Notes on the production of print mathematics 

by visually impaired mathematicians using LaTeX

(by Alastair Irving)
Introduction
LaTeX is a mathematical typesetting language.  It enables complex mathematical documents to be produced on a computer by means of a linear code.  Research and experimentation has shown me that this format is the most useful way for blind mathematicians electronically.  It is a format widely used by sighted mathematicians and is thus more powerful and extensive than something developed for the blind, for example Wintriangle.  Furthermore, LaTeX can be converted into many other formats, i.e. xml, pdf and braille.  
Software requirements
Fundamentally the software required can be divided into two key components:
LaTeX system

This is responsible for taking the LaTeX file and converting it into standard print mathematics.  There are several LaTeX systems available all of which basically do the same thing.  Under Windows, the most common one is MiKTeX, www.miktex.org.   From this site, the distribution can be downloaded.  The small distribution should suffice, as a lot of the extra packages in the full distribution are unnecessary and the system contains an update wizard which can download them at a later date if they are required.  
Once the setup file has been downloaded, it should be executed.  A standard install procedure follows which will install the required components.  This could take a reasonable amount of time.
Text editor
LaTeX is a text based language.  This means that it can be written in any text editor, even windows notepad.  However, if you do this, you will have no support in writing the file, i.e. no completion of commands, etc, and it will be necessary to compile the files manually by entering potentially complex commands at a windows command prompt.  I therefore strongly advise the use of a text editor which has built in support for LaTeX.  The best one I have found is WinEdt, www.winedt.com.  The editor should be downloaded and installed in the normal way.  Optionally, additional macros and plug-ins can be installed from the WinEdt community site, www.winedt.org.  I particularly recommend installing the TEXmode macros.  These provide numerous keyboard shortcuts for entering common LaTeX commands.  The newLaTeX add-on is also useful as it makes creating new documents far easier.
Jaws scripts for reading LaTeX

I have written a set of Jaws scripts to aid with the reading of LaTeX.  These replace the speech output with more meaningful things before they are passed to the synthesiser.  I have also implemented pitch changes, etc, to denote some structural information, i.e. column vectors.  The scripts can also work with a braille display, producing reasonably accurate Nemeth braille.  [Note: The Nemeth code is the American braille code which is different to the English code.  I have found it more suitable for these scripts since it is more compact and has a more logical, computer friendly syntax.]

It is possible to get books on Nemeth braille.  I have found “Nemeth code of braille mathematics notation” By Abraham Nemeth particularly useful.
At the moment these scripts can only be obtained directly from me via e-mail on alastairirving19@hotmail.com.  These scripts should be copied into your Jaws scripts directory.  For older versions of Jaws, 5 or lower, this is c:\Jaws50\settings\enu.  For Jaws 6 and above these must go in a user specific directory which can be reached by going Start, All Programs, Jaws 6, Explore Jaws, Explore my settings.  
If you use a different editor to WinEdt, the scripts must be renamed to the name of this editor.  For example, if you use notepad, WinEdt.jss must become notepad.jss, etc.
Creating documents

Once the above software is installed, mathematical documents can be created.  To do this, follow the following procedure:
1. Launch WinEdt.  (A desktop icon should be created for this.)

2.  The first time WinEdt loads a configuration wizard is shown.  All the configuration should be correct so select not to see it again and click OK.  
3. Choose “New document” from the document menu.  This will bring up the NewLatex add-on if it has been installed.
4. Change the point size to 12 but leave all the other settings blank and select send.

5. You can now start writing your LaTeX code.  (See below for some notes on how to do this).

6. When finished, save the file and choose   TeXify from the accessories menu.  This compiles the file into a dvi file and shows it on screen.  Alternatively, choose PDFTeXify from the PDF submenu of accessories to get a PDF file.
Writing LaTeX
In this section I intend to give an overview of the key commands and features of LaTeX so that a beginner may write mathematical documents with it.
The basic structure of a LaTeX document is:
\documentclass[12pt]{article}

Place command definitions here
\begin{document}

Place contents of document here
\end{document}

The contents of a LaTeX file consist of ordinary text interspersed with LaTeX commands.  Commands are usually preceded by the backslash \ character.  The majority of commands have mandatory arguments.  These are parameters that must be given to the command.  Arguments are put in braces after the command.  For example, to produce text in bold, the \textbf command is used with the text to be printed in bold as an argument, e.g. \textbf{This text is in bold}.  
Another key type of command in LaTeX is the environment.  This encloses a section of a document which has particular characteristics, e.g. it is a table, list, or mathematics.  Environments are started and ended with the \begin and \end commands.  For example, a numbered list should be enclosed in 
\begin{enumerate}

