
This document introduces you to the LATEX environment and 
language and illustrates it use in simple and some very 
complicated examples.

If some are interested, then maybe we can set us a class 
(laboratory) where you might learn all of this stuff.

The setup on a Macintosh is very simple:

                  https://www.tug.org/mactex



1 Introduction to LATEX

LATEX is a computer program for typesetting documents. It takes a computer file, prepared according to 
the rules of LATEX and converts it to a form that may be printed on a high-quality printer, such as a 
laser writer, to produce a printed document of a quality comparable with good quality books and 
journals. Simple documents, which do not contain mathematical formulae or tables may be produced 
very easily: effectively all one has to do is to type the text straight in (though observing certain rules 
relating to quotation marks and punctuation dashes). Typesetting mathematics is somewhat more 
complicated, but even here LATEX is comparatively straightforward to use when one considers the 
complexity of some of the formulae that it has to produce and the large number of mathematical symbols 
which it has to produce.

In order to produce a document using LATEX, we must first create a suitable input file on the computer. 
We create the input file — a text file with LATEX commands and with the name filename.tex. Then we 
double click the file which opens the file in TeXShop (part of MacTeX package) and then click Typeset. 
This produces a PDF version of the file using the LATEX commands. Corrections can be made directly 
in TeXShop.

1.2  A Typical LATEX Input File

1.1  What is LATEX?

Getting Started with LATEX

Here is an example of a typical LATEX input file:



\documentclass[a4paper,12pt]{article}
\begin{document}

The foundations of the rigorous study of \textit{analysis}
were laid in the nineteenth century, notably by the
mathematicians Cauchy and Weierstrass. Central to the
study of this subject are the formal definitions of
\textit{limits} and \textit{continuity}.

Let $D$ be a subset of $\bf R$ and let
$f \colon D \to \textbf{R}$ be a real-valued function on
$D$. The function $f$ is said to be \textit{continuous} on
$D$ if, for all $\epsilon > 0$ and for all $x \in D$,
there exists some $\delta > 0$ (which may depend on $x$)
such that if $y \in D$ satisfies
\[|y-x|<\delta\]
then
\[|f(y)-f(x)|<\epsilon.\]

One may readily verify that if $f$ and $g$ are continuous
functions on $D$ then the functions $f+g$, $f-g$ and
$f.g$ are continuous. If in addition $g$ is everywhere
non-zero then $f/g$ is continuous.

\end{document}



When we click Typeset in TeXShop to these paragraphs we produce the text

are placed at the beginning of the input file. These are followed by the main body of the text, followed by 
the concluding line

This example illustrates various features of LATEX. Note that the lines

LATEX



Note also that, although most characters occurring in this file have their usual meaning, yet there are 
special characters such as \, $, { and } which have special meanings within LATEX. Note in particular 
that there are sequences of characters which begin with a ‘backslash’ \ which are used to produce 
mathematical symbols and Greek letters and to accomplish tasks such as changing fonts. These 
sequences of characters are known as control sequences.

We now describe in more detail some of the features of LATEX illustrated in the above example.

Most characters on the keyboard, such as letters and numbers, have their usual meaning. However the 
characters

are used for special purposes within LATEX. Thus typing one of these characters will not produce the 
corresponding character in the final document. Of course these characters are very rarely used in 
ordinary text, and there are methods of producing them when they are required in the final document.

In order to typeset a mathematical document it is necessary to produce a considerable number of special 
mathematical symbols. One also needs to be able to change fonts. Also mathematical documents often 
contain arrays of numbers or symbols (matrices) and other complicated expressions. These are produced 
in LATEX using control sequences. Most control sequences consist of a backslash \ followed by a string 
of (upper or lower case) letters. For example, \alpha, \textit and \sum are control sequences.

1.3 Characters and Control Sequences

In the example above we used the control sequences \textit and \textbf to change the font to italic 
and boldface respectively. Also we used the control sequences \to, \in, \delta and \epsilon to 
produce the mathematical symbols → and ∈ and the Greek letters δ and ϵ



The special characters { and } are used for grouping purposes. Everything enclosed within matching 
pair of such brackets is treated as a single unit. We have applied these brackets in the example above 
whenever we changed fonts. We shall see other instances where one needs to use { and } in LATEX to 
group words and symbols together (e.g., when we need to produce superscripts and subscripts which 
contain more than one symbol).

to produce the phrase

The special character $ is used when one is changing from ordinary text to a mathematical expression 
and when one is changing back to ordinary text. Thus we used

The remaining special characters

There is another variety of control sequence which consists of a backslash followed by a single character 
that is not a letter. Examples of control sequences of this sort are \{, \” and \$.

in the example given above. Note also that we used \[ and \] in the example above to mark the 
beginning and end respectively of a mathematical formula that is displayed on a separate line.

have special purposes within LATEX that we shall discuss later.



2 Producing Simple Documents using LATEX

2.1 Producing a LATEX Input File

The first line of the input file should consist of a \documentclass command. The recommended such 
\documentclass command for mathematical articles and similar documents has the form

(You do not have to worry about what this command means when first learning to use LATEX: its effect 
is to ensure that the final document is correctly positioned on A4 size paper and that the text is of a size 
that is easy to read.) There are variants of this \documentclass command which are appropriate for 
letters or for books.

