendlineis
afunction that shows atrend in aseries of points, i.e. atrendline is the curve of betsfit of a specific type for
aseries of points. The trendline is added as an ordinary function. To create atrendline, you select the point

series you want to base the trendline on and use Function - Insert trendline....

If the point series has custom Y -errors defined, these values are used to weight the points. The weight for
each point is 1/0° where o isthe Y -error for the point. X-errors are not used.

Built-in

Insert trendline @

Buittin | User defined ’
ne

. e Style:
/ G T co R -
. s . ra

Logarithmic Polynomial Width: 1 =
j f Period: Intercept = 0
o 2
Power Exponential Moving average
[ ok | | cancel | | Heb
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Y ou may choose between the following built-in functions. These functions will give an accurate result. For
Linear, Polynomial and Exponential trendlines, you may select the Intercept field and specify the point
where you want the trendline to meet the y-axis.

Linear
Thisisastraight line with the function f(x) = a*x+b, where aand b are constants calculated so the lineis
the best fit to the point series.

Thetrendlineis calculated so the sum of squares (SSQ) =(yi-f(xi))? will be as small as possible. If
possible the function will cross the points in the series; el se the function will be so close to the series that
the summation cannot get any smaller.

Logarithmic
A logarithmic line of best fit is given asf(x) = a*In(x)+b, where a and b are constants, and | n is
the natural logarithm function. To add alogarithmic function, no point in the series may have an x-
coordinate that is negative or zero.
A logarithmic function is a straight line in a semilogarithmic coordinate system. The point seriesis
therefore converted to a semilogarithmic coordinate system and the logarithmic function with the
smallest sum of squares (SSQ) is found.

Polynomial
A polynomial isafunction given by f(x) = a;*x" + ... + ag* x> + ap* X2 + ag* X + ay, Where ag...ap are
constants. n isthe order of the polynomial. Y ou need at |east one more point than the order.

Power
A power function is given by f(X) = a*x°, wherea and b are constants calculated so the function is the
best fit of the point series. To add a power function, no point in the series may have an x- or y-coordinate
that is negative or zero.
A power function is a straight line in a double logarithmic coordinate system. The point seriesis
therefore converted to a double logarithmic coordinate system and the power function with the smallest
sum of sguares (SSQ) is found.

Exponential
An exponential function is given by f(x) = a*b*, where a and b are constants calculated so the function
isthe best fit of the point series. To add an exponential function, no point in the series may have ay-
coordinate that is negative or zero.
An Exponential function is a straight line in a semilogarithmic coordinate system with the y-axis as the
logarithmic axis. The point seriesis therefore converted to a semilogarithmic coordinate system and the
exponentia function with the smallest sum of squares (SSQ) is found.

Moving average
Moving average is a series of straight lines based on the average of the previous points. The Period
determines how many points are used for the average. If Period is 1 only one point is used, which
actually isn't an average. Thiswill draw aline directly between the points. When Period islarger than 1,
the y-coordinate for the line at each point will not be the same as the y-coordinate of the point. Instead it
will be an average of the previous points.
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User defined
Insert trendline @
User defined
Line

Model:  1/(Sa™x+5b) Style:

-

BET model
Exponential association

Cobr: [ ~
Hyperbolic fit

Rational function Width: 1 =

-
=]
eCipnoca

Saturation-Growth rate
Sinusoidal

Intercept =

| Addmodel | [RBemovemodel| | Editmodel |

[ ok || Cancel | [ Heb |

In this tab you can enter your own trendline models. The model is entered as a standard function, where all
the constants that you want Graph to find are named with a $ followed by any combination of characters (a-z)
and digits (0-9). Examples of valid constants are: $a, $y0, $const.

An example of amodel could be f(x)=%a*x"$b+$c. The program tries to calculate the constants $a, $b and
$c so that f(x) will be as close to the point series as possible. Y ou can use the Add model button to add the
model to the saved list with a name.

The program needs a guess for where to start the search for the optimum. As default the guess for all
constantsis 1, but this can be changed for models added to the list. A better guess will increase the possibility
that an optimum can be found.

Graph will try to find the constants for the model f(x) so the sum of squares Z(yi-f(xi))2 will be the smallest
possible. The program will start with the guess and move towards the minimum of the sum of squares. If a
solution is not found after 100 iterations or the given guessis not valid, the program gives up.