\end{enumerate}
The environments for maths are used so frequently that shorthands have been introduced for them.  Inline mathematics can either be enclosed in dollar $ signs or can start with  \(  and end with \).  Similarly, displayed maths can be 
Enclosed either in $$ signs or can start with \[ and end with \]. I tend to use the dollar signs as they are easier to type.  An example of the use of both inline and displayed  
Mathematics would be:
If $p$ is a prime number and $a$ an integer relatively prime to $p$ then
$$a^{p-1}\equiv 1 \pmod{p}$$
Writing mathematical formulae with LaTeX
I have already discussed how to insert formulae into documents.  In this section I will discuss the commands available whilst in maths mode:
Simple maths can be typed in the normal way, for example:
$3x+5y+7z=9$

$a<10$

$b>3.141t$
Superscripts and Subscripts
Superscripts are denoted with the ^ symbol and subscripts with the _.  In both cases, the contents of the sub or superscript are enclosed in braces.  Usefully, if the contents of the command is only one character, then the braces are not required, so x^2 for x² will suffice.  These are some examples:
$$(a+b)^2=a^2+2ab+b^2$$
$$x_{n+1}=x_n+x_{n+1}$$
If $s_1=4$ and $s_{n+1}=s_n^2-2$, then the Mersenne number $2^p-1$ is prime if and only if 
$$s_{p-1}\equiv0\pmod{2^p-1}$$

Roots
The squareroot sign is produced by the \sqrt command with the expression being rooted in braces.  As with powers, if the expression being rooted is one character, the braces are not required.  However, you should be careful with this, because one character literally means one character, so √23 needs to be written \sqrt{23}.  Cube roots etc are denoted by an optional argument enclosed in brackets, e.g. \sqrt[3]{27}=3.
Fractions
Fractions are created with the \frac command.  This has two arguments for the numerator and denominator respectively.  These are both enclosed in braces.  Some examples:
$$\frac{a+b}{c+d}$$
$$\frac{2}{4}=\frac{1}{2}$$
This can in fact be written as  $$\frac24=\frac12$$ but I think it is hard to read.
Finally, the quadratic formula:

$$x=\frac{-b\pm\sqrt{b^2-4ac}}{2a}$$
Mathematical symbols
Most mathematical symbols can be produced by a command which has a name similar to that of the symbol.  These commands take no arguments.  Greek letters have the name of the letter, for example \alpha, \beta, \theta.  Capital Greek letters are produced by capitalising the 1st letter of the command, i.e. $\Sigma$.  
It would be ridiculous to list all commands in LaTeX, but here are a few:

	Symbol
	Command

	<=
	\leq

	>=
	\geq

	±
	\pm

	Approximately equal
	\approx

	Identical to
	\equiv

	not equal to
	\not=

	Stretchy brackets
	\left( \right)

	…
	\ldots or \cdots

	Infinity
	\infty

	Partial derivative
	\partial

	integral
	\int

	modulus 
	|


The stretchy brackets entry in the above table refers to brackets whose size is required to increase so that they enclose large expressions containing fractions, matrices, etc.  
Using the Texmode macros
Once these macros have been installed, they provide a highly efficient way of entering LaTeX commands.  During installation of the macros, you chose a character prefix, (I use #), and it is this character that when followed by other characters creates latex commands. For this to work, math mode must be turned on.  This is done by choosing the toggle math mode in the tools menu.  Once this has been done once in each WinEdt session, it can be left.  
The shortcuts provided by the package are generally useful and intuitive.  For example, most letters produce there Greek equivalent.  Type #H to get a complete list of all defined shortcuts.
To define, or redefine, a keystroke, choose redefine keystroke from the tools menu.  Enter the keystroke, without your chosen prefix, and click OK.  Then enter the command. Then press OK. If you want to insert bullet points for insertion into the command, use the % key.  For example when the shortcut for the command \frac{%}{%} is pressed, you will be placed in the numerator, and by pressing ctrl + space, will be taken to the denominator.
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