The documentclass command may be followed by certain other optional commands, such as the 
\pagestyle command. It is not necessary to find out about these commands when first learning to use 
LATEX.

After the \documentclass command and these other optional commands, we place the command

We describe the structure of a typical LATEX input file.



This command is then followed by the main body of the text, in the format prescribed by the rules of          
LATEX.

Finally, we end the input file with a line containing the command

To produce a simple document using LATEX one should create a LATEX input file, beginning with a 
\documentclass command and the \begin{document} command, as described above. The 
input file should end with the \end{document} command, and the text of the document should be 
sandwiched between the \begin{document} and \end{document} commands in the manner 
described below.

If one merely wishes to type in ordinary text, without complicated mathematical formulae or special 
effects such as font changes, then one merely has to type it in as it is, leaving a completely blank line 
between successive paragraphs. You do not have to worry about paragraph indentation: LATEX will 
automatically indent all paragraphs with the exception of the first paragraph of a new section (unless you 
take special action to override the conventions adopted by LATEX)

For example, suppose that we wish to create a document containing the following paragraphs:

2.2 Producing Ordinary Text using LATEX



To create this document using LATEX we use the following input file:





Having created the input file, one then has to run it through the TeXShop program and we end up with a 
PDF file.

LATEX treats the carriage return at the end of a line as though it were a blank space. Similarly LATEX 
treats tab characters as blank spaces. Moreover, LATEX regards a sequence of blank spaces as though it 
were a single space, and similarly it will ignore blank spaces at the beginning or end of a line in the input 
file. Thus, for example, if we type

then we obtain

2.3 Blank Spaces and Carriage Returns in the Input File



2.4 Quotation Marks and Dashes

Dashes used for punctuating are often typeset as em-dashes, especially in older books. These are 
obtained by typing —

The dialogue

Single quotation marks are produced in LATEX using ‘ and ’. Double quotation marks are produced by 
typing‘‘ and ’’. (The ‘undirected double quote character" produces double right quotation marks: it 
should never be used where left quotation marks are required.)

LATEX allows you to produce dashes of various length, known as ‘hyphens’, ‘en-dashes’ and                 
‘em-dashes’. Hyphens are obtained in LATEX by typing -, en-dashes by typing -- and em-dashes by 
typing —

One normally uses en-dashes when specifying a range of numbers. Thus for example, to specify a range 
of page numbers, one would type



(taken from Alice through the Looking Glass, by Lewis Carroll) illustrates the use of quotation marks 
and dashes. It is obtained in LATEX from the following input:

The way to typeset this correctly in LATEX is to use the control sequence \, between the quotation 
marks, so as to obtain the necessary amount of separation. The above example is thus produced with the 
input

Sometimes you need single quotes immediately following double quotes, or vica versa, as in



2.5 Section Headings in LATEX

then the title of the section and that of the subsection will be printed in a large boldface font, and will be 
numbered accordingly.

Other document styles (such as the book and letter styles) have other ‘sectioning’ commands available 
(for example, the book style has a \chapter command for beginning a new chapter).

Section headings of various sizes are produced (in the article document style) using the commands 
\section,\subsection and \subsubsection. LATEX will number the sections and 
subsections automatically. The title of the section should be surrounded by curly brackets and placed 
immediately after the relevant command. Thus if we type



Sometimes one wishes to suppress the automatic numbering provided by LATEX. This can be done by 
placing an asterisk before the title of the section or subsection. Thus, for example, the section numbers in 
the above example could be suppressed by typing

LATEX has numerous commands for changing the typestyle. The most useful of these is 
\emph{text} which emphasizes some piece of text, setting it usually in an italic font (unless the 
surrounding text is already italicized). Thus for example, the text

2.6 Changing Fonts in Text Mode



is obtained by typing

The sizes of fonts used in LATEX are can be determined and changed by means of the control sequences 
\tiny, \scriptsize, \footnotesize, \small, \normalsize, \large, \Large, \LARGE, 
\huge and \HUGE:

Another useful font-changing command is \textbf{text}, which typesets the specified portion of 
text in boldface. A font family or typeface in LATEX consists of a collection of related fonts 
characterized by size, shape and series. The font families available in LATEX include roman, sans serif 
and typewriter:



The shape of a font can be upright, italic, slanted or SMALL CAPS:



The series of a font can be medium (the default) or boldface:

There are in LATEX font declarations corresponding to the the font-changing commands described 
above. When included in the LATEX input such declarations determine the type-style of the subsequent 
text (till the next font declaration or the end of the current ‘group’ delimited by curly brackets or by 
appropriate \begin and \end commands). Here is a list of font-changing commands and declarations 
in text mode:

If the necessary fonts are available, one can combine changes to the size, shape and series of a font, for 
example producing boldface slanted text by typing



2.7 Accents used in Text

produces

Similarly we use the control sequence \‘ to produce the grave accent in                and we use \" to 
produce the umlaut in                      . A list of the accents provided by LATEX is given in the following 
table:

There are a variety of control sequences for producing accents. For example, the control sequence 
\’{o} produces an acute accent on the letter o. Thus typing



These accents are for use in ordinary text. They cannot be used within mathematical formulae, since 
different control sequences are used to produce accents within mathematics.

