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Preface

The ma jorit y of this b o ok is ab out using L

A

T

E

X 2

"

[2, 10], a descendan t of

L

A

T

E

X, designed b y Leslie Lamp ort [9], based on T

E

X, originated b y Donald

E. Kn uth [8]. This is a typ esetting program, not a w ord pro cessor. Y ou

en ter some editor that sa v es plain text �les. Then, y ou t yp e text freely un til

y ou need something sp ecial, suc h as italic fon t or a complex mathematical

expression, lik e

lim

" ! 0

+

Z

a

i

+ "

a

i

p

1 + ( x � � )

2

dx

�( " )

:

It w as the desire to ha v e high qualit y , lo w cost publications in mathe-

matics and related disciplines that caused Kn uth (pronounced Kah-no oth ) to

in v en t T

E

X (pronounced T ek ) in the late 1970's. Originally b elieving that he

could write a program in less than a y ear that could t yp eset do cumen ts, he

actually ended up de�ning an en tire branc h of researc h in computer science.

It w as 10 y ears later that he published his seminal b o ok [8], but he published

articles along the w a y , and he p ermanen tly c hanged the w a y mathematical

do cumen ts are prepared. L

A

T

E

X (pronounced Lah-tek or La y-tek ) is a col-

lection of macr os built on top of T

E

X that �represen ts a balance b et w een

functionalit y and ease of use� [9, p. xiii]. L

A

T

E

X 2

"

is the curren t v ersion,

dev elop ed b y a team of v olun teers: Johannes L. Braams, Da vid P . Carlisle,

Alan Je�rey , F rank Mittelbac h, Chris Ro wley , and Rainer Sc höpf [2].

A comprehensiv e co v erage of L

A

T

E

X and the man y enhancemen ts to it is

giv en b y the The L

A

T

E

X Comp anion [5]. By con trast, this b o ok is designed

to b e a succinct in tro duction, omitting man y of the things L

A

T

E

X 2

"

can do.

My goal is to o�er enough of an in tro duction that someone not acquain ted

with L

A

T

E

X (or with T

E

X) can write a term pap er, thesis, or article, using

L

A

T

E

X 2

"

to pro duce high qualit y results. Exercises are pro vided for guided

instruction, whic h should b e just a few classes. F or one who is w ell acquain ted

with computers, particularly unix, the basics that are co v ered should tak e

less than 10 hours, and one could do all of the exercises. F or one who is just

learning ho w to use a computer, it will tak e longer, esp ecially getting used to

functioning at the command line. In an y case, the �ner p oin ts require more

study .

Happy T

E

Xing.

� Harv ey J. Green b erg
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A

T
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A

T
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X capabilities
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1

1 Ov erview

Y ou will create a �le, called the L

A

T

E

X sour c e , whic h is plain text. T o k eep

things simple, its su�x is .tex , so for example I refer to myfile.tex as a

plain text source �le that y ou create. Figure 1 sho ws the structure of this

�le, whic h I shall describ e in greater detail throughout this b o ok.

% This is myfile.tex

% notes to yourself c an go her e

9

=

;

An ything follo wing % is ignored

(used for commen ts).

\documentclass[ options ]{ sty l e }

optional sp e ci�c ations

� e.g., declaring use of pac k ages

�

Pr e amble

(blank lines do not matter)

\begin{document}

.

.

.

\end{document}

)

Bo dy

This is the do cumen t envir onment.

All that follo ws is ignored

(could b e used for commen ts).

Figure 1: The Structure of a L

A

T

E

X Do cumen t.

In the pream ble, there are man y options, dep ending up on the st yle; the

in trinsic do cumen t st yles are: article , book , letter , report , and slides .

Most publishers ha v e their o wn st yle, whic h y ou can obtain free of c harge.

Among these are professional so cieties, notably the American Mathematical

So ciet y (amsmath st yle) and the So ciet y for Industrial and Applied Mathe-

matics (siam st yle).

The fo cus throughout this b o ok is on the article st yle. F urther, I shall

b e using defaults for almost ev erything, concen trating on getting started

with using L

A

T

E

X as quic kly as p ossible. Later, some of the options, lik e

margin settings and other pream ble sp eci�cations are co v ered, as w ell as

more adv anced topics for customizing y our do cumen t.

Are y ou ready to write y our �rst L

A

T

E

X do cumen t? Cop y the source �le

sho wn in Figure 2 and name it myfile.tex . Then, at the command line,

en ter:

latex myfile



2 1 O VER VIEW

(In an MS Windo ws system, the c ommand line is the DOS command line,

whic h y ou en ter b y running Start � ! Programs � ! MS-DOS Prompt.)

\documentclass{ar ti cl e}

\begin{document}

Hello world.

\end{document}

Figure 2: Y our First L

A

T

E

X Source File

This is called c ompiling y our source, whic h creates sev eral output �les.

The only one y ou need to b e concerned with no w is the dvi �le , whic h the

latex program (called a �compiler�) names myfile.dvi . One of three things

will ha v e o ccurred:

Case 1. Y ou got messages, but they w ere not fatal errors.

Among the non-fatal messages y ou will generally see are w arnings lik e:

Overfull \hbox ...

Overfull \vbox ...

Underfull \hbox ...

Underfull \vbox ...

Do not w orry ab out these.

Case 2. Y ou got a fatal error message.

Y ou m ust �nd and correct it. This is called debugging y our source.

Sometimes the error message tells y ou what w en t wrong, suc h as miss-

ing a brace (c haracters { and } , whic h y ou will come to kno w and lo v e),

or some command w as not recognized due to b eing missp elled. Man y

times the message is not v ery informativ e, so y ou are advised to com-

pile often. That w a y y ou will kno w that what y ou did in the last few

min utes con tains the error.

Case 3. Y ou got no messages.

Something w en t wrong and y ou need to ask for help.
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If all w en t w ell, the �rst thing to do is sa ve a ba ckup b y cop ying y our

source �le to another sub directory , or to a di�eren t name. In unix do this b y

en tering:

cp -p myfile.tex myfile-1.tex

(The -p is to k eep the date and time of the source �le.) Change -1 to another

quali�er eac h time (e.g., -2 : : : ), so y ou ha v e a collection of bac kups. If

y ou are running under DOS, use copy myfile.tex destination , where the

destination is either a: or some bac kup �le name. (If y ou are familiar with

DOS, nothing more need b e said; if not, y ou need to learn ho w to create,

edit and sa v e plain text �les.)

Next y ou w an t to view the result. If y ou are in a unix en vironmen t, y ou

can view the result with the dvi viewer , xdvi . A t the command line en ter:

xdvi myfile

and it will come on y our screen. (There is more to do if y ou are w orking

remotely , in whic h case y ou m ust ask someone for help.)

If y ou are using DOS, the view er that comes with MiKT eX [13 ], a free

soft w are system b y Christian Sc henk, is called Y AP. A t the DOS command

line y ou en ter:

YAP myfile

Y ou will see v arious options for viewing and prin ting.

Under unix, xdvi do es not ha v e a prin t option, so y ou �rst need to con v ert

the dvi �le to p ostscript. This is done with the program, dvips . A t the

command line en ter:

dvips myfile -o

(The -o tells the system y ou w an t the output to go to a �le, rather than

just prin t; y our installation migh t already ha v e �le output as the default,

in whic h case the -o is not needed.) This will result in the creation of the

p ostscript �le myfile.ps . Y ou can prin t it in an y n um b er of w a ys, including

the unix command, lpr myfile.ps .

The same con v ersion program can b e run under DOS (and comes with

MiKT eX), and y ou migh t w an t to obtain myfile.ps for a v ariet y of reasons,

including p osting it on the w eb. T o view or prin t a p ostscript �le under DOS,
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y ou can run a program called ghostview . Y ou will need to �nd out more

ab out viewing and prin ting p ostscript �les that suit y our particular needs.

Summarizing, y ou b egin b y en tering a plain text editor. In unix this could

b e pico, emacs, vi or vim. In DOS y ou can use EDIT at the command line,

or y ou can use Notepad , W o rdpad or MS W o rd . If y ou use a w ord pro cessor,

ho w ev er, y ou m ust tak e absolutely no adv an tage of its formatting. Y ou should

ev en put in hard return c haracters (i.e., press Enter at the end of a line

instead of letting the w ord pro cessor do it for y ou), and nev er use tabs .

In MS W ord, when sa ving the �le, b e sure to sp ecify plain text, and y ou

m ust con tin ue to sp ecify the su�x as .tex (otherwise, it will use .doc as its

su�x). If y ou w an t to c hec k that the �le is really plain text, en ter

EDIT myfile.tex

at the DOS command line and see ho w the �le app ears. Once y ou ha v e y our

source ready to compile, en ter latex myfile , and if all is w ell, en ter y our

dvi view er. Under unix or DOS use indxdvips to con v ert the dvi �le to a

p ostscript (ps) �le, whic h can b e prin ted. These steps are giv en in Figure 3.

Execute these commands for the source �le sho wn in Figure 2. The result

should b e one line of output: Hello W orld. Congratulations!

myfile.tex myfile.dvi myfile.ps

create/edit view/prin t prin t/p ost

compile

with

latex

con v ert

with

dvips

Figure 3: Command Sequence from Source to P ostscript

No w c hange y our do cumen t to sp ecify a fon t size of 12pt (default is 10pt)

b y c hanging y our �rst line to the follo wing:

\documentclass[12pt]{article}

The �pt� (abbreviation for �p oin t�) is one of the units of measuremen t, ab out

1

72

in; other units used in man y parts of L

A

T

E

X are in (inc hes), cm (cen time-

ters), and em (lik e the letter m, whic h is a prin ter measure equal to the width

of M in the curren t fon t).
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This b o ok is designed for quic k en try in to using L

A

T

E

X, but do not b e

reluctan t to read the last c hapter. It tells y ou ho w to de�ne y our o wn com-

mands and ho w to separate them in to an input �le that simpli�es c hanging

things, lik e notation. I also cannot elab orate just y et on �using pac k ages,�

indicated in Figure 1, except to sa y that they are used to ful�ll some func-

tion, and I shall in tro duce sp eci�c pac k ages throughout this b o ok. (One of

the strengths of L

A

T

E

X is the comm unit y of p eople who pro vide pac k ages for

ev ery one to use at no cost.) The orien tation here is b y function, b eginning

with ho w to write text.

2 T ext

W e b egin b y illustrating the most common text formatting, m uc h lik e y ou

w ould w an t in a w ord pro cessor. (The p o w er of L

A

T

E

X will b e eviden t when

w e get to mathematical expressions, but ev en some text, esp ecially tables,

will demonstrate the sup erior qualit y of the L

A

T

E

X results.) First, consider

ho w to mak e sections and subsections in article st yle. Figure 4 is the source

that pro duces the result in Figure 5, sho wing ho w sections and subsections

are de�ned. Note the automatic n um b ering, and ho w extra spaces and blank

lines ha v e no e�ect.
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\documentclass[1 2p t] {ar ti cl e}

% We have defined the document to be an article using 12 point font.

% Blank lines mean nothing here, in the preamble.

\begin{document} % Begin document "environment".

\section{This is a Section}

\subsection{This is a subsection}

This is the body of the subsection.

I can move to a new line anytime, and I can put in lots

of blanks with no effect.

Skipping four lines is the same as skipping one line

--- it starts a new paragraph.

\subsection{Here is another subsection}

\section{Here is another section}

\end{document}

Figure 4: An In tro ductory Do cumen t Source (Result in Figure 5)

1 This is a Section

1.1 This is a subsection

This is the b o dy of the subsection. I can mo v e to a new line

an ytime, and I can put in lots of blanks with no e�ect.

Skipping four lines is the same as skipping one line � it starts

a new paragraph.

1.2 Here is another subsection

2 Here is another section

Figure 5: An In tro ductory Do cumen t Result (Source in Figure 4)
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2.1 F on ts and P aragraphs

Figure 6 sho ws the source to pro duce di�eren t paragraph p ositions: cen tered,

�ush left, �ush righ t, and justi�ed (the default). Note that these are envi-

r onments , a concept y ou need to understand ab out L

A

T

E

X. The general form

of an en vironmen t uses the follo wing syn tax:

\begin{ envir onment }

.

.

.

\end{ envir onment }

\begin{center}

The text is centered because I have entered the center environment.

Text remains centered as long as we remain in this environment.

\end{center}

\begin{flushleft}

Now we are out of the centering environment, and have begun the

flushleft environment.

\end{flushleft}

\begin{flushright }

This is another paragraph, but in the flushright environment.

You will have occasion to use all four paragraph positions.

\end{flushright}

I am back to normal justification. The added space you see between

the above paragraphs is due to entering those environments.

Figure 6: P ositioning P aragraphs Source (Result in Figure 7)

Instead of the center en vironmen t, y ou can use the \centerline com-

mand; they di�er in that the en vironmen t skips a line b efore and after the

paragraph, sho wn in Figures 8 and 9.

Y ou can also suppress inden tation of the �rst line of a paragraph with

the \noindent command. Here is an example:

\noindent This paragraph is not indented. pro duces:

This paragraph is not inden ted.

T able 1 lists the fon ts that are in trinsic in a basic latex installation. (More

fon ts are a v ailable in pac k ages, usually free of c harge.) In tec hnical writing,

y ou will ha v e particular use for the italic fon t, as it is used when in tro ducing
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The text is cen tered b ecause I ha v e en tered the cen ter

en vironmen t. T ext remains cen tered as long as w e remain in

this en vironmen t.

No w w e are out of the cen tering en vironmen t, and ha v e b egun

the �ushleft en vironmen t.

This is another paragraph, but in the �ushrigh t en vironmen t.

Y ou will ha v e o ccasion to use all four paragraph p ositions.

I am bac k to normal justi�cation. The added space y ou see

b et w een the ab o v e paragraphs is due to en tering those en viron-

men ts.

Figure 7: P ositioning P aragraphs Result (Source in Figure 6)

a new term. F or example,

A \textit{group} is defined on a set of elements \dots

) A gr oup is de�ned on a set of elemen ts : : :

(The ) sym b ol can b e read as �pro duces.�) Note the use of the \dots com-

mand, whic h pro duces the ellipsis.

What y ou write Ho w it app ears

This is \textbf{boldface}. ) This is b oldface .

This is \textit{italic}. ) This is italic .

This is \textrm{roman}. ) This is roman.

This is \textsc{small caps}. ) This is small caps .

This is \textsf{sans serif}. ) This is sans serif .

This is \textsl{slanted}. ) This is slan ted .

This is \texttt{typewriter}. ) This is typewriter .

T able 1: In trinsic F on t St yles
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This precedes center environment.

\begin{center} This line is centered. \end{center}

This continues after centering.

This precedes centerline.

\centerline{This line is centered.}

This continues after centering.

Figure 8: Cen tering Source (Result in Figure 9)

This precedes cen ter en vironmen t.

This line is cen tered.

This con tin ues after cen tering.

This precedes cen terline.

This line is cen tered.

This con tin ues after cen tering.

Figure 9: Cen tering Result (Source in Figure 8)

Some com binations of fon t st yles can b e pro duced. F or example,

\textbf{\textit{bolditalic}} ) b olditalic .

The ar gument of \textbf is \textit{bolditalic} . The general form is

n text font { text } , where font is one of { bf, it, rm, sc, sf, sl, tt }, as

seen in T able 1.

Not all com binations are in the basic L

A

T

E

X 2

"

installation. In particular,

y ou m ust put \usepackage[T1]{fontenc} in y our pream ble to obtain:

\textbf{\textsc{bold small caps}} ) bold small caps .

F on t size can also b e v aried at will. Figures 10 and 11 giv e the source and

result for common v ariations. Notice ho w the paragraph spacing c hanges

to accommo date the v ariation in fon t size. These size v ariations can b e

com bined with fon t st yles, suc h as using {\Large\textbf{heading}} for

some heading.
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You can make the text {\large large} or {\Large larger} or

even {\LARGE larger still}. You can also make it {\huge huge}.

You might want to make something {\small small} or

{\footnotesize smaller} or even {\scriptsize smaller still}.

You can make it really {\tiny tiny}.

Figure 10: Some F on t Sizes Source (Result in Figure 11)

Y ou can mak e the text large or larger or ev en larger still .

Y ou can also mak e it h uge . Y ou migh t w an t to mak e some-

thing small or smaller or ev en smaller still . Y ou can mak e it really

tin y .

Figure 11: Some F on t Sizes Result (Source in Figure 10)

The use of braces to enclose a fon t size sp eci�cation is lik e an en vironmen t.

Optionally , w e can explicitly use the en vironmen t syn tax: \begin{ size } : : :

\end{ size } . F or example, \begin{large} This is large.\end{large} pro-

duces the same result as {\large This is large.} . The en vironmen t syn-

tax is useful when y ou w an t to k eep the size for a large blo c k of text, and the

braces format is useful for short phrases. (There is no in trinsic en vironmen t

for fon t st yles.)

It is straigh tforw ard to underline text � just write \underline{ text } .

W e can also frame text just b y writing \frame{ text } . W e can giv e frame

some ro om around the edges b y using \fbox instead. (More on framing in

Ÿ6, p. 81.) T o o v erline is as straigh tforw ard, but learning it m ust w ait un til

w e en ter math mo de .

No w consider w a ys to inden t a blo c k of text. Here is an example using the

quote envir onment , whic h w as generated b y putting \begin{quote} b efore

the text and \end{quote} after it:

The construction of the real n um b er system, notably b y Dedekind

cuts, w as motiv ated b y the need to �x calculus, whic h ran in to

trouble due to insu�cien t rigor in dealing with limits.

The quote en vironmen t is in tended for short quotes, generally one short

paragraph (as ab o v e), or a sequence of one line quotes, separated b y blank
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lines. The quotation en vironmen t is used for long quotations, ha ving more

than one paragraph (separated b y blank lines). The inden tation is the same

as the quote, except the �rst line of eac h new paragraph is inden ted. (Just

as in the regular text, this can b e o v erridden b y the \noindent command.)

Here is an example that w as created b y putting \begin{quotation} b efore

the text and \end{quotation} after it.

�Computers do not dream, an y more than they pla y . W e are

far from certain what dreams are go o d for, but w e kno w what

they indicate: a great deal of information pro cessing go es on far

b eneath the surface of man's purp osiv e b eha vior, in w a ys and

for reasons that are only v ery indirectly re�ected in his o v ert

activit y .�

� Alan M. T uring

�There are rep orts that man y executiv es mak e their decisions

b y �ipping a coin or b y thro wing darts, etc. It is also rumored

that some college professors prepare their grades on suc h a basis.

Sometimes it is imp ortan t to mak e a completely `un biased' de-

cision; this abilit y is o ccasionally useful in computer algorithms,

for example in situations where a �xed decision made eac h time

w ould cause the algorithm to run more slo wly .�

� Donald E. Kn uth

The quotes are b y t w o pioneers of algorithms, Alan M. T uring and Donald

E. Kn uth. Their names app ear on the righ t, after their quote, b y skipping a

line and en tering \hfill (whic h means horizontal �l l ), to mak e the line �ush

righ t. Here are some other things to notice ab out this example:

� There are left and righ t quotation marks. I used `` '' , not " " , to

create this more st ylistic quotation punctuation.

� The dash that app ears b efore eac h name is created b y three min us

signs, --- . The more min us signs y ou use, the longer the dash. The

con v en tion is that one dash is for h yphenation, t w o are for ranges,

suc h as page n um b ers, and three are for punctuation � i.e., use ---

preceding �i.e.�

� There is extra space b et w een the t w o quotations. This w as done with

the \bigskip command.
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Figures 12 and 13 illustrate three lev els of skipping: small, medium and

big. Later, w e shall lo ok at a w a y to ha v e a m uc h �ner range of v ertical

spacing.

This is a first line. \bigskip

The space you see is a big skip. \medskip

The space you now see is a medium skip. \smallskip

The space you now see is a small skip.

This is just an ordinary line space.

Figure 12: Skipping Line Spaces Source (Result in Figure 13)

This is a �rst line.

The space y ou see is the big skip.

The space y ou no w see is a medium skip.

The space y ou no w see is a small skip.

This is just an ordinary line space.

Figure 13: Skipping Line Spaces Result (Source in Figure 12)

The verse en vironmen t inden ts opp ositely: lines after the �rst. The follo w-

ing w as generated b y putting \begin{verse} b efore the text and \end{verse}

after it:

Ne gle ct of mathematics works injury to al l know le dge, sinc e he

who is ignor ant of it c annot know the other scienc es or the

things of this world. A nd what is worse, men who ar e thus

ignor ant ar e unable to p er c eive their own ignor anc e and so do

not se ek a r eme dy. � Roger Bacon
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The italics w ere sp eci�ed in the usual w a y , b y enclosing Bacon's v erse

with \textit{ : : : } . (Designed for p o etry , eac h line is a stanza in the v erse,

and if a stanza runs long, this form of inden tation mak es it clear.) Bacon's

name app ears �ush righ t, again from the \hfill command, but this time

it is on the last line of the v erse, rather than a new line. This is ac hiev ed

simply b y not skipping a line after the v erse:

\begin{verse}

\textit{Neglect of mathematics ...

} \hfill --- Roger Bacon

\end{verse}

2.2 Lists

There are three in trinsic list en vironmen ts, distinguished b y what app ears

at the b eginning of eac h item: n um b er, bullet, or y our description (p erhaps

nothing). T o illustrate, here is the use of a description list en vironmen t

to itemize steps in v olv ed in learning L

A

T

E

X, whose source is indicated b y

Figure 14.

Basic Do cumen t Preparation. Kno wing ho w to setup the latex source

�le, mak e paragraphs, v ary fon ts, and list items are enough to prepare

a basic do cumen t without mathematics or tables (lik e a resume).

Making T ables. L

A

T

E

X pro vides a means to mak e tables with the tabular

envir onment , and its v ersatilit y puts it far ahead of w ord pro cessors.

Bibliograph y . Kno wing ho w to create a bibliograph y , in particular with

BibT

E

X .

Mathematics. This is a p o w er of L

A

T

E

X and one reason wh y it has b ecome

standard in writing mathematical pap ers. I will sho w y ou ho w to do

virtually an y mathematical expression in line with the text, or in math

display mo de .

Graphics. This has progressed a great deal in the past few y ears thanks to

man y p eople who ha v e pro vided pac k ages free of c harge.

Other. There are a great man y things to learn b ey ond the simple in tro duc-

tion when using L

A

T

E

X to prepare a thesis, rep ort or article.
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\begin{descripti on}

\item [Basic Document Preparation.] Knowing how to setup ...

\item [Making Tables.] \LaTeX~ provides a means ...

\item [Bibliography.] Knowing how to create a bibliography ...

\item [Mathematics.] This is the power of \LaTeX~ and one ...

\item [Graphics.] This has progressed a great deal in the ...

\item [Other.] There are a great many things to learn ...

\end{description }

Figure 14: Description List En vironmen t

T w o new things app ear in the example: the use of \LaTeX to pro duce

L

A

T

E

X, and the use of ~ (called �tilde�) to en ter a space. Without the

tilde, the result w ould b e L

A

T

E

Xpro vides, ev en with a space after \LaTeX

in the source. (The reason is that a space is needed an yw a y after \LaTeX

(or an y k eyw ord) in order to distinguish it completely , and one migh t w an t a

punctuation mark, lik e a comma, follo wing \LaTeX , whic h requires no space.)

The text within the square brac k ets is an option. If presen t, as in this

example, it is prin ted in b oldface. With no option, the description list is one

w a y to ha v e text inden ted the opp osite of a normal paragraph: the �rst line

is at the left and subsequen t lines are inden ted. F or example,

\begin{description}

\item \textsf{This is how one item in a description list

environment looks with no optional text at the beginning.}

\end{description}

pro duces the follo wing result:

This is ho w one item in a description list environment lo oks with no optional

text at the b eginning.

Unlik e the v erse en vironmen t, the �rst line go es almost to the left margin,

and the lines extend all the w a y to the righ t margin.

Next, Figures 15 and 16 illustrate the itemize list en vironmen t, whic h

prin ts bullets. Note the inden tation of eac h item and the spacing b et w een

items. Y ou see the nesting of t w o itemize lists, but an y t yp e of list can b e

nested within an y other t yp e.
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\begin{itemize}

\item This is item 1 and our task has just begun. Blank lines

before an item have no effect.

\item This is item 2 and we shall limit to just this few.

A blank line within an item does create a new paragraph,

using the indentation of the itemize environment.

\begin{itemize}

\item A second (nested) itemized list changes the bullet

and indents another level.

\end{itemize}

\end{itemize}

Figure 15: Itemize List En vironmen t Source (Result in Figure 16)

� This is item 1 and our task has just b egun. Blank lines

b efore an item ha v e no e�ect.

� This is item 2 and w e shall limit to just this few.

A blank line within an item do es create a new paragraph,

using the inden tation of the itemize en vironmen t.

� A second (nested) itemized list c hanges the bullet and

inden ts another lev el.

Figure 16: Itemize List En vironmen t Result (Source in Figure 15)

Finally , I describ e the enumerate list en vironmen t, where the default

n um b ering is with Arabic n umerals. With nested en umeration, the n um b er-

ing c hanges at eac h lev el. Figures 17 and 18 illustrate with three lev els of

nesting.
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\begin{enumerate }

\item This is item 1, and we are having fun.

\item This is item 2, and it's time to number anew.

\begin{enumerat e}

\item Back to item 1, but we are not yet done.

\item Two is new.

\begin{enumerate }

\item One again!

\item Two (b) or knot 2b?

\end{enumerate}

\end{enumerate}

\end{enumerate}

Figure 17: En umerate List En vironmen t Source (Result in Figure 18)

1. This is item 1, and w e are ha ving fun.

2. This is item 2, and it's time to n um b er anew.

(a) Bac k to item 1, but w e are not y et done.

(b) T w o is new.

i. One again!

ii. T w o (b) or knot 2b?

