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Preface

This book is destined for all users, teachers and learners of mathematics.
In addition to knowing how to do mathematics, they must all know, how
to document and describe the mathematics they do. LATEX is an important
tool for this purpose. This book will help you push-start your LATEX learning
experience [1]. This book is based on the philosophy of “hacking for learning”.
The two articles [2] and [3] give detailed guidelines on the usage of “hacking
for learning”. Both these articles are available on the w-w-web (in pdf form).

Important note : True to the spirit of FOSS, this ebook[8] is distributed
under a liberal license : Creative Commons license (CC-BY-SA) [6]. A copy
of the CC-BY-SA license is given at the end of this ebook.

In addition, all the LATEX code used in this book is given in a machine readable
form [8]. The rendered version (pdf) of this ebook gives you :

• A whole lot of examples of mathematical expressions

• A whole lot of points to remember when using LATEX for creating math-
ematical texts.

• All the above are neatly arranged as Appendices. Each Appendix is
based on a central focus area.

Learning LATEX cannot become easier than this !

***

1Copyright : Algologic Research and Solutions, 78 Sancharpuri Colony, Bowenpally,
Secunderabad 500 011, India.
WWW-URL – https://drpartha.org.in/index.htm
Note : Coloured text are click-sensitive hyperlinks.
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LaTeX for mathematicians

Learn by hacking

LATEX is a sophisticated tool for typesetting [1]. This ebook aims to make it
easy for you to learn LATEX on your own. This book is based on the philosophy
of “hacking for learning”. The two articles [2] and [3] give detailed guidelines
on the usage of “hacking for learning”. Both these articles are available on
the w-w-web (in pdf form). In addition, all the LATEX code used in this book
is given in a machine readable form [8]. The rendered version (pdf) of this
ebook gives you :

• A whole lot of examples of mathematical expressions

• A whole lot of points to remember when using LATEX for creating math-
ematical texts.

• All the above are neatly arranged as Appendices. Each Appendix is
based on a central focus area.

In addition to the above, you can get the source code (LATEX ) from the web
or from the author. You can modify the source code and create your own
documents according to the “hacking for learning” paradigm, since all this
material is available to you under a CC-BY-SA license [4]. A copy of the
CC-BY-SA license is included in this ebook. Details may be obtained from
the publisher, or from the author of this book.

• This ebook is accessible from the w-w-web [8], both in source form
(LaTeX) as well as in rendered form (pdf), under a CC-BY-SA license.

• All the LATEX source code is available in the <tex> directory

• All the corresponding rendered files are available in the <pdf> direc-
tory

• The Linux shell script <bigmath.sh> used for creating the complete
ebook from individual articles is given in the <pdf> directory.

• A whole lot of examples are available throughout this ebook.
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• In addition to the above, a whole lot of tutorial material on LATEX is
available at:
https://drpartha.org.in/publications/downloadlatx.htm. The
corresponding source code is also available from the author. Just send
a request by email to drpartha@gmail.com .

Learning LATEX cannot become easier than this !

Writing maths

Writing maths-rich documents needs a very good understanding of mathe-
matics as well as technical writing.

The article by Kevin Lee [9] gives a very lucid presentation of the principles
involved in writing mathematics. It gives a very clear checklist for you to
confirm that you have done it right. In addition, the guidelines given by
Knuth [10] completes the knowledge necessary for good maths writing. LATEX
of course provides an essential tool for writing maths (and other) texts. In
addition to all this, an overview of all these guidelines is given in this book
as one of the Appendices (“Why LATEX alone will not make you a good
mathematician”).

This book will make writing maths-rich documents as enjoyable as reading
them.

About the author

The author’s profile can be seen at ::
https://drpartha.org.in/profpartha/profile.pdf.
He can be reached at : drpartha@gmail.com

Concluding remarks

The author welcomes constructive suggestions and remarks about this book.
Please send your comments and suggestions to drpartha@gmail.com. This
ebook is also accessible from the w-w-web [8], both in source form (LaTeX)
as well as in rendered form (pdf), under a CC-BY-SA license.

There is some inevitable overlap between the various articles, since these
articles were created at different periods of time. You can modify the articles
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and compile them separately, since the LATEX source code is also given to
you. You can subsequently merge them into one pdf document and create
this ebook, using the <bigmath.sh> shell script given in the zipped bundle.
You will see how effective and easy it is to use the “hacking for learning”
approach proposed in this book.