The control sequences \i and \j produce dotless ‘i’ and ‘j’. These are required when placing an accent 
on the letter. Thus      is produced by typing \’{\i}.

The ‘active characters’

in the final document, they can be produced by typing the control sequences

have special purposes within LATEX. Thus they cannot be produced in the final document simply by 
typing them directly. On the rare occasions when one needs to use the special characters

Other special symbols can be introduced into text using the appropriate control sequences:

2.8 Active Characters and Special Symbols in Text

respectively. However the characters \, ^ and ~ cannot be produced simply by preceding them with a 
backslash. They can however be produced using \char92 (in the \texttt font only), \char94 and \char126 
respectively. (The decimal numbers 92, 94 and 126 are the ASCII codes of these characters.)





In order to obtain a mathematical formula using LATEX, one must enter mathematics mode before the 
formula and leave it afterwards. Mathematical formulae can occur either embedded in text or else 
displayed between lines of text. When a formula occurs within the text of a paragraph one should place a 
$ sign before and after the formula, in order to enter and leave mathematics mode. Thus to obtain a 
sentence like

3 Producing Mathematical Formulae using LATEX

3.1 Mathematics Mode

LATEX also allows you to use \( and \) to mark the beginning and the end respectively of a 
mathematical formula embedded in text. Thus

In particular, note that even mathematical expressions consisting of a single character, like f and a in the 
example above, are placed within $ signs. This is to ensure that they are set in italic type, as is customary 
in mathematical typesetting.

one should type



may be produced by typing

In order to obtain an mathematical formula or equation which is displayed on a line by itself, one places  
\[ before and \] after the formula. Thus to obtain

(Here the character ^ is used to obtain a superscript.)

one would type

However this use of \(... \) is only permitted in LATEX: other dialects of TeX such as Plain T EX 
and AmSTeX use $...$.



LATEX provides facilities for the automatic numbering of displayed equations. If you want an numbered 
equation then you use \begin{equation} and \end{equation} instead of using \[ and \] . 
Thus

produces



3.2 Characters in Mathematics Mode

Letters are set in italic type. In mathematics mode the character ’ has a special meaning:                          
typing                      produces              . ′When in mathematics mode the spaces you type between letters 
and other symbols do not affect the spacing of the final result, since LATEX determines the spacing of 
characters in formulae by its own internal rules. Thus                                                   both                 
produce                       . You can also type carriage returns where necessary in your input file (e.g., if you 
are typing in a complicated formula with many Greek characters and funny symbols) and this will have 
no effect on the final result if you are in mathematics mode.

in mathematics mode, one should type

To obtain the characters

To obtain \ in mathematics mode, one may type \backslash.

All the characters on the keyboard have their standard meaning in mathematics mode, with the exception 
of the characters



3.3 Superscripts and Subscripts

is obtained by typing

since, when a superscript is to appear above a subscript, it is immaterial whether the superscript or 
subscript is the first to be specified.

It can also be obtained by typing

Subscripts and superscripts are obtained using the special characters  _ and ^ respectively . Thus the 
identity

Where more than one character occurs in a superscript or subscript, the characters involved should be 
enclosed in curly brackets. For example, the polynomial x17−1 is obtained by typing $x^{17} - 1$.

One may not type expressions such as $s^n^j$ since this is ambiguous and could be interpreted either 
as snj

    or as      .  The first of these alternatives is obtained by typing $s^{n j}$, the second by typing 
$s^{n^j}$. A similar remark applies to subscripts. Note that one can obtain in this way double 
superscripts (where a superscript is placed on a superscript) and double subscripts.



It is sometimes necessary to obtain expressions in which the horizontal ordering of the subscripts is 
significant. One can use an ‘empty group’ {} to separate superscripts and subscripts that must follow one 
another. For example, the identity

3.4 Greek Letters

Greek letters are produced in mathematics mode by preceding the name of the letter by a backslash \. 
Thus to obtain the formula A = π r2 one types A = \pi r^2. Here are the control sequences for the 
standard forms of the lowercase Greek letters :

can be obtained by typing

There is no special command for omicron: just use o.



Upper case Greek letters are obtained by making the first character of the name upper case. Here are the 
control sequence for the uppercase letters:

There are numerous mathematical symbols that can be used in mathematics mode. These are obtained by 
typing an appropriate control sequence.

Miscellaneous Symbols:

3.5 Mathematical Symbols

Some Greek letters occur in variant forms. The variant forms are obtained by preceding the name of the 
Greek letter by ‘var’. The following table lists the usual form of these letters and the variant forms:-



“Large” Operators:

Binary Operations:



Relations:

Arrows:

Negated Relations:



Openings:

Alternative Names:

Closings:



3.6 Changing Fonts in Mathematics Mode

The following example illustrates the use of boldface in mathematical formulae. To obtain

one could type

The ‘math italic’ font is automatically used in mathematics mode unless you explicitly change the font. 
The rules for changing the font in mathematics mode are rather different to those applying when 
typesetting ordinary text. In mathematics mode any change only applies to the single character or symbol 
that follows (or to any text enclosed within curly brackets immediately following the control sequence). 
Also, to change a character to the roman or boldface font, the control sequences \mathrm and 
\mathbf must be used (rather than \textrm and \textbf).