It is possible, even though it rarely happens, that more than one minimum exists. In this case the minimum
nearest to the guess will be found, even though this may not be the best.

Notice that you should avoid redundant constants as they might confuse the program. For example this model
has a redundant constant: f(x)=%c+$d/($a* x+$b). Notice the relation between the constants $a, $b and $d.

If you multiply $a, $b and $d with the same value the resulting function will not be changed. This means
that there are an infinite number of combinations of constants with the same resulting function and hence an
infinite number of best solutions. This may confuse the program when it tries to find the best one. Therefore
either $a, $b or $d should be removed.

When the trendline is added, the correl ation coefficient R? is shown in the comment. The closer R?isto 1 the
closer the trendlineis to the points.

Insert label

Thisdialog is used to insert or edit text labels. To insert alabel you use the menu item Function — Insert
label.... Thelabel isinserted at the center of the graphing area, but can be dragged to another placement. To
change an existing label, you either double click on it in the graphing area or you select it in the function list

and use Function - Edit....
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Insert text label

Font name:
12

Times MNew Foman -

Font size:

-

Background color:
[ Transparert

Font color:

I -

Mr7UAx%| E

Texd string
Ty
3 il |
y=x"sin x Undo  Ctrl+Z
'\E Redo Ctrl+Y
5

x+3 Cut Ctrl+X
Copy Ctrl+C
Paste  Ctrl+V

Paste special...
% Insert object...
Edit object

OK | | Cancel | | Hep |

Thetext isentered in the editing area. Y ou can change text styles for different parts of the text. The

background color, which may be any solid color or transparent, can be set for the whole label only. The &6
button can be used to insert specia characters like mathematical symbols and Greek characters.

A text label can aso contain any OLE object, for example an image or MS Equation. Y ou can paste an OLE
object into the editing area like text. A new object can be created at the cursor position by selecting Insert
object in the context menu. If there is more than one representation in the clipboard, you can use Paste
special in the context menu to select the representation to paste.

When the OK button is pressed, the label will be shown in the graphing area. The label can be moved by
dragging it around with the mouse or it can be locked to one of the axes by right clicking on it and selecting a
placement from the context menu. From the context menu it is also possible to rotate the label, for exampleto

show the text vertically.

A label can contain and evaluate anumeric expression. Thisis very useful when you want to show the value
of custom constantsin alabel. Graph will try to evaluate any expression in alabel if placed in brackets after a
percent sign (%). If you have 3 custom constants a=2.5, b=-3, and ¢=8.75, you can create alabel with the text
f (X) =% a) x>+% b) x+% c) . Thislabel will be shown asf ( x) =2. 5x?- 3x+8. 75 in the graphing area.
When you change the constants, the label will be updated to reflect the new values. In the above case, the +
preceding %(b) is removed because b evaluates to a negative number.

Insert relation

Thisdialog is used to insert arelation in the coordinate system. “Relation” is acommon name for inequalities
and equations, also known as implicit functions. To insert arelation you use the menu item Function -
Insert relation.... To change an existing relation, you first select it in the function list and use Function -

Edit....

Insert relation
Relation;: «™2+y"2=25
Constraints: x>0

Legend text

=3

Description: | Right part of circle

Froperties

Soe: L0 v

Color: [N ~

Width: 1

| oK

] | Cancel | | Help
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Relation

Here you enter the relation you want to graph. This must either be an equation or an inequality. x and y
are used as the independent variables. An equation is a statement that one quantity equals another and the
quantities must be separated by the = operator. For example the equationx*2 + y~2 = 25 will plot a

circle of radius 5.

Aninequality is a statement that one quantity is greater or less than another, and the quantities must
be separated by one of the four operators: <, >, <=, >=. Aninequality can for examplebeabs(x) +
abs(y) < 1.Two operatorscan be used to specify arange, for exampley < sin(x) < 0.5.

Y ou can use the same operators and built-in functions as for plotting graphs of functions. In addition you

can aso create custom functions.

Constraints

Here you can enter optional constraints, which can be any numeric expression. The relation will only be
valid and plotted where the constraints are fulfilled, i.e. evaluates to a non-zero value. The constraints
usualy consist of a series of inequalities separated with the logical operators (and, or xor ). Asfor the
relation, X and y are used as the independent variables.
For exampleif you have therdlationx~2 + y”2 < 25, whichisashaded circle, the constraintsx >
0 and y < 0 will only show the part of the circlein the 4 quadrant.