Figure 18: En umerate List En vironmen t Result (Source in Figure 17)

2.3 Making T ables

A table is made with the tabula r en vironmen t, whic h has the follo wing syn tax:

\begin{tabular}{ c olumn sp e cs } options

�rst r ow sp e c \\

.

.

.

last r ow sp e c [ \\ options ]

\end{tabular}

As indicated, eac h ro w ends with t w o bac kslashes, \\ . Eac h column sp ec-

i�cation can b e left, cen ter or righ t, abbreviated b y just one c haracter:
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l , c or r , resp ectiv ely . In the b o dy of the table, eac h column is separated b y

& . Figure 19 sho ws an example of a 2 � 3 table.

Ho w it app ears What y ou write

left cen ter righ t

1 2 3

\begin{tabular}{lcr}

left & center & right \\

1 & 2 & 3

\end{tabular}

Figure 19: A 2 � 3 T able

W e can dra w a horizon tal line b efore an y new ro w b y sp ecifying \hline .

T o dra w a line after the last ro w, en ter \\ \hline (the \\ is simply part

of the syn tax and do es not add an extra ro w to the table). The column

sp eci�cations can ha v e | on either side to indicate a v ertical line. Figure 20

illustrates a com bined use of these options.

Ho w it app ears What y ou write

-110 -120.12 -130

210 220. 230

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

-110 & 120 & -130 \\ \hline

210 & -220 & 230 \\ \hline

\end{tabular}

Figure 20: A 2 � 3 T able with Horizon tal and V ertical Lines

W e could dra w lines that span some ro ws and/or columns. The w a y to

v ary v ertical line dra wing is with the column sp eci�cations: put | only where

y ou w an t a v ertical line. The w a y to v ary horizon tal line dra wing is b y using

\cline{ �rst c ol - last c ol } instead of \hline . This is illustrated in Figure 21.

Ho w it app ears What y ou write

Name T est 1 T est 2

Bob 67 72

Sue 72 67

\begin{tabular}{ l| cc| }

Name & Test 1 & Test 2 \\ \cline{1-1}

Bob & 67 & 72 \\

Sue & 72 & 67 \\ \cline{2-3}

\end{tabular}

Figure 21: A T able with P artially Spanning Horizon tal and V ertical Lines
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W e can ha v e tables nested within tables. Figures 22 and 23 illustrate

this, while sho wing more v ariation with lines and using v arious fon ts. Here

are some things to note:

� The en tire table uses sans serif fon t st yle. This is done b y sp ecifying

\textsf{ b efor e en tering the tabular en vironmen t (and closing with }

just after it).

� Within the tables, fon ts are v aried: Roman is in the Roman fon t, sp eci-

�ed b y \textrm{Roman} , Greek is in italic, sp eci�ed b y \textit{Greek} ,

and upp er case is in small caps, sp eci�ed b y \textsc{upper case} .

� A new column sp eci�cation is in tro duced: p{ length } , where an y unit

of measure can b e used as the length of the spacing. In this example

.3 inc hes is sp eci�ed. Note that this coun ts as a column, so y ou see &&

to separate the t w o tables, eac h b eing a column of the main table.

� The \underline command is used to underline T able 1 , whic h is column

1 of the main table, whereas \cline{3-3} is used to underline all of

column 3 of the main table, headed b y T able 2 .

\textsf{

\begin{tabular}{ lp {. 3in }l } \\

\underline{Tabl e 1} && Table 2 \\ \cline{3-3}

\\

\begin{tabular} {| lc| } \hline

Object & Symbols used \\ \hline

variable & lower case \textrm{Roman} \\

parameter & \textit{Greek} \\

constant & \textsc{upper case} \textrm{Roman} \\

\end{tabular}

&& % Begin Table 2

\begin{tabular} {| rcc |} \hline

* & 1 & 2 \\ \cline{2-2}

& 3 & 4 \\ \cline{1-1}\clin e{3 -3 }

\end{tabular}

\end{tabular}

} % end sf

Figure 22: Nested T ables Source (Result in Figure 23)
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T able 1 T able 2

Object Symb ols used

va riable lo w er case Roman

pa rameter Greek

constant upper case Roman

* 1 2

3 4

Figure 23: Nested T ables Result (Source in Figure 22)

There are times when w e w an t to put a go o d bit of text in to some columns

of a table. Supp ose, for example, w e write the follo wing:

\begin{tabular}{|l|l|} \hline

This amount of text is too long to fit on one line of

the page. & This is column 2. \\ \hline

\end{tabular}

The result will b e to run o� the edge of the pap er:

This amoun t of text is to o long to �t on one line of the page. This is column 2.

One solution is to insert new ro ws and break up the text man ually:

\begin{tabular}{|l|l|} \hline

This amount of text is too long to fit on one

& This is column 2. \\

line of the page. & \\ \hline

\end{tabular}

)

This amoun t of text is to o long to �t on one This is column 2.

line of the page.

Instead, one can assign a �xed width to a column b y sp ecifying p{ length } .

F or example,



20 2 TEXT

\begin{tabular}{|p{2in}|l|} \hline

This amount of text is too long to fit on one line of the page.

& This is column 2. \\ \hline

\end{tabular}

)

This amoun t of text is to o

long to �t on one line of the

page.

This is column 2.

Another is solution is to use the \parbox command (short for �paragraph

b o x�). This has the form \parbox[ option ]{ width }{ text } , where the option

is the placemen t: t = top and b = b ottom (default is cen ter). Here are t w o

examples:

\begin{tabular}{|l|l|} \hline

\parbox{2in}{This amount of text is too long to fit on

one line of the page.} & This is column 2. \\ \hline

\end{tabular}

)

This amoun t of text is to o

long to �t on one line of the

page.

This is column 2.

\begin{tabular}{|l|l|} \hline

\parbox[t]{2in}{This amount of text is too long to fit on

one line of the page.} & This is column 2. \\ \hline

\end{tabular}

)

This amoun t of text is to o

long to �t on one line of the

page.

This is column 2.

They di�er only in the placemen t of the paragraph b o x, the latter b eing at

the top to align it with column 2 in the manner sho wn.

When making a column or parb o x small, the spacing can b ecome un-

sigh tly due to b eing justi�ed. This is o v ercome with the �ushleft en vironmen t.

Figures 24 and 25 illustrate this, and note that it con tains other commands

that can b e in an y paragraph.
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\begin{center}

\begin{tabular}{ ll }

\parbox[t]{3in} {\b eg in {fl us hl eft }

This is column 1, and I might want to display something:

\medskip\centerli ne {\f bo x{ How sweet it is.}}\medskip

This is not the same as

\medskip\fbox{\ce nt erl in e{ How sweet it is.}}

\end{flushleft} }

& \parbox[t]{1in}{\ be gi n{f lu sh lef t} \t ext sf {T his is column 2,

which I have put in sans serif font.}

\end{flushleft} }

\end{tabular}

\end{center}

Figure 24: \parbox Source (Result in Figure 25)

This is column 1, and I migh t w an t to

displa y something:

Ho w sw eet it is.

This is not the same as

Ho w sw eet it is.

This is column

2, which I

have put in

sans serif font.

Figure 25: \parbox Result (Source in Figure 24)

An y measuremen t, suc h as the width of a paragraph b o x, can b e deter-

mined b y some length parameter, rather than a �xed constan t. F or example,

see exercise 9 at the end of this c hapter and consider \parbox{.3\linewidth} ...

If w e w an t some heading to span sev eral columns, this is done b y the

command, \multicolumn{ numb er }{ c ol sp e c }{ entry } . The �rst argumen t is

the n um b er of columns to span (starting where \multicolumn is sp eci�ed).

This m ust b e in the range 1 to ho w ev er man y columns remain from the

curren t p osition. The second argumen t is an y v alid column sp eci�cation,

suc h as l , c , r , with, or without, a v ertical line sp eci�cation, | , on either
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side. Finally , the third argumen t is the text.

The \multicolumn command can also serv e to o v erride some column

sp eci�cation. Supp ose, for example, w e w an t the columns to b e left justi�ed,

but w e w an t the headers to b e cen tered. Figures 26 and 27 illustrate these

uses of \multicolumn . The �rst is used to cen ter `T est n um b er' o v er columns

2 and 3. The line in the source b egins with & to skip column 1, then the

\multicolumn sp eci�es 2 columns, cen tered with v ertical lines b efore and

after. The second use simply cen ters the `Studen t' header. The last use of

\multicolumn cen ters `T ak en in class' o v er columns 2 and 3. Unlik e the �rst

use, the v ertical line at the end is missing b ecause c w as sp eci�ed instead of

c| .

\begin{center}

\begin{tabular} {l |cc |c }

& \multicolumn{2}{| c| }{ Tes t number} \\

\multicolumn{1} {c| }{ St ude nt } & 1 & 2 & Average \\ \hline

Bill & 67 & 72 & 70.5 \\

Charleetah & 72 & 67 & 70.5 \\ \hline

& \multicolumn{2}{c }{ Ta ken in class} \\ \cline{2-3}

\end{tabular}

\end{center}

Figure 26: Multicolumn Source (Result in Figure 27)

T est n um b er

Studen t 1 2 A v erage

Bill 67 72 70.5

Charleetah 72 67 70.5

T ak en in class

Figure 27: Multicolumn Result (Source in Figure 26)

T ables that are to o long to �t on one page could b e brok en man ually ,

but the longtable pac k age enables automatic page breaks b y the L

A

T

E

X com-

piler. (Y ou obtain the pac k age from CT AN [4].) In the pream ble, sp ecify

\usepackage{longtable} . Then, instead of the tabula r en vironmen t, sp ec-

ify the longtable en vironmen t, whic h has most of the same options.
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2.4 Sp ecial Characters

W e ha v e already seen that some c haracters are sp ecial, in that they delimit

something. In particular, \ delimits ev ery L

A

T

E

X command, and % ends a

line, enabling commen ts. Ho w do w e prin t suc h c haracters? One w a y is with

the sym b ol, itself, lik e \% . Other times a k eyw ord, lik e \textbackslash , is

needed. The App endix con tains complete tables of these (including those

I do not co v er in the c hapters). Of particular imp ortance are the braces,

written as \{ \} to obtain { }. (Recall that the braces b y themselv es create

a lo cal en vironmen t, lik e {\large : : : } .)

When using a k eyw ord to sp ecify a sp ecial c haracter, it app ears with

whatev er fon t is activ e. T able 2 illustrates this with commonly used sp e-

cial c haracters. The brac k ets, [ ], are di�eren t b ecause they can b e en tered

directly , except when they are used to delimit an option in the syn tax, in

whic h case they can b e obtained b y enclosing them in braces. One example

is the description list en vironmen t, illustrated in Figure 28. (Another is in

the tabular en vironmen t (page 16), but I omitted a discussion of p osition

options that are sp eci�ed b y brac k ets.)

Ho w it app ears What y ou write

This is option for item.

\begin{descripti on}

\item [This is option] for item.

\end{description }

[This is not option] for item.

\begin{descripti on}

\item {[This is not option]} for item.

\end{description }

Figure 28: Obtaining Brac k ets in a Description List En vironmen t

Another w a y to prin t the unprin table is with the verbatim en vironmen t

or the \verb command. Unlik e all other commands, \verb do es not use

braces to delimit its argumen t. It uses an y other c haracter to delimit a

string, whic h can con tain an y c haracter except itself. F or example, w e can

write \verb@{}%$#\@ to generate the string {}%$#\ (delimited b y @ ), whic h

is prin ted in t yp ewriter fon t st yle. The v erbatim en vironmen t uses the usual

syn tax:
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Character Ho w y ou

Other fon ts

(Roman) write it italic large

{ } \{ \} { } { }

% $ # & _ \% \$ \# \& \_ % $ # & _ % $ # & _

\ \textbackslash \ \

^ \textasciicircum ^ ^

~ \textasciitilde ~ ~

r


 \textregistered

r




r




[ ] {[ ]} [ ] [ ]

T able 2: W riting Sp ecial Characters

\begin{verbatim}

.

.

.

\end{verbatim}

This is ho w the source co de w as created for the �gures, lik e Figure 26 (p. 22).

Another class of sp ecial c haracters are letters with accen ts. T able 3 sho ws

some common examples; a complete table is in the App endix. F or example,

write Poincar\'{e} to ha v e P oincaré and G\"{o}del to ha v e Gö del. An

accen t could b e applied to an y letter, ev en if it do es not relate to some

language � for example, \"{b}\~{c}\^{d} )

�

b � c

�

d.

L

A

T

E

X has a basic library of accen ts and sp ecial c haracters for writing in

languages other than English, whic h are sho wn in App endix T able 29 � e.g.,

?` ) ¾ and \aa ) å. In some cases, these are not su�cien t, particularly if the

en tire do cumen t is to b e in a non-English language. F or that purp ose there

are some pac k ages (a v ailable free of c harge), suc h as Bab el [1] (also see [5,

Chapter 9]).

2.5 T abbing

The tabbing en vironmen t pro vides an alternativ e to the tabular en vironmen t

b y letting y ou set y our o wn column tabs. T able 4 sho ws a simple case with

t w o basic tabbing commands, \= to de�ne a tab setting, and \> to mo v e

to a tab setting. In addition, \\ ends eac h ro w, but unlik e the tabular
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What y ou write What y ou see

\"{a} ) ä

\`{e} ) è

\'{i} ) í

\~{o} ) õ

\^{u} ) û

T able 3: Some A ccen ts for Letters

en vironmen t, the �rst sen tence con tin ues normally , without extra spaces, so

that the p osition of the tab is not equiv alen t to that of a table's column.

What y ou see What y ou write

Begin: set tab 1 : : : set tab 2

skip to 1 then to 2

skip to 2

\begin{tabbing}

Begin: \=set tab 1\dots \=set tab 2\\

\>skip to 1 \>then to 2\\

\> \>skip to 2

\end{tabbing}

T able 4: The T abbing En vironmen t

Sometimes w e do not w an t to ha v e the longest p ortion of text �rst, y et

it is needed to de�ne the tab. T able 5 illustrates ho w this is solv ed with the

\kill command. In the �rst tabbing, the lines are in the order w e w an t,

but the tab is set b y the shorter string `1-3', making `4-6-8' extend past the

tab. The second tabbing puts the longer �eld �rst, in order to set the tab

correctly , then sp eci�es \kill instead of \\ to suppress (or �kill�) the prin ting

of the line.

What y ou see What y ou write

1-3 sting lik e a b ee

4-6-8 don't b e late

\begin{tabbing}

1-3 \= sting like a bee \\

4-6-8 \> don't be late \\

\end{tabbing}

1-3 sting lik e a b ee

4-6-8 don't b e late

\begin{tabbing}

4-6-8 \= don't be late \kill

1-3 \> sting like a bee \\

4-6-8 \> don't be late \\

\end{tabbing}

T able 5: The \kill T abbing Command
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Figures 29 and 30 illustrate the tabbing en vironmen t with �xed �eld

widths. It �rst uses the \hspace* command for horizon tal spacing, then it

uses the name of the last �eld to set what follo ws.

\begin{tabbing}

\= \hspace*{.5in} \= \hspace*{2in} \= Last field: \= \kill

\> Field 1 (following tab 1)

\\ \> \> Field 2 on new line \> Last field

\\ \> \> \> Last field on new line

\end{tabbing}

Figure 29: T abbing Source (Result in Figure 30)

Field 1 (follo wing tab 1)

Field 2 on new line Last �eld

Last �eld on new line

Figure 30: T abbing Result (Source in Figure 29)

2.6 Line and P age Breaks

Y ou can cause a new line b y en tering \linebreak . When text is justi�ed (the

default), this could result in an undesirable app earance, lik e the follo wing:

\textsf{This example is \linebreak extreme.}

) This example is

extreme.

The \newline command forces a new line without justifying it.

\textsf{Here is the extreme \newline example.}

) Here is the extreme

example.

The \nolinebreak command w orks analogously , prev en ting a line break,

ev en if it means extending in to the righ t margin. Also, it is b etter st yle to

k eep certain `w ords' together, suc h as `�gure 1' or `p. 10'. T o prev en t a line



2.7 Spacing 27

break where y ou w an t a blank, use the space c haracter ~ . W e w ould th us

write figure~1 or p.~10 .

There are t w o commands to force a page break: \pagebreak and \newpage .

The \newpage command follo ws the analogy with \newline in forcing a page

break precisely at the p oin t it is sp eci�ed, rather than completing the line as

\pagebreak do es. The \nopagebreak command disallo ws a page break im-

mediately follo wing the next blank line. The \samepage command prev en ts

a page break within its scop e. Here is an example that k eeps line 1 on the

same page as line 2.

{\samepage

line 1

\nopagebreak

line 2

}

2.7 Spacing

W e ha v e already seen the use of ~ to insert one space and \hfill to put the

remaining text �ush righ t. The most v ersatile metho d to insert horizon tal

spaces is with \hspace and \hspace* . These ha v e one argumen t: the

amoun t of space to b e inserted. F or example,

I insert .3~in \hspace{.3in} here. ) I insert .3 in here.

The \hspace command has no e�ect at a line b oundary , but the \hspace*

inserts the space no matter what. F or example, the previous

sen tence is written as:

The \verb|\hspace| command has no effect at a line boundary, but

the \verb|\hspace*| \hspace*{1in} inserts the space no matter what.

That is wh y y ou see the 1 inc h space at the b eginning of the second line.

\hspace w ould not insert the 1 inc h, but \hspace* do es.

T w o v ariations of \hfill are:

\dotfill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

\hrulefill

Analogously , v ertical spacing is con trolled b y \vspace , \vspace* and

\vfill . The heigh t of one line of normal text is in the k eyw ord \baselineskip ,
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so vspace{\baselineskip} skips one line at the next new line. The v ertical

space is not added if this go es to the top of a new page; that is what \vspace*

do es. In particular, at the v ery b eginning of y our do cumen t, if y ou w an t to

mak e y our o wn title page, y ou use \vspace*{2in} to put a 2 inc h margin at

the top ( \vspace w ould not insert the space).

The easiest w a y to con trol line spacing throughout y our do cumen t is to

sp ecify usepackage{setspace} in y our pream ble. This giv es y ou three

commands:

\singlespacing \onehalfspacing \doublespacing

Righ t after y ou sp ecify one of these, that spacing will commence.

Exercises. Submit a prin ted cop y of b oth the L

A

T

E

X source (tex �le) and

the asso ciated p ostscript result (ps �le). Be sure y our name is on eac h.

1. W rite a paragraph in article [and letter] st yle with the follo wing prop-

erties:

(a) Eac h fon t st yle in T able 1 is used as one letter in a w ord that has

more than one letter.

(b) Eac h fon t st yle in T able 1 is used for one complete w ord.

(c) Eac h fon t st yle in T able 1 is used for t w o consecutiv e complete

w ords.

2. W rite t w o paragraphs in article [and letter] st yle with eac h of the fol-

lo wing prop erties:

(a) Default inden tation on b oth paragraphs.

(b) No paragraph is inden ted.

(c) Both paragraphs are inden ted.

(d) There is added space b et w een paragraphs.

3. W rite a paragraph in article st yle and mak e a co v er page with the

follo wing prop erties (lik e the co v er page of this do cumen t):

� All lines are cen tered.

� The title app ears �rst in v ery large letters.
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� Y our name app ears second in letters that are not as large as the

title, but larger than normal size, and it is preceded b y extra space.

� Y our e-mail address app ears third.

� Y our w eb address app ears fourth.

� Course n um b er and title app ears next, with extra space preceding

it.

� Date app ears last, with extra space preceding it.

4. Giv e an en umeration of at least three things y ou lik e ab out mathemat-

ics. Giv e the same list without n um b ers.

5. Pro duce the follo wing table:

Colors

Primary Secondary

Red Green

Blue Orange

Y ello w Purple

6. Pro duce the follo wing table (including the accen ts and alignmen ts).

Mathematician Birth Death

Gabrielle Emilie Le T onnelier

de Breteuil Marquise

du Châtelet 1706 1749

Benjamin Bannek er 1731 1806

Sophie Germain 1776 1831

Julius K önig 1849 1913

Rózsa P éter 1905 1977

7. Pro duce the follo wing table.

P a y o�s ($)

Pla y er A Pla y er B

1 2 3

4 5 6

1 2

3 4

5 6
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8. Ho w can y ou ha v e an en tire table whose columns are of �xed width?

9. Create a 3-column text suc h that eac h column is a paragraph of arbi-

trary length using ab out

1

3

of the page width eac h.

10. Use the tabbing en vironmen t to pro duce the follo wing:

apples in tegral deriv ativ e

grap efruit sum di�erence

v ariables constan ts

11. Use the tabbing en vironmen t to pro duce what y ou see on page 33.

12. Pro duce the follo wing:

rate of mass

accum ulation

in the

compartmen t

=

net rate of mass

en tering the

compartmen t b y

con v ection

+

net rate of

mass en tering

b y di�usion.

3 Bibliograph y with BibT

E

X

3.1 Ov erview

It migh t seem strange to ha v e this section so early , instead of with Ÿ7.4. That

is b ecause I require studen ts to pro duce an annotated bibliograph y early in

the semester, and I w an t them to use BibT

E

X . So here w e are.

BibT

E

X [11 ] w as dev elop ed b y Oren Ptashnik and is a v ailable free of

c harge. It reads a plain text �le, called a bib �le (plus one of the �les

created b y the latex compiler, ab out whic h y ou need not b e concerned). The

bib �le con tains the biblio gr aphic datab ase , whic h could extend b ey ond one

do cumen t. The bibtex program that y ou apply to y our source creates another

�le (whic h y ou need not examine), from whic h a second latex compilation

causes the bibliograph y to b e created. The execution lo oks lik e this (same

under unix and DOS):
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latex myfile

bibtex myfile

latex myfile

Y ou migh t ha v e to compile with latex more times, un til y ou do not ha v e

an y �unresolv ed� bibliograph y citations. Once this is successful, y ou do not

ha v e to bibtex myfile again un til y ou c hange y our bib �le or add a citation.

This added lo op is illustrated in Figure 31.

myfile.tex myfile.dvi myfile.ps

create/edit view/prin t prin t/p ost

compile

with

latex

con v ert

with

dvips

bibtex

Figure 31: A dding bibtex to the Command Sequence

3.2 The bib File

3.2.1 Main b o dy

F or purp ose of this in tro duction, supp ose y our bibliograph y is in a �le called

mybiblio.bib , but that name is arbitrary as long as it ends with .bib . W e

b egin with the most imp ortan t part of y our bib �le, whic h are the en tries

y ou w an t to include in its database. Eac h en try has the follo wing form:

@ typ e { lab el ,

�eld = " value ",

.

.

.

}

F or example, Kn uth's b o ok [8] w ould b e en tered as follo ws:
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@article{tex,

author = "Donald E. Knuth",

title = "The {\TeX} Book",

publisher = "Addison-Wesley Publishing Company",

address = "Reading, MA",

year = "1989",

edition = "15th",

}

Most authors dev elop a st yle to lab elling bibliographic en tries. The use

of one k eyw ord is somewhat simplistic and could cause problems with a

great n um b er of en tries b ecause the lab els m ust b e unique. W e cannot, for

example, ha v e t w o en tries with tex as their lab el. Here are t w o st yles I ha v e

seen, whic h y ou migh t consider:

F orm Example

author . ye ar knuth.89

author : �rst_keywor d_in_title knuth:tex

With t w o authors, y ou can put b oth of their names; with more than 2,

y ou can add et al. (Linguistically , the use of the Latin et al. in formal writing

follo ws this rule.) In the �rst form, if there are t w o publications b y the same

authors in the same y ear, some p eople add a , b , : : : after the y ear (no blank).

In the second form, if there are t w o publications b y the same authors in the

same y ear, some p eople add another k eyw ord. Y ou m ust disco v er what st yle

w orks b est for y ou.

Before listing eac h style ( article is one st yle) and the �elds they can or

m ust ha v e ( author is one �eld), here are a few things to note.

� The lab el is arbitrary , but do not use an y L

A

T

E

X sp ecial c haracters or

blanks. In the example, the lab el is sp eci�ed as tex and it m ust b e

follo w ed b y a comma. Also, lab els are case-sensitiv e, so tex is not the

same as TeX .

� Eac h bib en try m ust ha v e a unique lab el, so it can b e cited without

am biguit y in the source �le.
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� The order of the �elds is arbitrary , and �elds are separated b y commas

(hence the comma after the terminal quote). The last �eld do es not

require a comma at the end, but it will not h urt an ything, and it giv es

�exibilit y if y ou w an t to add a �eld or c hange the order.

� Fields do not ha v e to b e on separate lines, but it is more readable that

w a y .

� The �eld value can b e an ything recognized b y L

A

T

E

X, ev en mathemat-

ical sym b ols in math mo de.

� There is a �nal } to close the en try � @ typ e { : : : } .

Remem b er to put eac h author's name as �rst last or last , �rst . If y ou put

Knuth Donald , the compiler will think the �rst name is Kn uth and the last

name is Donald.

Here is a list of standard en try t yp es with their required �elds. What are

�optional �elds� in BibT

E

X are not necessarily optional as far as ha ving a

complete bibliograph y citation. F or example, the v olume and page n um b ers

of an article are necessary to include ev en though they are optional to sat-

isfy BibT

E

X syn tax. (What is �necessary� dep ends up on the standard one

applies, but most journals require the v olume of the journal and the page

n um b ers for the cited article.) Fields that are neither required nor optional

are ignored, ev en if they are v alid �elds in other t yp es of en tries.

article refers to an article from a journal or magazine.

Required �elds: author , title , journal , year .

Optional �elds: volume , number , pages , month .

book refers to a b o ok with an explicit publisher.

Required �elds: author or editor , title , publisher , year .

Optional �elds: volume or number , series , address , edition , month .

booklet refers to a b ound, prin ted do cumen t, but without an explicit

publisher.

Required �elds: author or key , title .

Optional �elds: author , howpublished , address , month , year .

inbook is a part of a b o ok, suc h as a c hapter or just some range of pages.

Required �elds: author or editor , title , chapter and/or pages ,

publisher , year .

