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Prefa
e

L

A

T

E

X [1℄ is a typesetting system whi
h is very suitable for produ
ing s
ien-

ti�
 and mathemati
al do
uments of high typographi
al quality. The system

is also suitable for produ
ing all sorts of other do
uments, from simple letters

to 
omplete books. L

A

T

E

X uses T

E

X [2℄ as its formatting engine.

This short introdu
tion des
ribes L

A

T

E

X 2

"

and should be suÆ
ient for

most appli
ations of L

A

T

E

X. Refer to [1, 3℄ for a 
omplete des
ription of the

L

A

T

E

X system.

L

A

T

E

X is available for most 
omputers, from the PC and Ma
 to large

UNIX and VMS systems. On many university 
omputer 
lusters, you will

�nd that a L

A

T

E

X installation is available, ready to use. Information on

how to a

ess the lo
al L

A

T

E

X installation should be provided in the Lo
al

Guide [4℄. If you have problems getting started, ask the person who gave

you this booklet. The s
ope of this do
ument is not to tell you how to install

and set up a L

A

T

E

X system, but to tea
h you how to write your do
uments

so that they 
an be pro
essed by L

A

T

E

X.

This Introdu
tion is split into 5 
hapters:

Chapter 1 tells you about the basi
 stru
ture of L

A

T

E

X 2

"

do
uments. You

will also learn a bit about the history of L

A

T

E

X. After reading this


hapter, you should have a rough pi
ture of L

A

T

E

X. The pi
ture will

only be a framework, but it will enable you to integrate the information

provided in the other 
hapters into the big pi
ture.

Chapter 2 goes into the details of typesetting your do
uments. It explains

most of the essential L

A

T

E

X 
ommands and environments. After read-

ing this 
hapter, you will be able to write your �rst do
uments.

Chapter 3 explains how to typeset formulae with L

A

T

E

X. Again, a lot

of examples help you to understand how to use one of L

A

T

E

X's main

strengths. At the end of this 
hapter, you will �nd tables, listing all

the mathemati
al symbols available in L

A

T

E

X.

Chapter 4 explains index and bibliography generation, in
lusion of EPS

graphi
s, and some other useful extensions.
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Chapter 5 
ontains some potentially dangerous information about how to

make alterations to the standard do
ument layout produ
ed by L

A

T

E

X.

It will tell you how to 
hange things su
h that the beautiful output of

L

A

T

E

X begins looking quite bad.

It is important to read the 
hapters in sequential order. The book is not

that big after all. Make sure to 
arefully read the examples, be
ause a great

part of the information is 
ontained in the various examples you will �nd all

throughout the book.

If you need to get hold of any L

A

T

E

X related material, have a look at one

of the Comprehensive T

E

X Ar
hive Network (CTAN) sites. The homesite is

at http://www.
tan.org. All pa
kages 
an also be retrieved from the ftp

ar
hive ftp://www.
tan.org and it's various mirror sites all over the world.

They 
an be found e.g. at ftp://
tan.tug.org (US), ftp://ftp.dante.de

(Germany), ftp://ftp.tex.a
.uk (UK). If you are not in one of these


ountries, 
hoose the ar
hive 
losest to you.

You will �nd other referen
es to CTAN throughout the book. Espe
ially

pointers to software and do
uments you might want to download. Instead

of writing down 
omplete urls, I just wrote CTAN: followed by whatever

lo
ation within the CTAN tree you should go to.

If you want to run L

A

T

E

X on your own 
omputer, take a look at what is

available from CTAN:/tex-ar
hive/systems.

If you have ideas for something to be added, removed or altered in this

do
ument, please let me know. I am espe
ially interested in feedba
k from

L

A

T

E

X novi
es about whi
h bits of this intro are easy to understand and

whi
h 
ould be explained better.

Tobias Oetiker <oetiker�ee.ethz.
h>

Department of Ele
tri
al Engineering,

Swiss Federal Institute of Te
hnology

The 
urrent version of this do
ument is available on

CTAN:/tex-ar
hive/info/lshort
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Chapter 1

Things You Need to Know

In the �rst part of this 
hapter, you will get a short overview about the philosophy

and history of L

A

T

E

X2

"

. The se
ond part of the 
hapter fo
uses on the basi


stru
tures of a L

A

T

E

X do
ument. After reading this 
hapter, you should have a

rough knowledge of how L

A

T

E

X works. When reading on, this will help you to

integrate all the new information into the big pi
ture.

1.1 The Name of the Game

1.1.1 T

E

X

T

E

X is a 
omputer program 
reated by Donald E. Knuth [2℄. It is aimed

at typesetting text and mathemati
al formulae. Knuth started writing the

T

E

X typesetting engine in 1977 to explore the potential of the digital printing

equipment that was beginning to in�ltrate the publishing industry at that

time, espe
ially in the hope that he 
ould reverse the trend of deteriorating

typographi
al quality that he saw a�e
ting his own books and arti
les. T

E

X

as we use it today was released in 1982, with some slight enhan
ements

added in 1989 to better support 8-bit 
hara
ters and multiple languages.

T

E

X is renowned for being extremely stable, for running on many di�erent

kinds of 
omputers, and for being virtually bug free. The version number of

T

E

X is 
onverging to � and is now at 3:14159.

T

E

X is pronoun
ed \Te
h," with a \
h" as in the German word \A
h"

or in the S
ottish \Lo
h." In an ASCII environment, T

E

X be
omes TeX.

1.1.2 L

A

T

E

X

L

A

T

E

X is a ma
ro pa
kage whi
h enables authors to typeset and print their

work at the highest typographi
al quality, using a prede�ned, professional

layout. L

A

T

E

X was originally written by Leslie Lamport [1℄. It uses the T

E

X

formatter as its typesetting engine.



2 Things You Need to Know
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Figure 1.1: Components of a T

E

X System.

In 1994 the L

A

T

E

X pa
kage was updated by the L

A

T

E

X3 team, led by Frank

Mittelba
h, to in
lude some long-requested improvements, and to reunify all

the pat
hed versions whi
h had 
ropped up sin
e the release of L

A

T

E

X 2.09

some years earlier. To distinguish the new version from the old, it is 
alled

L

A

T

E

X 2

"

. This do
umentation deals with L

A

T

E

X 2

"

.

L

A

T

E

X is pronoun
ed \Lay-te
h" or \Lah-te
h." If you refer to L

A

T

E

X in

an ASCII environment, you type LaTeX. L

A

T

E

X 2

"

is pronoun
ed \Lay-te
h

two e" and typed LaTeX2e.

Figure 1.1 above shows how T

E

X and L

A

T

E

X 2

"

work together. This �gure

is taken from wots.tex by Kees van der Laan.

1.2 Basi
s

1.2.1 Author, Book Designer, and Typesetter

To publish something, authors give their typed manus
ript to a publishing


ompany. One of their book designers then de
ides the layout of the do
u-

ment (
olumn width, fonts, spa
e before and after headings, . . . ). The book
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designer writes his instru
tions into the manus
ript and then gives it to a

typesetter, who typesets the book a

ording to these instru
tions.

A human book designer tries to �nd out what the author had in mind

while writing the manus
ript. He de
ides on 
hapter headings, 
itations,

examples, formulae, et
. based on his professional knowledge and from the


ontents of the manus
ript.

In a L

A

T

E

X environment, L

A

T

E

X takes the role of the book designer and

uses T

E

X as its typesetter. But L

A

T

E

X is \only" a program and therefore

needs more guidan
e. The author has to provide additional information

whi
h des
ribes the logi
al stru
ture of his work. This information is written

into the text as \L

A

T

E

X 
ommands."

This is quite di�erent from the WYSIWYG

1

approa
h whi
h most mod-

ern word pro
essors su
h as MS Word or Corel WordPerfe
t take. With

these appli
ations, authors spe
ify the do
ument layout intera
tively while

typing text into the 
omputer. All along the way, they 
an see on the s
reen

how the �nal work will look when it is printed.

When using L

A

T

E

X it is normally not possible to see the �nal output

while typing the text. But the �nal output 
an be previewed on the s
reen

after pro
essing the �le with L

A

T

E

X. Then 
orre
tions 
an be made before

a
tually sending the do
ument to the printer.

1.2.2 Layout Design

Typographi
al design is a 
raft. Unskilled authors often 
ommit serious

formatting errors by assuming that book design is mostly a question of

aestheti
s|\If a do
ument looks good artisti
ally, it is well designed." But

as a do
ument has to be read and not hung up in a pi
ture gallery, the

readability and understandability is of mu
h greater importan
e than the

beautiful look of it. Examples:

� The font size and the numbering of headings have to be 
hosen to

make the stru
ture of 
hapters and se
tions 
lear to the reader.

� The line length has to be short enough to not strain the eyes of the

reader, while long enough to �ll the page beautifully.

With WYSIWYG systems, authors often generate aestheti
ally pleasing

do
uments with very little or in
onsistent stru
ture. L

A

T

E

X prevents su
h

formatting errors by for
ing the author to de
lare the logi
al stru
ture of

his do
ument. L

A

T

E

X then 
hooses the most suitable layout.

1.2.3 Advantages and Disadvantages

When People from the WYSIWYG world meet people who use L

A

T

E

X, they

often dis
uss \the advantages of L

A

T

E

X over a normal word pro
essor" or the

1

What you see is what you get.
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opposite. The best thing you 
an do when su
h a dis
ussion starts is to keep

a low pro�le, sin
e su
h dis
ussions often get out of hand. But sometimes

you 
annot es
ape . . .

So here is some ammunition. The main advantages of L

A

T

E

X over normal

word pro
essors are the following:

� Professionally 
rafted layouts are available, whi
h make a do
ument

really look as if \printed."

� The typesetting of mathemati
al formulae is supported in a 
onvenient

way.

� The user only needs to learn a few easy-to-understand 
ommands

whi
h spe
ify the logi
al stru
ture of a do
ument. They almost never

need to tinker with the a
tual layout of the do
ument.

� Even 
omplex stru
tures su
h as footnotes, referen
es, table of 
on-

tents, and bibliographies 
an be generated easily.

� Free add-on pa
kages exist for many typographi
al tasks not dire
tly

supported by basi
 L

A

T

E

X. For example, pa
kages are available to

in
lude PostS
ript graphi
s or to typeset bibliographies 
onforming

to exa
t standards. Many of these add-on pa
kages are des
ribed in

The L

A

T

E

X Companion [3℄.

� L

A

T

E

X en
ourages authors to write well-stru
tured texts, be
ause this

is how L

A

T

E

X works|by spe
ifying stru
ture.

� T

E

X, the formatting engine of L

A

T

E

X 2

"

, is highly portable and free.

Therefore the system runs on almost any hardware platform available.

L

A

T

E

X also has some disadvantages, and I guess it's a bit diÆ
ult for me to

�nd any sensible ones, though I am sure other people 
an tell you hundreds

;-)

� L

A

T

E

X does not work well for people who have sold their souls . . .

� Although some parameters 
an be adjusted within a prede�ned do
u-

ment layout, the design of a whole new layout is diÆ
ult and takes a

lot of time.

2

� It is very hard to write unstru
tured and disorganized do
uments.

� Your hamster might, despite some en
ouraging �rst steps, never be

able to fully grasp the 
on
ept of Logi
al Markup.

2

Rumour says that this is one of the key elements whi
h will be addressed in the

up
oming L

A

T

E

X3 system.
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1.3 L

A

T

E

X Input Files

The input for L

A

T

E

X is a plain ASCII text �le. You 
an 
reate it with any

text editor. It 
ontains the text of the do
ument as well as the 
ommands

whi
h tell L

A

T

E

X how to typeset the text.

1.3.1 Spa
es

\Whitespa
e" 
hara
ters su
h as blank or tab are treated uniformly as

\spa
e" by L

A

T

E

X. Several 
onse
utive whitespa
e 
hara
ters are treated

as one \spa
e". Whitespa
e at the start of a line is generally ignored, and

a single linebreak is treated as \whitespa
e".

An empty line between two lines of text de�nes the end of a paragraph.

Several empty lines are treated the same as one empty line. The text below

is an example. On the left hand side is the text from the input �le, and on

the right hand side is the formatted output.

It does not matter whether you

enter one or several spa
es

after a word.

An empty line starts a new

paragraph.

It does not matter whether you enter one or

several spa
es after a word.

An empty line starts a new paragraph.

1.3.2 Spe
ial Chara
ters

The following symbols are reserved 
hara
ters that either have a spe
ial

meaning under L

A

T

E

X or are not available in all the fonts. If you enter them

dire
tly in your text, they will normally not print, but rather 
oer
e L

A

T

E

X

to do things you did not intend.

# $ % ^ & _ { } ~ \

As you will see, these 
hara
ters 
an be used in your do
uments all the

same by adding a pre�x ba
kslash:

\# \$ \% \^{} \& \_ \{ \} \~{}

# $ % ^ & f g ~

The other symbols and many more 
an be printed with spe
ial 
ommands

in mathemati
al formulae or as a

ents. The ba
kslash 
hara
ter n 
an not

be entered by adding another ba
kslash in front of it (\\), this sequen
e is

used for linebreaking.

3

3

Try the $\ba
kslash$ 
ommand instead. It produ
es a `n'.
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1.3.3 L

A

T

E

X Commands

L

A

T

E

X 
ommands are 
ase sensitive and take one of the following two formats:

� They start with a ba
kslash \ and then have a name 
onsisting of

letters only. Command names are terminated by a spa
e, a number or

any other `non-letter'.

� They 
onsist of a ba
kslash and exa
tly one spe
ial 
hara
ter.

L

A

T

E

X ignores whitespa
e after 
ommands. If you want to get a spa
e

after a 
ommand, you have to put either {} and a blank or a spe
ial spa
ing


ommand after the 
ommand name. The {} stops L

A

T

E

X from eating up all

the spa
e after the 
ommand name.

I read that Knuth divides the

people working with \TeX{} into

\TeX{}ni
ians and \TeX perts.\\

Today is \today.

I read that Knuth divides the people working

with T

E

X into T

E

Xni
ians and T

E

Xperts.

Today is 13th January 2002.

Some 
ommands need a parameter whi
h has to be given between 
urly

bra
es { } after the 
ommand name. Some 
ommands support optional

parameters whi
h are added after the 
ommand name in square bra
kets [ ℄.

The next examples use some L

A

T

E

X 
ommands. Don't worry about them,

they will be explained later.

You 
an \textsl{lean} on me!

You 
an lean on me!

Please, start a new line

right here!\newline

Thank you!

Please, start a new line right here!

Thank you!

1.3.4 Comments

When L

A

T

E

X en
ounters a % 
hara
ter while pro
essing an input �le, it ig-

nores the rest of the present line, the linebreak, and all whitespa
e at the

beginning of the next line.

This 
an be used to write notes into the input �le, whi
h will not show

up in the printed version.

This is an % stupid

% Better: instru
tive <----

example: Super
al%

ifragilist%

i
expialido
ious

This is an example: Super
alifragilisti
expi-

alido
ious
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The % 
hara
ter 
an also be used to split long input lines where no

whitespa
e or linebreaks are allowed.

For longer 
omments you should use the 
omment environment provided

by the verbatim pa
kage. This means, to use the 
omment environment you

have to add the 
ommend \usepa
kage{verbatim} to the preamble of your

do
ument.

This is another

\begin{
omment}

rather stupid,

but helpful

\end{
omment}

example for embedding


omments in your do
ument.

This is another example for embedding 
om-

ments in your do
ument.

Note that this won't work inside 
omplex environments like math for

example.

1.4 Input File Stru
ture

When L

A

T

E

X 2

"

pro
esses an input �le, it expe
ts it to follow a 
ertain stru
-

ture. Thus every input �le must start with the 
ommand

\do
ument
lass{...}

This spe
i�es what sort of do
ument you intend to write. After that, you


an in
lude 
ommands whi
h in
uen
e the style of the whole do
ument, or

you 
an load pa
kages whi
h add new features to the L

A

T

E

X system. To load

su
h a pa
kage you use the 
ommand

\usepa
kage{...}

When all the setup work is done,

4

you start the body of the text with

the 
ommand

\begin{do
ument}

Now you enter the text mixed with some useful L

A

T

E

X 
ommands. At

the end of the do
ument you add the

\end{do
ument}


ommand, whi
h tells L

A

T

E

X to 
all it a day. Anything whi
h follows this


ommand will be ignored by L

A

T

E

X.

Figure 1.2 shows the 
ontents of a minimal L

A

T

E

X 2

"

�le. A slightly more


ompli
ated input �le is given in Figure 1.3.

4

The area between \do
ument
lass and \beginfdo
umentg is 
alled preamble.
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\do
ument
lass{arti
le}

\begin{do
ument}

Small is beautiful.

\end{do
ument}

Figure 1.2: A Minimal L

A

T

E

X File.

\do
ument
lass[a4paper,11pt℄{arti
le}

% define the title

\author{H.~Partl}

\title{Minimalism}

\begin{do
ument}

% generates the title

\maketitle

% insert the table of 
ontents

\tableof
ontents

\se
tion{Start}

Well, and here begins my lovely arti
le.

\se
tion{End}

\ldots{} and here it ends.

