M athematica

Mathematica is an interactive mathematical programming languaje Interactive means tha commands
may be entered oneline at a time so tha new calculations can be made after the old calculations have been
examined. Mathematica does symbolic, Boolean and nunmerical calculationsas well as plotting. It also has the
ability to match paternsand many of the advanced programming routines take advantage of this feature.

Mathematica comes with a library consisting of several additiond packages and routines tha need to be
loaded by the user when he needs them. There are severa additiond packages from the Wolfram Company
(Mathematica@ creator) and third party sources called Mathematica Notebooks These Notebodks serve as
templates. They contain various additiond routines and fundions programmed in Mathematica code The
Notebookstie into the Mathematica kernd to complete ther calculations

The Mathematica program has essentidly two parts: (1) a Kernd - a machine indgpendent program
where the input from the Front End is evaluaed and a (2) Front End or Notebook - an interface with the
paticular platfform being used, eg., PC or Mac. The Front End takes word processing text and comments
indgoendently of theKernd.

Mathematica is available to students at the special student price of $125D 150 at the University Book
Store. Thisstudent versionis suppogdly fully configured and containsall thepackages. Theusud limitation on
astudent versionisthe so-called stack size or theamountof volatile memory that thekernd will draw for storing
information as the commandsare executed. For example, student Mathematica accepts a very large matrix but
only beable to execute aroutineonavery small matrix.

Notation for this Document

A schemelike
Edit > Default Output Type>Traditiond Form
gives aroute for finding Traditiond Form from the menu. Words written in CourierFont  are Mathematica
Statements.

Opening Mathematica and Executing a Command

Open Mathematica by doubk clicking onits Not ebook icon. A connettion between the Notebodk and
to the sobcaled Default ~ Kernel for the Not ebook is made usng a program called MathLink when you
execute the first command needing the kernd. 1f you wish to activate the kernd immediately, execute a ssimple
statement like 2 + 2. Each cell is attached to akernd so that a Notebook could have linksto several Kernds at
thesame time. You can set the evaluaor of your Notebook to any available Kernd. You can see what your
ddfault Kernel is and wha Kernds are available in the Kernel Menu. Inddentally, MathLink can be
programmed to link Mathematica to many different sorts of devices and programs.

Occasiondly, Mathematica fails to make an automatic connection to a Kernd. The error message is
Qow level error Owhich indicates an improper log off or an imprope setting on the Notebo ok. To dedl
with this error, make sure all kernds are shut down and the Default Kernd is set to an available Kernd. The
next execution in the Front End should automeatically make the connectionto theKernd.

You can tell that execution of acell isoccurring by the highlighted cell bar. To get execution, press enter
on the lower right hand side of your keyboad or Shift ~ Return (Mac or PC) or Shift  Enter (the
Enter/Carriage Return onthe main pat of thekeyboard for aPC). Many cells can be executed successively from
top to bottom by highlighting the cell bars and executing. Shift opton Return (evaluation of next inpuf fits a
new execution on top of a running execution. The running execution will continue either be interrupted at a
suitable point or the new execution will befit into idle process times. Othe keystrokes specific to the front end
can be obtained fromtheHelp file item for the paticular frontend. For example, setting up anew cell bdow the
current cell with the same format as the current cell and executing a cell with the cursor going to the next input



cell after execution can be donewith keystrokes. Note the Enter/Return key is merely a carriage return to
start a new linein the same cell while and is more or less inert as far as execution is conaerned. Alternate
(or Option)  Return/Enter produces a new cell with the same format type at the first available place
bdow thecurrent cell.

All Mathematica keyboad commands available for a particular front end are listed unde Other
Information in theHelp menu.

Saving a Mathematica Session

Mathematica occasiondly locks up. For this reason, you should save your notebook as soon as possible.
Mathematicafiles, especially those with graphics and formatted text, can be quite large and sometimes too large
tofitonafloppydisk. Itisbest to have aZIP disk or FLASH MEMORY .

If youpress Control s the Mathematica session will be saved to adesignaed site. Thefirst time you
save, Mathematica will present a dialoguebox asking for the destination of the saved session and for the name.
There are various options for the save command available in the File Menu. Quitting and re-opening a
Mathematica doaument gives only the typescript that was present when the Mathematica file was last saved.
You will have to rebexecute the text commands to arrive at the point indicated by your saved text file.
Mathematica will retain cell information and might even retain the information on what kernd was used to
evaluae a particular cell. So youmay restore Mathematica@ internd position to tha of the typescript simply by
selecting all cellswith Control A and then executing with <ENTER>.

Y ou may save variousthingslike Tables of cal culated values, symbols, equéions formulae, etc. with the
Save, DumpSave, or the Put command followed by wha you want to save. Further information on what
survives file tranders will be given later. Using DumpSave and DumpGet, it is posible to save the entire
internd state of Mathematica so tha when you reopen you will be at exactly the same place you were when |eft
off. Mathematicawill also save automatically in the Edit > Preferences > NotebookAu toSave .

Findly, you may compress your Mathematica doaument by closng very large cells or groupsof cellsin
the Cell Menu > Cell Grouping > E . Closed cells retain al information necessary to
regenegate themselves when the cells are re-opened. Closdng cells is useful for writing reports on top of
Notebooksthat contain calculations

Documents may usudly be printed after reBopening with no further work. For massive Mathematica
doauments with graphics a rebBexecution may be necessary. Clodng large cells may be necessary to fit your
Mathematica doaument onto your floppy disk. ReBexecute as described in the preceding paragraphs with
Control  Shift ~Aand ENTER. Here your program mug be readable from top to bottom without a hitch in
order for there-execution to take place.

When Mathematicalodks up, you can generally paform a save command before you exit. However, you
can also try to release thelodk up by abotrting acalculation. Abort thecaculationin the Kernd Menu, A more
dramatic step is cutting the connection between the FrontEnd and the Kernd. Thiswill generaly clear alodkup
but at the expense of knodking everything out of the memory. Thisis caled a@ongjumpO To execute along
jump use Control Shift Period or. Youwill need to re-execute as explained in the previous paragraph.

Asalast resort to relieve alodk up with restarting the computer (which is donewith therestart button on
the processor box), try Alternate - Window E scape whaever the computer opaator system requires. To
avoid lodck ups think aboutusng TimeConstra ined when executingafundion for thefirst time. Herea
limit can be set ontheamountof processor time used for the TimeConstrained  fundion.

Recalculating and Clearing Erroneous I nput

Sometimes you have made severa experiments to reach afind god. It isgoodto go back and check tha
your calculationsare clean. Theinvisible internd state sometimes will hinde the checking due to unwanted and
hidden assgnments. One way of checking is saving your Notebook, quitting the kernd from the Kernd Menu,
rebBexecuting your saved text automatically usng Select All from the menu or the keyboad and ENTER.



Executing the command Quit[]  will also close down the kernd. Executing Clear[OGlobal *O] will
ddete all previous globd deinitions Note tha Mathematica designaes al user defined terms by the
designaion Global®

Occasiondly, commandsseem to be evaluding incorrectly. Thisisamog always dueto incorrect input
When this happens the best remedy is shutting down the kernd.

In order to insure a smooth recalculation, make sure that al steps are listed in order. For example,
putting an assignment at a later point in the notebook from where it is used or loading a package after a function
in the packageis used will result in the entry of an unddined and uneasable term in thenamefile.

Notebooks

Notebookis the name for a Mathematica doaument. Notebooksare generated by a program called the
Front End or Mathematica 5.2 with as a dodecahedron icon The Front End is dependent on the computer
platform beng used athoughthere is much uniformity in the different front ends Typing can be donein a
Mathematica Notebook more or less like a word processor. Formulae can be entered either usng word
processing keystrokes or usng a code tha resembles the mathematical typesetting program TeX. You can
examine the textud code used to generate any cell by clicking on the cell ba and using the menu Format >
Show Expression . You can toggle out of theshow expressionin the same way.

Mathematica will accept text from another program usng the usud copy and paste technique and will
accept pictures from other programs like pant programs or equédion makers usng specia techniques discussed
bdow. Mathematica has its own type setting and equaion making capecity and so imparting files is necessary
only for previoudy prepared work. Mathematica output will set up in mathematical notation and this copied into
text lines. Mathematica also displays its own graphical output like Tables and plots. Tables, matrices, etc. can
be aligned with commandslike TableForm or MatrixForm . There are many devices in Mathematica (for
example Hold or HoldForm , SequenceForm ) to hold expressionsin unevaluated form for display purposes.

To ge your output in traditiond Mathematical form, select Cell Menu > Default  Output
Form > Traditional Form . A check will appear next to the selected item.

There are many optionsfor formatting your notebook. Y ou can examine the optionstha are beng used
in your current notebook either in the preference file or usng theusud command FullOptiongnotebook name,
name of opton]. To find out wha Mathematica is caling the currently open notebooks (caled
Noteb ookObjects by Mathematica) execute Notebooks|]. If you want to change some option tha
needsto be changal in each session, you might set up an init.m file. To set up an init.m file, see the section on
Initialization.

Cdls

Mathematica Notebooks are organized into Cells. Thesize of aCell andwha isin it will beindicated by
thebox outiines on the right margins of the notebook called Cell Brackets. There are many types of cells. Input
Text, Graphics, Unevaluable (for examples that you want to keep but do not want to evaluae when you evaluae
programs that the examples tested), Initiaization (for thingstha you want to load automatically), Lodked (for
routines you do not want to inadvertently change or ddete), Fixed Height Closed Group, Evaluation
Group, or Running or Evaluating Cells . The cell brackets indicate the type of Cell. For
example, an Evaluating Cell (acdl thekernd iscurrently processing) is denoted by a doubke Cell Bracket
tha looks something like ]]. The Cell Bars will not print unless specificaly requested. There are also many
commandsfor opening or compressing cells, merging cells or dividing cells, etc. that can befoundunder the Cell
Menu. You can changea Cell type by usng the menu Style > Cell Style (or keyboad equivalents mentioned
bdow) or by usng a specia pop-up menu tha appears when the Ruler is activated. Cells containing unnesded
calculationscan be collapsed or in Mathematica terminology closed. Collapsed cells can be reBopened and the
material therein is then available for copying, recalculating, or pasting. Cells coming under one of the Header
forms (discussed later) onthe Style menu can becollapsed as a unit.



Genegally, you should reserve various types of cells for various types of inputin case a re-execution
becomes necessary. Y ou can make amog any changeyou want in a cell: dividing or merging cells, changing
frominputto text, etc. Seethe Cell Menu for this. Note commandson the menu tha can be used to initialize
thecells. For example, alt 7 gives atext cell where thewrap feature of a word processor is operationd, alt
9 givesan inputcell for thekernd, andalt 1, 2, 3 give varioustitle formats. Look unde the Style Menu
for the varioustypes of styles. You can determine the style of a cell by highlighting the cell bar and invoking
Edit > Options Inspector. You will see the style of the cell near the end of the cell information..  If
you know how the Mathematica formatting commands work, the Options Ingector allows you to get your
output, inputor text into a desired form. For example, an output cell will belabded near the end with OutputQ
Changing GutputOto OrextOwill set the cell to a Text cell, which can be edited. Note tha output cells cannot
be edited. Trying to change an output cell will result in a copy of the cell as an input cell directly bdow the
output

Style Sheets

The Format > Style Sheet gives varioustemplate styles. The Format > Style  Sheet
>Default  Style iswha appears when you open a new notebook from the File Menu. You can make a
template doaument for yourself by selecting the Default Style and editing the default styles just as you would a
regular doaument. Saving the Default Style doaument will set up the currently saved version as the new Default
Style.

Style Sheets (Templates) are actudly kept in notebooksingde Mathematica > System > Front
End > Style Sheets. Youcan changethe name of any of the supplied style sheets and make it into the
Default.nb sheet. Be sure to keep a backup copy of the Default.nb ~ notebook supplied by Mathematica
either by changing its name or moving it to a new location. Alternaely, you can create a your own style. For
example, if you want the TEXT cells to appear in Times Font, you need to changethefontin the TEXT cell in
the Style Sheet to Times udng the regular Mathematica menu. Note that Mathematica alows you to have a
severa different choices for each item. For example, you can choo® Red as the color of the output on the
screen, Green for presentation output and black as printout since red printout on a black and white printer may be
unstisfactory. Using Copy and Paste , you can aso import into your Style Sheet features that you like from any
of the other Style Sheets. For example, one Style Sheet has a feature for NumberedEquations.  This will
automatically assign a consecutive nunber to each designaed equaion. To ge this feature or any other such
feature in your default style sheet or any other style sheet, you jus need to copy this item from the Classic
Style Sheet  andplace it into your Default Style Sheet. Be sure to keep a copy of anything you are editing at
least untl you are satisfied with the opeation of the new item.

Y ou can aso changethe style of your doaument usng Edit > Preferences . Thereareavery large
numbe of choices many relating to type setting features. Some of the categories are best |eft at ther defaults
until aspecific need isidentified. Onechangefor example could betheremova of the Monkey Bongevery time
acdl is executed. The changes of the Defaul t Style described in the previous paragraphs automatically
will beaddel to the Preference File

A list of author tools can be foundin File > Palettes > Open Author Tools. These tools are useful for
creating indices, table of contents, and bilateral cells. Bilatera cells are used extensively in the Mathematica
manuds and have text on oneside of a cell and Mathematica codeor output onthe other side of thecell.

