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Abstract

In this article we will show the basic usage of LATEX in writing mathematical papers. We will concentrate
on describing various parts of a standard source document of type ‘article’, from its preamble through sections
with mathematical contents to references. Usage of several standard commands from LATEX, AMS-LATEX, and,
amsmath, amsthm, and amssymb packages will be discussed. We will also briefly discuss the usage of ttuthesis.sty

style file for composing master theses and doctoral dissertations that conform to the requirements of the TTU
Graduate School.1

Keywords: Source file, composing or typesetting, displaying formulas, automatic referencing, LATEX, LATEX 2ε,
AMS-LATEX, TEX.
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\documentclass{article}

%%% Here starts the preamble of the document

%%% Formatting commands, if needed

\setlength{\oddsidemargin}{-0.25in}

\setlength{\textwidth}{7.00in}

\setlength{\topmargin}{-0.25in}

\setlength{\textheight}{9.0in}

...

\mathsurround 1.5pt

%%% Commands to load extra packages, if needed

\usepackage{amsmath}

\usepackage{amssymb}

...

%%% Custom definitions and macros

\def\beq{\begin{equation}}

\def\eeq{\end{equation}}

...

\newcommand{\Id}{{\bf 1}}

\newcommand{\ed}{\end{document}}

...

%%% New environments

\newtheorem{lemma}{Lemma}

...

%%% Here starts the top matter of the document body

\begin{document}

\title{...}

\author{...}

\date{...}

\maketitle

\tableofcontents

%%% Here starts the abstract

\begin{abstract}

...

\end{abstract}

%%% Here starts the main matter of the document body

\chapter{...}

\section{...}

\subsection{...}

\appendix{...}

...

%%% Here starts the back matter of the document body

\begin{thebibliography}{9}

...

\end{thebibliography}

\end{document}

Figure 1: The structure of an ‘article’ document

In this article we will concentrate primarily on specific LATEX commands and examples of their usage that are
useful when writing a mathematical paper or a thesis. However, it is expected that these examples will also be useful
when preparing a quiz or a test. Then, it is enough of course to have one



2 Proclamations

Proclamations in LATEX are theorems, propositions, lemmas, definitions, corollaries, etc., which otherwise constitute
major components of any mathematical writing. They come in different styles and can be numbered in many different
ways. We will discuss the basic ones that are already predefined in LATEX and a few more fancy ones that become
available upon loading package amsthm. Notice that to load this package we have placed in the preamble command
\usepackage{amsthm}. This way, we are loading three of the most useful packages that extend LATEX:

\usepackage{amsmath}
\usepackage{amssymb}
\usepackage{amsthm}

2.1 Basic LATEX proclamations

In order to use a proclamation, it needs to be defined first in the preamble with the command \newtheorem. For
example, to define theorem, proposition, lemma, corollary, example, definition, and remark environments, we place
the following commands in preamble:

\newtheorem{theorem}{Theorem}
\newtheorem{proposition}{Proposition}
\newtheorem{lemma}{Lemma}
\newtheorem{corollary}{Corollary}
\newtheorem{example}{Example}
\newtheorem{definition}{Definition}
\newtheorem{remark}{Remark}

To invoke any of these proclamations, it needs to be used as a an environment. For example, to state a theorem one
begins the theorem environment with \begin{theorem} and ends the theorem with \end{theorem} as follows:

\begin{theorem}
In category {\bf Set}, the monomorphisms are just the injective functions (the functions $f$
such that $f(x)=f(y)$ implies $x=y.)$
\label{T:set1}
\end{theorem}

which gives

Theorem 1. In category Set, the monomorphisms are just the injective functions (the functions f such that
f(x) = f(y) implies x = y.)

The first argument in \newtheorem{theorem}{Theorem} is the name for the environment that will invoke the
theorem; the second argument Theorem is the name that will be printed. LATEX will automatically number the
proclamation and print the text in a suitable font.

Any proclamation may have an optional argument; for instance

\begin{theorem}[Pierce’s Theorem]
In category {\bf Set}, the monomorphisms are just the injective functions (the functions $f$
such that $f(x)=f(y)$ implies $x=y.)$
\label{T:set2}
\end{theorem}

which gives

Theorem 2 (Pierce’s Theorem). In category Set, the monomorphisms are just the injective functions (the func-
tions f such that f(x) = f(y) implies x = y.)

Notice that since we have used labels \label{T:set1} and \label{T:set2} with a theorem counter T, we can
now refer to theorems. For instance, in Theorem 2 we have shown how an optional parameter can be used. If we
now insert another proclamation, its numbering will start afresh. For example,
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\begin{definition}
An arrow $f : A \rightarrow B$ is an {\bf epimorphism} if, for any pair of arrows
$g : B \rightarrow C$ and $h : B \rightarrow C,$ the equality $g \circ f = h \circ f$
implies that $g=h.$
\label{D:epi}
\end{definition}

Definition 1. An arrow f : A→ B is an epimorphism if, for any pair of arrows g : B → C and h : B → C, the
equality g ◦ f = h ◦ f implies that g = h.