There is also a ‘calligraphic’ font available in mathematics mode. This is obtained using the control 
sequence \cal. This font can only be used for uppercase letters. These calligraphic letters have the form

The names of certain standard functions and abbreviations are obtained by typing a backlash \ before the 
name. For example, one obtains

The following standard functions are represented by control sequences defined in LATEX:

by typing

Names of functions and other abbreviations not in this list can be obtained by converting to the roman 
font. Thus one obtains cosecA by typing $\mathrm{cosec} A$. Note that if one were to type 
simply $cosec A$ one would obtain cosecA, because LATEX has treated cosec A as the product of six 
quantities c, o, s, e, c and A and typeset the formula accordingly.

3.7 Standard Functions (sin, cos etc.)



3.8 Text Embedded in Displayed Equations

by typing

we would have obtained

Note the blank spaces before and after the words ‘for all’ in the above example. Had we typed

3.9 Fractions and Roots

Text can be embedded in displayed equations (in LATEX) by using \mbox{embedded text}. For 
example, one obtains

are obtained in LATEX using the construction

Fractions of the form



For example, to obtain

To obtain square roots one uses the control sequence

one would type

For example, to obtain

one would type



In LATEX, an nth root is produced using

in LATEX, one would type

Ellipsis (three dots) is produced in mathematics mode using the control sequences \ldots (for dots 
aligned with the baseline of text), and \cdots (for dots aligned with the centerline of mathematical 
formulae). Thus the formula

3.10 Ellipsis (i.e., ‘three dots’)

For example, to obtain



is obtained by typing

is produced using \cdots, by typing

There are various control sequences for producing underlining, overlining and various accents in 
mathematics mode. The following table lists these control sequences, applying them to the letter a:

3.11 Accents in Mathematics Mode

Similarly the formula



It should be borne in mind that when a character is underlined in a mathematical manuscript then it is 
normally typeset in bold face without any underlining. Underlining is used very rarely in print.

The control sequences such as \’ and \", used to produce accents in ordinary text, may not be used in 
mathematics mode

The frequently used left delimiters include (, [ and {, which are obtained by typing (, [ and                      
\{   respectively. The corresponding right delimiters are of course obtained by typing ), ] and \}. In 
addition |and ∥are used as both left and right delimiters, and are obtained by typing | and \| respectively. 
For example, we obtain

by typing

3.12 Brackets and Norms



Larger delimiters are sometimes required which have the appropriate height to match the size of the 
subformula which they enclose. Consider, for instance, the problem of typesetting the following formula:

If you type a delimiter which is preceded by \left then LATEX will search for a corresponding 
delimiter preceded by \right and calculate the size of the delimiters required to enclose the 
intervening subformula. One is allowed to balance a \left( with a \right] (say) if one desires: 
there is no reason why the enclosing delimiters have to have the same shape. One may also nest pairs of 
delimiters within one another: by typing

we obtain

The way to type the large parentheses is to type \left( for the left parenthesis and \right) for the 
right parenthesis, and let LATEX do the rest of the work for you. Thus the above formula was obtained 
by typing



By typing \left. and \right.  one obtains null delimiters which are completely invisible. Consider, 
for example, the problem of typesetting

3.13 Multiline Formulae in LATEX

It is necessary to ensure that the = signs are aligned with one another. In LATEX, such a formula is 
typeset using the eqnarray* environment. The above example was obtained by typing the lines

Consider the problem of typesetting the formula

We wish to make the vertical bar big enough to match the derivative preceding it. To do this, we suppose 
that the derivative is enclosed by delimiters, where the left delimiter is invisible and the right delimiter is 
the vertical line. The invisible delimiter is produced using \left. and thus the whole formula is 
produced by typing

\frac{du}{dx} \right|_{x=0}



Note the use of the special character & as an alignment tab. When the formula is typeset, the part of the 
second line of the formula beginning with an occurrence of & will be placed immediately beneath that 
part of the first line of the formula which begins with the corresponding occurrence of &. Also \\ is used 
to separate the lines of the formula.

was obtained by typing

Although we have placed corresponding occurrences of & beneath one another in the above example, it 
is not necessary to do this in the input file. It was done in the above example merely to improve the 
appearance (and readability) of the input file. The more complicated example



The asterisk in eqnarray* is put there to suppress the automatic equation numbering produced by      
LATEX. If you wish for an automatically numbered multiline formula, you should use 
\begin{eqnarray} and \end{eqnarray}.