Restoring MathematicatoitsInstallation Configuration

To restore Mathematica to its origind factory configuration, hold down the option or alternate key when
opening Mathematica.



Céell Hierarchy

Cells are arranged automatically in hierarchd fashion like an outline For example, a cell with alarge
header, likeaalt 2 header, will have a cell ba connecting it and all subsequent cells with a lower hierarchd
order. Inthe Mathematica Default Style, cells generated by cmd 3-6 have varioustypes of headers, alt 7 isa
text cell, cmd 8 is a graphics command cell and its attached graphics, alt 9 isan inputcell. Outputcells are
editable only by a special process and are automatically attached to theinputcellstha generatesthem. Tryingto
edit an output cell withou a special process will result initsechoto an inputcell. So all cellsof typealt 3 -
9 written bdow aheader cell of typealt 2  will beattached tothealt 2  cell with acell bar. Thesameistrue
foralt 3 heades, etc. Analt 1 header bdow alt 2 header will not be attached to theat 2 header. Note
tha the grouping of the cells can be changed by Cell > Divide or Cell > Cell Grouping >
Group . Also groupingscan be set up after cells lower cmd cells have been typed by inserting the header cells at
the appropriate points. Thegrouping is useful: cells can be hidden unde acell of highea hierarchy usng Cell >
Cdl Grouping > Close All Subgrups The closed cells can be reopened withoutany loss of information usng
Cell > Cell Grouping > Open All Subgroups . The commands Cell > Groupings >
Open/Close dso dothesamejob. A doubk click of the mouse will aso open cells. In certain cases. the cell
bas mug be highlighted before Close or Open is invoked. The last Open/Close is a toggle action, i.e.,
selecting open gives closed and selecting closed give.

Note that you can group cells or divide cells using menu commands Only cells of the same type can be
merged. Some ingructionswill be given later for editing the style doauments.

Cell Tags

The information aboutthe type of cell, like Inpu, Output, Title, Section,iscaled aCell Tag. Cell

Tags different from the ones given in the Style Menu can be created in the notebook. You can use the
additiond cell tagsto pog automatically numbers on the cells or to reference the cells for quick scrolling.  All
Mathematica cells receive a cell number. Other Cell Tags tha number equations sections, etc., are discussed
Style Sheets. Cell Tags can also be usd as a device for a finding line for example, a line with important
formula. For example, create a formula and highlight the cell ba and type in the name Wavelet Generator in
Add/Remove Cell Tag didogue Typing Wavelet Generator on a command line and then accessing Fin d
in Cell Tags will bring youto the Cell labded Wavelet Generator.

Automatic Numbering and Reference of Equations and Figures

In certain style shests, the cell styles NumberedEquaion, NumberedTable, and NumberedFgure, etc. are
available,. These create adynamica nunbering of the objects. This allowstheinsertion new objects at arbitrary
places with the ensuing updaes of the nunbering. Y ou can make a reference to a nunmbered object in the body
of the text. You need to give the object a cell tag (cf. Cell Tags). For example, give the object the tag eql.
When you want to reference egl, set your cursor at the insertion point and access the Input  >Create
Automatic  Numbering Object menu. Inthediaoguebox,write eql. Thecounter reference will appear
a theinsertion paint and automatically be updaed whenever the nunber onthecell eqlisupdaed.

Automatic nunbering for any cell style can aso by obtained without a tag usng the Input >Create
Automatic Numbering Object. For examples, section headings can be automatically numbered starting with a
certain cell.

Displaying Input and Output
You can control the way Mathematica displays its input and output There are four pre-programmed

options  caled InputForm, Output, StandardForm and Traditi onalForm .
TraditionalForm is set in mathematical format, standard form is aform peculiar to Mathematica to prevent



mistakes in interpretation. Many failures in execution results from usng Inputin Traditiond Form since extra
paentheses important for Mathematica are suppressed. For example, parentheses and braces have special
meaning in Mathematica. In Traditiond Form braces are replaced by parentheses while in standad form, the
distinction between braces and parentheses is maintained. Input Form is a text form usudly with a non
propottiond font designed to provide Mathematica with the clearest picture of wha it needsto do. Outputform
is an inert form tha cannot be modified. Attempts to modify output will result in the modified line being
reproduced as an inputline bdow the modified form.

Expressionsset in TraditionalForm gengaly have aso-called Wrapper aroundtheactud
mathematical expresson. Thewrappe is a set of Mathematica commandstha give the formatting structure.
Invoking ToExpression  before uangtheformatted expression will removethewrappe. If aformatted
expression is copied an pasted into a unformatted space, thewrappe togdaher with the expression will often
appear as plain TEXT togeher with several formatting commands To avoid this string of formatting
commands you should either 1) paste the formatted expressionin a Box obtained usng Control(  (i.e,

Control Shift 9 ) or 2) highlight thestring of pasted TEXT and type Control (. To escapefroma
Box oruse Control B Spacebar or Contr ol. (. = Period )
TheKernd

The mathematical engine tha stores and evaluates the input is caled the Kernd. The Front End
automatically sendsthe inputto its Default  Kernel . Each Cdll in anotebookhas its own kernd usudly the
the sobcalled Default Kernd. If you do not specify a kernd, the Front End will automatically route all
calculationsto the Default Kernd. If you are usng Mathematica on your own persond computer, the Default
Kernd will be the so-called Local kernd, which is the kernd on you own had disk. Machines in a computer
laboratory may have a different default kernd, usudly a kernd on a powerful remote work station with very
large amount of RAM. Here the Front End serves as a communications software program for the remote
Kernd. Since each cell can have its own kernd, you can choos a different kernd, for example, a more powerful
kernd at a remote site to do some especialy difficult computation. An evaluaor for a single cell can be choen
from the Kernd menu. Using more than onekernel may be advantageousin tha the different kernes will read
only their own inpuss. So if x = 4 in thefirst kernd, it could be taken to be a symbol in a secondkernd. The
selection Evaluate in  a Subsession in the Kernd menu refers to the smultaneous evaluaion of
different cellsin different kernds

If your Kernd or FrontEnd runsout of memory, an alarm bdl soundsand the computer locks up. So
you should set your memory allocation sufficiently large to prevent this. If Mathematica lodks up due to
insufficient memory, you will hear a fire alarm bdl sound. You may need to use a forced quit of the
Mathematica and thiswill cause aloss of your data. Sometimes, your clicking with the mouse on an area off the
active windowwill shuttheaarm down and allow you to re-entry and execute a save.

To attach a new kernd to your notebook, go to the menu Kernel > Kernel  Configuration
Options . You need to see the desired kernd in the dialogueboxes as we traverse the options Also certain
communication tools need to be present in the system folder. These are supplied with Mathematica. The
program tha does the communication is called MahLink . This program is supplied with Mathematica and its
Help file isoneline as part of theregular Mathematica hdp file.

Input and Output Numbers

If you enter a certain Mathematica command, Mathematicawill immediately append aline nunber to the
input eg.. Input[79]  means more or less tha this is the 79th Inputin this session. The output for this line
will bereferenced as Output[79 ]. If you wish to suppress a certain output as, for example, the output from
Input[79]  which istoo complicated to read anyway, type a semicolon ; after theinput Mathematica will not
display Outpuf79] but will have it available for future use. Output[79] is a Mathematica assignment just
like al the other assgnments made in a session. If you wish to display the previousinput line (for possible



editing) u Alt | (small &). The previous outputlineis also available with Alt ~ Shift L. If you edit the
previousinputlineand reBenter it, Mathematicawill give thepreviousinpu lineanew Inpu number.

If you do not want to see the InputfOutput notices you can prevent these from appearing by checking the
appropriate item in the File Menu. Mathematica will keep track of the inputand output nunbers but not display
them. Previouslines can be accessed with the Mathematica dittos %, %%or %[n] which meansn from
thelast.

Notebook Management

You can clean up unwanted input or output by using the usng the Clear in the Edit Menu or its
keyboad equivaent Control ~ Shift X or the Delete  key on the keypad. Highlight wha you want to
discard or click with the mouse on the right hand cell box if you wish to discard the whole cell and then access
theClear ortypeControl Shift X . Other gandad editing can bedonein a similar fashion.

It is very important to note tha this EDITING DOES NOT REMOVE THE INPUT in the Mathematica
kernd. For example, thefundionf[x] may beentirely absent from the Notebookbut still be present in thekernd.
To remove f[x] you need to us something like Clear, ClearAll, Remove, or
Clear[OGlobal *Q] . Even removing f[x] leaves some of the propeties of f[x] called Attributes behind and
sometimes these have to be removed sepaately. If thingsare realy behaving in an erratic fashion, go to the
kernd menu and shut down the kernd. This will clear absolutely everything out of the memory but leave the
notebook aonefor re-execution.

Mathematica also has a Find feature and other he pful devicesto allow you to access your previousinput
You can designde cells or groupsof cells by a name called a Keyword for reference purposes. There is a
standad undo command (which restores the program to the status it had right after the last ddetion or the last
save) for Mathematica but this undofeature seems to relate to the word-processing and not to the mathematical
calculations

Also make sure that your output prints on one page rather than on two or three side-by-side pages. Do
this by usng the Edit>Preferences > Action Menu to set the screen width to 78.  Also make sure that
the Word Wrap has been activated so tha Mathematica will not print on two or 3 side by side pages. To
activate the Word Wrap for the entire Mathematica notebook, open the Edit  Style work sheet in the
manne described in the preceding section on GCellsQ Then highlight the cell bars where you wish to invokethe
Word Wrap. Then choos Sty le > Align ment > Word Wrap. Uponclosing the Edit  Style
work sheet, youwill find tha theWord Wrap isengaged in all thecell typestha you have chosen.

The Notebook tha you use to solve a problem can also be presented as a find report. Your professors
may beinterested in your Mathematica codebut your clients certainly will notbe Y ou can create a professiond
looking report in the same Notebook you used for your calculations To do this add a narrative description of
your problem together with a narrative of your solution. Indudeonly as much of your calculationsas are needed
to suppot the narative. Also indude any equdions tha you might need. These can be imported into
Mathematica as described in the section Onterfaces E O All cells containing technical Mathematica code
should be closed before printing as described in the section GCellsO Now the printed copy of your Notebook
will look like a professiond report while your persond electronic copy of your Notebookwill have al the codes
ready for indusonin some other Notebookor revisionsof the current Notebook.

Your Style Sheet allows you to print your Notebook in a style different from the one in which you
created the notebook. For example, you may wish to leave some of your input and output lines but you may

wish these to be printed in Traditional For mrathe thanthe Input Form and Output Form. On
the Default Style Sheet, find the Input Printout and go to the menu Cell > Convert To >
Traditional Form. You can adso do this from the keyboad using StyleData] "Input",
"Printout”, FontFamily ->0TimesO, FontSize ->12]

Mathematica automatically pos page breaks. Sometimes these come at inconvenient places. The
placement of page breaks can be controlled in the Format > Show Page Break menu. Thelocation of



page breaks can be viewed usng the File > Printing Settingsmenu. Page breaks can be controlled manudly by
adding PageBreakAbove - > True, PageBreakBelow ->True at theendof Cell.

Note tha you can have several notebodks open at the same time. Notebooks tha feed into the same
kernd will be linked in tha any assgnment made in one of the notebookswill be carried over to the linked
notebook. This can be both bendicial in tha you can do side calculation but this can also be derimenta if the
two notebooksbeang executed interfere with each other. However, it you execute each notebook in a separate
kernd, therewill beno interference.

Fonts

Mathematica 5.2 has a powerful word processing and type setting capabilities and virtudly any font can
be used. Mathematica will choo® a nonpropartiond font like Courier or Monaco for input and output in
Standad Form. Courier isthe standad IBM typewriter font and the Monaco is another nonpropottiond
font The font will look strange but it will preserve the spacing of the output and make the input and output
easier to read. Mathematica 5.0 will preserve the spacing of input and output so the use of a non-propottiond
fontis not necessary for legible inputand output. Onecan set theset theCell > Default In put Type,
etc. to anything tha is aesthetically pleasing. However, it might be best to have theinputand the output in the
so-called Standard  Form since Mathematica has less trouble interpreting inputin Sta ndard Form and
you will have less trouble reading output in Standad Form. For Presentation (cf. this category in the Edit
Style page), you can request input and output in Traditional Form, which is Mathematical type setting
form.

Only characters typed from standad keyboad or the standad shifted keyboad should be used. Special
characters typed usng other combinaionsof keys or even different fonts often are not reproduced correctly by
the printer or by file transfers between platforms. Ingtead you should use Mathematica® special character sets.
These characters are carried in a plain text format tha can be read by email programs and al the different

Mathematica FrontEnds For example, the Greek character aphacan betyped usngtheabbreviated form :a or

thelongform \ [Alpha] . Here. denotes typingthe Escape key. Virtudly every mathematical symbolis
foundin Mathematica@® special character set either in theformal form \ [NameOfSymbol]  and often asimpler
abbreviated form. The formal form is aways available. For example, the symbol ! can be typed as either

\ [TildeTilde] or : ~~ ,. Specid symbds typed in the Mathematica chaacter set are usudly
mathematically active when tranderred to input lines and are usudly correctly set in mathematical form on
output lines. The symbols are always in the correct form on text lines. To find the Mathematica name of a
displayed symbol, you can use FullForm[symb ol]. Every symbol aso has a uniquenumbe assodated with
it called its character code There are some 10,000 symbols induding severa thousand for oriental languayes.
To find the character code of a symbol, you can use ToCharacterCode[Othe symbolQ] . Also
FromCharacterCode  setsupthesymbol.