Optional �elds: volume or number , series , type , address , edition ,



34 3 BIBLIOGRAPHY WITH BIBT

E

X

month .

incollection is a part of a b o ok ha ving its o wn title.

Required �elds: author , title , booktitle , publisher , year .

Optional �elds: editor , volume or number , chapter series ,

type , pages . address , edition , month .

inproceedings is an article in a conference pro ceedings.

Required �elds: author , title , booktitle , year .

Optional �elds: editor , volume or number , series , pages ,

month , organization , publisher , address .

manual is some tec hnical do cumen tation.

Required �elds: author or key (see note b elo w). title .

Optional �elds: author , organization , address , edition ,

month , year .

mastersthesis is a Master's thesis.

Required �elds: author , title , school , year .

Optional �elds: type , address , month .

misc is when nothing else �ts.

Required �elds: author or key (see note b elo w).

Optional �elds: author , title , month , howpublished , year .

phdthesis is a PhD thesis.

Required �elds: author , title , school , year .

Optional �elds: type , address , month .

proceedings

Required �elds: title , year .

Optional �elds: editor , volume or number , series , publisher ,

organization , address , month .

techreport is a rep ort published b y some institution.

Required �elds: author , title , institution , year .

Optional �elds: type , number , address , month .

unpublished is a do cumen t with an author and title, but not formally

published, ev en as a tec hnical rep ort. (Some note of explanation is

required.)

Required �elds: author , title , note .

Optional �elds: month , year .

In addition to the optional �elds listed, whic h v ary b y the t yp e of en try ,

the note �eld is alw a ys an option. This lets y ou en ter a note that will app ear

at the end of the citation. T o ha v e a commen t that is not prin ted, en ter an
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unrecognized �eld, suc h as comment = "...", (this is ignored with no error

message giv en).

If a required �eld is missing when y ou compile, y ou will get an error

message. P ossibly there will b e some standard �xup, but it is b est if y ou

pro vide the missing �eld v alue. If a do cumen t has no author, y ou m ust

pro vide a key for sorting. F or example, consider the follo wing en try for

L

A

T

E

X 2

"

[10], whic h has no p erson as an author. The bibliograph y will b e

sorted with the k ey , LaTeX2e , used to order this en try relativ e to author

names. The k ey will not b e prin ted.

@manual{usrguide,

key = "LaTeX2e",

title = "{\LaTeXe} for authors",

type = "World Wide Web site",

institution = "Comprehensive {\TeX} Archive",

address = "{CTAN\url{/macros/latex/doc/usrguide.ps}

(see~\cite{CTAN} for replacing CTAN)}",

year = "1995--99",

}

When there are m ultiple authors, w e separate them with and (no com-

mas). F or example, [5] in this do cumen t has the follo wing BibT

E

X en try:

@Book{companion,

author = "Michel Goosens and Frank Mittelbach and

Alexander Samarin",

title = "The {\LaTeX} Companion",

publisher = "Addison-Wesley Publishing Company",

address = "Reading, MA",

year = "1994",

}

The use of the braces in {\LaTeX} is to tell the bibtex program to tak e

ev erything inside just as it is written (for the latex program to pro cess).

Otherwise, the bibtex program migh t try to pro cess it itself and pro duce an

unin tended result. This applies to accen ts to o. In ordinary L

A

T

E

X, w e write

G\"{o}del to pro duce Gö del, but this will not w ork in BibT

E

X . Instead,

w e write G{\"{o}}del , or simply G{\"o}del .
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The use of braces to force a particular result is necessary in other in-

stances, suc h as writing {F}ourier analysis to force the capital F; oth-

erwise, the bibtex program will pro duce `fourier analysis' (the plain st yle

pro duces article titles in lo w er case, except the �rst letter of the �rst w ord).

Some authors, ho w ev er, use this feature inappropriately b y putting braces

around ev erything. That defeats one of the primary adv an tages of using

L

A

T

E

X and BibT

E

X in the �rst place: w e w an t to let the st yle �les deter-

mine the �nal form, so w e can switc h st yles and use the same source (tex

and bib �les).

3.2.2 W eb citations

When BibT

E

X w as dev elop ed, the W orld Wide W eb did not exist. No w it

is a ma jor source of information. There is no univ ersally accepted standard

for ho w to reference w eb do cumen ts, but here is one w a y .

If it is a b o ok, use the book t yp e and sp ecify:

publisher = "World Wide Web",

address = " url ",

Here is an example:

@book{Strunk,

author = "William Strunk{, Jr.}",

title = "Elements of Style",

publisher = "World Wide Web",

address = "http://www.columbia.edu/acis/bartleby/strunk/",

year = "1999",

note = "This is the web version of the classic book by

Strunk and White~\cite{StrunkWhite}",

}

The reference \cite{StrunkWhite} presumes there is the en try for the

original publication. The use of the braces in the name is to b e sure that

the author app ears as in tended: William Strunk, Jr. Otherwise, without the

braces, the comma w ould signal the bibtex program that `Jr.' is the �rst

name of the author, and it w ould app ear as `Jr. William Strunk'.

If the do cumen t is a tec hnical rep ort, use that st yle but include the url

as a note or in the address �eld. Ev en tually , y ou will run in to some di�cult y

with writing urls. F or one thing, the url could con tain sp ecial c haracters; in
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particular, ~ is in man y urls, and writing it will pro duce a space, not the

tilde. Also, a url could b ecome v ery long, and with latex ha ving no place to

break, y ou will see a line with lots of spaces (for justi�cation), follo w ed b y

the url. An unsigh tly line with spaces could also app ear after the url. These

di�culties are o v ercome b y sp ecifying:

address = "\url{http://www.columbia.edu/acis/bartleby/strunk/}",

The \url sp eci�cation is not actually an in trinsic command in L

A

T

E

X; it

is de�ned in a pac k age. Its main use is to determine where the url can b e

brok en in order to put it on t w o lines, if needed. Another feature of the

url pac k age is that \url prin ts sp ecial c haracters, lik e ~ . T o ha v e the \url

command activ e in y our do cumen t, put the follo wing declaration in to y our

pream ble: \usepackage{url} . The default fon t it uses is tt , but y ou can

c hange this to another fon t with the sp eci�cation:

\renewcommand\url{\begingroup\urlstyle{ font }\Url}

F or example, this b o ok sp eci�es the sans serif fon t:

\usepackage{url}

\renewcommand\url{\begingroup\urlstyle{sf}\Url}

There are o ccasions when w e w an t to reference an en tire w eb site. One

example is the L

A

T

E

X 2

"

reference [2], giv en b y:

@misc{latex2e,

author = "Johannes L. Braams and David P. Carlisle and

Alan Jeffrey and Frank Mittelbach and Chris Rowley

and Rainer Sch{\" o}pf",

title = "{\LaTeXe} and the {LaTeX}3 Project",

howpublished = "World Wide Web,

\url{http://www.latex-project/org/latex3.html}",

year = "1994",

}

W e ha v e seen sev eral pac k ages so far, and y ou shall learn more ab out

pac k ages in Ÿ6, where I describ e enhancemen ts for ha ving graphics in L

A

T

E

X.

Ho w ev er, this is the �rst use of \renewcommand , ab out whic h I shall sa y more

when I describ e w a ys to customize y our do cumen t in Ÿ8.
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3.2.3 A dditional features

One elemen t of go o d st yle is to b e consisten t in y our terms, including abbre-

viations and names of publishers. One sometimes sees �Klu w er,� other times

�Klu w er A cademic Publishers,� and still other times �Klu w er Pub.� T o help

b e consisten t and to sa v e some w ork in the long run when w e write man y

di�eren t do cumen ts and pro duce more bib �les, w e can de�ne strings with

the en try:

@string{ name = " string "}

Then, w e can refer to the string an ywhere in the v alue of a �eld b y exclud-

ing the quotes. (That is wh y w e needed the quotes b efore, when w e wrote

liter als .)

F or example, supp ose w e de�ne:

@string{kluwer = "Kluwer Academic Publishers"}

Then, w e can en ter:

publisher = kluwer,

to pro duce the publisher v alue = �Klu w er A cademic Publishers.� Besides

consistency , an adv an tage is that if some name c hanges, w e merely c hange

the one string v alue and recompile.

W e can concatenate strings and/or literals with # . F or example, supp ose

w e write

@string( mom = "My Mother" )

@string( dad = "My Father" )

author = mom,

title = mom # dad,

editor = dad,

Then, the three �eld v alues are equiv alen t to:

author = "My Mother",

title = "My MotherMy Father",

editor = "My Father",

Note the absence of a space b et w een the string v alues in the title. T o ensure

a space, use the space c haracter, ~ , as a literal:
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title = mom # "~" # dad,

The same title as the ab o v e is obtained b y an y of the follo wing:

title = "My Mother " # dad,

title = mom # " My Father",

Another useful feature of BibT

E

X is the crossref �eld for cross refer-

encing. F or example, supp ose w e ha v e the follo wing en try (klu w er is a string;

the other v alues are literals):

@Proceedings{Byrnes:FAA-89,

editor = "J.S. Byrnes and Jennifer L. Byrnes",

title = "Recent Advances in {F}ourier Analysis and its

Applications: Proceedings of the {NATO}

{A}dvanced {S}tudy {I}nstitute",

publisher = kluwer,

year = 1990,

}

Then, w e can ha v e the follo wing en try:

@InProceedings{Artemiadis:FAA-89-311,

crossref = "Byrnes:FAA-89",

author = "N.K. Art{\'e}miadis",

title = "Results on the Absolutely Convergent Series

of Functions and of Distributions",

pages = "311--316",

}

If these w ere the only references, the result w ould app ear as follo ws:

[1] N.K. Artémiadis. Results on the absolutely con v ergen t series of functions

and of distributions. In Byrnes and Byrnes [2] , pages 311�316.

[2] J.S. Byrnes and Jennifer L. Byrnes, editors. R e c ent A dvanc es in F ourier

A nalysis and its Applic ations: Pr o c e e dings of the NA TO A dvanc e d Study

Institute . Klu w er A cademic Press, 1990.

BibT

E

X also recognizes a pream ble in our bib �les to enable us to de�ne

some L

A

T

E

X commands. The general form is
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@Preamble{ string }

where string is an y concatenation of literals and strings. Here is an ex-

ample [11] that is useful for guiding the sorting of references in a sp ecial

circumstance:

@Preamble{ "\newcommand{\noopsort}[1]{}" }

The \newcommand is something I shall describ e more fully in Ÿ8. F or no w,

it is used to de�ne a command, \noopsort , requiring one argumen t. Com-

mand \noopsort ignores the argumen t that it receiv es, pro ducing nothing

(indicated b y {} ). Here is ho w this can b e used.

Supp ose there is a 2-v olume w ork b y the same authors, originally pub-

lished 1971, but a second edition of v olume 1 is prin ted in 1973. The bib

en tries w ould ha v e the y ears in the opp osite order than w e w an t b ecause

sorting is �rst b y the authors, whic h are the same, then b y y ear. T o force

the �rst v olume to sort b efore the second, w e fo ol the bibtex program with

the follo wing sp eci�cations:

V olume 1 V olume 2

year = "{\noopsort{a}}1973", year = "{\noopsort{b}}1971",

This fo ols the bibtex program in to thinking the y ears are a1973 and b1971 ,

th us putting v olume 1 �rst. The de�nition of \noopsort , ho w ev er, do es not

actually prin t the letters, so just the y ears app ear.

3.3 Declaration and Citation

A t the end of y our source �le (where y ou w an t the bibliograph y to app ear),

b efore \end{document} , put the follo wing commands (in either order):

\bibliography{mybiblio}

\bibliographystyle{plain }

The �rst declares the bibliograph y to b e in the bib �le, mybiblio.bib .

The second command de�nes the format st yle of the bibliograph y to b e

plain , whic h comes with ev ery installation of latex. There are other bibli-

ograph y format st yles, including some pro vided b y publishers. Here is a list

of the most basic ones (included in ev ery installation):
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plain is the most common b ecause it formats en tries according

to accepted standards. En tries are sorted b y the alphab etical

order of author names, breaking ties with the y ear of publica-

tion, and they are lab eled with n um b ers.

abbrv di�ers from plain b y abbreviating names of journals, among

other things (to giv e a more compact bibliograph y).

alpha di�ers from plain b y citing b y lab els, rather than n um b ers.

unsrt di�ers from plain b y sorting en tries b y the order in whic h

they are cited, rather than b y the author names.

W e shall use only the plain st yle here, but kno w that man y other st yles ha v e

b een written and are a v ailable free of c harge.

T o cite particular references, the L

A

T

E

X command is \cite{ lab el [ , : : : ] } ,

where lab el is what w e put in our bib �le en try . F or example, [8 ] is pro duced

b y sp ecifying \cite{tex} . Y ou can put more than one citation, separated b y

commas. F or example, \cite{tex,latex} pro duces [8, 9] for this do cumen t.

Y ou can insert some further citation information as an optional input

argumen t to the \cite command. F or example, \cite[p.~46]{latex} pro-

duces [9, p. 46] in this do cumen t. (In the option, delimited b y [ ] , the ~ is

used to ensure that there is a space but no line break when giving the page

n um b er as �p. 46� in the citation.)

The rule is that only those bib en tries that are cited app ear in the �nal

do cumen t. The reason is that w e can main tain one large bib �le and write

man y do cumen ts that use it. There are times when w e w an t to b e sure a

particular bib en try app ears, but w e do not w an t to cite it in the text. This

is done with the \nocite command. In particular, if w e w an t to ha v e ev ery

en try in our bib �le app ear, w e sp ecify \nocite{*} . If w e w an t only some

particular list of en tries to app ear, w e use \nocite with their lab els, suc h as

\nocite{tex} to b e sure Kn uth's T

E

X b o ok app ears, ev en if it is not cited

explicitly . Figure 32 sho ws a complete source �le for ha ving all en tries in

mybiblio.bib app ear, and that is the en tire do cumen t!

W e can sp ecify more than one bib �le, suc h as:

\bibliography{mybiblio,another}

The bibtex program will searc h them sequen tially for an y citation. If w e ha v e the

same lab el in b oth bib �les, the en tries m ust b e iden tical; otherwise, w e will get

a fatal error message, Repeated entry� telling us whic h lab el is rep eated. If w e

ha v e the same en try with di�eren t lab els, they will app ear t wice if b oth lab els are

used (or if w e used \nocite{*} ).
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\documentclass[12pt]{article}

\begin{document}

\nocite{*}

\bibliographystyle{plain}

\bibliography{mybiblio}

\end{document}

Figure 32: A Do cumen t to Prin t the Bibliographic Database

Exercises. Submit a prin ted cop y of the L

A

T

E

X source (tex �le), the BibT

E

X

data (bib �le), and the asso ciated p ostscript result (ps �le). Be sure y our name is

on eac h.

1. Pro duce a do cumen t with one paragraph that cites three bibliographic items,

one for eac h of the follo wing t yp es:

(a) An article in a journal.

(b) An en tire b o ok with at least three authors.

(c) A c hapter in a b o ok.

(d) A tec hnical rep ort.

2. Pro duce a do cumen t that lists y our en tire database, whic h consists of at

least one en try for eac h of six di�eren t do cumen t t yp es. F urther, at least one

en try m ust ha v e more than t w o authors.

3. Pro duce a do cumen t with one paragraph that cites three bibliographic items,

one for eac h of the follo wing t yp es:

(a) A tec hnical rep ort on the w eb.

(b) A b o ok on the w eb.

(c) An en tire w eb site.

4. Pro duce a do cumen t that has only a bibliograph y comp osed of the follo wing

three en tries (in the order sho wn).

[1] I.M. Ric h, editor. Imp ossible Dr e ams , v olume I. MacT aco, second edition,

1999.

[2] I.M. Ric h, editor. Imp ossible Dr e ams , v olume I I. MacT aco, 1990.

[3] I.M. Smart, U.R. T u, and V.F. Money . How to Squar e a Cir cle , c hapter 1.

V olume I I of Ric h [2], 1990.
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5. Pro duce an annotated bibliograph y of the follo wing form (note the inden ta-

tions on left and righ t margins):

[1] P .R. Halmos, Naive Set The ory , V an Nostrand, Princeton, NJ, 1960.

This is a go o d b o ok, whic h I assign to m y Ph.D. studen ts.

The �rst 100 pages seem simple. The next 100 rev eal lac k of

understanding the �rst 100.

[2] G. P oly a, How T o Solve It , Princeton Univ ersit y Press, Princeton, NJ,

1945.

This is a seminal b o ok that articulates the problem-solving �

i.e., theorem-pro ving � pro cess. There are man y editions, and

there are mo dern descendan ts, suc h as : : :

4 Coun ters, Lab els, and References

4.1 Basic Concepts

A c ounter is a n umerical v alue that refers to something that is b eing n um b ered,

suc h as pages, sections, �gures, and equations. A lab el is the iden ti�cation of

a particular v alue, and a r efer enc e is a citation to a lab el. The L

A

T

E

X syn tax

for lab eling a coun ter is \label{ lab el } , placed where the coun ter's v alue is set,

where lab el is unique in the do cumen t. The L

A

T

E

X syn tax for referencing a lab el is

\ref{ lab el } . F or example, in this b o ok I de�ned:

\section{Bibliography with \Bibtex} \label{sec:Bibliography}

No w I can refer to Ÿ3 b y \S\ref{sec:Bibliography} . The c hoice of lab el is ar-

bitrary , except do not use L

A

T

E

X sp ecial c haracters or blanks, just as the lab els in

the bib �le en tries.

There are times when y ou just w an t to pro duce the coun ter v alue, without a

lab el. This is done b y \the c ounter . F or example, \thepage pro duces the page

n um b er. On the other hand, if y ou w an t to use the coun ter's n umerical v alue as

an argumen t in a command, sp ecify \value{ c ounter } .

In the next section I describ e in trinsic coun ters and illustrate ho w to lab el and

reference them. Then, I shall in tro duce the �gure and table en vironmen ts, whic h

ha v e in trinsic coun ters asso ciated with them.
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4.2 In trinsic Coun ters

An ything to whic h L

A

T

E

X assigns a n um b er has a coun ter asso ciated with it. Here

I illustrate some of those that are in all do cumen t st yles. Coun ters that dep end

up on the st yle, lik e a c hapter in a b o ok, can b e lab elled and referenced in the same

manner.

Y ou are lo oking at page 44, whic h I w as able to prin t b y writing \thepage .

Similarly , y ou are reading subsection 4.2 of section 4, whose n um b ers I could write

b y \thesubsection\ and \thesection , resp ectiv ely .

T o illustrate ho w I can reference other parts of this do cumen t, the follo wing

lab els w ere de�ned (when the subsection and subsubsection w ere �rst written):

\subsection{The bib File} \label{subsec:bibfile}

\subsubsection{Web citations} \label{subsubsec:webcite}

Then, I can refer to these as follo ws:

\S\ref{subsec:bibfile} ) Ÿ3.2

\S\ref{subsubsec:webcite} ) Ÿ3.2.2

I can also refer to their page n um b ers:

p.~\pageref{subsubsec:webcite} ) p. 36

p.~\pageref{subsec:bibfile} ) p. 31

F or an y coun ter, \pageref{ c ounter } , giv es the page n um b er where its lab el is

de�ned, just as \ref{ c ounter } giv es its v alue. (Recall from p. 26 that ~ is used to

ha v e a space without a linebreak, whic h is an elemen t of go o d st yle.)

Equation (6), page 68, w as lab elled \label{eqn:hessian} , so in this sen tence

I wrote its n um b er b y \ref{eqn:hessian} (with paren thesis added) and its page

n um b er b y \pageref{eqn:hessian} . In the exercise to list what y ou lik e ab out

mathematics, I en tered the lab el \label{exer:likeaboutmath} (page 29), whic h

I can no w reference as exercise #4 b y writing \#\ref{exer:likeaboutmath} .

The c hoice of lab el, suc h as subsubsec:webcite , is an y string y ou w an t to use

that do es not con tain em b edded blanks or sp ecial c haracters used b y L

A

T

E

X. In

m y c hoice of lab el, I used the structure pr e�x : name . That is a matter of st yle,

and I used the pre�x subsec here. This helps me to distinguish lab els for di�eren t

things. F or equations, I use the pre�x eqn . Some p eople use this same form but

with di�eren t pre�xes, suc h as ss for subsection and e for equation. Y ou can c ho ose

an y lab eling con v en tion that is meaningful to y ou. (If y ou ha v e a lot of lab els and

need to k eep trac k of them b y prin ting eac h lab el and citation in y our drafts, see

the sho wk eys pac k age at CT AN [4].)
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4.3 Figures and T ables

In this section I describ e �gure and table en vironmen ts, whic h ha v e the same

syn tax:

\begin{figure} [ options ] \begin{table} [ options ]

[\caption{ c aption [ \label{ lab el } ] }] [\caption{ c aption [ \label{ lab el } ] }]

.

.

.

.

.

.

[\caption{ c aption [ \label{ lab el } ] }] [\caption{ c aption [ \label{ lab el } ] }]

\end{figure} \end{table}

The caption, if presen t, can go at the top or b ottom; where y ou put it is where

it will app ear. The lab el to reference a �gure or table is put inside the caption.

(If y ou put it outside the caption, as giv en in [9], it will not b e understo o d, ev en

though y ou will get no error message.)

Because �gures and tables are not split, their exact lo cation dep ends up on ho w

m uc h ro om there is. F or that reason they are called ��oating ob jects,� or �o ats .

The en vironmen t options de�ne where the �oat is to b e lo cated. The four c hoices

are sho wn in T able 6. In this do cumen t most tables and �gures are sp eci�ed with

[ht] , whic h means they are to b e placed �here,� the place where it is sp eci�ed in

the source, if p ossible. If there is not enough ro om, it is to b e lo cated at the top

of the follo wing page.

Option Meaning

h Lo cate here (where the en vironmen t is declared).

t Lo cate at the top of the next page.

b Lo cate at the b ottom of the page (or the next page,

if this page do es not ha v e enough ro om).

p Lo cate on a separate page, called a �o at p age ,

whic h has no text, only �gures and tables.

T able 6: Figure and T able Lo cation Options

The placemen t of a �oat is sometimes a source of frustration. W e migh t sp ecify

[ht] and �nd the �oat in an unexp ected place, p erhaps on a page b y itself. One

cause could b e an accum ulation of �oats that should b e cleared at some p oin t

b efore con tin uing. This is done with the \clearpage command. This do es the

same as \newpage , except that it also prin ts all remaining �oating ob jects. It

is also advisable to sp ecify \usepackage{float} in the pream ble. One of the

enhancemen ts is the placemen t option: [H] , whic h insists that the �oat b e placed

here (note the capital H and no other option sp eci�ed). This option is used in man y

places in this b o ok, whic h is wh y y ou sometimes see pages with some blank space
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in the lo w er p ortion, follo w ed b y a �gure or table. I did this to a v oid confusion b y

ha ving some �oat app ear pages after it is cited and discussed.

The table en vironmen t is not to b e confused with the tabular en vironmen t.

The latter mak es tables, but the table en vironmen t do es not ha v e to con tain a

table; it di�ers from a �gure only in its name, and they ha v e separate coun ters.

The �gures and tables in this do cumen t app ear as the form:

Figure numb er : c aption vs. T able numb er : c aption

That's it.

As a matter of st yle, w e generally use the �gure en vironmen t to presen t what

w e usually think of as �gures, notably pictures, and w e generally use the table

en vironmen t to presen t information in tabular form. Ho w ev er, neither of these

conditions is necessary for their L

A

T

E

X en vironmen ts.

Floats can b e framed, using the \fbox command. F or example, Figures 33 and

34 illustrate ho w to frame a �gure with a thic k b order.

\begin{figure}[h t]

\begin{center}

\setlength{\fbo xr ule }{ 3p t} % make border lines thick

\setlength{\fbo xs ep} {. 2i n} % increase distance to border

\fbox{ This is a framed figure. }

\end{center}

\caption{Framed Figure with Caption at Bottom \label{fig:fbox bo tto m} }

\end{figure}

Figure 33: F ramed Figure 34 Source

This is a framed �gure.

Figure 34: F ramed Figure with Caption at Bottom

The parameter settings ha v e returned to their default v alues, up on lea ving the

�gure en vironmen t. (This is called a lo c al setting .) Th us, the frame in Figure 35

has thin lines and no extra padding around the b order. Also note ho w the caption

is put at the top (see exercise 3).
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Figure 35: F ramed Figure with Caption at T op

This is framed with default parameter v alues.

4.4 De�ning Y our Own

In the pream ble y ou can de�ne y our o wn coun ter with the \newcounter command:

\newcounter{ name } [ within ]

where name is the (unique) name of the coun ter (cannot b e the same as one of

the in trinsic coun ter names). The initial v alue of the coun ter is 0. F or example,

\newcounter{mycounter} de�nes a coun ter whose name is mycounter . Y ou can

also de�ne the coun ter to b e within another coun ter. F or example,

\newcounter{mycounter}[section]

de�nes mycounter to b e within the section coun ter. This will cause the v alue of

mycounter to b e reset to 0 when en tering a new section. F urther, instead of the

prin ted v alues b eing 1, 2, : : : , they will b e 1.1, 1.2, : : : within section 1; more

generally , the v alues of mycounter will b e of the form s .1, s .2, : : : when prin ted

within section s .

The coun ter v alues are prin ted in Arabic n umerals, but y ou can sp ecify the

t yp e of n umeral, sho wn in T able 7.

What y ou see What y ou write

a, b, c, d, : : : \alph{mycounter}

A, B, C, D, : : : \Alph{mycounter}

1, 2, 3, 4, : : : \arabic{mycounter}

i, ii, iii, iv, : : : \roman{mycounter}

I, I I, I I I, IV, : : : \Roman{mycounter}

T able 7: Numerals to Prin t Coun ters

Coun ter v alues can b e incremen ted with the \addtocounter command. F or

example, \addtocounter{mycounter}{1} adds 1 to the v alue of mycounter . If w e

just w an t to incremen t the coun ter b y 1, w e can sp ecify \stepcounter{mycounter} .

