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1.4 Input File Structure

When LATEX 2! processes an input file, it expects it to follow a certain struc-
ture. Thus every input file must start with the command

\documentclass{...}

This specifies what sort of document you intend to write. After that, you
can include commands that influence the style of the whole document, or
you can load packages that add new features to the LATEX system. To load
such a package you use the command

\usepackage{...}

When all the setup work is done,5 you start the body of the text with
the command

\begin{document}

Now you enter the text mixed with some useful LATEX commands. At
the end of the document you add the

\end{document}

command, which tells LATEX to call it a day. Anything that follows this
command will be ignored by LATEX.

Figure 1.1 shows the contents of a minimal LATEX 2! file. A slightly more
complicated input file is given in Figure 1.2.

1.5 A Typical Command Line Session

I bet you must be dying to try out the neat small LATEX input file shown
on page 7. Here is some help: LATEX itself comes without a GUI or fancy
buttons to press. It is just a program that crunches away at your input
file. Some LATEX installations feature a graphical front-end where you can
click LATEX into compiling your input file. On other systems there might

5The area between \documentclass and \begin { document} is called the preamble.

\documentclass{article}
\begin{document}
Small is beautiful.
\end{document}

Figure 1.1: A Minimal LATEX File.
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8 Things You Need to Know

be some typing involved, so here is how to coax LATEX into compiling your
input Þle on a text based system. Please note: this description assumes that
a working LATEX installation already sits on your computer.6

1. Edit/Create your LATEX input Þle. This Þle must be plain ASCII text.
On Unix all the editors will create just that. On Windows you might
want to make sure that you save the Þle in ASCII orPlain Text format.
When picking a name for your Þle, make sure it bears the extension
.tex .

2. Run LATEX on your input Þle. If successful you will end up with a.dvi
Þle. It may be necessary to run LATEX several times to get the table
of contents and all internal references right. When your input Þle has
a bug LATEX will tell you about it and stop processing your input Þle.
Type ctrl-D to get back to the command line.

latex foo.tex

3. Now you may view the DVI Þle. There are several ways to do that.

6This is the case with most well groomed Unix Systems, and . . . Real Men use Unix,
so . . . ;-)

\documentclass[a4paper,11pt]{article}
% define the title
\author{H.~Partl}
\title{Minimalism}
\begin{document}
% generates the title
\maketitle
% insert the table of contents
\tableofcontents
\section{Some Interesting Words}
Well, and here begins my lovely article.
\section{Good Bye World}
\ldots{} and here it ends.
\end{document}

Figure 1.2: Example of a Realistic Journal Article. Note that all the com-
mands you see in this example will be explained later in the introduction.

or pdflatex foo.tex
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1

\chapter{Flux Capacitors}
\section{Power Sources}
\subsection{Lightning Strikes}
\subsubsection{Lightning Strike Harnessing Methods}
\paragraph{Clock Tower}
\subparagraph{Unforeseen Hazards: School Dances}

Chapter 1

Flux Capacitors

1.1 Power Sources

1.1.1 Lightning Strikes

Lightning Strike Harnessing Methods

Clock Tower

Unforeseen Hazards: School Dances

3
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2.8 Cross References
In books, reports and articles, there are often cross-references to Þgures,
tables and special segments of text. LATEX provides the following commands
for cross referencing

\label{marker}, \ref{marker} and \pageref{marker}

where marker is an identiÞer chosen by the user. LATEX replaces \ref by
the number of the section, subsection, Þgure, table, or theorem after which
the corresponding\label command was issued.\pageref prints the page
number of the page where the\label command occurred.13 As with the
section titles, the numbers from the previous run are used.

A reference to this subsection
\label{sec:this} looks like:
‘‘see section~\ref{sec:this} on
page~\pageref{sec:this}.’’

A reference to this subsection looks like:
Òsee section2.8 on page37.Ó

2.9 Footnotes
With the command

\footnote{footnote text}

a footnote is printed at the foot of the current page. Footnotes should always
be put14 after the word or sentence they refer to. Footnotes referring to a
sentence or part of it should therefore be put after the comma or period.15

Footnotes\footnote{This is
a footnote.} are often used

by people using \LaTeX.

Footnotesa are often used by people using
LATEX.

aThis is a footnote.

13 Note that these commands are not aware of what they refer to. \label just saves the
last automatically generated number.

14 ÒputÓ is one of the most common English words.
15 Note that footnotes distract the reader from the main body of your document. After

all, everybody reads the footnotesÑwe are a curious species, so why not just integrate
everything you want to say into the body of the document? 16

16 A guidepost doesnÕt necessarily go where itÕs pointing to :-).

2.8 Cross References 37

2.8 Cross References

In books, reports and articles, there are often cross-references to Þgures,
tables and special segments of text. LATEX provides the following commands
for cross referencing

\label{ marker} , \ref{ marker} and \pageref{ marker}

where marker is an identiÞer chosen by the user. LATEX replaces \ref by
the number of the section, subsection, Þgure, table, or theorem after which
the corresponding\label command was issued.\pageref prints the page
number of the page where the\label command occurred.13 As with the
section titles, the numbers from the previous run are used.

A reference to this subsection
\label{sec:this} looks like:
ÔÔsee section~\ref{sec:this} on
page~\pageref{sec:this}.ÕÕ
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With the command
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by people using \LaTeX.

Footnotesa are often used by people using
LATEX.

aThis is a footnote.

13 Note that these commands are not aware of what they refer to. \label just saves the
last automatically generated number.

14 “put” is one of the most common English words.
15 Note that footnotes distract the reader from the main body of your document. After

all, everybody reads the footnotes—we are a curious species, so why not just integrate
everything you want to say into the body of the document?16

16 A guidepost doesn’t necessarily go where it’s pointing to :-).
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\footnote{ footnote text}

a footnote is printed at the foot of the current page. Footnotes should always
be put14 after the word or sentence they refer to. Footnotes referring to a
sentence or part of it should therefore be put after the comma or period.15

Footnotes\footnote{This is
a footnote.} are often used

by people using \LaTeX.