Advanced users may wish to experiment with Latex (called TeXForm in Mathematica). Mathematica
will supply the codeto set up its outputin TeX, which is a mathematical typesetting program. Also certain TeX
style sheets are supplied with Mathematica so tha the Mathematica TeX can be correctly interpreted by the TeX
program. Outputfrom TeXForm can beimported into a TEX compiler in order to create type set qudity work.

If Mathematicais displaying gibbeaish, the Mathematica fonts are notloading correctly. Bringthisto the
attention of thelaboratory supevisor immediately.

Packages, which contain additiond fundionsthat you wish to have readily available or make available to
others, need to be saved in Text format. You can set up your package in Mathematica notebook format with
specia symbols andinvokeFile > Save as Special > Text . Mathematica should automatically set
up your saved package with all the symbol names write in FullForm . Occasiondly, even the Ful IForm will
not suffice. In this case, onenesdsto use ToCharacterFo rm and FromCharacterForm . Thisassigns a
numbe to each character. All characters used in printing aroundtheworld has a number from 0 to about 10,000



assodated with it. Mathematica will recognize the Character codefor each character whose fontit can find on
your computer. Using the chaacter code numbe togehe with the ToCharacterCode and
FromCharacterCode allowsthecharactersto survive thetrandation to and from Text.

Word Processing

Word-processing commands may be foundunde Edit > Expre ssion Input . For example, to
actudly see a supascript & in an inputor text line, use a Control  shift 6. This execution will leave you
in the supascript postion. To exit any level of formula making use control spacebar . A full set of
keyboad strokes can befoundin theHelp file under FrontEnd.

You need to set in line word equaionsoff by themselves. Otherwise, features of word processing, like
theword wrap, will notwork. Start your in lineformulae with control( andend them with cont rol ).

I nitialization

You can create an Initidization Cell for your notebook. This cell can be used to load automatically at
startup any set of commandsor packages tha you need on aregular basis for your work. Theinitialization cells
are named init.m. Severa packages have init.m assodated with them. Some of the packages have a complete
file. When youload this completefile, theinit.m file for the packageisloaded. Theinit.m file hasadirectory in
an initidization cell. The directory has al the names of al the fundionsin subpakages. So the net effect of
loading the master file is creating a link to al the commandsin al the subpackages. The commandsin the
subpakages are now available for use.

Mathematica aso has a master file called init.m tha controls al the preferences. One should keep a
copy of thisfilein a safe place since the origind file sometimes becomes corrupted. Mathematica will not work
with a corrupted QnasterOnit.m file. If the master init.m file gets corrupted, you can remove the file from its
folder. Mathematicawill generate a new master init.m minusany of your persondized preferences.

Findly, you can create your own init.m file. This file should be put in the Autoload folder and will
supplement the master init.m. For example, Mathematica displays the text of its graphicsin Courier font There
does not seem to be a mechanism in the Preference of StyleSheet for changing the Courier font. If you set

$TextStyle={F ontFamily->rimesQ
in an initidization cell in your QprivateQinit.m and put the init.m into the Autoload, al the Graphics text will be
rendeed in Times as a default. You can change the rendeing in the notebook to anything else if you wish.
When you save anotebookwith ainitialization cell, mathematica will assist you with theset up.

Conventions
Mathematica has thefollowing conventions

1) all Mathematica fundionsand calls begin with a capital |etter;

2) Mathematica distinguishes between lower and uppe case letters but often will give a spelling error
messageif two wordsdiffer only in capitalization;

3) Spaces and carriagereturns are not read except where a space denotes multiplication;

4) Parentheses ( E ) are used only for grouping;

5) Braces{ E } are usedfor lists, n-tuples, vectors, matrices;

6) Brackets[ E ] are used for fundion arguments;

7 Double brackets [[ E ]] are used to access pieces of expressions

8) Starred parentheses (* E *) are used for comments on execution lines;

9) Many commands have both a long form and an abbreviated form and these can be either podfixed,
infixed or prefixed;



10) Expressonstha Mathematica cannot evaluae are echoed unchanged (e.g., when a patern canna be
matched).

11) Formulae and mathematical typesetting are endosed in invisible boxes starting with Control ( and ending
with Control ).

12) Many special characters can be called out by using the escape key usng the GiliasOof the character.
Virtudly every mathematical and technical symbol is available in the specia character sets induding
specia aphéabets like the Greek and German (Faktur) aphébets and script and doubke struck Roman
characters. For example, the symbol " would be written <escape> pd <escape> and a would be written
<escape> a <escape> where <escape> means pressing the escape key. In Mathematica manuds the

escape key is denoted by .. A long form for specia characters is always available using
\ [NameOfCharacter] but commonly used chaacters also have abbreviated forms called aliases.

For example, thesymbol " hasthelongform\ [P artialD] andthe:pd:. Charactersthat are available
on a standad keyboad are called GawOchaacters. In general, the use of characters typed with the
option key should be avoided.

Syntax Errors

Mathematica will beep when you have made a syntax error and will indicate briefly where your error is
bdow the input line Sometimes the error will be trivial, like forgeting to capitalize or nat bdancdng
paentheses. Mathematicawill hdp with thebdandng of parentheses by highlighting the correspondng forward
paenthesis[, {, ( or Owhen the backward paenthesis], }, ), Oistyped and give a warning soundfor unbdanced
back parentheses. Mathematica will also hdp do the bdandng by showing what parentheses (braces, brackets,
quoks, etc.) comrespond with each other. Look in the Edit menu for the keyboad command tha will do the
bdandng (Control Shift B). Set your cursor and execute the bdanang command and Mathematica
highlights the bdandng.

Mathematicawill echo your inputif you are not getting execution. Also the outputwill be strangeif you
are not getting the desired execution. Mathematica will often do calculationsin unexpected waves especialy if
you areanovice. So al results should bethorougHy checked.

In longe more involved statements, it might be advisable to execute stepsoneat atime to see where an
error occurs.  Mathematica will attempt to execute step by step if Trace is used. Also FullForm or
OutputForm  will show al the steps Mathematica has used labd the postion of an expression. These are
useful when Mathematica gives a surprising execution to your commands

Mathematica provides tools to examine how a routine is working. Trace applied around an execution
command will cause al intermediate stepsto be displayed. Even thoughoutput for Trace can bevery long, it
is often useful in pinpointing why Mathematica is not produdng the desired results. Other commands like
Sow, Reap, Throw, Catch alow the digplay of intermediate steps tha ordinaily would be hidden.
Sometimes alongcalculation can beTimeConst rained  to prevent locking up the program andaforced quit
of theKernd.

A common error arises during plotting. Mathematica reports tha a plot is not a machine sized
value . Mathematica does not graph but plots by computing coordinaes of points to be plotted. The error
means tha Mathematica cannot compute numerical values. Numerical evaluaion of fundions tha can be
evaluaed numerically can beforced by usng Evaduae. Withoutthis, Mathematica reaches back only onelevel
into an assignment path. If Evaluae does not force evaluaion, you should check (by running afew vaues) tha
numerical values are actudly being generated.

Comments



Comments hdp you remembe what you are doing or assist you with reporting your results. The
comments can be entered anywhere if they are entered as endosed in starred parentheses (*Comment*)  where
Commentcan be anything

Output

Outputis often very complicated. Thingstha are very easy to do with pendl and pgper are not so easy to
dowith Mathematica. So Mathematica has several editing and control features that allow you to manipulate the
output and the data without actudly touching either the output or the data. The primary daa structure for
Mathematica seemsto be aList. So there are very many control routines to manipulate lists. In order to handle
efficiently problems some of these control routines should belearned. These are listed bdow unde the heading
Control and in other places.

Output to the monitor is suppressed by ending the command line with a semicolon ;. In fact, severa
statements can be written on the same lineif they are separated by a semicolon. The semicolon serves this same
suppression and separation purpo<e in the programming calls like Module.

Interfaces with Word Processors and Equation Editors
This should be necessary only if you have non-Mathematica work you wish to avoid redoing.

You can paste pictures from other programs into Mathematica and from Mathematica into a graphics
program or a word processor. For example, you can paste graphsor equaionsmade by an equéaion maker like
Expressionist into Mathematica. To paste a picture either to or from Mathematica, you can use the
following procedure:

1)  Copy the picture from your graphic or equaion-maker program. The picture will now beon the so-caled
Clipboad (buffer). It is necessary to know how the picture is being carried on the clipboad. Some
expeaimentation should be sufficient. For example, mos of the graphics made by a Macintosh are carried
as PIC files. The moden graphics programs generaly have a way of setting a default for pictures beng
copied, e.g., PIC, TIF, Podscript. Set thedefault to suit your needs

2)  Enter Mathematica.

3) Convat the Cell where thepictureisto bePasted into a Graphic Cell in Cell > Convet To.

4) Highlight the Cell bar with your mouse and Edit >Paste. The graphics should appear at the left had
margin. You can grab the graphics with your mouse and moveit to any desired postion ontheline You
can also convet the graphics at this time (for placing on your home page or fancy printing) or you can
resize.

5) To copy a pasted object out of Mathematica, highlight the cell ba and use Edit > Copy As. For
example, aformula from an equaion maker pasted into Mathematica can be broughtback to the equation
maker for editing usng this procedure..

Mathematica a so has a specia link to Microsoft Word.

Importing into Word Processors

Y ou can import formatted text or graphics into your word processors usng Copy Specia and choosng
oneof the graphics formats tha works well with your word processor. For example, PICT works well with Mac
word processors.



Interfaceswith Scanners

Scannel graphics may be inserted into Mathematica. Youwill be able to read the coordinaes of scanned
graphic objects jug as with other plots created by Mathematicaitself. This could beuseful in convating pictures
to mathematically active data.

Start with a computer file of a scanned graphic. It is possible tha Mathematica will not be able to open
this computer file. If Mathematica cannot open the computer file, use a program like Graphics Conveter.
Programs like Graphics Convater are able to open automaticaly almog all of the many types of graphics files.
Use the graphics program to make changes in the computer file to get it in aform, which Mathematica can read.
If you are making the scan yourself, then the scannea software should allow you at the outset to prepare your
files for Mathematica withoutusng another graphics program.

To find out wha graphics files your Mathematica Front End will read access the File Menu > Open as
Specia in Mathematica. For example, the Front End of the Macintosh will read PIC files. Using Save As
with the correct choice of format for your front end in the dialoguebox, save your open scanned graphics file to
your had disk or floppy. Othe necessary editing can aso be donein the graphics program. For example, |
recently had a scanned black and white plot that showed up with 256 shades of gray. | was unable to trander
thisto Mathematica. The graphics program alowed me to changethis back to black and white reducing thefile
sizefromsay 2.5 Megto 17k Mathematicaread thenew 17k PIC file.

At this stage you may be able to copy and paste from the graphics program directly into Mathematica.
Here a Clipboad Convesion and Graphic Cell will be necessary (cf. Interfaces with Word Processors and
Equdion Editors). If copy and paste does not work, close the graphics file in the necessary format and ask
Mathematica to open (File Menu > Open as Specia) the graphics file. Mathematica will open the file as a
separate doaument. A copy and paste from this separate doaument into your Notebook should be posible.

Scannal graphics can be sent as attachments to e-mall over the Internet without loss of daa
Attachments are retrieved in afolder called Attachments, which sitsin thefolder containing thee-mail program.

Corrupted Mathematica Documents

Sometimes Mathematica will report tha a cell, like Cell 2256, is corrupted. Even though2256is not
visible, you can locate the cell with a series of commands OpenRead, SetStreamPosition,S kip,
Read. Once the corrupted cell is located, an ordinay Find will usudly locate the contents. The topic of
reading doauments with OpenRead will bediscussed in more detail elsewhere.

Importing Data

Mathematica has the ability to open and read data files made by other programs, e.g., aword processor or
spread sheet, and even open and read data files made on othe platforms, e.g., open and read PC file on the
Macintosh. This ability is important because it prevents errors inhaent in recopying data. Mathematica easily
reads files formatted as TEXT but has enoughcontrol features to read othe formats. A TEXT file is afile
having only the very basic word processing control features common to aimog every word processor. Many
programs permit saving a doaument as TEXT. To save as TEXT you should choo the Save As option in the
file menu and then choos the option TEXT in thediadogue Also use TEXT when downloading afile from the
Internet; otherwise, unwanted formatting optionsmight be present in the downloaded daa. To open the TEXT
doaument, choo® the Open in the Mathematica File Menu and locate the doaument you wish to open. The
TEXT doaument will open in anew window. At this stage the daa in the open doaument can be moved to the
Mathematica work sheet usng copy and paste.

