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1 Intr oduction

This documentis an attemptto give you all the essentialinformationthat you will needin or-
der to usethe LATEX documentpreparationsystem[1].1. Only basicfeaturesarecovered,anda
vastamountof detail hasbeenomitted. In a documentof this sizeit is not possibleto include
everythingthatyou might needto know, andif you intendto make extensive useof theprogram
youshouldreferto amorecompletereference.Attemptingto producecomplex documentsusing
only theinformationfoundbelow will requiremuchmorework thanit should,andwill probably
producea lessthansatisfactoryresult.

The main referencefor LATEX is The LATEX User's guide and ReferenceManual by Leslie
Lamport[1]. Thiscontainsall theinformationthatyouwill everneedto know abouttheprogram,
andyouwill needaccessto a copy if youareto useLATEX seriously.

Both theManualandthisdocumentavoid mentioninganythingthatdependson theparticular
computersystemthatyouareusing.ThisisbecauseLATEX is availableonanumberof systemsand
they all differ in oneway or another. Instead,they bothrefer to a local guidefor their particular
system.

2 How Does LATEX Work?

In orderto useLATEX, you generatea �le containingboth the text that you wish to typesetand
instructionsto tell LATEX how youwantit to appear. Youwill normallycreatethis �le usingyour
system's text editor. Youcangivethe�le any nameyou like,but it shouldend“ .tex ” to identify
the �le' s contents.You thengetLATEX to processthe�le, andit createsa new �le of typesetting

1For thosereaderswhohavesomefamiliarity with LATEX, thisdocumentassumestheLATEX 2e releaseof January1994
or later
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commands;thishasthesamenameasyour�le but the“ .tex ” endingis replacedby “ .dvi ”. This
standsfor `Device I ndependent'and,asthenameimplies, this �le canbe usedto createoutput
onarangeof printingdevices.Your local guidewill go into moredetail.

Ratherthanencourageyou to dictateexactly how your documentshouldbe laid out, LATEX
instructionsallow youto describeits logical structure. For example,youcanthink of aquotation
embeddedwithin your text asanelementof this logical structure:you would normallyexpecta
quotationto bedisplayedin a recognizablestyle to setit off from therestof the text. A human
typesetterwould recognizethe quotationand handleit accordingly, but sinceLATEX is only a
computerprogramit requiresyour help. TherearethereforeLATEX commandsthatallow you to
identify quotationsandconsequentlyallow LATEX to typesetthemcorrectly.

Fundamentalto LATEX is theideaof adocumentclassthatdeterminesexactlyhow adocument
will be formatted.LATEX providesstandarddocumentclassesthatdescribehow commonlogical
structures(suchasquotations)shouldbeformatted.Youmayhave to supplementthesestylesby
specifyingthe formattingof logical structurespeculiarto your document,suchasmathematical
formulae.Youcanalsomodify thestandarddocumentclassesor evencreateanentirelynew one,
thoughyou shouldknow thebasicprinciplesof typographicaldesignbeforecreatinga radically
new style.

Therearea numberof goodreasonsfor concentratingon the logical structureratherthanon
theappearanceof a document.Doingsopreventsyou from makingelementarytypographicaler-
rorsin themistakenbelief thatthey improvetheæstheticsof adocument—youshouldremember
that the primary function of documentdesignis to make documentseasierto read,not prettier.
It is alsomore�e xible, sinceyou needonly alter thede�nition of thequotationstyle to change
theappearanceof all thequotationsin adocument.Most importantof all, logical designencour-
agesbetterwriting. A visualsystemmakesit easierto createvisualeffectsratherthanacoherent
structure;logical designencouragesyou to concentrateon your writing andmakesit harderto
useformattingasasubstitutefor goodwriting.

3 A Sample LATEX File

Have a look at theexampleLATEX �le in Figure1. It is a slightly modi�ed copy of thestandard
LATEX example�le small2e.tex . Your local guidewill tell you how you canmake your own
copy of this �le. Theline numbersdown theleft-handsidearenot partof the�le, but have been
addedto make it easierto refer to variousportions. Also have a look at Figure2 which shows,
moreor less,theresultof processingthis �le.

3.1 Running Text

Mostdocumentsconsistalmostentirelyof runningtext—wordsformedinto sentences,whichare
in turn formedinto paragraphs—andthe example�le is no exception. Describingrunningtext
posesno problems,you just type it in naturally. In the output that it produces,LATEX will �ll
linesandadjustthespacingbetweenwordsto give tidy left andright margins. Thespacingand
distribution of thewordsin your input �le will have no effect at all on theeventualoutput. Any
numberof spacesin your input �le aretreatedasa singlespaceby LATEX. It alsoregardstheend
of eachline asaspacebetweenwords(seelines15–17).A new paragraphis indicatedby ablank
line in your input �le, sodon't leaveany blanklinesunlessyou reallywish to starta paragraph.

LATEX reservesa numberof the lesscommonkeyboardcharactersfor its own use. The ten
characters

# $ % & ˜ _ ˆ \ { }

shouldnotappearaspartof your text—if they do,LATEX will getconfused.
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1: % This is a small sample LaTeX input file (Version of 10 April 1994)
2: %
3: % Use this file as a model for making your own LaTeX input file.
4: % Everything to the right of a % is a remark to you and is ignored by LaTeX.
5:
6: % The Local Guide tells how to run LaTeX.
7:
8: % WARNING! Do not type any of the following 10 characters except as directed:
9: % & $ # % _ { } ˆ ˜ \

10:
11: \documentclass{article} % Your input file must contain these two lines
12: \begin{document} % plus the \end{document} command at the end.
13:
14:
15: \section{Simple Text} % This command makes a section title.
16:
17: Words are separated by one or more spaces. Paragraphs are separated by
18: one or more blank lines. The output is not affected by adding extra
19: spaces or extra blank lines to the input file.
20:
21: Double quotes are typed like this: ``quoted text''.
22: Single quotes are typed like this: `single-quoted text'.
23:
24: Long dashes are typed as three dash characters---like this.
25:
26: Emphasized text is typed like this: \emph{this is emphasized}.
27: Bold text is typed like this: \textbf{this is bold}.
28:
29: \subsection{A Warning or Two} % This command makes a subsection title.
30:
31: If you get too much space after a mid-sentence period---abbreviations
32: like etc.\ are the common culprits)---then type a backslash followed by
33: a space after the period, as in this sentence.
34:
35: Remember, don't type the 10 special characters (such as dollar sign and
36: backslash) except as directed! The following seven are printed by
37: typing a backslash in front of them: \$ \& \# \% \_ \{ and \}.
38: The manual tells how to make other symbols.
39:
40: \end{document} % The input file ends with this command.

Figure1: A SampleLATEX File
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1 Simple Text

Wordsareseparatedby oneor morespaces.Paragraphsareseparatedby oneor moreblanklines.
Theoutputis notaffectedby addingextraspacesor extrablanklinesto theinput �le.

Doublequotesaretypedlike this: “quotedtext”. Singlequotesaretypedlike this: `single-
quotedtext'.

Longdashesaretypedasthreedashcharacters—like this.
Italic text is typedlike this: this is italic text. Bold text is typedlike this: this is bold text.

1.1 A Warning or Two

If you get too muchspaceaftera mid-sentenceperiod—abbreviationslike etc.arethecommon
culprits)—thentypea backslashfollowedby a spaceaftertheperiod,asin thissentence.

Remember, don't typethe10specialcharacters(suchasdollarsignandbackslash)exceptas
directed!Thefollowing sevenareprintedby typingabackslashin front of them:$ & # %

�

and
�

. Themanualtellshow to makeothersymbols.