Description

Here you may enter a descriptive text to show in the legend. If thisfield isleft empty, the relation and
constraints will be shown in the legend.

Properties

Here you may select a shading style for inequalities, color and width for equations. The shading Style
isonly used for inequalities and is ignored for equations. To see overlapping inequalities they must use
different styles. The Line style indicates the type of line drawn for equations and the border line for
inequalities. The Width indicates the size of the line drawn for equations and the width of the border line
for inequalities. For inequalities the width can be set to 0 to avoid drawing the border line.

Insert f'(x)

The dialog shown below is used to create the first derivative of afunction. To create a derivative, you select
the function you want to differentiate and use Function — Insert f'(x)....

If the function is a standard function, the first derivative is the slope of the function, and it is defined as the
function differentiated with respect to x: f'(x) = df(x)/dx

Insert f'(x)

From:

Line style:

Color:

Argument range

Legend text

Description:

Graph properties

- Width: 1

. -

[l

| ok | | cance | |

Help |

You can select an interval, line style, width in pixels and color for the derivative of the function. The
derivativeisinserted as a function and can be edited as such. The derivative will not change if you edit the

original function.
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Custom functions/constants

Graph alows you to define your own custom functions and constants, which you can use in other expressions
in the program. Y ou may want to use this to factor out frequently used constants and subexpressions to make

it faster and easier to use these items. Use the Function — Custom functions... menu item to show the
dialog.

Custom functions/constants @
MNames Definition
sincfx) ife=0, 1, sinfdx)
q 5.80665
R 2.3
kilroyfe) In abs sinc x
Eltx) e e 12
E26) /(e "x-1)
E3x) In{1e™x)
Edix) EZ - E3fx)
fact2fx) ifhe <=0, 1, xfact2-1))
0K | | Cameed | | ook | [ Hep |

Entering functions
The function and constant names are entered in the first column. The name may contain any combination
of letters, digits and underscore but it must always start with aletter. You may not use anamethat is
aready assigned to a built-in function or variable.
Function arguments are entered after the name in brackets separated by comma, e.g.f (X, y, z) isa
function named f taking three arguments named x, y and z. Like the function name, the argument names
must start with aletter and only contain letters and digits.

The expressions you want to define are entered in the second column. The expressions can use the
arguments specified in the first column and all built-in functions, other custom functions and constants,
and even call themselvesrecursively. A comment can be written after a# symbol at the end of an
expression.

Changing and removing functions
Y ou can remove a function or constant by clearing the name and definition or selecting Remove row
from the context menu. All elements using the deleted function or constant will fail when evaluated.

When you press OK or Apply in the shown dialog, all elements are updated to reflect any changesto the
functions and constants.

Evaluate

Thisdialog is used for interactive calculations on functions. The dialog may be docked below the function
list, which is default, or undocked as a floating dialog.

Evaluate
When Calc - Evaluate is selected the dialog is used to evaluate the selected function at a given value either
entered in the dialog or traced with the mouse.

Below you can see the dialog, that appears when a standard function is selected. The dialog will look alittle
different when a parametric function, polar function or tangent is selected.
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Evaluate =)
x= 23922 =
fid= 16285

= 10732

Fi= -3.004

Snap to: F|.mction—v

Y ou can enter avaue for which you want to evaluate the function. The value will be evaluated for the
function selected in the function list. If the result is on the graph within the shown coordinate system, it will
be marked with a dashed cross. Y ou can a so trace the drawn graph with the mouse. Just click on the graph
with the mouse and the function will be evaluated at the nearest point.

It may happen that the result of an evaluation is a complex number with an imaginary part. This number will
either be written as a+bi, al10 or not written at all depending of the choice under Options.

When you click with the mouse on the graphing area you may choose what the cursor will snap to:

Function
The cursor will snap to the nearest point of the selected function.

Intersection
The cursor will snap to the nearest intersection between the selected function and every function
displayed (including the function itself).

X-axis
The cursor will snap to the nearest intersection between the selected function and the x-axis.

y-axis
The cursor will snap to the nearest intersection between the selected function and the y-axis. Not
available for standard functions.