This ebook, and several other tutorial material on LATEX is available on the
author’s website [5] under a CC-BY-SA license [4] (copy included with this
ebook).
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Appendices

1 Building blocks of this ebook – Appendices

This ebook (main-LFM.pdf) is a compilation of separate LATEX documents.
Each document, available as an Appendix, focuses on a specific feature of
LATEX for use in creating maths-rich documents/reports/articles. All these
documents have been merged sequentially (as Appendices) into the current
top-level book (main-LFM.pdf) using a Linux shell script. The Linux shell
script (bigmath.sh) is also available in the zipped bundle . You will most cer-
tainly find the mathematical construct you need, in one of these Appendices.
One disadvantage in this approach is that there may be some inevitable over-
lap between some of the Appendices. You can peep into the corresponding
source files and copy and hack them for your own use.

All these appendices and add-ons are included sequentially, just
after this Chapter

Appendices

1. The “hacking for learning” paradigm in LATEX

2. The “hacking for learning” paradigm in LATEX – Part 2

3. When grace meets beauty, LATEX meets mathematics (grace11.tex)

This is a show case of LATEX , as commonly used for mathematical
writing. Plenty of examples.

4. Most beautiful formulae in maths (formule1.tex)

Examples of some more maths expressions created using LATEX .

5. LATEX torture tests (torture1.tex)

Examples of some unusual and tricky maths expressions rendered with
LATEX .

6. Set theory (mathsets.tex)

Examples from set theory.
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7. Theorems and friends (theoremcorollaries.tex)

How LATEX handless theorems, corollaries, lemmas etc.

8. Spacing, sizing and alignment (spacing.tex)

Some basic principles of LATEX when used for mathematical writing.

9. Special characters in LATEX (mathspecial.tex)

Special characters, reserved characters, and unusual characters for maths-
rich LATEX texts.

10. Trees with LATEX

Introduce trees in LATEX documents

11. Diagrams and Figures in LATEX documents

Simple way to introduce diagrams and figures in LATEX documents. Use
of Dia tool.

Add-ons

12. Why LATEX alone will not make you a good mathematician (reck-
less.tex)

Guidelines for avoiding reckless usage of LATEX for creating mathemat-
ical texts.

13. A curated list of common mathematical symbols is available on the
wwweb. A copy is included here with the permission of the authors
https://mathvault.ca/

14. A copy of the CC-BY-SA license under which this document is pub-
lished.

15. A list of all Appendices and the corresponding keywords is included at
the end of all the above. This will help you locate the specific concept
you are looking for.

***
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Appendix #1

The “hacking for learning”
paradigm in LATEX

(Part 1)

Keywords : hacking1.tex, LaTeX, learning, hacking.

*** Appendix#1
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The "hacking for learning" paradigm in LATEX

S. Parthasarathy*

drpartha@gmail.com

Abstract This article argues a case for making hacking an accepted way of learning.
It uses the example of LATEX to show why hacking is not so bad, as it is
made out to be. It also gives some warnings on the down-side of hacking-
for-learning.

This paper was published in Practex Journal Vol. 2007-1, Mar. 2007

1 Preamble

For several years now, traditional teaching, or learning, has been based on some

well-known and accepted practices of instruction. Such methods have been con-

tinuously studied, and improved, using theories of cognitive sciences, psychology,

pedagogy etc. Recent technologies have introduced a new way of learning, which

proves to be far more effective than all traditional methods. This method of learn-

ing – called as hacking – has become a practical way to learn, although many

traditional schools still do not recognise its effectiveness.

1.1 A question of definition

We will not launch yet another polemical debate on the meaning of hacking. The

term has several usages, and meanings with several shades. The term, hacking,

is often misunderstood, and used unfairly, in a derogatory sense. In simple terms,

hacking is the act of ripping open an existing product, and modifying it, to examine its

working. In this article, we will use the term hacking in this sense. Thus, this is is

not a universal definition of the term. The question of any motives, or intentions, is

*Algologic Research and Solutions, 78 Sancharpuri Colony, Bowenpally, Secunderabad 500 011,

India WWW-URL – http://algolog.tripod.com/nupartha.htm
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deliberately kept out, and is not relevant in this definition. For this same reason,

the author feels that the term ethical hacking is an unnecessary redundancy.

Hackers have unfortunately earned the reputation of being crooks, or outlaws,

who snoop into other people’s privacy, and exploit them. This is often true, but

not always. The French have a nice word for this class of people – bricoleurs. We

could also call them – explorers.

Hacking has become a culture, and a way of life, for people who have to

depend on self-tutoring. Hacking is a very effective means of learning several

subjects e.g. scripting languages like Python, and Ruby, HTML, Linux, shell

scripting, and LATEX In a way, hacking is also used by people who wish to learn

playing music. They pick up a known tune, score, or song, and try to play it

by themselves. With some amount of trial-and error all these people succeed

reasonably fast.