\end{do
ument}

Figure 1.3: Example of a Realisti
 Journal Arti
le.
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1.5 A Typi
al Commandline Session

I bet you must be dying to try out the neat small L

A

T

E

X input �le shown on

page 8. Here is some help: L

A

T

E

X itself 
omes without a GUI or fan
y buttons

to press. It is just a program whi
h 
run
hes away on your input �le. Some

L

A

T

E

X installations feature a graphi
al front end where you 
an 
li
k L

A

T

E

X

into 
ompiling your input �le. But Real Men don't Cli
k, so here is how to


oax L

A

T

E

X into 
ompiling your input �le on a text based system. Please

note, this des
ription assumes that a working L

A

T

E

X installation already sitts

on your 
omputer.

1. Edit/Create your L

A

T

E

X input �le. This �le must be plain ASCII text.

On Unix all the editors will 
reate just that. On windows you might

want to make sure that you save the �le in ASCII or Plain Text format.

When pi
king a name for your �le, make sure it bears the extention

.tex.

2. Run L

A

T

E

X on your input �le. If su

essful you will end up with a .dvi

�le.

latex foo.tex

3. Now you may view the DVI �le.

xdvi foo.dvi

or 
onvert it to PS

dvips -P
mz foo.dvi -o foo.ps

xdvi and dvips are open-sour
e tools for handling .dvi �les. The

�rst displays them on s
reen within the X11 environment and the

other 
reates a PostS
ript �le for printing. If you are not working on a

Unix system, other means for handling the .dvi �les may be provided.

1.6 The Layout of the Do
ument

1.6.1 Do
ument Classes

The �rst information L

A

T

E

X needs to know when pro
essing an input �le is

the type of do
ument the author wants to 
reate. This is spe
i�ed with the

\do
ument
lass 
ommand.

\do
ument
lass[options℄{
lass}

Here 
lass spe
i�es the type of do
ument to be 
reated. Table 1.1 lists the

do
ument 
lasses explained in this introdu
tion. The L

A

T

E

X 2

"

distribution
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provides additional 
lasses for other do
uments, in
luding letters and slides.

The options parameter 
ustomises the behaviour of the do
ument 
lass. The

options have to be separated by 
ommas. The most 
ommon options for the

standard do
ument 
lasses are listed in Table 1.2.

Example: An input �le for a L

A

T

E

X do
ument 
ould start with the line

\do
ument
lass[11pt,twoside,a4paper℄{arti
le}

whi
h instru
ts L

A

T

E

X to typeset the do
ument as an arti
le with a base

font size of eleven points, and to produ
e a layout suitable for double sided

printing on A4 paper.

1.6.2 Pa
kages

While writing your do
ument, you will probably �nd that there are some

areas where basi
 L

A

T

E

X 
annot solve your problem. If you want to in
lude

graphi
s, 
oloured text or sour
e 
ode from a �le into your do
ument, you

need to enhan
e the 
apabilities of L

A

T

E

X. Su
h enhan
ements are 
alled

pa
kages. Pa
kages are a
tivated with the

\usepa
kage[options℄{pa
kage}


ommand where pa
kage is the name of the pa
kage and options is a list of

keywords whi
h trigger spe
ial features in the pa
kage. Some pa
kages 
ome

with the L

A

T

E

X 2

"

base distribution (See Table 1.3). Others are provided

separately. You may �nd more information on the pa
kages installed at your

site in your Lo
al Guide [4℄. The prime sour
e for information about L

A

T

E

X

pa
kages is The L

A

T

E

X Companion [3℄. It 
ontains des
riptions of hundreds

Table 1.1: Do
ument Classes.

arti
le for arti
les in s
ienti�
 journals, presentations, short reports,

program do
umentation, invitations, . . .

report for longer reports 
ontaining several 
hapters, small books, PhD

theses, . . .

book for real books

slides for slides. The 
lass uses big sans serif letters. You might want

to 
onsider using FoilT

E

X

a

instead.

a

CTAN:/tex-ar
hive/ma
ros/latex/
ontrib/supported/foiltex
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Table 1.2: Do
ument Class Options.

10pt, 11pt, 12pt Sets the size of the main font in the do
ument. If

no option is spe
i�ed, 10pt is assumed.

a4paper, letterpaper, . . . De�nes the paper size. The default size

is letterpaper. Besides that, a5paper, b5paper,

exe
utivepaper, and legalpaper 
an be spe
i�ed.

fleqn Typesets displayed formulae left-aligned instead of 
entred.

leqno Pla
es the numbering of formulae on the left hand side

instead of the right.

titlepage, notitlepage Spe
i�es whether a new page should be

started after the do
ument title or not. The arti
le 
lass does

not start a new page by default, while report and book do.

one
olumn, two
olumn Instru
ts L

A

T

E

X to typeset the do
ument in

one 
olumntwo 
olumns.

twoside, oneside Spe
i�es whether double or single sided output

should be generated. The 
lasses arti
le and report are single

sided and the book 
lass is double sided by default. Note that

this option 
on
erns the style of the do
ument only. The option

twoside does not tell the printer you use that it should a
tually

make a two-sided printout.

openright, openany Makes 
hapters begin either only on right

hand pages or on the next page available. This does not work

with the arti
le 
lass, as it does not know about 
hapters. The

report 
lass by default starts 
hapters on the next page available

and the book 
lass starts them on right hand pages.
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of pa
kages along with information of how to write your own extensions to

L

A

T

E

X 2

"

.

Table 1.3: Some of the Pa
kages Distributed with L

A

T

E

X.

do
 Allows the do
umentation of L

A

T

E

X programs.

Des
ribed in do
.dtx

a

and in The L

A

T

E

X Companion [3℄.

exs
ale Provides s
aled versions of the math extension font.

Des
ribed in ltexs
ale.dtx.

fonten
 Spe
i�es whi
h font en
oding L

A

T

E

X should use.

Des
ribed in ltouten
.dtx.

ifthen Provides 
ommands of the form

`if. . . then do. . . otherwise do. . . .'

Des
ribed in ifthen.dtx and The L

A

T

E

X Companion [3℄.

latexsym To a

ess the L

A

T

E

X symbol font, you should use the

latexsym pa
kage. Des
ribed in latexsym.dtx and in The

L

A

T

E

X Companion [3℄.

makeidx Provides 
ommands for produ
ing indexes. Des
ribed in

se
tion 4.3 and in The L

A

T

E

X Companion [3℄.

syntonly Pro
esses a do
ument without typesetting it.

inputen
 Allows the spe
i�
ation of an input en
oding su
h as

ASCII, ISO Latin-1, ISO Latin-2, 437/850 IBM 
ode pages,

Apple Ma
intosh, Next, ANSI-Windows or user-de�ned one.

Des
ribed in inputen
.dtx.

a

This �le should be installed on your system, and you should be able to

get a dvi �le by typing latex do
.dtx in any dire
tory where you have write

permission. The same is true for all the other �les mentioned in this table.

1.7 Files you might en
ounter

When you work with L

A

T

E

X you will soon �nd yourself in a maze of �les with

various extensions and probably no 
lue. Below there is a list telling about

the various �le types you might en
ounter when working with T

E

X. Please

note that this table does not 
laim to be a 
omplete list of extensions, but

if you �nd one missing whi
h you think is important, please drop a line.
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.tex L

A

T

E

X or T

E

X input �le. Can be 
ompiled with latex.

.sty L

A

T

E

X Ma
ro pa
kage. This is a �le you 
an load into your L

A

T

E

X

do
ument using the \usepa
kage 
ommand.

.dtx Do
umented T

E

X. This is the main distribution format for L

A

T

E

X style

�les. If you pro
ess a .dtx �le you get do
umented ma
ro 
ode of the

L

A

T

E

X pa
kage 
ontained in the .dtx �le.

.ins Is the installer for the �les 
ontained in the mat
hing .dtx �le. If you

download a L

A

T

E

X pa
kage from the net, you will normally get a .dtx

and a .ins �le. Run L

A

T

E

X on the .ins �le to unpa
k the .dtx �le.

.
ls Class �les de�ne what your do
ument looks like. They are sele
ted

with the \do
ument
lass 
ommand.

The following �les are generated when you run L

A

T

E

X on your input �le:

.dvi Devi
e Independent �le. This is the main result of a L

A

T

E

X 
ompile

run. You 
an look at its 
ontent with a DVI previewer program or you


an send it to a printer with dvips or a similar appli
ation.

.log Gives a detailed a

ount of what happened during the last 
ompiler

run.

.to
 Stores all your se
tion headers. It gets read in for the next 
ompiler

run and is used to produ
e the table of 
ontent.

.lof This is like .to
 but for the list of �gures.

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

.aux Another �le whi
h transports information from one 
ompiler run to

the next. Among other things, the .aux �le is used to store information

asso
iated with 
rossreferen
es.

.idx If your do
ument 
ontains an index. L

A

T

E

X stores all the words whi
h

go into the index in this �le. Pro
ess this �le with makeindex. Refer

to se
tion 4.3 on page 62 for more information on indexing.

.ind Is the pro
essed .idx �le, ready for in
lusion into your do
ument on

the next 
ompile 
y
le.

.ilg Log�le telling about what makeindex did.
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1.7.1 Page Styles

L

A

T

E

X supports three prede�ned header/footer 
ombinations|so-
alled page

styles. The style parameter of the

\pagestyle{style}


ommand de�nes whi
h one to use. Table 1.4 lists the prede�ned page styles.

Table 1.4: The Prede�ned Page Styles of L

A

T

E

X.

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 
urrent 
hapter heading and the page number in

the header on ea
h page, while the footer remains empty. (This is

the style used in this do
ument)

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

It is possible to 
hange the page style of the 
urrent page with the 
om-

mand

\thispagestyle{style}

A des
ription how to 
reate your own headers and footers 
an be found

in The L

A

T

E

X Companion [3℄ and in se
tion 4.4 on page 63.

1.8 Big Proje
ts

When working on big do
uments, you might want to split the input �le into

several parts. L

A

T

E

X has two 
ommands whi
h help you to do that.

\in
lude{�lename}

you 
an use this 
ommand in the do
ument body to insert the 
ontents

of another �le named �lename.tex. Note that L

A

T

E

X will start a new page

before pro
essing the material input from �lename.tex.

The se
ond 
ommand 
an be used in the preamble. It allows you to
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instru
t L

A

T

E

X to only input some of the \in
luded �les.

\in
ludeonly{�lename,�lename,. . . }

After this 
ommand is exe
uted in the preamble of the do
ument, only

\in
lude 
ommands for the �lenames whi
h are listed in the argument of

the \in
ludeonly 
ommand will be exe
uted. Note that there must be no

spa
es between the �lenames and the 
ommas.

The \in
lude 
ommand starts typesetting the in
luded text on a new

page. This is helpful when you use \in
ludeonly, be
ause the pagebreaks

will not move, even when some in
luded �les are omitted. Sometimes this

might not be desirable. In this 
ase, you 
an use the

\input{�lename}


ommand. It simply in
ludes the �le spe
i�ed. No 
ashy suits, no strings

atta
hed.

To make L

A

T

E

X qui
kly 
he
k your do
ument you 
an use the syntonly

pa
kage. This makes L

A

T

E

X skim through your do
ument only 
he
king for

proper syntax and usage of the 
ommands, but doesn't produ
e any (DVI)

output. As L

A

T

E

X runs faster in this mode you may save yourself valuable

time. Usage is very simple:

\usepa
kage{syntonly}

\syntaxonly

When you want to produ
e pages, just 
omment out the se
ond line (by

adding a per
ent sign).





Chapter 2

Typesetting Text

After reading the previous 
hapter, you should know about the basi
 stu� of

whi
h a L

A

T

E

X2

"

do
ument is made. In this 
hapter I will �ll in the remaining

stru
ture you will need to know in order to produ
e real world material.

2.1 The Stru
ture of Text and Language

The main point of writing a text (some modern DAAC

1

literature ex
luded),

is to 
onvey ideas, information, or knowledge to the reader. The reader will

understand the text better if these ideas are well-stru
tured, and will see

and feel this stru
ture mu
h better if the typographi
al form re
e
ts the

logi
al and semanti
al stru
ture of the 
ontent.

L

A

T

E

X is di�erent from other typesetting systems in that you just have

to tell it the logi
al and semanti
al stru
ture of a text. It then derives

the typographi
al form of the text a

ording to the \rules" given in the

do
ument 
lass �le and in various style �les.

The most important text unit in L

A

T

E

X (and in typography) is the para-

graph. We 
all it \text unit" be
ause a paragraph is the typographi
al form

whi
h should re
e
t one 
oherent thought, or one idea. You will learn in the

following se
tions, how you 
an for
e linebreaks with e.g. \\ and paragraph

breaks with e.g. leaving an empty line in the sour
e 
ode. Therefore, if a new

thought begins, a new paragraph should begin, and if not, only linebreaks

should be used. If in doubt about paragraph breaks, think about your text

as a 
onveyor of ideas and thoughts. If you have a paragraph break, but

the old thought 
ontinues, it should be removed. If some totally new line of

thought o

urs in the same paragraph, then it should be broken.

Most people 
ompletely underestimate the importan
e of well-pla
ed

paragraph breaks. Many people do not even know what the meaning of

1

Di�erent At All Cost, a translation of the Swiss German UVA (Um's Verre
ken An-

ders).
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a paragraph break is, or, espe
ially in L

A

T

E

X, introdu
e paragraph breaks

without knowing it. The latter mistake is espe
ially easy to make if equa-

tions are used in the text. Look at the following examples, and �gure out

why sometimes empty lines (paragraph breaks) are used before and after the

equation, and sometimes not. (If you don't yet understand all 
ommands

well enough to understand these examples, please read this and the following


hapter, and then read this se
tion again.)

% Example 1

\ldots when Einstein introdu
ed his formula

\begin{equation}

e = m \
dot 
^2 \; ,

\end{equation}

whi
h is at the same time the most widely known

and the least well understood physi
al formula.

% Example 2

\ldots from whi
h follows Kir
hoff's 
urrent law:

\begin{equation}

\sum_{k=1}^{n} I_k = 0 \; .

\end{equation}

Kir
hhoff's voltage law 
an be derived \ldots

% Example 3

\ldots whi
h has several advantages.

\begin{equation}

I_D = I_F - I_R

\end{equation}

is the 
ore of a very different transistor model. \ldots

The next smaller text unit is a senten
e. In English texts, there is a

larger spa
e after a period whi
h ends a senten
e than after one whi
h ends

an abbreviation. L

A

T

E

X tries to �gure out whi
h one you wanted to have. If

L

A

T

E

X gets it wrong, you must tell it what you want. This is explained later

in this 
hapter.

The stru
turing of text even extends to parts of senten
es. Most lan-

guages have very 
ompli
ated pun
tuation rules, but in many languages

(in
luding German and English), you will get almost every 
omma right if

you remember what it represents: a short stop in the 
ow of language. If

you are not sure about where to put a 
omma, read the senten
e aloud, and



2.2 Linebreaking and Pagebreaking 19

take a short breath at every 
omma. If this feels awkward at some pla
e,

delete that 
omma, if you feel the urge to breathe (or make a short stop) at

some other pla
e, insert a 
omma.

Finally, the paragraphs of a text should also be stru
tured logi
ally at a

higher level, by putting them into 
hapters, se
tions, subse
tions, and so on.

However, the typographi
al e�e
t of writing e.g. \se
tion{The Stru
ture

of Text and Language} is so obvious that it is almost self-evident how

these high-level stru
tures should be used.

2.2 Linebreaking and Pagebreaking

2.2.1 Justi�ed Paragraphs

Often books are typeset with ea
h line having the same length. L

A

T

E

X inserts

the ne
essary linebreaks and spa
es between words by optimizing the 
on-

tents of a whole paragraph. If ne
essary, it also hyphenates words that would

not �t 
omfortably on a line. How the paragraphs are typeset depends on

the do
ument 
lass. Normally the �rst line of a paragraph is indented, and

there is no additional spa
e between two paragraphs. Refer to se
tion 5.3.2

for more information.

In spe
ial 
ases it might be ne
essary to order L

A

T

E

X to break a line:

\\ or \newline

starts a new line without starting a new paragraph.

\\*

additionally prohibits a pagebreak after the for
ed linebreak.

\newpage

starts a new page.

\linebreak[n℄, \nolinebreak[n℄, \pagebreak[n℄ and \nopagebreak[n℄

do what their names say. They enable the author to in
uen
e their a
tions

with the optional argument n. It 
an be set to a number between zero

to four. By setting n to a value below 4 you leave L

A

T

E

X the option of

ignoring your 
ommand if the result would look very bad. Do not 
onfuse

these \break" 
ommands with the \new" 
ommands. Even when you give

a \break" 
ommand, L

A

T

E

X still tries to even out the right border of the

page and the total length of the page as des
ribed in the next se
tion. If
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you really want to start a \new line", then use the 
orresponding 
ommand.

Guess its name!

L

A

T

E

X always tries to produ
e the best linebreaks possible. If it 
annot

�nd a way to break the lines in a manner whi
h meets its high standards, it

lets one line sti
k out on the right of the paragraph. L

A

T

E

X then 
omplains

(\overfull hbox") while pro
essing the input �le. This happens most often

when L

A

T

E

X 
annot �nd a suitable pla
e to hyphenate a word.

2

You 
an in-

stru
t L

A

T

E

X to lower its standards a little by giving the \sloppy 
ommand.

It prevents su
h over-long lines by in
reasing the inter-word spa
ing | even

if the �nal output is not optimal. In this 
ase a warning (\underfull hbox")

is given to the user. In most su
h 
ases the result doesn't look very good.