Notice that we have introduced yet another counter D for definitions. This way, Definition 1 is our definition number 1.
It is possible to number all proclamations consecutively, in which case our first definition would have number 3

since we have stated two theorems so far. It is also possible to number proclamations within a section. For more
information see [5].

When the package amsthm is loaded, additional options become available. One of them is the style of a procla-
mation. There are three styles:

(i) plain, the most emphatic, and the default,

(ii) definition, less emphatic,

(ii) remark, the least emphatic.

The style of all proclamations is set in the preamble with the command \theoremstyle{...}. In this article we
have used

\theoremstyle{plain}

which is also the default style used by LATEX.
Another option available with amsthm is to use the ∗ -ed version of \newtheorem which defines a proclamation

that is not numbered but named. For example, in the preamble we have defined two such proclamations: Main
Theorem and Limit Theorem.

\newtheorem*{main}{Main Theorem}
\newtheorem*{limit}{Limit Theorem}



Proof. This is a proof that is ended by the standard q.e.d. symbol.

When the proof ends with an equation but not the text, it is customary to omit the q.e.d. symbol



\documentstyle[namedreferences]{kapproc}
...

Since essentially everything else may remain the same in the document, it is no surprise why LATEX is so popular
among mathematicians and scientists.

In case one wants to modify the default page setup from Default Template, one should use the Page Format
Template from PCTEX32. Notice the following commands at the top of this source file. We used these margin setting
commands to format this article.

• First we set the left margin - The default is 1 inch, so the following command sets a 0.75-inch left margin.

\setlength{\oddsidemargin}{-0.25in}

• Then we set the width of the text - What is left will be the right margin. In this case, right margin is 8.5in -
0.75 - 7.00in = 0.75in.

\setlength{\textwidth}{7.00in}

• To set the top margin, since the default is 1 inch, we use the following command to set it to 0.75-inch:

\setlength{\topmargin}{-0.25in}

• To set the height of the text we issue the following command. What is left will be the bottom margin. In this
case, bottom margin is 11.00in - 0.75in - 9.00in = 1.00in

\setlength{\textheight}{9.50in}

3.2 Itemizing and numbering

The above bulleted items were created using the so-called itemized environment as follows:

\begin{itemize}
\item This is the first item, for example, $f(x) = \sin(2x-3).$
\item While a domain for $f$ is $\[-\pi,\pi).$
\end{itemize}

When typeset, this produces

• This is the first item, for example, f(x) = sin(2x− 3).

• While a domain for f is [−π, π).

If one prefers to number listed items, one would need to use the so called enumerated environment as follows:

\begin{enumerate}
\item This is the first item, for example, $f(x) = \sin(2x-3).$
\item While a domain for $f$ is $\[-\pi,\pi).$
\end{enumerate}

When typeset, this produces

1. This is the first item, for example, f(x) = sin(2x− 3).

2. While a domain for f is [−π, π).

Here one can see the first advantage of using LATEX: its ability to automatically re-number listed items when a new
item is inserted. For example, let us insert a new item in between the two items above:
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\begin{enumerate}
\item This is the first item, for example, $f(x) = \sin(2x-3).$
\item Here is a new item, say, $\cos(4x+\pi)$ function.
\item While a domain for $f$ is $\[-\pi,\pi).$
\end{enumerate}

After typesetting we get

1. This is the first item, for example, f(x) = sin(2x− 3).

2. Here is a new item, say, cos(4x + π) function.

3. While a domain for f is [−π, π)

with a new numbering. Instead of the numbers one can use letters, but the labels are not changed then automatically.
We use again the first environment.

\begin{itemize}
\item[(a)] This is the first item, for example,
$$
f(x) = \sin(2x-3).
$$
\item[(b)] While a domain for $f$ is $[-\pi,\pi).$
\item[(c)] The third item now will be displayed and numbered:
\begin{equation}
f(x) = \sin(2x-3).
\label{eq:sine}
\end{equation}
\item[(b)] While a domain for $f$ is $[-\pi,\pi).$
\end{itemize}

We get:

(a) This is the first item, for example,
f(x) = sin(2x− 3).

(b) While a domain for f is [−π, π).

(c) The third item now will be displayed and numbered:

f(x) = sin(2x− 3). (1)





Notice different small extra spacings in (3) which have been created by inserting \, after \{ and before \}, and
between (xy)\,g(x,y). In increasing order of space sizes, LATEX has these pre-defined commands for horizontal
spacing: \,, \:, \;, \quad, \qquad. Generally, command \hspace{5ex}, that takes a length parameter like 5ex
increases horizontal spacing in formulas. Sometimes one needs to insert these extra spaces for the formula to look
better. Here is another such example.