The aim of hacking in LATEX is to get a feel for the commands used in the

original text. The LATEX hacker is not interested in the contents/text. Since the

original text will not be pilfered, the hacker need not feel unduly guilty.

Those who wish to protect their LATEX documents from hackers, always have

the possibility of first creating the LATEX text, and then converting it into a closed

format, like PDF. Thus, hacking poses no major danger to LATEX users. When

a closed format, like PDF is used, even the commands are masked. Only the

rendered version will be visible.

1.2 LATEXand hacking

LATEX is eminently suitable for the "hacking for learning" paradigm.

1. LATEX is a very rich language, with a very complex command repertoire. The

learning curve for LATEX is very flat. We could make it steeper, by hacking.

2. GUI tools and IDEs like Kile or Lyx can offer only very limited support and

prompting.

3. Hacking helps the learner to figure out how exactly to use a command. It is

easy to use hacking, to verify what exactly a command does, or get answers

for "what-if" type of questions. All that is needed, is to re-compile the source

and view the results. This experimentation is often much faster, and more

effective than the task of actually referring to lengthy books and manuals.
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4. Professional typesetting is a very profound subject. Many aspects of this

subject are not easy to visualise. In addition to the commands, LATEX texts

depend on supporting resources which are "imported" by the user. This

includes, documents classes, style sheets etc. The best, and the only way

to appreciate these, would be to use them on some hacked text and try out

various commands.

5. As the learner gains confidence in LATEX commands, the need to hack will

gradually go down. Hacking is not an addiction in this case.

One must recall that a person is not always obliged to depend on others for

his hacking needs. The learner can hack his own documents also (auto-hacking).

Once a person has created a good document which suits his tastes, he can pre-

serve it as a template document. He can build on this document, and similar

template documents (containing other commands) and create richer documents.

This will save considerable time for the user. The user can gradually build up his

LATEX skills using this approach.

2 The downside of "hacking for learning" approach

The author insists that hacking is only a supplement, and is NOT a replacement for

traditional learning methods. Hacking must be used to reinforce traditional learning

modes, and to accelarate the pace of learning. However, the following points must

be kept in mind:

1. The learner may get a false sense of having mastered LATEX due to the short-

term success he sees.

2. The reason for using a certain command, is influenced by the context in

which that command is used. This will be known to the learner only if he

supplements his efforts with some reading and profound analysis.

3. The unscrupulous hacker may go beyond just innocent hacking.

4. Hackers have a habit of jumping to a conclusion, without actually thinking

about the consequences and side effects. Excessive dependence on the "just

do it" attitude will make hacking-for-learning a counter-productive exercise.

The hacker may actually be losing time, instead of gaining time, because of

this.
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5. In the LATEX world, like everywhere else, there are good programmers, and

there are bad programmers. If the source document used for hacking is

badly chosen, the hacker will have extra trouble trying to figure out, why

things are done in a certain way. Or, he may end up learning the wrong way

to use a command.

6. Hackers should possess enough discretion to recognise texts which do not

need the help of hacking (like the current paper). In many cases, the prompt-

ing offered by front-ends like Lyx or Kile is enough. In such cases, not using

hacking would be a faster way to create LATEX documents.

3 Summing-up

The message this article tries to convey, is that hacking should not be denounced

systematically. A certain proportion of the learner’s time should be alloted for

hacking existing LATEX documents, so that the learning process becomes faster.

The learner’s confidence builds up when he sees success.

An overdose of anything can be lethal. Hacking, when practised in moder-

ation, along with other forms of learning, can be an excellent way of jumpstarting

the learning process for LATEX . The author, who is a confirmed teacher, and a

compulsive hacker, should know.

A sequel to this article will discuss certain principles of hacking, for LATEX

learners.

4 Postscript

This article was prepared under Suse Linux 10, using KDE-3.4.2 b, and the Kile

1.8 front-end. Hacking was not necessary, in view of the simplicity of the text.

* * * * *

hacking1.tex / 20061212a
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Appendix #2

The “hacking for learning”
paradigm in LATEX

(Part 2)

Keywords : hacking2.tex, LaTeX, learning, hacking.

*** Appendix#2
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Draft of June 19, 2021

The "hacking for learning" paradigm in LATEX –

Part 2 *

S. Parthasarathy†

drpartha@gmail.com

Abstract This article is a sequel to an article published earlier in this journal [1]. The
earlier article argued a case for making hacking an accepted way of learning
LATEX . We now examine certain basic principles, which will make hacking
an effective way of mastering LATEX . Much of this advise comes from the
author’s own experiences.

PRACTEX JOURNAL STYLE. DRAFT PAPER.