Footnotesa are often used by people using
LATEX.

aThis is a footnote.

13 Note that these commands are not aware of what they refer to. \label just saves the
last automatically generated number.

14 ÒputÓ is one of the most common English words.
15 Note that footnotes distract the reader from the main body of your document. After

all, everybody reads the footnotesÑwe are a curious species, so why not just integrate
everything you want to say into the body of the document? 16

16 A guidepost doesnÕt necessarily go where itÕs pointing to :-).
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Citations
@book{say-things,
abstract = {This is all about how to say things effectively},
author = {Sayer J. and Teller W.},
howpublished = {Hardcover},
isbn = {0387987932},
keywords = {speech},
month = {August},
publisher = {Springer},
title = {How to say stuff},
year = {1999}
}
@inproceedings{say-other-things,
address = {Arlington, Virginia, United States},
author = {Speaker M. and Whisperer H. and Shouter F.},
booktitle = {ESS Õ04: Proceedings of the 20th conference on

Experimentally Saying Stuff},
pages = {243--250},
publisher = {ESS Press},
title = {If you have nothing nice to say, good for you},
url = {http://portal.acm.org/citation.cfm?id=1036843.1036873},
year = {2004}
}

I am going to say this and cite it \cite{say-things}, right before I
say this other thing and cite this other thing
\cite{say-other-things}.

\bibliography{examples}{}
\bibliographystyle{alpha}

I am going to say this and cite it [JW99], right before I say this other thing
and cite this other thing [MHF04].

References

[JW99] Sayer J. and Teller W. How to say stu! . Springer, August 1999.

[MHF04] Speaker M., Whisperer H., and Shouter F. If you have nothing nice
to say, good for you. In ESS Õ04: Proceedings of the 20th conference
on Experimentally Saying Stu! , pages 243–250, Arlington, Virginia,
United States, 2004. ESS Press.
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Tables

42 Typesetting Text

The table specargument of the

\begin{tabular}[ pos]{ table spec}

command deÞnes the format of the table. Use anl for a column of left-
aligned text, r for right-aligned text, and c for centred text; p{ width}

for a column containing justiÞed text with line breaks, and | for a vertical
line.

If the text in a column is too wide for the page, LATEX wonÕt automat-
ically wrap it. Using p{ width} you can deÞne a special type of column
which will wrap-around the text as in a normal paragraph.

The pos argument speciÞes the vertical position of the table relative to
the baseline of the surrounding text. Use either of the letters t , b and c
to specify table alignment at the top, bottom or center.

Within a tabular environment, & jumps to the next column, \\ starts
a new line and \hline inserts a horizontal line. You can add partial lines
by using the \cline{ j - i } , where j and i are the column numbers the line
should extend over.

\begin{tabular}{|r|l|}
\hline
7C0 & hexadecimal \\
3700 & octal \\ \cline{2-2}
11111000000 & binary \\
\hline \hline
1984 & decimal \\
\hline
\end{tabular}

7C0 hexadecimal
3700 octal

11111000000 binary
1984 decimal

\begin{tabular}{|p{4.7cm}|}
\hline
Welcome to BoxyÕs paragraph.
We sincerely hope youÕll
all enjoy the show.\\
\hline
\end{tabular}

Welcome to BoxyÕs paragraph.
We sincerely hope youÕll all en-
joy the show.

The column separator can be speciÞed with the@{...} construct. This
command kills the inter-column space and replaces it with whatever is be-
tween the curly braces. One common use for this command is explained
below in the decimal alignment problem. Another possible application is to
suppress leading space in a table with@{} .
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Figures
\begin{figure}[h]

\caption{Discipline is key in an effective military.}
\centering
\includegraphics[width=0.4\textwidth]{discipline.jpg}
\end{figure}

Figure 1: Discipline is key in an e! ective military.
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Lengths and layout6.4 Page Layout 119

Header

Body

Footer

Margin
Notes

!8! "

!7

#

$

!1! "

!"!3 !10! "

!" !9

$

#

!11

!2
#

$!4
$

#

!5
$

#

!6

$

#

1 one inch + \hoffset 2 one inch + \voffset
3 \oddsidemargin = 22pt 4 \topmargin = 22pt

or \evensidemargin
5 \headheight = 12pt 6 \headsep = 19pt
7 \textheight = 595pt 8 \textwidth = 360pt
9 \marginparsep = 7pt 10 \marginparwidth = 106pt

11 \footskip = 27pt \marginparpush = 5pt (not shown)
\hoffset = 0pt \voffset = 0pt
\paperwidth = 597pt \paperheight = 845pt

Figure 6.2: Page Layout Parameters.
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Modifying lengths
120 Customising LATEX

The Þrst command assigns a Þxed value to any of the parameters:

\setlength{parameter}{length}

The second command adds a length to any of the parameters:

\addtolength{parameter}{length}

This second command is actually more useful than the\setlength com-
mand, because you can now work relative to the existing settings. To add
one centimetre to the overall text width, I put the following commands into
the document preamble:

\addtolength{\hoffset}{-0.5cm}
\addtolength{\textwidth}{1cm}

In this context, you might want to look at the calc package. It allows
you to use arithmetic operations in the argument of\setlength and other
places where you can enter numeric values into function arguments.

6.5 More Fun With Lengths

Whenever possible, I avoid using absolute lengths in LATEX documents. I
rather try to base things on the width or height of other page elements. For
the width of a Þgure this could be\textwidth in order to make it Þll the
page.

The following 3 commands allow you to determine the width, height and
depth of a text string.

\settoheight{variable}{text}
\settodepth{variable}{text}
\settowidth{variable}{text}

The example below shows a possible application of these commands.