In order to read data into Mathematica in the correct way you need to have an idea of how the daa us
presented. For example, theddaa

1970 164



1972 195
1974 226
1976 283
1978 302
1980 343
1982 369
1984 384
1986 412

was contained in atext file called Test2. Thefile Test2 was opened to see its contents usng
I"MacintoshHD:Test2

The symbol !! istheread command. The name tha Mathematica needed to access thefile Test2 was foundby
setting the cursor after !!' and the usng menu Action>Prepare Input > Paste File Pathname.
Note first tha the result of Paste File Pathname will come in quottion marks, viz.,
MacintoshHD:Test2  Owhich mus beremoved manudly before execution can take place. Note second that
thefile tha being read mug be on the same disk as the Mathematica Kernd being used to evaluae the!l. It
may be necessary to designae a different Mathematica Kernd like the Local Kernd for the particular cell being
used to execute !!  and the ReadList explained bdow rather than a remote kernd which is often the default
for programs running on a file server or it might be necessary to trander the file being read to the file server
(being aware of the 4 hour grace peiod). To change the evaluaor this access the menu Style >
Evaluator and choos thekernd that islocated on the same disk as the daayou wish to read. The kernd for
subsequent evaluaionswill revert to the default kernd of the notebook. Once the data tha youwish to read is
displayed, you can load it into to Mathematicausng ReadList . Here you need to designae theway you want
thedaaloaded. At thevery least you have to designae whether the daa congsts of Word, Number, etc. The
fileisthen read into Mathematica with commas placed in the propea place. Otherwise, spaces separating thedaa
will beread as multiplication by Mathematica. To read Test2 into the Mathematica as a Table with the commas
and the brackets placed in the correct postion to reflect the displayed data, you can use

ReadList["Macintosh HD:Mathematica Hdbk Folder:Test2", {Number, Number}]

{{1970, 164}, {1972, 195}, {1974, 226}, {1976, 283}, {1978, 302},
{1980, 343}, {1982, 369}, {1984, 384}, {1986, 412}}

Some other useful type specifications besides number are String, Word, Real. Here note the quottion marks
given in Action>Prepare Input> Paste File Pathname are needed.

Thedaawas read quickly because the Test2 was written asa TEXT file. If thefile had been written by a
word processor, then there would likely be some control features that would cause thefile to load incorrectly or
cause the ReadList to terminae prematurely. So some optionin ReadList would be needed. For example, if
the preceding file where made by Microsoft Word, you could use

ReadList["Macintosh HD:MathematicaHdbkFolder: Test2", Number, RecordLists b
>True, RecordSeparators ->{"\r'}

where the RecordLists - >True indruds Mathematica to make a separate sub list for each separate line and
RecordSe parators  ingructs Mathematica to look for the hidden character O\ rO tha marks the end of the
Microsoft Word line Herethe\ r was foundby ingructing Mathematica to read thedaafile as Character. The
\r was not visible even when the daa file was read as Character. However, Mathematica found the control
symbol \r when it was ordered usng cmd cap L to drop the output line to an inputline There are severa
symbols of thiskindlike\' r, \t tha can aso beused in other placesin Mathematicato control the style of the
output



It might be impossible to load the daa as just a list of numbers because of induson of descriptive
column headingsor thelike. Inthese cases, a certain amountof additiond work may be needed to read the data.
For example, thedate is opened first with !!. Then an OpenRead isused to open thefile. Theopenfileissaid
to bea Stream . The cursor by default is set at the beginning of the file. Using SetStreamPo sition  or
Skip the cursor can be set to a better postion which is a position where the daa actudly begins Then a
ReadList can bepeaformed onthedaawith thecursor in abeter postion.

Exporting Filesand Data

Mathematica output or daa can be exported to varioustypes of files. For example, daa generated by
Mathematica can exported to a Text file. First set up a Text file, with name for example mydaa, usng
File>Save as Specia >Text. Then Export[dat  a[1], Path to mydata] will send whatever islabded
data[1] in the notebook to the file mydata. Here the pah to mydaa is foundusng Input > Get File
Path menu. The daa[1] will beread into the text file. Opening the file and reading it into a program like
Excel isnowpossible.

Other types of files can be exported in the same way

Graphics

Plots are entered automatically in the Notebook as they are computed unless the graphical output is
suppressed as explained bdow. Y ou can copy the plotsto a word processor by highlighting the plot with the cell
ba and copying and pasting. You will need a Convet Clipboad for this. You can also grab plots with the
mouse to repostion them or changethar size within the Mathematica notebook. Also you can changethe size of
the plot by usng the Size menu located at the bottom of the screen. Note tha the plots are mathematically
active. For example, clicking with the mouse on a point in a plot while holding down the Contro | key will
cause the coordinaes unde the cursor to appear in the lower left hand corer of your screen. This selection
feature is quite useful, for example, to get a starting point for certain algorithms or to get coordinaes for placing
labds of variousfeatures in the plot. After selecting one or more paints or even lines, use Copy to copy thar
coordinaes into the Clipboad to use with routineslike Fit  or ListPlot.

Several other options are available in the Input Menu in addition to Plot{Optiong in Mathematica or
severa of the specia packages supplied with Mathematica.

Graphics are organized in the followingway. On the primary level are the so-called graphics primitives
like Line, Circle, Disk, Rectangle, Polygon , Raster, Raster Array , etc. Mathematica
can draw the graphics primitives with minimal amountof input e.g., alist of coordinates for a polygond linein
Line . Optionscan be added to the graphics primitives when they are beng computed. Also certain rendeing
ingructionslike RGBColor, Thickness, PointSize , etc., can be bundkd with the graphics primitives
by endosng rendeing indrudions and the graphics primitives with the command Graphics or
Graphics3D . In any case Graphics or Graphics3D needs to surround a graphics primitive to activate a
graphics primitive for rendering with Show.

At aahighe level are the graphics commandslike ListPlot , Plot,  Plot3D,  ContourP lot,
ContourPlot3D, ImplicitPlot, ImplicitPlot3D, ParametricPlot,
ParametricPlot3D , &tc. These commandsare really programs for generating enoughgraphics primitivesto
represent the object and for displaying the graphics primitives. For example, Plot3D generates enoughplanar
polygonsmade up of 3 or 4 vertices to give a picture of a surface z = f(x, y). Graphics like Plo t3D can be
manipulated by manipulating the graphics primitives tha comprise the Plot3D .

Graphics can be formatted in severa ways. Mathematica will make a default choice for the particular
frontend being used. The choice can be changed usng thevariousoptions Color choices madein oneor more
3 dimendond plots are ignored by Show. To prevent this from hgpening use the option Lig hting ->
False in the show. There is also a Plot Viewer to change the orientation of graphics. The viewer can be
accessed throughthe menu or by typingemd V.



Text Editing in Notebooks

Once something has been entered into the Mathematica it cannot be altered as onewould ater a word
processing doaument. For example, if you defined p as a certain polynomial and entered it and then foundthat
you made a mistake in oneentry, erasing the mistaken entry and replacing it with the correct onewill produce no
change Youmug re-execute thenew p in order for Mathematica to pick up thischange Re-entering will ddete
theformer p in theinternd state of the Mathematica as well as changethe p on the screen. However, even this
does not work completely and even the more powerful statement Clear[p]  does not work completely in that
there are certain attributes assodate with each assignment that persist. Sometimes Remove[p ] will get rid of
the Attributes and sometimes a Kernd shut down mug be used. The fact that the monitor screen does not
accurately reflect the internd state of Mathematica is a major cause of errors. For example, if you assign a
nunber to X, then x will nolonge beavariable. Mathematicawill remember tha x is anunber until you restore
x to an unassignad symbol usng Remove You can check on the status of any name or symbol by usng
Context . Note tha Mathematica remembers the order in which you enter the commandsand not the order the
commandsappear on your Notebook.

If Mathematica is giving what appears to be erroneousor erratic answvers, you might have to remove the
assgnments. Theeasiest way to do thisis by executing Clear[OGlobal *O]. Y ou can aso disconnect the
kernd from the notebook and re-execute everything. The easiest way to do this is to save your notebook, close
down and reopen the jug closed notebook. Also mos manuds on Mathematica recommend tha every
assignment be preceded by a Clear opeation onthe new variables.

File Transfers, Mathematica Reader, PDF Files, HTML Files

Mathematica can be run on many different types of platforms, eg. PC®, Sun Workstations and
Macintoshes. Mathematica notebooksare written and saved in plain TEXT usng only ASCII characters and
therefore should betranderable by email, disk, zip disk or on theinterne withoutany furthe intervention. You
should NOT encode your notebook before sending it as an email attachment or as an FTP doaument. The plain
text has al the necessary formatting commands for Mathematica to reconditute itself as a Mathematica
doament. Note tha Macintosh will read a PC formatted disk but a PC will not read a Macintosh disk. So you
should format your disk as a PC disk.

Occasiondly, doauments sent over email or the Internet lose thar creator code necessary for
Mathematicato read the disk. In this case, it is necessary to reconditute the Mathematica doaument as a TEXT
doaument usng Word or some other application like MacLink. Also it might be necessary to open a TEXT
doaument from within Mathematica. Thisis usudly the case when the Mathematica doaument does not have its
digtinctive icon. The first save of the opened doaument will restore the distindive icon. In al case, the
Mathematica doaument shoud have the suffix .n b.

To read a Mathematica doaument, you need a copy of Mathematica or the Mathematica  Reader .
TheMathematica Reader allows you to read and print Mathematica doauments but not to execute them or to edit
them. The Mathematica Reader can be obtained free from

www.Wolfram.com

On rare occasions Mathematicawill encounter an error when trying to reconditute adoaument. Theline
where the error is encountered will be part of theerror message Y ou can open the Mathematica document with
File > Open Special > Text asatextfileandusetheFind utility to locate the place where the error
occurs onthe chance tha youwill beable to correct the error or ddete thesurrounding material. For more subtle
errors where the line the error is given rather than the actud error, you can use the methodsoutined in the
section Correcting Corrupted Mathematica Files.

A pdf fileis adoaument readable using AdobeAcroba Reader. Anyonewho uses theinternet will have
a a Reade and be able to read a Mathematica notebookin pdf format. To create a pdf file from a Mathematica



notebook usng a Macintosh, select File  >Print and select PDF on the print didlogue For the PC, agan
sedlect File  >Print  andthen select Save As File. Thesaved file will bein pogscript format and needs
to be conveted to pdf format usng Adobe Acro bat .

Mathematica has trandators to make doauments in HTML or TeX format. HTML takes formatted text
into an encoding of the format usng only the lower case and uppe case keys with no aternae keys. HTML
doauments are read by web browsers. TeX is a standad mathematica type setting format agan in standad
typewriter characters. Publishes use TeX formatted doaments to create gdley proofs directly from an
electronic copy of thedoaument. The HTML format generated by Mathematicais alongfile of JPG or picture
files.

Hyperlinks and Buttons

Y ou can set up hypealinkswithin your Notebooks Thelinkscan be either within the doaument, to other
Mathematica doauments or to Internet locations Use the Input > Create Hyperlink menu.

To set up hypelinks to the Internet, you need to set up a Button in your notebook. Buttons are
executable routines embedded in thedoaument. For example,

Button[www.wolfram.com, ButtonD ata:> {URL["http://www.wolfram.com"], None},
ButtonStyle - > "Hyperlink"]

setsupan executable link between your notebodk and Wolfram@ homepage.
Help

Help is built into the Mathematica program. Y ou can access the Help throughthe Help onthe Menu Bar
or use the Help Key on the computer keyboad or cmd Shift F or Shift F1 key. If your cursor is set behind a
Mathematica command or even acommand in a previoudy loaded package, Mathematica will read the command
and go to the required hdp file automatically without retyping (This seems to be available only on the
Macintosh.) The hdp file opened by Mathematica will have examples and hypelinks to the complete
Mathematica and Package manuds and to similar subjects. Pages of the manud can be printed for easy
reference. The manud pages are actud Mathematica notebooksand can be executed and changed as desired.
The manud should reconditute itself in its origind form when closed so tha you do not need to be concerned
with making airrevocable change Thereisa specia style for the manud listed in the style sheets. This should
not be edited since themanud withoutits style sheet is more or less unreadable.

If you remember pat of the name of a command, type the pat tha you remember and then go to
Input>CompleteSelection or its keyboad equivalent Control k. Mathematica will open a popw
menu where you can complete your selection. If you forget the syntax for a command, type the command and
then go to Input>MakeTemplate  or its keyboad equivdent Control ~ Shift K. Mathematica will
supply the syntax in the form of recognizable symbols. Y ou can replace Mathematica® symbols with your own
input

A short list of commandsand reserved words Mathematica is appendel to this Introdudion. Note first
tha commandsand reserved words generaly resemble the English words All reserved Mathematica words are
capitalized and user defined terms should generally start with lower case letters to avoid conflicts and error
messages. To learn if a certain command will do wha you have in mind or to learn the format (syntax) of a
command, you can use the dpQutility in Mathematica in thefollowing way. For example, typing

?PolynomialDivision

and

?2Simplify
brings up the hdp file on Poly nomialDivi sion and Simplify  respectively. Mogs Help Files have
examples, which can be ovewritten even in the Help File. The overwritten examples will not remain a



permanent pat of theHelp File. To bring up more information use ??. For example ??Map will bring up a more
complete list of information aboutthe command Map. Many times the commands permit extra variables called
Options To find the Optionsavailable with say Plot type
Options|Plot].
If youfind an optiontha youwant to see, e.g.. AxesOrigin in OptiongPlot], type
?AxesOrigin
to find the syntax or
??AxesOrigin
to ge theddalils.
Other forms of hdp are available usng
Information[Map]
Tofindalist of Mathematica commandstha contain a certain name or match a certain patern, like Plot, use
Names[OPIotO]
This does not give much but Plot is often pat of acompoundword. These can be accessed by a utility program
tha matches astring:

?*letters gives all commands beginning with letters
?*letters* gives all commands with letters
?letters* gives all commands ending with letters.