(a)
∫ π

0

sin xdx = 2, (b)| − f(x)| (4)

(c)
∫ π

0

sin x dx = 2, (d) |−f(x)| (5)

where spacing in (5) seems better. It has been accomplished with this code:



One more comment: In the label



\label{eq:88}
\end{equation}

e1e2 = e1 ∧ e2 + A12 + g12 = e1 ∧ e2 + B12

(e1e2)˜ = −e1 ∧ e2 −A12 + g12 = −e1 ∧ e2 + B21

= −e1 ∧ e2 + (B>)12

(9)

Notice that display (9) looks better than (8). Notice also that in both displays there was one single number assigned
to the entire array.

4.2 Example of align environment

We can display equations (9) differently using command align which allows us to align equal signs. Note however,
that this very useful command is not present in standard LATEX but is available upon loading the amsmath package
with the command \usepackage{amsmath} (see the preamble). We again refer to [4] and [5] for more information.

\begin{align}
\e_1\e_2 &=\e_1\w\e_2+A_{12}+g_{12}=\e_1\w\e_2+B_{12} \\[0.5ex]
(\e_1\e_2)\tilde{\phantom{x}} &=-\e_1\w\e_2-A_{12}+g_{12}=-\e_1\w\e_2+B_{21} \\[0.5ex]

&=-\e_1\w\e_2+(B^\top)_{12}
\end{align}

e



\begin{equation}



\begin{equation}
\left[
\begin{array}{rr|r}
1 & 2 & 3 \\





Although not used in the above table, symbols very often used in mathematical papers are R for the real field,
C for the complex field, H for the quaternionic division ring, Z for the ring of integers. These the so called
“math black board letters” are part of another package amssymb which one can load in the preamble using the
command \usepackage{amssymb}. Note that to get for example R one can use the long name ${\mathbb R}$ or
the abbreviated macro \BR defined in the preamble (and likewise for other letters). Then, $\BR^3$ gives the real
3-dimensional Euclidean space R3.

4.6 Example of a more complicated table with tabular

The following is an example of a more complicated table that has been created using tabular environment specifically
suited for creating tables.

Saturday, May 25

From: To: Room: Event: Room: Event: Room: Event: Room: Event: Room: Event:

8:15 8:30 BR119 Announcements

8:30 9:30 BR119 PT-S1 No parallel sessions

9:30 9:40 Break

9:40 10:40 BR119 PT-S2 No parallel sessions

10:40 10:50 Break

Analysis Geometry Structures Physics Applications

10:50 11:30 BR123 RT-S1A BR124 RT-S2A BR126 RT-S3A BR127 RT-S4A BR112 RT-S5A

11:30 12:10 BR123 RT-S1B BR124 RT-S2B BR126 RT-S3B BR127 RT-S4B BR112 RT-S5B

12:10 1:15 Lunch

1:15 1:45 Coffee Social

1:45 2:45 BR119 General meeting and closing

The code for this table looks as follows:

\begin{center}

\begin{small}

\begin{tabular}{|r|r|c c|c c|c c|c c|c c|} %12 columns

\multicolumn{12}{c}{\bf{Saturday, May 25}} \\\hline

From: & To: & Room: & Event: & Room: & Event: & Room: & Event: & Room: & Event: & Room: & Event:\\\hline

8:15 & 8:30 & BR119 & \multicolumn{9}{c|}{\bf{Announcements}} \\\hline

8:30 & 9:30 & BR119 & PT-S1 & \multicolumn{8}{c|}{\emph{No parallel sessions}} \\\hline

8:10 & 9:440& Roo19 & PT-S1 & \multicolumn{8}{c|}{\emph{No parallel sessions}} \\\hline



\begin{align}
X+ X\tilde{~} & = \Id, \label{eq:X1}\\
X^2 & = X, \label{eq:X2}\\
X X\tilde{~} & = 0 \label{eq:X3}.
\end{align}

X + X˜ = 1, (20)

X2 = X, (21)
XX˜ = 0. (22)

4.8 Example of splitting long expressions with multline and split

Here we show how to split a long expression among several lines using a new environment from the amsmath package
that needs to be loaded extra into LATEX. It is \begin{multline}...\end{multline}. For more information about
this very useful command not present in standard LATEX we again refer to [4] and [5]. To load it, use command
\usepackage{amsmath}.