Figure2: TheResultof ProcessingtheSampleFile

3.2 LATEX Commands

Thereareanumberof wordsin the�le thatstartwith `\ ' (seelines9, 10and13). TheseareLATEX
commandsandthey describethestructureof your document.Thereareseveral thingsthat you
shouldrealizeaboutthesecommands:

� All LATEX commandsconsistof a `\ ' followedby oneor morecharacters.
� LATEX commandsshouldbetypedusingthecorrectmixtureof upper- andlower-caseletters.

\BEGIN and\Begin arenot thesameas\begin .
� Somecommandsareplacedwithin yourtext. Theseareusedto switchthings,likedifferent

typestyles,on andoff. The\small commandis usedlike this to emphasizetext, normally
by changingto an italic typestyle(seeline 25). The commandand the text are always
enclosedbetweeǹ{ ' and`} '—the `{\em ' turnstheeffectonandandthe`} ' turnsit off. All
thetypeface-changingswitcheslike this havea correspondingcommandwith anargument
— all thepossibilitiesareshown onpage9.

� Thereareothercommandsthatlook like

\command{text}

In this case,text is called the “argument”of the command. The \section command
is like this (seeline 13). Sometimesyou have to usecurly brackets`{} ' to enclosethe
argument,sometimessquarebrackets`[] ', andsometimesboth. Thereis methodbehind
this apparentmadness,but for the time beingyou shouldbe sureto copy the commands
exactlyasgiven.

� Whenacommand'snameis madeupentirelyof letters,youmustmakesurethattheendof
thecommandis markedby somethingthat isn't a letter. This is usuallyeithertheopening
bracketaroundthecommand'sargument,or aspace.Whenit' saspace,thatspaceis always
ignoredby LATEX. We shallseelaterthatthis cansometimesbea problem.
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3.3 Overall Structure

TherearesomeLATEX commandsthat must appearin every document. The actualtext of the
documentalwaysstartswith a\begin{document} commandandendswith an\end{document}
command(seelines 10 and39). Anything that comesafter the \end{document} commandis
ignored.Everythingthatcomesbeforethe\begin{document} commandis calledthepreamble.
Thepreambleshouldcontainonly LATEX commandsto describethedocument'sstyle.

Onecommandthatmustappearin thepreambleis the \documentclass command(seeline
9). This commandspeci�es the overall style for the document. Our example�le is a simple
technicaldocumentandusesthearticle style,modi�ed to print in eleven-pointfonts.Thereare
otherstylesthatyoucanuse,asyouwill discover in Section4.

3.4 Other Things to Look At

LATEX canprint bothopeningandclosingquotecharacters,andcanmanageeitherof theseeither
single or double. To do this, it usesthe two quotecharactersfrom your keyboard: ` (which
sometimesresemblesagraveaccentor back-quote)and' (apostrophe).Youtypethesecharacters
oncefor singlequote(seeline 21), andtwice for doublequotes(seeline 20). Thedoublequote
characteritself " is almostneverused.

LATEX can producethreedifferent kinds of dashes.A long dash,for useas a punctuation
symbol,asis typedasthreedashcharactersin a row, like this `--- ' (seeline 23). A shorterdash,
usedbetweennumbersasin `10–20',is typedastwo dashcharactersin arow, while asingledash
characteris usedasa hyphen.

From time to time, you will needto includeoneor moreof the LATEX specialsymbolsin
your text. Seven of themcanbe printedby makingtheminto commandsby proceedingthem
by backslash(seeline 36). The remainingthreesymbolscanbe producedby more advanced
commands,ascansymbolsthatdonotappearonyourkeyboardsuchas†, ‡, §, £, c

�

, � and 	 .
It is sometimesusefulto includecommentsin a LATEX �le, to remindyou of whatyou have

doneor why you did it. Everythingto theright of a %-signis ignoredby LATEX, andsoit canbe
usedto introduceacomment.

4 Document Classes and Options

Therearefour standarddocumentclassesavailablein LATEX:

article intendedfor shortdocumentsandarticlesfor publication.Articles do not have chap-
ters,andwhen\maketitle is usedto generatea title (seeSection9), the title appearsat
thetopof the�rst pageratherthanona pageof its own.

report intendedfor longertechnicaldocuments.It is similar to article , exceptthat it con-
tainschaptersandthetitle appearsona pageof its own.

book intendedasa basisfor bookpublication.Pagelayoutis adjustedassumingthattheoutput
will eventuallybeusedto print onbothsidesof thepaper.

letter intendedfor producingpersonalletters. This style will allow you to produceall the
elementsof a well laid out letter: addresses,date,signature,etc..

Thesestandardstylescanbemodi�ed by anumberof options. They appearin squarebrackets
afterthe\documentclass command.Only oneclasscanbeusedin adocumentbut youcanhave
morethanoneoption,in which casetheir namesshouldbeseparatedby commas.Thestandard
optionsare:

11pt prints thedocumentusingeleven-pointtype for the runningtext ratherthat the ten-point
typenormallyused.Eleven-pointtypeis abouttenpercentlargerthanten-point.
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12pt printsthedocumentusingtwelve-pointtypefor therunningtext ratherthantheten-point
typenormallyused.Twelve-pointtypeis abouttwentypercentlargerthanten-point.

twoside causesdocumentsin thearticleor reportstylesto be formattedfor printing on both
sidesof thepaper. This is thedefault for thebookstyle.

twocolumn producestwo columnsof text oneachpage.

titlepage causesthe \maketitle commandto generatea title on a separatepagefor docu-
mentsin thearticle style. A separatepageis alwaysusedin boththereport andbook
styles.

Thereis further option which is very useful in Europeancountries. The a4paper option
causestheoutputin all of thestandardstylesto beadjustedto �t correctlyon A4 paper. (LATEX
wasdesignedin Americawherethestandardpaperis shorterandslightly wider thanA4; without
this optionyouwill �nd thatyouroutputlooksa little strange.)

5 Envir onments

Wementionedearliertheideaof identifyingaquotationto LATEX sothatit couldarrangeto typeset
it correctly. To do this you enclosethequotationbetweenthecommands\begin{quotation}
and\end{quotation} . This is an exampleof a LATEX constructioncalledan environment. A
numberof specialeffectsareobtainedby puttingtext into particularenvironments.

5.1 Quotations

Therearetwo environmentsfor quotations:quote andquotation . quote is usedeitherfor a
shortquotationor for asequenceof shortquotationsseparatedby blanklines:

US presidentshavebeenknown for their pithy remarks:

Thebuck stopshere.
I amnota crook.

US presidents have been known for
their pithy remarks:
\begin{quote}
The buck stops here.

I am not a crook.
\end{quote}

Usethequotation environmentfor quotationsthatconsistof morethanoneparagraph.Para-
graphsin theinputareseparatedby blanklinesasusual:

Hereis someadviceto remember:

Environmentsfor makingquotationscanbe
usedfor otherthingsaswell.

Many problemscanbe solved by novel ap-
plicationsof existingenvironments.

Here is some advice to remember:
\begin{quotation}
Environments for making quotations
can be used for other things as well.

Many problems can be solved by
novel applications of existing
environments.
\end{quotation}

5.2 Centering and Flushing

Text canbecentredon thepageby putting it within thecenter environment,andit will appear
�ush againstthe left or right margins if it is placedwithin the flushleft or flushright en-
vironments.Noticethespellingof center —unfortunatelyLATEX doesn't understandtheBritish
Englishspelling.
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Text within theseenvironmentswill beformattedin thenormalway; in particular, theendsof
thelinesthatyou typeareregardedasspaces.To indicatea new line, you typethe\\ command.
For example:

onetwo three
four
� ve

\begin{center}
one
two
three \\
four \\
five
\end{center}

5.3 Lists

Therearethreeenvironmentsfor constructinglists. In eachone,eachnew item is begunwith an
\item command.In the itemize environment,thestartof eachitem is givena marker, while,
in the enumerate environment,eachitem is marked by a number. Theseenvironmentscanbe
nestedwithin eachother, in whichcasetheamountof indentationusedandthemarkerareadjusted
accordingly:

� Itemizedlistsarehandy.
� However, don't forget

1. The`item' command.

2. The`end' command.

\begin{itemize}
\item Itemized lists are handy.
\item However, don't forget

\begin{enumerate}
\item The `item' command.
\item The `end' command.
\end{enumerate}

\end{itemize}

Thethird list-makingenvironmentis description . In a description you specifytheitem
labelsinsidesquarebracketsafterthe\item command.For example:

Threeanimalsthatyoushouldknow aboutare:

gnat A smallanimalthatcausesnoendof trouble.

gnu A largeanimalthatcausesnoendof trouble.

armadillo A medium-sizedanimal.