For example, ??*@ @* will give an amog complete list (running to 10 pages) of Mathematica commandssince
@@ is a Mathematica programming shortcut for Apply the subject to the predicate. Y ou can also see what
packages are available to add extra capabilities usng pre-programmed fundionsin the Fundion Browser.

No hdp for routinesin packages is available until the packageisloaded (cf. Packages section). To find
out what kindsof routines are available in aloaded package you can use Names. For example, typing

Names[OGraphics Graphics*O]
produesalonglist

{BarChart, BarEdges, BarEdg eStyle,
StackedBarChart, TextListPlot, TransformGraphi cs, UnitScale}
of routines available in the package.

Some third party packages come with their own hdp file. Thepackageingrucionswill give information
ontheplacement of thehdp file. These hdp files often appear in the hdp menu and work like Mathematica hdp
files. Youcan make our own hdp files to go with your own Mathematica packages.

Third paty onEline hdp files are available. For example, a hypacard program (an onHline file card
system) by Robat Campbdl isavailable. See the Documentation beow.

Help for yourfrontendindudingalist of Key Bo ard Shortcuts isavailable unde

Help > Help Browser > Other Information >Your Platform.

: SkewGraphi cs,

Packages

Certain of the Mathematicaroutines are contained in special packages. On the Macintosh you can open a
package fromthe Help > Help Browser menu. Find the package you want from the Fundion Browser.
To see the packages you mug highlight the middle radio button for Add Ons. Mog of the packages are
Standard  Packages . Highlight the Standard Packages in the left hand scroll box, then highlight the
package you want in the middle scroll box, and doubk click on the sub package in the right hand scroll box.
Thepagein the Mathematica menu corresponding to the package will appear. Thepage in themanud is actudly
an active Mathematica notebook. Find the command to load the package, usudly near the top of the page and
copy it and execute it in your notebook. Alternaely, execute the packagein the hdp file. You can dso typethe
loading command in your notebook and execute it without accessing the help file. Almog no one can g4 this
method of loading a packageto work and so using thehdp fileis best. Also executingin a package withoutfirst
loading the package has some bad effects and thusit is necessary to be careful. For example, if Fi lledPlot



is used before its packageis loaded, it mug be removed usng Remove[FilledPlot] before the packageis
loaded. Your vacuousFilledPlot will overshadow Mathematica® own FilledPlot

Sometimes commands from a packages will interfere with commands in the main program or with
commandsin a different part of the same package. For example commands in VectorCalcul  us interfere
with the main program and the command Mean in various pats of the statistics package interfere with each
other. Intheformer case, you need to use Remove to ge rid of the VectorCalculus package after it has
been used. In the latter case, you might wish to consder wha you will need for your work session and then
open the smallest package up to the master package, eg., Master.m , where al the routines from the package
are available togeher with some method of resolving conflicts. You can also resolve conflicts by designaing
the desired fundion by a very specific name which indudes a complete pathway back to the package in which
thedesired fundionlies.

There are many additiond packages available from the Wolfram Development Corporation for registered
users. Some of these packages as well as current information on Mathematica can be obtained via e-mail from
the Wolfram Development Corporation. You can try logging on as an anonynoususer at info@wolfram.com.
Also try sending the eBmail message Help or Intro to mathsource@wri.com. Other access routes are

FTP: mathsource.wri.com

Gophe: mathsource.wri.com (port 70)

WWW:  http://www.wolfram.conv

Dialup: 217-3981898(8N1)

Other packages come with various textbooks Sometimes these packages require the indallation of a
program called MathLink which is supplied by Wolfram Corporation to users of Mathematica. MathLink can
also be used to create your own programs tha will access the computationd engine of the Mathematica kernd.

Your own Packages

Y ou can create your own packages. These will contain fundionstha you want to have available or make
available to others. You set up these packages using exactly the same syntax as Mathematica® packages. The
packages are saved in Text files ending with thedesignaion.m. Y ou can write alarge package as a collection of
smaller packages and link al the smaller packages togehe usng a directory file which has the name init.m
To set up the package you create a folder and give it the name of the package for example
MyLinearAlgebra . Indde the folder MyLinearAlgebra, you create a second folder called Kernd. The
Kernd contains a speciad file named initm . Indde MyLinearAlgebra but outside Kernd, you set you
individud packagefiles, for example, a file called mySpecialMatrices.m, which sets up specia types of
matrices you use in your work, for example, torsonmatrix and stressmatrix. You now insert in your init.m file
DeclarePackage lines, which tell Mathematica to look for the torsionmatrix and the str essmatrix
fundionsin the SpecialMatri ces.m file once the package MyLinearAlgebra has been opened.

Y our placement of your own package files is important. When you ingruct Mathematica to open your
package or any of the packages supplied by Mathematica, Mathematica will automatically search certain folders
to find the package to be opened. You should place your packages in one of the folders that is automatically
searched such as the AddOns > Applicatio ns Folder in the Mathematica Folder. You should place
your folders in a location that you remember for the following reason: when you upgrade Mathematica, you
might find that al the Mathematica folders have been overwritten. The AddOns > Applic ations is
supplied as an empty folder on the Search Path and an updae might overwrite this folder with another empty
folde. So you should a minimum physcally remove your packages at upgrade or perhaps even default
regeneration and at best always have a current backup copy saved in a safe location.

It might hgppen tha you cannot access the folders in the default search pah. Thiswill occur if youuse a
remote kernd on a protected file server or use alaboratory machine In this case, you may ill have accessto a
portion of thefile server or hard disk onthelaboratory machine To use your own packagein this case, you can
put your package on the available portion of the file serve or hard disk. You then need to locate your package



Y ou can do this by usng the Input> Find File Path menu to find the location of your package. Thiswill be pat
of the information you need. Some hidden information may be necessary. This is obtained by executing
Directory]]. Togehe these two procedures should give you enoughinformation to find your package
Either you can use thisinformationto open your package directly usng theform

DirectoryNamel DirectoryName?2'..."MyLinearaAlgebra
where DirectoryNamel is afile onthe search pah. Alternaely, you can append a new search path

$Path = Append[$Path, YourNewSearchPath]
to in case you have many packages.

Note tha packages can be set in the AutoLoad folders or in initialization cells which cause items to be

loaded at start up of any notebook or the particular notebook respectively. To create the an initidization cell,
typeacommand lineand highlightthe cell ba and use Cell > Cell Propeties > Initilialization..

Patterns

Much of the strength of Mathematica comes from its ability to match paterns The paternsare matched
in a deerministic way; however, care mus be exercised in order to insure tha the paterns are matched as
intended.

Documentation

Copies of the Mathematica manuds are available in the Engineering College Library. the
Geology/Physcs Library, andthe Mathematics Library. There are many specialized books. A sample selection
islisted bdow. Note tha many textbooksare now appearing with Mathematica appendices or work books

1. Martha Abdl and James Braselton, Mathematica by Example, Revised Edition, Academic Press, Bogon,
1994,$3995 - variousexamples from beginning college mathematics displaying the scopeand power of
Mathematica
,The Mathematica Handbook Academic Press, 1992,$3495 a detailed look at all commands
Differential Equaionswith Mathematica, Academic Press, Bogon, 1993,$44.95-First coursein

ordinay differential equaionswith some separable patia differential equaions New editionin 1997

uses Mathematica 3.0.

4, Nancy Blochman, Colin Williams, Mathematica, A Practical Approach, 2/e, Prentice-Hall, 1998.
Information of programming, packages, importing, exporting

5. , Mathematica, Quick Reference, Addison-Wedley, 1992, $1825 - annotted list of al
Mathematica commandswith cross references.

6. Robat Campbdl, Mathematica Help, Variable Symbolics Inc.,1994 On-line hdp file in a hypecard
(file card) format with examples, attributes, bugs for al Mathematica commands organized both by
category and by namein either Macintosh or Windows format -$129

7. Kevin R. Coonbes, Brian R. Hunt, Rondd L. Lipsnan, John E. Osbom, Garrett J. Stuck, Differential
Equaionswith Mathematica, John Wiley and Sons, New Y ork, 1995.Manua to accompany Boyce and
De Primabut can beused by itself.

8. Samud Dick, Alfred Riddle, Douglas Stein, Mathematica in the L aboratory, CambridgeUniversity Press,
Cambridge 1997,$2995. How to get Mathematica hooked up to your laboratory equipment.

9. James Finch and Millianne Lehmann, Exploring Calculus with Mathematica, Addison-Wesley, 1992,
$1075

10. Richad Gass, Mathematica for Scientists and Endineers, Prentice-Hall, Uppe Saddle River (NJ), 1998

11.  Alfred Gray, Modean Differential Geometry of Curves and Surfaces with Mathematica, CRC Press, Boca
Raton, 1998,- Curvature, first and second fundamental forms, etc.
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12.

13.
14.

16.

17.

18.

19.

18.

20.

21.

22.

23.

24.

25.

26.

JohnW. Gray, Mastering Mathematica, Academic Press, Bogon, 1994, with Mathematica problems on
disk -$4495. Explores many of thefinepoints while also treating basics.
Eugene John®n, Linear Algebra with Mathematica, BrookgCole, 1995
Stephan Kaufman, Mathematica as a Tool, Birkhauser, 1994, $3485. Much information on system
features
Roman Maeder, Programming in Mathematica, 2cd Ed., Addison-Wesley, 1991. Standad reference for
those who wish to learn Mathematica programming.

, The Mathematica Programmer, Academic Press, Bogon, 1994. $4495. Programming in
Mathematica - comes with adisk.
Peter V. ONeil, Advanced Enginesring Mathematics Mathematica Lab Manud, PWS, Boston, 1995.
Lab manud to accompany text with ODE, PDE, Fourier andysis, matrices, vector calculusand andytic
fundions
Mark Pinky, Partial Differential Equéionsand BoundayEV alue Problems with Applications Appendix
on Mathematica by Alfred Gray, McGraw-Hill, 1991 - Various routines from partial differentia
equdionswith Fourier Series usng Mathematica.
JohnS. Robetson, Engineering Mathematics with Mathematica, McGraw-Hill, 1995,New Y ork - mainly
ordinay and patial differential equaionsusng Mathematica.
William T. Shaw, Jason Tigg, Applied Mathematica: getting started, getting it done Addison-Wedey,
Reading, Mass., 1994.
Steven Skiena Implementing Discrete Mathematics.  Combindorics and Graph Theory with
Mathematica, AddisonBWedey, 1990. Man reference for discrete mathematics package of
Mathematica. $5395
Arthur Sparks, John Davenpott, James Braselton, Calculus Labs usng Mathematica, Harper-Collins
1993,$1095.
K.D. Stroyan, Calculususng Mathematica, Academic Press, 1992
Tom Wickham-Jones, Mathematica Graphics, Springe-Verlag, 1994, $4495. Explores graphics
capabilities. Comes with disk with routines (e.g. labds for contour plots) for al persond computer
platforms withoutthe need for trandators.
S. Wolfram, Mathematicaz A System for Doing Mathematics by Computer 5/e, Cambridge University
Press, 1999,New York, $4995. Thisisthe manual tha accompanies the main part of Mathematica 5.0.
It is sold separately from the program and it is on-linefor Mathematica 5.0. (not available as of Sept.1,
2003)
Wolfram Research, Mathematica 4 Standad Add-on Packages, Wolfram Media Inc., 1999, Urbana
$4995 pape. Thisisthemanud for theadd-on packages.

Reporting Requirements

All reports should contain the problem statement and a narrative of the method of solution with as many

intermediate steps as necessary to clarify the narrative. In this sense your report should be like a laboratory
report. At first you may leave the Mathematica commandsin thereports. At alater more advanced stage the
Mathematica commands should definitely not be induded in the report and only as much of the actud
mathematical output induded to clarify the solution. The material in the section Making your Notebooks
Readable mug beimplemented.

Getting Started with Mathematica

Execution of Commands



Enter Key (Lower Right Corner
Enter Key)

Executes commandsat the current cursor postion

Shift Return Key

Executes commandsat the current cursor postion

Option Enter First hit sendscursor to the next inputline and second hit causes
execution of thisinpu line

Shift Option Return Interrupts current execution and causes current selection to be executed
as soonas posible

Cmd Return Createsanew cell. Creatinganew cell can also donewith the cursor
key. When ahorizontal lineforms across the monitor, anew cell is
ready to beformed.

Control e Enters an expression

Control period Exits an expression and highlights what has been exited

Control Shift Enter

Replaces inputwith output .in highlighted section

Help (cf. Section on Help)

cmd ?

Creates a question mark pointer for frontend

Help Key Opensan extensve hdp file called The Fundion Browser

cmd cap F (shift F1 on PC) Opensthe Fundion Browser. Bringsthereference manud online
Note thereference manud for the packages requires highlighting the
packages radio button.

2expr Information at variouslevels of detail Basic Level

2%expr Detailed Level

7?*expr* Displaysalist of anythingin thehdp file tha containsthe string expr

Names To seewhat isavailablein apackage

Make Template control Shift K

Make Template Highlight the command an goto Inpu > Create Template.

Mathematicawill use generic terms to show the syntax

Complete Selection (control k)

Highlightthefirst few letters of acommand and go to Inpu >
Complete Selection. Mathematicawill create a pul down menu of all
commandsstarting with your letters

Options

OptiongListPlot] will show all theoptionsfor ListPlot

InputForm, FullForm, OutputForm

Shows everything Mathematica is usng to generate expressionsor
compute

FullForm Can be used to find Mathematica@ name of asymbol or theway
Mathematicais reading an object.
Trace Surrounding a command will print the complete execution for seeing

where something is going wrong

Hold down option key while
opening Mathematica

Causes the preference fileto beset to Mathematica® default. Save a
copy of preference files and init@3 in case they get corrupted.