120 Customising LATEX

The Þrst command assigns a Þxed value to any of the parameters:

\setlength{ parameter}{ length}

The second command adds a length to any of the parameters:

\addtolength{ parameter}{ length}

This second command is actually more useful than the\setlength com-
mand, because you can now work relative to the existing settings. To add
one centimetre to the overall text width, I put the following commands into
the document preamble:

\addtolength{\hoffset}{-0.5cm}
\addtolength{\textwidth}{1cm}

In this context, you might want to look at the calc package. It allows
you to use arithmetic operations in the argument of \setlength and other
places where you can enter numeric values into function arguments.

6.5 More Fun With Lengths

Whenever possible, I avoid using absolute lengths in LATEX documents. I
rather try to base things on the width or height of other page elements. For
the width of a Þgure this could be \textwidth in order to make it Þll the
page.

The following 3 commands allow you to determine the width, height and
depth of a text string.

\settoheight{ variable}{ text}
\settodepth{ variable}{ text}
\settowidth{ variable}{ text}

The example below shows a possible application of these commands.

\addtolength{\textwidth}{1in}
\addtolength{\textheight}{2.25in}
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Nudging and spacing

116 Customising L ATEX

in the preamble of the input file, you can change the layout of paragraphs.
These two commands increase the space between two paragraphs while set-
ting the paragraph indent to zero.

The plus and minus parts of the length above tell TEX that it can
compress and expand the inter paragraph skip by the amount specified, if
this is necessary to properly fit the paragraphs onto the page.

In continental Europe, paragraphs are often separated by some space and
not indented. But beware, this also has its e! ect on the table of contents.
Its lines get spaced more loosely now as well. To avoid this, you might
want to move the two commands from the preamble into your document to
some place below the command \tableofcontents or to not use them at
all, because you’ll find that most professional books use indenting and not
spacing to separate paragraphs.

If you want to indent a paragraph that is not indented, you can use

\indent

at the beginning of the paragraph.2 Obviously, this will only have an e! ect
when \parindent is not set to zero.

To create a non-indented paragraph, you can use

\noindent

as the first command of the paragraph. This might come in handy when
you start a document with body text and not with a sectioning command.

6.3.3 Horizontal Space

LATEX determines the spaces between words and sentences automatically.
To add horizontal space, use:

\hspace{ length}

If such a space should be kept even if it falls at the end or the start of
a line, use \hspace* instead of \hspace . The length in the simplest case is
just a number plus a unit. The most important units are listed in Table 6.5.

This\hspace{1.5cm}is a space
of 1.5 cm.

This is a space of 1.5 cm.

2To indent the Þrst paragraph after each section head, use the indentfirst package in
the ÔtoolsÕ bundle.

6.3 Spacing 117

Table 6.5: TEX Units.

mm millimetre ≈ 1/25 inch
cm centimetre = 10 mm
in inch = 25.4 mm
pt point ≈ 1/72 inch ≈ 1

3 mm
em approx width of an ÔMÕ in the current font
ex approx height of an ÔxÕ in the current font

The command

\stretch{n}

generates a special rubber space. It stretches until all the remaining space
on a line is Þlled up. If multiple \hspace{\stretch{n}} commands are
issued on the same line, they occupy all available space in proportion of
their respective stretch factors.

x\hspace{\stretch{1}}
x\hspace{\stretch{3}}x x x x

When using horizontal space together with text, it may make sense to
make the space adjust its size relative to the size of the current font. This
can be done by using the text-relative unitsem and ex:

{\Large{}big\hspace{1em}y}\\
{\tiny{}tin\hspace{1em}y}

big y
tin y

6.3.4 Vertical Space
The space between paragraphs, sections, subsections, . . . is determined au-
tomatically by LATEX. If necessary, additional vertical spacebetween two
paragraphscan be added with the command:

\vspace{length}

This command should normally be used between two empty lines. If the
space should be preserved at the top or at the bottom of a page, use the
starred version of the command,\vspace*, instead of \vspace.
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Line breaks

2.2 Line Breaking and Page Breaking 19

take a short breath at every comma. If this feels awkward at some place,
delete that comma; if you feel the urge to breathe (or make a short stop) at
some other place, insert a comma.

Finally, the paragraphs of a text should also be structured logically at a
higher level, by putting them into chapters, sections, subsections, and so on.
However, the typographical e! ect of writing e.g. \section{The Structure
of Text and Language} is so obvious that it is almost self-evident how
these high-level structures should be used.

2.2 Line Breaking and Page Breaking

2.2.1 JustiÞed Paragraphs

Books are often typeset with each line having the same length. LATEX inserts
the necessary line breaks and spaces between words by optimizing the con-
tents of a whole paragraph. If necessary, it also hyphenates words that would
not Þt comfortably on a line. How the paragraphs are typeset depends on
the document class. Normally the Þrst line of a paragraph is indented, and
there is no additional space between two paragraphs. Refer to section6.3.2
for more information.

In special cases it might be necessary to order LATEX to break a line:

\\ or \newline

starts a new line without starting a new paragraph.

\\*

additionally prohibits a page break after the forced line break.

\newpage

starts a new page.

\linebreak[ n] , \nolinebreak[ n] , \pagebreak[ n] , \nopagebreak[ n]

suggest places where a break may (or may not happen). They enable the
author to inßuence their actions with the optional argument n, which can
be set to a number between zero and four. By settingn to a value below
4, you leave LATEX the option of ignoring your command if the result would
look very bad. Do not confuse these ÒbreakÓ commands with the ÒnewÓ
commands. Even when you give a ÒbreakÓ command, LATEX still tries to
even out the right border of the line and the total length of the page, as
described in the next section; this can lead to unpleasant gaps in your text.
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2.3 Ready-Made Strings 21

The command \- inserts a discretionary hyphen into a word. This also
becomes the only point hyphenation is allowed in this word. This command
is especially useful for words containing special characters (e.g. accented
characters), because LATEX does not automatically hyphenate words con-
taining special characters.