Three animals that you should
know about are:
\begin{description}

\item[gnat] A small animal that causes
no end of trouble.

\item[gnu] A large animal that causes
no end of trouble.

\item[armadillo] A medium-sized animal.
\end{description}

5.4 Verbatim Output

Sometimesyou will wantto includetext exactlyasit appearsona terminalscreen.For example,
you might want to include part of a computerprogram. Not only do you want LATEX to stop
playingaroundwith thelayoutof your text, youalsowantto beableto typeall thecharacterson
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yourkeyboardwithoutconfusingLATEX. Theverbatim environmenthasthis effect:

Thesectionof programin questionis:

{ this finds %a & %b }

for i := 1 to 27 do
begin
table[i] := fn(i);
process(i)
end;

The section of program in
question is:
\begin{verbatim}
{ this finds %a & %b }

for i := 1 to 27 do
begin
table[i] := fn(i);
process(i)
end;

\end{verbatim}

6 Type Styles

We have alreadycomeacrossthe\emph commandfor changingthetypefaceto emphasis.Here
is a full list of theavailabletypefacechangingcommands:

Command or Effect

\textrm{...} {\rmfamily...} Text is setin romanfamily
\textsf{...} {\sffamily...} Text is setin sans serif family
\texttt{...} {\ttfamily...} Text is setin typewriter family

\textmd{...} {\mdseries...} Text is setin mediumseries
\textbf{...} {\bfseries...} Text is setin bold series

\textup{...} {\upshape...} Text is setin uprightshape
\textit{...} {\itshape...} Text is setin italic shape
\textsl{...} {\slshape...} Text is setin slantedshape
\textsc{...} {\scshape...} Text is setin SMALL CAPS shape

\emph{...} {\em...} Text is setemphasized

\textnormal{..} {\normalfont..} Text is setin thedocumentfont
Rememberthat thedeclarationversions(secondcolumn)areusedinsidea pair of bracesto

limit the amountof text that they affect. It is recommendedthat you usethe commands(�rst
column)with aparameterof thetext to typesetdifferently. In additionto thetypefacecommands,
thereareasetof commandsthatalterthesizeof thetype.Thesecommandsare:

tiny scriptsize footnotesize small normalsize large Large

LARGE hugeHuge
\tiny tiny
\scriptsize scriptsize
\footnotesize footnotesize
\small small
\normalsize normalsize
\large large
\Large Large
\LARGE LARGE
\huge huge
\Huge Huge
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7 Sectioning Commands and Tables of Contents

Technicaldocuments,like this one,areoftendivided into sections.Eachsectionhasa heading
containinga title anda numberfor easyreference.LATEX hasa seriesof commandsthat will
allow you to identify differentsortsof sections.Onceyou have donethis, LATEX takeson the
responsibilityof layingout thetitle andof providing thenumbers.

Thecommandsthatyoucanuseare:

\chapter \subsection \paragraph
\section \subsubsection \subparagraph

The namingof theselast two is ratherunfortunate,sincethey do not really have anything to
do with `paragraphs'in the normalsenseof the word: they arejust lower levels of section. In
mostdocumentstyles,headingsmadewith \paragraph and\subparagraph arenotnumbered.
\chapter is notavailablein documentstylearticle . Thecommandsshouldbeusedin theorder
given,sincesectionsarenumberedwithin chapters,subsectionswithin sections,etc..

A seventhsectioningcommand,\part , is alsoavailable. Its useis alwaysoptional,andit is
usedto dividea largedocumentinto seriesof parts.It doesnot alterthenumberingusedfor any
of theothercommands.

Including the command\tableofcontents in your documentwill causea contentslist to
be included,containinginformationcollectedfrom thevarioussectioningcommands.You will
noticethateachtime your documentis run throughLATEX the tableof contentsis alwaysmade
up of the headingsfrom the previoustime you ran LATEX on it. This is becauseLATEX collects
informationfor thetableasit processesthedocument,andthenincludesit thenext time it is run.
This cansometimesmeanthat the documenthasto be processedthroughLATEX twice to get a
correcttableof contents.

8 Producing Special Symbols

You can include in your LATEX documenta wide rangeof symbolsthat do not appearon your
keyboard.For a start,you canaddanaccentto any letter:

�o \`{o} õ \˜{o} �o \v{o}
o̧ \c{o} ó \'{o} Åo \={o}
�o \H{o} o. \d{o} ô \ˆ{o}
�o \.{o} 
oo \t{oo} o

Å
\b{o}

ö \"{o} �o \u{o}

Severalothersymbolsareavailableandaregeneratedusingthefollowing commands:

† \dag § \S c
�

\copyright
‡ \ddag ¶ \P £ \pounds
œ \oe Œ \OE æ \AE
á \AE 	a \aa 	A \AA
ø \o Ø \O � \l
� \E ß \ss ¿ ?`
¡ !` . . . \ldots LATEX \LaTeX

Thereis alsoa \today commandthat prints the currentdate. Whenyou usethesecommands
rememberthatLATEX will ignoreany spacesthatfollow them,sothatyoucantype`\pounds 20'
to get`£20'. However, if you type`\LaTeX is wonderful ' you will get`LATEXis wonderful'—
notice the lack of spaceafter LATEX. To overcomethis problemyou can follow any of these
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commandsby a pair of emptybracesandthenany spacesthatyou wish to include,andyou will
seethat\LaTeX{} really is wonderful! (LATEX really is wonderful!).

Finally, LATEX `math' mode,normallyusedto layoutmathematicalformulae,givesaccessto
anevenlargerrangeof symbols,includingtheupperandlowercasegreekmathematicalalphabet,
calligraphicletters,mathematicaloperatorsandrelations,arrowsandawholelot more.Thiswill
bediscussedin Section13.

9 Titles

Most documentshave a title. To title a LATEX document,you includethefollowing commandsin
yourdocument,usuallyjust after\begin{document} .

\title{required title}
\author{required author}
\date{required date}
\maketitle

If thereareseveralauthors,thentheir namesshouldbeseparatedby \and in the \author com-
mand;they canalsobeseparatedby \\ if you want themto becentredon differentlines. If the
\date commandis left out, thenthecurrentdatewill beprinted.

\title{Essential \LaTeX}
\author{Jon Warbrick \and A N Other}
\date{14th February 1988}
\maketitle

EssentialLATEX

JWarbrick A N Other

14thFebruary1988
Theexactappearanceof thetitle variesdependingon thedocumentstyle. In thereport and

book styles,the title appearson a pageof its own. In thearticle style, it normallyappearsat
thetopof the�rst page;usetheclassoptiontitlepage to alterthis (seeSection4).