Coun ter v alues can b e set to some absolute v alue with the \setcounter command.

F or example, \setcounter{mycounter}{5} sets the v alue of mycounter to 5. This

can also b e used to transfer the v alue of one coun ter to another. F or example,

\setcounter{mycounter}{\value{page}}
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sets the v alue of mycounter to the curren t page n um b er (v alue of the in trinsic

coun ter, page ).

When using a coun ter for some non-in trinsic sequence, w e w an t to b e able to

lab el it for future reference. This is done with the \refstepcounter command,

whic h also incremen ts its v alue. F or example, to incremen t mycounter b y 1 and

establish a lab el to its v alue at the place this is done, write

\refstepcounter{mycounter} \label{mylabel}

Then, w e can use \ref{mylabel} and \pageref{mylabel} wherev er w e lik e.

The default n umeral t yp e is arabic , but y ou can c hange the app earance to b e

an y of those listed in T able 7 b y applying the \renewcommand to \the c ounter . F or

example,

\setcounter{mycounter}{0}

\renewcommand{\themycounter}{\roman{mycounter}}

\stepcounter{mycounter} (\themycounter),

\stepcounter{mycounter} (\themycounter), \dots

) (i), (ii), : : :

This can b e used for in trinsic coun ters to o. F or example, consider the en umerate

list en vironmen t, where the t yp es of n umerals for the four lev els are: arabic , alph ,

roman and Alph . W e can c hange these to b e an y t yp e w e w an t, suc h as illustrated

in Figures 36 and 37.

\renewcommand{\t he enu mi }{ \Ro ma n{ enu mi }}

\renewcommand{\t he enu mi i} {\A lp h{ enu mi i} } % changes numeral type

\renewcommand{\l ab ele nu mi i}{ \t he enu mi i. } % changes appearance

\begin{enumerate }

\item Introduction

\item Terms and Concepts

\begin{enumerate}

\item Groups and fields

\item Picnics and frolic

\end{enumerate}

\end{enumerate}

Figure 36: Alternativ e enumerate Sym b ols Source (Result in Figure 37)

The second lev el, whose coun ter is enumii , had its lab el c hanged to what is

sp eci�ed in the source: \renewcommand{\labelenumii}{\theenumii.} (the �ap-

p earance� parameter is \labelenumii ). These c hanges remain in e�ect (called a
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I. In tro duction

I I. T erms and Concepts

A. Groups and �elds

B. Picnics and frolic

Figure 37: Alternativ e enumerate Sym b ols Result (Source in Figure 36)

What

Coun ter c hanges Command

enumi n umeral \renewcommand{\theenumi}{\arabic{enumi}}

lab el \renewcommand{\labelenumi}{(\theenumi)}

enumii n umeral \renewcommand{\theenumii}{\alph{enumii}}

lab el \renewcommand{\labelenumii}{(\theenumii)}

enumiii n umeral \renewcommand{\theenumiii}{\roman{enumiii}}

lab el \renewcommand{\labelenumiii}{(\theenumiii)}

enumiv n umeral \renewcommand{\theenumiv}{\Alph{enumiv}}

lab el \renewcommand{\labelenumiv}{(\theenumiv)}

T able 8: Default Settings for enumerate Coun ters

glob al setting ), so w e m ust c hange them bac k if w e w an t to restore the defaults,

sho wn in T able 8.

Exercises. Submit a prin ted cop y of the L

A

T

E

X source (tex �le) and prin ted

cop y of the asso ciated p ostscript result (ps �le). Be sure y our name is on eac h.

1. W rite a do cumen t with at least t w o pages and t w o sections. Put an en umer-

ated list of items near the b eginning of y our do cumen t, and use the \ref or

\pageref command to reference eac h of the follo wing.

(a) Reference Ÿ2 b y a lab el that y ou assign to section 2 (mak e whatev er

lab el name y ou lik e).

(b) Somewhere near the end of y our do cumen t reference the page n um b er

of the �rst section.

(c) Reference item #2 of y our en umerated list.
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2. Include t w o tables and �gures in y our do cumen t, and reference them b y lab el.

Also reference the page that they app ear.

3. Pro duce Figure 35.

4. Pro duce lists using the en umerate en vironmen t with the follo wing app ear-

ance:

1. : : :

1.1 : : :

1.2 : : :

2. : : :

2.1 : : :

2.2 : : :

5 Math Mo de

One can write mathematical expressions b y en tering math mo de , signi�ed b y de-

limiters $ : : : $ or \[ : : : \] . The $ delimiter k eeps the mathematical expression

in the text, lik e this:

A consequence of Einstein's postulates is that $E = mc^2$.

) A consequence of Einstein's p ostulates is that E = mc

2

.

The other form is math display mo de , lik e this:

A consequence of Einstein's postulates is that \[E = mc^2.\]

) A consequence of Einstein's p ostulates is that

E = mc

2

:

5.1 Mathematical Sym b ols

The example also illustrates the use of the sup erscript op erator, ^ . T able 9 sho ws

other common op erations in math mo de. (Eac h of the tables in this section applies

only to math mo de.)

The braces enclose an expression that can b e used to de�ne a more com-

plex op erand. F or example, x

a + b

is written as $x_{a+b}$ and x

a

2

is written as

$x^{a^2}$ . The order of subscripts and sup erscripts do es not matter:

x_{a+b}^{c+d} ) x

c + d

a + b

x^{c+d}_{a+b} ) x

c + d

a + b
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Example

Op eration Sym b ol Ho w it app ears What y ou write

subscript _ x

3

x_3

sup erscript ^ x

3

x^3

m ultiply \times a � b a\times b

divide \div a � b a\div b

T able 9: Some Mathematical Op erations

T able 10 sho ws some set notation. The complemen t of A often app ears as � A ,

pro duced b y $\sim A$ , but this is not univ ersal notation; some authors use A

c

or

A

0

, pro duced b y $A^c$ and $A^\prime$ , resp ectiv ely , and some use A , pro duced

b y $\overline{A}$ .

Preceding an y sym b ol b y \not puts the line through the sym b ol, as in the

follo wing examples:

A\not\subseteq B ) A 6� B

x\not\in A\cup B ) x 62 A [ B

A\setminus B\not\supset B ) A n B 6� B

What it is Ho w it app ears What y ou write

empt y set ; \emptyset

in tersection \ \cap

union [ \cup

set min us n \setminus

elemen t in 2 \in

subset (prop er) � \subset

subset or equal � \subseteq

sup erset (prop er) � \supset

sup erset or equal � \supseteq

T able 10: Set Notation

Y ou can con trol the size of the fon t b y using the usual sp eci�cation b efore en ter-

ing math mo de. F or example, {\Large $(x\div y) + z$} ) ( x � y ) + z . F on t

st yle, ho w ev er, do es not apply to math mo de b ecause math mo de has its o wn, sep-

arate from text mo de. Y ou can mak e math fon ts b oldface b y sp ecifying \boldmath

b efore en tering math mo de. F or example, {\boldmath $x^n+y^n=z^n$} ) x

n

+

y

n

= z

n

. Note that \boldmath is surrounded b y the braces; otherwise, math fon ts
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w ould remain b old, ev en when lea ving and re-en tering. The follo wing illustrates

this, where B [ C is b oldface in the �rst case, and returns to normal st yle in the

second case.

\boldmath$A\supset B$ text $B\cup C$ ) A � B text B [ C

{\boldmath$A\supset B$} text $B\cup C$ ) A � B text B [ C

Within math mo de, w e can con trol the fon t st yle of letters with the command,

\math font { expr ession } , where font is one of: { bf, cal, it, normal, rm, sf,

tt } (analogous to the n text font command, p. 9). Unlik e \boldmath , this applies

only to letters, digits and accen ts, but not to sp ecial mathematical sym b ols. F or

example,

{\boldmath$\tilde A\times\vec{1}\otimes\overline{2}$} )

~

A �

~

1 
 2

$\mathbf{\tilde A\times\vec{1}\otimes\overline{2} }$ )

~

A �

~

1 
 2

T able 11 illustrates the outcome of eac h fon t for this expression:

\math font {\tilde A\times\vec{1}\otimes\overline{2}}

F on t St yle Command Example Result

b oldface \mathbf

~

A �

~

1 
 2

calligraphic \mathcal

~

A � ~1 
 2

italic \mathit

~

A �

~

1 
 2

normal \mathnormal

~

A � ~ 1 
 2

roman \mathrm

~

A �

~

1 
 2

sans serif \mathsf

~

A �

~

1 
 2

t yp ewriter \mathtt

~

A �

~

1 
 2

T able 11: The n math font Commands

The calligraphic st yle applies only to capital letters, causing unin tended results

when applied to other sym b ols, as sho wn in T able 11. The calligraphic alphab et

lo oks lik e this (and it is a v ailable only in math mo de):

AB C D E F G H I J K LMN O P QRS T U V W X Y Z :

W rite ${\cal P} = A + B$ to pro duce P = A + B ; without the braces, the calli-

graphic fon ts remain in e�ect: $\cal P = A + B$ ) P = A + B .

Greek letters are de�ned only in math mo de, and they are sp eci�ed b y sp elling

them as k eyw ords. F or example, to pro duce

� � � = � � �
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write \[ \alpha - \beta = \Delta - \delta \] . As Lamp ort [9, p. 43] sa ys,

�Making Greek letters is as easy as � (or � )� (written $\pi$ or $\Pi$ ). (Not

ev ery Greek letter is included � see App endix T able 35.) The \mathbf do es not

mak e Greek letters b oldface. W e could use \boldmath to ac hiev e this, but there

is a pac k age that not only pro vides the b oldface fon t, but also pro duces prop er

spacing. In the pream ble sp ecify \usepackage{bm} , then \bm{\beta} ) � .

5.2 F ractions and V ariable Size F unctionalit y

T o mak e fractions, w e could write $(x+y)/4$ to mak e ( x + y ) = 4 , but if w e w an t

x + y

4

, w e use the \frac command: $\frac{x+y}{4}$ . W e can mak e this app ear

larger, as

x + y

4

, b y preceding the math mo de with \large .

The general form is \frac{ numer ator }{ denominator } , where the n umerator

and denominator can b e an y expression. Here is a more complex equation in math

displa y mo de:

A =

x

2

+ y

�

1 +

�

x

2

+1

;

written as \[ A = \frac{x^2+y_\alpha}{1+\frac{\eta}{x^2+1}}, \] . Note ho w

the sizes of the fractions adjust automatically .

Some mathematical sym b ols adjust their size to �t the expression. T able 12

sho ws some of the most common of these, and I presen t more examples b elo w. In

the case of the in tegrals, note the use of \, b et w een the in tegrand and dx . This

inserts a thin sp ac e (compare the results b y writing the expression with and without

the \, ).

In L

A

T

E

X, sym b ols whose size y ou w ould w an t to adapt to expressions are

generally designed to do so. Figures 38 and 39 illustrate this with another example,

whic h uses the \sqrt and \prod functions:

\[ \sqrt{\frac{\prod _{ n= 1}^ N \left( \sum_{i\in I_n} x_i^n\right)}

{\sqrt[3]{\sum_ {i \in I_\infty} x_i}}

}

\]

Figure 38: V ariable Sizes Source (Result in Figure 39)
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Op eration Ho w it app ears What y ou write

sum

P

\sum

n

X

i =1

x

i

\sum_{i=1}^n x_i

in tegral

R

\int

Z

b

a

f ( x ) dx \int_a^b f(x)\,dx

paren theses () \left( \right)

�

x

1 + y

�

\left(\frac{x}{1+y} \right)

braces fg \left\{ \right\}

(

X

i

x

i

)

\left\{\sum_i x_i \right\}

brac k ets [] \left[ \right]

�

Z

1

0

f ( x ) dx

�

\left[\int_0^\infty f(x)\,dx\right]

T able 12: V ariable Size Mathematical Op eration Sym b ols

v

u

u

u

t

Q

N

n =1

�

P

i 2 I

n

x

n

i

�

3

q

P

i 2 I

1

x

i

Figure 39: V ariable Sizes Result (Source in Figure 38)

Notice that ev en though it is written in math displa y mo de, the indices on the

sums and pro duct app ear as they w ould in line. L

A

T

E

X compilers mak e judgmen ts

ab out the la y out, but y ou can force either of the t w o st yles with the \displaystyle

and \textstyle commands. Figures 40 and 41 illustrate this.
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\[ \sqrt{\frac{\di sp la yst yl e

\prod_{n=1}^N \left( \sum_{i\in I_n} x_i^n\right)}

{\sqrt[3]{\disp la ys tyl e\ sum _{ i\ in I_\infty} x_i}}

}

\]

Figure 40: \displaystyle Source (Result in Figure 41)

v

u

u

u

u

u

u

u

u

t

N

Y

n =1

 

X

i 2 I

n

x

n

i

!

3

s

X

i 2 I

1

x

i

Figure 41: \displaystyle Result (Source in Figure 40)

In text mo de y ou can force the displa y st yle of placing these subscripts and

sup erscripts on functions, as w ell as sizing the expression, as though it w ere in

displa y mo de. Figure 42 giv es more examples to compare in line text and displa y

mo de, using \textstyle and \displaystyle to o v erride the default form for the

mo de. The �default� is not alw a ys predictable; in particular, math displa y mo de

do es not alw a ys use displaystyle .

What to write What to write

App earance in text mo de in displa y mo de

x

2

\frac{x}{2} \textstyle\frac{ x} {2}

x

2

\displaystyle\fra c{ x} {2} \frac{x}{2}

max

x 2 X

\max_{x\in X} \textstyle\max_{ x\ in X}

max

x 2 X

\displaystyle\max _{ x\ in X} \max_{x\in X}

Figure 42: Examples to Compare T ext and Displa y Mo des

T able 13 sho ws sym b ols used in logical expressions. F or example, to ha v e

( x 2 A ) x 2 B ) , ( A � B ) :
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write \[ (x\in A\Rightarrow x\in B) \Leftrightarrow (A\subseteq B). \]

T o ha v e

8 x 9 y 3 [ P ( x ) ^ Q ( y )] :

write \[ \forall x\exists y\ni [P(x)\wedge Q(y)]. \]

Logical T erm Ho w it app ears What y ou write

existen tial quan ti�er 9 \exists

univ ersal quan ti�er 8 \forall

negation : \neg

disjunction _ \vee

conjunction ^ \wedge

implication ! \rightarrow

) \Rightarrow

equiv alence , \Leftrightarrow

� \equiv

suc h that 3 \ni

T able 13: Some Sym b ols in Logic

The quan ti�ers in this last example seem a bit cro wded, so w e migh t w an t

to add some spacing b et w een terms. In math mo de a full space is obtained b y

sp ecifying \; and a half space b y \, . Here is ho w eac h lo oks:

\forall x \exists y ) 8 x 9 y

\forall x\, \exists y ) 8 x 9 y

\forall x\; \exists y ) 8 x 9 y

(There are other spacing commands, including negativ e spacing, sho wn in Ap-

p endix T able 36.)

T able 14 sho ws some relations for ordered sets (b esides those on the k eyb oard:

< = > ). Here are some examples:

(-\infty,0] = \{x\ni x \le 0\} ) ( �1 ; 0] = f x 3 x � 0 g

a_j\prec b_i \equiv b_i \succ a_j ) a

j

� b

i

� b

i

� a

j

\forall y\,\{x: x\not\prec y\}

\not\subset {\cal A} ) 8 y f x : x 6� y g 6� A
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Relation Ho w it app ears What y ou write

less than or equal � \le

greater than or equal � \ge

not equal 6= \ne

precedes � \prec

precedes or equals � \preceq

succeeds � \succ

succeeds or equals � \succeq

T able 14: Order Relations

W e ha v e seen ho w to em b ed math mo de in to text, but w e can also do the

rev erse with the \mbox command. Compare eac h of the follo wing:

x

i

< 0 f or al l i = 1 ; : : : written as $x_i < 0 for all i=1,\dots$

x

i

< 0 for all i = 1 ; : : : written as $x_i < 0$ for all $i=1,\dots$

x

i

< 0 for all i = 1 ; : : : written as $x_i < 0 \mbox{ for all } i=1,\dots$

The �rst line p oin ts out that blanks mean nothing in math mo de, and all letters

are in the math form of italic (not quite the same as the italic in text mo de). The

use of \mbox is particularly con v enien t in math displa y mo de, whic h I shall illustrate

in the next section.

5.3 Arra ys and Equations

The a rra y en vironmen t is to math mo de what tabular en vironmen t is to text mo de,

and more. It has the form:

\begin{array}{ c olumn sp e cs } options

�rst r ow sp e c \\

.

.

.

last r ow sp e c [ \\ options ]

\end{array}

The column sp eci�cations and options are the same as in the tabular en vironmen t,

but the b o dy is in math mo de. The follo wing table has text headers and math

b o dy , so it can b e generated in either of t w o w a ys: with the tabular en vironmen t,

using the math mo de designation for eac h b o dy en try: $ : : : $ , or with the arra y

en vironmen t, using \mbox for eac h header en try .

V ariable Curren t V alue Limit

x 1 : 234567 1

y � 9 : 87 � 12 : 2
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This can b e generated b y either of the follo wing t w o w a ys:

\[\begin{array}{c cc }

\mbox{Variable} & \mbox{Current Value} & \mbox{Limit} \\ \hline

x & 1.234567 & 1 \\

y & -9.87 & -12.2 \\ \hline

\end{array}

\]

or

\begin{center}

\begin{tabular}{c cc }

Variable & Current Value & Limit \\ \hline

$x$ & $ 1.234567$ & $ 1 $ \\

$y$ & $-9.87 $ & $-12.2 $ \\ \hline

\end{tabular}

\end{center}

Y ou can align a series of equations to app ear this w a y:

x = 5 : 2

y = 2 : 5

z = 7 : 7 (= x + y )

The ab o v e w as pro duced b y the follo wing use of math displa y mo de (whic h is

alw a ys cen tered):

\[ \begin{array}{lcl}

x &=& 5.2 \\

y &=& 2.5 \\

z &=& 7.7 \; (= x+y)

\end{array}

\]

The \; sp eci�es a space; otherwise, 7.7 (= x+y) ) 7 : 7(= x + y ) .

Another en vironmen t is eqna rra y . This is lik e a 3-column arra y with sp eci�ca-

tions {lcl} , as ab o v e, but eac h ro w is n um b ered:

x = y (1)

y = z (2)

(Another di�erence is that the eqnarra y en vironmen t uses displaystyle .) W e use

the eqnarra y en vironmen t directly (without en tering math displa y mo de), so the

ab o v e is pro duced b y the follo wing:
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\begin{eqnarray}

x &=& y \label{eqn:xy} \\

y &=& z \label{eqn:yz}

\end{eqnarray}

The \label statemen ts are to illustrate that w e can reference these b y writing

(\ref{eqn:xy}) to pro duce (1) and (\ref{eqn:yz}) to pro duce (2). (Note that

\ref giv es just the n um b er; paren theses are added.)

The relation need not literally b e an equation; an ything could b e used for the

middle column. F urther, there are times when w e need to use more than one line

for an `equation,' in whic h case w e need to suppress the n um b ering of all but one

of the ro ws. Figures 43 and 44 giv e an example. The \nonumber command causes

no n um b er to b e assigned to the �rst part of the second equation.

\begin{eqnarray }

x &\mbox{is equal to}& y \\

y & \preceq & \frac{a+b+c+d}{\ Psi } + \frac{e+f+g+h}{\P hi }

+ \nonumber \\

& & I+K+J+L

\end{eqnarray}

Figure 43: eqna rra y En vironmen t Source (Result in Figure 44)

x is equal to y (3)

y �

a + b + c + d

	

+

e + f + g + h

�

+

I + K + J + L (4)

Figure 44: eqna rra y En vironmen t Result (Source in Figure 43)

There is also an eqna rra y* en vironmen t, whic h is the same as eqnarra y , but

without the equation n um b ers. There is no apparen t adv an tage to this since the

same result can b e pro duced b y the ordinary arra y en vironmen t, sp ecialized to this

column sp eci�cation. It do es, ho w ev er, let us c hange our mind easily as to whether

or not to include equation n um b ers b y simply adding or remo ving the * from the

en vironmen t sp eci�cation.

F or a single, n um b ered equation, there is the equation en vironmen t. This p oses

no particular adv an tage o v er sp ecifying eqnarray and merely en tering one ro w
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(except that column separators ( & ) are not used in the equation en vironmen t).

Analogous to eqna rra y* , there is the equation* en vironmen t, whic h suppresses the

equation n um b ering. T o illustrate, Figures 45 and 46 sho w ho w to presen t a matrix

equation. Also, note ho w x

0

is sp eci�ed. T able 15 sho ws other w a ys to denote the

transp ose of a v ector.

What y ou write Ho w it app ears

x' ) x

0

x^t ) x

t

x^T ) x

T

x^{\mathsf{T}} ) x

T

x^{\mbox{\tiny $T$}} ) x

T

T able 15: T ransp ose of a V ector

\begin{equation *}

Ax^\prime = \left[ \begin{array}{r rr}

1.1 & 1.2 & 1.3 \\

21.0 & 22.0 & -2.1 \\

\end{array} \right]

\left( \begin{array}{cc } x_1 \\ x_2 \\ x_3

\end{array} \right).

\end{equation*}

Figure 45: Matrix Equation Source (Result in Figure 46)

Ax

0

=

�

1 : 1 1 : 2 1 : 3

21 : 0 22 : 0 � 2 : 1

�

0

@

x

1

x

2

x

3

1

A

:

Figure 46: Matrix Equation Result (Source in Figure 45)

Arra y en vironmen ts can b e nested, as illustrated in Figures 47 and 48. No-

tice ho w the v ertical line w as dra wn b y the column sp eci�cation, {c|c} , and the

horizon tal line separating the blo c ks is obtained b y sp ecifying \hline b efore the

second ro w of the outer arra y .
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\[ \left[ \begin{array}{c| c}

\begin{array}{cc c} A_{11} & A_{12} & A_{13} \\

A_{21} & A_{22} & A_{23}

\end{array}

& 0 \\ \hline

0 & \begin{array}{cc} B_{11} & B_{12} \\ B_{21} & B_{22}

\end{array}

\end{array} \right]

\]

Figure 47: Nested Arra ys Source (Result in Figure 48)

2

6

6

4

A

11

A

12

A

13

A

21

A

22

A

23

0

0

B

11

B

12

B

21

B

22

3

7

7

5

Figure 48: Nested Arra ys Result (Source in Figure 47)

W e can enclose mathematical expressions in a b o x, sometimes used for empha-

sis. F or example,

\fbox{$ \begin{array}{lcl}

\displaystyle\int_0^\infty xe^{-\tau x}\,dx

&=& \displaystyle\frac{1}{\tau} \\ \\

&=& \displaystyle\oint_a^{b+c} \Psi(x)\,dx

\end{array}

$}

)

Z

1

0

xe

� � x

dx =

1

�

=

I

b + c

a

	( x ) dx

W e can use \fbox within math mo de, suc h as writing $x = \fbox{y} + z$ to

pro duce x = y + z . Note ho w the line heigh t do es not adjust to the frame, causing
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an undesirable clash. This could b e o v ercome b y putting a v ertical space command

just after the expression. In particular, putting \vspace{.2\baselineskip} after

x = y + z causes extra v ertical space equal to 20% of the v alue of \baselineskip ,

whic h is the heigh t of one line of normal text. (In the longrun, it is b etter to use

parameters, lik e \baselineskip , rather than absolute measuremen ts for spacing,

b ecause the former tak es in to accoun t the fon t size, whic h y ou migh t c hange.)

No w consider the follo wing conditional assignmen t:

f ( x ) =

8

<

:

� 1 if x < 0;

0 if x = 0;

1 if x > 0 :

pro duced b y the follo wing L

A

T

E

X co de:

\[ f(x) = \left\{ \begin{array}{rll}

-1 & \mbox{if} & x < 0; \\

0 & \mbox{if} & x = 0; \\

1 & \mbox{if} & x > 0.

\end{array}\right.

\]

Note the use of \right. after the arra y . This is b ecause \left and \right

m ust balance � i.e., there m ust b e an equal n um b er of eac h. It is not necessary

that the left sym b ol b e related to the righ t one � i.e., \left\{ do es not require

\right\} to balance; an y righ t sym b ol will do. The p erio d is not prin ted in this

case, used sp eci�cally for this purp ose of balance.

W e ha v e seen the use of \left and \right for brac k ets around a matrix. No w

the use of the \left L

A

T

E

X command for conditional assignmen t raises related uses

of the underbr ac e and overbr ac e . Figures 49 and 50 illustrate these, along with

\overline , \underline , \widehat and \widetilde .

\[ \begin{array}{cc }

\mbox{This sum has} \\ \mbox{an overbrace} \\

\overbrace{\ove rli ne {i\ do ts j} + \underline{k\cd ots l}}

& \underbrace{\wide ha t{x y} - \widetilde{ab}}

\\ & \mbox{This difference}

\\ & \mbox{has an underbrace}

\end{array} \]

Figure 49: Horizon tal Braces Source (Result in Figure 50)
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This sum has

an o v erbrace

z }| {

i : : : j + k � � � l cxy �

e

ab

| {z }

This di�erence

has an underbrace

Figure 50: Horizon tal Braces Result (Source in Figure 49)

W e often need to mix mathematical notation and text. W e could use the

tabular en vironmen t and sp ecify in-line math mo de where needed (with $), or w e

could use the arra y en vironmen t and use either the \mbox or \parbox (see p. 20) to

en ter the text. There are, ho w ev er, some n uances to understand. Figures 51 and

52 sho w the problem with using \flushleft to mak e the text within the parb o x

�ush left. (T ry it with the default justify and y ou will see that the spacing giv es a

p o or app earance.) The problem is that \flushleft skips a line, whic h ruins the

alignmen t (ev en though [t] is sp eci�ed). The solution is to use the \raggedright

command, as sho wn in �gures 53 and 54. In addition, the \raisbox command is

used to lo w er the small matrix, giving it some space b elo w the horizon tal line.
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\renewcommand{\ ar ray st re tch }{ 1. 2}

\begin{center} \begin{small} \begin{tabular}{l ll }

Matrix & Definition & Example \\ \hline

\parbox[t]{.9in }{C ov ar ian ce }

& \parbox[t]{2in} {\ flu sh le ft

$A_{ij} = E[(X_i-\mu_i)(X _j -\ mu_ j) ]$, where $\{X_i\}$

are random variables, and $E[\cdot]$ is the expected

value operator with $\mu_i=E(X_i)$. }

& \parbox[t]{1.4i n}{ \s cr ipt si ze

$\left[\begin{ar ra y}{ rr rr r}

\frac{1}{2}&0 \\ 0&\frac{1}{2}

\end{array}\rig ht ]$

\flushleft for $X_2=X_1^2$ and

$Pr[X_1=x]$ \\

$= \left\{ \begin{array}{lll }

\fourth &\mbox{for}& x=-1~ \vspace{.05in} \\

\half &\mbox{for}& x=~~0~ \vspace{.05in}\ \

\fourth &\mbox{for}& x=~~1.