I think this is: su\-per\-cal\-%
i\-frag\-i\-lis\-tic\-ex\-pi\-%
al\-i\-do\-cious

I think this is: supercalifragilisticexpiali-
docious

Several words can be kept together on one line with the command

\mbox{text}

It causes its argument to be kept together under all circumstances.

My phone number will change soon.
It will be \mbox{0116 291 2319}.

The parameter
\mbox{\emph{filename}} should
contain the name of the file.

My phone number will change soon. It
will be 0116 291 2319.

The parameter Þlename should contain
the name of the Þle.

\fbox is similar to \mbox, but in addition there will be a visible box
drawn around the content.

2.3 Ready-Made Strings

In some of the examples on the previous pages, you have seen some very
simple LATEX commands for typesetting special text strings:

Command Example Description
\today June 30, 2007 Current date
\TeX TEX Your favorite typesetter
\LaTeX LATEX The Name of the Game
\LaTeXe LATEX 2ε The current incarnation

2.4 Special Characters and Symbols

2.4.1 Quotation Marks

You should not use the" for quotation marks as you would on a typewriter.
In publishing there are special opening and closing quotation marks. In
LATEX, use two ! (grave accent) for opening quotation marks and two" (ver-
tical quote) for closing quotation marks. For single quotes you use just one
of each.
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Text Justification

2.11 Environments 39

2.11.1 Itemize, Enumerate, and Description

The itemize environment is suitable for simple lists, the enumerate en-
vironment for enumerated lists, and the description environment for de-
scriptions.

\flushleft
\begin{enumerate}
\item You can mix the list
environments to your taste:
\begin{itemize}
\item But it might start to
look silly.
\item[-] With a dash.
\end{itemize}
\item Therefore remember:
\begin{description}
\item[Stupid] things will not
become smart because they are
in a list.
\item[Smart] things, though,
can be presented beautifully
in a list.
\end{description}
\end{enumerate}

1. You can mix the list environments
to your taste:

¥ But it might start to look
silly.

- With a dash.

2. Therefore remember:

Stupid things will not become
smart because they are in a
list.

Smart things, though, can be
presented beautifully in a list.

2.11.2 Flushleft, Flushright, and Center

The environments flushleft and flushright generate paragraphs that
are either left- or right-aligned. The center environment generates centred
text. If you do not issue \\ to specify line breaks, LATEX will automatically
determine line breaks.

\begin{flushleft}
This text is\\ left-aligned.
\LaTeX{} is not trying to make
each line the same length.
\end{flushleft}

This text is
left-aligned. LATEX is not trying to make
each line the same length.

\begin{flushright}
This text is right-\\aligned.
\LaTeX{} is not trying to make
each line the same length.
\end{flushright}

This text is right-
aligned. LATEX is not trying to make each

line the same length.
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40 Typesetting Text

\begin{center}
At the centre\\of the earth
\end{center}

At the centre
of the earth

2.11.3 Quote, Quotation, and Verse

The quote environment is useful for quotes, important phrases and exam-
ples.

A typographical rule of thumb
for the line length is:
\begin{quote}
On average, no line should
be longer than 66 characters.
\end{quote}
This is why \LaTeX{} pages have
such large borders by default
and also why multicolumn print
is used in newspapers.

A typographical rule of thumb for the line
length is:

On average, no line should be
longer than 66 characters.

This is why LATEX pages have such large
borders by default and also why multicol-
umn print is used in newspapers.

There are two similar environments: the quotation and the verse en-
vironments. The quotation environment is useful for longer quotes going
over several paragraphs, because it indents the Þrst line of each paragraph.
The verse environment is useful for poems where the line breaks are im-
portant. The lines are separated by issuing a\\ at the end of a line and an
empty line after each verse.

I know only one English poem by
heart. It is about Humpty Dumpty.
\begin{flushleft}
\begin{verse}
Humpty Dumpty sat on a wall:\\
Humpty Dumpty had a great fall.\\
All the KingÕs horses and all
the KingÕs men\\
CouldnÕt put Humpty together
again.
\end{verse}
\end{flushleft}

I know only one English poem by heart.
It is about Humpty Dumpty.

Humpty Dumpty sat on a
wall:

Humpty Dumpty had a
great fall.

All the KingÕs horses and all
the KingÕs men

CouldnÕt put Humpty
together again.

2.11.4 Abstract

In scientiÞc publications it is customary to start with an abstract which gives
the reader a quick overview of what to expect. LATEX provides the abstract
environment for this purpose. Normally abstract is used in documents
typeset with the article document class.
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Lists

2.11 Environments 39

2.11.1 Itemize, Enumerate, and Description

The itemize environment is suitable for simple lists, the enumerate en-
vironment for enumerated lists, and the description environment for de-
scriptions.

\flushleft
\begin{enumerate}
\item You can mix the list
environments to your taste:
\begin{itemize}
\item But it might start to
look silly.
\item[-] With a dash.
\end{itemize}
\item Therefore remember:
\begin{description}
\item[Stupid] things will not
become smart because they are
in a list.
\item[Smart] things, though,
can be presented beautifully
in a list.
\end{description}
\end{enumerate}

1. You can mix the list environments
to your taste:

¥ But it might start to look
silly.

- With a dash.

2. Therefore remember:

Stupid things will not become
smart because they are in a
list.

Smart things, though, can be
presented beautifully in a list.