Matrices and other arrays are produced in LATEX using the array environment. For example, suppose 
that we wish to typeset the following passage:

3.14 Matrices and other arrays in LATEX



This passage is produced by the following input:



First of all, note the use of \left and \right to produce the large delimiters around the arrays. As we 
have already seen, if we use

produces

then the size of the parentheses is chosen to match the subformula that they enclose. Next note the use of 
the alignment tab character & to separate the entries of the matrix and the use of  \\  to separate the rows 
of the matrix, exactly as in the construction of multiline formulae described above. We begin the array 
with \begin{array} and end it with \end{array}. The only thing left to explain, therefore, is the 
mysterious {ccc} which occurs immediately after \begin{array}. Now each of the c’s in {ccc} 
represents a column of the matrix and indicates that the entries of the column should be centered. If the c 
were replaced by l then the corresponding column would be typeset with all the entries flush left, and r 
would produce a column with all entries flush right. Thus



We can use the array environment to produce formulae such as

The expressions

are obtained in LATEX by typing \frac{du}{dt} and \frac{d^2 u}{dx^2} respectively. The 
mathematical symbol ∂ is produced using \partial. Thus the Heat Equation

3.15 Derivatives, Limits, Sums and Integrals

Note that both columns of this array are set flush left. Thus we use {11} immediately after 
\begin{array}. The large curly bracket is produced using \left\{. However this requires a 
corresponding \right delimiter to match it. We therefore use the null delimiter \right. discussed 
earlier. This delimiter is invisible. We can therefore obtain the above formula by typing



is obtained in LATEX by typing

in displayed equations we type \lim_{x \to +\infty}, \inf_{x > s} and \sup_K
respectively. Thus to obtain

To obtain a summation sign such as

(in LATEX) we type

we type \sum_{i=1}^{2n}. Thus

To obtain mathematical expressions such as



is obtained by typing

This is typeset using

The integral sign       is typeset using the control sequence \int, and the limits of integration (in this 
case a  and b  are treated as a subscript and a superscript on the integral sign.

Most integrals occurring in mathematical documents begin with an integral sign and contain one or more 
instances of d followed by another (Latin or Greek) letter, as in dx, dy and dt. To obtain the correct 
appearance one should put extra space before the d, using \,. Thus

We now discuss how to obtain integrals in mathematical documents. A typical integral is the following



and

and

In some multiple integrals (i.e., integrals containing more than one integral sign) one finds that LATEX 
puts too much space between the integral signs. The way to improve the appearance of of the integral is 
to use the control sequence \! to remove a thin strip of unwanted space. Thus, for example, the multiple 
integral

respectively.

is obtained by typing

are obtained by typing



Had we typed

A particularly noteworthy example comes when we are typesetting a multiple integral such a

Had we typed

Here we use \! three times to obtain suitable spacing between the integral signs. We typeset this integral 
using

we would have obtained

we would have obtained



The following (reasonably complicated) passage exhibits a number of the features which we have been 
discussing:



One would typeset this in LATEX by typing



4 Further Features of LATEX

To produce (horizontal) blank space within a paragraph, use \hspace, followed by the length of the 
blank space enclosed within curly brackets. The length of the skip should be expressed in a unit 
recognized by LATEX. These recognized units are given in the following table:

Thus to produce a horizontal blank space of 20 mm in the middle of a paragraph one would type 
\hspace{20 mm}.

If LATEX decides to break between lines at a point in the document where an \hspace is specified, 
then no white space is produced. To ensure that white space is produced even at points in the document 
where line breaking takes place, one should replace \hspace by \hspace* . To produce (vertical) 
blank space between paragraphs, use \vspace, followed by the length of the blank space enclosed 
within curly brackets. Thus to obtain

4.1 Producing White Space in LATEX



one should type

If LATEX decides to introduce at a point in the document where a \vspace is specified, then no white 
space is produced. To ensure that white space is produced even at points in the document where page 
breaking takes place, one should replace \vspace by \vspace*

We now describe certain features of LATEX relating to blank spaces and paragraph indentation which 
will improve the appearance of the final document. Experienced users of LATEX will improve the 
appearance of their documents if they bear these remarks in mind.

First note that, as a general rule, you should never put a blank space after a left parenthesis or before a 
right parenthesis. If you were to put a blank space in these places, then you run the risk that LATEX 
might start a new line immediately after the left parenthesis or before the right parenthesis, leaving the 
parenthesis marooned at the beginning or end of a line.



LATEX has its own rules for deciding the lengths of blank spaces. For instance, LATEX will put an extra 
amount of space after a full stop if it considers that the full stop marks the end of a sentence. 

The rule adopted by LATEX is to regard a period (full stop) as the end of a sentence if it is preceded by a 
lowercase letter. If the period is preceded by an uppercase letter then LATEX assumes that it is not a full 
stop but follows the initials of somebody’s name. 

This works very well in most cases. However LATEX occasionally gets things wrong. This happens with 
a number of common abbreviations (as in ‘Mr. Smith’ or in ‘etc.’), and, in particular, in the names of 
journals given in abbreviated form (e.g., ‘Proc. Amer. Math. Soc.’). The way to overcome this problem is 
to put a backslash before the blank space in question. Thus we should type

LATEX determines itself how to break up a paragraph into lines, and will occasionally hyphenate long 
words where this is desirable. However it is sometimes necessary to tell LATEX not to break at a 
particular blank space. The special character used for this purpose is ~. It represents a blank space at 

which LATEX is not allowed to break between lines. It is often desirable to use ~ in names where the 
forenames are represented by initials. Thus to obtain ‘W. R. Hamilton’ it is best to type                                 
W. ~R. ~Hamilton. It is also desirable in phrases like ‘Example 7’ and ‘the length l of the rod’, obtained 

by typing Example ~7 and the length ~$l$ of the rod.