10 Tabular Material

BecauseLATEX will almostalways convert a sequenceof spacesinto a single space,it can be
ratherdif�cult to lay out tables.Seewhathappensin thisexample

IncomeExpenditureResult
20s0d19s11dhappiness
20s0d20s1dmisery

\begin{flushleft}
Income Expenditure Result \\
20s 0d 19s 11d happiness \\
20s 0d 20s 1d misery
\end{flushleft}

The tabbing environmentovercomesthis problem. Within it, you set tab-stopsandtab to
themmuchasyou would doon a typewriter. Tab-stopsaresetwith the\= command,andthe\>
commandmovesto thenext stop.The\\ commandis usedto separateeachline. A line thatends
in \kill producesnooutput,andcanbeusedto settab-stops:

IncomeExpenditureResult
20s0d 19s11d Happiness
20s0d 20s1d Misery

\begin{tabbing}
Income \=Expenditure \= \kill
Income \>Expenditure \>Result \\
20s 0d \>19s 11d \>Happiness \\
20s 0d \>20s 1d \>Misery
\end{tabbing}
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Unlikeatypewriter'stabkey, the\> commandalwaysmovesto thenext tab-stopin sequence,
even if this meansmoving to the left. This cancausetext to be overwrittenif thegapbetween
two tab-stopsis toosmall.

If you have moresophisticatedtabular work, you will needthe tabular environment.This
differsfrom tabbing in thatyouneednotworry aboutwidthsof columns—LATEX will look at the
whole tableandseehow wide columnsneedto beto copewith thewidestentriesin them. You
must,however, tell LATEX how many columnsthereareandhow you wish to lay themout. You
do thisby supplyinga templateafter\begin{tabular} with a letterfor eachcolumn:

l meansthecolumnwill beleft justi�ed
r meansthecolumnwill beright justi�ed
c meansthecolumnwill becentred

Itemswithin a row areseparatedby the& character(now you know why it is treatedspecially),
andtherow is ended,asbefore,with \\ . A simpletablewith threecolumnsandtwo rows looks
like:

Name Age Height
Sebastian 45 195cm
Mathew 1 68cm

\begin{tabular}{lrr}
\em Name & \em Age &\em Height \\
Sebastian & 45 & 195cm \\
Mathew & 1 & 68cm
\end{tabular}

Variousotherbellsandwhistlescanbeusedto make thelayoutnicer:

1. Youcanput \hline betweenrows to draw a line acrossthetable.

2. Typea | in thetemplatewhereyouwanta verticalbardown every row of thetable.

3. You canspecifythata columnis of a �x edwidth with text �o wing within it by usingthe
symbolp in thetemplate,followedby a width between{ and} . Thewidth canbegivenin
any of `cm', `mm' or `in' (but not `inches'!).

Thus,amoresophisticatedtablemight look like this:

Group Type Sherds
Groups1–9 Grey wares 218
Groups40–44 Black (mostly

`black bur-
nished')wares

116

Groups61–67 Buff-red-orange
wares

46

Groups81–85 Colour-coated
�ne wares

67

Groups91–2,93–4 Mortariaandmis-
cellaneous

35

Group96 Samian 56
538

\begin{tabular}{|l|p{1in}|r|} \hline
\em Group &\em Type &Sherds \\\hline
Groups 1--9 &Grey wares&218\\
Groups 40--44 &Black (mostly
`black burnished') wares&116\\
Groups 61--67 &Buff-red-orange
wares & 46 \\
Groups 81--85 &Colour-coated
fine wares & 67 \\
Groups 91--2, 93--4&Mortaria
and miscellaneous & 35 \\
Group 96 &Samian & 56 \\\hline

&&538 \\\hline
\end{tabular}

Notethatline-endingsin whatyou typearenot important;rowsendonly whena \\ is found.

11 Tables and Figures

Whenyou lay out sometext andnumbersin a table,it is almostalwaysintendedthat thewhole
unit staystogether, not breakingover a page.Whatdo you do whenyou areat thebottomof a
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pagewith not enoughspaceleft? Similarly, whatdo you do whenyou want to leave spacefor a
photographto bepastedin? Whenyouaretypingthetext, youdonotknow whereLATEX will start
a new page,so it is oftenvery dif�cult to leave spacejust whereyou want. LATEX solvesthis by
a systemof `�oats', objectsthatwill beplacedin a nicepositionon thepage,but notnecessarily
exactlywhereyou put it in your �le. They will oftenbeplacedat thebottomof thecurrentpage,
or at thetopof thenext, or onapageby themselves,if they needthatmuchspace.LATEX letsyou
specifytwo sortsof �oat, namelytablesand�gur es; in eachof themyou canspecifya caption.
The following shows how you would setup spacefor a �gure in which you wantedto leave 3
inchesof space,followedby a caption:

\begin{figure}
\vspace{3in}
\caption{A Photograph of my Subject}
\end{figure}

Figuresand tablesareautomaticallynumbered,like sections;just as \tableofcontents lists
your sections,subsections,etc.with their pagenumbers,\listoffigures and\listoftables
will list the�gures andtableswith their captions.

12 Cross-Ref erences and Citations

Oneof themostusefulthingsLATEX candofor youis to to automaticallygenerateasection,page,
�gure, table,or equationnumberin a cross-reference.For example,to refer to Section4 of this
report(ondocumentstyles)andFigure2 (theoutputof processingsample.tex ) in thissentence,
thecommandsusedwere:

to refer to Section˜\ref{sec:st yle s} of this report (on document
styles) and Figure˜\ref{fig:res ult } (the output of processing

You will seethatthe\ref commandinsertedthecross-referencesnumberinto theprinteddocu-
ment.The˜ simply insertsaspacewhile prohibitingLATEX from breakinga line.

Of course,to referto a cross-reference,theremustbeanindicationin theLATEX input �le of
thepointbeingreferredto. This is donevia the\label command.Thelabelfor asectionis most
convenientlydoneimmediatelyafterthesectionheading,asin:

\section{Document Classes and Options}
\label{sec:styles}

andthatfor a �gure or tablein or immediatelyfollowing the\caption command:

\caption{The Result of Processing the Sample File}
\label{fig:result}

Any text may be usedin \label and\ref commands,thoughthe conventionimpled above is
a goodoneto follow. Pagereferencesuse\label in the sameway, but are referredto using
\pageref insteadof \ref .

In muchthesameway thatyou canreferto otherpartsof your documentfrom theLATEX �le
symbolically, youmayciteotherdocuments.To dothis,youincludethe\cite commandin your
text, asin

The book by Lamport \cite{Lamport-LaTeX} is the principal
reference work on \LaTeX.

The argumentto the \cite command,known asthecitation key, is usedto uniquelyidentify a
paper, book,or otherdocumentthathasbeendescribedin a bibliographicdatabase.

Having citedotherwork from yourdocument,youcangeneratea list of referencesby includ-
ing thecommands
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\bibliographystyle{p la in}
\bibliography{mybib1 ,mybi b2}

whereyou want the list to appear. The \bibliographystyle commandtells LATEX how you
wantthecitationsto appear, thestandardonesbeing:

plain Citationsaresortedalphabeticallyin the list, with eachentrybeingassigneda number;
entriesin thetext areindicatedin squarebrackets.

unsrt Citationsareorderedin the referencelist in the orderof their �rst appearanceandas-
signeda number;entriesin thetext areindicatedin squarebrackets.

alpha Citationsaresortedalphabeticallyin the list but have labelslike “Lam86” insteadof a
number;thesamelabelappearsin thetext in squarebrackets.

abbrev Citationsaresimilar to alpha but aremorecompact(e.g.,by abbreviating monthand
journalnames).

Theargumentof the\bibliography commandis acomma-separatedlist of �lenames,which
shouldendin .bib (i.e.,mybib1.bib andmybib2.bib in theexampleabove).These�les contain
theexpandedreferencesreferredto by the\cite commands.A full descriptionof theformatof
these.bib �les andhow thecitationsareconvertedto a LATEX-compatibleform arebeyondthe
scopeof this (introductory)guide;detailsaregivenin AppendixB of Lamport'sbook.