1 Preamble

Hacking has become a culture, and a way of life, for people who have to depend

on self-tutoring. Hacking is a very effective means of learning several subjects e.g.

scripting languages like Python, and Ruby, HTML, Linux, shell scripting, and

LATEX . In particular, LATEX is eminently suitable for the "hacking for learning"

paradigm. The earlier paper [1] focused on giving the basis and justifications

for using "hacking-for learning". We now examine certain principles which will

make hacking-for-learning, much more effective.

2 Effective hacking

Learners must appreciate that there is no magic-wand for learning. Learners,

particularly those who wish to master LATEX (and the art of typesetting), must

*This article is dedicated to Richard M Stallman, President of the Free Software Foundation.

He is an inspiration for all good-intentioned hackers (like the author of this article)
†Algologic Research and Solutions, 78 Sancharpuri Colony, Bowenpally, Secunderabad 500 011,

India WWW-URL – http://algolog.tripod.com/nupartha.htm
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exhibit enormous patience and perseverance (even when they use hacking-for-

learning). Here are a few simple dos and don’ts which will help the learner, if

he/she chooses to adopt “hacking for learning”.

Hacking is NOT black-magic. Hacking is no magic pill. “Hacking for learning”

does not make hacking a voodoo. It has also to obey certain logic, and principles

of pedagogy. A systematic approach to hacking will help the learner to avoid

various hazards. Learners must avoid the "shot in the dark" approach when

trying hacking.

1. Try to chase one goal at a time. Explore one command at a time. Build up

progressively, trying out one command at a time.

2. When you want to try out an alternate command, in place of an existing

command, do NOT delete the existing command. Just nullify it, by com-

menting it out. Do NOT delete unwanted text until you are sure of what

you did. You may sometimes like to retrace your steps.

3. Continue exploring till the question you had in mind, is settled decisively.

Do not give up half-way, and leave unfinished commands in your source

text. This will help you avoid a lot of headaches later on.

4. If you have found some clever or unusual solution, remember to document

it, using comments. Add a few words about the rationale why you did it

this way. People tend to forget their own inventions.

5. If you change your mind, or if your command does not achieve what you

want, and if you want to revert to an earlier command, simply comment out

the defective command and uncomment the one you want to try again.

6. Nested commands are most slippery. Be careful.

7. Commands with more than one argument can be very confusing. Take care.

8. Take care of your parantheses. Wrongly matched parantheses can cause

havoc, and send you on a wild-goose chase.

9. Study your style sheet carefully. Understand what is being done there.

Many of your questions will get answered if you do this.

10. A little help and hand-holding is always useful, no matter how good you

are at LATEX . Join a Latex User Group . Ask questions. There is no such
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thing as a silly question. Conversely, help others, and try to let people know,

if you have found some innovative solution.

11. Create your own “bag of tricks”. Document your experimental files and

store them in a convenient place. Dig into this bag, whenever you are look-

ing for some help (auto-hacking). Remember, this bag of tricks will be useful

to you, even several years after you have created the collection. So preserve

this carefully (in more than one format, and in more than one medium).

12. Choose your inspiration carefully – the text which you wish to hack, can

decide whether you will succeed or not. Like in every profession, there are

bad LATEX programmers, and there are good LATEX programmers. Make sure

you are following a good example.

13. LATEX is often used for typesetting maths. Make sure that your maths is

right, and that your maths expressions are well-formed. Make sure you

have respected all the rules of precedence, and all the usual conventions of

good mathematics.

14. Be fair to all. Help others to hack, just like you used hacking for learn-

ing. Make the source text (.tex file) available, along with the rendered file

(usually a pdf file). Encourage people to use hacking, by sharing your own

creations with them. Who knows ? Someday, your own files may be useful

to you too (auto-hacking).

15. Reduce your dependence on word-processors. Try to shun your word-

processor habits and hangovers. Do not try to find an equivalent function

or procedure. It is like comparing apples with oranges.

16. Avoid hacking large files. You will end up confusing yourself. Use divide-

and-rule policy. You can make small files, debug them, and save them for

future use. You can then merge these files into one, using the \include

facility of LATEX .

The above steps will help you in using hacking as an effective way of learn-

ing LATEX . However, you should also consider reducing progressively, your

dependence on hacking. It is generally a good idea to to keep the LATEX

bible [2] and the LATEX gospel [3] handy. Try to read and understand the

ideas and pinciples of LATEX .
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3 IDEs and front-ends

Integrated development environments (IDE) and front-end tools like Kile or LyX,

reduce the effort of learning LATEX . There are also a variety of LATEX - aware text-

editors like emacs or Crimson. But, these tools also have a learning curve. Use

them whenever you can. They can be used to support your hacking-for-learning

efforts.