LATEX will automatically indent paragraphs (with the exception of the first paragraph of a new section). 
One can prevent LATEX from indenting a paragraph though by beginning the paragraph with the control 
sequence \noindent. Thus one obtains

Conversely, the control sequence \indent forces LATEX to indent the paragraph.

LATEX provides the following list environments:

4.2 Lists

by typing



Numbered lists are produced using

and should each be preceded by the control sequence \item (which will automatically generate the 
number labelling the item). For example, the text

is generated by LATEX from the following input:

The items in the list should be enclosed between



Un-numbered lists are produced using

in the above input by

If we replace



respectively, LATEX generates an itemized list in which each item is preceeded by a ‘bullet’:

The items in the list should be enclosed between

and should each be preceded by \item[label], where label is the label to be assigned to each item. 
For example, the text

Description lists (for glossaries etc.) are produced using



is generated by LATEX from the following input:



4.3 Displayed Quotations

and

The quote environment is recommended for short quotations: the whole quotation is indendted in the 
quote environment, but the first lines of individual paragraphs are not further indented. The input file

Displayed quotations can be embedded in text using the quote and quotation environments



is typeset by LATEX as follows:

4.4 Tables
Tables can be produced in LATEX using the tabular environment. For example, the text

For longer quotations one may use the quotation environment: the whole quotation is indented, and the 
openings of paragraphs are then further indented in the normal fashion.



is produced in LATEX using the following input file:

The next example shows how to obtain a table with vertical and horizontal lines. The text

The \begin{tabular} command must be followed by a string of characters enclosed within braces 
which specifies the format of the table. In the above example, the string {lll} is a format specification for 
a table with three columns of left-justified text. Within the body of the table the ampersand character & is 
used to separate columns of text within each row, and the double backslash \\ is used to separate the rows 
of the table.



is produced in LATEX using the following input file:



In this example the format specification {|r|r|} after \begin{tabular} specifies that the table should 
consist of two columns of right-justified text, with vertical lines to the left and to the right of the table, 
and between columns.

Within the body of the table, the command \hline produces a horizontal line; this command can only 
be placed between the format specification and the body of the table (to produce a line along the top of 
the table) or immediately after a row separator (to produce a horizontal line between rows or at the 
bottom of the table).

In a tabular environment, the format specification after \begin{tabular} should consist of one or 
more of the following, enclosed within braces { and }:



A string str of characters in the format specification can be repeated num times using the construction 
*{num}{str}. For example, a table with 15 columns of right-justified text enclosed within vertical 
lines can be produced using the format specification {|*{15}{r|}}.

If additional vertical space is required between rows of the table, then this can be produced by specifying 
the amount of space within square brackets after \\. For example, on would use \\[6pt] to separate 
two rows of the table by 6 points of blank space.

A horizontal line in a table from column i to column j inclusive can be produced using \cline{i-j}. 
For example \cline{3-5} produces a horizontal line spanning columns 3, 4 and 5 of some table.

A command of the form \multicolumn{num}{fmt}{text} can be used within the body of a table 
to produce an entry spanning several columns. Here num specifies the number of columns to be spanned, 
fmt specifies the format for the entry (e.g., l if the entry is to be left-justified entry, or c if the entry is to 
be centered), and text is the text of the entry. For example, to span three columns of a table with the 
words ‘Year of Entry’ (centered with respect to the three columns), one would use



4.5 The Preamble of the LATEX Input file

commands. The \begin{document} command is sometimes preceded by commands that set the 
page-style and set up user-defined control sequences. Here is a typical LATEX input file:

We describe the options available in LATEX for specifying the overall style of a document.

A LATEX document should begin with a \documentclass command and any text to be printed must 
be included between



The syntax of the \documentclass command is as follows. The command begin with 
\documentclass and ends with the names of one of the available styles, enclosed in curly brackets. 
The available styles are article, report, book and letter. Between the “\documentclass” and the name of 
the document style, one may place a list of options. These options are separated by commas and the list 
of options is enclosed in square brackets (as in the above example). The options available (which are 
usually the names of certain ‘style files’) include the following:

Typing simply \documentclass{article} will produce a document in ten-point type size. 
However the printed output will not be nicely positioned on A4 paper, since the default size is intended 
for a different (American) paper size. 

Pages will be automatically numbered at the bottom of the page, unless you specify otherwise. This can 
be done using the \pagestyle command. This command should come after the \documentclass 
command and before the \begin{document} command. This command has the syntax 
\pagestyle{option}, where the option is one of the following:



For example, the input file

4.6 Defining your own Control Sequences in LATEX

occur frequently throughout the text. This formula is obtained by typing

Suppose that we are producing a paper that makes frequent use of some mathematical expression. For 
example, suppose that integrals like

produces a document without page numbers, using the standard ten-point type size.



It would be nice if we could type \inftyint (say) to obtain the integral sign at the beginning. This 
can be done using \newcommand. What we do is to place a line with the command

near the beginning of the input file (e.g., after the \documentclass command but before the 
\begin{document} command). Then we only have to type

then we obtain

at the beginning of the input file. If we then type the line

to obtain the above formula.

We can modify this procedure slightly. Suppose that we we defined a new control sequence \intwrtx by 
putting the line



What has happened is that the expression in curly brackets after \intwrtx has been substituted in the 
expression defining \intwrtx, replacing the #1 in that expression. 