13 Mathematical Typesetting

13.1 Math, Display-math and Equation

Mathematicsis treatedby TEX completelydifferently from ordinarytext. Therearetwo special
modesfor mathematics,known asmathmodeanddisplaymathmode.

Mathmodecommandsaresurroundedby \( . . . \) or by $. . . $.

Somemathematicssetinline 2 � 3 � 6. Note that spacesin
theinput �le areignoredin mathmode.

Some mathematics set inline
\( 2\times 3 = 6 \).
Note that spaces in the input file
are ignored in math mode.

Displaymathmodecommandsaresurroundedby \[ . . . \] .

A largerequationto bedisplayedona line by itself.

f 
 x���

¥

å
i � 0

f �

i �


 x�

i!

A larger equation to be displayed on a line by itself.
\[ f(x) = \sum_{i=0}ˆ{\infty}\frac{fˆ{(i)}(x)}{i!} \]

Thereis a variantof displaymathmode,theequation environment,whichautomaticallygener-
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atesanequationnumber.

�

1 2
0 1 �

�

2 0
1 3 �

�

�

4 6
1 3 �

(1)
\begin{equation}
\left(\begin{array}{cc}
1 & 2 \\0 & 1
\end{array}\right)
\left(\begin{array}{cc}
2 & 0\\1 & 3
\end{array}\right)
=
\left(\begin{array}{cc}
4 & 6 \\1 & 3
\end{array}\right)
\end{equation}

Theseshort examplesshow the main typesof commandsavailable in mathmode. A few
thingsto noteare:

1. Subscriptsandsuperscriptsareproducedwith _ andˆ , asin x_{1} = pˆ{2} for x1 � p2.

2. Fractionsareproducedby the\frac command:\(\frac{a + b}{c}\) gives a� b
c .

3. Variouscommandsgivenamesto mathematicalsymbols:
\infty \Rightarrow \surd \bigotimes generate¥ �����

4. Arraysareproducedby thearray environment.This is identicalto thetabular environ-
mentdescribedin Section10 exceptthat the entriesaretypesetin mathmodeinsteadof
LR mode.Notethat thearray environmentdoesnot put bracketsarroundthearray, so it
canalsobeusedfor settingdeterminants—orevensetsof equationsin whichyouwantthe
columnsto line up.

5. Thecommands\left and\right producedelimitersthatgrow aslargeasneeded.They
canbeusedwith a varietyof symbols,e.g.,\left( \left\{ \left| . Thefull setof these
delimitersis shown in tables5 and4 below.

13.2 Spacing

All spacesin the input �le are ignoredin mathmode. Sometimesyou may want to adjustthe
spacing;useoneof thefollowing commandsto achievethis.

\, thin space \: mediumspace
\! negativethin space \; thick space

A goodexampleof whereLATEX needssomehelpwith spacingis

���

zdxdy���

���

zdxdy \(\int\!\!\int z\, dx dy .. \int\int z dx dy\)

13.3 Changing Fonts in Math Mode

Thedefaultmathmodefont is math italic. This shouldnot beconfusedwith ordinarytext italic.
The font for `ordinary' letterscanbechangedwith theusualcommands,\emph , \textbf , etc..
Note that lower caseGreekletters(\alpha , etc.)areregardedasmathematicalsymbols(which
meansthatthey mustbetypedin mathmode)andarenotaffectedby thesecommands.
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\mathbf producesbold faceromanletters.If youwishto havebold f acemath italic letters,
andboldfaceGreeklettersandmathematicalsymbols,usethe\boldmath commandbeforegoing
into mathmode.Thischangesthedefaultmathfontsto bold.

x � 2p � x � 6 � 28x � 2p � x � 6 � 28x � 2p � x � 6 � 28 \( x = 2\pi \Rightarrow x \simeq 6.28 \)
\(\mathbf{x} = 2\pi \Rightarrow x \simeq 6.28 \)
{\boldmath \(x = \mathbf{2}\pi \Rightarrow x

\simeq{\mathbf{6.28}} \)}

Thereis alsoacalligraphicfont for uppercaseletters;theseareproducedby the\mathcal com-
mand:

F \( \mathcal{F} \)

14 What about $'s?

If you have convertedto LATEX from plain or AMS-TEX, you will probablybe wonderingwhy
therehasbeennomentionof $ and$$.

In thesesystemsmathmodeis surroundedby $'sanddisplaymathmodeis surroundedby $$.
ThishascertaindrawbacksovertheLATEX systemasit is dif�cult for your text editorto match$'s
asit is hardto tell whichonesarestartingmathmodeandwhich areendingit. TEX will alsoget
confusedif youmissa $ out.

The(incorrect)input

let (a,b,c)$ be a Pythagorean triple, i.e.\ three
integers such that $aˆ{2}+bˆ{2}=cˆ{2} $.

producestheslightly mysteriouserrormessage

! Missing $ inserted.
<inserted text>

$
<to be read again>

ˆ
l.56 ...triple, i.e.\ three integers such that $aˆ

{2}+bˆ{2}=cˆ{2}$
?

Notethat it reportsthewrongerrorandin thewrongplace,theuseof theˆ commandout of
mathmode. TEX hastypeset̀ be a . . . suchthat' in mathmodeandexited mathmodeat the $
after`suchthat'. If you hadmadetheequivalentLATEX error, LATEX hasa betterideaof whatyou
indended:

let (a,b,c)\) be a Pythagorean triple, i.e.\ three
integers such that \(aˆ{2}+bˆ{2}=cˆ{2 }\)

The error messagemay still be unintelligable,but at leastit reportsthe error in the right place,
you have used\) to endmathmodewhenyou werenot in mathmode(asyou omittedthe \(
whichshouldhavebeenbeforethe(a,b,c) ).

LaTeX error. See LaTeX manual for explanation.
Type H <return> for immediate help.

! Bad math environment delimiter.
\@latexerr ...for immediate help.}\errmessage {#1}
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\)...ifinner $\else \@badmath \fi \else \@badmath
\fi

l.56 let (a,b,c)\)
be a Pythagorean triple, i.e.\ three integers such that \...

?

Thesingledollar is sometimesusefulfor smallsectionsof math.

Let G bea p-group Let $G$ be a $p$-group

Thedoubledollar is not alwaysequivalentto \[ ... \] , andsoshouldnot be usedif you
wantyourLATEX �le to becompatiblewith differentstylesandoptions(try the�eqn classoption).

14.1 Symbols

Thefollowing tablesshow mostof thesymbolsavailablefrom thestandardLATEX symbolfonts.
Negationsof therelationalsymbolscanbemadewith the\not command:

G  

! H $G \not\equiv H$

In theappendixwehavebroughttogetherasetof tablesregroupingall standardLATEX symbols
(tables1 to 11. Tables13 to 12 show supplementaryAMS-TEX symbols,which areavailable
whenyouspecifytheamssymb package.

15 Letter s

Producinglettersis simplewith LATEX. To do this you usethedocumentstyle letter . You can
makeany numberof letterswith asingleinput �le. Yournameandaddress,whicharelikely to be
thesamefor all letters,aregivenonceat thetop of the�le. Eachletter is producedby a letter
environment,having thenameandaddressof therecipientasits argument.Theletteritself begins
with an\opening commandto generatethesalutation.

The letter endswith a \closing command.You canusethe commands\encl and\cc to
generatelistsof enclosuresandpeopleto whomyouaresendingcopies.Any text thatfollowsthe
\closing mustbeproceededby a \ps command.This commandproducesno text—you'll have
to type“P.S.” yourself—but is neededto formattheadditionaltext correctly.