\end{array}\rig ht. $ } \vspace{.1in} \\ \hline

\end{tabular} \end{small} \end{flushleft}

\renewcommand{\ ar ray st re tch }{ 1}

Figure 51: \flushleft in parbox Source (Result in Figure 52)

Matrix De�nition Example

Co v ariance

A

ij

= E [( X

i

� �

i

)( X

j

� �

j

)] ,

where f X

i

g are random

v ariables, and E [ � ] is the

exp ected v alue op erator with

�

i

= E ( X

i

) .

�

1

2

0

0

1

2

�

for X

2

= X

2

1

and

P r [ X

1

= x ]

=

8

>

>

>

<

>

>

>

:

1

4

for x = � 1

1

2

for x = 0

1

4

for x = 1 :

Figure 52: \flushleft in parbox Result (Source in Figure 51)
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\begin{center} \begin{small} \begin{tabular} {l ll}

Matrix & Definition & Example \\ \hline

\parbox[t]{.9in }{ Cov ar ia nce }

& \parbox[t]{2in}{\ ra gge dr ig ht

$A_{ij} = E[(X_i-\mu_i)(X_ j- \m u_j )] $, where $\{X_i\}$

are random variables, and $E[\cdot]$ is the expected

value operator with $\mu_i=E(X_i)$. }

& \parbox[t]{1.4in }{\ sc ri pts iz e\ rai se bo x{- .1 in} {

$\left[\begin{arr ay }{r rr rr }

\frac{1}{2}&0 \\ 0&\frac{1}{2}

\end{array}\righ t] $}

\flushleft for $X_2=X_1^2$ and

$Pr[X_1=x]$ \\

$= \left\{ \begin{array}{l ll}

\fourth &\mbox{for}& x=-1~ \vspace{.05in} \\

\half &\mbox{for}& x=~~0~ \vspace{.05in}\\

\fourth &\mbox{for}& x=~~1.

\end{array}\rig ht. $ } \vspace{.1in} \\ \hline

\end{tabular} \end{small} \end{center}

Figure 53: \raggedright in parbox Source (Result in Figure 54)

Matrix De�nition Example

Co v ariance A

ij

= E [( X

i

� �

i

)( X

j

� �

j

)] ,

where f X

i

g are random

v ariables, and E [ � ] is the

exp ected v alue op erator with

�

i

= E ( X

i

) .

�

1

2

0

0

1

2

�

for X

2

= X

2

1

and

P r [ X

1

= x ]

=

8

>

>

>

<

>

>

>

:

1

4

for x = � 1

1

2

for x = 0

1

4

for x = 1 :

Figure 54: \raggedright in parbox Result (Source in Figure 53)

5.4 Sp ecial F unctions and Alphab ets

Math mo de recognizes a collection of sp ecial functions. T able 16 sho ws some com-

mon ones. These sp ecial functions are used to mak e the source clearer, rather than

using \mbox to ac hiev e the same result.

Among the sp ecial functions are the complete set of trigonometric functions.

F or example, w e write $\tan\theta = \frac{\sin\theta}{\cos\theta}$ to pro-



66 5 MA TH MODE

F unction Ho w it app ears What y ou write

limit lim \lim

lim inf lim inf \liminf

log log \log

maxim um max \max

tangen t tan \tan

T able 16: Some Common Mathematical F unctions

duce: tan � =

sin �

cos �

. App endix T able 40 (p. 127) has a m uc h longer list of sp ecial

functions, as w ell as the arro ws used in some of the examples sho wn in T able 17.

Ho w it app ears

textst yle displa yst yle What y ou write

lim

n !1

x

n

lim

n !1

x

n

\lim_{n\rightarrow\infty}x_n

lim inf

n # 0

log x

n

lim inf

n # 0

log x

n

\liminf_{n\downarrow 0}\log\,x_n

max

x 2 X

f ( x ) max

x 2 X

f ( x ) \max_{x\in X}f(x)

tan ( � + � )

ln x

tan( � + � )

ln x

\frac{\tan(\theta + \pi)}{\ln\,x}

T able 17: Examples of Mathematical F unctions

There is also a pac k age of AMS sym b ols, whic h y ou declare in y our pream ble

with \usepackage{amssymb} . This giv es the follo wing alphab et with the mathbb

fon t:

$\mathbb{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$

) A B C D E F G H I J K L M N O P Q R STUV W X Y Z

F or example, the real line is sometimes denoted b y R , rather than < , whic h is

the L

A

T

E

X sp ecial sym b ol, $\Re$ . T able 18 sho ws ho w \mathbb can b e used for

sp ecifying other n umerical spaces.
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What y ou write

y

Ho w it app ears What it means

\mathbb{R} ) R Real v alues

\mathbb{C} ) C Complex v alues

\mathbb{Z} ) Z In teger v alues

\mathbb{Q} ) Q Rational v alues

y

In math mo de.

T able 18: Notation Using mathbb F on ts from amssymb P ac k age

Another alphab et is \mathscr , for whic h y ou sp ecify \usepackage{mathrsfs}

in the pream ble. This giv es the follo wing alphab et:

$\mathscr{ABCDEFGHIJKLMNOPQRSTUVWXYZ}$

) A B C D E F G H I J K L M N O P Q R S T U V W X Y Z

In particular, L is often used to denote the Laplace transform or the Lagrangian,

and H is sometimes used to denote the Hamiltonian. (Compare with \mathcal ,

H , whic h is also used b y some authors.)

5.5 Deriv ativ es and In tegrals

W e can express a total deriv ativ e, d f ( x ) =dx , b y writing $df(x)/dx$ ; or, w e can use

the \frac command to pro duce

d f ( x )

dx

. The partial deriv ativ e sym b ol, @ , is written

\partial , so y ou can write \partial f(x)/\partial x to pro duce @ f ( x ) =@ x , and

{\large$\frac{\partial f(x)}{\partial x}$} to pro duce

@ f ( x )

@ x

.

The usual notation for the gradien t of a function is the nabla , denoted b y

the sym b ol r , (also called �del�), whic h is an upside do wn delta (in tro duced b y

Hamilton in 1853). In L

A

T

E

X it is pro duced b y \nabla , and its mathematical

de�nition is the v ector of �rst partial deriv ativ es:

r f ( x ) = ( @ f ( x ) =@ x

1

; : : : ; @ f ( x ) =@ x

n

) : (5)

I lea v e it as an exercise to sho w the L

A

T

E

X co de that pro duced equation (5).

The Hessian is the matrix of second partial deriv ativ es:

r

2

f ( x ) =

�

@

2

f ( x )

@ x

i

@ x

j

�

:

This w as pro duced b y the follo wing co de:
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\[ \begin{array}{lll}

\nabla^2f(x) &=& \left[ \displaystyle\frac{\partial^2f(x)}

{\partial x_i \partial x_j}

\right].

\end{array} \]

There seems to b e some cro wding in this direct sp eci�cation. Compare with the

follo wing and see if y ou can pro duce it:

r

2

f ( x ) =

�

@

2

f ( x )

@ x

i

@ x

j

�

: (6)

There are t w o in tegral signs: \int )

R

and \oint )

H

, whic h are b oth v ariable

size sym b ols. F or example, note ho w the outer in tegral is large in the follo wing

expression:

Z

b

a

lim

� !1

�

�

�

�

�

H

X ( v )

xe

�f ( x )

dx

H

X ( v )

e

�f ( x )

dx

�

�

�

�

�

�( v ) dv :

This w as obtained b y the follo wing co de:

\[ \int_a^b \lim_{\lambda\rightarrow\infty} \left|

\frac{\oint_{X(v)} xe^{\lambda f(x)}\,dx}

{\oint_{X(v)} e^{\lambda f(x)}\,dx}\right|

\,\Phi(v)\,dv .

\]

(Note the use of the thin space, \, .)

De�nite m ultiple in tegrals are no problem. T o ha v e

Z

1

0

Z

x

n

0

Z

x

n � 1

0

� � �

Z

x

2

0

H ( x

1

; : : : ; x

n

) dx

1

� � � dx

n

write

\[ \int_0^\infty \int_0^{x_n} \int_0^{x_{n-1}} \cdots

\int_0^{x_2} H(x_1,\dots,x_n)\,dx_1\cdots dx_n

\]
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Ho w ev er, consider the follo wing:

Z Z

S

( u r v � v r u ) � dS =

Z Z Z

�

( u r � r v � v r � r u ) d� :

The domains of in tegration, and the spacing of the in tegral signs, are b etter with

the follo wing, whic h is not pro duced b y standard L

A

T

E

X 2

"

, but b y sp ecifying

\usepackage{amsmath} in the pream ble (see The L

A

T

E

X Comp anion [5, p. 223]):

Z Z

S

( u r v � v r u ) � dS =

Z Z Z

�

( u r � r v � v r � r u ) d� :

Note ho w the domains are cen tered on the m ultiple in tegrals and the spacing of

the in tegral signs.

5.6 Theorems and De�nitions

The foundations of mathematics are axioms and rules of infer enc e . The rules

create the or ems , whic h are statemen ts whose truths are established relativ e to the

underlying lo gic . This is so fundamen tal that L

A

T

E

X has the facilit y to de�ne a

sp ecial en vironmen t that includes a k eyw ord, lik e �Theorem,� and a name, whic h

is not only the name of the en vironmen t, but is also the name of the asso ciated

coun ter. Consider the follo wing example:

Theorem 5.1 F or n > 2 , ther e is no solution to x

n

+ y

n

= z

n

for

x; y ; z 2 Z

++

.

Notice ho w � Theorem 5.1 � app ears, all text is in italic, and w e ha v e the

coun ter v alue: \thetheorem =5.1. This w as de�ned in the pream ble b y:

\newtheorem{theorem}{Theorem}[section]

Then, the theorem w as pro duced b y the follo wing L

A

T

E

X co de:

\begin{theorem}

For $n > 2$, there is no solution to $x^n + y^n = z^n$ for

\newline $x,y,z\in \LZ_{++}$.

\end{theorem}

Other theorem-lik e en vironmen ts can b e de�ned to ha v e the same prop erties.

This requires b oth a k eyw ord, lik e Theorem , and a unique name for the en vironmen t,

lik e theorem , also used as a coun ter. Here is the syn tax:
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\newtheorem{ name }{ keywor d } [ within ]

The name de�nes the en vironmen t name, and it de�nes a coun ter, so it m ust b e

di�eren t from all other en vironmen t and coun ter names. The within option de�nes

the coun ter to b e within some other, whic h can b e in trinsic or some other coun ter

de�ned b y the \newcounter command (p. 47) or b y some other \newtheorem .

In this do cumen t, I de�ned the theorem en vironmen t to b e n um b ered within the

section, so y ou see Theorem 5.1 , rather than Theorem 1 . T o further illustrate,

here is a corollary en vironmen t:

Corollary 5.1.1 The sum of cub es c annot b e a cub e.

It w as de�ned in the pream ble as follo ws:

\newtheorem{corollary}{Corollary}[theorem]

Note that this is within the theorem coun ter, whic h is v alid b y ha ving b een de�ned

b y its o wn \newtheorem . Then, the ab o v e corollary w as written as:

\begin{corollary} The sum of cubes cannot be a cube.

\end{corollary}

The follo wing creates an axiom en vironmen t that is not within an y other

coun ter.

\newtheorem{axiom}{Axiom}

The �Axiom of Choice� can then b e stated th usly:

Axiom 1 F r om any (in�nite) family of sets a new set c an b e cr e ate d that c ontains

exactly one element fr om e ach set in the family.

This w as created b y the follo wing co de:

\begin{axiom} \label{axm:choice}

From any (infinite) family of sets a new set can be created

that contains exactly one element from each set in the family.

\end{axiom}

The lab el allo ws us to refer to the Axiom of Choice as `Axiom 1 on page 70' b y

writing Axiom~\ref{axm:choice} on page~\pageref{axm:choice} .

The en vironmen t created b y \newtheorem puts the text in italics, but this is

generally not desirable for a de�nition. Consider the follo wing example:
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De�nition 5.1 The cir cumfer enc e of a spher e is the cir cumfer enc e of any gr e at

cir cle on the spher e.

This w as created b y �rst en tering (in the pream ble):

\newtheorem{defn}{definition}[section]

Then, in the text:

\begin{defn} The circumference of a sphere is the

circumference of any great circle on the sphere.

\end{defn}

Compare this with the follo wing:

De�nition 5.1 The cir cumfer enc e of a spher e is the circumference of an y great

circle on the sphere.

This w as created b y �rst en tering (in the pream ble):

{\theorembodyfont{\rmfamily} \newtheorem{mydefn}{Definition}[section]}

Then, in the text:

\begin{mydefn} The \textit{circumference of a sphere} is the

circumference of any great circle on the sphere.

\end{mydefn}

F or more customization, the theo rem pac k age enables a wide range of v aria-

tions o v er the fon t st yle (among other things).

5.7 Re�nemen ts

Mathematical delimeters, lik e paren theses and braces, m ust b e v aried to en-

close some expressions. Whereas \left and \right commands adjust the

size of a mathematical delimiter to �t the enclosed expression, w e can also

enlarge these delimiters ourselv es. One w a y is to precede math mo de with a

size command � for example,

{\large(}$E=mc^2${\large)} ) ( E = mc

2

) .

There are, ho w ev er, delimiter size con trol commands, whic h apply to a single

c haracter: \big , \Big , \bigg , and \Bigg . F or example,
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$\big(E=mc^2\big)$ )

�

E = mc

2

�

.

The use of text fon t en vironmen ts comes close to the corresp onding math

size, ( large $ big , : : : , Huge $ Bigg ), but they are di�eren t, esp ecially the

thic knesses. This is more eviden t with the square and angular brac k ets:

$\Big[E=mc^2\Big]$ )

h

E = mc

2

i

.

{\Large[}$E=mc^2${\Large]} ) [ E = mc

2

] .

$\bigg\langleE=mc^2\bigg\rangle$ )

�

E = mc

2

�

.

{\LARGE$\langle$}$E=mc^2${\LARGE$\rangle$} ) h E = mc

2

i .

The remaining re�nemen ts use the amsmath pac k age (in tro duced on p. 69

for obtaining b etter m ultiple in tegrals).

The gather and gather* en vironmen ts allo w the new line sp eci�cation,

\\ , in math mo de. They b eha v e lik e the eqnarray and eqnarray* en viron-

men ts, resp ectiv ely , except the equations are not aligned. Figures 55 and 56

illustrate this. The same result with equation n um b ers is obtained b y the

gather en vironmen t.

\begin{gather*}

(a+b)^2 = a^2 + 2ab + b^2 \\

{\cal L} \oplus M^\varepsilon - V = H_0 \\

A(x) = \{y: \phi(y) = \cup_{a\in \cal A} \Psi(x)\}

\end{gather*}

Figure 55: gather* En vironmen t Source (Result in Figure 56)

( a + b )

2

= a

2

+ 2 ab + b

2

L � M

"

� V = H

0

A ( x ) = f y : � ( y ) = [

a 2A

	( x ) g

Figure 56: gather* En vironmen t Result (Source in Figure 55)
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When writing a matrix within text, w e could pro duce

�

a b

c d

�

b y sp ec-

ifying $\left(\begin{array}{cc} a&b \\ c&d \end{array}\right)$ . An al-

ternativ e is with the amsmath smallmatrix en vironmen t: (

a b

c d

) is obtained

b y $\left(\begin{smallmatrix} a&b \\ c&d \end{smallmatrix}\right)$ .

(Note that there are no column sp eci�cations.) This is not equiv alen t to

preceding the arra y sp eci�cation with a text size en vironmen t; in particular,

\scriptsize pro duces

�

a b

c d

�

. While the letters inside the matrix are ap-

pro ximately the smallmatrix size, the spacing and paren theses are not the

same.

The amsmath pac k age has a command to put dots across an y n um b er

of columns in an arra y . Its syn tax is \hdotsfor[ sp acing ]{ n } , where sp acing

determines the spacing b et w een the dots, and n is the n um b er of columns it

spans. F or example,

\left|\begin{array}{ccccc}

1 & 2 & 3 & 4 & 5 \\

\hdotsfor{3} \\

& \hdotsfor{3} \\

\hdotsfor[2]{5} \\

\hdotsfor[.5]{5} \\

\end{array}\right|

�

�

�

�

�

�

�

�

�

�

1 2 3 4 5

: : : : : : :

: : : : : : :

: : : : : : : : : :

: : : : : : : : : : : : : : : : :

�

�

�

�

�

�

�

�

�

�

The \stackrel command lets us put c haracters o v er a relation: F or

example, n^+\stackrel{\mathrm{def}{=}n+1 ) n

+

def

= n + 1 . With more

generalit y , the \overset and \underset amsmath commands enable us to

put an y c haracters o v er or under an y c haracter. F or example,

$\overset{a}{X}$ )

a

X

$\underset{b}{Y}$ ) Y

b

$\overset{a}{\underset{b}{Z}}$ )

a

Z

b

This can b e used to stac k subscripts:
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$\displaystyle{\sum_{ \stackrel{ \mbox{\scriptsize$i\in I$} }

{j\in J}

} } A_{ij}

= \underset{j\in J}

{ \underset{i\in I}{\sum} } A_{ij} $

)

X

i 2 I

j 2 J

A

ij

=

X

i 2 I

j 2 J

A

ij

Nesting the \underset command can b e un wieldy; an alternativ e is the

\substack command:

$\displaystyle\sum_{\substack{i\in I\\j\in J\\k\in K}} A_{ij}$

)

X

i 2 I

j 2 J

k 2 K

A

ij

Another pac k age in the ams family is amscd , whic h mak es it easy to

dra w c ommutative diagr ams . Figures 57 and 58 illustrate this. (Sp ecify

\usepackage{amscd} in the pream ble.) The horizon tal arro ws are sp eci�ed

b y @>>> (left to righ t) with an y expression placed ab o v e or b elo w. The

v ertical arro ws are sp eci�ed b y @VVV (do wn) or @AAA (up), with an expression

placed to its left or righ t. All p ossible horizon tal and v ertical placemen ts are

illustrated.

\[ \begin{CD}

A @>a>> B @>>> C \\

\alpha @VV\beta V \gamma @AAA @VVV\delta \\

D @>>d> E @>e>> F

\end{CD} \]

Figure 57: Comm utativ e Diagram Source (Result in Figure 58)

There are man y more re�nemen ts, and more pac k ages to mak e things

nicer. Man y of these are describ ed in The L

A

T

E

X Comp anion [5 , Chapter 8],

and y ou can see an online catalog of pac k ages at CT AN [4].
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A

a

� � � ! B � � � ! C

�

?

?

y

�




x

?

?

?

?

y

�

D � � � !

d

E

e

� � � ! F

Figure 58: Comm utativ e Diagram Result (Source in Figure 57)

5.8 Grammar

When writing mathematical expressions, p eople mak e some common errors.

The general guide is to treat a mathematical expression linguistically . In

English this means that ev ery sen tence has a sub ject and predicate, clauses

are separated b y commas, and phrases are appropriately punctuated. Here

are some of the most common elemen ts of grammar to consider.

1. Punctuate math displa y mo de. The expression usually needs a

comma or p erio d. F or example, note the colon b efore the displa y and

the comma at its end, whic h is incorrect to omit.

A symmetric rearrangemen t of a matrix has the follo wing form:

R = P

t

M P ;

where P is a p erm utation matrix.

2. De�ne b efore use. As y ou read articles notice that those that are

among the most confusing are when the authors used a term that is not

de�ned un til pages later. F or example, w e migh t see �The distinguishing

prop ert y of an ab elian group is the comm utivit y : : : � But a gr oup had

not y et b een de�ned.

3. Reference ob ject is lo cated after the reference. F or example, a

�gure app ears after its �rst reference. L

A

T

E

X do es this automatically ,

but y ou migh t w an t to tak e con trol o v er lo cating �gures.

4. An ob ject has only one de�nition. F or example, if w e write � =

au + bv , w e cannot later refer to �( u; v ) . Sometimes w e de�ne the

complete ob ject, �( u; v ) = au + bv , then tell the reader something
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lik e, �W e shall use �

k

, instead of �( u

k

; v

k

) , when there is no risk of

confusion.� The o v erriding principle is clarit y , and it is imp ortan t that

the reader b e told of this.

5. If : : : then : : : is not correct. Supp ose A and C are expressions.

W e can write either `If A , C .' or `Supp ose A . Then, C .' The �rst form

is preferred if A and C are simple expressions. If either A or C are

comp ound, the second form is clearer. The form, `If A , then C .' seems

lik e it ough t to b e all righ t, and the comma is used to clarify where

the an teceden t ( A ) ends and the consequen t ( C ) b egins. In English,

ho w ev er, this is not correct.

6. Equiv alence needs commas. The expression, ` A if and only if B .'

should b e written as ` A if, and only if, B .'

Exercises. Submit a prin ted cop y of the L

A

T

E

X source (tex �le) and of the

asso ciated p ostscript result (ps �le). Be sure y our name is on eac h. (Lo okup

sp ecial sym b ols in the App endix.)

1. Pro duce eac h of the follo wing in math displa y mo de.

(a) x

2

= B

2

� 4 AC implies x = �

p

B

2

� 4 AC .

(b) If � F

n +1

= F

n

, it follo ws that �

2

F

n +1

= � F

n

.

(c) x

+

=

�

x if x � 0 ;

0 otherwise.

2. Pro duce the follo wing in math displa y mo de with the array en viron-

men t and/or with the eqnarray* en vironmen t.

�

2

F

n

= F

n +2

� 2 F

n +1

+ F

n

= 2 F

n

� F

n +1

:

3. Pro duce eac h of the follo wing form ulas in line with text (construct y our

o wn sen tences that con tain them, and include prop er punctuation).

(a) ln e

x

= x

(b) sin f � + 2 � g = sin �
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(c) y

n

=

P

n � 1

i = i

0

x

i

) y

n +1

� y

n

= x

n

� x

i

0

(d) f ( x ) =

1

X

n =0

f

( n )

(0)

x

n

n !

(e)

@

@ x

Z

x

2

a

f ( y ) dy = 2 xf ( x

2

)

(f ) M

F e(H

2

O)

6

= 6 M

H

2

O

+ M

F e

4. Pro duce the follo wing equation in math displa y mo de.

�

1 : 1 � 1 : 2 � 1 : 3

� 2 : 1 2 : 2 2 : 3

�

+

�

a

1

a

2

a

3

b

1

b

2

b

3

�

=

�

� � � 


� � � �

�

:

5. Pro duce the expression in the Preface.

6. Pro duce equations (5) and (6).

7. Pro duce eac h of the follo wing expressions:

(a) x = y mo d n

def

= x � y = k n for some k = 0 ; 1 ; : : :

(b)

z }| {

~
�

1

+

~

�

2

� x

2

+ y

3

| {z }

8. Pro duce eac h of the follo wing in line with text (that y ou comp ose) and

in math displa y mo de.

(a) A

?

= f S 2 S : S 62 S g

(b)

p

jF � P j � �

(c)

0

B

B

@

�

�

�

�

a

11

a

12

a

21

a

22

�

�

�

�

C B

B C

1

C

C

A

9. Pro duce eac h of the follo wing form ulas in math displa y mo de (with

punctuation):
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(a) q

�

( G ) � max

�

�( G ) ;

2 m ( G

A

)

p

A � 1

�

if G 6= ; .

(b) (0 ; x

T

) T = (0 ; x

T

)

�

A B

0 C

�

=

�

0

x

T

C

�

= (0 ; C

T

x )

T

,

(c) V =

3

p

3

2

Z

a

0

( � x

1

3

+ a )

2

dx ;

10. Com bine y our kno wledge of deriv ativ es, conditional assignmen t (with

arra y en vironmen t), and mathematical sym b ols to pro duce the follo w-

ing (called the trunc ate d gr adient ):

r

+

f ( x )

j

=

8

>

>

>

>

<

>

>

>

>

:

max f 0 ; @ f ( x ) =@ x

j

g if x

j

= a

j

@ f ( x ) =@ x

j

if a

j

< x

j

< b

j

min f 0 ; @ f ( x ) =@ x

j

g if x

j

= b

j

11. Pro duce the follo wing sym b ols:

(a) Extended reals: R

1

.

(b) Strictly p ositiv e in tegers: Z

++

.

(c) Complex n -v ectors: C

n

.

(d) Non-negativ e rational n -v ectors: Q

n

+

.

12. Pro duce the follo wing:

@ f ( x )

@ x

j

�

�

�

x =
�

x

.

13. Pro duce the follo wing:

De�nition 1 A matrix is singular if its determinate is zero.

De�nition 2 A matrix is non-singular if it is not singular.

Theorem 1 Ev ery non-square matrix has an in v erse.
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Pr o of: The determinate of a non-square matrix cannot b e zero

b ecause it is not de�ned. Therefore, the matrix is non-singular.