The number 1 inside square brackets in the \newcommand line defining \intwrtx indicates to LATEX 
that it is to expect one expression (in curly brackets) after \intwrtx to substitute for #1 in the definition of 
\intwrtx. If we defined a control sequence \intwrt by

we obtain

then it would expect two expressions to substitute in for #1 and #2 in the definition of \intwrt. Thus if we 
then type

I will now present a wide variety of examples of inserting figure from my Quantum Mechanics 
textbook. 



The LATEX code below

produces the output on the next page.





This LATEX code 

produces the output



This LATEX code

produces the output



and

Some further details about setting up the main file.

On the next few pages I show the LATEX file used to produce my textbook with added explanations.





Beginning \documentclass  with instructions about what is being produced.

I then choose to load the FONTS i might be using.

That is followed by TITLE, AUTHOR, DATE and then \begin(document)

Before added text material, I make a title page, skip a couple of pages, set page numbering, add a table of 
contents, etc

Finally I add the TEXT input (in this case I shift to a complete document named Chapter11a.tex).

Chapter11a.tex looks like



lots more text………



Finally, let me mention a specialized library for GRAPHICS - it is called “ticz”. It is added using these 
commands.

At the beginning:

In the document:

At the end:

Some examples (very sophisticated to show the power) follow now.



giving the output







giving the output





giving the output





giving the output







giving the output





giving the output





Just lots of examples……………. 

You should experiment - try variations of the examples - you can only learn by “doing” not jus “reading.





 Always include the amsmath package















different font switching commands



commands for producing horizontal spaces







<latexit sha1_base64="dVnMjgho0UMx2ze9+oEbjWQVje8=">AAACEXicbVDLSsNAFJ34rPUVHzs3wSJUCiUJUrsRCm5cVrAPaNNyZzpph04ezEyEGvoV/oBb/QN34tYv8Af8DpM2C9t64MLhnHs5l4NDzqQyzW9tbX1jc2s7t5Pf3ds/ONSPjpsyiAShDRLwQLQxSMqZTxuKKU7boaDgYU5beHyb+q1HKiQL/Ac1CanjwdBnLiOgEqmvnxahhC979g307JINuIR7dr6vF8yyOYOxSqyMFFCGel//6Q4CEnnUV4SDlB3LDJUTg1CMcDrNdyNJQyBjGNJOQn3wqHTi2fdT4yJRBoYbiGR8ZczUvxcxeFJOPJxseqBGctlLxf+8TqTcqhMzP4wU9ck8yI24oQIjrcIYMEGJ4pOEABEs+dUgIxBAVFLYQgoWMKZqmhZjLdewSpp22aqUK/dXhVo1qyiHztA5KiILXaMaukN11EAEPaEX9IretGftXfvQPuera1p2c4IWoH39AhDZmyA=</latexit>

(a+ b)2 = a2 + 2ab+ b2

<latexit sha1_base64="GmbwCQxbDR0Y6/EgXiUS7BKFEbo=">AAACFXicbZDLSsNAFIYnXmu9Vd0IboJFEISSFKndCAU3LivYCzSxTKYn7dDJJMycCCXU1/AF3OobuBO3rn0Bn8O0zcK2/jDw8Z9zOGd+LxJco2V9Gyura+sbm7mt/PbO7t5+4eCwqcNYMWiwUISq7VENgktoIEcB7UgBDTwBLW94M6m3HkFpHsp7HEXgBrQvuc8ZxdTqFo4dzeVD2QGkFw4L9Qyv7Xy3ULRK1lTmMtgZFEmmerfw4/RCFgcgkQmqdce2InQTqpAzAeO8E2uIKBvSPnRSlDQA7SbTH4zNs9TpmX6o0ifRnLp/JxIaaD0KvLQzoDjQi7WJ+V+tE6NfdRMuoxhBstkiPxYmhuYkDrPHFTAUoxQoUzy91WQDqijDNLS5LZ6iQ8DxJBh7MYZlaJZLdqVUubss1qpZRDlyQk7JObHJFamRW1InDcLIE3khr+TNeDbejQ/jc9a6YmQzR2ROxtcvimyeOg==</latexit>

sin2 ω + cos2 ω = 1















related commands





In standard LATEX, equation numbers take the form “chapter number + equation number within the 
chapter.”

If you want to make the equation numbers to go like “chapter number + equation number within
section,” the amsmath package provides a useful command:







The amsmath package provides a few simple extendable arrows. The extarrows package is pretty much
a supplement. It follows the same syntax of amsmath:

Examples are listed in table.