For larger projects e.g. books, multi-volume compendia, conference proceed-

ings, multi-author publications etc., it would be wise to use a version-control

system like RCS, CVS or subversion. This adds another layer of complexity, to

the learning process.

4 Postscript

An overdose of anything can be lethal. Hacking, when practised in moderation,

along with other forms of learning, can be an excellent way of jumpstarting the learn-

ing process for LATEX .

This article was prepared under Suse Linux 10, using KDE-3.4.2 b, and the

Kile 1.8 front-end. Hacking was not necessary, in view of the simplicity of the

text. The author welcomes suggestions and reports on real-life experiences.

5 About the author

Parthasarathy teaches discrete mathematics, and preaches LaTeX and Linux, to

undergaduate students of Computer Science, at Hyderabad, India. he runs a spe-

cialised enterprise which sues Linux and LATEX exclusively. His website (marked

in the footnote, in the title page) will give more specific details about him.
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When grace meets beauty – LaTeX
meets mathematics

Keywords: grace12.tex, latex, cross-referencing, equations, numbered equa-
tions, boxed equations, aligned equations, eqref, ref, matrices, cross-reference,
QED, tombstone, halmos, cross-reference, footnote, margin notes, stackrel,
underbrace, overbrace, underset.

Abstract: 2 This essay is about using LATEX wisely, for writing mathematics
oriented documents. It presents a quick overview of LATEX as a tool for
creating mathematical documents, and then, gives you some examples of the
facilities provided by LATEX . It also includes a whole lot of mathematical
expressions created using LATEX . The author hopes that this paper will help
you make mathematics, enjoyable for more people.

1 Preamble

An equation, for me, has no meaning,

unless it expresses a thought of God.

Srinivasa Ramanujan

Students (and teachers) of mathematics are aware of the inherent beauty
of mathematics. They have learnt to appreciate what many people cannot
see – a new form of beauty which pleases the mind and soothes the senses.
However, they were till recently, handicapped by not being able to give a
visual representation to this beauty. They could see this beauty, only with
their “inward eye” (thank you, Mr. Wordsworth), but could not show it out
to others who wanted something more visible. That was till Prof. D E Knuth
decided to do something remarkable. He set to work, and created TEX. Since
then, hundreds of thousands of documents have come up using TEX, and its
younger avatar – LATEX . This paper is a recap of just some of the features of
these two remarkable tools, as seen by a lover (and teacher) of mathematics.
It will also give you hints on how to use these tools wisely.

2This is a Technical Report of Algologic Research and Solutions. The LATEX source
of this document , as well as the rendered version (pdf file) can be obtained from dr-
partha@gmail.com Please quote the reference code and date given above.
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2 A thing of beauty ..

Try making the following maths, using your favourite word-processor. You
will know why, it pays to use LATEX .

LATEX offers several symbols and artifacts for expressing mathematics. [7] and
[8] list more than 5000 symbols, in a well-catalogued and structured form.
You can see the commands, as well as the rendered form of these symbols.
Since it would be impossible to demonstrate all these symbols in this arti-
cle, we have shown just a few symbols and their usage, below. In addition,
we will also see the various facilities which LATEX offers to the mathematician.

It is easy to introduce diacritical marks (accent marks) in your text, like this:
Le café français est très bon à cause de son goût. A Noël, tout le monde boit
du café.

2.1 Ugly maths

a = b+ c
c+ d = e

This is how schoolchildren write maths. Grownups do not write like this.
They use LATEX , to produce neat looking maths texts. They just tell LATEX
what they want, and LATEX does all the hard work automatically and silently.

2.2 Lovely maths (thanks to LaTeX)

LATEX makes it easy to create lovely maths texts. All the alignment and
positioning work is done by LATEX . You have to worry, just about your
maths.

a = b+ c (1)

c+ d = e (2)

x =
1

a+ b
(3)

x =
a

(b+ c+ d)
(4)

x =
(p+ q + r + s/c) +

∑n
i=0 i

3

a+ f
+

n∑
i=0

(k0)
3/5 (5)
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Notice the neat vertical alignment of the equations. In each equation, notice
the centering of the numerator with respect to the denominator. Notice
the length of the horizontal fraction-separator line. Notice the size of the
sigma symbol. Notice its positioning. Notice the size and positioning of the
limits of the sigma. Notice that equations are numbered (you can choose to
temporarily stop the numbering). All this is automatically set by LATEX

3 An example of clumsy expressions

The following example has been borrowed from [11].