This implies it has an in v erse.

14. What is grammatically wrong with eac h of the follo wing segmen ts.

(a) A k ey is ho w to add v elo cities the form ula is

( u + v )

1 +

uv

c

2

where c is the v elo cit y of ligh t.

(b) A result of these assumptions is the follo wing equation

E = mc

2

Einstein �rst noticed this equiv alence b et w een energy ( E ) and

mass ( m ).

(c) Let x b e an n -v ector and ! a scalar, and de�ne

y = Ax � ! b;

where A is an m � n matrix and b is an m -v ector. No w supp ose

y ( ! ) is sp eci�ed and w e w an t to �nd x .

(d) No w w e consider adding v elo cities.

v

u+v

u

Figure 1. A dding v elo cit y v ectors: u + v .

Figure 1 (ab o v e) sho ws ho w to add v elo cities simply as v ectors.

(e) Theorem If x; y ; z 2 Z

+

and x

n

+ y

n

= z

n

, then n < 3 .

The remaining exercises are more di�cult. Y ou are to pro duce the mathe-

matical expressions sho wn in math displa y mo de.
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15. The follo wing is tric ky to get the ev aluation expression, t =

1

2

to b e the

righ t size and lo cation.

d

dt

f ( x + t r

+

f ( x ))

�

�

�

�

t =

1

2

= �

2 v

(1 = 2)

1 = 4

+ 1 :

16. Note the ro w and column lab els outside the matrix.

A =

a b c d e

1

2

3

4

2

6

6

4

1 0 0 0 1

1 1 0 1 0

0 1 1 0 0

0 0 1 1 1

3

7

7

5

17. Ro w p oin ters:

A =

�

11 12

21 22

�

 ro ws in 1

 ro ws in 2 (this arro w is closer to matrix)

18. Column p oin ters:

A =

�

11 12

21 22

�

" "

columns columns

in 1 in 2

19. Ro w and column p oin ters:

A =

�

11 12

21 22

�

 ro ws in 1

 ro ws in 2

" "

columns columns

in 1 in 2
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6 Graphics

Graphics ma y b e part of a L

A

T

E

X do cumen t b y one of three w a ys:

1. Use standard L

A

T

E

X 2

"

commands, notably the picture en vironmen t;

2. Use a graphics pac k age to dra w within the do cumen t;

3. Use a pac k age to imp ort some standard graphics �le.

I illustrate eac h, but I do not pro vide a complete list of the relev an t pac k ages

(see CT AN [4] and The L

A

T

E

X Comp anion [5]).

6.1 Picture En vironmen t

If all w e w an t is a series of b o xes and arro ws, w e can do this simply with

\fbox and a long arro w in math mo de, as follo ws:

\fbox{left}$\longrightarrow$\fbox{center}$\longrightarrow$\fbox{right}

) left � ! cen ter � ! righ t

The \framebox command can b e used instead of \fbox to pro duce the

same result. Ho w ev er, \framebox also has t w o optional argumen ts to con trol

the length of the b o x and the p osition of the text within it. F or example,

\framebox[2cm][l]{left}$\longrightarrow$\framebox[2cm][c]{center}$%

$\longrightarrow$\framebox[2cm][r]{right}

) left � ! cen ter � ! righ t

The % at the end of the �rst line is to a v oid ha ving a blank b et w een the

cen ter b o x and the $\longrightarrow$ that follo ws it. The �rst optional

argumen t of this \framebox command is the width of the b o x, giv en as 2 cm

for eac h b o x. The second optional argumen t is the p osition of the inscrib ed

text: l = left, c = cen ter, and r = righ t.

W e can mak e the con ten ts of a b o x ob ey all paragraph con trols in text

mo de b y the \parbox command. By itself, it lets us stac k short phrases,

lik e

top

middle

b ottom

(note ho w the paragraph spacing adjusts). Com bined with
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\framebox , w e can create v ertical diagrams easily , as illustrated in Figures

59 and 60.

\begin{center} \parbox{2cm}{

\framebox[2cm]{to p} \\ \centerline{$\dow na rro w$ } \\

\framebox[2cm]{mi dd le} \\ \centerline{$\dow na rro w$ } \\

\framebox[2cm]{bo tt om}

} \end{center}

Figure 59: V ertical Diagram Source (Result in Figure 60)

top

#

middle

#

b ottom

Figure 60: V ertical Diagram Result (Source in Figure 59)

The b ox created b y \parbox has its cen ter aligned with the text, but it

has an optional argumen t to align its top or b ottom with the text. This is

done b y sp ecifying \parbox[t]{ width }{ text } or \parbox[b]{ width }{ text } ,

resp ectiv ely .

These commands can b e com bined, along with other b o x commands, but

there is a need for more v ersatilit y , lik e o v als and diagonal arro ws, and more

con trol o v er p ositioning. A basis for this is the picture en vironmen t. T o

b egin, Figure 61 sho ws a more elab orate c hart, whic h w as created b y the

picture en vironmen t, whose source is sho wn in Figure 62. Going through its

parts will serv e to explain the v arious commands.

The �rst command b egins a cen ter en vironmen t, and I use the \setlength

command to set the units of measuremen t to b e 1 inc h. This means that when

I sp ecify some length = 5, I am sp ecifying 5 inc hes. The parameter that de-

termines this is \unitlength , and the default for the picture en vironmen t is

1 pt. Then, w e en ter the picture en vironmen t stating that the p oin t of en try

is the origin, indicated b y the c o or dinates (0,0). (There is an alternativ e w a y

to b egin the picture en vironmen t, whic h is not describ ed here.) The �lled

circle sho ws where (0,0) is in this picture.

Ev ery picture command b egins with \put , whic h is exclusiv ely for the

picture en vironmen t. The complete syn tax is: \put( x , y ){ stu� } , where
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v

top left

cen ter

b ottom righ t

m

1

a

b

c

�

�

�




o v al

-

?

Z

Z

Z

Z~

-� -

�

�

�

�

Figure 61: V ariet y of Ob jects in Picture En vironmen t

stu� can b e text or some picture ob ject. The ( x; y ) co ordinates are relativ e

to where the p osition is when the picture en vironmen t is en tered. This could

b e at the left margin, as in b eginning a paragraph with \noindent ; it could

b e a column in a table de�ned within the tabular en vironmen t; or

h

p p

^

it

could b e in the middle of a sen tence, just as the smiley face app ears here (see

Exercise 1).

The �rst \put in Figure 62 sp eci�es the p osition at the origin, and the

stu� is a �lled circle with diameter .1 inc hes (cen tered at the origin):

\put(0,0){\circle*{.1}} ) v

The next three commands put three di�eren t kinds of b o xes, eac h b e-

ginning at .5 inc hes b elo w the origin (i.e., y = � : 5 ). The �rst is similar

to \framebox in text mo de, but its syn tax is di�eren t. In picture mo de it

enables con trol o v er not only the width, but also the heigh t, and this extends

the p osition options to a second c haracter: t = top; b = b ottom. The general

form of the \framebox command in the picture en vironmen t is as follo ws:

\framebox( width , height ) [ p osn ] { text }

In the example sho wn in Figure 62, the sp eci�cations are width = .7 inc hes

and height = .3 inc hes; the p osition is cen tered b ecause that is the default.

The next \put puts a dashed b o x, ha ving the same dimensions as the

framed b o x, with the length of the dash set to .01 inc hes. The next dashed

b o x has the dash length set equal to .1 inc hes, resulting in few er dashes to

comp ose the b o x. The b o x length is set to 1.2 inc hes, and the text is at the

b ottom righ t b ecause of the optional sp eci�cation, [br] .

No w w e come to the \circle sp eci�cation, lo cated at co ordinates ( � : 65 ; � 1)

(from \put ), with diameter = .2 inc hes. The �1� inside the circle required an-

other \put , and some trial and err or w as needed to establish its p osition. W e
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\begin{center} \setlength{\unitlength}{1in}

\begin{picture}(0,0)

\put( 0, 0){\circle*{.1}}

\put( 0,-.5){\framebox(.7,.3){center} }

\put(-1,-.5){\dashbox{.01}(.7,.3)[tl]{top left} }

\put( 1,-.5){\dashbox{.1}(1.2,.3)[br]{bottom right} }

\put(-.65, -1){\circle{.2}} \put(-.7,-1.05){1}

\put( 1, -1){\oval(.5,.25)} \put(.85,-1.05){oval}

\put(0,-1){\fbox{$\begin{array}{c}a\\b\\c\end{array}$}}

\put(-.3,-.35){\vector(1,0){.3}}

\put(-.65,-.5){\vector(0,-1){.4}}

\put( .35,-.5){\vector(4,-3){.5}}

\put(-.55,-1){\vector(1,0){.55}}

\put( 0,-1){\vector(-1,0){.55}}

\put(.32,-1){\vector(1,0){.43}}

\put(1.2,-.895){\line(1,1){.3975}}

\end{picture}

\end{center} \vspace{1in}

Figure 62: Source for Figure 61

kno w the cen ter of the circle is at ( � : 65 ; � 1) , but that is not where w e w an t

to put the inscrib ed text to b e cen tered. Unlik e the b o x family , w e cannot

include the cen tering of text within the circle command. The same applies

to the \oval sp eci�cation, follo w ed b y putting text that required some trial

and error to lo cate. The o v al, itself, has dimensions : 5 � : 25 (inc hes), where

.5 measures the en tire width:

'

&

$

%

�

width

-

height

6

?

After the \oval sp eci�cation, I use the \fbox command. This is the same

as I used in text mo de, except here I use it to frame an arra y , de�ned as usual

in math mo de: the arra y has three ro ws and one column, whic h is cen tered.

No w the co de b egins to dra w the v ectors, whic h are lines with arro w

heads. Both \vector and \line ha v e the same syn tax:
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\line( � x , � y ){ len } \vector( � x , � y ){ len }

If � x = 0 , the line is v ertical, and len is the amoun t of c hange ab o v e or b elo w

the original p oin t (it do es not matter what the magnitude of � y is; only its

sign matters). If � y = 0 , the line is horizon tal, and len is the amoun t of

c hange to the righ t or left of the original p oin t (it do es not matter what the

magnitude of � x is; only its sign matters). Otherwise, if � x 6= 0 , the actual

c hange in x is still l en , and the slop e of the line is

� y

� x

. This is undoubtedly

confusing, so consider Figure 63. The new p oin t is determined b y mo ving

from ( x

0

; y

0

) along the line with slop e

� y

� x

un til the new x -co ordinate is

x

0

+ l en . Then, the new y -co ordinate is y

0

+ l en

� y

� x

. The actual length of

the line segmen t is l en

r

1 +

�

� y

� x

�

2

.

slo
p

e

=

�

y

�

x

b

b

b

x

0

y

0

x

0

+ � x

y

0

+ � y

x

0

+ l en

y

0

+ l en

� y

� x

Original

p oin t

New

p oin t

Figure 63: Line P arameters

As if this unnatural de�nition of the line segmen t w ere not enough, there

is an imp ortan t restriction: � x; � y m ust b e in teger-v alued and within � 6 to

6. Supp ose our original p oin t is ( x

0

; y

0

) , and w e w an t our destination p oin t

to b e ( x

t

; y

t

) . If x

t

= x

0

, the calculation is simple: set � x = 0 , l en = j y

t

� y

0

j ,
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and

� y =

�

1 if y

t

> y

0

;

� 1 otherwise.

If x

t

6= x

0

, w e could ha v e problems with appro ximating the results. Supp ose,

for example, w e w an t ( x

t

; y

t

) = ( x

0

+ 1 : 3 ; y

0

+ 1 : 5) . If w e w e set l en = 1 : 3

to obtain the correct x -co ordinate, ho w should w e set the slop e parameters?

Ideally , w e w ould set

� x

� y

=

13

15

, but the restrictions do not p ermit this. The

closest w e could come is

4

5

.

Fixing l en = x

t

� x

0

, then searc hing for a nearest slop e appro ximation,

is not necessarily the b est o v erall appro ximation. W e could setup a least-

squares estimation problem, but trial and error in selecting the parameters

tends to b e just as e�cien t. Either w a y , w e ha v e some w ork to do.

The �rst \vector command in Figure 62 starts at ( � : 65 ; � 1) , whic h I

calculated to b e from the �top left� b o x to the �cen ter� b o x.

width

c

b o x b egins here !

� -

height

6

?

In Figure 61 the �top left� b o x starts at ( � 1 ; : 5) , and its width is .7, so

the righ t edge of that b o x is at x = � : 3 . Starting at y = � : 35 , the v ertical

p osition c hanges b y mo ving up half of the heigh t, so the co ordinate where

the arro w b egins (called its tail ) is ( � : 3 ; � : 5 +

1

2

: 3) = ( � : 3 ; � : 35) . That

accoun ts for the initial p osition giv en b y \put(-.3,-.35) . The arro w is

to b e horizon tal, dra wn left to righ t, so � x = 1 and � y = 0 , as sp eci�ed

with \vector(1,0) . Finally , w e need to determine the length, sp eci�ed as

{.3} . W e w an t the co ordinate of the end of the arro w (called the he ad ) to

b e �ush to the left side of the �cen ter� b o x. That b o x b egins at (0 ; � : 5) ,

so � x = 0 � ( � : 3) = : 3 . It required these computations to determine the

complete picture command: \put(-.3,-.35){\vector(1, 0){. 3}} .

No w consider the next \vector , whic h is a v ertical arro w from the same

b o x to the circle b elo w it. The initial p osition is calculated simply as the

midp oin t of the b ottom edge of the b o x: ( x; y ) = ( x

0

+

1

2

h; y

0

) , where the

b o x starts at ( x

0

; y

0

) and h = heig ht . In this case, ( x

0

; y

0

) = ( � 1 :; � : 5)

and h = : 3 , so w e obtain the co ordinates of the arro w's tail: ( x

t

; y

t

) =
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( � 1 +

1

2

: 3 ; � : 5) = ( � : 65 ; � 5) , as sp eci�ed. Since the arro w is do wn w ard,

� x = 0 and � y < 0 , giv en b y \vector(0,-1) . The length is determined

b y where w e w an t the arro whead: at the top of the circle. The circles y

co ordinate is � : 65 , whic h is its cen ter. W e m ust add the radius, whic h is

1

2

( : 2)

since .2 is the diameter sp eci�ed b y \circle{.2} . Th us, the p osition of the

arro whead is ( x

h

; y

h

) = ( x

t

; y

c

� y

t

+ r ) = ( � : 65 ; � 1 � ( � : 5) + : 1) = ( � : 65 ; � : 4) ,

and w e set l en = j � y j = : 4 , whic h is what is sp eci�ed:

top left

m

1

?

( n vector(0,-1){.4}

The next arro w is double-headed, so w e use t w o \vector commands to

dra w one arro w left to righ t, then an arro w at the same end p oin ts, but dra wn

righ t to left. F urther, this in v olv es more calculations b ecause the arro w is

not simply horizon tal or v ertical. W e b egin the same w a y , b y computing the

co ordinates of the tail and head. The left end p oin t is at the y -co ordinate of

the cen ter of the circle, and its x -co ordinate is to the righ t b y the length of

the radius: ( x

1

; y

1

) = ( x

c

+ r ; y

c

) = ( � : 65 + : 1 ; � 1) = ( � : 55 ; � 1) , so that is

where w e \put the �rst arro w. The head is to b e �ush with the left edge of

the \fbox , and this needs some trial and error. The uncertain t y is the width

of the b o x; w e kno w only that the cen ter of the b o x w as put at (0 ; � 1) , but w e

do not kno w the width of the b o x. With just a few iterations, the end p oin t

w as determined to b e x = 0 , so l en = � x = : 55 . The rev erse arro w b egins at

(0 ; � 1) , and its slop e is ( � 1 ; 0) , whic h is wh y w e ha v e \vector(-1,0){.55} .

The last v ector also required trial and error, due to not ha ving the corner

of the o v al co ordinates. In this case, the end p oin ts w ere determined to b e

from (1 : 2 ; � : 895) to (1 : 6 ; � : 5) . The former w as found b y trial and error,

but the latter w as computed b y kno wing that the �b ottom righ t� b o x starts

at (1 ; � : 5) and has a width of 1.2, so the midp oin t of the b ottom edge is at

(1 : 6 ; � : 5) . No w the true slop e of the line w e w an t is

: 395

: 4

, but the restrictions

do not allo w this. The closest slop e w e can ha v e is with (� x; � y ) = (1 ; 1) ,

whic h is what is sp eci�ed. Giv en this slop e, the b est c hoice of l en can b e

found as the a v erage of the deviations:

l en =

1

2

( : 4 + : 395) = : 3975 :
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Th us, w e sp ecify \line(1,1){.3975} to obtain the line sho wn in Figure 61.

There are pac k ages to extend the picture en vironmen t, and w e can plot

curv es, called Bezier appr oximations , to a set of p oin ts. Ho w ev er, I shall

co v er these in the next section with a p o w erful pac k age called PST ric ks.

T able 46 (in the App endix, p. 129) giv es the commands in the picture

en vironmen t, but here are some things to note:

� Only b o xes can ha v e inscrib ed text; the circles and o v als require sepa-

rate \put commands, whic h can tak e some trial and error to p osition.

� Some calculations and some trial and error are needed to align ob jects

and lines.

� Mo ving a p ortion of the picture can b e tedious, requiring re-calculations

and more e�ort for the new p ositions.

� There is no direct w a y to con trol the size or st yle of the arro w heads,

and there is v ery limited con trol o v er line thic knesses.

These can mak e using the picture en vironmen t time consuming and rather

unpleasan t. There is a b etter w a y!

6.2 PST ric ks

PST ric ks [14 ] w as written b y Timoth y V an Zandt, and is pro vided free of

c harge. (It is not standard with MiKT eX, but y ou can obtain it at CT AN [4 ].)

In the pream ble sp ecify \usepackage{pst-all} for the en tire system. (Y ou

can use parts, in whic h case y ou sp ecify the parts y ou use instead of pst-all

� see [14] for loading individual p ortions.)

One thing y ou need to kno w is that not all of the pst results can b e seen

with a dvi view er. Some require con v erting to p ostscript and viewing

the ps �le. This is esp ecially true of commands that in v olv e rotations.

PST ric ks (pst, for short) is designed to o v ercome di�culties with using

the picture en vironmen t, some of whic h w ere listed ab o v e. Here are some of

the features of PST ric ks that I shall illustrate.

� Circles and o v als, in addition to b o xes, can ha v e inscrib ed text.
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� Lines and arro ws ha v e the same command, iden tifying an y of a great

v ariet y of arro wheads simply .

� Only one command is needed to put lines through a sequence of p oin ts,

and slop es need not b e calculated.

� Ob jects can b e named (as no des ) and lines and arro ws can b e dra wn

b et w een them b y naming the tail and head, thereb y eliminating the

need for calculation or trial and error.

� Arro w heads are adjustable.

� Shap es are highly v ariable.

� Dra wing curv es is simple, including plots of p oin ts that can come from

a data �le, and Bezier appro ximations of four p oin ts are a v ailable.

Another widely distributed picture-dra wing system is MetaP ost [6, 7],

written b y John D. Hobb y , also pro vided free of c harge. It is more di�cult to

learn than PST ric ks, but MetaP ost is more op en-ended in its design, whic h

mak es it p oten tially more v ersatile, esp ecially on v arying the t yp es of �le

outputs (PST ric ks is tied to p ostscript). In particular, pdflatex (not co v ered

here; see [4]) do es not w ork with PST ric ks, but it do es with MetaP ost.

There are man y pac k ages [4], t ypically a v ailable free of c harge, that do

man y of the things done b y PST ric ks (and some additional things). Man y of

these are describ ed in The L

A

T

E

X Comp anion [5].

All of the pst commands ha v e options to o v erride default settings for

relev an t parameters. The defaults, themselv es, can b e set with the \psset

command: \psset{ p ar ameter = value [, : : : ] } . F or example, the default unit

of measuremen t is 1 cm, and the default �ll color is white, but w e can c hange

them b y sp ecifying:

\psset{unit=1in,fillcolor=gray}

A fundamen tal command in pst is \rput , but unlik e the \put command

in the picture en vironmen t, this is not the only w a y to put ob jects. The

commands, themselv es, can sp ecify where to put them. T able 19 giv es

some of the common commands to dra w ob jects and lines. F or those ex-

amples, the unit of measuremen t w as set to 1 mm. F or eac h command,

w e can sp ecify relev an t options as [ p ar ameter = value ] . F or example, to

pro duce a solid circle with radius .1 cm, cen tered at the origin, w e write

\pscircle[fillstyle=solid](0,0){.1} (ha ving already set fillcolor=gray ).
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The origin is determined b y where y ou are when issuing a pst command;

no en vironmen t is en tered. Th us, I can put that circle righ t here: All

commands use the linewidth parameter to con trol the thic kness of the lines

used in the dra wing, and ob jects that could b e made solid, lik e b o xes and

circles, use the fillstyle parameter. I shall illustrate the commands in

T able 19 �rst, sho wing the ease and v ersatilit y of PST ric ks, then I shall sho w

some additional shap es and commands. This is mean t to b e an in tro duction,

so man y features are not presen ted here. The User's Guide [14] is freely

a v ailable and clearly written.

psframe( x

0

; y

0

)( x

1

; y

1

) Dra ws rectangle with a corner at

n psframe(0,1)(10 ,-2 )

( x

0

; y

0

) and opp osite corner at ( x

1

; y

1

) .

pscircle( x; y ){ r } Dra ws circle cen tered at ( x; y ) with

n pscircle(5,0){2 }

radius = r .

psellipse( x; y )( r

x

; r

y

) Dra ws ellipse cen tered at ( x; y ) with

n psellipse(3,0)(5 ,2 )

horizon tal radius = r

x

and

v ertical radius = r

y

psline{ a } ( x

0

; y

0

) : : : ( x

n

; y

n

) Dra ws line or arro w, determined b y a :

n psline{-}(0,0) (1 0,0 )

- no arro w; -> forw ard arro w;

n psline{<->}

<-> double arro w' <- bac kw ard arro w;

(0,0)(5,-2)(1,0 )

(there are more!), along path giv en b y

n psline{|-*}

co ordinates.

(0,0)(10,-2)

pspolygon ( x

0

; y

0

) : : : ( x

n

; y

n

) Dra ws closed p olygon with giv en

n pspolygon(0,0)

co ordinates; same as \psline{-} : : : ,

(0,-3)(6,-3)

except �gure is closed b y dra wing

line from ( x

n

; y

n

) to ( x

0

; y

0

) .

T able 19: Some Basic Dra wing Commands in PST ric ks

In using these commands, w e do w an t the \rput command in order to

put text in to v arious ob jects. The idea of a b ox is to ha v e some shap e enclose

text. PST ric ks extends the rectangle in \framebox b y ha ving a v ariet y of

shap es, sho wn in T able 20. A parameter used b y these commands is the dis-

tance b et w een the b order and the text inside, called framesep= len , where the

default v alue of len is 3 pt. (As usual, other parameters include linewidth ,
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linestyle , linecolor , and fillcolor .) The pst �gures are dra wn after

sp ecifying

\psset{unit=1mm,fillcolor=wh ite } .

psframebox{ stu� } Dra ws rectangle but could ha v e rounded corners

frameb o x \psframebox{framebox}

frameb o x \psframebox[framearc=.4]{framebox}

psshadowbox{ stu� } A dds shado w to psframebox

shado w added \psshadowbox{shadow added}

psdblframebox{ stu� } Dra ws double frame

double frame \psdblframebox{double frame}

pscirclebox{ stu� } Dra ws circle around stu�

circle \pscirclebox[linewidth=2pt]{circle}

psovalbox{ stu� } Dra ws o v al around stu�

o v al \psovalbox[linestyle=dotted]{oval}

T able 20: Bo xes in PST ric ks

These commands can b e used in the text. F or example, w e obtain

this o v al b y writing: : : : we obtain \psovalbox{this oval} : : :

Bo xes need not b e enclosed (lik e \makebox ), and they can b e scaled b y

sp ecifying one of the follo wing:

\scalebox{ size }{ stu� } scales stu� k eeping the same asp ect ratio

\scalebox{ width , height }{ stu� } scales the width and heigh t individually

Here are some examples:
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Halving

the

circle

\scalebox{.5}{\pscirclebox{

\begin{tabular}{c}

Halving \\ the \\ circle

\end{tabular} } }

Doubling

\scalebox{2}{\psframebox{

\textsl{Doubling} }}

T all \scalebox{1 3}{Tall}

Wide \scalebox{3 1}{Wide}

There are times when w e w an t to rotate stu� . Here is ho w:

Le
ft

Down

Righ

t

\rotateleft{Left}\rotatedown{Down}

\rotateright{Right}

One application is giv en b y the follo wing:

Who is the founder of T

E

X? Who is the founder of \TeX?

Answer:DonaldE.Knuth

\rotatedown{Answer: Donald E. Knuth}

So far I ha v e describ ed a v ariet y of shap es, b y themselv es and as enclosures

for b o xes. These can b e connected b y \psline , with a great v ariet y of st yles,

including v ariations of arro whead shap e. T o a v oid the tedious calculations

in lo cating the co ordinates of the tail and head, the ob jects b eing joined can

b e referenced b y name. In PST ric ks, the named ob jects are called no des .

Consider the follo wing example:

No de A

No de B No de C

The source co de is sho wn in Figure 64. After en tering the cen tering en vi-

ronmen t and setting the default units of measuremen t, the \rput command

puts a no de, with the \rnode command. The name is set to A , and the text

Node A is put there (with no frame). The syn tax for \rnode is:

\rnode{ name }{ stu� }
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The next t w o commands put no des named B and C , eac h enclosed with a

frame. The \ncline command has the same arro w options as \psline , but

with the follo wing syn tax:

\ncline{ a }{ name of no de A }{ name of no de B }

The �rst \ncline in Figure 64 dra ws a plain line from no de A to no de B.