2.11.2 Flushleft, Flushright, and Center

The environments flushleft and flushright generate paragraphs that
are either left- or right-aligned. The center environment generates centred
text. If you do not issue \\ to specify line breaks, LATEX will automatically
determine line breaks.

\begin{flushleft}
This text is\\ left-aligned.
\LaTeX{} is not trying to make
each line the same length.
\end{flushleft}

This text is
left-aligned. LATEX is not trying to make
each line the same length.

\begin{flushright}
This text is right-\\aligned.
\LaTeX{} is not trying to make
each line the same length.
\end{flushright}

This text is right-
aligned. LATEX is not trying to make each

line the same length.
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Algorithms
\begin{algorithm}
\caption{A new method for solving the Halting Problem}
\begin{algorithmic}
\STATE $x = 0$
\WHILE{$x < 10$}
\STATE $x = (x + 1)^k$
\ENDWHILE
\RETURN $x^k$
\end{algorithmic}
\end{algorithm}

1

Algorithm 1 A new method for solving the Halting Problem
x = 0
while x < 10 do

x = (x + 1)k

end while
return xk

2
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XY-Pic

102 Producing Mathematical Graphics

5.2.11 Rapidity in the Special Theory of Relativity

\setlength{\unitlength}{0.8cm}
\begin{picture}(6,4)(-3,-2)

\put(-2.5,0){\vector(1,0){5}}
\put(2.7,-0.1){$\chi$}
\put(0,-1.5){\vector(0,1){3}}
\multiput(-2.5,1)(0.4,0){13}

{\line(1,0){0.2}}
\multiput(-2.5,-1)(0.4,0){13}

{\line(1,0){0.2}}
\put(0.2,1.4)

{$\beta=v/c=\tanh\chi$}
\qbezier(0,0)(0.8853,0.8853)

(2,0.9640)
\qbezier(0,0)(-0.8853,-0.8853)

(-2,-0.9640)
\put(-3,-2){\circle*{0.2}}

\end{picture}

! !

"
" = v/c = tanh !

!

The control points of the two BŽzier curves were calculated with formu-
las (5.1). The positive branch is determined by P1 = (0, 0), m1 = 1 and
P2 = (2, tanh 2), m2 = 1/ cosh2 2. Again, the picture is deÞned in mathe-
matically convenient coordinates, and the lower left corner is assigned the
mathematical coordinates(−3,−2) (black disk).

5.3 XY-pic
By Alberto Manuel Brand‹o Sim›es <albie@alfarrabio.di.uminho.pt>

xy is a special package for drawing diagrams. To use it, simply add the
following line to the preamble of your document:

\usepackage[ options]{xy}

options is a list of functions from XY-pic you want to load. These options
are primarily useful when debugging the package. I recommend you pass
the all option, making LATEX load all the XY commands.

XY-pic diagrams are drawn over a matrix-oriented canvas, where each
diagram element is placed in a matrix slot:

\begin{displaymath}
\xymatrix{A & B \\

C & D }
\end{displaymath}

A B

C D
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XY-Pic
5.3 XY-pic 103

The \xymatrix command must be used in math mode. Here, we speci-
Þed two lines and two columns. To make this matrix a diagram we just add
directed arrows using the\ar command.

\begin{displaymath}
\xymatrix{ A \ar[r] & B \ar[d] \\

D \ar[u] & C \ar[l] }
\end{displaymath}

A !!B

""
D

##

C$$

The arrow command is placed on the origin cell for the arrow. The
arguments are the direction the arrow should point to (up, down, r ight and
l eft).

\begin{displaymath}
\xymatrix{

A \ar[d] \ar[dr] \ar[r] & B \\
D & C }

\end{displaymath}

A

"" %%!
!!

!!
!!

!!B

D C

To make diagonals, just use more than one direction. In fact, you can
repeat directions to make bigger arrows.

\begin{displaymath}
\xymatrix{

A \ar[d] \ar[dr] \ar[drr] & & \\
B & C & D }

\end{displaymath}

A

"" &&!
!!

!!
!!

''""""""""""""""

B C D

We can draw even more interesting diagrams by adding labels to the
arrows. To do this, we use the common superscript and subscript operators.

\begin{displaymath}
\xymatrix{

A \ar[r]^f \ar[d]_g &
B \ar[d]^{gÕ} \\

D \ar[r]_{fÕ} & C }
\end{displaymath}

A
f !!

g

""

B

g′

""
D

f ′
!!C

As shown, you use these operators as in math mode. The only di! erence
is that that superscript means Òon top of the arrow,Ó and subscript means
Òunder the arrow.Ó There is a third operator, the vertical bar:| It causes
text to be placed in the arrow.
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5.3 XY-pic 103

The \xymatrix command must be used in math mode. Here, we speci-
Þed two lines and two columns. To make this matrix a diagram we just add
directed arrows using the\ar command.

\begin{displaymath}
\xymatrix{ A \ar[r] & B \ar[d] \\

D \ar[u] & C \ar[l] }
\end{displaymath}

A !!B

""
D

##

C$$

The arrow command is placed on the origin cell for the arrow. The
arguments are the direction the arrow should point to (up, down, right and
left).

\begin{displaymath}
\xymatrix{

A \ar[d] \ar[dr] \ar[r] & B \\
D & C }

\end{displaymath}

A

"" %%!
!!

!!
!!

!!B

D C

To make diagonals, just use more than one direction. In fact, you can
repeat directions to make bigger arrows.

\begin{displaymath}
\xymatrix{

A \ar[d] \ar[dr] \ar[drr] & & \\
B & C & D }

\end{displaymath}

A

"" &&!
!!

!!
!!

''""""""""""""""

B C D

We can draw even more interesting diagrams by adding labels to the
arrows. To do this, we use the common superscript and subscript operators.

\begin{displaymath}
\xymatrix{

A \ar[r]^f \ar[d]_g &
B \ar[d]^{g’} \\

D \ar[r]_{f’} & C }
\end{displaymath}

A
f !!

g

""

B

g′

""
D

f ′
!!C

As shown, you use these operators as in math mode. The only di! erence
is that that superscript means Òon top of the arrow,Ó and subscript means
Òunder the arrow.Ó There is a third operator, the vertical bar:| It causes
text to be placed in the arrow.
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5.3 XY-pic 103

The \xymatrix command must be used in math mode. Here, we speci-
fied two lines and two columns. To make this matrix a diagram we just add
directed arrows using the \ar command.

\begin{displaymath}
\xymatrix{ A \ar[r] & B \ar[d] \\

D \ar[u] & C \ar[l] }
\end{displaymath}

A !!B

""
D

##

C$$

The arrow command is placed on the origin cell for the arrow. The
arguments are the direction the arrow should point to (up, down, r ight and
l eft).

\begin{displaymath}
\xymatrix{

A \ar[d] \ar[dr] \ar[r] & B \\
D & C }

\end{displaymath}

A

"" %%!
!!