If you are using a Macintosh then LATEX environment is available at

https://www.tug.org/mactex

This environment use the app TeXShop as its text editor and also contain another super useful app named
LaTeXiT. Here are some examples of LaTeXiT output.

ds^2 = dx^2_1 + dx^2_2 + dx^2_3 - c^2 dt^2
<latexit sha1_base64="13Sf8AMg77FTNJvOoY0HyGZ9XWI=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARRLHMjFK7EQpuXFawF2inJZNJ29DMheSMWErfwdfwBdzqG7gTXbrxOUwvgm39IfDlP+dwkt+LBVdgWZ9Gaml5ZXUtvZ7Z2Nza3jF39yoqSiRlZRqJSNY8opjgISsDB8FqsWQk8ASrer3rUb16z6TiUXgH/Zi5AemEvM0pAW21zBNfNR18hf2HptOy8ekEnF84x2eY6gYf9MXMWjlrLLwI9hSyaKpSy/xu+BFNAhYCFUSpum3F4A6IBE4FG2YaiWIxoT3SYXWNIQmYcgfjPw3xkXZ83I6kPiHgsft3YkACpfqBpzsDAl01XxuZ/9XqCbQL7oCHcQIspJNF7URgiPAoIOxzySiIvgZCJddvxbRLJKGgY5zZ4knSYzDM6GDs+RgWoeLk7Hwuf3uRLRamEaXRATpEx8hGl6iIblAJlRFFj+gZvaBX48l4M96Nj0lrypjO7KMZGV8/HE6iUQ==</latexit>

ds2 = dx2
1 + dx2

2 + dx2
3 → c2dt2

R_i{}^j{}_{kl} = g^{jm} R_{imkl}
= - g^{jm} R_{mikl} = - R^j{}_{ikl}

<latexit sha1_base64="JU8F0w75jPCrtsTxrNnmAp+c+zw="></latexit>

Ri
j
kl = gjmRimkl = →gjmRmikl = →Rj

ikl

<latexit sha1_base64="2sCiZzTNqvCwmxTtMNhfICP4E64="></latexit>

0 →↑
ω
F ↓!(n↑ 1)

ε0ϑ(b)↑↑↑↑↔ Eε0b

0\xleftarrow[\zeta]{} F\times
\Delta(n-1)
\xrightarrow{\partial_0\alpha(b)}
E^{\partial_0 b}\

<latexit sha1_base64="LXIaHMOEZM0qd09q4y/hK+pDUu0=">AAACFXicbVDJSgNBEO2JW4zbqBfBS2sixEuYEYm5CAEvHiOYBZIQejo9SZOexe4aSRjG3/AHvOofeBOvnv0Bv8POcjCJDwoe71VRVc8JBVdgWd9GamV1bX0jvZnZ2t7Z3TP3D2oqiCRlVRqIQDYcopjgPqsCB8EaoWTEcwSrO4ObsV9/ZFLxwL+HUcjaHun53OWUgJY65lHLdYJhnHPzw/PrlnqQEA+TXHKCO2bWKlgT4GViz0gWzVDpmD+tbkAjj/lABVGqaVshtGMigVPBkkwrUiwkdEB6rKmpTzym2vHkgwSfaaWL3UDq8gFP1L8TMfGUGnmO7vQI9NWiNxb/85oRuKV2zP0wAubT6SI3EhgCPI4Dd7lkFMRIE0Il17di2ieSUNChzW1xJBkwSDI6GHsxhmVSuyjYxULx7jJbLs0iSqNjdIryyEZXqIxuUQVVEUVP6AW9ojfj2Xg3PozPaWvKmM0cojkYX78W856S</latexit>

f(x) =
→
x !

\fbox{$f(x)=\sqrt{x}$}! 

\left(\sum_{k=1}^n A_k \right)\quad \left(\sum_{k=1}^n A_k \right)\quad
<latexit sha1_base64="FPun5es8uH9hjcAI6CbkLd7+FUQ="></latexit>(

n∑

k=1

Ak

) (
n∑

k=1

Ak

)

\left[\int+\int\right]_{x=0}^{x=1}

<latexit sha1_base64="Q+TvkchmpiQs+OKKF6uuOb34pVo=">AAACIHicbVDLSsNAFJ3UV62vqks3wSIIQklEajdCwY3LClaFJpbJ9KYdOpmEmRuxhH6Av+EPuNU/cCcu9QP8Die1C9t6YC6Hc+7l3jlBIrhGx/m0CguLS8srxdXS2vrG5lZ5e+dax6li0GKxiNVtQDUILqGFHAXcJgpoFAi4CQbnuX9zD0rzWF7hMAE/oj3JQ84oGqlTrngCQmx7XOJRXjzFe330O9nDmTO6M9UdlUyXU3XGsOeJOyEVMkGzU/72ujFLI5DIBNW67ToJ+hlVyJmAUclLNSSUDWgP2oZKGoH2s/FnRvaBUbp2GCvzJNpj9e9ERiOth1FgOiOKfT3r5eJ/XjvFsO5nXCYpgmS/i8JU2BjbeTJ2lytgKIaGUKa4udVmfaooQ5Pf1JZA0QHgOBh3NoZ5cn1cdWvV2uVJpVGfRFQke2SfHBKXnJIGuSBN0iKMPJJn8kJerSfrzXq3Pn5bC9ZkZpdMwfr6AZ2yo6Y=</latexit>[∫
+

∫ ]x=1

x=0

a_0+\cfrac{b_1}{
a_1+\cfrac[l]{b_2}{
a_2+\cfrac[r]{b_3}{
a_3+\cdots}}}

<latexit sha1_base64="sOo9IBtkxqOISz/G/l4l87zigMM="></latexit>

a0 +
b1

a1 +
b2

a2 +
b3

a3 + · · ·



Hopefully you have been intrigued and excited by this document!