A list of commonly encountered bad LATEX usage can be found in [12]

3.1 Clumsy maths

Reckless usage of LATEX impacts the clarity and visual appeal of your maths
expressions.

max
∑
i∈V

xi

xi + xj ≤ 1,∀{i, j} ∈ E

xi ∈ {0, 1},∀i ∈ V

What’s wrong with this?
In the above expression:

1. It would be helpful to use a period at the end to denote the conclusion
of this mathematical “sentence.”

2. The ragged left side of the formulation looks ugly.

3. The quantifiers ∀ to the right are too close to the constraints.

3.2 Not-so-clumsy maths

A little more thoughtfulness, and proper usage of spacing and alignment will
create a more neat-looking expression.

max
∑
i∈V

xi

xi + xj ≤ 1 ∀{i, j} ∈ E

xi ∈ {0, 1} ∀i ∈ V.
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4 Common maths expressions

4.1 Fractions

You can make some exotic fractions yourself, like this ::

m =

1
x
+ 1

y

y − z
(6)

Or, like this ::

1 +
1

1 +
1

1 +
1

1 +
1

1 +
1

1 + . . .

(7)

Do you see any ”gold” in the above equation ? Well, Barwise and Moss [1]
did. This weird looking fraction, is indeed the famous and fascinating golden
ratio. See [2] for a discussion on the golden ratio.

A detailed guide on using LATEX for creating mathematically rich documents
can be found in [9]. There are some simple dos and don’ts for using mathe-
matical style in LATEX . These are listed in [10]

4.2 Spacing and sizing

The mathematically gifted writer will be able express his ideas in the most
beautiful fashion since all the sizing and positioning is done automatically
by LATEX .

Notice that 3
√
x ∗ y looks different from 3

√
x∗y

p+q+r−f

which is different from
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7

√
5
√

a+b+c
d−e−f

3
√

x∗y
p+q+r−f

∗ (x+ y)(w+z)

Notice that the size of the individual variables x, y, z etc. gets automati-
cally adjusted. The size of the root symbol gets adjusted automatically. The
length of the separator used in fractions (the horizontal line) varies automat-
ically, according to the size of the fraction. The superscript size is smaller
than the normal size.

4.3 Case statement

In maths, one often needs to enumerate cases. Here is an example (using
cases environment):

P(r−j) =


0 if r − j is odd,

r! if r − j is even,

1 if r − j is 0

(8)

Notice that the above is given a single equation number (automatically).

That is not all !

4.4 Equations

Equations form the heartbeat of many mathematical narrations. LATEX offers
many facilities for displaying equations.

4.4.1 Plain equations, with or without numbering

Equations are numbered automatically. You can turn ON or turn OFF equa-
tion numbering. The numbering is useful when equations are cross-referenced
later on in the text.

Write a numbered equation ::

sin2(x) + cos2(x) = 1 (9)

..and an equation without number :

sin(x+ y) = sin(x) cos(y) + cos(x) sin(y)
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When you put equations just behind one another (with or without equation
numbers), remember to align them with each other. Use the align environ-
ment:

sin2(x) + cos2(x) = 1 (10)

sin(x+ y) = sin(x) cos(y) + cos(x) sin(y) (11)

cos(x+ y) = cos(x)cos(y)− sin(x)sin(y) (12)

4.4.2 Boxed equations

You can display plain equations like above (with or without equation num-
bers), or put them in boxes (to highlight some of them).

Put the equation in a box (and numbering outside) ::

x2 + y2 = z2 (13)

Put the equation in a box (and NO numbering outside) ::

x2 + y2 = z2

Or put a whole line (with numbering) in the box ::

x2 + y2 = z2 (14)

A boxed equation without numbers ...

x2 + y2 = z2

Now put two equations in the box :

Solution of a quadratic equation : m1x
2 +m2x+m3 = 0

x1 = − 1/2
m2

m1

+

√
(m2 + 2

√
m1.m3).(m2 − 2

√
m1.m3)

2.m1

(15)

x2 = − 1/2
m2

m1

−
√

(m2 + 2
√
m1.m3).(m2 − 2

√
m1.m3)

2.m1

(16)

4.4.3 Aligned equations

Here is a sample of aligned mathematical expressions :
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y = y0 + v0yt+
1

2
ayt

2 (17)

= v0 sin(θ)
v0 sin(θ)

g
− g

2

(
v0 sin(θ)

g

)2

(18)

=
1

2

v20 sin
2(θ)

g
(19)

And one more sample:

a = b = c (20)

α = β = γ (21)

D = B (22)

C +G/H = K (23)

4.5 Definitions, underbrace, overbrace

Here are some tools to emphasise or annotate portions of mathematical ex-
pressions.