The 
ommand \fussy brings L

A

T

E

X ba
k to its default behaviour.

2.2.2 Hyphenation

L

A

T

E

X hyphenates words whenever ne
essary. If the hyphenation algorithm

does not �nd the 
orre
t hyphenation points, you 
an remedy the situation

by using the following 
ommands to tell T

E

X about the ex
eption.

The 
ommand

\hyphenation{word list}


auses the words listed in the argument to be hyphenated only at the points

marked by \-". The argument of the 
ommand should only 
ontain words

built from normal letters or rather signes whi
h are regarded as normal let-

ters in the a
tive 
ontext. The hyphenation hints are stored for the language

whi
h is a
tive when the hyphenation 
ommand o

urs. This means that if

you pla
e a hyphenation 
ommand into the preamble of your do
ument it

will in
uen
e the english language hyphenation. If you pla
e the 
ommand

after the \begin{do
ument} and you are using some pa
kage for national

language support like babel, then the hyphenation hints will be a
tive in the

language a
tivated through babel.

The example below will allow \hyphenation" to be hyphenated as well

as \Hyphenation", and it prevents \FORTRAN", \Fortran" and \fortran"

from being hyphenated at all. No spe
ial 
hara
ters or symbols are allowed

in the argument.

Example:

\hyphenation{FORTRAN Hy-phen-a-tion}

2

Although L

A

T

E

X gives you a warning when that happens (Overfull hbox) and displays

the o�ending line, su
h lines are not always easy to �nd. If you use the option draft in

the \do
ument
lass 
ommand, these lines will be marked with a thi
k bla
k line on the

right margin.
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The 
ommand \- inserts a dis
retionary hyphen into a word. This also

be
omes the only point hyphenation is allowed in this word. This 
ommand

is espe
ially useful for words 
ontaining spe
ial 
hara
ters (e.g. a

ented


hara
ters), be
ause L

A

T

E

X does not automati
ally hyphenate words 
on-

taining spe
ial 
hara
ters.

I think this is: su\-per\-
al\-%

i\-frag\-i\-lis\-ti
\-ex\-pi\-%

al\-i\-do\-
ious

I think this is: super
alifragilisti
expialido-


ious

Several words 
an be kept together on one line with the 
ommand

\mbox{text}

It 
auses its argument to be kept together under all 
ir
umstan
es.

My phone number will 
hange soon.

It will be \mbox{0116 291 2319}.

The parameter

\mbox{\emph{filename}} should


ontain the name of the file.

My phone number will 
hange soon. It will

be 0116 291 2319.

The parameter �lename should 
ontain the

name of the �le.

\fbox is similar to mbox, but in addition there will be a visible box

drawn around the 
ontent.

2.3 Ready made Strings

In some of the examples on the previous pages you have seen some very

simple L

A

T

E

X 
ommands for typesetting spe
ial text strings:

Command Example Des
ription

\today 13th January 2002 Current date in the 
urrent language

\TeX T

E

X The name of your favorite typesetter

\LaTeX L

A

T

E

X The name of the Game

\LaTeXe L

A

T

E

X 2

"

The 
urrent in
arnation of L

A

T

E

X

2.4 Spe
ial Chara
ters 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 spe
ial opening and 
losing quotation marks. In

L

A

T

E

X, use two `s (gra
e a

ent) for opening quotation marks and two 's
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(apostrophe) for 
losing quotation marks. For single quotes you use just one

of ea
h.

``Please press the `x' key.''

\Please press the `x' key."

2.4.2 Dashes and Hyphens

L

A

T

E

X knows four kinds of dashes. You 
an a

ess three of them with di�er-

ent numbers of 
onse
utive dashes. The fourth sign is a
tually not a dash

at all: It is the mathemati
al minus sign:

daughter-in-law, X-rated\\

pages 13--67\\

yes---or no? \\

$0$, $1$ and $-1$

daughter-in-law, X-rated

pages 13{67

yes|or no?

0, 1 and �1

The names for these dashes are: `-' hyphen, `{' en-dash, `|' em-dash

and `�' minus sign.

2.4.3 Tilde (�)

A 
hara
ter, often seen with web addresses is the tilde. To generate this in

L

A

T

E

X you 
an use \~ but the result: ~ is not really what you want. Try this

instead:

http://www.ri
h.edu/\~{}bush \\

http://www.
lever.edu/$\sim$demo

http://www.ri
h.edu/~bush

http://www.
lever.edu/�demo

2.4.4 Degree Symbol (Æ)

How to print a degree symbol in L

A

T

E

X?

Its $-30\,^{\
ir
}\mathrm{C}$,

I will soon start to

super-
ondu
t.

Its �30

Æ

C, I will soon start to super-
ondu
t.
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2.4.5 Ellipsis ( . . . )

On a typewriter a 
omma or a period takes the same amount of spa
e as

any other letter. In book printing these 
hara
ters o

upy only a little spa
e

and are set very 
lose to the pre
eding letter. Therefore you 
annot enter

`ellipsis' by just typing three dots, as the spa
ing would be wrong. Besides

that there is a spe
ial 
ommand for these dots. It is 
alled

\ldots

Not like this ... but like this:\\

New York, Tokyo, Budapest, \ldots

Not like this ... but like this:

New York, Tokyo, Budapest, . . .

2.4.6 Ligatures

Some letter 
ombinations are typeset not just by setting the di�erent letters

one after the other, but by a
tually using spe
ial symbols.

� � 
 Æ. . . instead of ff fi fl ffi . . .

These so-
alled ligatures 
an be prohibited by inserting an \mbox{} between

the two letters in question. This might be ne
essary with words built from

two words.

Not shelfful\\

but shelf\mbox{}ful

Not shel�ul

but shelfful

2.4.7 A

ents and Spe
ial Chara
ters

L

A

T

E

X supports the use of a

ents and spe
ial 
hara
ters from many lan-

guages. Table 2.1 shows all sorts of a

ents being applied to the letter o.

Naturally other letters work too.

To pla
e an a

ent on top of an i or a j, its dots have to be removed.

This is a

omplished by typing \i and \j.

H\^otel, na\"\i ve, \'el\`eve,\\

sm\o rrebr\o d, !`Se\~norita!,\\

S
h\"onbrunner S
hlo\ss{}

Stra\ss e

Hôtel, na��ve, �el�eve,

sm�rrebr�d, <Se~norita!,

S
h�onbrunner S
hlo� Stra�e
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2.5 International Language Support

If you need to write do
uments in languages other than English, there are

two areas where L

A

T

E

X has to be 
on�gured appropriately:

1. All automati
ally generated text strings

3

have to be adapted to the

new language. For many languages, these 
hanges 
an be a

omplished

by using the babel pa
kage by Johannes Braams.

2. L

A

T

E

X needs to know the hyphenation rules for the new language.

Getting hyphenation rules into L

A

T

E

X is a bit more tri
ky. It means

rebuilding the format �le with di�erent hyphenation patterns enabled.

Your Lo
al Guide [4℄ should give more information on this.

If your system is already 
on�gured appropriately, you 
an a
tivate the

babel pa
kage by adding the 
ommand

\usepa
kage[language℄{babel}

after the \do
ument
lass 
ommand. The languages your system supports

should also be listed in the Lo
al Guide. Babel will automati
ally a
tivate

the apropriate hyphenation rules for the language you 
hoose. If your L

A

T

E

X

format does not support hyphenation in the language of your 
hoi
e, babel

will still work but it will disable hyphenation whi
h has quite a negative

e�e
t on the visual appearan
e of the typeset do
ument.

For some languages, babel also spe
i�es new 
ommands whi
h simplify

the input of spe
ial 
hara
ters. The German language, for example, 
ontains

3

Table of Contents, List of Figures, . . .

Table 2.1: A

ents and Spe
ial Chara
ters.

�o \`o �o \'o ô \^o ~o \~o

�o \=o _o \.o �o \"o �
 \
 


�o \u o �o \v o }o \H o �o \
 o

o

.

\d o o

�

\b o �oo \t oo

� \oe � \OE � \ae � \AE

�a \aa

�

A \AA

� \o � \O  l \l  L \L

� \i � \j < !` > ?`
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a lot of umlauts (�a�o�u). With babel, you 
an enter an �o by typing "o instead

of \"o.

Some 
omputer systems allow you to input spe
ial 
hara
ters dire
tly

from the keyboard. L

A

T

E

X 
an handle su
h 
hara
ters. Sin
e the De
ember

1994 release of L

A

T

E

X 2

"

, support for several input en
odings is in
luded in

the basi
 distribution of L

A

T

E

X 2

"

. Che
k the inputen
 pa
kage:

\usepa
kage[en
oding℄{inputen
}

When using this pa
kage, you should 
onsider that other people might

not be able to display your input �les on their 
omputer, be
ause they use a

di�erent en
oding. For example, the German umlaut �a on a PC is en
oded

as 132, but on some Unix systems using ISO-LATIN 1 it is en
oded as 228.

Therefore you should use this feature with 
are. The following en
odings

may 
ome handy, depending on the type of system you are working on:

Operating system en
oding

Ma
 applema


Unix latin1

Windows ansinew

OS/2 
p850

Font en
oding is a di�erent matter. It de�nes at whi
h position inside

a T

E

X-font ea
h letter is stored. The original Computer Modern T

E

X font

does only 
ontain the 128 
hara
ters of the old 7-bit ASCII 
hara
ter set.

When a

ented 
hara
ters are required, T

E

X 
reates them by 
ombining a

normal 
hara
ter with an a

ent. While the resulting output looks perfe
t,

this approa
h stops the automati
 hyphenation from working inside words


ontaining a

ented 
hara
ters.

Fortunately, most modern T

E

X distributions 
ontain a 
opy of the EC

fonts. These fonts look like the Computer Modern fonts, but 
ontain spe
ial


hara
ters for most of the a

ented 
hara
ters used in European languages.

By using these fonts you 
an improve hyphenation in non-English do
u-

ments. The EC fonts are a
tivated by in
luding the fonten
 pa
kage in the

preamble of your do
ument.

\usepa
kage[T1℄{fonten
}
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2.5.1 Support for German

Some hints for those 
reating German do
uments with L

A

T

E

X. You 
an load

German language support with the 
ommand:

\usepa
kage[german℄{babel}

This enables German hyphenation, if you have 
on�gured your LaTeX

system a

ordingly. It also 
hanges all automati
 text into German. Eg.

\Chapter" be
omes \Kapitel". Further a set of new 
ommands be
omes

available whi
h allows you to write German input �les more qui
kly. Che
k

out table 2.2 for inspiration.

Table 2.2: German Spe
ial Chara
ters.

"a �a "s �

"`

"

"' \

"<

�

">

�

\dq "

2.6 The Spa
e between Words

To get a straight right margin in the output, L

A

T

E

X inserts varying amounts

of spa
e between the words. It inserts slightly more spa
e at the end of a

senten
e, as this makes the text more readable. L

A

T

E

X assumes that sen-

ten
es end with periods, question marks or ex
lamation marks. If a period

follows an upper
ase letter, this is not taken as a senten
e ending, sin
e

periods after upper
ase letters normally o

ur in abbreviations.

Any ex
eption from these assumptions has to be spe
i�ed by the author.

A ba
kslash in front of a spa
e generates a spa
e whi
h will not be enlarged.

A tilde `~' 
hara
ter generates a spa
e whi
h 
annot be enlarged and whi
h

additionally prohibits a linebreak. The 
ommand \� in front of a period

spe
i�es that this period terminates a senten
e even when it follows an

upper
ase letter.

Mr.~Smith was happy to see her\\


f.~Fig.~5\\

I like BASIC\�. What about you?

Mr. Smith was happy to see her


f. Fig. 5

I like BASIC. What about you?
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The additional spa
e after periods 
an be disabled with the 
ommand

\fren
hspa
ing

whi
h tells L

A

T

E

X not to insert more spa
e after a period than after ordinary


hara
ter. This is very 
ommon in non-English languages, ex
ept bibliogra-

phies. If you use \fren
hspa
ing, the 
ommand \� is not ne
essary.

2.7 Titles, Chapters, and Se
tions

To help the reader �nd his or her way through your work, you should divide

it into 
hapters, se
tions, and subse
tions. L

A

T

E

X supports this with spe
ial


ommands whi
h take the se
tion title as their argument. It is up to you to

use them in the 
orre
t order.

The following se
tioning 
ommands are available for the arti
le 
lass:

\se
tion{...} \paragraph{...}

\subse
tion{...} \subparagraph{...}

\subsubse
tion{...}

You 
an use two additional se
tioning 
ommands for the report and the

book 
lass:

\part{...} \
hapter{...}

As the arti
le 
lass does not know about 
hapters, it is quite easy

to add arti
les as 
hapters to a book. The spa
ing between se
tions, the

numbering and the font size of the titles will be set automati
ally by L

A

T

E

X.

Two of the se
tioning 
ommands are a bit spe
ial:

� The \part 
ommand does not in
uen
e the numbering sequen
e of


hapters.

� The \appendix 
ommand does not take an argument. It just 
hanges

the 
hapter numbering to letters.

4

L

A

T

E

X 
reates a table of 
ontents by taking the se
tion headings and page

numbers from the last 
ompile 
y
le of the do
ument. The 
ommand

\tableof
ontents

expands to a table of 
ontents at the pla
e where it is issued. A new do
-

ument has to be 
ompiled (\L

A

T

E

Xed") twi
e to get a 
orre
t table of 
on-

tents. Sometimes it might be ne
essary to 
ompile the do
ument a third

time. L

A

T

E

X will tell you when this is ne
essary.

4

For the arti
le style it 
hanges the se
tion numbering.
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All se
tioning 
ommands listed above also exist as \starred" versions. A

\starred" version of a 
ommand is built by adding a star * after the 
ommand

name. They generate se
tion headings whi
h do not show up in the table of


ontents and whi
h are not numbered. The 
ommand \se
tion{Help}, for

example, would be
ome \se
tion*{Help}.

Normally the se
tion headings show up in the table of 
ontents exa
tly

as they are entered in the text. Sometimes this is not possible, be
ause the

heading is too long to �t into the table of 
ontents. The entry for the table

of 
ontents 
an then be spe
i�ed as an optional argument in front of the

a
tual heading.

\
hapter[Title for the table of 
ontents℄{A long

and espe
ially boring title, shown in the text}

The title of the whole do
ument is generated by issuing a

\maketitle


ommand. The 
ontents of the title have to be de�ned by the 
ommands

\title{...}, \author{...} and optionally \date{...}

before 
alling \maketitle. In the argument of \author, you 
an supply

several names separated by \and 
ommands.

An example of some of the 
ommands mentioned above 
an be found in

Figure 1.3 on page 8.

Apart from the se
tioning 
ommands explained above, L

A

T

E

X 2

"

intro-

du
ed three additional 
ommands for use with the book 
lass. They are

useful for dividing your publi
ation. The 
ommands alter 
hapter headings

and page numbering to work as you would expe
t it in a book:

\frontmatter should be the very �rst 
ommand after \begin{do
ument}.

It will swit
h page numbering to Roman numerals. It is 
ommon to

use the starred se
tioning 
ommands (eg \
hapter*{Prefa
e}) for

frontmatter as this stopps L

A

T

E

X from enumerating them.

\mainmatter 
omes after right befor the �rst 
hapter of the book. It turns

on Arabi
 page numbering and restarts the page 
ounter.

\appendix marks the start of additional material in your book. After this


ommand 
hapters will be numbered with letters.

\ba
kmatter should be inserted before the very last items in your book like

the bibliography and the index. In the standard do
ument 
lasses, this

has no visual e�e
t.
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2.8 Cross Referen
es

In books, reports and arti
les, there are often 
ross-referen
es to �gures,

tables and spe
ial segments of text. L

A

T

E

X provides the following 
ommands

for 
ross referen
ing

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

where marker is an identi�er 
hosen by the user. L

A

T

E

X repla
es \ref by

the number of the se
tion, subse
tion, �gure, table, or theorem after whi
h

the 
orresponding \label 
ommand was issued. \pageref prints the page

number of the page where the \label 
ommand o

urred.

5

Just as the

se
tion titles, the numbers from the previous run are used.

A referen
e to this subse
tion

\label{se
:this} looks like:

``see se
tion~\ref{se
:this} on

page~\pageref{se
:this}.''

A referen
e to this subse
tion looks like: \see

se
tion 2.8 on page 29."

2.9 Footnotes

With the 
ommand

\footnote{footnote text}

a footnote is printed at the foot of the 
urrent page. Footnotes should always

be put

6

after the word or senten
e they refer to. Footnotes referring to a

senten
e or part of it should therefore be put after the 
omma or period.

7

Footnotes\footnote{This is

a footnote.} are often used

by people using \LaTeX.

Footnotes

a

are often used by people using

L

A

T

E

X.

a

This is a footnote.

5

Note that these 
ommands are not aware of what they refer to. \label just saves the

last automati
ally generated number.

6

\put" is one of the most 
ommon English words.

7

Note, that footnotes are distra
ting the reader from the main body of your do
ument.

After all everybody reads the footnotes, we are a 
urious spe
ies. So why not just integrate

everything you want to say into the body of the do
ument.

8

8

A guidepost doesn't ne
essarily go where it's pointing to :-).
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2.10 Emphasized Words

If a text is typed using a typewriter, important words are emphasized

by underlining them.