WordProcessing
alias: Thesymbol M used in the Mathematica manud for the escape key
in uppe left corer of keyboad. Called Aliasindicator. Thealias
will beset upintype E.g. MhtMgives anintegral sign.
Control » Sets Supeascript - thisis also goodfor input




Control _ Sets Subscript

Control = Sets Overscript

Control 7 Sets Undescript

Control 5 Moves to next postion, eg., after setting uppe limit of an integra
with int control”, typecontrol 5 to reach thelower limit postion

Control spacebar To moveout of aformatted item

Control 2 Radical

Control / Fraction

\[name of symbol] Symbol

. Greek letter a corresponding to theRoman a. Type Escapekey a
Escapekey.

FullForm[a] Gives\[Alphg

ToCharacterCode For theinternaiond character number of aparticular symbol.
Useful in getting package fundionsto carry outformatting
commands Packages mug besaved as plain TEXT and often lose
formatted characters unless the characters are carried as ther
character code

FromCharacterCode Take a character numbe into a symbol

SequenceForm[HoldForm[Integrate[ x,

To get equaionset up. SequenceForm alows for mixed Input Text

X]]," =", Integrate[X, X]] and Output and can beused to format equaions theactud inputis
both hdd in symbolic form with HoldForm and then evaluated.
ReleaseHold can also be used to cause evaluation of HoldForm.

Control CapC Bringsup matrix dialoguebox

HoldForm Keeps Mathematica from evaluaing but will set expressioninto

Mathematical form. HoldForm distributes sums, viz., a+ b +
c//HoldForm gives HoldForm[a] + HoldForm[b] + HoldForm[c]

Boxes to hold input(in matrices, etc.)

Called a PlaceholderBox

\

To connect characters tha should bewritten togeher butare likely
to appear on separate lines dueto word wrap. Mathematica
sometimes places these automatically. For example, 1000000is 1
million.

\t, \r

Characters of thiskind control tabs new lines. These can be used
on Inputlinesto control theformat of the output especially output
set up in SequenceForm.

Control (
Control )
Control Spece bar

This sets aformat box for typing formatted text. Thiswill
autometically appear with control -*, etc. Control ) or Control
spacebar escapes from expressionsor subexpressonsonelevel at a
atime.

Boolean

expr[1] === expr[2]

ReturnsTrueif expr[1] and expr[2] are identical and False otherwise

&&

And to set up smultaneousequaions Can beapplied to alist of
words Trueor False, to give Trueif all trueandfaseif at least oneis
Fase.

Or Can beapplied to alist of wordsTrue False.

True

To set adefault for aconditiond statement




Automatic

Mainly used as the setting for an option which activates Mathematica®
built in default.
Ticks->{{ - 2, 0, 2}, Automatic} can beused asan optionin Plot

All Used to indudeeverything of agiven object. PlotRange->All
indudes

Arithmetic

1+2*3M A for exponents nd * for multiplication. Note tha a space works for
multiplication, e.g., X y or x*y isx timesy. Theforma names are of
thefundionsare Plus Times, Power. Plugx, y] isx +y. Toget Plus
and Timesto work onalist, see Apply or @@

4x No space between the4 and x is neccessary

14 Fraction. Notethat 1/4 2is1/2while 1/(4 2) is 1/8

N[1/4] N standsfor decimal evaluaion

N[Pi, 20] Returnsfirst 20 digits of Pi.

Im[a]== Givesthecondtiontha aisarea numbe

Complex Numbers

Thecomplex number

ComplexExpand[E] Expand for complex numbers

Conjugdae Complex Conjugdae

Arg Argument

al:lmla =0 Ingructs Mathematicato treat aas areal numbe

ImIa”=0 Also givestheconditiontha aisarea number

Assignments

= An assignment read as Set. Tab]e[Set[f[k], exprK]], {k,1,10}] defines
afundionf withdomain {1, 2, E , 10}

== Equd. A ==B returnstrueif A andB are identica

LHS===RHS SameQ. Answersthequestion:isLHS identical to RHS? No

smplificationswill be performed resulting in many erroneousFalse@.

Exp[g[x_]] "= x"2

Creates afundion assodated with the name g. Mathematica will not
accept Exp[g[x_]] = x"2 since it usesthereservered term Exp. Thisis
called an UpSet

gL ExplgIx 1] = x72

An aternae form of the preceding

A ddayed assignment where everythingis hdd unevaluated

X =. Removes thevalue assodated with x

Clear[a] Removes a, for example, when aisafundion

a=. Another form of Clear

Remove Name] Removes Name from thelist of thingstha Mathematica recognizes.

Useful if anameisinvoked before thepackagewhereit residesis
opened.




Algebra

f[x_,y_]=x"2*Coqdy]

Definesthegiven fundion. This need nat defineonly an algebraic
propety butcan beused to call up asubroutine (cf. Programming
Section)

Factor(x2 - 4% + 3)

Factors the polynomia over theintegersif posible. Theoption
Gaudanintegers ® Trueforces factorization over the complexes.
Othe formsindudeFactorList

Factor] (2*x2 + 25*x+ 72)/(-
14*x12 -47*X + 72)]

Reduaes thefraction to lowest terms

Solve[x"2 - 4*x + 3==0]

Mathematicawill try to solve for all variables. Sinceonly x is
present, this gives no problem. Note = = means Gequd Owhile =
means assignment.

Solve[{x"2 + 2*b*x + c = =0},
{x]

We need to give thevariable herein order to carry ¢ as a condant.

NSolve[x"2+x+1==0{x}, 5]]

Solves numerically for x with precision 5 digits

PolynomaDivison[x"3 + x + 1, x
+ 1]

Gives thequotent togaher with theremainde asthe secondterm

PolynomaRemainda[x"3 + x + 1,
x+1,X]

Givestheremainde asthefirst term and the quoient as the second
term

Eliminaeegns vars)

eliminaes variables in a set of smultaneousequaions

Expand[expr] Expandsand simplifies the expression expr
ExpandNumerator[expr] For fractions

ExpandDenominator]expr]

TrigExpand, TrigFactor, For handling trigonorretric expressions

TrigReduce

Cancel[E] Cancels common factors in numerator and denominator.
TogehelE] Puts a sum of fractionsover acommon denominator
Trig->True To engayetrigonametric routinesin Simplify

Apply[Plus {x"2,y"2, 3}]

Convetsthelist {x"2,y"2, 3} into variables so Pluswill act onit.
Useful in all convasionsof lists to variables for multivariable
fundions Heregivesx"2 + y*2 + 3. An abbreviated way of
implementing Apply is Plus@@{x" 2, y*2, 3}

Times@@{x" 2, y"2 3}

3*XN2*yN2

Codficient[x"2*y"3 + 3*x*y" 3 +
y"2,y.3]

Returnsthe coefficient x2 + 3x of y*3

Codficient[x"2*y"3 + 3*x*y" 3 +
y"2,y"3]

Does the same as the preceding

Control
Quit Kernd Removes everything from memory and arestart in place
Cmd Comma Pause in an execution

Cmd Period

Abort an execution




Cmd Shift Period

A so-called LongJump which disconnects the Notebookfroma
remote Kernd in desperate situaions A saveisgeneraly possible
even inalock up.

cmd | (el) Copy inputfrom above
cmd L Copy output from above
TimeUsed[ ] Theamountof time aready used in thesesson. Can beused to

compute how longaroutinetakes. Also Timingfor this.

TimeCongrained[expr, n]

Evauaes the expression for n secondsand then aborts

NSX[x_]:=N[x,6]

A possible 6 decimal place outputfundion

$Pog = nSx

A short program to set precision at 6 places. Mathematica does not
seem to have this built in. Default is 16 place. To force decimal
ingead of rationd evaluation, try entering at least onenumber as a
decimal, eg., enter 2.0 ingead of 2

expr//Fundion

So-called Pogfix form is the same as Fundionexpr]

expr//Expand Expandsthe previousexpression
expr//N Evauaes numerically the previousexpression

{2#, 3#}1& ~ Outer ~ {a, b}

So-called Infix form isthe same as Outer[{2#, 3#}&, {a, b}] giving
{{2a, 38, {2b, 3b}}

%

Last output

%%

Secondto last output

%%%

Third to last output Y ou can use as many % as you like

Short[expr] An onelineview of expr

Shdlow[expr] Shows thetop level of expr in abbreviated form. More detailed
information can berequested with Shdlow[expr, { Depth. Length}]

a=x"3 aisnow assignal thevaluex"3

<<Algebra SymbolicSum

Loadsthe SymbolicSumroutinesin the Algebra package Packages
can aso beloaded via FundionBrowser.

TrigReduce expandstrigononetric identities. In the Algebra Trigononetry
package

PowerExpand To deal with nested radicals

Needq E ] To load packages for the PC. Better to load packages viathe Fundion

Browser

<<Algebra Master

Loadsall routinesin the Algebra package

Off[General::Spdl1]

Prevents Mathematica from giving too many error messages for
permissible assignments, suppogd conflicts in name assignments, etc.

Clear[f] Removes any assignments fromf. To beused before defining
fundions etc. dueto ourimprecise knowledgeof Mathematica®
internd state (cf. inqury routines for internd state). Clear[f, g] will
clear f and g smultaneoudy.

Clear[(Globd B0 Clears all globd definitionsand acts as a restart

expr/.{x->x"2 + 2*y, y->w"2 +
3H/Simplify

First appliestherules {x->x"2 + 2*y, y->w”"2 + 3} to expr and then
Simplifies, i.e., subgitutesthex"2 + 2*y andw”2 + 3forx andy in
expr and simplifies. Here/. isan abbreviated form of ReplaceAll

X5+ 3xM+2xM2+2[%

Returnsx a2 + a2 + 2a+ 2 contrasted with the next subditution

X5 + 3 XM+ 2 X2 + 2/{x" 2->a}

Returnsx5 + x4 + 2a+ 2

Tablex, {5}] /.x ->Randon( |

Returns{0.7244,0.7244 0.7244,0.7244 0.7244} since Randon{ ] is
evaluaed before being subgituted for x

Tablgx, {5}] /.x:>Randon{ ]

Returns{0.321771,0.987824 0.459796,0.414655 0.483086}since
Randon(] is subdgituted for x before Table is evaluated




loglabcd]/. logx_y ]->log[x] +
logly]

Giveslog[al + logb cd]

loglabcd]/. log[x_y ]->logXx] +
logly]

Giveslog[al + logb] + log[c] + logd] since//. isan abbreviation for
ReplaceRepeated

ReplaceAll Alternae way of doing the subditution/.

ReplacePart Replaces a specified pat of an expression

Button Sets up atemplate for an executable Mathematica command. Used for
hypelinksor pdettes.

Sequence Splices objectsinto inputfor afundions e.g., f[a Sequence[b, c]] =

fla, b, ]

Simplify[expr, opts,

Applies simplification rules to expr. Optionslike Trig->Trueare

{assumptiong] available. Theoptiond assumptionspat have theform of alist like
{n € Integers, x >= 0} which will, for example, set Sin[n #] to 0, and
simplify fractiond powersin x,

FullSimplify Appliesthefull rangeof simplification rules known to Mathematica.
The same optiond assumptionsas Simplify can beused. Thisaso has
atime-outfeature.

Refine Used to define conditionsfor afundion

Assuming Assuming[assumptions expr] smplifies expr according to
assumptions Actudly, FullSimplify with assumptionsadded to list of
Mathematica simplification routines.

FundionExpand Triesto expand out specia fundionsusng bult in rules. Thesame
optiond assumptionsas Simplify can beused.

Sow[expr] Specifies expr should be collected by the nearest endosng Reap.
Useful in seeing the opeation of a program. Does notinterfere with
theevauation.

Reap Used to collect the Sow items.

Dispach Optimizes alist of rulesfor fast execution.

Unevauaed Unevaluaed[expr] represents the unevaluaed form when it appearsin
afundion.Insert[{a, b, c, d}, Unevaluaed[Sequence] @@ {1, 2}] ->
{a, 1,b, c, d} andisInsert[{a,b,c,d}, 1, 2]

Functions

flx_y ]=x"2+y"3

Thefundionf(x, y) = x* + y%. Heref[z2, 2] will produe z* + 8

glx_1={x, x"2}

Definition of afundion of asingle variable into two space

fl[x_]:=x Delayed assignment =: where there is a possibility tha Mathematica
cannotmake sense of thefundion. If Mathematicareturnsan error
messageto theusud assignment =, try =

x=4 Thiswill not affect thef[x_]:=x in the previousline since := isused

ingead of =.

f[x_]:=x"2;f[5]

Returns 25 since thedd ayed assignment tells f to match the patern
and wait for the value of x

Maplf, {1,2,3}]

Returns{1,4,9}.

Scan(f, {1,2,3}]

Same as Map except tha Scan discardstheresults of its execution.
Useful for carrying out opaationswhich have aside effect like an
assignment.

{1,2,3)//f

Also returns{1, 4, 9}

f[{1,2,3}]

Also returns{1, 4, 9}




f/@{1,2,3}

Alsoreturns{1, 4,9} since/@ isMap

f@@{1,2,3}

Thisis not evaluated since @@ means Apply

Compostion[f,g][X]

Returnsf(g(x)) wheref and g arefundions Also written asf@g@x or
f@g[x] or x//gllf.