!!
!!

!!B

D C

To make diagonals, just use more than one direction. In fact, you can
repeat directions to make bigger arrows.

\begin{displaymath}
\xymatrix{

A \ar[d] \ar[dr] \ar[drr] & & \\
B & C & D }

\end{displaymath}

A

"" &&!
!!

!!
!!

''""""""""""""""

B C D

We can draw even more interesting diagrams by adding labels to the
arrows. To do this, we use the common superscript and subscript operators.

\begin{displaymath}
\xymatrix{

A \ar[r]^f \ar[d]_g &
B \ar[d]^{gÕ} \\

D \ar[r]_{fÕ} & C }
\end{displaymath}

A
f !!

g

""

B

g!

""
D

f !
!!C

As shown, you use these operators as in math mode. The only di! erence
is that that superscript means “on top of the arrow,” and subscript means
“under the arrow.” There is a third operator, the vertical bar: | It causes
text to be placed in the arrow.
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Equations

Chapter 3

Typesetting Mathematical
Formulae

Now you are ready! In this chapter, we will attack the main strength of TEX:
mathematical typesetting. But be warned, this chapter only scratches the sur-
face. While the things explained here are su! cient for many people, don’t
despair if you can’t find a solution to your mathematical typesetting needs here.
It is highly likely that your problem is addressed in AM S-LATEX1

3.1 General

LATEX has a special mode for typesetting mathematics. Mathematics can be
typeset inline within a paragraph, or the paragraph can be broken to typeset
it separately. Mathematical text within a paragraph is entered between\(
and \) , between$ and $, or between\begin{math} and \end{math} .

Add $a$ squared and $b$ squared
to get $c$ squared. Or, using
a more mathematical approach:
$c^{2}=a^{2}+b^{2}$

Add a squared and b squared to get c
squared. Or, using a more mathematical
approach: c2 = a2 + b2

\TeX{} is pronounced as
\(\tau\epsilon\chi\).\\[6pt]
100~m$^{3}$ of water\\[6pt]
This comes from my
\begin{math}\heartsuit\end{math}

TEX is pronounced asτεχ.

100 m3 of water

This comes from my♥

1The American Mathematical Society has produced a powerful extension to LATEX.
Many of the examples in this chapter make use of this extension. It is provided with all
recent TEX distributions. If yours is missing it, go to macros/latex/required/amslatex .
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Numbered equations

\begin{align}
2 + 2 & = 5 \\
\int_0^x f(y) dy & = \sin x \\
\tan \rho & = \frac{\sin \rho}{\cos \rho}
\end{align}

2 + 2 = 5 (1)
! x

0
f (y)dy = sin x (2)

tan ! =
sin !
cos!

(3)

3

\begin{align}
2 + 2 & = 5 \\
\int_0^x f(y) dy & = \sin x \\
\tan \rho & = \frac{\sin \rho}{\cos \rho}
\end{align}

2 + 2 = 5 (1)
! x

0
f (y)dy = sin x (2)

tan ! =
sin !
cos !

(3)

3

Thursday, October 1, 2009



A more complicated equation

\begin{align*}
\underbrace
{

\binom{\frac{\binom{n}{m}}{j}}{k}
\lim_{x \rightarrow 0}
\int_0^{\frac{\pi}{2}}
\frac

{\sin x^{e^{x^{e^{x^{e}}}}}}
{\sqrt[13]{x}}

dx
}
_{26}
\end{align*}

( ( n
m)
j

k

)
lim
x! 0

∫ !
2

0

sinxexexe

13
√

x
dx

︸ ︷︷ ︸
26

1

\begin{align*}
\underbrace
{

\binom{\frac{\binom{n}{m}}{j}}{k}
\lim_{x \rightarrow 0}
\int_0^{\frac{\pi}{2}}
\frac

{\sin x^{e^{x^{e^{x^{e}}}}}}
{\sqrt[13]{x}}

dx
}
_{26}
\end{align*}

( (n
m)
j

k

)
lim
x→0

∫ π
2

0

sin xexexe

13
!

x
dx

︸ ︷︷ ︸
26

1
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Vertically-aligned equations
\begin{align*}
\theta =
\left\{
\begin{array}{ll}

\lambda & \textrm{if sleepy} \\
\phi^x & \textrm{if $\sigma \geq 4$} \\
\frac{\epsilon}{\rho} & \textrm{if $\mu = \sqrt{i}$}

\end{array}
\right.
\end{align*}

θ =

!
"

#

λ if sleepy
φx if σ ! 4
!
" if µ =

"
i

2

\begin{align*}
\theta =
\left\{
\begin{array}{ll}

\lambda & \textrm{if sleepy} \\
\phi^x & \textrm{if $\sigma \geq 4$} \\
\frac{\epsilon}{\rho} & \textrm{if $\mu = \sqrt{i}$}

\end{array}
\right.
\end{align*}

! =

!
"

#

" if sleepy
#x if $ ≥ 4
ε
ρ if µ =

√
i

2
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Looks non-trivial in Greek, 
with an accent

62 Typesetting Mathematical Formulae

3.10 List of Mathematical Symbols

The following tables demonstrate all the symbols normally accessible from
math mode.

To use the symbols listed in Tables 3.11–3.15,6 the package amssymb
must be loaded in the preamble of the document and the AMS math fonts
must be installed on the system. If the AMS package and fonts are not
installed on your system, have a look at
macros/latex/required/amslatex. An even more comprehensive list of
symbols can be found at info/symbols/comprehensive.

Table 3.1: Math Mode Accents.