\underline{text}

In printed books, however, words are emphasized by typesetting them

in an itali
 font. L

A

T

E

X provides the 
ommand

\emph{text}

to emphasize text. What the 
ommand a
tually does with its argument

depends on the 
ontext:

\emph{If you use

emphasizing inside a pie
e

of emphasized text, then

\LaTeX{} uses the

\emph{normal} font for

emphasizing.}

If you use emphasizing inside a pie
e of em-

phasized text, then L

A

T

E

X uses the normal

font for emphasizing.

Please note the di�eren
e between telling L

A

T

E

X to emphasize something

and telling it to use a di�erent font :

\textit{You 
an also

\emph{emphasize} text if

it is set in itali
s,}

\textsf{in a

\emph{sans-serif} font,}

\texttt{or in

\emph{typewriter} style.}

You 
an also emphasize text if it is set in ital-

i
s, in a sans-serif font, or in typewriter

style.

2.11 Environments

\begin{environment} text \end{environment}

Where environment is the name of the environment. Environments 
an

be 
alled several times within ea
h other as long as the 
alling order is

maintained.

\begin{aaa}...\begin{bbb}...\end{bbb}...\end{aaa}

In the following se
tions all important environments are explained.
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2.11.1 Itemize, Enumerate, and Des
ription

The itemize environment is suitable for simple lists, the enumerate en-

vironment for enumerated lists, and the des
ription environment for de-

s
riptions.

\flushleft

\begin{enumerate}

\item You 
an 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{des
ription}

\item[Stupid℄ things will not

be
ome smart be
ause they are

in a list.

\item[Smart℄ things, though, 
an be

presented beautifully in a list.

\end{des
ription}

\end{enumerate}

1. You 
an mix the list environments to

your taste:

� But it might start to look silly.

- With a dash.

2. Therefore remember:

Stupid things will not be
ome smart

be
ause they are in a list.

Smart things, though, 
an be

presented beautifully in a list.

2.11.2 Flushleft, Flushright, and Center

The environments flushleft and flushright generate paragraphs whi
h

are either left- or right-aligned. The 
enter environment generates 
entred

text. If you do not issue \\ to spe
ify linebreaks, L

A

T

E

X will automati
ally

determine linebreaks.

\begin{flushleft}

This text is\\ left-aligned.

\LaTeX{} is not trying to make

ea
h line the same length.

\end{flushleft}

This text is

left-aligned. L

A

T

E

X is not trying to make

ea
h line the same length.

\begin{flushright}

This text is right-\\aligned.

\LaTeX{} is not trying to make

ea
h line the same length.

\end{flushright}

This text is right-

aligned. L

A

T

E

X is not trying to make ea
h

line the same length.
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\begin{
enter}

At the 
entre\\of the earth

\end{
enter}

At the 
entre

of the earth

2.11.3 Quote, Quotation, and Verse

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

ples.

A typographi
al rule of thumb

for the line length is:

\begin{quote}

On average, no line should

be longer than 66 
hara
ters.

\end{quote}

This is why \LaTeX{} pages have

su
h large borders by default and

also why multi
olumn print is

used in newspapers.

A typographi
al rule of thumb for the line

length is:

On average, no line should be

longer than 66 
hara
ters.

This is why L

A

T

E

X pages have su
h large bor-

ders by default and also why multi
olumn

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, be
ause it does indent paragraphs. The verse en-

vironment is useful for poems where the line breaks are important. The

lines are separated by issuing a \\ at the end of a line and a empty line after

ea
h 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 King's horses and all

the King's men\\

Couldn't 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 King's horses and all

the King's men

Couldn't put Humpty together

again.

2.11.4 Printing Verbatim

Text whi
h is en
losed between \begin{verbatim} and \end{verbatim}

will be dire
tly printed, as if it was typed on a typewriter, with all linebreaks

and spa
es, without any L

A

T

E

X 
ommand being exe
uted.
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Within a paragraph, similar behavior 
an be a

essed with

\verb+text+

The + is just an example of a delimiter 
hara
ter. You 
an use any 
hara
ter

ex
ept letters, * or spa
e. Many L

A

T

E

X examples in this booklet are typeset

with this 
ommand.

The \verb|\ldots| 
ommand \ldots

\begin{verbatim}

10 PRINT "HELLO WORLD ";

20 GOTO 10

\end{verbatim}

The \ldots 
ommand . . .

10 PRINT "HELLO WORLD ";

20 GOTO 10

\begin{verbatim*}

the starred version of

the verbatim

environment emphasizes

the spa
es in the text

\end{verbatim*}

the starred version of

the      verbatim

environment emphasizes

the spa
es   in the text

The \verb 
ommand 
an be used in a similar fashion with a star:

\verb*|like this :-) |

like   this :-) 

The verbatim environment and the \verb 
ommand may not be used

within parameters of other 
ommands.

2.11.5 Tabular

The tabular environment 
an be used to typeset beautiful tables with

optional horizontal and verti
al lines. L

A

T

E

X determines the width of the


olumns automati
ally.

The table spe
 argument of the

\begin{tabular}{table spe
}


ommand de�nes the format of the table. Use an l for a 
olumn of left-

aligned text, r for right-aligned text, and 
 for 
entred text; p{width} for a


olumn 
ontaining justi�ed text with linebreaks, and | for a verti
al line.

Within a tabular environment, & jumps to the next 
olumn, \\ starts

a new line and \hline inserts a horizontal line. You 
an add partial Lines
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by using the \
line{j-i} whereby j and i are the 
olumn numbers the line

should extend over.

\begin{tabular}{|r|l|}

\hline

7C0 & hexade
imal \\

3700 & o
tal \\ \
line{2-2}

11111000000 & binary \\

\hline \hline

1984 & de
imal \\

\hline

\end{tabular}

7C0 hexade
imal

3700 o
tal

11111000000 binary

1984 de
imal

\begin{tabular}{|p{4.7
m}|}

\hline

Wel
ome to Boxy's paragraph.

We sin
erely hope you'll

all enjoy the show.\\

\hline

\end{tabular}

Wel
ome to Boxy's paragraph.

We sin
erely hope you'll all en-

joy the show.

The 
olumn separator 
an be spe
i�ed with the �{...} 
onstru
t. This


ommand kills the inter-
olumn spa
e and repla
es it with whatever is be-

tween the 
urly bra
es. One 
ommon use for this 
ommand is explained

below in the de
imal alignment problem. Another possible appli
ation is to

suppress leading spa
e in a table with �{}.

\begin{tabular}{�{} l �{}}

\hline

no leading spa
e\\

\hline

\end{tabular}

no leading spa
e

\begin{tabular}{l}

\hline

leading spa
e left and right\\

\hline

\end{tabular}

leading spa
e left and right

Sin
e there is no built-in way to align numeri
 
olumns to a de
imal

point,

9

we 
an \
heat" and do it by using two 
olumns: a right-aligned inte-

ger and a left-aligned fra
tion. The �{.} 
ommand in the \begin{tabular}

line repla
es the normal inter-
olumn spa
ing with just a \.", giving the ap-

pearan
e of a single, de
imal-point-justi�ed 
olumn. Don't forget to repla
e

the de
imal point in your numbers with a 
olumn separator (&)! A 
olumn

9

If the `tools' bundle is installed on your system, have a look at the d
olumn pa
kage.
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label 
an be pla
ed above our numeri
 \
olumn" by using the \multi
olumn


ommand.

\begin{tabular}{
 r �{.} l}

Pi expression &

\multi
olumn{2}{
}{Value} \\

\hline

$\pi$ & 3&1416 \\

$\pi^{\pi}$ & 36&46 \\

$(\pi^{\pi})^{\pi}$ & 80662&7 \\

\end{tabular}

Pi expression Value

� 3.1416

�

�

36.46

(�

�

)

�

80662.7

\begin{tabular}{|
|
|}

\hline

\multi
olumn{2}{|
|}{Ene} \\

\hline

Mene & Muh! \\

\hline

\end{tabular}

Ene

Mene Muh!

Material typeset with the tabular environment always stays together on

one page. If you want to typeset long tables you might want to have a look

at the supertabular and the longtabular environments.

2.12 Floating Bodies

Today most publi
ations 
ontain a lot of �gures and tables. These elements

need spe
ial treatment, be
ause they 
annot be broken a
ross pages. One

method would be to start a new page every time a �gure or a table is too

large to �t on the present page. This approa
h would leave pages partially

empty, whi
h looks very bad.

The solution to this problem is to `
oat' any �gure or table whi
h does

not �t on the 
urrent page to a later page, while �lling the 
urrent page with

body text. L

A

T

E

X o�ers two environments for 
oating bodies; one for tables

and one for �gures. To take full advantage of these two environments it is

important to understand approximately how L

A

T

E

X handles 
oats internally.

Otherwise 
oats may be
ome a major sour
e of frustration, be
ause L

A

T

E

X

never puts them where you want them to be.

Let's �rst have a look at the 
ommands L

A

T

E

X supplies for 
oats:

Any material en
losed in a figure or table environment will be treated
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as 
oating matter. Both 
oat environments support an optional parameter

\begin{figure}[pla
ement spe
i�er℄ or \begin{table}[pla
ement spe
i�er℄


alled the pla
ement spe
i�er. This parameter is used to tell L

A

T

E

X about the

lo
ations to whi
h the 
oat is allowed to be moved. A pla
ement spe
i�er is


onstru
ted by building a string of 
oat-pla
ing permissions. See Table 2.3.

Note: The 0pt and 1.05em are T

E

X units. Read more on this in table

5.5 on page 76.

A table 
ould be started with the following line e.g.

\begin{table}[!hbp℄

The pla
ement spe
i�er [!hbp℄ allows L

A

T

E

X to pla
e the table right here

(h) or at the bottom (b) of some page or on a spe
ial 
oats page (p), and

all this even if it does not look that good (!). If no pla
ement spe
i�er is

given, the standard 
lasses assume [tbp℄.

L

A

T

E

X will pla
e every 
oat it en
ounters, a

ording to the pla
ement

spe
i�er supplied by the author. If a 
oat 
annot be pla
ed on the 
urrent

page it is deferred either to the �gures or the tables queue

10

. When a new

page is started, L

A

T

E

X �rst 
he
ks if it is possible to �ll a spe
ial `
oat'

page with 
oats from the queues. If this is not possible, the �rst 
oat on

ea
h queue is treated as if it had just o

urred in the text: L

A

T

E

X tries

again to pla
e it a

ording to its respe
tive pla
ement spe
i�ers (ex
ept `h'

whi
h is no longer possible). Any new 
oats o

urring in the text get pla
ed

into the appropriate queues. L

A

T

E

X stri
tly maintains the original order of

appearan
e for ea
h type of 
oat. That's why a �gure whi
h 
annot be

pla
ed pushes all further �gures to the end of the do
ument. Therefore:

10

These are �fo - `�rst in �rst out' queues!

Table 2.3: Float Pla
ing Permissions.

Spe
 Permission to pla
e the 
oat . . .

h here at the very pla
e in the text where it o

urred. This is

useful mainly for small 
oats.

t at the top of a page

b at the bottom of a page

p on a spe
ial page 
ontaining only 
oats.

! without 
onsidering most of the internal parameters

a

whi
h


ould stop this 
oat from being pla
ed.

a

Su
h as the maximum number of 
oats allowed on one page.
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If L

A

T

E

X is not pla
ing the 
oats as you expe
ted, it is often only

one 
oat jamming one of the two 
oat queues.

While it is possible to give LaTeX single-lo
ation pla
ement spe
i�ers,

this 
auses problems. If the 
oat does not �t in the lo
ation spe
i�ed, then

it be
omes stu
k, blo
king subsequent 
oats. In parti
ular, you should never

ever use the [h℄ option, it is so bad that in more re
ent versions of LaTeX,

it is automati
ally repla
ed by [ht℄.

Having explained the diÆ
ult bit, there are some more things to mention

about the table and figure environments. With the

\
aption{
aption text}


ommand, you 
an de�ne a 
aption for the 
oat. A running number and

the string \Figure" or \Table" will be added by L

A

T

E

X.

The two 
ommands

\listoffigures and \listoftables

operate analogously to the \tableof
ontents 
ommand, printing a list

of �gures or tables, respe
tively. In these lists, the whole 
aption will be

repeated. If you tend to use long 
aptions, you must have a shorter version

of the 
aption going into the lists. This is a

omplished by entering the

short version in bra
kets after the \
aption 
ommand.

\
aption[Short℄{LLLLLoooooonnnnnggggg}

With \label and \ref, you 
an 
reate a referen
e to a 
oat within your

text.

The following example draws a square and inserts it into the do
ument.

You 
ould use this if you wanted to reserve spa
e for images you are going

to paste into the �nished do
ument.

Figure~\ref{white} is an example of Pop-Art.

\begin{figure}[!hbp℄

\makebox[\textwidth℄{\framebox[5
m℄{\rule{0pt}{5
m}}}

\
aption{Five by Five in Centimetres.} \label{white}

\end{figure}

In the example above, L

A

T

E

X will try really hard (!) to pla
e the �gure

right here (h).

11

If this is not possible, it tries to pla
e the �gure at the

bottom (b) of the page. Failing to pla
e the �gure on the 
urrent page,

it determines whether it is possible to 
reate a 
oat page 
ontaining this

11

assuming the �gure queue is empty.
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�gure and maybe some tables from the tables queue. If there is not enough

material for a spe
ial 
oat page, L

A

T

E

X starts a new page, and on
e more

treats the �gure as if it had just o

urred in the text.

Under 
ertain 
ir
umstan
es it might be ne
essary to use the

\
learpage or even the \
leardoublepage


ommand. It orders L

A

T

E

X to immediately pla
e all 
oats remaining in the

queues and then start a new page. \
leardoublepage even goes to a new

righthand page.

You will learn how to in
lude PostS
ript drawings into your L

A

T

E

X 2

"

do
uments later in this introdu
tion.

2.13 Prote
ting fragile 
ommands

Text given as arguments of 
ommands like \
aption or \se
tion may show

up more than on
e in the do
ument (e.g. in the table of 
ontents as well

as in the body of the do
ument). Some 
ommands fail when used in the

argument of \se
tion-like 
ommands. These are 
alled fragile 
ommands.

Fragile 
ommands are for example \footnote or \phantom. What these

fragile 
ommands need to work, is prote
tion (don't we all?). You 
an

prote
t them by putting the \prote
t 
ommand in front of them.

\prote
t only refers to the 
ommand whi
h follows right behind, not

even to its arguments. In most 
ases a super
uous \prote
t won't hurt.

\se
tion{I am 
onsiderate

\prote
t\footnote{and prote
t my footnotes}}



Chapter 3

Typesetting Mathemati
al

Formulae

Now you are ready! In this 
hapter, we will atta
k the main strength of T

E

X:

mathemati
al typesetting. But be warned, this 
hapter only s
rat
hes the sur-

fa
e. While the things explained here are suÆ
ient for many people, don't

despair if you 
an't �nd a solution to your mathemati
al typesetting needs here.

It is highly likely that your problem is addressed in A

M

S-L

A

T

E

X

1

or some other

pa
kage.

3.1 General

L

A

T

E

X has a spe
ial mode for typesetting mathemati
s. Mathemati
al 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 $
$ squared. Or, using

a more mathemati
al approa
h:

$
^{2}=a^{2}+b^{2}$

Add a squared and b squared to get 
 squared.

Or, using a more mathemati
al approa
h:




2

= a

2

+ b

2

\TeX{} is pronoun
ed as

$\tau\epsilon\
hi$.\\[6pt℄

100~m$^{3}$ of water\\[6pt℄

This 
omes from my $\heartsuit$

T

E

X is pronoun
ed as ���.

100 m

3

of water

This 
omes from my ~

It is preferable to display larger mathemati
al equations or formulae,

rather than to typeset them on separate lines. This means you en
lose them

1

CTAN:/tex-ar
hive/ma
ros/latex/required/amslatex
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in \[ and \℄ or between \begin{displaymath} and \end{displaymath}.

This produ
es formulae whi
h are not numbered. If you want L

A

T

E

X to

number them, you 
an use the equation environment.

Add $a$ squared and $b$ squared

to get $
$ squared. Or, using

a more mathemati
al approa
h:

\begin{displaymath}


^{2}=a^{2}+b^{2}

\end{displaymath}

And just one more line.

Add a squared and b squared to get 
 squared.

Or, using a more mathemati
al approa
h:




2

= a

2

+ b

2

And just one more line.

You 
an referen
e an equation with \label and \ref

\begin{equation} \label{eq:eps}

\epsilon > 0

\end{equation}

From (\ref{eq:eps}), we gather

\ldots

� > 0 (3.1)

From (3.1), we gather . . .

Note that expressions will be typeset in a di�erent style if displayed:

$\lim_{n \to \infty}

\sum_{k=1}^n \fra
{1}{k^2}

= \fra
{\pi^2}{6}$

lim

n!1

P

n

k=1

1

k

2

=

�

2

6

\begin{displaymath}

\lim_{n \to \infty}

\sum_{k=1}^n \fra
{1}{k^2}

= \fra
{\pi^2}{6}

\end{displaymath}

lim

n!1

n

X

k=1

1

k

2

=

�

2

6

There are di�eren
es between math mode and text mode. For example

in math mode:

1. Most spa
es and linebreaks do not have any signi�
an
e, as all spa
es

either are derived logi
ally from the mathemati
al expressions or have

to be spe
i�ed using spe
ial 
ommands su
h as \,, \quad or \qquad.