An examplewill make this clearer:
\documentstyle{letter}
\begin{document}

\address{1234 Avenue of the Armadillos \\
Gnu York, G.Y. 56789}

\signature{R. (Ma) Dillo \\ Director of Cuisine}

\begin{letter}{G. Natheniel Picking \\
Acme Exterminators \\
Illinois}

\opening{Dear Nat,}

I'm afraid that the armadillo problem is still with us.
I did everything ...

... and I hope that you can get rid of the nasty
beasts this time.
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\closing{Best Regards,}
\cc{Jimmy Carter\\Richard M. Nixon}
\end{letter}

\end{document}

16 Errors

Whenyou createa new input �le for LATEX, you will probablymake mistakes.Everybodydoes,
andit' s nothingto be worried about. As with mostcomputerprograms,therearetwo sortsof
mistake that you canmake: thosethat LATEX noticesandthosethat it doesn't. To take a rather
silly example,sinceLATEX doesn't understandwhat you aretyping, it isn't going to be worried
if you mis-spellsomeof thewordsin your text; you will just have to accuratelyproof-readyour
printedoutput.Ontheotherhand,if youmis-spelloneof theenvironmentnamesin your�le then
LATEX won't know whatyouwantit to do.

Whenthis sortof thing happens,LATEX printsanerrormessageon your terminalscreenand
thenstopsandwaits for you to take someaction.Theerrormessagesthat it producesmayseem
user-unfriendlyandnot a little frighteningat �rst. Nevertheless,if you know whereto look they
will probablytell youwheretheerroris andwhatwentwrong.

Considerwhatwouldhappenif youmistyped\begin{itemize} as\begin{itemie} . When
LATEX processesthis instruction,it displaysthefollowing onyour terminal:

LaTeX error. See LaTeX manual for explanation.
Type H <return> for immediate help.

! Environment itemie undefined.
\@latexerr ...for immediate help.}\errmessage {#1}

\endgroup
l.140 \begin{itemie}

?

After typing the`?' LATEX stopsandwaitsfor you to tell it whatto do.
The �rst two lines of the messagejust tell you that the error wasdetectedby LATEX. The

third line, theonethat starts`!' is theerror indicator. It tells you what theproblemis, though
until you have hadsomeexperienceof LATEX this may not meana lot to you. In this caseit is
just telling you that it doesn't recognisean environmentcalleditemie . Thenext two lines tell
you whatLATEX wasdoingwhenit foundtheerror; they areirrelevantat themomentandcanbe
ignored.The�nal line is calledtheerror locator, andis acopy of theline in your �le thatcaused
the problem. It startswith a line numberto help you to �nd it in your �le. If the error wasin
themiddleof a line, it will beshown brokenat thepoint whereLATEX realizedthat therewasan
error. As with all computerprograms,LATEX cansometimespassthepoint wherethe realerror
wasbeforediscoveringthatsomethingis wrong,but it doesn't usuallygetvery far.

At thispoint youcoulddoseveralthings.If youknew enoughaboutLATEX youmightbeable
to �x theproblem,or youcouldtype`X' andpressthereturnkey to stopLATEX runningwhile you
go andcorrecttheerror. Thebestthing to do, however, is just to pressthereturnkey. This will
allow LATEX to goonrunningasif nothinghadhappened.If youhavemadeonemistake,thenyou
have probablymadeseveralandyou mayaswell try to �nd themall in onego. It' s muchmore
ef�cient to do it this way thanto run LATEX overandoveragain�xing oneerrorat a time. Don't
worry aboutrememberingwhattheerrorswere—acopy of all theerrormessagesis beingsaved
in alog �le sothatyoucanlook at themafterwards.Seeyour local guideto �nd outwhatthis �le
is called.

If you look at the line that causedtheerror, it' s normallyobviouswhat theproblemwas. If
you can't work out whatyour problemis, look at thehintsbelow and,if they don't help,consult
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Chapter6 of Lamport's book: it containsa list of all of theerrormessagesthatyou arelikely to
encounter, togetherwith somesuggestionsasto whatmayhavecausedthem.

Someof themostcommonmistakesthatcauseerrorsare:
� A mis-speltcommandor environmentname.
� Improperlymatched̀ { ' and`} '—rememberthatthey shouldalwayscomein pairs.
� Trying to useoneof the tenspecialcharacters# $ % & _ { } ˜ ˆ and\ asanordinary

printingsymbol.
� A missing\end command.
� A missingcommandargument(that's thebit enclosedin ' { ' and`} ').

A singleerrorcangetLATEX soconfusedthat it reportsa seriesof spuriouserrorsasa result. If
youhaveanerrorthatyouunderstand,followedby aseriesthatyoudon't, thentry correctingthe
�rst error—therestmayvanishasif by magic.

SometimesLATEX maywrite a * andstopwithout anerrormessage.This is normallycaused
by a missing\end{document} command,thoughothererrorscancauseit. If this happenstype
\stop andpressthereturnkey.

Finally, LATEX will sometimesprint warningmessages.They reportproblemsthatwerenot
badenoughto causeLATEX to stopprocessing,but neverthelessmay requireinvestigation.The
mostcommonproblemsare`overfull' and`underfull' linesof text. A messagelike:

Overfull \hbox (10.58649pt too wide) in paragraph at lines 172--175
[]\tenrm Mathematical for-mu-las may be dis-played. A dis-played

indicatesthatLATEX couldnot �nd agoodplaceto breaka line whenlayingoutaparagraph.As a
result,it wasforcedto let theline stickout into theright-handmargin, in thiscaseby 10.6points.
Sincea point is 1 " 72� 27inches,this mayberatherhardto see,but it will betherenonetheless.

This particularproblemhappensbecauseLATEX is ratherfussy about line breaking,and it
would rathergeneratea line that is too long thangeneratea paragraphthatdoesn't meetits high
standards.The simplestway aroundthe problemis to enclosethe entireoffendingparagraph
between\begin{sloppypar} and\end{sloppypar} commands.This tells LATEX thatyou are
happy for it to breakits own ruleswhile it is working on thatparticularbit of text.

Alternatively, messagesabout“Underfull \hbox es” may appear. Theseare lines that had
to have morespaceinsertedbetweenwordsthanLATEX would have liked. In generalthereis not
muchthatyoucandoaboutthese.Youroutputwill look �ne, evenif theline looksabit stretched.
About theonly thingyou coulddo is to re-writetheoffendingparagraph!

17 A Final Reminder

Younow know enoughLATEX to produceawide rangeof documents.But thisdocumenthasonly
scratchedthesurfaceof the thingsthatLATEX cando. This entiredocumentwasitself produced
with LATEX (with no stickingthingsin or clever useof a photocopier)andevenit hasn't usedall
the featuresthat it could. From this you mayget somefeeling for thepower thatLATEX putsat
yourdisposal.

Pleaserememberwhatwassaidin the introduction: if you do have a complex documentto
producethengoandreadLamport'sbook. Youwill bewastingyourtimeif yourely only onwhat
you have readhere.Onceyou have usedLATEX for sometime, you might want to know how to
usethemany style�le extensions,which have beendevelopedto aid LATEX usersto typesettheir
documents.This andmuchelse(like how to useMakeIndex, for generatingindices,or BIBTEX,
for managingyour bibliographies)is coveredin TheLATEX Companion[3]. Finally the�nal word
aboutTEX is Knuth'sTEX book[2].