â \hat{a} ǎ \check{a} ã \tilde{a}
à \grave{a} ȧ \dot{a} ä \ddot{a}
ā \bar{a} !a \vec{a} !A \widehat{A}
á \acute{a} ă \breve{a} "A \widetilde{A}
å \mathring{a}

Table 3.2: Greek Letters.

" \alpha # \theta o o $ \upsilon
% \beta & \vartheta ' \pi ( \phi
) \gamma * \iota + \varpi , \varphi
- \delta . \kappa / \rho 0 \chi
1 \epsilon 2 \lambda 3 \varrho 4 \psi
5 \varepsilon µ \mu 6 \sigma 7 \omega
8 \zeta 9 \nu : \varsigma
; \eta < \xi = \tau
! \Gamma " \Lambda # \Sigma $ \Psi
% \Delta & \Xi ' \Upsilon ( \Omega
) \Theta * \Pi + \Phi

6These tables were derived from symbols.tex by David Carlisle and subsequently
changed extensively as suggested by Josef Tkadlec.
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3.10 List of Mathematical Symbols

The following tables demonstrate all the symbols normally accessible from
math mode.

To use the symbols listed in Tables 3.11–3.15,6 the package amssymb
must be loaded in the preamble of the document and the AMS math fonts
must be installed on the system. If the AMS package and fonts are not
installed on your system, have a look at
macros/latex/required/amslatex . An even more comprehensive list of
symbols can be found at info/symbols/comprehensive .

Table 3.1: Math Mode Accents.

â \hat{a} ǎ \check{a} ã \tilde{a}
à \grave{a} ȧ \dot{a} ä \ddot{a}
ā \bar{a} !a \vec{a} !A \widehat{A}
á \acute{a} ă \breve{a} "A \widetilde{A}
å \mathring{a}

Table 3.2: Greek Letters.

" \alpha # \theta o o $ \upsilon
% \beta & \vartheta ' \pi ( \phi
) \gamma * \iota + \varpi , \varphi
- \delta . \kappa / \rho 0 \chi
1 \epsilon 2 \lambda 3 \varrho 4 \psi
5 \varepsilon µ \mu 6 \sigma 7 \omega
8 \zeta 9 \nu : \varsigma
; \eta < \xi = \tau
Γ \Gamma Λ \Lambda Σ \Sigma Ψ \Psi
∆ \Delta Ξ \Xi Υ \Upsilon Ω \Omega
Θ \Theta Π \Pi Φ \Phi

6These tables were derived from symbols.tex by David Carlisle and subsequently
changed extensively as suggested by Josef Tkadlec.
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3.10 List of Mathematical Symbols 69

Table 3.17: AMS Miscellaneous.

! \hbar " \hslash k \Bbbk
! \square " \blacksquare # \circledS
$ \vartriangle % \blacktriangle & \complement
' \triangledown ( \blacktriangledown # \Game
) \lozenge * \blacklozenge + \bigstar
, \angle - \measuredangle
$ \diagup % \diagdown . \backprime
& \nexists ' \Finv ( \varnothing
) \eth / \sphericalangle * \mho

Table 3.18: Math Alphabets.

Example Command Required package

ABCDEabcde1234 \mathrm{ABCDE abcde 1234}
ABCDEabcde1234 \mathit{ABCDE abcde 1234}
ABCDEabcde1234 \mathnormal{ABCDE abcde 1234}
ABCDE \mathcal{ABCDE abcde 1234}
A BC DE \mathscr{ABCDE abcde 1234} mathrsfs
ABCDEabcde1234 \mathfrak{ABCDE abcde 1234} amsfontsor amssymb
ABCDE#+,-. \mathbb{ABCDE abcde 1234} amsfontsor amssymb

Fancy math alphabets
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Some other useful commands

10 Things You Need to Know

1.6.2 Packages

While writing your document, you will probably find that there are some
areas where basic LATEX cannot solve your problem. If you want to include
graphics, coloured text or source code from a file into your document, you
need to enhance the capabilities of LATEX. Such enhancements are called
packages. Packages are activated with the

\usepackage[ options]{ package}

command, where package is the name of the package and options is a list of
keywords that trigger special features in the package. Some packages come
with the LATEX 2! base distribution (See Table 1.3). Others are provided
separately. You may find more information on the packages installed at
your site in your Local Guide [5]. The prime source for information about
LATEX packages is The LATEX Companion [3]. It contains descriptions on
hundreds of packages, along with information of how to write your own
extensions to LATEX 2! .

Modern TEX distributions come with a large number of packages prein-
stalled. If you are working on a Unix system, use the command texdoc for
accessing package documentation.

Table 1.1: Document Classes.

article for articles in scientific journals, presentations, short reports, pro-
gram documentation, invitations, . . .

proc a class for proceedings based on the article class.

minimal is as small as it can get. It only sets a page size and a base font.
It is mainly used for debugging purposes.

report for longer reports containing several chapters, small books, PhD
theses, . . .

book for real books

slides for slides. The class uses big sans serif letters. You might want to
consider using FoilTEXa instead.

amacros/latex/contrib/supported/foiltex

1.7 Files You Might Encounter 13

1.6.3 Page Styles

LATEX supports three predefined header/footer combinations—so-called page
styles. The style parameter of the

\pagestyle{ style}

command defines which one to use. Table 1.4 lists the predefined page styles.

Table 1.4: The Predefined Page Styles of LATEX.

plain prints the page numbers on the bottom of the page, in the middle of
the footer. This is the default page style.

headings prints the current chapter heading and the page number in the
header on each page, while the footer remains empty. (This is the style
used in this document)

empty sets both the header and the footer to be empty.

It is possible to change the page style of the current page with the com-
mand

\thispagestyle{ style}

A description how to create your own headers and footers can be found
in The LATEX Companion [3] and in section 4.4 on page 76.