2. Empty lines are not allowed. Only one paragraph per formula.

3. Ea
h letter is 
onsidered to be the name of a variable and will be

typeset as su
h. If you want to typeset normal text within a formula

(normal upright font and normal spa
ing) then you have to enter the

text using the \textrm{...} 
ommands.
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\begin{equation}

\forall x \in \mathbf{R}:

\qquad x^{2} \geq 0

\end{equation}

8x 2 R : x

2

� 0 (3.2)

\begin{equation}

x^{2} \geq 0\qquad

\textrm{for all }x\in\mathbf{R}

\end{equation}

x

2

� 0 for all x 2 R (3.3)

Mathemati
ians 
an be very fussy about whi
h symbols are used: it

would be 
onventional here to use `bla
kboard bold', whi
h is obtained using

\mathbb from the pa
kage amsfonts or amssymb. The last example be
omes

\begin{displaymath}

x^{2} \geq 0\qquad

\textrm{for all }x\in\mathbb{R}

\end{displaymath}

x

2

� 0 for all x 2 R

3.2 Grouping in Math Mode

Most math mode 
ommands a
t only on the next 
hara
ter. So if you want

a 
ommand to a�e
t several 
hara
ters, you have to group them together

using 
urly bra
es: {...}.

\begin{equation}

a^x+y \neq a^{x+y}

\end{equation}

a

x

+ y 6= a

x+y

(3.4)

3.3 Building Blo
ks of a Mathemati
al Formula

In this se
tion, the most important 
ommands used in mathemati
al type-

setting will be des
ribed. Take a look at se
tion 3.10 on page 52 for a

detailed list of 
ommands for typesetting mathemati
al symbols.

Lower
ase Greek letters are entered as \alpha, \beta, \gamma, . . . ,

upper
ase letters are entered as \Gamma, \Delta, . . .

2

$\lambda,\xi,\pi,\mu,\Phi,\Omega$
�; �; �; �;�;


2

There is no upper
ase Alpha de�ned in L

A

T

E

X2

"

be
ause it looks the same as a normal

roman A. On
e the new math 
oding is done, things will 
hange.
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Exponents and Subs
ripts 
an be spe
i�ed using the ^ and the _


hara
ter.

$a_{1}$ \qquad $x^{2}$ \qquad

$e^{-\alpha t}$ \qquad

$a^{3}_{ij}$\\

$e^{x^2} \neq {e^x}^2$

a

1

x

2

e

��t

a

3

ij

e

x

2

6= e

x

2

The square root is entered as \sqrt, the n

th

root is generated with

\sqrt[n℄. The size of the root sign is determined automati
ally by L

A

T

E

X.

If just the sign is needed, use \surd.

$\sqrt{x}$ \qquad

$\sqrt{ x^{2}+\sqrt{y} }$

\qquad $\sqrt[3℄{2}$\\[3pt℄

$\surd[x^2 + y^2℄$

p

x

p

x

2

+

p

y

3

p

2

p

[x

2

+ y

2

℄

The 
ommands \overline and \underline 
reate horizontal lines

dire
tly over or under an expression.

$\overline{m+n}$

m+ n

The 
ommands \overbra
e and \underbra
e 
reate long horizontal

bra
es over or under an expression.

$\underbra
e{ a+b+\
dots+z }_{26}$

a+ b+ � � �+ z

| {z }

26

To add mathemati
al a

ents su
h as small arrows or tilde signs to vari-

ables, you 
an use the 
ommands given in Table 3.1 on page 52. Wide hats

and tildes 
overing several 
hara
ters are generated with \widetilde and

\widehat. The ' symbol gives a prime.

\begin{displaymath}

y=x^{2}\qquad y'=2x\qquad y''=2

\end{displaymath}

y = x

2

y

0

= 2x y

00

= 2

Ve
tors often are spe
i�ed by adding small arrow symbols on top of

a variable. This is done with the \ve
 
ommand. The two 
ommands

\overrightarrow and \overleftarrow are useful to denote the ve
tor from

A to B.

\begin{displaymath}

\ve
 a\quad\overrightarrow{AB}

\end{displaymath}

~a

��!

AB
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Usually you don't typeset an expli
it dot sign to indi
ate the multipli-


ation operation. However sometimes it is written to help the reader's eyes

in grouping a formula. Then you should use \
dot

\begin{displaymath}

v = {\sigma}_1 \
dot {\sigma}_2

{\tau}_1 \
dot {\tau}_2

\end{displaymath}

v = �

1

� �

2

�

1

� �

2

Names of log-like fun
tions are often typeset in an upright font and not

in itali
 like variables. Therefore L

A

T

E

X supplies the following 
ommands to

typeset the most important fun
tion names:

\ar

os \
os \
s
 \exp \ker \limsup \min

\ar
sin \
osh \deg \g
d \lg \ln \Pr

\ar
tan \
ot \det \hom \lim \log \se


\arg \
oth \dim \inf \liminf \max \sin

\sinh \sup \tan \tanh

\[\lim_{x \rightarrow 0}

\fra
{\sin x}{x}=1\℄

lim

x!0

sinx

x

= 1

For the modulo fun
tion, there are two 
ommands: \bmod for the binary

operator \a mod b" and \pmod for expressions su
h as \x � a (mod b)."

A built-up fra
tion is typeset with the \fra
{...}{...} 
ommand.

Often the slashed form 1=2 is preferable, be
ause it looks better for small

amounts of `fra
tion material.'

$1\fra
{1}{2}$~hours

\begin{displaymath}

\fra
{ x^{2} }{ k+1 }\qquad

x^{ \fra
{2}{k+1} }\qquad

x^{ 1/2 }

\end{displaymath}

1

1

2

hours

x

2

k + 1

x

2

k+1

x

1=2

To typeset binomial 
oeÆ
ients or similar stru
tures, you 
an use ei-

ther the 
ommand {... \
hoose ...} or {... \atop ...}. The se
ond


ommand produ
es the same output as the �rst one, but without bra
es.

3

3

Note that the usage of these old-style 
ommands is expressly forbidden by the

amsmath pa
kage. They are repla
ed by \binom and \genfra
. The latter is a su-

perset of all related 
onstru
t, e.g. you may get a similar 
onstru
t to \atop by

nnew
ommandfnnewatopg[2℄fngenfra
fgfgf0ptgf1gf#1gf#2gg.
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\begin{displaymath}

{n \
hoose k}\qquad {x \atop y+2}

\end{displaymath}

�

n

k

�

x

y + 2

For binary relations it may be useful to sta
k symbols over ea
h other.

\sta
krel puts the symbol given in the �rst argument in supers
ript-like

size over the se
ond whi
h is set in its usual position.

\begin{displaymath}

\int f_N(x) \sta
krel{!}{=} 1

\end{displaymath}

Z

f

N

(x)

!

= 1

The integral operator is generated with \int, the sum operator with

\sum and the produ
t operator with \prod. The upper and lower limits

are spe
i�ed with ^ and _ like subs
ripts and supers
ripts.

4

\begin{displaymath}

\sum_{i=1}^{n} \qquad

\int_{0}^{\fra
{\pi}{2}} \qquad

\prod_\epsilon

\end{displaymath}

n

X

i=1

Z

�

2

0

Y

�

For bra
es and other delimiters, there exist all types of symbols in

T

E

X (e.g. [ h k l). Round and square bra
es 
an be entered with the


orresponding keys, 
urly bra
es with \{, all other delimiters are generated

with spe
ial 
ommands (e.g. \updownarrow). For a list of all delimiters

available, 
he
k table 3.8 on page 54.

\begin{displaymath}

{a,b,
}\neq\{a,b,
\}

\end{displaymath}

a; b; 
 6= fa; b; 
g

If you put the 
ommand \left in front of an opening delimiter or \right

in front of a 
losing delimiter, T

E

X will automati
ally determine the 
orre
t

size of the delimiter. Note that you must 
lose every \left with a 
orre-

sponding \right, and that the size is determined 
orre
tly only if both are

typeset on the same line. If you don't want anything on the right, use the

invisible `\right.' !

\begin{displaymath}

1 + \left( \fra
{1}{ 1-x^{2} }

\right) ^3

\end{displaymath}

1 +

�

1

1� x

2

�

3

4

A

M

S-L

A

T

E

X in addition has multiline super-/subs
ripts
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In some 
ases it is ne
essary to spe
ify the 
orre
t size of a mathemati
al

delimiter by hand, whi
h 
an be done using the 
ommands \big, \Big,

\bigg and \Bigg as pre�xes to most delimiter 
ommands.

5

$\Big( (x+1) (x-1) \Big) ^{2}$\\

$\big(\Big(\bigg(\Bigg($\quad

$\big\}\Big\}\bigg\}\Bigg\}$\quad

$\big\|\Big\|\bigg\|\Bigg\|$

�

(x+ 1)(x� 1)

�

2

�

�

�

 

	

o

�

)











































To enter three dots into a formula, you 
an use several 
ommands.

\ldots typesets the dots on the baseline, \
dots sets them 
entred. Besides

that, there are the 
ommands \vdots for verti
al and \ddots for diagonal

dots. You 
an �nd another example in se
tion 3.5.

\begin{displaymath}

x_{1},\ldots,x_{n} \qquad

x_{1}+\
dots+x_{n}

\end{displaymath}

x

1

; : : : ; x

n

x

1

+ � � �+ x

n

3.4 Math Spa
ing

If the spa
es within formulae 
hosen by T

E

X are not satisfa
tory, they 
an be

adjusted by inserting spe
ial spa
ing 
ommands. There are some 
ommands

for small spa
es: \, for

3

18

quad ( ), \: for

4

18

quad ( ) and \; for

5

18

quad

( ). The es
aped spa
e 
hara
ter \ generates a medium sized spa
e and

\quad ( ) and \qquad ( ) produ
e large spa
es. The size of a \quad


orresponds to the width of the 
hara
ter `M' of the 
urrent font. The \!


ommand produ
es a negative spa
e of �

3

18

quad ( ).

\new
ommand{\ud}{\mathrm{d}}

\begin{displaymath}

\int\!\!\!\int_{D} g(x,y)

\, \ud x\, \ud y

\end{displaymath}

instead of

\begin{displaymath}

\int\int_{D} g(x,y)\ud x \ud y

\end{displaymath}

ZZ

D

g(x; y) dx dy

instead of

Z Z

D

g(x; y)dxdy

5

These 
ommands do not work as expe
ted if a size 
hanging 
ommand has been used,

or the 11pt or 12pt option has been spe
i�ed. Use the exs
ale or amsmath pa
kages to


orre
t this behaviour.
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Note that `d' in the di�erential is 
onventionally set in roman.

A

M

S-L

A

T

E

X provides another way for �netuning the spa
ing between

multiple integral signs, namely the \iint, \iiint, \iiiint, and \idotsint


ommands. With the amsmath pa
kage loaded, the above example 
an be

typeset this way:

\new
ommand{\ud}{\mathrm{d}}

\begin{displaymath}

\iint_{D} \, \ud x \, \ud y

\end{displaymath}

ZZ

D

dx dy

See the ele
troni
 do
ument testmath.tex (distributed with A

M

S-L

A

T

E

X)

or Chapter 8 of \The LaTeX Companion" for further details.

3.5 Verti
ally Aligned Material

To typeset arrays, use the array environment. It works somewhat similar

to the tabular environment. The \\ 
ommand is used to break the lines.

\begin{displaymath}

\mathbf{X} =

\left( \begin{array}{


}

x_{11} & x_{12} & \ldots \\

x_{21} & x_{22} & \ldots \\

\vdots & \vdots & \ddots

\end{array} \right)

\end{displaymath}

X =

0

B

�

x

11

x

12

: : :

x

21

x

22

: : :

.

.

.

.

.

.

.

.

.

1

C

A

The array environment 
an also be used to typeset expressions whi
h

have one big delimiter by using a \." as an invisible \right delimiter:

\begin{displaymath}

y = \left\{ \begin{array}{ll}

a & \textrm{if $d>
$}\\

b+x & \textrm{in the morning}\\

l & \textrm{all day long}

\end{array} \right.

\end{displaymath}

y =

8

<

:

a if d > 


b+ x in the morning

l all day long

As within the tabular environment you 
an also draw lines in the array

environent, e.g. separating the entries of a matrix:

\begin{displaymath}

\left(\begin{array}{
|
}

1 & 2 \\

\hline

3 & 4

\end{array}\right)

\end{displaymath}

�

1 2

3 4

�
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For formulae running over several lines or for equation systems, you 
an

use the environments eqnarray, and eqnarray* instead of equation. In

eqnarray ea
h line gets an equation number. The eqnarray* does not

number anything.

The eqnarray and the eqnarray* environments work like a 3-
olumn

table of the form {r
l}, where the middle 
olumn 
an be used for the equal

sign or the not-equal sign. Or any other sign you see �t. The \\ 
ommand

breaks the lines.

\begin{eqnarray}

f(x) & = & \
os x \\

f'(x) & = & -\sin x \\

\int_{0}^{x} f(y)dy &

= & \sin x

\end{eqnarray}

f(x) = 
osx (3.5)

f

0

(x) = � sinx (3.6)

Z

x

0

f(y)dy = sinx (3.7)

Noti
e that the spa
e on either side of the the equal signs is rather large.

It 
an be redu
ed by setting \setlength\array
olsep{2pt}, as in the next

example.

Long equations will not be automati
ally divided into neat bits. The

author has to spe
ify where to break them and how mu
h to indent. The

following two methods are the most 
ommon ones used to a
hieve this.

{\setlength\array
olsep{2pt}

\begin{eqnarray}

\sin x & = & x -\fra
{x^{3}}{3!}

+\fra
{x^{5}}{5!}-{}

\nonumber\\

& & {}-\fra
{x^{7}}{7!}+{}\
dots

\end{eqnarray}}

sinx = x�

x

3

3!

+

x

5

5!

�

�

x

7

7!

+ � � � (3.8)

\begin{eqnarray}

\lefteqn{ \
os x = 1

-\fra
{x^{2}}{2!} +{} }

\nonumber\\

& & {}+\fra
{x^{4}}{4!}

-\fra
{x^{6}}{6!}+{}\
dots

\end{eqnarray}


osx = 1�

x

2

2!

+

+

x

4

4!

�

x

6

6!

+ � � � (3.9)

The \nonumber 
ommand 
auses L

A

T

E

X to not generate a number for this

equation.



48 Typesetting Mathemati
al Formulae

It 
an be diÆ
ult to get verti
ally aligned equations to look right with

these methods; the pa
kage amsmath provides a more powerful set of alter-

natives. (see split and align environments).

3.6 Phantom

We 
an't see phantoms, but they still o

upy some spa
e in the minds of a

lot of people. L

A

T

E

X is no di�erent. We 
an use this for some interesting

spa
ing tri
ks.

When verti
ally aligning text using ^ and _ L

A

T

E

X sometimes is just a

little bit too helpful. Using the \phantom 
ommand you 
an reserve spa
e

for 
hara
ters whi
h do not show up in the �nal output. Best is to look at

the following examples.

\begin{displaymath}

{}^{12}_{\phantom{1}6}\textrm{C}

\qquad \textrm{versus} \qquad

{}^{12}_{6}\textrm{C}

\end{displaymath}

12

6

C versus

12

6

C

\begin{displaymath}

\Gamma_{ij}^{\phantom{ij}k}

\qquad \textrm{versus} \qquad

\Gamma_{ij}^{k}

\end{displaymath}

�

k

ij

versus �

k

ij

3.7 Math Font Size

In math mode, T

E

X sele
ts the font size a

ording to the 
ontext. Super-

s
ripts, for example, get typeset in a smaller font. If you want to typeset

part of an equation in roman, don't use the \textrm 
ommand, be
ause

the font size swit
hing me
hanism will not work, as \textrm temporarily

es
apes to text mode. Use \mathrm instead to keep the size swit
hing me
h-

anism a
tive. But pay attention, \mathrm will only work well on short items.

Spa
es are still not a
tive and a

ented 
hara
ters do not work.

6

\begin{equation}

2^{\textrm{nd}} \quad

2^{\mathrm{nd}}

\end{equation}

2

nd

2

nd

(3.10)

Nevertheless, sometimes you need to tell L

A

T

E

X the 
orre
t font size. In

math mode, the fontsize is set with the four 
ommands:

6

The A

M

S-L

A

T

E

X pa
kage makes the \textrm 
ommand work with size 
hanging.
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\displaystyle (123), \textstyle (123), \s
riptstyle (123) and

\s
ripts
riptstyle (123).

Changing styles also a�e
ts the way limits are displayed.

\begin{displaymath}

\mathop{\mathrm{
orr}}(X,Y)=

\fra
{\displaystyle

\sum_{i=1}^n(x_i-\overline x)

(y_i-\overline y)}

{\displaystyle\biggl[

\sum_{i=1}^n(x_i-\overline x)^2

\sum_{i=1}^n(y_i-\overline y)^2

\biggr℄^{1/2}}

\end{displaymath}


orr(X;Y ) =

n

X

i=1

(x

i

� x)(y

i

� y)

�

n

X

i=1

(x

i

� x)

2

n

X

i=1

(y

i

� y)

2

�

1=2

This is one of those examples in whi
h we need larger bra
kets than the

standard \left[ \right℄ provides.