Extreme x-value
The cursor will snap to the nearest local extreme value for the x-coordinate. Not available for standard
functions.

Extreme y-value
The cursor will snap to the nearest local extreme value for the y-coordinate.

Area

When Calc — Area is selected the dialog is used to calculate the area for the selected function over a
specified domain range. For standard and parametric functions and tangents the areais the signed area
between the graph and the x-axis (the real x-axis and not necessarily the visible one) for the given range.
The area below the x-axis is considered negative. For standard functions and tangents, thisis the same as the
definiteintegral.

For polar functions, the area is the one between the graph in the given range and the origin. The areaiis
considered negative when the angle goes from a higher to alower value (clockwise).

Y ou can either enter the range in the edit boxes or select the range with the mouse. The calculated area will
be shown below the range, and the matched areawill be marked with a shading in the coordinate system. The
calculation is done using the Gauss-Kronrod 21-point integration rule adaptively with as much accuracy as
possible. If an estimated relative error less than 10 cannot be reached, no result will be shown.

Length of path

When Calc — Length of path is selected the dialog is used to calculate the distance between two points on
the function along the curve. Y ou may either enter the range in the dialog or use the mouse to mark it. The
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range will be marked in the coordinate system. The calculation is done by converting it to an integration and
using Simpson's formula through 1000 iterations.

Table

The dialog shown below is used to evaluate the selected function for arange. First select afunction in the
function list and use the menu item Calc — Table to show the dialog. Y ou specify the first and last value

of the independent variable in the From and To fields. In the Ax or At field you specify the increment of the
independent variable at each evaluation.

When you press the Calc button, the table will be filled with the independent variable in the first column. The
rest of the columns depend on the type of function. For a standard function, the table will show f(x), f'(x) and
f"(x). For a parametric function, the table will show x(t), y(t), dx/dt, dy/dt and dy/dx. For a polar function, the
table will show r(t), x(t), y(t), dr/dt and dy/dx. Unneeded columns can be hidden from the context menu. If the
calculations takes along time, a progress indicator will be shown.

Calculate table
From: -10 To: 10
Calc
Ax= DA
X fix) Fx) i) &
-10.0 -5.4402 89347 37621
-9.9 -4.5296 9.260% 27312
-9.8 -3.5915 94847 1.7306
-9.7 -2.6361 96067 07113
-9.6 -1.6735 96273 -0.2958
-9.5 -0.7139 95483 -1.2804
-9.4 0.2329 93723 -2.2323
-9.3 1.1574 9.1032 -3.1419
-9.2 2.0506 87457 -4 0003
-9.1 2.9038 5.3052 -4.7992
-9.0 3.7091 7.7881 -55313
-8.9 4.4591 7.2014 -6.19
-38 51473 65527 -6.7695
-8.7 5.7678 5.8303 -7.2651
-36 65.3158 51026 -7.6733
-8.5 B6.7871 43186 -7.89912
-84 71786 35074 -3.2172
-8.3 7.488 26783 -8.3508 e
| (Cloze | | Help |

Y ou can select some cells with the mouse and right click with the mouse and use Copy from the context
menu to copy the cells to the clipboard. From the clipboard the data may be pasted into another program, e.g.
Microsoft Excel.

When you move the mouse to the left side of the table the mouse pointer changes to aright pointing arrow.
Now you can select whole rows with the mouse. When you move the mouse to the top of the table, the
pointer changes to adown pointing arrow. Now you can select whole columns with the mouse. The whole
table may be selected by right clicking and selecting Select all. It is also possible to select cells by holding
down the Shift key and using the arrow keys on the keyboard.

From the context menu it is also possible to export the selected datato afile as comma or tab delimited text.

Note that if you choose to create alot of valuesin thetable, it may take some time to calculate them. Many
values may also take up alot of memory from the system.
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Animate

Thisdialog is used to create an animation by changing a custom constant. The animation can be played
directly, saved to afile or copied into a document. The animation can contain al elements supported by
Graph, for example functions, relations, point series, labels, etc.

Animate @
Constant: a - Animate
Range S

From: 1 Close
To: 10 T

Step: 1
Frame options

Frame width: 320
Frame height: 320

Frames/second: 1

Constant
Here you select which constant you want to change in the animation. The constant must already have
been created in the Custom functions/constants dialog. The selected constant will be changed in each
frame in the animation.