The [nodesepA=3pt] option giv es 3 pt separation b et w een the end of the

line and no de A. Otherwise, the line w ould touc h Node A text, whic h is not

what w e w an t. The separation is exaggerated to 5 pt in the arro w from

no de C to no de A. The default v alue is nodesep=0pt , whic h is what w e

w an t when the no des are enclosed b o xes, lik e B and C. In general, no de

separation can b e sp eci�ed for either end p oin t, or for b oth end p oin ts, b y

sp ecifying nodesepA= n , nodesepB= n , or nodesep= n , resp ectiv ely . ( nodesepA

and nodesepB are k eyw ords and ha v e nothing to do with the names w e assign

to our no des.)

\begin{center}

\psset{unit=1cm }

\rput( 0, 0){\rnode{A}{No de A}}

\rput(-2,-1){\r nod e{ B} {\p sf ra meb ox {N ode B}}}

\rput( 2,-1){\rnode{C} {\p so va lbo x{ No de C}}}

\ncline[nodesep A=3 pt ]{ A}{ B}

\ncline[nodesep A=5 pt ]{ <-} {A }{ C}

\ncline{<->}{B} {C}

\end{center} \vspace{.5in}

Figure 64: PST ric ks Source for Connecting No des

Figure 66 sho ws a graph that could represen t an y n um b er of things. Its

source, using PST ric ks, is sho wn in �gure 65. (T ry adding one line at a time

and observ e eac h e�ect.)
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\begin{center} \psset{unit=1cm}

% Nodes

\cnodeput(-2, 0){1}{1} \cnodeput(0, 0){2}{2}

\cnodeput( 2, 1){3}{3} \cnodeput[double lin e= tru e] ( 2,-1){4}{4}

\pnode(-3, 0){1tail} \ncline{->}{1tai l} {1} % tailess arc into (1)

% Arcs (with labels)

\ncline{->}{1}{2 } \aput{:U}{1/2} % \aput puts label above arc

\ncline{->}{2}{3 } \aput{:U}{2/3}

\ncline{->}{2}{4 } \bput{:U}{2/4} % \bput puts label below arc

\ncarc{->}{3}{4} \Aput{\small 3$\rightarrow$4} % \Aput keeps

\ncarc{->}{4}{3} \Aput{\small 4$\rightarrow$3} % label horizontal

\ncloop[angleB=1 80 ,lo op si ze= .5 ,a rm= .2 ,l ine ar c=. 2] {- >}{ 3} {3 }

\Bput[5pt]{loop} % \Bput keeps label horizontal and 5pt is

% the space added between label and arc

\ncloop[angleA=1 80 ,lo op si ze= .5 ,a rm= .2 ,l ine ar c=. 2] {< -}{ 4} {4 }

\Bput[5pt]{loop}

\end{center} \vspace{1cm}

Figure 65: Graph Source (Result in Figure 66)

1 2

3

4

1/2

2/3

2/4

3 ! 44 ! 3

lo op

lo op

Figure 66: Graph Result (Source in Figure 65)

No w I describ e curv es that go through, p erhaps appro ximately , giv en

p oin ts. The examples that follo w use the follo wing pst settings:

\psset{unit=.5cm,showpoints=true}

(The showpoints=true setting is what causes the p oin ts to b e included in

the picture y ou see.)

W e b egin with the parab ola, whose command syn tax is:

\parabola{ a } ( x

0

; y

0

)( x

1

; y

1

) ,
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where ( x

0

; y

0

) is one p oin t on the parab ola, and ( x

1

; y

1

) is the (unique) p oin t

ha ving dy =dx = 0 . \parabola* sp eci�es �lling the parab ola. F or example,

\psgrid[subgriddiv=1,griddots=10,gridlabels=7pt](-1,0)(4,4)

\parabola{<->}(4,3)(2,0)

\parabola*[fillcolor=black,showpoints=false](1,1)(2,3)

)

-1 0 1 2 3 4
0

1

2

3

4

b

Question: What is the pst command to dra w the parab ola giv en b y

y = ax

2

+ bx + c , where a 6= 0 ?

Answer:nparabola(0;c)(�

b

2a

;�

b

2

4a

+c)

The follo wing sho ws t w o commands: pscurve and psccurve , the latter

b eing a close d curv e that joins the last p oin t with the �rst.

b

b

b

\pscurve{(->}(0,0)(1,1)(1, -1)( -1,1 )(-1 ,-1 )

b

b

b

b

b

\psccurve(0,0)(1,1)(1,-1)( -1,1 )(-1 ,-1)

The Bezier curv e joins t w o end p oin ts and comes as close as p ossible to

t w o in termediate p oin ts. The command syn tax is:

\psbezier[ p ar ameters ]{ a } ( x

0

; y

0

)( x

1

; y

1

)( x

2

; y

2

)( x

3

; y

3

)

b

b

b

b

\psbezier(0,0)(1,3)(2,1)( 3,4)

W e can read data from a �le, p erhaps pro duced b y mathematical soft-

w are lik e gn uplot

c




, Octa v e

c




, Maple

c




, Mathematica

c




, MA TLAB

c




, and
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S-PLUS

c




. The data �le just needs pairs of co ordinates, whic h can b e sepa-

rated b y a comma or just blank and can ha v e paren thesis, braces, or nothing

around eac h pair. The follo wing histogram w as plotted b y the source co de in

Figure 67, whic h I shall explain. The data �le had y = n um b er of studen ts

with test score = x + 50 . (The o�set of 50 w as used in establishing the origin

in the plot.)

b

b

b

b

b

b

b

b

b

b

b b

b

50 60 70 80 90 100

0

5

10

15

score

F

D

C

B

A

\psset{unit=2mm, showpoints=false }

\fileplot[plotsty le =d ots ]{ myd at a. dat }

\psaxes[Ox=50,Oy= 0, Dx =10 ,D y=5 ,d x= 10, dy =5 ,ti ck s= y]{ <- >} (60 ,1 7)

\rput[r](60,-2){\ la rg e score}

\psline(1,0)(1,6) (1 0, 6)( 10 ,0) \rput( 5, 8){\textsf{F}}

\psline(11,0)(11, 2) (1 9,2 )( 19, 0) \rput(14, 4){\textsf{D}}

\psline(20,0)(20, 11 )( 29, 11 )(2 9, 0) \rput(25,13){\te xt sf {C} }

\psline(30,0)(30, 8) (3 9,8 )( 39, 0) \rput(35,10){\te xt sf {B} }

\psline(40,0)(40, 5) (5 0,5 )( 50, 0) \rput(45, 7){\textsf{A}}

Figure 67: Source Co de for Dra wing Histogram of T est Scores

After setting the units of measuremen t to 2 mm, the data �le is read and

its p oin ts plotted with the \fileplot command. (Setting showpoints=false

suppresses plotting the p oin ts in the \psline commands.) The data �le is

plain text and has the follo wing en tries:
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% This is mydata.dat

5 2 9 4 % F = [0,65)

15 2 18 1 % D = [65,70)

22 6 27 4 % C = [70,80)

30 2 31 1 35 4 39 1 % B = [80,90)

40 2 45 2 50 1 % A = [90,100]

The plot, itself, is just the p oin ts, sp eci�ed b y plotstyle=dots . There

are other plot st yles, suc h as plotstyle=line , and there are 11 dot st yles.

Here is one of the alternativ es:

\fileplot[dotstyle=+,plotstyle=dots]{mydata.dat} )

+
+

+
+

+
+

+
+

+

+
+ +

+

Next, axes are sup erimp osed with the \psaxes command:

\psaxes[ p ar ams ]{ a } ( x

0

; y

0

)( x

1

; y

1

)( x

2

; y

2

)

where ( x

0

; y

0

) is the origin, ( x

1

; y

1

) is the Southeast corner, and ( x

2

; y

2

) is the

North w est corner. As in \psline , if ( x

0

; y

0

) is absen t, the origin is assumed

to b e at (0 ; 0) . If ( x

1

; y

1

) is absen t, it is assumed to b e equal to the origin.

Here are some examples:

\psaxes[unit=.5cm]{->}(4,0)(8,3) )

0 1 2 3

0

1

2

\psaxes[unit=.5cm]{->}(0,0)(-1.1,0)(2.1,2.1) )

0 1 2� 1

1

2

Note that ticks are uniformly spaced on eac h axes. This is suppressed for

the x -axis in Figure 67 b y sp ecifying the option, ticks=y . The other pa-

rameter settings are describ ed in T able 21. (The default v alues, dx = dy =0,

cause the spacing to b e equal (appro ximately) b y using Dx � \psxunit and

Dy � \psyunit , resp ectiv ely .)
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Horizon tal V ertical Default Meaning

Ox= n Oy= n 0 Lab el at origin

Dx= n Dy= n 1 Lab el incremen t

dx= n dy= n 0 Lab el spacing

T able 21: P arameters for \psaxes

The next command, rput[r](60,-2){\large score} puts �score� in

large fon t, �ush righ t (indicated b y [r] ) at the co ordinates (60 ; � 2) . Th us,

when I sup erimp ose the commands \fileplot , \psaxes and \rput , w e ob-

tain the data plot. The remaining commands dra w the histogram b o xes and

put the letter grade ab o v e eac h b o x in sans serif fon t. Lea ving o� the �score,�

Figure 68 sho ws the sequence of ho w eac h \psline and \rput adds to the

picture. T o �t the picture and the co de next to it, this is scaled (simply , b y

sp ecifying \psset{unit=1mm} ):

W e shall stop here, but this do es not exhaust the PST ric ks commands.

See [14] for lots more, including man y examples.
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b

b

b
b

b
b

b
b

b

b
b b

b

n fileplot[plotstyle=dots] {myd ata .dat }

b

b

b
b

b
b

b
b

b

b
b b

b

50 60 70 80 90 100

0

5

10

15

n psaxes[Ox=50,Oy=0,Dx=1 0,Dy =5,

dx=10,dy=5,ticks=y]{ < - > }(60,17)

b

b

b
b

b
b

b
b

b

b
b b

b

50 60 70 80 90 100

0

5

10

15

F

n psline(1,0)(1,6)(10,6) (10, 0)

n rput(5,8){ n textsf{F}}

b

b

b
b

b
b

b
b

b

b
b b

b

50 60 70 80 90 100

0

5

10

15

50 60 70 80 90 100

0

5

10

15

F

D

n psline(11,0)(11,2)(19, 2)(1 9,0)

n rput(14,4){ n textsf{D}}

b

b

b
b

b
b

b
b

b

b
b b

b

50 60 70 80 90 100

0
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10

15

50 60 70 80 90 100

0
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10

15

F

D

C

n psline(20,0)(20,11)(29 ,11) (29, 0)

n rput(25,13){ n textsf{C} }

b

b

b
b

b
b

b
b

b

b
b b

b

50 60 70 80 90 100

0

5

10

15

50 60 70 80 90 100

0

5

10

15

F

D

C

B

n psline(30,0)(30,8)(39, 8)(3 9,0)

n rput(35,10){ n textsf{B} }

b

b

b
b

b
b

b
b

b

b
b b

b

50 60 70 80 90 100

0

5

10

15

50 60 70 80 90 100

0

5

10

15

F

D

C

B

A

n psline(40,0)(40,5)(50, 5)(5 0,0)

n rput(45,7){ n textsf{A}}

Figure 68: Sequence of PST ric ks Commands to Dra w Histogram
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6.3 Imp orting pictures

The w a y to imp ort a picture in to L

A

T

E

X is to con v ert it to encapsulated

p ostscript (eps). An exceptionally clear description of this, including his-

torical con text, is giv en b y Keith Rec kdahl [12 ]. (He also go es deep er in to

customizing placemen ts of pictures in �gures.) Man y systems that let us

dra w �gures, and those that plot mathematical functions or data, ha v e an

option to exp ort an eps �le. (If y ou can get a ps �le, y ou could use \psfig ,

or there is a unix con v ersion utilit y , \ps2epsi .) On unix, xfig is an excellen t

system to dra w �gures, and the exp ort options include the eps �le format.

A basic plotting system for functions and data, for b oth unix and DOS that

pro duces eps �les, is gnuplot . This is a v ailable free of c harge at FTP://ftp.

da rtmouth.edu/pub/gnuplot/ . Octa v e extends the capabilities of gn uplot and

is also a v ailable free of c harge, at http://www.che.wisc.edu/o ctave/ . There

are also commercial systems, lik e Maple

c




, Mathematica

c




, MA TLAB

c




, and

S-PLUS

c




, whic h can pro duce eps �les of plots.

Another w a y to obtain an eps �le is with con v ersion. The unix systems

xv and Image Magick can do this for a large v ariet y of graphic �le formats,

including bitmap (xbm), gif and jp eg �les. There are free con v ersion systems

on MS Windo ws, notably jpeg2ps , whic h con v erts jp eg �les to eps, and

emftoeps , whic h con v erts Windo ws Meta�les (wmf ) to eps.

Once the �le is in eps format, w e can imp ort it using the Gr aphics Bun-

d le [3], written b y Da vid P . Carlisle, pro vided free of c harge. It comes with

MiKT eX and basic unix installations. There are t w o pac k ages that pro vide

essen tially the same capabilities but with di�eren t syn tax. One is called

graphics , the other is graphicx . Here I use graphicx , as sp eci�ed in the

pream ble b y \usepackage{graphicx} .

T o include an eps �le, simply sp ecify \includegraphcs[ options ]{ �lename } .

F or example, Figure 69 sho ws a �gure that w as imp orted with the follo wing

statemen t:

\begin{center}\includegraphics[scale=.5]{sin.eps}\end{center}

In this case I sp eci�ed the option, scale=.5 , whic h prin ts the �gure half

the size it w as pro duced (in this case b y MA TLAB, b y sp ecifying print sin -deps
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Figure 69: Applying \includegraphics to Imp ort an eps File

after plotting the sin function o v er the indicated grid). Figure 70 sho ws the

same eps �le, but with the width and heigh t set as follo ws:

\begin{center} \includegraphics[width=2in,height=1in]{sin.eps}

\end{center}

-8 -6 -4 -2 0 2 4 6 8
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0.4

0.6

0.8

1

Figure 70: Sp ecifying Dimensions in \includegraphics

F or a v ery large picture, w e migh t w an t to sp ecify width=\textwidth,height=! ,

and let it �ll the en tire width of the page. The heigh t sp eci�cation ( ! ) sa ys

to main tain the asp ect ratio.

If y ou �nd y ourself imp orting eps �les but w ould lik e to mak e some

c hanges in L

A

T

E

X, read ab out the PSfrag pac k age, b y Mic hael C. Gran t and

Da vid Carlisle, whic h comes with a basic installation (including MiKT eX),
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whose do cumen tation is at CT AN [4]. It has t w o basic op erations: (1) edit

some string or p osition in the �gure (i.e., the eps �le), and (2) translate L

A

T

E

X

commands that y ou put in the �gure in the �rst place. The do cumen tation

giv es examples, with eps �les pro duced b y MA TLAB and x�g.

Imp orting graphics is only one of the functions of graphicx . It can also

p erform scaling, rotation, and sizing of an arbitrary b o x. The b o x could

con tain text, pictures, or almost an y stu� . Here are examples:

Double y our fun \scalebox{2}{Double your fun}

Op en wide \resizebox{1in}{!}{\fbox{Open wide}}

Re�ectonthis \reflectbox{Reflect on this}

La
nd
sc
ap

e

\rotatebox[origin=c]{90}{Landscape}

W

as

Pyth
ago

ras

a

squ
are

?

\rotatebox[origin=rt]{45}

{\psframebox{

\begin{tabular}{c}

Was\\Pythagoras\\a square?

\end{tabular}

} }

These op erations are a v ailable b ecause the programs that p erform them

are used in the \includegraphics command. Although it is feasible to

p erform the op eration after imp orting a graphic, it is more e�cien t to sp ecify

that option in the \includegraphics . Here are some examples:
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\includegraphics

{protractor.eps}
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\includegraphics[width=.25\textwidth,

height=!]{protractor.eps}
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\includegraphics[height=.5in,width=!,

angle=90,origin=c]{protractor.eps}

Exercises. Submit a prin ted cop y of the L

A

T

E

X source (tex �le) and prin ted

cop y of the asso ciated p ostscript result (ps �le). Be sure y our name is on

eac h.

1. Use the picture en vironmen t to dra w the smiley face on page 83.

2. Dra w the follo wing graph with the picture en vironmen t, where \thicklines

is sp eci�ed and \unitlength = 1mm

m

v

1

m

v

2

m

v

3

m

v

4

-

?

�

�

�

�

�

�	

3. Use PST ric ks to dra w Figure 3 (p. 4).
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4. Use PST ric ks or the picture en vironmen t to dra w the follo wing.

rhom bus

5. Use PST ric ks or the picture en vironmen t to dra w the follo wing.

�

�

6. Mak e a �gure in some system that lets y ou sa v e it as an eps �le (or use

some con v ersion program). Then, include it in y our do cumen t.

7. Use whatev er means y ou prefer (or that y our instructor requires) to

include eac h of the follo wing �gures in y our do cumen t. (They w ere

dra wn here with PST ric ks, but this section did not describ e all that is

needed, so y ou m ust obtain the PST ricks User's Guide [14].)

(a) Graphic view of Pythagorean Theorem:

h

yp

oten

use

leg 1

leg

2

square of

leg 1

square

of

leg 2

square of

h yp oten use
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(b) Net w ork with arc data:

1

2

3

4

5

(25 ; 30)

(35 ; 50)

(45 ; 10)

(15 ; 40)

(15 ; 30)

(25 ; 20)

(35 ; 50)

(45 ; 60)

(c) The sin function:

-4 -3 -2 -1 0 1 2 3 4
-1

0

1
y = sin

�

�

2

x

�

x

(d) Bernoulli family tree:

Nik olaus

(1623�1708)

Jacob I

(1654�1705)

Nik olaus

(1662�1716)

Nik olaus I

(1687�1759)

Jahann I

(1667�1748)

Nik olaus I I

(1695�1726)

Daniel

(1700�1782)

Johann I I

(1710�1790)

Johann I I I

(1746�1807)

Jo cob I I

(1759�1789)
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7 Making Sp ecial P arts

7.1 Co v er P age

The easiest w a y to mak e a co v er page is with the \maketitle command. This

is done in the do cumen t en vironmen t, generally just follo wing \begin{document} .

The necessary parameters are \author and \title , whic h can b e de�ned

an yplace b efore the \maketitle . T ypically these are put in to the pream ble,

or righ t after \begin{document} follo w ed immediately b y \maketitle ; it

dep ends up on y our managemen t st yle. Multiple authors are separated b y

\and , suc h as in the example sho wn in Figures 71 and 72. (The jagged

edges in Figure 72 mean that there is more space b et w een the title and the

top of the pap er.)

Sp ecifying \date is optional ( \maketitle puts in the curren t date if the

date is not de�ned). The co v er page is b y itself and is not n um b ered.

\title{The \LaTeX\ Companion}

\author{Michel Goosens \and Frank Mittelbach \and Alexander Samarin}

\date{1994}

\maketitle

Figure 71: Title P age Source (Result in Figure 72)

The L

A

T

E

X Companion

Mic hel Go osens F rank Mittelbac h Alexander Samarin

1994

Figure 72: Title P age Result (Source in Figure 71)

Since articles often ha v e this information on the �rst page of the article

(rather than a separate page), titlepage m ust b e sp eci�ed as an option in
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the \documentclass command. F or example, the follo wing do es this while

sp ecifying 12pt fon t as another option:

\documentclass[12pt,titlepage]{article}

A ddresses, a�liations, and other information ab out eac h author can b e

added, using \\ to create new lines. F or example, Figure 73 sho ws ho w the

authors app ear when the \author de�nition in Figure 71 is c hanged to the

follo wing:

\author{Michel Goosens \\ Geneva, Switzerland

\and Frank Mittelbach \\ Mainz, Germany

\and Alexander Samarin \\ Geneva Switzerland}

As illustrated in Figure 73, \maketitle puts the third author on a sep-

arate line. This is b ecause the added width of author information mak es it

to o long to �t on one line. All three authors w ould b e put on separate lines

if the address information w ere extended further, or if the names w ere v ery

long.

The L

A

T

E

X Companion

Mic hel Go osens F rank Mittelbac h

Genev a, Switzerland Mainz, German y

Alexander Samarin

Genev a, Switzerland

1994

Figure 73: A dding A ddresses to Authors
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There are times when w e w an t to ac kno wledge supp ort for one or more of

the authors. The \thanks command do es this b y creating a fo otnote, using

di�eren t fo otnote marks for eac h one. Figures 74 and 75 illustrate this along

with some v ariation in the date.

\title{Pieces of $\pi$\thanks{Re na med .} }

\author{Archimed es \t han ks {S upp or te d by the army.}\\ Syracuse, Sicily

\and Pythagoras \\ Samos, Ionia }

\date{210 {\sc bc} (revision of earlier version, 510 {\sc bc})}

Figure 74: F o otnotes in the Co v er P age Source (Result in Figure 75)

Pieces of �

1

Arc himedes

2

Pythagoras

Syracuse, Sicily Samos, Ionia

210 bc (revision of earlier v ersion, 510 bc )

1

Renamed.

2

Supp orted b y the arm y .

Figure 75: F o otnotes in the Co v er P age Result (Source in Figure 74)

7.2 Abstract

The abstract en vironmen t is in all do cumen t st yles, except article . T o ha v e

it, sp ecify titlepage as an option in \documentclass (ev en if y ou do not in-

tend to use \maketitle ). This en vironmen t is de�ned to pro duce an abstract
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on a separate page (placed wherev er y ou put the en vironmen t sp eci�cation),

with the header: Abstract , in b oldface and cen tered. The abstract, itself,

is one paragraph and is prin ted without inden tation. Figures 76 and 77 il-

lustrate this. (Lik e the co v er page, the abstract is placed far from the top of

the pap er, whic h is not sho wn in Figure 77.)

\begin{abstract}

This shows that the ratio of the circumference to the diameter

of any circle is the same constant value, denoted $\pi$.

We further prove that this constant is bounded by

$\frac{223}{71} < \pi < \frac{22}{7}$.

\end{abstract}

Figure 76: Making an Abstract Source (Result in Figure 77)

Abstract

This sho ws that the ratio of the circumference to the diameter

of an y circle is the same constan t v alue, denoted � . W e further

pro v e that this constan t is b ounded b y

223

71

< � <

22

7

.

Figure 77: Making an Abstract Result (Source in Figure 76)

7.3 Other F ron t Matter

The \tableofcontents command mak es a table of con ten ts; it is placed

wherev er y ou put the command, whic h should b e righ t after the co v er page.

Then, y ou can include lists of �gures and tables with the \listoffigures

and \listoftables commands, resp ectiv ely .

The table of con ten ts generally includes n um b ered parts, lik e sections and

subsections. T o include other fron t matter, L

A

T

E

X pro vides the \addcontentsline

command. F or example, the table of con ten ts in this do cumen t w as obtained

with the sp eci�cations giv en in Figure 78.
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\newpage \pagenumbering{r om an } \pagestyle{myhe ad in gs}

\tableofcontent s \newpage

\addcontentslin e{ toc }{ sec ti on }{L is t of Figures}

\listoffigures \newpage

\addcontentslin e{ toc }{ sec ti on }{L is t of Tables}

\listoftables \newpage

Figure 78: Some F ron t Matter Sp eci�cations for This Do cumen t

The \pagenumber sp eci�cation causes the page n um b ers for the fron t

matter to b e put in to Roman n umerals. That is wh y y ou see the T able

of Con ten ts on page i (�rst n um b ered page, just after the co v er). Then, I

declare \listoffigures , whic h is on page v, follo w ed b y the list of tables.

Eac h of these are put on a new page. Just ab o v e eac h declaration, I use the

\addcontentsline to add it to the table of con ten ts, indicated b y the toc

sp eci�cation. The section parameter tells the latex program to format it

lik e a section � �ush left.

The page n um b ering is reset when w e �nish the fron t matter b y sp ecifying

\newpage \pagenumbering{arabic} \pagestyle{headings}

This switc hes to the Arabic n umerals and initializes the page coun ter.

The same format as the abstract can b e used for other fron t matter that

w e w an t to format the same w a y . The only c hange w e require is another

header name. This is done b y re-de�ning the \abstractname parameter

used b y the abstract en vironmen t. The \renewcommand enables us to do

this. Ÿ8 has more to sa y ab out using this command to customize man y

things. F or no w, consider the follo wing example that illustrates ho w to ha v e

an A c kno wledgemen ts page:

\renewcommand\abstractname{Acknowledgements}

\begin{abstract}

I thank my family and friends for all of their support.

I also thank the contributors to the Comprehensive \TeX\

Archive Network (CTAN).

\end{abstract}
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Alternativ ely , w e migh t w an t something to lo ok lik e a section (and au-

tomatically added to the table of con ten ts), but w e do not w an t it to ha v e

a section n um b er. This is ac hiev ed b y the \section* command, where the

* suppresses the n um b ering. F or example, \section*{Preface} puts �Pref-

ace� in the same st yle as an y section, but with no n um b er (and the section

coun ter remains unc hanged).

7.4 Bac k Matter

After the main part of the do cumen t is �nished, w e put the bibliogra-

ph y (see Ÿ3 and Ÿ8.5). W e migh t �rst w an t to ha v e app endices that fol-

lo w the main text. This could b e done with the app endix en vironmen t:

\begin{appendix} : : : \end{appendix} .

The last p ortion in the bac k of an y b o ok is its index. This could also b e

desirable in a long rep ort. T o mak e an index, w e ha v e three things to put

in to our source �le:

1. Put \usepackage{makeidx} in the pream ble.

2. Put \makeindex at the end of the pream ble.

3. Put \printindex just b efore \end{document} .

After a successful compilation, with all references resolv ed, en ter at the

command line:

makeindex myfile

Then, compile again. This is analogous to the use of bibtex (p. 31), and is

illustrated in Figure 79.

There are pac k ages to mak e other bac k matter: acronym mak es a list of

acron yms, nomencl mak es a list of nomenclature, and gloss mak es a glossary .