3.8 Theorems, Laws, . . .

When writing mathemati
al do
uments, you probably need a way to typeset

\Lemmas", \De�nitions", \Axioms" and similar stru
tures. L

A

T

E

X supports

this with the 
ommand

\newtheorem{name}[
ounter℄{text}[se
tion℄

The name argument, is a short keyword used to identify the \theorem".

With the text argument, you de�ne the a
tual name of the \theorem" whi
h

will be printed in the �nal do
ument.

The arguments in square bra
kets are optional. They are both used to

spe
ify the numbering used on the \theorem". With the 
ounter argument

you 
an spe
ify the name of a previously de
lared \theorem". The new

\theorem" will then be numbered in the same sequen
e. The se
tion argu-

ment allows you to spe
ify the se
tional unit within whi
h you want your

\theorem" to be numbered.

After exe
uting the \newtheorem 
ommand in the preamble of your do
-

ument, you 
an use the following 
ommand within the do
ument.

\begin{name}[text℄

This is my interesting theorem

\end{name}

This should be enough theory. The following examples will hopefully

remove the �nal remains of doubt and make it 
lear that the \newtheorem

environment is way too 
omplex to understand.
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% definitions for the do
ument

% preamble

\newtheorem{law}{Law}

\newtheorem{jury}[law℄{Jury}

%in the do
ument

\begin{law} \label{law:box}

Don't hide in the witness box

\end{law}

\begin{jury}[The Twelve℄

It 
ould be you! So beware and

see law~\ref{law:box}\end{jury}

\begin{law}No, No, No\end{law}

Law 1 Don't hide in the witness box

Jury 2 (The Twelve) It 
ould be you! So

beware and see law 1

Law 3 No, No, No

The \Jury" theorem uses the same 
ounter as the \Law" theorem. There-

fore it gets a number whi
h is in sequen
e with the other \Laws". The ar-

gument in square bra
kets is used to spe
ify a title or something similar for

the theorem.

\flushleft

\newtheorem{mur}{Murphy}[se
tion℄

\begin{mur}

If there are two or more

ways to do something, and

one of those ways 
an result

in a 
atastrophe, then

someone will do it.\end{mur}

Murphy 3.8.1 If there are two or more

ways to do something, and one of those

ways 
an result in a 
atastrophe, then

someone will do it.

The \Murphy" theorem gets a number whi
h is linked to the number of

the 
urrent se
tion. You 
ould also use another unit, for example 
hapter

or subse
tion.

3.9 Bold symbols

It is quite diÆ
ult to get bold symbols in L

A

T

E

X; this is probably intentional

as amateur typesetters tend to overuse them. The font 
hange 
ommand

\mathbf gives bold letters, but these are roman (upright) whereas mathe-

mati
al symbols are normally itali
. There is a \boldmath 
ommand, but

this 
an only be used outside mathemati
s mode. It works for symbols too.

\begin{displaymath}

\mu, M \qquad \mathbf{M} \qquad

\mbox{\boldmath $\mu, M$}

\end{displaymath}

�;M M �;M

Noti
e that the 
omma is bold too, whi
h may not be what is required.

The pa
kage amsbsy (in
luded by amsmath) as well as the bm from the

tools bundle make this mu
h easier as they in
lude a \boldsymbol 
ommand.
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\begin{displaymath}

\mu, M \qquad

\boldsymbol{\mu}, \boldsymbol{M}

\end{displaymath}

�;M �;M
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3.10 List of Mathemati
al Symbols

In the following tables, you �nd all the symbols normally a

essible from

math mode.

To use the symbols listed in Tables 3.12{3.16,

7

the pa
kage amssymb

must be loaded in the preamble of the do
ument and the AMS math fonts

must be installed, on the system. If the AMS pa
kage and fonts are not

installed, on your system, have a look at

CTAN:/tex-ar
hive/ma
ros/latex/required/amslatex

Table 3.1: Math Mode A

ents.

â \hat{a} �a \
he
k{a} ~a \tilde{a} �a \a
ute{a}

�a \grave{a} _a \dot{a} �a \ddot{a} �a \breve{a}

�a \bar{a} ~a \ve
{a}

b

A \widehat{A}

e

A \widetilde{A}

Table 3.2: Lower
ase Greek Letters.

� \alpha � \theta o o � \upsilon

� \beta # \vartheta � \pi � \phi


 \gamma � \iota $ \varpi ' \varphi

Æ \delta � \kappa � \rho � \
hi

� \epsilon � \lambda % \varrho  \psi

" \varepsilon � \mu � \sigma ! \omega

� \zeta � \nu & \varsigma

� \eta � \xi � \tau

Table 3.3: Upper
ase Greek Letters.

� \Gamma � \Lambda � \Sigma 	 \Psi

� \Delta � \Xi � \Upsilon 
 \Omega

� \Theta � \Pi � \Phi

7

These tables were derived from symbols.tex by David Carlisle and subsequently


hanged extensively as suggested by Josef Tkadle
.
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Table 3.4: Binary Relations.

You 
an produ
e 
orresponding negations by adding a \not 
ommand as

pre�x to the following symbols.

< < > > = =

� \leq or \le � \geq or \ge � \equiv

� \ll � \gg

:

= \doteq

� \pre
 � \su

 � \sim

� \pre
eq � \su

eq ' \simeq

� \subset � \supset � \approx

� \subseteq � \supseteq

�

=

\
ong

< \sqsubset

a

= \sqsupset

a

1 \Join

a

v \sqsubseteq w \sqsupseteq ./ \bowtie

2 \in 3 \ni , \owns / \propto

` \vdash a \dashv j= \models

j \mid k \parallel ? \perp

^ \smile _ \frown � \asymp

: : =2 \notin 6= \neq or \ne

a

Use the latexsym pa
kage to a

ess this symbol

Table 3.5: Binary Operators.

+ + � -

� \pm � \mp / \triangleleft

� \
dot � \div . \triangleright

� \times n \setminus ? \star

[ \
up \ \
ap � \ast

t \sq
up u \sq
ap Æ \
ir


_ \vee , \lor ^ \wedge , \land � \bullet

� \oplus 	 \ominus � \diamond

� \odot � \oslash ℄ \uplus


 \otimes 
 \big
ir
 q \amalg

4 \bigtriangleup 5 \bigtriangledown y \dagger

� \lhd

a

� \rhd

a

z \ddagger

� \unlhd

a

� \unrhd

a

o \wr
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Table 3.6: BIG Operators.

P

\sum

S

\big
up

W

\bigvee

L

\bigoplus

Q

\prod

T

\big
ap

V

\bigwedge

N

\bigotimes

`

\
oprod

F

\bigsq
up

J

\bigodot

R

\int

H

\oint

U

\biguplus

Table 3.7: Arrows.

 \leftarrow or \gets  � \longleftarrow " \uparrow

! \rightarrow or \to �! \longrightarrow # \downarrow

$ \leftrightarrow  ! \longleftrightarrow l \updownarrow

( \Leftarrow (= \Longleftarrow * \Uparrow

) \Rightarrow =) \Longrightarrow + \Downarrow

, \Leftrightarrow () \Longleftrightarrow m \Updownarrow

7! \mapsto 7�! \longmapsto % \nearrow

 - \hookleftarrow ,! \hookrightarrow & \searrow

( \leftharpoonup * \rightharpoonup . \swarrow

) \leftharpoondown + \rightharpoondown - \nwarrow


 \rightleftharpoons () \iff (bigger spa
es) ; \leadsto

a

a

Use the latexsym pa
kage to a

ess this symbol

Table 3.8: Delimiters.

( ( ) ) " \uparrow * \Uparrow

[ [ or \lbra
k ℄ ℄ or \rbra
k # \downarrow + \Downarrow

f \{ or \lbra
e g \} or \rbra
e l \updownarrow m \Updownarrow

h \langle i \rangle j | or \vert k \| or \Vert

b \lfloor 
 \rfloor d \l
eil e \r
eil

= / n \ba
kslash . (dual. empty)

Table 3.9: Large Delimiters.

8

:

\lgroup

9

;

\rgroup

8

;

\lmousta
he

9

:

\rmousta
he

?

?

\arrowvert

w

w

\Arrowvert

>

>

>

>

\bra
evert
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Table 3.10: Mis
ellaneous Symbols.

: : : \dots � � � \
dots

.

.

. \vdots

.

.

.

\ddots

~ \hbar { \imath | \jmath ` \ell

< \Re = \Im � \aleph } \wp

8 \forall 9 \exists 0 \mho

a

� \partial

0

' 0 \prime ; \emptyset 1 \infty

r \nabla 4 \triangle 2 \Box

a

3 \Diamond

a

? \bot > \top \ \angle

p

\surd

} \diamondsuit ~ \heartsuit | \
lubsuit � \spadesuit

: \neg or \lnot [ \flat \ \natural ℄ \sharp

a

Use the latexsym pa
kage to a

ess this symbol

Table 3.11: Non-Mathemati
al Symbols.

These symbols 
an also be used in text mode.

y \dag x \S





 \
opyright

z \ddag { \P $ \pounds

Table 3.12: AMS Delimiters.

p \ul
orner q \ur
orner x \ll
orner y \lr
orner

j \lvert j \rvert k \lVert k \rVert

Table 3.13: AMS Greek and Hebrew.

z \digamma { \varkappa i \beth k \daleth j \gimel
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Table 3.14: AMS Binary Relations.

l \lessdot m \gtrdot + \doteqdot or \Doteq

6 \leqslant > \geqslant : \risingdotseq

0 \eqslantless 1 \eqslantgtr ; \fallingdotseq

5 \leqq = \geqq P \eq
ir


n \lll or \llless o \ggg or \gggtr $ \
ir
eq

. \lesssim & \gtrsim , \triangleq

/ \lessapprox ' \gtrapprox l \bumpeq

7 \lessgtr ? \gtrless m \Bumpeq

Q \lesseqgtr R \gtreqless s \thi
ksim

S \lesseqqgtr T \gtreqqless t \thi
kapprox

4 \pre

urlyeq < \su


urlyeq u \approxeq

2 \
urlyeqpre
 3 \
urlyeqsu

 v \ba
ksim

- \pre
sim % \su

sim w \ba
ksimeq

w \pre
approx v \su

approx � \vDash

j \subseteqq k \supseteqq 
 \Vdash

b \Subset 
 \Supset Æ \Vvdash

< \sqsubset = \sqsupset � \ba
kepsilon

) \therefore * \be
ause _ \varpropto

p \shortmid q \shortparallel G \between

` \smallsmile a \smallfrown t \pit
hfork

C \vartriangleleft B \vartriangleright J \bla
ktriangleleft

E \trianglelefteq D \trianglerighteq I \bla
ktriangleright

Table 3.15: AMS Arrows.

L99 \dashleftarrow 9 9 K \dashrightarrow ( \multimap

� \leftleftarrows � \rightrightarrows � \upuparrows

� \leftrightarrows � \rightleftarrows � \downdownarrows

W \Lleftarrow V \Rrightarrow � \upharpoonleft

� \twoheadleftarrow � \twoheadrightarrow � \upharpoonright

� \leftarrowtail � \rightarrowtail � \downharpoonleft

� \leftrightharpoons 
 \rightleftharpoons � \downharpoonright

� \Lsh � \Rsh  \rightsquigarrow

" \looparrowleft # \looparrowright ! \leftrightsquigarrow

x \
urvearrowleft y \
urvearrowright

	 \
ir
learrowleft � \
ir
learrowright
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Table 3.16: AMS Negated Binary Relations and Arrows.

� \nless � \ngtr & \varsubsetneqq

� \lneq 
 \gneq ' \varsupsetneqq

� \nleq � \ngeq " \nsubseteqq


 \nleqslant � \ngeqslant # \nsupseteqq

� \lneqq 	 \gneqq - \nmid

� \lvertneqq � \gvertneqq , \nparallel

� \nleqq � \ngeqq . \nshortmid

� \lnsim � \gnsim / \nshortparallel

� \lnapprox � \gnapprox � \nsim

� \npre
 � \nsu

 � \n
ong

Æ \npre
eq � \nsu

eq 0 \nvdash

� \pre
neqq � \su

neqq 2 \nvDash

� \pre
nsim � \su

nsim 1 \nVdash

� \pre
napprox � \su

napprox 3 \nVDash

( \subsetneq ) \supsetneq 6 \ntriangleleft

 \varsubsetneq ! \varsupsetneq 7 \ntriangleright

* \nsubseteq + \nsupseteq 5 \ntrianglelefteq

$ \subsetneqq % \supsetneqq 4 \ntrianglerighteq

8 \nleftarrow 9 \nrightarrow = \nleftrightarrow

: \nLeftarrow ; \nRightarrow < \nLeftrightarrow

Table 3.17: AMS Binary Operators.

u \dotplus � \
enterdot | \inter
al

n \ltimes o \rtimes > \divideontimes

d \Cup or \double
up e \Cap or \double
ap r \smallsetminus

Y \veebar Z \barwedge [ \doublebarwedge

� \boxplus � \boxminus � \
ir
leddash

� \boxtimes � \boxdot } \
ir
led
ir


h \leftthreetimes i \rightthreetimes ~ \
ir
ledast

g \
urlyvee f \
urlywedge
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Table 3.18: AMS Mis
ellaneous.

~ \hbar } \hslash | \Bbbk

� \square � \bla
ksquare s \
ir
ledS

M \vartriangle N \bla
ktriangle { \
omplement

O \triangledown H \bla
ktriangledown a \Game

� \lozenge � \bla
klozenge F \bigstar

\ \angle ℄ \measuredangle ^ \spheri
alangle

� \diagup � \diagdown 8 \ba
kprime

� \nexists ` \Finv ? \varnothing

g \eth 0 \mho

Table 3.19: Math Alphabets.

Example Command Required pa
kage

ABCdef \mathrm{ABCdef}

ABCdef \mathit{ABCdef}

ABCdef \mathnormal{ABCdef}

ABC \math
al{ABC}

ABC \math
al{ABC} mathrsfs

ABC \math
al{ABC} eu
al with option: math
al or

\maths
r{ABC} eu
al with option: maths
r

ABCdef \mathfrak{ABCdef} eufrak

A B C \mathbb{ABC} amsfonts or amssymb



Chapter 4

Spe
ialities

When putting together a large do
ument, L

A

T

E

X will help you with some spe
ial

features like index generation, bibliography management, and other things. A

mu
h more 
omplete des
ription of spe
ialities and enhan
ements possible with

L

A

T

E

X 
an be found in the L

A

T

E

X Manual [1℄ and The L

A

T

E

X Companion [3℄.

4.1 In
luding EPS Graphi
s

L

A

T

E

X provides the basi
 fa
ilities to work with 
oating bodies su
h as images

or graphi
s, with the figure and the table environment.

There are also several possibilities to generate the a
tual graphi
s with

basi
 L

A

T

E

X or a L

A

T

E

X extension pa
kage. Unfortunately, most users �nd

them quite diÆ
ult to understand. Therefore this will not be explained any

further in this manual. Please refer to The L

A

T

E

X Companion [3℄ and the

L

A

T

E

X Manual [1℄ for more information on that subje
t.

A mu
h easier way to get graphi
s into a do
ument, is to generate them

with a spe
ialised software pa
kage

1

and then in
lude the �nished graphi
s

into the do
ument. Here again, L

A

T

E

X pa
kages o�er many ways to do that.

In this introdu
tion, only the use of En
apsulated PostS
ript (EPS) graphi
s

will be dis
ussed, be
ause it is quite easy to do and widely used. In order

to use pi
tures in the EPS format, you must have a PostS
ript printer

2

available for output.

A good set of 
ommands for in
lusion of graphi
s is provided in the

graphi
x pa
kage by D. P. Carlisle. It is part of a whole family of pa
kages


alled the \graphi
s" bundle

3

.

1

Su
h as XFig, CorelDraw!, Freehand, Gnuplot, . . .

2

Another possibility to output PostS
ript is the GhostS
ript program available from

CTAN:/tex-ar
hive/support/ghosts
ript. Windows and OS/2 users might want to look

for GSview.

3

CTAN:/tex-ar
hive/ma
ros/latex/required/graphi
s
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Assuming you are working on a system with a PostS
ript printer avail-

able for output and with the graphi
x pa
kage installed, you 
an use the

following step by step guide to in
lude a pi
ture into your do
ument:

1. Export the pi
ture from your graphi
s program in EPS format.

4

2. Load the graphi
x pa
kage in the preamble of the input �le with

\usepa
kage[driver℄{graphi
x}

where driver is the name of your \dvi to posts
ript" 
onverter pro-

gram. The most widely used program is 
alled dvips. The name of

the driver is required, be
ause there is no standard on how graphi
s

are in
luded in T

E

X. Knowing the name of the driver, the graphi
x

pa
kage 
an 
hoose the 
orre
t method to insert information about the

graphi
s into the .dvi �le, so that the printer understands it and 
an


orre
tly in
lude the .eps �le.

3. Use the 
ommand

\in
ludegraphi
s[key=value, . . . ℄{�le}

to in
lude �le into your do
ument. The optional parameter a

epts a


omma separated list of keys and asso
iated values. The keys 
an be

used to alter the width, height and rotation of the in
luded graphi
.

Table 4.1 lists the most important keys.