4.5.1 stackrel

It is often necessary to define certain entities in mathematics. Use the
\stackrel command to put ”def” on top of an equal sign to denote equal-

by-definition:

LHS
def
= RHS

For instance,

∞∑
i=0

ai
def
= lim

n→∞

n∑
i=0

ai

4.5.2 underset

The \underset{bottomtext}{toptext} command puts a text under an-
other text (without braces or any separator) like this :

toptext
bottomtext
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4.5.3 underbrace, overbrace

Use \underbrace{text-above}_{text-below} to get :

text− above︸ ︷︷ ︸
text−below

You can also use \overbrace to get something like :

z =

complex number︷ ︸︸ ︷
x︸︷︷︸
real

+ iy︸︷︷︸
imaginary

4.6 Permutations and combinations

Permutation of r objects out of n objects is the same as selecting r objects
out of n (in any order), and then arranging these r objects (out of r objects)
in all possible sequences.

nP r =
n!

(n− r)!
(24)

nP r =
nCr.

rPr (25)

= nCr.r! (26)

nCr =
n!

r!.(n− r)!
(27)

∵ nP r =
n!

(n− r)
! (28)
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Now, let us see what nC(n−r) is :

nC(n−r) =
n!

(n− r)!.(n− (n− r))!
(29)

=
n!

(n− r)!.(n− n+ r)!
(30)

=
n!

(n− r)!.r!
(31)

= nCr (32)

∴ nC(n−r) =
nCr (33)

In other words,

(
n

r

)
=

(
n

n− r

)
(34)

= nCr (35)

Typesetting maths is different from typesetting normal text. You have iden-
tify the parts which should be typeset using maths mode. Math modes are
indicated by using
\( some stuff \) or
\[ some stuff \] or
$ some stuff $

This is what you get in each of these cases :

• \(a^p-b_q \) gives ap − bq (in line).

• \[ a^p-b_q \] gives (centered on a new line)

ap − bq

• $ a^p-b_q $ gives ap − bq (in line).

You can also use a \begin{equation}... \end{equation} environment as
a global delimiter.

∴ x = y (36)
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∵ z + j + g ̸= (x+ y)/k (37)

Notice that the equations are numbered (and centered).

You can also use a \begin{equation*}... \end{equation*} environment,
if you want to avoid the numbering.

A stack of multi-line equations will look like this :

ex ≈ 1 + x+ x2/2! + (38)

x3/3! + x4/4! + (39)

x5/5! (40)

x+ v3 − g/h = a+ b+ c+ d+ e+

f + g + h+ cos β (41)

x2 − y2 = (x+ y)(x− y) (42)

(x+ y)(x− y) = x2 − y2 (43)

By default, all fragments of a multi-line equation are numbered. You can
selectively suppress numbering of any fragment , by using the \nonumber

command.
You can also align the = marks vertically, regardless of the length of LHS or
RHS of each equation, using the \align command.

∴ x ∗ (z + j + g)/bgp = y (44)

∵ z + j + g ̸= (x+ y)/k (45)

4.7 A pot-pourri of pictures, tables and text paras

Mathematicians use non-textual matter e.g. figures, graphs, diagrams, ta-
bles etc. along with textual matter in the same documment. Creating a
document with only plain text is easy. Trying to put text, figures, tables,
and maths, in the same document, requires some expertise in using LATEX .
Here is a sample of how you can do this yourself. Feel free to hack the LATEX
source of this document.

This part uses the picinpar package by Friedhelm Sowa. 3

3Some portions of this material have been hacked shamelessly from the picin-
par.tex document of Friedhelm Sowa, Heinrich–Heine–Universität Düsseldorf, Univer-
sitätsrechenzentrum
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P
arthasarathy, is an experienced and an internationally respected sci-
entist from India. When he is not teaching discrete mathematics to
undergrad students of computer science, he loves to explore and dis-

cover LATEX mysteries, on his Linux machine. This is an example of the
things LATEX can do for you. This para begins with an extra large letter.
The rest of the text behaves like normal text, and is placed all around the
first letter.
Now, try to stick a picture at a specific place, relative to a paragraph of text.
Like this. Now, try to stick a picture at a place, relative to a paragraph of
text. Now, try to stick a picture at a place, relative to a
paragraph of text. Now, try to stick a picture at a place,
relative to a paragraph of text. Now, try to stick a picture
at a place, relative to a paragraph of text. Now, try to
stick a picture at a place, relative to a paragraph of text.
You can decide if you want the picture at right, left or
centre. Or, a picture, with or without caption. There

Figure 1: External
angle of a triangle

must be enough text to go around the picture, or the picture should be small
enough to have enough text around it. Or else, you get some ugly results.
Now, try to stick a picture at a specific place, relative to a paragraph of text.
Like this. Now, try to stick a picture at a place, relative to a paragraph

Figure 2: Angle
subtended on a
circle

of text. Now, try to stick a picture at a place, relative to
a paragraph of text. Now, try to stick a picture at a place,
relative to a paragraph of text. Now, try to stick a picture
at a place, relative to a paragraph of text. Now, try to stick
a picture at a place, relative to a paragraph of text.
You can decide if you want the picture at right, left or centre.
Or, a picture, with or without caption.