Compo=List[{f1,f2,E , fn},x]

Returns{x, f1(x), f2f1(x), E ,}

NestLis([f,x, 3]

Returns{x, f(x), f(f(x)), f(f(f(x)))}. Thiscan beused to carry outa
fixed number of stepsof an algorithm like the NewtonERaphson
Algorithm.

Nes([f,x, 3]

Returnsthelast term f(f(f(x))) of NestList

FixedPoint, FixedPointList

Runsa Nest until there until two successive terms are the same.
FixedPointList permits the option SameTest ->(ComparisonFundion)

Thread Appliesafundionto al elementsof alist. Thread[{x, y} ->{1,2}]
gives{x B>1y B2}
MapThread MapThread[f,{a, b}, {c,d}] gives {f[a c], f[b, d]},
Mapindex Maplndexed[f, {a,b}] gives{f[a, {1}] , f[b.{2}}
MapAll MapAll[f, {{a b}, {c.d}}] givesf[{f[{f[a].f[b]}]. f[{f [c].f[d]}]
An optionisthelevel at which f acts
MapAt Appliesafundion at adesignaed place in an expression.
Through Throughppff, g][X]] -> p[f[x], g[x]]
Distribute Digtribute[f[a+ b, c + d]]->f[q, ] + f[a d] + f[b, c] + f[b, d]
Operate Operate[p f[x, Y]] ->p[f][X, Y]
Outer Outer[f, {a, b}, {c, d}]->{f[a c], f[a d], f[b, c], f[b, d]}
Inne Inne|f, listl, list2, g] wheref = Timesand g = Plusin theusud Dot

produd

Fundion[{x, y},x"2 + y"3}] [a, b]

Givesthefundion & + b withoutthe need to use up aname for a
fundion

(#1y2 + (#2)'3) & [W"2, 2]

Another way of writing the preceding fundion jud to get the
evaluaionw* + 8. Used for intermediate steps of control fundionsfor
Cases, Select, etc.

Map[Fundion[x{x[ [2]], x[[1]]}],
{1, 2}, {3, 4}}]

Gives{{2, 1}, {4, 3}}

g{x_, y H=x"2+y"2

{1,2}/1g Returns5

fl@{a, b, ¢} Returns{f[a], f[b], f[c]} benganother form of Map

Apply[Plus {1,2,3}] Returns 6. Used to get fundionsof two or more variables to work on

Pluso@{1,2,3} lists especialy points.

Sin[{2,4,6}] {Sin[2], Sin[4], Sin[6]} Fundionsthat behave thisway are called
Listable

Evauae]expr] Forces full evaluaion, e.g., afundion defined with := in Plot because
symbolic datain aplot causes an error. Should beused in Package
fundionsand Modules to prevent failure to execute.

Return Forces an immediate exit from a control fundionin aroutne

SetAttributes Every symbol has a certain set of attributes tha aids ievaludion.

These can bemodified or augmented. Eg. Sin[{1 ,2, 3}] ={Sin[1],
Sin[2], Sin[3]} since Sin hastheattribute Listable.

Orderless, Flat, Ond dentity, ...

Variousattributes tha can beassigned to a symbol




Unprotect

Necessary to changeor expand attributes of built in fundions
Changing définition of abuilt in fundion does notsurvive akernd
shutdown. To prevent changes use Protect

Fold[f, &, {b, ¢, d}]

Returnsf[f[f[a, b], c], d] wheref isafundion of two variables. Useful
for upddinglists, matrices, etc. where f could be Append, ReplacePart,
efc.

Throw Stopsa routineuponexecution

Catch Endoses aroutinewith Throw. It givesthenearest valuewhen Throw
is executed

Lists

{2, 3,1} An order triple

{2, 3, 1}{[2]]

Returnselement 2 of thelist, viz., 3. Formal nameis Part (cf. Below)

{{1,2,3},{4,56},{7,8,9}}{ [2,3]]

Returnsthe 2,3 entry of thematrix, viz. 6

{{1, 2,3}.{4,5,6},{7.,8,91}{ [{1,
2},3]]

Returnsthe 1,3 and {2, 3} entry of thematrix written asalist viz. {3,
6}

{{1,2,3},{4,5,6},{7.89}}{ [{1,
2},{1, 3}1]

Returnsthe submetrix with listed rows and columns, viz. {{1, 3},{4,
6}}

{1, 2,3},{4,5,6},{7,8 9}}[ [All {1,

Returnsthe submetrix with columns1 and 3, viz., {{1, 3},{4, 6},{7,

3] 8}}. A similar statement can be used for getting rows

Shdlow Returnsa shortened skeleton form of alist for ingection. Options
allow for in depth ingection

Short Returnsa oneline skeleton of alist

Take[{1,2,3,4,5},3]

Takesthefirst 3 elements from thelist {1,2,3,4,5} to form anew list
{1,2,3}

Take[{1,2,3,4,5}{2,4}]

Takesthe 2, 3,4 dements of {1,2,3,4,5} tofromthenew list {2, 3, 4}

Take[{1,2,3,4,5}, -2]

Takesthelast 2 elementsfrom{1,2,3,4,5} toform thelist {4, 5}

First, Last, Rest, Mog

For extracting thefirst, last, all butthefirst, all butthelast elements
respectively fromalist

Length[{1,2,3,4,5}]

Thenunber of te'msinthelist {1,2,3,4,5}

Postion[{1,2,3,4,5},3]

Returnsthe postion of 3inthelist {1,2,3,4,5}

Part[{1,2,3,4,5},{2,4}]

Returnsthe second and fourth elements of {1,2,3,4,5} to give thenew
list {2, 4}

Part[x"2 + 3x + 4{1,2}]

Returns 4 + 3x

{a,b,c,d,e[[{1, 2 4, 3, 5}]]

Returns{a, b, d, c, €}. Useful for making permutations

Take[{2, 3, 1, 0}, -2]

Givesalist {1, 0} of thelast two elements of the given list

Drop[{1,2,3/4,5}, {3,5}]

Dropsthe 3 through5 elements of thelist to give thenew list {1,2}

Extract

Equivalent to Part but interacts better with the output of Pogtion.
Extract[A {{1 ,2},{3,4}}] isalist of thel,2 and 3,4 elements of the
matrix A.

Rangd2.1,14,3.2]

{2.1,5.3,85, 117}

Partition[{1,2,3,4,5,6}, 3]

{{1, 2, 3},{4,5, 6}} amatrix with 3 columns

Partition[{1,2,3,4,5,6}, 3, 1]

{1, 2,3},{2, 3,4},{3,4,5},{4,5, 6}}. Theoffsetisvery usful in
condruding pointsto beconnected in aplot. Thel inthepatition
gives the speed at which thelist istraversed. Other optionsallow for
cycling and padding and overhangsat the beginning and theend.

Flatten[{{1, 2}, {3, 4}, {5, 6}}]

{1,2,3,45,6} Removes all braces except outside ones




Flatten[{{{1, 2}},{{3,4}}} , 1]

{{1, 2} {3, 4}} Removes 1 set of braces starting at theingde

FlattenAt

A method of removing some of the parenthesis from a complicated
nested list

Trangpo¥{{1, 2,3},.{4, 5, 6}}

Gives{{1, 3}, {2, 5}, {3, 6}} whichisaussful manipulation for
plotting, etc.

Join[{1,2,3} {6,2,4}]

Returnsthelist {1,2,3,6,2,4}

Union[{1,2,3},{6,2,4}]

Returnsthelist {1,2,3,4,6}. Anoption SameTest pemits you to
specify wha redundances should be eliminated.

Append[list, element]

Addselement to theend of list

Prepend]list, element]

Addselement to thefrontof list

Rotatel eft[list, n]

Cycles elements of list n place to the left

RotateRight Cycles elements of alist to theright

All For selecting the everything available. Mat[[All,{1,2,3}]] isthefirst 3
columnsof the matrix Mat

Sort To sort alist in lexicographic order. Sort admits afundionasan

option. Thefundion allows sortingin user specified order.

Postion[{x"2, 3,y"2}, " ]

Returnsthe postion of objectsin thelist tha match the pattern

Split[{a, a, 1,1,1,b,c, c, 1}]

Splitsinto successive recurrences {{a, a} {1, 1, 1},{b}, {c, c},{1}}

Strings

Print{ Orheinputisincorrect!Q

Theinputisincorrect!

StringForm[Orhevalueof ™ is
© xA3.9]

Prints Thevaueof x®is9.

Fold[SequenceForm[#1,0= Q #2]&,
a {b,cd}]

Returnsa=b = c = d asatypeset expression

Subgripted[x[K]]
Subgripted[x[s, t, u], {1,2}]

X, and X, [u] holdove'sfrom earlier Mathematica editions
Keyboad can be used to insert subscripts and supescripts

Subgripted[x[ SequenceForm[a,b]]]

Xab

X Supeascript[k]

x*. Thereis no Supescripted since a supascript should beinterpreted
in mog cases as apower. Can betyped in usng” key or Power[x, G

bcQ

SubsupeascriptBox[x,k, j]//

Makes k into a subscript and j into a supascript on x

DisplayForm

ToString Makes a string out of an expression

StringTake Takes elements out of astring

ToCharacterCode Givesthe character numbers of a string and sets the character up

FromCharacterCode fromits number. ToCharacterCoddx $ 4Q gives {120, 32, 8804
32,52}. Note spaces have code32. FromChaacterCodeactsona
list and reverses ToCharacterCode Thisisuseful in setting up
formatting commandsin packages.

Data Types

{2, 3,17} An ordered set caled aList - herea 3-tuples. ThelList istheprimary

(perhgpsonly) daatype

Table[expr, iteratorl, iterator2, E]

Returnsalist of iterates of the expression. Expression can be anything
involving oneor more paameters Theiterator is of theform {i, imin,
imax, stepsze} with notall optionsneeded for execution with some
additiond options For example{i, 4} isthesameas{i, 1, 4}.




Table[di, j]. {i, 1.4}, {j, 1,5}]

Createsad by 5list

Tableli, {5}]

{i, i, 00,1}

Tablel3i, {i ,5,11}]

{15, 18, 21, 24, 27, 30, 33}

TableForm Causes atable to belisted in acolumn form, cf. optionsfor this
command especially TableDepth which specifies the maximum
nunber of levels

Optiong Table] Many optionsexist setting up labded tables

Array(f, {3, 4, 5}]

Creates anested list of dlementsf[il,i2,i3] with1$ij $ nj
Arrays can beany dimengon.

Array[Ligt, Createsanested list {i, j, k} with1$i1$3,1$j$4,1$k$5

{3,45]]

Set Does not seem to be available in Mathematica. To remove repested
elements from list write Unionlist]

Patterns

X_ A patern tha matches a single expression. Used for defining
fundions

X_Integer A patern called Blank tha matches a specific type whichisan

integer. There are many other types like Real, Complex, Rationd, etc.

X___ (2 consecutive underbars)

A patern (called a BlankSequence) that matches one or more
expressions e.g., f[x_,y__ [FPlugx.y] yieldsf[1,2,3] -> 6 butf[1] ->
f[1]

X___ (3 consecutive undebars)

A patern (called a BlankNull Sequence) that matches O or more
expressions eg. f[x_ ,y__ FPlugx,y] yiedsf[1,2,3] -> 6 and f[1] ->
1

{aa, bb, cc}/ .optd.{aa->True bb-
>False, cc->True}

Form for adding optiond inputfor afundionf[x_, opts___Jwith built
in defaults. For example, if opts are set as aa -> False, then the control
list {aa, bb, cc} will appear as{False, False, True}.

X_7Red A patern tha matches a single expression when the answer to the
inquiry Real?istrue

X_[x>1 A patern tha matches only if x is greater than 1

x_:1 A patern tha matches an expressonand hasdefault 1, e.g., y_"(x_:1)
puts 1 infor theexponent ony when y appears withoutan exponent

X_. A patern in which addault is assigned by Mathematicaif x is

missing. Theddault isassigned so as notto change thevaue of the
expression in which x appears

f/:f[a ] +f[o_]=fla+ b]

Thesymbol /: definesaTagSet. Heref[1] + f[2] becomes f[3]

fla]

Allows patern to berepeated any numbe of times.
Casedl{f [a,a,8].f[ab.al, fladl], f[al} f[a.]] gives{f[aaa], f[aal, f[a]}

FreeQ[Sin[x"2] +1, " ]

Matchesthepatern " . HerereturnsFalse

FreeQ[Sin[x"2]+1, ™ ,{1}]

Matchesthepatern " atlevel 1 HerereturnsTrue

Graphics
Plot[{Sin[x], Cogx]},{X,-2,2}] Graphssin x and cosx in thegiven rangeon the same axes
Clear[h]; Graphsthe surface given by h(x, y). To graphthesurface according

hix_y_1= (x"2+y"2)(1/3);

to acolor directive, eg. red, graph{h[x,y], RGBColor[1,0,0]}. If no




Plot3D[h[x,y] {x,-2,2},{y ,-2,2}]

color directiveis used, Mathematica will disregard other color
directives and will choo its own colors for 3D plots shown together.