And oneotherwarning: having dabbledwith LATEX your documentswill never be thesame
again.. .
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A Mathematical symbols

a \alpha b \beta g \gamma d \delta
e \epsilon e \varepsilon z \zeta h \eta
q \theta J \vartheta i \iota k \kappa
l \lambda µ \mu n \nu x \xi
o o p \pi v \varpi r \rho
r \varrho s \sigma V \varsigma t \tau
u \upsilon f \phi j \varphi c \chi
y \psi w \omega

G \Gamma D \Delta Q \Theta L \Lambda
X \Xi P \Pi S \Sigma ¡ \Upsilon
F \Phi Y \Psi W \Omega

Table1: Greekletters

#

\pm $ \cap % \diamond & \oplus
' \mp ( \cup ) \bigtriangleup * \ominus

� \times + \uplus , \bigtriangledown - \otimes
. \div / \sqcap 0 \triangleleft 1 \oslash
2 \ast 3 \sqcup 4 \triangleright 5 \odot

6 \star 7 \vee 8 \lhd a �

\bigcirc
9 \circ : \wedge ; \rhd a † \dagger
� \bullet < \setminus = \unlhd a ‡ \ddagger

> \cdot ? \wr @ \unrhd a \amalg
a Not prede�nedin LATEX 2e. Usethepackageslatexsym or amssymb

Table2: Binaryoperationsymbols

A

\leq B \geq ! \equiv C � \models D \prec
E \succ F \sim G \perp H \preceq I \succeq

� \simeq C \mid J \ll K \gg L \asymp
M

\parallel N \subset O \supset P \approx 4Q0 \bowtie
R

\subseteq S \supseteq F

�

\cong T \Join U \sqsubset
V \sqsupset  � \neq W \smile X \sqsubseteq Y \sqsupseteq

�

� \doteq Z \frown [ \in \ \ni µ \propto
� = ] \vdash ^ \dashv _ < ` >

Table3: Relationsymbols
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a b

\rmoustache c

d \lmoustache
a

d \rgroup c

b

\lgroup
e

e \arrowvert f

f

\Arrowvert g

g

g

g

\bracevert

Table4: Largedelimiters

h

\uparrow i \Uparrow j \downarrow k \Downarrow
�

\{
�

\} l \updownarrow m \Updownarrow
n

\lfloor o \rfloor p \lceil q \rceil
r

\langle s \rangle " / < \backslash
C |

M

\|

Table5: Delimiters

t \leftarrow tvu \longleftarrow
h

\uparrow
w \Leftarrow w

� \Longleftarrow i \Uparrow
x \rightarrow uyx \longrightarrow j \downarrow
� \Rightarrow �z� \Longrightarrow k \Downarrow
{ \leftrightarrow t|x \longleftrightarrow l \updownarrow

} \Leftrightarrow w

� \Longleftrightarrow m \Updownarrow
~

x \mapsto ~

uyx \longmapsto • \nearrow
t•€ \hookleftarrow ‚

x \hookrightarrow ƒ \searrow
„ \leftharpoonup … \rightharpoonup † \swarrow
‡ \leftharpoondown ˆ \rightharpoondown ‰ \nwarrow

Table6: Arrow symbols

�Š�‹� \ldots >Š>‹> \cdots
... \vdots

... \ddots À \aleph
Œ \prime • \forall ¥ \infty Ž \hbar /0 \emptyset

•

\exists Ñ \nabla � \surd • \Box a
) \triangle

‘

\Diamond a � \imath \jmath ’ \ell “ \neg
”

\top • \flat – \natural � \sharp Ã \wp
G \bot 	 \clubsuit — \diamondsuit ˜ \heartsuit ™ \spadesuit

š

\mho a Â \Re Á \Im › \angle ¶ \partial
a Not prede�nedin LATEX 2e. Usethepackageslatexsym or amssymb

Table7: Miscellaneoussymbols
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\arccos \cos \csc \exp \ker \limsup \min \sinh
\arcsin \cosh \deg \gcd \lg \ln \Pr \sup
\arctan \cot \det \hom \lim \log \sec \tan
\arg \coth \dim \inf \liminf \max \sin \tanh

Table8: Log-likesymbols

â \hat{a} á \acute{a} Åa \bar{a} �a \dot{a} �a \breve{a}
�a \check{a} �a \grave{a} œa \vec{a} ä \ddot{a} ã \tilde{a}

Table9: Mathmodeaccents

å \sum Õ \prod \coprod
�

\int • \oint
ž

\bigcap Ÿ \bigcup   \bigsqcup ¡ \bigvee ¢ \bigwedge
£

\bigodot � \bigotimes ¤ \bigoplus ¥ \biguplus

Table10: Variable-sizedsymbols

¦

abc \widetilde{abc} §abc \widehat{abc}
t¨u

abc \overleftarrow{abc}
u©x

abc \overrightarrow{abc }
abc \overline{abc} abc \underline{abc}

ª¬«®­¬¯

abc \overbrace{abc} abc
­¬¯°ª±«

\underbrace{abc}

� abc \sqrt{abc} n
� abc \sqrt[n]{abc}

f ² f' abc
xyz \frac{abc}{xyz}

Table11: LATEX mathconstructs

Ž \hbar ³ \hslash ´ \vartriangle
µ

\triangledown ¶ \square · \lozenge
¸

\circledS › \angle ¹ \measuredangle
º

\nexists
š

\mho » \Finv a
¼

\Gamea ½ \Bbbk a ¾ \backprime
¿

\varnothing À \blacktriangle Á \blacktriangledown
Â

\blacksquare Ã \blacklozenge Ä \bigstar
Å \sphericalangle Æ \complement Ç \eth

È

\diagup a É \diagdown a

a Not de�ned in styleamssymb, de�ne usingtheLATEX 2e \DeclareMathSymbol command

Table12: AMS miscellaneoussymbols
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Ê

\digamma Ë \varkappa Ì \beth Í \daleth Î \gimel

Table13: AMS GreekandHebrew

Ï

\ulcorner Ð \urcorner Ñ \llcorner Ò \lrcorner

Table14: AMS delimiters

Ó°Ó¬Ô \dashrightarrow Õ

ÓÖÓ \dashleftarrow × \leftleftarrows
Ø

\leftrightarrows Ù \Lleftarrow Ú \twoheadleftarrow
Û \leftarrowtail Ü \looparrowleft Ý \leftrightharpoons

Þ \curvearrowleft ß \circlearrowleft à \Lsh
á

\upuparrows â \upharpoonleft ã \downharpoonleft
ä \multimap å \leftrightsquigarrow æ \rightrightarrows
ç

\rightleftarrows æ \rightrightarrows
ç

\rightleftarrows
è \twoheadrightarrow é \rightarrowtail ê \looparrowright
ë \rightleftharpoons ì \curvearrowright í \circlearrowright
î

\Rsh ï \downdownarrows ð \upharpoonright
ñ

\downharpoonright ò \rightsquigarrow

Table15: AMS arrows

ó \nleftarrow ô \nrightarrow õ \nLeftarrow
ö \nRightarrow ÷ \nleftrightarrow ø \nLeftrightarrow

Table16: AMS negatedarrows

ù

\dotplus ú \smallsetminus û \Cap
ü

\Cup ý \barwedge þ \veebar
ÿ

\doublebarwedge � \boxminus � \boxtimes
�

\boxdot � \boxplus � \divideontimes
� \ltimes � \rtimes � \leftthreetimes

�

\rightthreetimes 	 \curlywedge 
 \curlyvee
�

\circleddash � \circledast 
 \circledcirc
� \centerdot � \intercal

Table17: AMS binaryoperators
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�

\leqq � \leqslant � \eqslantless
�

\lesssim � \lessapprox � \approxeq
� \lessdot � \lll � \lessgtr
�

\lesseqgtr � \lesseqqgtr � \doteqdot
�

\risingdotseq � \fallingdotseq � \backsim
� \backsimeq  \subseteqq ! \Subset

U \sqsubset " \preccurlyeq # \curlyeqprec
$

\precsim % \precapprox & \vartriangleleft
'

\trianglelefteq ( \vDash ) \Vvdash
* \smallsmile + \smallfrown , \bumpeq
- \Bumpeq . \geqq / \geqslant