\begin{multline}
(1+q)z^2+(-q^2 K_4+K_4+q K_2-1+K_2)z+K_4 K_2 + K_2^2\\
-K_4-K_2+q K_4-q^2 K_4^2-q K_4^2-q^2 K_2 K_4+q K_2^2 = 0,
\end{multline}

that gives

(1 + q)



\begin{multline}

f(x) = (x_{1}x_{2}x_{3}x_{4}x_{5}x_{6}x_{7}x_{8})^{6n-7} +

(x_{1}x_{2}x_{3}x_{4}x_{5}x_{6}x_{7}x_{8})^{9n+7} \\

+ (x_{1}x_{2})^{8n-9}+(x_{3}x_{4})^{4n+10}+(x_{1}x_{2} +

x_{3}x_{4}+x_{5}x_{6}+x_{7}x_{8})^{6n} \\

- (x_{1}x_{3})^{6n-9}+(x_{2}x_{4})^{4n-10} +

(x_{1}x_{4}+ x_{2}x_{3}+x_{6}x_{8}+x_{5}x_{8})^{6n-12}

\label{eq:longone2}

\end{multline}

See [5] for more information.

4.9 Example of gather and gather*

Command the gather* environment is a better version of the $$...$$ displaying while allowing much control over
spacing while $$...$$ does not allow for any control. The gather* environment differs from gather environment
in that the displayed item or items is not (are not) numbered. For example,

\begin{gather*}
\alphaq(b_1) = \displaystyle{\frac{(q-1)\Id}{q} + \frac{b_1}{q}}, \quad
\alphaq(b_2) = \displaystyle{\frac{(q-1)\Id}{q} + \frac{b_2}{q}}, \\[0.5ex]
\alphaq(b_1 b_2) = \displaystyle{\frac{(1-2q+q^2)\Id}{q^2}+\frac{(q-1)b_1}{q^2}+

\frac{(q-1)b_2}{q^2}+\frac{b_{21}}{q^2}}.
\end{gather*}

Notice that the horizontal spacing in the first row is controlled with command \quad while the vertical spacing is
increased thanks to [0.5ex]. In this environment displayed items are centered.

αq(b1) =
(q − 1)1

q
+

b1

q
, αq(b2) =

(q − 1)1
q

+
b2

q
,

αq(b1b2) =
(1− 2q + q2)1

q2
+

(q − 1)b1

q2
+

(q − 1)b2

q2
+

b21

q2
.

The remaining examples come from files that came with PCTEX32.

5 Additional examples

5.1 Braces and over braces

$$
\{\underbrace{\overbrace{\mathstrut a,\ldots,a}

^{k\;a\mathchar‘’\rm s},
\overbrace{\mathstrut b,\ldots,b}

^{l\;b\mathchar‘’\rm s}}_{k+l\rm\;elements}\}.
$$

{
k a’s︷ ︸︸ ︷

a, . . . , a,

l b’s︷ ︸︸ ︷
b, . . . , b︸ ︷︷ ︸

k+l elements

}.

5.2 Products and sums

$$
\prod_{j\ge0}\biggl(\sum_{k\ge0}a_{jk}z^k\biggr)

=\sum_{n\ge0}z^n\,\Biggl(\sum_
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\frac{b_{12}}{q(1+q)}}\notag \\
&\phantom{=} \hspace*{5ex}+K_5 b_{21}+K_6 b_{121},\label{eq:XX2}\\[1ex]

XX_3 &= K_1\Id+\displaystyle{\frac{t_4 b_1}{q (q^3+2 q^2+2 q+1)}+
\frac{t_5 b_2}{q^2 (q^3+2 q^2+2 q+1)}}\notag \\

&\phantom{=} \hspace*{5ex}-\displaystyle{\frac{(q-1) b_{12}}{q^3+2 q^2+2 q+1}}
+K_5 b_{21}+K_6 b_{121},

\label{eq:XX3}
\end{align}

XX



where we have separated the bibliographical entries with a percent sign just for convenience. Notice that in style ref-
erences will be numbered. Labels hahn1993 in \bibitem{hahn1993} and gratzer1999 in \bibitem{gratzer1999}
follow an easy to remember convention: last name followed by the year of publication. Then, in the text one
can refer (or cite) a reference using the command \cite{...}. For example, we can refer to the above two items
listed in our references at the end of this article as [2] and [4]. It is also possible to refer to two or more items
with one \cite{hahn1993,gratzer1999} command to get [2, 4]. One can also cite specific pages. For instance,
\cite[pages~2--12]{gratzer1999} will give [4, pages 2–12]. The only rule to remember about these labels is that
they cannot start with a space and cannot contain a comma or a space.

Although there may be more than one thebibliography environment in article, one normally doesn’t use that
feature unless one wants to list references at the end of each chapter, for example. Furthermore, then in each
bibliography the entries will be numbered from 1. However, let me show here standard formatting rules of the AMS.



\appendix
\section{Final words}
\label{App:fw}