Table 4.1: Key Names for graphi
x Pa
kage.

width s
ale graphi
 to the spe
i�ed width

height s
ale graphi
 to the spe
i�ed height

angle rotate graphi
 
ounter
lo
kwise

s
ale s
ale graphi


4

If your software 
an not export into EPS format, you 
an try to install a PostS
ript

printer driver (some Apple LaserWriter for example) and then print to a �le with this

driver. With some lu
k this �le will be in EPS format. Note that an EPS must not


ontain more than one page. Some printer drivers 
an be expli
itly 
on�gured to produ
e

EPS format.
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The following example 
ode will hopefully make things 
lear:

\begin{figure}

\begin{
enter}

\in
ludegraphi
s[angle=90, width=0.5\textwidth℄{test}

\end{
enter}

\end{figure}

It in
ludes the graphi
 stored in the �le test.eps. The graphi
 is �rst

rotated by an angle of 90 degrees and then s
aled to the �nal width of 0.5

times the width of a standard paragraph. The aspe
t ratio is 1:0, be
ause

no spe
ial height is spe
i�ed. The width and height parameters 
an also be

spe
i�ed in absolute dimensions. Refer to Table 5.5 on page 76 for more

information. If you want to know more about this topi
, make sure to read

[8℄ and [11℄.

4.2 Bibliography

You 
an produ
e a bibliography with the thebibliography environment.

Ea
h entry starts with

\bibitem{marker}

The marker is then used to 
ite the book, arti
le or paper within the

do
ument.

\
ite{marker}

The numbering of the entries is generated automati
ally. The parameter

after the \begin{thebibliography} 
ommand sets the maximum width of

these numbers. In the example below, {99} tells L

A

T

E

X to expe
t that none

of the bibliography item numbers will be wider than the number 99.

Partl~\
ite{pa} has

proposed that \ldots

\begin{thebibliography}{99}

\bibitem{pa} H.~Partl:

\emph{German \TeX},

TUGboat Volume~9, Issue~1 (1988)

\end{thebibliography}

Partl [1℄ has proposed that . . .

Bibliography

[1℄ H. Partl: German T

E

X, TUGboat Vol-

ume 9, Issue 1 (1988)
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For larger proje
ts, you might want to 
he
k out the BibT

E

X program.

BibT

E

X is in
luded with most T

E

X distributions. It allows you to maintain

a bibliographi
 database and then extra
t the referen
es relevant to things

you 
ited in your paper. The visual presentation of BibT

E

X generated bib-

liographies is based on a style sheets 
on
ept whi
h allows you to 
reate

bibliographies following a wide range of established designs.

4.3 Indexing

A very useful feature of many books is their index. With L

A

T

E

X and the

support program makeindex

5

, an index 
an be generated quite easily. In this

introdu
tion, only the basi
 index generation 
ommands will be explained.

For a more in-depth view, please refer to The L

A

T

E

X Companion [3℄.

To enable the indexing feature of L

A

T

E

X, the makeidx pa
kage must be

loaded in the preamble with:

\usepa
kage{makeidx}

and the spe
ial indexing 
ommands must be enabled by putting the

\makeindex


ommand into the input �le preamble.

The 
ontent of the index is spe
i�ed with

\index{key}


ommands, where key is the index entry. You enter the index 
ommands

at the points in the text where you want the �nal index entries to point to.

Table 4.2 explains the syntax of the key argument with several examples.

When the input �le is pro
essed with L

A

T

E

X, ea
h \index 
ommand

writes an appropriate index entry together with the 
urrent page number

to a spe
ial �le. The �le has the same name as the L

A

T

E

X input �le, but a

di�erent extension (.idx). This .idx �le 
an then be pro
essed with the

makeindex program.

makeindex �lename

The makeindex program generates a sorted index with the same base

�le name, but this time with the extension .ind. If now the L

A

T

E

X input

5

On systems not ne
essarily supporting �lenames longer than 8 
hara
ters, the program

may be 
alled makeidx.



4.4 Fan
y Headers 63

Table 4.2: Index Key Syntax Examples.

Example Index Entry Comment

\index{hello} hello, 1 Plain entry

\index{hello!Peter} Peter, 3 Subentry under `hello'

\index{Sam�\textsl{Sam}} Sam, 2 Formatted entry

\index{Lin�\textbf{Lin}} Lin, 7 Same as above

\index{Jenny|textbf} Jenny, 3 Formatted page number

\index{Joe|textit} Joe, 5 Same as above

�le is pro
essed again, this sorted index gets in
luded into the do
ument at

the point where L

A

T

E

X �nds

\printindex

The showidx pa
kage whi
h 
omes with L

A

T

E

X 2

"

prints out all index

entries in the left margin of the text. This is quite useful for proofreading a

do
ument and verifying the index.

4.4 Fan
y Headers

The fan
yhdr pa
kage,

6

written by Piet van Oostrum, provides a few sim-

ple 
ommands whi
h allow you to 
ustomize the header and footer lines of

your do
ument. If you look at the top of this page, you 
an see a possible

appli
ation of this pa
kage.

The tri
ky problem when 
ustomising headers and footers is to get things

like running se
tion and 
hapter names in there. L

A

T

E

X a

omplishes this

with a two-stage approa
h. In the header and footer de�nition, you use

the 
ommands \rightmark and \leftmark to represent the 
urrent se
tion

and 
hapter heading, respe
tively. The values of these two 
ommands are

overwritten whenever a 
hapter or se
tion 
ommand is pro
essed.

For ultimate 
exibility, the \
hapter 
ommand and its friends do not

rede�ne \rightmark and \leftmark themselves, they 
all yet another 
om-

mand 
alled \
haptermark, \se
tionmark or \subse
tionmark whi
h is

responsible for rede�ning \rightmark and \leftmark.

So, if you wanted to 
hange the look of the 
hapter name in the header

line, you simply have to \renew" the \
haptermark 
ommand.

Figure 4.1 shows a possible setup for the fan
yhdr pa
kage whi
h makes

the headers look about the same as they look in this booklet. In any 
ase

6

Available from CTAN:/tex-ar
hive/ma
ros/latex/
ontrib/supported/fan
yhdr.
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\do
ument
lass{book}

\usepa
kage{fan
yhdr}

\pagestyle{fan
y}

% with this we ensure that the 
hapter and se
tion

% headings are in lower
ase.

\renew
ommand{\
haptermark}[1℄{\markboth{#1}{}}

\renew
ommand{\se
tionmark}[1℄{\markright{\these
tion\ #1}}

\fan
yhf{} % delete 
urrent setting for header and footer

\fan
yhead[LE,RO℄{\bfseries\thepage}

\fan
yhead[LO℄{\bfseries\rightmark}

\fan
yhead[RE℄{\bfseries\leftmark}

\renew
ommand{\headrulewidth}{0.5pt}

\renew
ommand{\footrulewidth}{0pt}

\addtolength{\headheight}{0.5pt} % make spa
e for the rule

\fan
ypagestyle{plain}{%

\fan
yhead{} % get rid of headers on plain pages

\renew
ommand{\headrulewidth}{0pt} % and the line

}

Figure 4.1: Example fan
yhdr Setup.

I suggest you fet
h the do
umentation for the pa
kage at the address men-

tioned in the footnote.

4.5 The Verbatim Pa
kage

Earlier in this book, you got to know the verbatim environment. In this

se
tion, you are going to learn about the verbatim pa
kage. The verba-

tim pa
kage is basi
ally a re-implementation of the verbatim environment,

whi
h works around some of the limitations of the original verbatim envi-

ronment. This by itself is not spe
ta
ular, but with the implementation of

the verbatim pa
kage, there was also new fun
tionality added, and this is the

reason I am mentioning the pa
kage here. The verbatim pa
kage provides

the

\verbatiminput{�lename}


ommand whi
h allows you to in
lude raw ASCII text into your do
ument

as if it was inside a verbatim environment.

As the verbatim pa
kage is part of the `tools' bundle, you should �nd it

preinstalled on most systems. If you want to know more about this pa
kage,

make sure to read [9℄
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4.6 Downloading and Installing L

A

T

E

X Pa
kages

Most L

A

T

E

X installations 
ome with a large set of pre-installed style pa
kages,

but there are many more available on the net. The main pla
e to look for

style pa
kage on the Internet is CTAN (http://www.
tan.org/).

Pa
kages, su
h as, geometry, hyphenat, and many others, are typi
ally

made up of two �les: a �le with the extension .ins and another with the

extension .dtx. Often there will be a readme.txt with a brief des
ription

of the pa
kage. You should of 
ourse read this �le �rst.

In any event, on
e you have 
opied the pa
kage �les onto your ma
hine,

you still have to pro
ess them in a way that (a) your T

E

X distribution knows

about the new style pa
kage and (b) you get the do
umentation. Here's how

you do the �rst part:

1. Run L

A

T

E

X on the .ins �le. This will extra
t a .sty �le.

2. Move the .sty �le to a pla
e where your distribution 
an �nd it. Usu-

ally this is in your .../lo
altexmf/tex/latex subdire
tory (Win-

dows or OS/2 users should feel free to 
hange the dire
tion of the

slashes).

3. Refresh your distribution's �le-name database. The 
ommand depends

on the L

A

T

E

X-Distribution you use: teTeX, fpTeX { texhash; web2
 {

maktexlsr; MikTeX { initexmf -update-fndb or use the GUI.

Now you 
an extra
t the do
umentation from the .dtx �le:

1. Run L

A

T

E

X on the .dtx �le. This will generate a .dvi �le. Note

that you may have to run L

A

T

E

X several times before it gets the 
ross-

referen
es right.

2. Che
k to see if L

A

T

E

X has produ
ed a .idx �le among the various �les

you now have. If you do not see this �le, then you may pro
eed to

step 5.

3. In order to generate the index, type the following:

makeindex -s gind.ist name

(where name stands for the main-�le name without any extension).

4. Run L

A

T

E

X on the .dtx �le on
e again.

5. Last but not least, make a .ps or .pdf �le to in
rease your reading

pleasure.

Sometimes you will see that a .glo (glossary) �le has been produ
ed.

Run the following 
ommand between step 4 and 5:

makeindex -s gglo.ist -o name.gls name.glo

Be sure to run L

A

T

E

X on the .dtx one last time before moving on to step 5.
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Customising L

A

T

E

X

Do
uments produ
ed by using the 
ommands you have learned up to this point

will look a

eptable to a large audien
e. While they are not looking fan
y, they

obey all the established rules of good typesetting, whi
h will make them easy

to read and pleasant to look at.

However there are situations where L

A

T

E

X does not provide a 
ommand or

environment whi
h mat
hes your needs, or the output produ
ed by some existing


ommand may not meet your requirements.

In this 
hapter, I will try to give some hints on how to tea
h L

A

T

E

X new tri
ks

and how to make it produ
e output whi
h looks di�erent than what is provided

by default.

5.1 New Commands, Environments and Pa
kages

You may have noti
ed that all the 
ommands I introdu
e in this book are

typeset in a box, and that they show up in the index at the end of the book.

Instead of dire
tly using the ne
essary L

A

T

E

X 
ommands to a
hieve this, I

have 
reated a pa
kage in whi
h I de�ned new 
ommands and environments

for this purpose. Now I 
an simply write:

\begin{ls
ommand}

\
i{dum}

\end{ls
ommand}

\dum

In this example, I am using both a new environment 
alled ls
ommand

whi
h is responsible for drawing the box around the 
ommand and a new


ommand named \
i whi
h typesets the 
ommand name and also makes a


orresponding entry in the index. You 
an 
he
k this out by looking up the

\dum 
ommand in the index at the ba
k of this book, where you'll �nd an

entry for \dum, pointing to every page where I mentioned the \dum 
ommand.
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If I ever de
ide that I do not like the 
ommands to be typeset in a box

any more, I 
an simply 
hange the de�nition of the ls
ommand environment

to 
reate a new look. This is mu
h easier than going through the whole

do
ument to hunt down all the pla
es where I have used some generi
 L

A

T

E

X


ommands to draw a box around some word.

5.1.1 New Commands

To add your own 
ommands, use the

\new
ommand{name}[num℄{de�nition}


ommand. Basi
ally, the 
ommand requires two arguments: the name of

the 
ommand you want to 
reate, and the de�nition of the 
ommand. The

num argument in square bra
kets is optional and spe
i�es the number of

arguments the new 
ommand takes (up to 9 are possible). If missing it

defaults to 0, i.e. no argument allowed.

The following two examples should help you to get the idea. The �rst

example de�nes a new 
ommand 
alled \tnss. This is short for \The Not

So Short Introdu
tion to L

A

T

E

X 2

"

". Su
h a 
ommand 
ould 
ome in handy

if you had to write the title of this book over and over again.

\new
ommand{\tnss}{The not

so Short Introdu
tion to

\LaTeXe}

This is ``\tnss'' \ldots{}

``\tnss''

This is \The not so Short Introdu
tion to

L

A

T

E

X2

"

" . . . \The not so Short Introdu
-

tion to L

A

T

E

X2

"

"

The next example illustrates how to de�ne a new 
ommand whi
h takes

one argument. The #1 tag gets repla
ed by the argument you spe
ify. If

you wanted to use more than one argument, use #2 and so on.

\new
ommand{\txsit}[1℄

{This is the \emph{#1} Short

Introdu
tion to \LaTeXe}

% in the do
ument body:

\begin{itemize}

\item \txsit{not so}

\item \txsit{very}

\end{itemize}

� This is the not so Short Introdu
tion

to L

A

T

E

X2

"

� This is the very Short Introdu
tion to

L

A

T

E

X2

"

L

A

T

E

X will not allow you to 
reate a new 
ommand whi
h would overwrite

an existing one. But there is a spe
ial 
ommand in 
ase you expli
itly

want this: \renew
ommand. It uses the same syntax as the \new
ommand


ommand.
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In 
ertain 
ases you might also want to use the \provide
ommand 
om-

mand. It works like \new
ommand, but if the 
ommand is already de�ned,

L

A

T

E

X 2

"

will silently ignore it.

There are some points to note about whitespa
e following L

A

T

E

X 
om-

mands. See page 6 for more information.

5.1.2 New Environments

Similar to the \new
ommand 
ommand, there is also a 
ommand to 
reate

your own environments. The \newenvironment 
ommand uses the following

syntax:

\newenvironment{name}[num℄{before}{after}

Like the \new
ommand 
ommand, you 
an use \newenvironment with an

optional argument or without. The material spe
i�ed in the before argument

is pro
essed before the text in the environment gets pro
essed. The material

in the after argument gets pro
essed when the \end{name} 
ommand is

en
ountered.

The example below illustrates the usage of the \newenvironment 
om-

mand.

\newenvironment{king}

{\rule{1ex}{1ex}%

\hspa
e{\stret
h{1}}}

{\hspa
e{\stret
h{1}}%

\rule{1ex}{1ex}}

\begin{king}

My humble subje
ts \ldots

\end{king}

My humble subje
ts . . .

The num argument is used the same way as in the \new
ommand 
om-

mand. L

A

T

E

X makes sure that you do not de�ne an environment whi
h

already exists. If you ever want to 
hange an existing 
ommand, you 
an

use the \renewenvironment 
ommand. It uses the same syntax as the

\newenvironment 
ommand.

The 
ommands used in this example will be explained later: For the

\rule 
ommand see page 81, for \stret
h go to page 75, and more infor-

mation on \hspa
e 
an be found on page 75.

5.1.3 Your own Pa
kage

If you de�ne a lot of new environments and 
ommands, the preamble of your

do
ument will get quite long. In this situation, it is a good idea to 
reate
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a L

A

T

E

X pa
kage 
ontaining all your 
ommand and environment de�nitions.

You 
an then use the \usepa
kage 
ommand to make the pa
kage available

in your do
ument.

% Demo Pa
kage by Tobias Oetiker

\ProvidesPa
kage{demopa
k}

\new
ommand{\tnss}{The not so Short Introdu
tion to \LaTeXe}

\new
ommand{\txsit}[1℄{The \emph{#1} Short

Introdu
tion to \LaTeXe}

\newenvironment{king}{\begin{quote}}{\end{quote}}

Figure 5.1: Example Pa
kage.

Writing a pa
kage 
onsists basi
ally in 
opying the 
ontents of your do
-

ument preamble into a separate �le with a name ending in .sty. There is

one spe
ial 
ommand,

\ProvidesPa
kage{pa
kage name}

for use at the very beginning of your pa
kage �le. \ProvidesPa
kage tells

L

A

T

E

X the name of the pa
kage and will allow it to issue a sensible error

message when you try to in
lude a pa
kage twi
e. Figure 5.1 shows a small

example pa
kage whi
h 
ontains the 
ommands de�ned in the examples

above.

5.2 Fonts and Sizes

5.2.1 Font 
hanging Commands

L

A

T

E

X 
hooses the appropriate font and font size based on the logi
al stru
-

ture of the do
ument (se
tions, footnotes, . . . ). In some 
ases, one might

like to 
hange fonts and sizes by hand. To do this, you 
an use the 
om-

mands listed in Tables 5.1 and 5.2. The a
tual size of ea
h font is a design

issue and depends on the do
ument 
lass and its options. Table 5.3 shows

the absolute point size for these 
ommands as implemented in the standard

do
ument 
lasses.

{\small The small and

\textbf{bold} Romans ruled}

{\Large all of great big

\textit{Italy}.}

The small and bold Romans ruled all of

great big Italy.