Range
In the From and To fields you need to specify the range of the selected constant in the animation. The
Step value indicates how much the constant is changed between two frames. The number of framesis
given by (To - From) / Step. More frames will give a smoother animation but it will also take longer to
create and take up more space in the disk file.

Frame information
Y ou can specify the image size of the animation. Thiswill affect the file size and thetime it takes to
create the animation. The Frames/second indicates the default speed of the animation. Most players
will be able to adjust the speed when the animation is played.

When you press the Animate button, an animation is created from the settings you have specified. This may
take some time depending on what elements exist in the coordinate system and how many frames are needed.

When the animation is finished, avery simple player is shown. Y ou can use thisto play the animation. The &
button will give you some additional options.

Speed
Here you can change the playback speed. Thiswill only affect the playback and not the file saved.

Repeat
When checked the animation will continue playing. When finished it will start over again.

Auto reverse
This will make the animation run backwards when it reaches the end. Thisis most useful in combination
with the Repeat option, which will make the animation oscillate between the two ends.

Saveas...
Thiswill save the animation as an Audio Video Interleave (avi) file, which can be played by any media

player.
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Save frame...
Thiswill save the currently shown frame as a bitmap file. This can be either Windows Bitmap (bmp),
Portable Network Graphics (png) or Joint Photographic Experts Group (jpeg).

Save al frames...
Thiswill save all frames as single bitmap files. Thisis the same as repeating Save frame... for each
frame in the animation.

Save as image

Use the menu item File —» Save as image... to save the shown coordinate system as an image file. When
the menu item has been chosen, a standard Save As dialog will appear. In this dialog you write afilename,
choose adirectory and select one of the following image types:

Windows Enhanced Metéfile (emf)
Metafiles are usually preferred because they are small and ook nice even when scaled. Though emf files
are widely supported under MS Windows, they are not very portable.

Scalable Vector Graphics (svg)
Thisisaformat for portable metafiles and should therefore be preferred for files placed on the Internet.
However the format is still not supported by all browsers.

Portable Network Graphics (png)
Portable Network Graphics (png) is aformat that is better compressed than bmp files. Thisis the most
sustainable format for web pages, becauseiit is small and can be understood by all browsers.

Windows Bitmap (bmp)
Windows Bitmap (bmp) is a standard format supported by almost all Windows programs that can read
graphicsfiles.

Joint Photographic Experts Group (jpeg)
Joint Photographic Experts Group (jpeg) is a bitmap format with loss. It is supported but not
recommended because graphs will usually become blurred.

Portable Document Format (pdf)
Portable Document Format (pdf) is actually not an image format. It is away to store documents as
postscript in a portable way. Graph will store the image as Portable Network Graphicsinside the pdf file.

The Options... button in the save dialog can be used to change the image size. Y ou may also be able to
change other settings depending on the chosen image format.

Import point series

Graph can import point series from text files where the values are delimited by comma, semicolon, space or

tabulator. You use File - Import - Point series... and select the file to import. If you do not specify the
type of file, Graph will try to guess the delimitor.

The simplest file looks like this, which uses comma as delimitor:

T
.3
.5

AN P
PO AP

6.2

When imported you get a point series with the coordinates: (1,1.7), (2,4.3), (3,9.5), (4,16.2)

A file with more than two columns will be imported as several point series with the same x-coordinates as
specified in the first column. Here is an example with semicolon as delimitor:

50; 71, 8113997, 78, 23883162; 79, 17509098; 78, 58979676, 78, 62449077, 78, 2374541, 77, 7637696
55; 71, 81941659; 78, 17869416; 79, 2155277, 78, 48195769; 78, 6005272; 78, 22113423; 77, 7874084
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60; 71, 82943769; 78, 12714777, 79, 24787707, 78, 55661551; 78, 51266076; 78, 2129743; 77, 8425656
65; 71, 82866684; 78, 08419244 79, 20744036; 78, 54002489; 78, 56857576, 78, 22929417, 77, 8189268
70; 71, 81448312; 78, 06701031; 79, 18317833; 78, 55661551; 78, 55260005; 78, 24561404; 77, 75589

When imported you get 7 point series which all share the same x-coordinates.