1.7 Files You Might Encounter

When you work with LATEX you will soon find yourself in a maze of files
with various extensions and probably no clue. The following list explains
the various file types you might encounter when working with TEX. Please
note that this table does not claim to be a complete list of extensions, but
if you find one missing that you think is important, please drop me a line.

.tex LATEX or TEX input file. Can be compiled with latex .

.sty LATEX Macro package. This is a file you can load into your LATEX
document using the \usepackage command.

.dtx Documented TEX. This is the main distribution format for LATEX style
files. If you process a .dtx file you get documented macro code of the
LATEX package contained in the .dtx file.
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14 Things You Need to Know

.ins The installer for the Þles contained in the matching .dtx Þle. If you
download a LATEX package from the net, you will normally get a .dtx
and a .ins Þle. Run LATEX on the .ins Þle to unpack the .dtx Þle.

.cls Class Þles deÞne what your document looks like. They are selected
with the \documentclass command.

.fd Font description Þle telling LATEX about new fonts.

The following Þles are generated when you run LATEX on your input Þle:

.dvi Device Independent File. This is the main result of a LATEX compile
run. You can look at its content with a DVI previewer program or you
can send it to a printer with dvips or a similar application.

.log Gives a detailed account of what happened during the last compiler
run.

.toc Stores all your section headers. It gets read in for the next compiler
run and is used to produce the table of content.

.lof This is like .toc but for the list of Þgures.

.lot And again the same for the list of tables.

.aux Another Þle that transports information from one compiler run to the
next. Among other things, the .aux Þle is used to store information
associated with cross-references.

.idx If your document contains an index. LATEX stores all the words that
go into the index in this Þle. Process this Þle withmakeindex. Refer
to section 4.3 on page75 for more information on indexing.

.ind The processed .idx Þle, ready for inclusion into your document on the
next compile cycle.

.ilg LogÞle telling what makeindex did.

1.8 Big Projects

When working on big documents, you might want to split the input Þle into
several parts. LATEX has two commands that help you to do that.

\include{ Þlename}

You can use this command in the document body to insert the contents
of another Þle namedÞlename.tex. Note that LATEX will start a new page
before processing the material input fromÞlename.tex.

1.8 Big Projects 15

The second command can be used in the preamble. It allows you to
instruct LATEX to only input some of the \include d Þles.

\includeonly{ Þlename, Þlename, . . . }

After this command is executed in the preamble of the document, only
\include commands for the Þlenames that are listed in the argument of
the \includeonly command will be executed. Note that there must be no
spaces between the Þlenames and the commas.

The \include command starts typesetting the included text on a new
page. This is helpful when you use\includeonly , because the page breaks
will not move, even when some included Þles are omitted. Sometimes this
might not be desirable. In this case, you can use the

\input{ Þlename}

command. It simply includes the Þle speciÞed. No ßashy suits, no strings
attached.

To make LATEX quickly check your document you can use thesyntonly
package. This makes LATEX skim through your document only checking for
proper syntax and usage of the commands, but doesnÕt produce any (DVI)
output. As LATEX runs faster in this mode you may save yourself valuable
time. Usage is very simple:

\usepackage{syntonly}
\syntaxonly

When you want to produce pages, just comment out the second line (by
adding a percent sign).

22 Typesetting Text

ÔÔPlease press the ÔxÕ key.ÕÕ ÒPlease press the ÔxÕ key.Ó

Yes I know the rendering is not ideal, itÕs really a back-tick or grave
accent (! ) for opening quotes and vertical quote (") for closing, despite what
the font chosen might suggest.

2.4.2 Dashes and Hyphens

LATEX knows four kinds of dashes. You can access three of them with differ-
ent numbers of consecutive dashes. The fourth sign is actually not a dash
at allÑit is the mathematical minus sign:

daughter-in-law, X-rated\\
pages 13--67\\
yes---or no? \\
$0$, $1$ and $-1$

daughter-in-law, X-rated
pages 13Ð67
yesÑor no?
0, 1 and ! 1

The names for these dashes are: Ô-Õ hyphen, ÔÐÕ en-dash, ÔÑÕ em-dash
and Ô! Õ minus sign.

2.4.3 Tilde (" )

A character often seen in web addresses is the tilde. To generate this in
LATEX you can use\~ but the result: ÷ is not really what you want. Try this
instead:

http://www.rich.edu/\~{}bush \\
http://www.clever.edu/$\sim$demo

http://www.rich.edu/÷bush
http://www.clever.edu/ " demo

2.4.4 Degree Symbol (#)

The following example shows how to print a degree symbol in LATEX:

ItÕs $-30\,^{\circ}\mathrm{C}$.
I will soon start to
super-conduct.

ItÕs! 30◦C. I will soon start to super-
conduct.

The textcomppackage makes the degree symbol also available as\textcelsius .
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Too many LaTeX packages!

http://www.ctan.org/tex-archive/help/Catalogue/bytopic.html

http://en.wikibooks.org/wiki/LaTeX/Packages/Installing_Extra_Packages
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1

vladimir: Whare are all these corpses from?
estragon: These skeletons.

. . .
vladimir: A charnel-house! A charnel-house!

(Waiting for Godot , 41 (Beckett 1954))

[ Estragon has exited o ! stage to right and left and come panting back and fallen

into Vladimirs arms. ÑEd. ]
estragon: Im in hell!
vladimir: Where were you?
estragon: Theyre coming there too!
vladimir: Were surrounded! [Estragon makes a rush towards back. ] Imbe-

cile! Theres no way out there. [He takes Estragon by the arms and drags

him towards front. Gesture towards front. ] There! Not a soul in sight!
Off you go! Quick! [He pushes Estragon towards auditorium. Estragon

recoils in horror. ] You wont? [He contemplates auditorium. ] Well I can
understand that. Wait till I see. [ He reßects.] Your only hope left is
to disappear. (47)

Installing a LaTeX package
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Presentations

Use the Beamer document class

Use LaTeXiT and LaTeX with Keynote (OS X)
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Thank you

The End
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