One important feature of L

A

T

E

X 2

"

is, that the font attributes are inde-

pendent. This means, that you 
an issue size or even font 
hanging 
om-
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mands and still keep the bold or slant attribute set earlier.

In math mode you 
an use the font 
hanging 
ommands to temporarily

exit math mode and enter some normal text. If you want to swit
h to another

font for math typesetting there exists another spe
ial set of 
ommands. Refer

to Table 5.4.

In 
onne
tion with the font size 
ommands, 
urly bra
es play a signi�
ant

role. They are used to build groups. Groups limit the s
ope of most L

A

T

E

X


ommands.

He likes {\LARGE large and

{\small small} letters}.

He likes large and small letters.

The font size 
ommands also 
hange the line spa
ing, but only if the

paragraph ends within the s
ope of the font size 
ommand. The 
losing


urly bra
e } should therefore not 
ome too early. Note the position of the

\par 
ommand in the next two examples.

1

1

\par is equivalent to a blank line

Table 5.1: Fonts.

\textrm{...} roman \textsf{...} sans serif

\texttt{...} typewriter

\textmd{...} medium \textbf{...} bold fa
e

\textup{...} upright \textit{...} itali


\textsl{...} slanted \texts
{...} small 
aps

\emph{...} emphasized \textnormal{...} do
ument font

Table 5.2: Font Sizes.

\tiny tiny font

\s
riptsize very small font

\footnotesize quite small font

\small small font

\normalsize normal font

\large large font

\Large larger font

\LARGE very large font

\huge huge

\Huge largest
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Table 5.3: Absolute Point Sizes in Standard Classes.

size 10pt (default) 11pt option 12pt option

\tiny 5pt 6pt 6pt

\s
riptsize 7pt 8pt 8pt

\footnotesize 8pt 9pt 10pt

\small 9pt 10pt 11pt

\normalsize 10pt 11pt 12pt

\large 12pt 12pt 14pt

\Large 14pt 14pt 17pt

\LARGE 17pt 17pt 20pt

\huge 20pt 20pt 25pt

\Huge 25pt 25pt 25pt

Table 5.4: Math Fonts.

Command Example Output

\math
al{...} $\math
al{B}=
$ B = 


\mathrm{...} $\mathrm{K}_2$ K

2

\mathbf{...} $\sum x=\mathbf{v}$

P

x = v

\mathsf{...} $\mathsf{G\times R}$ G� R

\mathtt{...} $\mathtt{L}(b,
)$ L(b; 
)

\mathnormal{...} $\mathnormal{R_{19}}\neq R_{19}$ R

19

6= R

19

\mathit{...} $\mathit{ffi}\neq ffi$ Æ 6= ffi
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{\Large Don't read this! It is not

true. You 
an believe me!\par}

Don't read this! It is not true.

You 
an believe me!

{\Large This is not true either.

But remember I am a liar.}\par

This is not true either. But re-

member I am a liar.

If you want to a
tivate a size 
hanging 
ommand for a whole paragraph

of text or even more, you might want to use the environment syntax for font


hanging 
ommands.

\begin{Large}

This is not true.

But then again, what is these

days \ldots

\end{Large}

This is not true. But then again,

what is these days . . .

This will save you from 
ounting lots of 
urly bra
es.

5.2.2 Danger, Will Robinson, Danger

As noted at the beginning of this 
hapter, it is dangerous to 
lutter your

do
ument with expli
it 
ommands like this, be
ause they work in opposition

to the basi
 idea of L

A

T

E

X, whi
h is to separate the logi
al and visual markup

of your do
ument. This means that if you use the same font 
hanging


ommand in several pla
es in order to typeset a spe
ial kind of information,

you should use \new
ommand to de�ne a \logi
al wrapper 
ommand" for the

font 
hanging 
ommand.

\new
ommand{\oops}[1℄{\textbf{#1}}

Do not \oops{enter} this room,

it's o

upied by a \oops{ma
hine}

of unknown origin and purpose.

Do not enter this room, it's o

upied by a

ma
hine of unknown origin and purpose.

This approa
h has the advantage that you 
an de
ide at some later stage

whether you want to use some other visual representation of danger than

\textbf without having to wade through your do
ument, identifying all the

o

urren
es of \textbf and then �guring out for ea
h one whether it was

used for pointing out danger or for some other reason.
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5.2.3 Advi
e

To 
on
lude this journey into the land of fonts and font sizes, here is a little

word of advi
e:

Remember! The MO RE fonts you use in a do
ument, the

more readable and beautiful it be
omes.

5.3 Spa
ing

5.3.1 Line Spa
ing

If you want to use larger inter-line spa
ing in a do
ument, you 
an 
hange

its value by putting the

\linespread{fa
tor}


ommand into the preamble of your do
ument. Use \linespread{1.3} for

\one and a half" line spa
ing, and \linespread{1.6} for \double" line

spa
ing. Normally the lines are not spread, therefore the default line spread

fa
tor is 1.

5.3.2 Paragraph Formatting

In L

A

T

E

X, there are two parameters in
uen
ing paragraph layout. By pla
ing

a de�nition like

\setlength{\parindent}{0pt}

\setlength{\parskip}{1ex plus 0.5ex minus 0.2ex}

in the preamble of the input �le, you 
an 
hange the layout of paragraphs.

These two 
ommands in
rease the spa
e between two paragraphs while set-

ting the paragraph indent to zero.

The plus and minus parts of the length above tell T

E

X, that it 
an


ompress and expand the inter paragraph skip by the amount spe
i�ed if

this is ne
essary to properly �t the paragraphs onto the page.

In 
ontinental Europe, paragraphs are often separated by some spa
e and

not indented. But beware, this also has its e�e
t on the table of 
ontents.

Its lines get spa
ed more loosely now as well. To avoid this, you might want

to move the two 
ommands from the preamble into your do
ument to some

pla
e after the \tableof
ontents or to not use them at all, be
ause you'll

�nd that most professional books use indenting and not spa
ing to separate

paragraphs.
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If you want to indent a paragraph whi
h is not indented, you 
an use

\indent

at the beginning of the paragraph.

2

Obviously, this will only have an e�e
t

when \parindent is not set to zero.

To 
reate a non-indented paragraph, you 
an use

\noindent

as the �rst 
ommand of the paragraph. This might 
ome in handy when

you start a do
ument with body text and not with a se
tioning 
ommand.

5.3.3 Horizontal Spa
e

L

A

T

E

X determines the spa
es between words and senten
es automati
ally.

To add horizontal spa
e, use:

\hspa
e{length}

If su
h a spa
e should be kept even if it falls at the end or the start of a

line, use \hspa
e* instead of \hspa
e. The length in the simplest 
ase just

is a number plus a unit. The most important units are listed in Table 5.5.

This\hspa
e{1.5
m}is a spa
e

of 1.5 
m.

This is a spa
e of 1.5 
m.

The 
ommand

\stret
h{n}

generates a spe
ial rubber spa
e. It stret
hes until all the remaining spa
e

on a line is �lled up. If two \hspa
e{\stret
h{n}} 
ommands are issued

on the same line, they grow a

ording to the stret
h fa
tor.

x\hspa
e{\stret
h{1}}

x\hspa
e{\stret
h{3}}x

x x x

2

To indent the �rst paragraph after ea
h se
tion head, use the indent�rst pa
kage in

the `tools' bundle.
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Table 5.5: T

E

X Units.

mm millimetre � 1=25 in
h


m 
entimetre = 10 mm

in in
h = 25.4 mm

pt point � 1=72 in
h �

1

3

mm

em approx width of an `M' in the 
urrent font

ex approx height of an `x' in the 
urrent font

5.3.4 Verti
al Spa
e

The spa
e between paragraphs, se
tions, subse
tions, . . . is determined au-

tomati
ally by L

A

T

E

X. If ne
essary, additional verti
al spa
e between two

paragraphs 
an be added with the 
ommand:

\vspa
e{length}

This 
ommand should normally be used between two empty lines. If the

spa
e should be preserved at the top or at the bottom of a page, use the

starred version of the 
ommand \vspa
e* instead of \vspa
e.

The \stret
h 
ommand in 
onne
tion with \pagebreak 
an be used to

typeset text on the last line of a page, or to 
entre text verti
ally on a page.

Some text \ldots

\vspa
e{\stret
h{1}}

This goes onto the last line of the page.\pagebreak

Additional spa
e between two lines of the same paragraph or within a

table is spe
i�ed with the

\\[length℄


ommand.

With \bigskip and \smallskip you 
an skip a prede�ned amount of

verti
al spa
e without having to worry about exa
t numbers.

5.4 Page Layout

L

A

T

E

X 2

"

allows you to spe
ify the paper size in the \do
ument
lass 
om-

mand. It then automati
ally pi
ks the right text margins. But sometimes

you may not be happy with the prede�ned values. Naturally, you 
an 
hange
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Header

Body

Footer

Margin

Notes

i

8

� -

i

7

?

6

i

1

� -

�-i

3

i

10

� -

�- i

9

6

?

i

11

i

2

?

6

i

4

6

?

i

5

6

?

i

6

6

?

1 one in
h + \hoffset 2 one in
h + \voffset

3 \evensidemargin = 70pt 4 \topmargin = 22pt

5 \headheight = 13pt 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 5.2: Page Layout Parameters.
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them. Figure 5.2 shows all the parameters whi
h 
an be 
hanged. The �g-

ure was produ
ed with the layout pa
kage from the tools bundle

3

.

WAIT! . . . before you laun
h into a \Let's make that narrow page a bit

wider" frenzy, take a few se
onds to think. As with most things in L

A

T

E

X,

there is a good reason for the page layout to be as it is.

Sure, 
ompared to your o�-the-shelf MS Word page, it looks awfully

narrow. But take a look at your favourite book

4

and 
ount the number of


hara
ters on a standard text line. You will �nd that there are no more than

about 66 
hara
ters on ea
h line. Now do the same on your L

A

T

E

X page. You

will �nd that there are also about 66 
hara
ters per line. Experien
e shows

that the reading gets diÆ
ult as soon as there are more 
hara
ters on a

single line. This is be
ause it is diÆ
ult for the eyes to move from the end of

one line to the start of the next one. This is also the reason why newspapers

are typeset in multiple 
olumns.

So if you in
rease the width of your body text, keep in mind that you

are making life diÆ
ult for the readers of your paper. But enough of the


autioning, I promised to tell you how you do it . . .

L

A

T

E

X provides two 
ommands to 
hange these parameters. They are

usually used in the do
ument preamble.

The �rst 
ommand assigns a �xed value to any of the parameters:

\setlength{parameter}{length}

The se
ond 
ommand adds a length to any of the parameters.

\addtolength{parameter}{length}

This se
ond 
ommand is a
tually more useful than the \setlength 
om-

mand, be
ause you 
an now work relative to the existing settings. To add

one 
entimetre to the overall text width, I put the following 
ommands into

the do
ument preamble:

\addtolength{\hoffset}{-0.5
m}

\addtolength{\textwidth}{1
m}

In this 
ontext, you might want to look at the 
al
 pa
kage, it allows you

to use arithmeti
 operations in the argument of setlength and other pla
es

where you 
an enter numeri
 values into fun
tion arguments.

5.5 More fun with lengths

Whenever possible, I avoid using absolute lengths in L

A

T

E

X do
uments. I

rather try to base things on the width or height of other page elements. For

3

CTAN:/tex-ar
hive/ma
ros/latex/required/tools

4

I mean a real printed book produ
ed by a reputable publisher.
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the width of a �gure this 
ould be \textwidth in order to make it �ll the

page.

The following 3 
ommands allow you to determine the width, height and

depth of a text string.

\settoheight{ls
ommand}{text}

\settodepth{ls
ommand}{text}

\settowidth{ls
ommand}{text}

The example below shows a possible appli
ation of these 
ommands.

\flushleft

\newenvironment{vardes
}[1℄{%

\settowidth{\parindent}{#1:\ }

\makebox[0pt℄[r℄{#1:\ }}{}

\begin{displaymath}

a^2+b^2=
^2

\end{displaymath}

\begin{vardes
}{Where}$a$,

$b$ -- are adjun
t to the right

angle of a right-angled triangle.

$
$ -- is the hypotenuse of

the triangle and feels lonely.

$d$ -- finally does not show up

here at all. Isn't that puzzling?

\end{vardes
}

a

2

+ b

2

= 


2

Where: a, b { are adjun
t to the right angle

of a right-angled triangle.


 { is the hypotenuse of the triangle

and feels lonely.

d { �nally does not show up here at

all. Isn't that puzzling?

5.6 Boxes

L

A

T

E

X builds up its pages by pushing around boxes. At �rst, ea
h letter is

a little box, whi
h is then glued to other letters to form words. These are

again glued to other words, but with spe
ial glue, whi
h is elasti
 so that a

series of words 
an be squeezed or stret
hed as to exa
tly �ll a line on the

page.

I admit, this is a very simplisti
 version of what really happens, but the

point is that T

E

X operates on glue and boxes. Not only a letter 
an be a

box. You 
an put virtually everything into a box in
luding other boxes.

Ea
h box will then be handled by L

A

T

E

X as if it was a single letter.

In the past 
hapters you have already en
ountered some boxes, although

I did not tell you. The tabular environment and the \in
ludegraphi
s,

for example, both produ
e a box. This means that you 
an easily arrange
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two tables or images side by side. You just have to make sure that their


ombined width is not larger than the textwidth.

You 
an also pa
k a paragraph of your 
hoi
e into a box with either the

\parbox[pos℄{width}{text}


ommand or the

\begin{minipage}[pos℄{width} text \end{minipage}

environment. The pos parameter 
an take one of the letters 
, t or b to


ontrol the verti
al alignment of the box, relative to the baseline of the

surrounding text. width takes a length argument spe
ifying the width of

the box. The main di�eren
e between a minipage and a parbox is that you


annot use all 
ommands and environments inside a parbox while almost

anything is possible in a minipage.

While \parbox pa
ks up a whole paragraph doing line breaking and

everything, there is also a 
lass of boxing 
ommands whi
h operates only

on horizontally aligned material. We already know one of them. It's 
alled

\mbox, it simply pa
ks up a series of boxes into another one, and 
an be

used to prevent L

A

T

E

X from breaking two words. As you 
an put boxes

inside boxes, these horizontal box pa
kers give you ultimate 
exibility.

\makebox[width℄[pos℄{text}

width de�nes the width of the resulting box as seen from the outside.

5

Apart

from the length expressions you 
an also use \width, \height, \depth and

\totalheight in the width parameter. They are set from values obtained

by measuring the typeset text. The pos parameter takes a one letter value:


enter, left 
ush, right 
ush or s whi
h spreads the text inside the box to

�ll it.

The 
ommand \framebox works exa
tly the same as \makebox, but it

draws a box around the text.

The following example shows you some things you 
ould do with the

\makebox and \framebox 
ommands.

5

This means it 
an be smaller than the material inside the box. You 
an even set

the width to 0pt so that the text inside the box will be typeset without in
uen
ing the

surrounding boxes.
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\makebox[\textwidth℄{%


 e n t r a l}\par

\makebox[\textwidth℄[s℄{%

s p r e a d}\par

\framebox[1.1\width℄{Guess I'm

framed now!} \par

\framebox[0.8\width℄[r℄{Bummer,

I am too wide} \par

\framebox[1
m℄[l℄{never

mind, so am I}

Can you read this?


 e n t r a l

s p r e a d

Guess I'm framed now!

Bummer, I am too wide

never mind, so am ICan you read this?

Now that we 
ontrol the horizontal, the obvious next step is to go for

the verti
al.

6

No problem for L

A

T

E

X. The

\raisebox{lift}[depth℄[height℄{text}


ommand lets you de�ne the verti
al properties of a box. You 
an use

\width, \height, \depth and \totalheight in the �rst three parameters,

in order to a
t upon the size of the box inside the text argument.

\raisebox{0pt}[0pt℄[0pt℄{\Large%

\textbf{Aaaa\raisebox{-0.3ex}{a}%

\raisebox{-0.7ex}{aa}%

\raisebox{-1.2ex}{r}%

\raisebox{-2.2ex}{g}%

\raisebox{-4.5ex}{h}}}

he shouted but not even the next

one in line noti
ed that something

terrible had happened to him.

Aaaa

a

aa

r

g

h

he shouted but not even

the next one in line noti
ed that something

terrible had happened to him.

5.7 Rules and Struts

A few pages ba
k you may have noti
ed the 
ommand

\rule[lift℄{width}{height}

In normal use it produ
es a simple bla
k box.

6

Total 
ontrol is only to be obtained by 
ontrolling both the horizontal and the verti
al

. . .
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\rule{3mm}{.1pt}%

\rule[-1mm℄{5mm}{1
m}%

\rule{3mm}{.1pt}%

\rule[1mm℄{1
m}{5mm}%

\rule{3mm}{.1pt}

This is useful for drawing verti
al and horizontal lines. The line on the title

page for example, has been 
reated with a \rule 
ommand.

A spe
ial 
ase is a rule with no width but a 
ertain height. In professional

typesetting, this is 
alled a strut. It is used to guarantee that an element

on a page has a 
ertain minimal height. You 
ould use it in a tabular

environment to make sure a row has a 
ertain minimum height.

\begin{tabular}{|
|}

\hline

\rule{1pt}{4ex}Pitprop \ldots\\

\hline

\rule{0pt}{4ex}Strut\\

\hline

\end{tabular}

Pitprop . . .

Strut
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