Y ou can name the point series by starting the line before the data with # followed by the names separated
by the same separator as the data. This can also be used for creating several point series that do not share
the same x-coordinates by separating the point series with a# and optionally a name for the following point
series. The following shows an example with space as separator:

#a b

00.20.5
11.4-1.7
22.1-2.6
33.8-3.3
#d e

4 4.3 -4.1
55.8 -5.5
6 6.1 -6.1
77.9-7.6

Thiswill create four point series each with four data points named a, b, ¢ and d. aand b will share the same x-
coordinates, and ¢ and d will share the same x-coordinates.

Not only numbers, but any valid expression can be imported. The following shows an example with
semicolon:

1;sin(0.1)
2;sin(0.2)

3; 1+si n(0. 3)
pi; 2*sin(pi/2)
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Plugins

To use the plugin system in Graph you need to install Python 3.2 from http://www.python.org.

Documentation of the Python language may be found installed with Python or online [http://
docs.python.org/3.2/].

Plugins

Plugins are Python scripts and are usually distributed in source form as .py files but the can also be distributed

as compiled .pyc files. The plugin files are placed in the Pl ugi ns directory where Graph isinstalled, and
will automatically be found and loaded by Graph.

E Warning
Plugins are scripts, which are just small programs that run inside Graph and interacts with
Graph. But a plugin can do anything that a program with the same rights can do. This means
that if Graph is run with administrator rights, it is possible to write a plugin that erases the whole
hard disk. Therefore you should be careful about which plugins you use and only install plugins
from atrusted source, or at least you should check the source code for suspicious parts.

Python interpreter

The plugin system also gives access to a Python interpreter by pressing F11. In thisinterpreter you can write

Python expressions and that way do very advanced thingsin Graph. It is also an easy way to test code before
itisusedin aplugin.
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Glossary

complex number
Complex numbers are a superset of real numbers. Complex numbers are two dimensional and is most
often written on rectangular form as at+bi where a isthereal part and b isthe imaginary part. The

imaginary unit i is defined asi”2=-1. Complex numbers can also be shown on polar form asal16 where a

is the absolute value of the number and 6 is the angle of the number in radians or degrees.
Complex numbers are used in the Evaluate dialog for standard functions and for graphing functions
when Calculate with complex numbers is enabled under the Settings tab in the Edit axes dialog.

function list
The function list is shown in the left side of the main window. Thislist showsalist of al functions,
tangents, point series, shadings and relations. When you want to manipulate an item, you first have to
select it. The selected item is normally marked in blue, but it will be marked in gray when something
other than the function list has focus. Y ou can manipulate the selected element through the Function
menu or through the context menu appearing when you right click on the element.

graph element
A graph element is something that is shown in the coordinate system. This can be afunction, point series,
label, relation, etc. The graph elements are also shown in the function list where they can be manipul ated
from the Function menu or the context menu.

integer
The set of numbers...,-3,-2,-1,0,1,2,3,... is called integers and is a subset of the real numbers. A given
integer n may be negative, zero or positive.

legend
Thelegend is abox that per default is placed at the upper right corner of the graphing area, and shows a
list of the plotted functions, tangents, shadings, and point series in the coordinate system. Select Show
legend under Settingsin the Edit axes dialog to show the legend. Right click on anitem in the function
list and deselect Show in legend if you don't want the item shown in the legend. When editing an item
you can enter the text to be shown in the legend. For functions and tangents the function equation will be
shown if no legend text is entered.

numeric expression
An expression that can be evaluated as a number is called a numeric expression. The expression can
include any combination of numbers, constants, variables, operators and functions.

radians
Radians are away to describe the size of an angle similar to degrees, but radians are not a unit like

degrees. The angle of awhole circleis 360° or 2rtradians. An angle in radians can be converted to
degrees by multiplying with 180°/1. An angle in degrees can be converted to radians by multiplying with

TU180°. Y ou can choose to use radians or degrees for trigonometric functions in the Edit axes dialog
under the Settings tab.

real number
A real number is on the form nnn.fffEeee where nnn is the whole number part that may be negative. fff
isthe fraction part that is separated from the integer part with adot '.". The fraction part is optional, but
either the integer part or the fraction part must be there. E is the exponent separator and must be an 'E' in
upper case. eeeis the exponent optionally preceded by '-'. The exponent is only needed if the E is there.
Notice that 5E8 is the same as 5* 10"8.
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