0

\eqslantgtr 1 \gtrsim 2 \gtrapprox
3 \gtrdot 4 \ggg 5 \gtrless
6

\gtreqless 7 \gtreqqless 8 \eqcirc
9

\circeq : \triangleq ; \thicksim
< \thickapprox = \supseteqq > \Supset
V \sqsupset ? \succcurlyeq @ \curlyeqsucc
A

\succsim B \succapprox C \vartriangleright
D

\trianglerighteq E \Vdash F \shortmid
G \shortparallel H \between I \pitchfork

J \varpropto K \blacktriangleleft L \therefore
M \backepsilon N \blacktriangleright O \because

Table18: AMS binaryrelations

P

\nless Q \nleq R \nleqslant
S

\nleqq T \lneq U \lneqq
V

\lvertneqq W \lnsim X \lnapprox
Y

\nprec Z \npreceq [ \precnsim
\

\precnapprox ] \nsim ^ \nshortmid
_

\nmid ` \nvdash a \nvDash
b

\ntriangleleft c \ntrianglelefteq d \nsubseteq
e

\subsetneq f \varsubsetneq g \subsetneqq
h

\varsubsetneqq i \ngtr j \ngeq
k

\ngeqslant l \ngeqq m \gneq
n

\gneqq o \gvertneqq p \gnsim
q

\gnapprox r \nsucc s \nsucceq
t

\succnsim u \succnapprox v \ncong
w \nshortparallel x \nparallel a \nvDash

y

\nVDash z \ntriangleright { \ntrianglerighteq
|

\nsupseteq } \nsupseteqq ~ \supsetneq
•

\varsupsetneq € \supsetneqq • \varsupsetneqq

Table19: AMS negatedbinaryrelations
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B Horrib le Mathematical Examples to Stud y

f 
 t � �

1
� 2p

‚ t

0
eƒ

x2 „ 2dx (2)
\begin{equation}

\phi(t)=\frac{1}{\sqrt{2\pi}}
\intˆt_0 eˆ{-xˆ2/2} dx

\end{equation}

Õ
j … 0

†

å
k … 0

a jkzk ‡

� å
k … 0

zn ‰̂Š å
k0 ‹

k1 ‹ Œ Œ Œ •

0
k0 Ž

k1 Ž•Œ Œ Œ •

n

a0k0a1k1
�Š�‹� ‘“’

”

(3)

\begin{equation}
\prod_{j\geq 0}
\left(\sum_{k\geq 0}a_{jk} zˆk\right)

= \sum_{k\geq 0} zˆn
\left( \sum_{{k_0,k_1,\ldots\geq 0}

\atop{k_0+k_1+\ldots=n} }
a{_0k_0}a_{1k_1}\ldots \right)

\end{equation}

p 
 n�z�

n

å
m� 2 •

•

•–

†

m
ƒ

1

å
k� 1

n


 m" k� "zp m" kq o

‡

ƒ

1 —

—

—
˜ (4)

\begin{equation}
\pi(n) = \sum_{m=2}ˆ{n}

\left\lfloor \left(\sum_{k=1}ˆ{m-1}
\lfloor(m/k)/\lceil m/k\rceil
\rfloor \right)ˆ{-1}

\right\rfloor
\end{equation}

�

k a™ s
ª «®­ ¯

a š

�‹�Š�

š a š

l b™ s
ª «°­ ¯

b š

�‹�Š�

š b
­ ¯°ª «

k� 1 elements

�

(5)

\begin{equation}
\{\underbrace{%

\overbrace{\mathstrut a,\ldots,a}ˆ{k\ a's},
\overbrace{\mathstrut b,\ldots,b}ˆ{l\ b's}}

_{k+1\ \mathrm{elements}} \}
\end{equation}

W �

•

µ�œ› nµ
x p �•› p0

x k �
› p0

ƒ e�œ› ne

\begin{displaymath}
\mbox{W}ˆ+\
\begin{array}{l}
\nearrow\raise5pt\hbox{$\muˆ+ + \nu_{\mu}$}\\
\rightarrow \piˆ+ +\piˆ0 \\[5pt]
\rightarrow \kappaˆ+ +\piˆ0 \\
\searrow\lower5pt\hbox{$\mathrm{e}ˆ+

+\nu_{\scriptstyle\mathrm{e}}$}
\end{array}
\end{displaymath}

F 
 x š y� � 0 and ž

ž

ž

ž

ž

ž

F ² ²xx F ² ²xy F ²x
F ² ²yx F ² ²yy F ²y
F ²x F ²y 0

ž

ž

ž

ž

ž

ž

� 0

\begin{displaymath}
{F}(x,y)=0\quad\mathrm{and}\quad

\left|\begin{array}{ccc}
F_{xx}'' & F_{xy}'' & F_{x}' \\
F_{yx}'' & F_{yy}'' & F_{y}' \\
F_{x}' & F_{y}' & 0

\end{array} \right| =0
\end{displaymath}
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#

ž

ž

ž

ž

ž

ž

x1
u x2 y1

u y2 z1
u z2

l1 m1 n1
l2 m2 n2

ž

ž

ž

ž

ž

ž

Ÿ

ž

ž

ž

ž

l1 m1
l2 m2 ž

ž

ž

ž

2
›

ž

ž

ž

ž

m1 n1
n1 l1 ž

ž

ž

ž

2
›

ž

ž

ž

ž

m2 n2
n2 l2 ž

ž

ž

ž

2

\begin{displaymath}
\frac{\pm
\left|\begin{array}{ccc}
x_1-x_2 & y_1-y_2 & z_1-z_2 \\
l_1 & m_1 & n_1 \\
l_2 & m_2 & n_2
\end{array}\right|}{
\sqrt{\left|\begin{array}{cc}l_1&m_1\\
l_2&m_2\end{array}\right|ˆ2
+ \left|\begin{array}{cc}m_1&n_1\\
n_1&l_1\end{array}\right|ˆ2
+ \left|\begin{array}{cc}m_2&n_2\\
n_2&l_2\end{array}\right|ˆ2}}
\end{displaymath}

s f
0 
 Q š T3R š b š s� �

4pa2

3s
b �¡ 

•

•
–

Q2 ¢

3 u b2

2 £

u 2QCVC² Vs
 s u M2
Z �


 s u M2
Z �

2
› M2

ZG2
Z

¢

3 u b2

2 £

(6)

›


 C2
V

› C2
A � s2


 s u M2
Z �

2
› M2

ZG2
Z

¢ C
²

2
V

¢

3 u b2

2 £

› C
²

2
A

�

b2
�

£

¤

—

—
˜

\newcommand{\CA}{C_{ \r m A}} \newcommand{\CV}{C_{ \rm V}}
\newcommand{\CPA}{{C '} _{\ rm A}} \newcommand{\CPV}{{C '}_ {\r m V}}
\newcommand{\GZ}{\Ga mmaˆ2 _{\ rm Z}}
\newcommand{\MZ}{Mˆ2 _{ \rm Z}} \newcommand{\MZs}{{( s-Mˆ2_ {\r m Z})}}
\newcommand{\BE}{\le ft \{\ fra c{\ dis pla yst yle 3-\betaˆ2}{\displays ty le 2}\right\}}
\begin{eqnarray}
\sigmaˆf_0(Q,T_{3R}, \b eta ,s) & = &

\frac{4\pi\alphaˆ2} {3s }\b eta \times
\left[ \frac{Qˆ2 \BE - 2Q \CV \CPV s \MZs}{\MZsˆ2 + \MZ \GZ \BE}

\right. \nonumber \\[-3mm]
& & \\[-3mm]
& + &

\left.\frac{(\CVˆ2 + \CAˆ2) sˆ2}%
{\MZsˆ2+\MZ\GZ\left\ {\C PVˆ2 \BE+\CPAˆ2 \{\betaˆ2\}\right\} }

\right] \nonumber
\end{eqnarray}
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