Plot[{Sin[x],Codx]} {x,-2,2},
PlotStyle->{R GBColor[1,0,0],
RGBColor[0,1,0]}

Colorssin x red and cosx green

Plot[f[x], {x, 0, 4*Pi},
PlotRange-> {-12, 12},

Plots aprevioudy defined fundion. Theoption

DisplayFundion ->
$DisplayFundion

DisplayFundion -> |dentity aborts

Show[plotl, plot2]

To display previoudy defined Plot or Graphics structures. Show
displays onthebasis of overlays with thefirst plotl on top.
Sometimes the order of the objectsin the Show must berearranged to
avoid onefrom blocking another.

ListPlot[{{1, 2},{2, 4} ,{4,8}}]

Plots points. Other Methodsof doing this, eg.
Graphicq Point[{1,2}], Point[{2, 4}], Point[{ 4, 8}]] with various
options

Graphicg Text[q = xQ{1, 2},
{0,0}]]

Centerstexty = x at thepoint {1 ,2}

Show{ GraphicsArray[{{pl ot1,
plot2},{pl ot3,plot4}}] ]

Displays previoudy defined plots plotl, plot2, plot3, plot4ina2” 2
array.

Rectangle, Circle, Point, Line Disk

Variousso-called Graphics primitives to create variousgeometric
figures. These areto beused Graphics. Linewill connect many
pointsin order. See section on Graphics for information on
generating coordinaes

Cone Sphee, Cylinde

Variousso-called 3D Graphics primitive in the Graphics Shgpes’
Package Mug besurroundel by Grahics3D. Draws shgpes with
given dimengonsin standad postion. Using aneydive number for
heght

RotateShgpe, TrandateShape

To move 3D Shgpes which areinitialy congructed in standad
postion. In Graphics Shgpes Package

Show Graphicq{GrayLevel[.6],
Rectanglef{1,0},{2,1}1}1]

A shaded rectangle with opposte corne's. GrayLevel[1] iswhite
while GrayLevel[0] is black.

Optiong Plots], Optiong Graphics]

To see dl thedifferent formats that are available for plotting.

<<Graphics Legends Oneof many special packages for platting. Othe draw vector fields
doimplicit plotting, etc. SeetheFundion Browser to see thevarious
possibilities

GraphicsArray For making arectangular array of graphic objects

ParametricPlot For produdng parametric plots

3D Adde to plot and graphics commands e.g. Plot3D

PlotStyle-> {variousoptiong

For adding features to Plot, ParametricPlot and ListPlot

AspectRatio -> a

Plot optioncalling for ratio of height'width = a. Default is
1/GoldenRatio. In general, Mathematica chooss a suitable scale.
AspectRatio -> Automatic calls for an absolute x andy scale

Plof[t"34t,0,1},
Epilog->{Pointsize[.03],
Point[{0,0}],

Epilogis plotted after the main plot.

Pointf{1,1}]] } |

Thereisalso Prolog

Hue RGBColor, GrayLevel,
CKMYKCaolor

Variousfundionsto control thecolor of graphics. Can beused with
automatic call, eg. ColorFundion-> Hue




ParametricPlot3D

Graphs3 coordinaes as afundion of 2 or 3 variables. A fourth
coordinae can give thecolor directive. To make the color appear,
theoption Lighting->False mug beused

ParametricPlot3D

[{3+112,2+14172,175-100(1+"2),

Plots a parametric curveinred

Hue[1]},

{t,0,17}]

{ DisplayFundion- For forcing a graphics to bedisplayed. Used after DisplayFundion-
>$DisplayFundion] >| dentity

ImplicitPlot, ContourP ot

For graphing fundionsgiven implicitly. ImplicitPlot requires a
specia package

TextStyle

An optionin plot commandsto control thetext, eg., TextStyle -> {
FontFamily ->"Times", FontSize->10, FontWeight -> "Bold"}

Lighting

Lighting ->False will permit user defined colors to appear in Show of
severa 3D graphs Lighting-> Trueisthedefault and allows
Mathematicato choos contrasting colors withoutregard to user
choice

AmbientLight

Specifies thedirection of thelight sources which is reflected by
Lambet@ Law

SurfaceColor

A fundiontha alows user defined 3D plotsto becolored. Set upas
Graphics3D[ SurfaceColorfRGBColor[.45,45,0], RGBColor|.2,.2,0],
10], your3Dgraph] where the secondand third variablesin
SurfaceColor relate to the specular color and are optiond.

FullOptions

Useful for discovering how Mathematica is setting its automatic
options For example, FullOptiong plt[1], PlotRangd which showthe
plot rangeof plt[1].

PlotRange-> All

Forces Mathematica to put all objectsinto graph. Sometimes
Mathematicawill choos a PlotRangetha leaves out points.

FullOptiongyourgraphnane,
PlotRangd

Shows the PlotRangefor the plot yourgraphname. Thiswill work to
reveal any option setting used in any output

MeshRange->{{0, 1},{2, 3}}

Changesthex andy coordinaesto runbeween 0Oand1 and 2 and 3
onthex andy axesrespectively. Useful in graphing variousmatrix
inpuss which are graphed by default onintervals [0, m] by [0, n] for
matrices of dimensons{m, n}.

Mesh->False Removes the bounday of the polygonsused to draw 3D surfaces.
Also cf. EdgeForm.

Edge~orm To draw edges of polygonsused in 3D graphics

SurfaceColor Directive for 3D graphics which permits coloring and reflection of f
thesurface. Mathematicawill give a surface color usngits default
unless Lighting -> False isinvoked.

<<Rea Time3D" Loading this experimental package permits changing the ViewPoint
in 3D graphics by manipulating the graphics with the mouse

<<Default3D Restores the default for manipulating the ViewPoint after
Real Time3D" has been loaded

Calculus

| f[x_]= x*Sin[2*x]* Exp[x"2]

| | Notex_inthefundionargument.




Exp[x] Theexponentia fundion ex
Log[x] In x. Logaithmsto other bases are available.
f Jx] Derivative of afundionwith an apodropheHighe order derivatives

can be obtained by @etc.

Derivative]2, 3] [f] [x.y]

Thederivative of afundionf[x_,y_] twice with respect to thefirst
variable x, 3 times with respect to the secondvariable y

DIf[x,y].{x.2},{y ,3}]

Thepatia derivative of f[x_,y_] twice with respect to x and three
times with respect to y

D[x*Sin[2*y] * Exp[x"2] {X, 2},
{y. 3}

Useful for an expression

Dt[[x*Sin[2*X]*EXxp[x"2],X]

Assumesy isafundionof x.

D[x"2 + y[x]"2 ==1 X]

Returns2x + 2y[x] yPx] = 0

D[x"2 + y[x]"2 ==1, X,
NonmndantsbP>{y}]

The same as the preceding

Integrate[x"2, X]

Ind€finite integration

NhtMcontrol™ 2 control spacedd x

%’ dx set in symbols and mathematically active

NhtMcontrol ) 3 (control %)
(control space) x (control ) 2 ddx

Thedefiniteintegral or typeIntegrate[x"2, {x, 1,3} ] //
TraditiondForm

Integrate[y*Sin[x] -x*Sin[y],
{x,0,1}.{y, 1.2}]

For ddfiniteintegrals. Iterated inddinite integration does not seem to
beimplemented and mug be doneby hand or some other type of
recurrence

| ntegrate] | ntegrate] x2*y, x] Y]

For iterated inddinite integrals

NIntegrate

A numerical integrator with many optionsfor controlling accuracy,
dividing interval into several pieces, etc.

FindRooff[x], ==a, {x, xO}]

Starts the NewtonERaphoon algorithm on f[x] at x0. Thiswill also
solve systems of equaions Syntax needsto becarefully prepared

Expand

Collect

Exponent
PolynomalQuotient
PolynomaRemainde
CoefficientList

Tools for dealing with polynomials. Exponent isthe highest degreein
aspecified polynomia variable.

Series

Sumk*3 .4k, 1,n}]

Mathematicawill try to compute aclosed form. First load
<<Algéebra Symbolic Sum

Serieq[f[x].{x, a n}]

Computesfirst n terms of the Taylor series of f[x] in thevariable x
aboutthepointa Thelast term O[x - a](n + 1) represents the omitted
terms

Normal[ %]

Removes the Big Oh from the preceding power series

Serieq Co9x].{x, 0,6}] //Norma

Thefirst 6 terms of the Taylor polynomial of cosx about
x=0




Limits

Limit[Sin[x]/x, x ->0]

Form of Limit

Limit[(x + 2)/(2*x + 1), x->
Infinity]

Will attempt this evaludion.

Limit[ Sgrt[x"2]/x, x->0, Direction
>-1]

Direction -> -1 takes thelimit from aboveand Direction ->1 takes the
limit from bdow. Default uses Direction-> -1

Differential Equations

DSolveegn, y[x],X]

| | Theoptionfor thisistheinitial condiions

Linear Algebra

matrixa={{1, 2,3},{3, 4, 5}}

A matrix isidentical to arectangular list of lists and any opeationon a
list of listsisamatrix opaation

Table Can be used to create a matrix
Partition To enter amatrix asalist andthen partition cf. Control
allMatrixForm Displaysain rectangular form. Use anonpropationd fontlike

Courier to keep columnsstraight.

matrixa= Array[a, {2,3}]

Definesa2” 3 matrix with i, j entry denoted by &[i, j]

Array[f, {i Li2},{i1,j2}];

Givesamatrix with i, j entry f[i, j] wheref isafunctionandi andj run
beweenil$i $i2andjl$j$j2whee0<il$i2, 0<jl$j2

Table[ Sub=cripted[bli] {i ,1,3}]]

Returns{bl, b2, b3}

2*a+ab

Matrix opeations

Det[a] Determinant

Inverse[d Finding theinverse of asquae matrix
TrangpoE al Trangpoz of thematrix a

{1,2,3,4} A vectororal” 4 matrix

Reaching ingde a matrix

These are the same as thos given in the Control section for lists of
lists

V.W

Thedot produd of thevectors v~ andw

<<
LinearAlgebra MatrixManipulation

L oads packageto do the succeeding manipulations

RowReduo &

Returns complete row reduce form for a matrix a

AppendRows]a, b]

Appendstherow b to thematrix a

AppendRow(a, {{1}, {2}, {3}} ]

Appendsthe column given by {1}, {2} {3}} tothe3 " nmatrix a

CharacteristicPolynomal[a, X]

Returnsthe characteristic polynomial of of the square matrix ain the
variable x

Eigenvdueg g Returnseigenvdues of the squae matrix a
Eigenvectord a Returnsthe eigenvetors of the squae matrix a
Eigensystem[a] Returnsthe eigenvdues and elgenvectors of of thesquare matrix a




LinearAlgebra Orthogondization

This package containsthe GramSchmidt process

Linear Calculus

Grad Thegradient in the<<Calculus VectorAndysis package Works only
for 3 coordinates
Div Divergence in same package as Grad. For more than three coordinates

you musgt write your own program

Programming

Do[Body, {i, imin, imax, step}]

Performs theiteration Body which dependson the parameter i from
start imin to endimax in stepsstep. Not al the parameters need to be
present.

For[start, test, incr, body]

Executes start then repeatedly executes body until test failsto return
True

If[condition, t, f, u]

Returnst if conditionistrueandf if theconditionisfalse, andu
othewise. If uisnotspecified nothingisdone

Modul[{x, y, E}, body]

Thisisthemain programmingtool. Thelist {x, y, E } are sofxalled
local variables or assignments used only ingde the module and body
is some sequence of Mathematica commands(all except the last
punduaed with a semi-colon) that are to be executed. Also
assignmentslike x = 1, etc in thelocal variable declaration are
permitted

BlodK[{x, vy, E}, body]

Like Module with differencesin way thelocal variables are loaded.
In Module, local variables are assigned a uniquename, theModulkeis
rewritten in terms of the unique names, andthenewn Moduleis
evaluaed with theinput In Block, local variables do not get a unique
name. Module can be used to evaluae an expression with special
assignad values tha will notpersist outsidethe Block

With[{x = a, y= b}, expr]

Evaluaes expr with subditutionsin {}. ItemslikeXx, y remain
variables outside of With.

fIx_J:=Module[{i }, Sum[x"i {i ,1,5}]]

Yiedsf[i] — i + 172 + "3 + "+ "5

g[x_J:=Blodk[{i }, Sum[x"i {i ,1,5}]]

Yieldsg[i] — 3413

With[{x,y, E }, body]

Fundionslike Module or Block but allows for importing or exporting
assignments and local variables

While[test, body]

While test istrue bodyis evaluaed

clear[f]

f[x ]:=0/; x<=0 A Conditiond evauaionfor a piecewise linear
fXx ]:=x/;(0<x&& x<=1) fundion. Note & & whichis And. Mathematica
fx ]:=1/;1<x doesnotaccept O<x <= 1. Orisgiven by||.

Which[test1, valuel, test2, value,
E ]

Evauaestest]l and evaluaes valuel if testl istrue if testl isfalse,
evaluaestest?2 andif test? istrue evaluaes value2. Continues untl
first match istrue

Switch[expr, form1, valuel, form2,
vaue2, E |

Evaluaes expr and compares it to form1 and evaluates valuel if there
isamatch. Switch continues until thefirst match isfound.

opt  DptionQ

Used to get Mathematica to recognize the optionstha go with auser




defined fundion. This should bethelast variablein thefundionand
conssts of oneor more rules.

FilterOptions

Used to make a sublist of optionsfrom a user-defined fundion for
ingertionin a Mathematica fundion. In Utilities' package
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