These are all easy to install, but they generally do not come with a basic

L

A

T

E

X installation; y ou get them from CT AN [4]. GlossT

E

X is a pac k age that

com bines all of these functions, but it requires more steps to install.

Exercises. Submit a prin ted cop y of b oth the L

A

T

E

X source (tex �le) and

the asso ciated p ostscript result (ps �le). Be sure y our name is on eac h.

1. W rite an article with a title page and abstract. Mak e the main b o dy

ha v e at least three sections: In tro duction, Main Results, and Conclu-

sions.
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myfile.tex myfile.dvi myfile.ps

create/edit view/prin t prin t/p ost

compile

with

latex

con v ert

with

dvips

makeindex

Figure 79: A dding makeindex to the Command Sequence

2. Extend exercise 1 to ha v e ac kno wledgemen ts and references (using

BibT

E

X ).

3. Com bine exercises 1 and 2 and add a table of con ten ts sho wing not only

all sections and subsections, but also the abstract, ac kno wledgemen ts

and references.

8 T aking Con trol

This section in tro duces y ou to fundamen tals of customizing y our do cumen t.

It is still in the con text of an in tro duction, c ho osing only a few of the

things y ou can c hange. A k ey to these c hanges are the \newcommand and

\renewcommand commands, whic h enable y ou to de�ne y our o wn commands

and c hange parameter v alues of existing commands.

8.1 Y our Own Abbreviations and Commands

The command that giv es us the abilit y to mak e our o wn has the follo wing

form: \newcommand{\ name }[ n ]{ whatever } , where n is the n um b er of argu-

men ts, and whatever is whatev er y ou w an t the command to do. Here are t w o

examples simply to abbreviate commands with long names:

\newcommand{\ul}{\underline}

\newcommand{\mc}{\multicolumn}

The �rst lets us write \ul{something} to underline something . The second
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lets us write \mc{3}{c}{stuff} to en ter a m ulticolumn, in either a tabular

or an arra y en vironmen t, spanning 3 columns and cen tered.

The latex compiler will not let y ou use a name that is already b eing used.

F or example, if y ou sp ecify \newcommand{\fbox} ..., y ou will get a fatal error

message since there is already a \fbox command.

A related use is when the command requires some lines of co de. Consider

the follo wing example:

\newcommand{\Box}{\mbox{\begin{picture}(0,0)

\put( 2,0){\framebox(7,7)}

\end{picture} }}

( \mbox is used to ensure text mo de). No w \Box ) and, ha ving de�ned

the \Box command, w e can use it in other new commands. F or example,

in the pream ble I sp eci�ed: \newcommand{\chkbox}{$\Box^\surd\;$} Then,

\chkbox )

p

Some commands are sp eci�cally for math mo de, but w e w an t them to

w ork in an y mo de. This is ac hiev ed b y the command: \ensuremath{ math

stu� } . F or example, consider \newcommand{\Gs}[1]{G_{# 1}} . If w e are

already in math mo de, \Gs{i+j} is replaced b y G_{i+j} to pro duce G

i + j

;

otherwise, if \Gs{i+j} is sp eci�ed in text mo de, it is replaced b y $G_{i+j}$

to put it in to math mo de �rst. Th us, w e can sp ecify \Gs{ subscript } , no

matter whic h mo de w e are in, and obtain the correct result.

Another reason to ha v e our o wn commands is for consistency , particularly

of notation. Supp ose w e ha v e a k ey term, lik e the nul l sp ac e of a matrix.

Some authors write N ( A ) , some write nul A , and there are still more sym b ols

p eople use. W e can c ho ose one and de�ne

\newcommand{\nul}{\ensur emat h{\m athc al{N }}} .

Then, w e can write \nul(A) to obtain N (A) (and w e can b e in text or math

mo de when w e write this). Some publishers ha v e their o wn notation, so w e

m ust b e careful not to o v erride them with ours. A w a y to do this is to c ho ose

a di�eren t name, lik e mynul , then add to the pream ble:

\newcommand{\usenul}{\mynul}

and sp ecify \usenul in the do cumen t. If y ou need to use the publisher's,

simply c hange the one line to:

\newcommand{\usenul}{\nul}
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(where the publisher's command name is \nul ).

The pream ble can b ecome v ery long as w e add our commands, so it

is useful to put them in a separate �le, sa y mydefs.tex (note the .tex

su�x). Then, w e use the \input command to ha v e the latex compiler read

it wherev er it is placed. In particular, the pream ble of this do cumen t con tains

the command:

\input{mydefs}

(The su�x .tex is assumed.) Di�eren t source �les could simply input this

same �le, so duplication of w ork is a v oided.

8.2 Y our Own Names, Titles and Num b ers

There are times when w e prefer some name other than the default. T able 22

sho ws the common names w e migh t w an t to c hange. F or example, in this

do cumen t the �T able of Con ten ts� w as obtained b y sp ecifying the follo wing

in the pream ble:

\renewcommand{\contentsname}{Table of Contents} .

What it is Ho w it is called (k eyw ord)

Abstract \abstractname

App endix \appendixname

Chapter \chaptername

Con ten ts \contentsname

Index \indexname

List of Figures \listfigurename

List of T ables \listtablename

P art \partname

References \refname for article st yle

\bibname for b o ok and rep ort st yles

T able 22: In trinsic Name P arameters

Y ou migh t w an t to c hange the n um b ering of some in trinsic coun ter. W e

sa w an example of this in c hanging the coun ters for en umeration lists (p. 48).

The general form is

\renewcommand{\the c ounter }{ something }
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Another example is to c hange section n um b ering in a rep ort do cumen t

st yle. The �rst lev el of division is assumed to b e a c hapter, so the n um b ering

will b e chapter . se ction [. subse ction ] : : : If y ou ha v e no c hapters, it will n um b er

the �rst section as 0.1. Making the �rst lev el division c hapters will o v ercome

the n um b ering problem, but the format of c hapters is di�eren t, similar to

a b o ok. Making the do cumen t class an article will also solv e the problem,

since the section is the �rst lev el division. This migh t not b e appropriate due

to other considerations, suc h as en tering the do cumen t in to a database using

BibT

E

X , where y ou w an t it to b e coun ted as a rep ort, not as an article.

The w a y to do this is as follo ws:

\makeatletter

\renewcommand\thesection{\@arabic\c@section}

\makeatother

The preceding command, \makeatletter , is to mak e the @ c haracter a letter.

The succeeding command, \makeatother , restores @ to its sp ecial meaning

( \@ is for certain spacing, equal to ab out 2 spaces).

8.3 Y our Own En vironmen ts

The \newenvironment command enables us to de�ne our o wn en vironmen ts,

and the \renewenvironment command enables us to revise an existing en vi-

ronmen t. They ha v e the same syn tax:

newenvironment{ name } [ n ] { b e gin }{ end }

renewenvironment{ name } [ n ] { b e gin }{ end }

where name is the name of the en vironmen t, n = n um b er of argumen ts (omit

[0] for n = 0 ), b e gin is what is executed up on en tering the en vironmen t, and

end is what is executed up on lea ving the en vironmen t. F or example, the

follo wing creates a p ro of en vironmen t:

\newenvironment{proof}

{\begin{flushleft} \begin{description}

\item \textit{\textbf{Proof:}} ~ } % begin proof

{\hfill\rule{2.1mm}{2.1mm }

\end{description}\end{flush left } } % end proof

Then,
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\begin{proof}

First, suppose \dots \linebreak

Thus, the theorem follows.

\end{proof}

pro duces:

Pr o of: First, supp ose : : :

Th us, the theorem follo ws.

8.4 Y our Own Margins and Spacing

The default margins and spacing are set with purp oseful v alues, and y ou

will usually not need to c hange them. When y ou do, ho w ev er, they can

b e c hanged b y setting certain parameters in the pream ble. The margins

of the do cumen t are con trolled b y the parameters sho wn in Figure 82 and

describ ed in T able 23. (See T able 25 for con v ersion factors; in particular,

1 pt = 72.27 in.)

F or example, if w e are using 8

1

2

� 11 pap er, the curren t settings (sho wn

in T able 23) break do wn the horizon tal parts as follo ws:

6.14.295 pt

8.5 in

72.27 pt

1 in

39 pt

54 in

113.025 pt

1.564 in

390 pt

5.396 in

b egin b o dy stu� end b o dy stu�

W e can increase the text width b y setting \textwidth= length in the

pream ble. F or example, \textwidth=6in increases the text width to 6 inc hes.

The b o dy expands to the righ t unless w e also c hange \oddsidemargin .

Margin settings can b e negativ e; for example, w e raise the b o dy 1 inc h b y

sp ecifying \topmargin=-1in in the pream ble. This migh t b e accompanied b y

increasing the text length. The geometry pac k age pro vides easy sp eci�cations

for page la y out.

The \hspace* and \vspace* commands pro vide a great deal of con trol

o v er horizon tal and v ertical spacing, resp ectiv ely . W e migh t w an t some global

settings to mak e rep eated use of these unnecessary . T able 24 lists some y ou

can set with the \setlength command, sho wing their default v alues (used

in this do cumen t).
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Curren t

P arameter Setting

y

Meaning

\footskip 30.0pt space b et w een b ottom of b o dy and top of

fo oter

\headsep 25.0pt space b et w een b ottom of header and top of

b o dy

\headheight 12.0pt heigh t of header

\hoffset 0.0pt horizon tal o�set to add to inden tation of

b o dy

\oddsidemargin 17.0pt extra space added at left (applies only

to o dd n um b ered pages if the st yle is

t w o-sided, in whic h case there is also an

n evensidemargin parameter)

\paperheight 794.96999pt heigh t of the pap er

\paperwidth 614.295pt width of the pap er

\textheight 548.5pt heigh t of the b o dy

\textwidth 390.0pt width of the b o dy

\topmargin 17.0pt space added b efore the top of the header

\voffset 0.0pt v ertical o�set to add to inden tation of b o dy

y

Prin ted using \the p ar ameter .

T able 23: Margin P arameters

P arameter Meaning

\itemsep space added to \parsep b et w een items in a list.

\parindent inden tation at b eginning of paragraph.

\parsep space b et w een paragraphs in the same item of a list.

\parskip space b et w een paragraphs.

T able 24: Spacing P arameters

In the case of list parameters, they m ust b e set after en tering the list

en vironmen t. (Defaults are restored after lea ving.) F or example, the lists in

Ÿ2.2 (p. 13) are spaced b y default v alues. Here is what happ ens when w e

c hange \itemsep :

� The default v alue of \itemsep is 5.0pt plus 2.5pt min us 1.0pt, and I

ha v e sa v ed it b y: \setlength{\mylength}{\ite msep } .
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� See the ab o v e spacing b et w een items. What y ou see next is with

\setlength{\itemsep}{0pt} .

� What y ou see next is with \setlength{\itemsep}{10pt} .

� Next is bac k to normal b y \setlength{\itemsep}{\mylen gth} .

� W e are bac k to normal with \itemsep = 5.0pt plus 2.5pt min us 1.0pt.

Figures 80 and 81 sho w the presen tation of an arra y with a p -column to

put horizon tal space b et w een the other t w o columns. Note ho w congested it

is, so w e w an t to increase its v ertical spacing.

\[ \begin{array}{lp {.3 in }l}

\,B\,x_B = b_N + \frac{1}{2}\the ta \de lt a b_N

&& \pi_N B = c_B + \frac{1}{2}\thet a\ del ta c_B \\

B^*x_B > b_B + \frac{1}{2}\the ta \de lt a b_B

&& \pi_N N < c_N + \frac{1}{2}\thet a\ del ta c_N

\end{array}

\]

Figure 80: Arra y with Fixed Width Column Source (Result in Figure 81)
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Figure 81: Arra y with Fixed Width Column Result (Source in Figure 80)
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Figure 82: Do cumen t Margins
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Here is 1.3 line spacing: \renewcommand{\arraystretc h}{1 .3}

B x

B

= b

N

+

1

2

� � b

N

�

N

B = c

B

+

1

2

� � c

B

B

�

x

B

> b

B

+

1

2

� � b

B

�

N

N < c

N

+

1

2

� � c

N

Here is 1.6 line spacing: \renewcommand{\arraystretc h}{1 .6}
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Bac k to default: \renewcommand{\arraystre tch} {1}
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8.5 Y our Own Bibliograph y

Y ou can c ho ose not to use BibT

E

X , and use thebibliography en vironmen t

instead. Y ou will ha v e complete con trol o v er the formatting, and there

will b e no sorting � the list of references will app ear in the order y ou put

them. Instead of the BibT

E

X commands, \bibliography{mybiblio} and

\bibliographystyle{plain} , sp ecify the follo wing:

\begin{thebibliography}{ n }

\bibitem[ what app e ars ]{ lab el (that y ou cite) } entry

.

.

.

\end{thebibliography}

where n is the width of the widest lab el y ou w an t to allo w. (It w orks if

y ou sp ecify 99.) Eac h \bibitem is an en try , as describ ed for BibT

E

X in Ÿ3

(p. 30), with lab el the unique iden ti�er used b y the \cite command. The

option is an alternativ e to ha ving the references n um b ered, and y ou can en ter

whatev er y ou lik e.

Here is a complete example with t w o references, whic h I formatted to

agree with the plain st yle of BibT

E

X :

\begin{thebibliography}{99}

\bibitem{companion} Michel Goosens, Frank Mittelbach and Alexander

Samarin, \textit{The \LaTeX\ Companion}, Addison-Wesley
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Publishing Company, Reading, MA, 1994.

\bibitem{tex} Donald E. Knuth, \textit{The \TeX\ Book},

Addison-Wesley Publishing Company, Reading, MA,

15th edition, 1989.

\end{thebibliography}

These will app ear in the do cumen t's list of references ev en if they are not

cited. They can b e cited in the same w a y describ ed in Ÿ3: b y \cite{companion}

and \cite{tex} , resp ectiv ely . When citing Kn uth's b o ok, for example, w e

obtain [2] in the text. Alternativ ely , w e can exercise the option:

\bibitem[Knuth, 1989]{tex} Donald E. Knuth, : : :

in whic h case \cite{tex} ) [Kn uth, 1989].

Some publishers giv e y ou no c hoice, but if y ou are writing a rep ort and

ha v e con trol o v er the formatting, it generally helps the reader to kno w some-

thing ab out the citation. Th us, [Kn uth, 1989] is preferred to [2] b ecause

it immediately giv es the reader information ab out the do cumen t without

ha ving to �ip to the bibliograph y section.

With y ou in con trol, there is no format monitoring, so eac h en try app ears

ho w ev er y ou put it, ev en if there are inconsistencies in st yle. This is one

reason it is usually b etter to use BibT

E

X , ev en though y ou lose con trol

o v er what app ears (i.e., they will b e n um b ers). The bib st yle �le, suc h as

plain.bst , applies in either case. Most installations come with more than

the basic plain, and its three v ariations (giv en on p. 41). Alternativ e bst �les

are achicago (from the frank enstein pac k age), apalike and plainnat (from

natbib ), whic h giv e the author and y ear, suc h as [Kn uth, 1989] instead of [8].

These pac k ages pro vide ev en more v ersatilit y in ho w the citations app ear (see

[4] or [5, Chapter 13]).

If y ou w an t to ha v e sev eral bibliographic units in one do cumen t, suc h as

at the end of eac h c hapter of a b o ok, use the bibunits pac k age, whic h y ou

obtain from CT AN [4].

Closing Remarks

No w y ou kno w ho w to write a mathematical do cumen t in L

A

T

E

X 2

"

and y ou

kno w there is m uc h more y ou can learn to gain re�nemen ts. Besides what

y ou can do y ourself to elev ate the qualit y of the results, there are man y

pac k ages, a v ailable from CT AN [4]. Figure 83 sho ws the pream ble used for
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this do cumen t. As y ou b egin to use pac k ages, it is necessary to b ecome a w are

of up dates. Y ou learn ab out these at CT AN [4].

Y ou will �nd other pac k ages useful, dep ending up on y our tec hnical area.

Here are some pac k ages that giv e y ou sp ecial sym b ols: chemsym , qsymb ols ,

w asysym , and xypic . Also, the algo rithm pac k age enables an en vironmen t

to write source co de with standard language elemen ts, and there are oth-

ers with similar prop erties or for particular programming languages (viz.,

c-pascal ) and listings )). The graphtex pac k age sp ecializes in all sorts of graphs,

including those commonly found in automata theory .

\usepackage{graph ic x, pst -a ll } % graphics

\usepackage{makei dx } % index

\usepackage{url} % \url{...}

\usepackage[T1]{f on te nc} % ...to write \textbf{\textsc {.. }}

\usepackage{fancy vr b, mor ev er b} % verbatim

\usepackage{float } % enable float [H] option

\usepackage{multi ro w} % like multicolumn

\usepackage{amsma th } % formerly amstex

\usepackage{amssy mb } % ams symbols (\mathbb fonts)

\usepackage{amscd } % draws commutative diagrams

\usepackage{mathr sf s} % more math symbols (like \mathscr)

\usepackage{bm} % bold math fonts (\mathbm)

\usepackage{theor em } % enables more control over newtheorem

\renewcommand\con te nt sna me {T abl e of Contents} % Change `Contents'

\renewcommand\url {\ be gin gr ou p\u rl st yle {s f} \Ur l} % put url in sf font

\input{mydefs} % My commands and environments

\makeindex % make myfile.idx (input to makeindex at command line)

Figure 83: Most of the Pream ble for this Do cumen t

App endix

This con tains complete tables of fon t information and basic L

A

T

E

X commands.

It is designed lik e a reference man ual for easy lo okup, b eginning with T a-

ble 25, whic h giv es con v ersion among three common units of measuremen t.
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pt in cm

pt 1 .01384 .03515

in 72.27 1 2.54

cm 28.45 .3937 1

T able 25: Con v ersions of Common Units of Measuremen t

T able 26 is a guide to ho w most of the remaining tables are organized.

Afterw ards, T able 45 giv es sp ecial sym b ols that can b e used in either text or

math mo de, and T able 46 giv es the commands for the picture en vironmen t.

T able Con ten ts

T ext mo de 27 Commands/En vironmen ts for F on t App earance

28 Commands/En vironmen ts for Con trolling P osition

29 T ext A ccen ts and Sym b ols

30 Commands for Coun ters

31 Commands/En vironmen ts to Organize Do cumen t

32 Commands to Con trol Do cumen t St yle

Math mo de 33 Commands to Con trol F on ts in Math Mo de

34 Mathematical A ccen ts and Sym b ols

35 Greek and Sp ecial Letters

36 Spacing Commands in Math Mo de

37 F requen tly Used Mathematical Sym b ols

38 Binary Op erations

39 Op erators and Quan ti�ers

40 Sp ecial F unctions

41 Relation Sym b ols

42 Arro ws

43 Dots Circles, T riangles and Lines

44 V ariable Size Sym b ols

T able 26: Reference T ables



124 APPENDIX

textbf textit textrm textsc textsf texttt

tiny scriptsize footnotesize small normalsize large

Large LARGE huge Huge underline verb

verbatim

T able 27: Commands/En vironmen ts for T ext F on t App earance

bigskip center centerline clearpage flushleft

flushright hfill hspace hspace* linebreak

medskip newpage noindent nolinebreak nopagebreak

pagebreak quotation quote raisebox samepage

smallskip tabbing tabular verse vfill

vspace vspace*

T able 28: Commands/En vironmen ts for Con trolling T ext P osition

á \'{a} �u \u{u} ç \c{c} 
x \.{x}

è \`{e} ñ \~{n} d

.

\d{d} 	 z \={z}

î \^{i}

�

H \H{H} b

	

\b{b} � v \v{v}

ö \"{o} •oo \t{oo} : : : \dots

æ \ae ÷ \oe å \aa ø \o

Æ \AE × \OE Å \AA Ø \O

Š \L ÿ \ss ¾ ?` ½ !`

T able 29: T ext A ccen ts and Sp ecial Sym b ols

addtocounter label newcounter pageref

ref refstepcounter setcounter stepcounter

the counter value

T able 30: Commands for Coun ters
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abstract addcontentsline addtocontents

appendix bibliography bibliographystyle

listoffigures listoftables makeindex

maketitle printindex section

subsection subsubsection subsubsubsection

tableofcontents thanks thebibliography

T able 31: Commands/En vironmen ts to Organize Do cumen t

markright markboth pagenumbering pagestyle

renewcommand setlength thispagestyle

T able 32: Commands to Con trol Do cumen t St yle

left boldmath (set in text mode)

cal displaystyle mathbf mathcal

mathit mathnormal mathrm mathsf

mathtt mbox overbrace overline

right textstyle underbrace underline

T able 33: Commands to Con trol F on ts in Math Mo de

�a \check{a} �e \breve{e}

�

i \acute{i} �o \grave{o}

_x \dot{x} •y \ddot{y} �z \bar{z} ~ v \vec{v}

^ { n hat{ n imath} ~| n tilde{ n jmath} ~ \hbar

dxy z n widehat{xyz}

f

abc n widetilde{abc}

(Note that it is b etter st yle to use \imath , rather than i , and \jmath ,

rather than j , to a v oid the clash b et w een the accen t and dot.)

T able 34: A ccen ts in Math Mo de
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� \alpha � \theta o o � \tau

� \beta # \vartheta � \pi � \upsilon


 \gamma � \iota $ \varpi � \phi

� \delta � \kappa � \rho ' \varphi

� \epsilon � \lambda % \varrho � \chi

" \varepsilon � \mu � \sigma  \psi

� \zeta � \nu$ & \varsigm ! \omega

� \eta � \xi

� \Gamma � \Lambda � \Sigma 	 \Psi

� \Delta � \Xi � \Upsilon 
 \Omega

� \Theta � \Pi � \Phi

@ \aleph ` \ell < \Re = \Im

A : : : Z { n mathcal A : : : Z}

T able 35: Greek and Sp ecial Letters

What y ou write What y ou see

x y ) xy no space

x\,y ) x y thin space

x\;y ) x y medium space

x\quad y ) x y space = 1em

x\qquad y ) x y space = 2em

x\!y ) x y negativ e thin space

x\negmedspace y ) x y negativ e medium space

x\negthickspace y ) x y negativ e thic k space

T able 36: Spacing Commands in Math Mo de

{sup erscript} ^{} 0 \prime 1 \infty ; \emptyset

{subscript} _{}

T able 37: F requen tly Used Mathematical Sym b ols
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� \pm \ \cap [ \cup � \odot

� \mp u \sqcap t \sqcup 
 \otimes

� \times ^ \wedge ] \uplus � \oslash

� \div _ \vee � \oplus 	 \ominus

n \setminus

T

\bigcap

S

\bigcup

J

\bigodot

n \backslash

W

\bigvee

L

\bigoplus

N

\bigotimes

U

\biguplus

V

\bigwedge

F

\bigsqcup

T able 38: Binary Op erations

r \nabla @ \partial

p

\surd } \wp

8 \forall 9 \exists : \neg

T able 39: Op erators and Quan ti�ers

arccos arcsin arctan arg cos cosh cot coth

csc det dim exp gcd hom inf ker

lg lim liminf limsup ln log max min

Pr sec sin sinh sup tan tanh

T able 40: Sp ecial F unctions

� \leq � \geq 6= \neq � \equiv

� \prec � \succ � \sim

:

= \doteq

� \preceq � \succeq ' \simeq j = \models

� \ll � \gg

�

=

\cong / \propto

� \subset � \supset � \asymp 2 \in

� \subseteq � \supseteq � \approx 3 \ni

v \sqsubseteq w \sqsupseteq

T able 41: Relation Sym b ols
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 \leftarrow  � \longleftarrow " \uparrow

( \Leftarrow ( = \Longleftarrow * \Uparrow

! \rightarrow � ! \longrightarrow # \downarrow

) \Rightarrow = ) \Longrightarrow + \Downarrow

$ \leftrightarrow  ! \longleftrightarrow l \updownarrow

, \Leftrightarrow ( ) \Longleftrightarrow m \Updownarrow

7! \mapsto 7� ! \longmapsto % \nearrow

 - \hookleftarrow , ! \hookrightarrow & \searrow

( \leftharpoonup * \rightharpoonup . \swarrow$

) \leftharpoondown + \rightharpoondown - \nwarrow


 \rightleftharpoons

T able 42: Arro ws

� \circ 
 \bigcirc

� � � \cdots

.

.

.

\ddots

.

.

. \vdots � \bullet

_ \frown ^ \smile

4 \triangle � \diamond

. \triangleright / \triangleleft

4 \bigtriangleup 5 \bigtriangledown

. / \bowtie ? \perp

> \top ? \bot

a \dashv ` \vdash

\ \angle k \|

j \mid k \parallel

T able 43: Dots, Circles, T riangles and Lines
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P

\sum

R

\int

H

\oint

Q

\prod

z}|{

: \overbrace{ . } :

|{z}

\underbrace{ . }

`

\coprod : \overline{ . } : \underline{ . }

n

d

\frac{n}{d}

p

: \sqrt{ . }

These use n left and n right

() ( ) fg \{ \} [] [ ]

j | b \lfloor c \rfloor

h \langle i \rangle

T able 44: V ariable Size Sym b ols

y

\dag Ÿ \S

c


 \copyright

z \ddag { \P ¿ \pounds

: : : \ldots

T able 45: Sp ecial Sym b ols in Both T ext and Math Mo des

put( x; y ){ stuff } multiput( x; y )( � x; � y ) { number }{ stuff }

line( x; y ){ l eng th } framebox( w idth; heig ht )[ p ]{ text }

vector( x; y ){ l eng th } dashbox{ dash

s

iz e }( w idth; heig ht )[ p ]{ text }

circle{ r adius ) makebox( w idth; heig ht )[ p ]{ text }

circle*{ r adius ) oval( w idth; heig ht )[ p ]

linethickness{ dimension }

p 2 f l,r,t,b,lt,lb,rt,rb g . F or oval , it is the p ortion selected;

for b o xes, p is where the text go es.

T able 46: Commands and P arameters in Picture En vironmen t
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