Now, try to stick a picture at a specific place, relative to a paragraph of text.
Like this. Now, try to stick a picture at a place, relative to a paragraph
of text. Now, try to stick
tive to a paragraph of text.
ture at a place, relative to
try to stick a picture at a
graph of text. Now, try to
relative to a paragraph of

Figure 3: Alternate
angles

a picture at a place, rela-
Now, try to stick a pic-
a paragraph of text. Now,
place, relative to a para-
stick a picture at a place,
text. vxvxvxvx bxbxbxbx

bxv12345 vxvxvvx ggxxgxgxgx
You can decide if you want the picture at right, left or centre. Or, a picture,
with or without caption.

You can do the same thing with tables too ! You can do the same thing
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with tables too ! You can do the same thing
with tables too ! You can do the same thing with
tables too !You can do the same thing with tables
too ! You can do the same thing with tables too
! But you should be careful about the size and
length of the table.

1 HSV 12:0
2 MSV 11:1
3 VfB 10:2
4 SVW 9:3
5 King-queen 8:4

Table 1: Table trick#1

You can do more tricks with tables ! You can do the same thing with tables
1 HSV 12:0
2 MSV 11:1
3 VfB 10:2
4 SVW 9:3
5 King-queen 8:4

Table 2: Table trick#2

too ! You can do the same thing with tables too !
But you should be careful about the size and
length of the table. Make sure you do not
bump into the next paragraph. This is possbile
if you space out your txt carefully. Blah blah
blah....Blah blah blah....Blah blah blah

The table which you see here is plunk in the middle of the text paragraph.
Mary had a little lamb, which knew nothing about LATEX ... blah blah blah
blih blih blih Mary
which knew noth-
blah blah blah blih
a little lamb, which
LATEX ... blah blah
The table is plunk
text paragraph. blah
blih The table is plunk

1 HSV 12:0 14:1 blue
2 MSV 11:1 10:4 pink
3 VfB 10:2 12:9 red
4 SVW 9:3 11:9 green
5 HYG 8:4 10:10 gray

Table 3: Table trick#3

had a little lamb,
ing about LATEX ...
blih blih Mary had
knew nothing about
blah blih blih blih
in the middle of the
blah blah blih blih
in the middle of the

text paragraph. blah blah blah blih blih blih The table is plunk in the middle
of the text paragraph. blah blah blah blih blih blih This table will be visible
only if the text around it is bigger than the table. If there is not enough text,
you will not see the table at all.

And here is one more test table which will be cross-referenced later in this
aricle.

a b c d
9 8 7 6

Table 4: my test table

34



4.8 Math related fonts

Sometimes we need a special font for denoting maths related terms (all these
fonts must be used in math mode only).

Now, for some math related font styles (in Large size):

QED mathfrac + QED mathcal + QED mathsf +
QED mathbb + QED mathrm

QED : quod erat demonstrandum Made with mathsf

QED : quod erat demonstrandum Made with mathrm

This is a Large size text using default font of LATEX: QED

4.9 Therefore, because, degree, angles and dots

Therefore-because
∴ x = y
∵ z + j + g ̸= (x+ y)/k

On the dot...like this

Dots are useful in many places.

xyz . . . pqr (dots , made with \dots, is on the lower edge of the line)

zxzxzx . . . cvcvcv (low dots, made with \ldots, same as dots)

abc · · · def (dots on the v-center of the line , made with \cdots)

qwer
...
vbnm (vertical dots, made with \vdots)

zxcv
. . . vbnm (slanted line dots, made with \ddots)

asdf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . hjkl (fillup with dots using \dotfill)

Here is an easy way to divide a line into one, two, three, four, or n equal
parts (with \dotfill).
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Angles
In a right angled triangle there is one angle which is exactly 90◦(made with
\textdegree)

In an equilateral triangle, all angles are equal to 60◦ (made with \degree)

If ABC is an equlateral triangle

∠ABC = ∠BCA = ∠CAB = 60◦and

AB = BC = CA

The textdegree command works only if you have “usepackage[latin1]{inputenc}”
in the Preamble of your document. The \degree command was defined in
the Preamble of this document.

LATEX offers two other styles of denoting an angle:

Spherical angle : \sphericalangle ABC gives: ∢ABC

Measured angle : \measuredangle ABC gives: ∡ABC

5 Mat-tricks

Mathematicians use matrices and arrays frequently. It is also common to
embed such matrices within other matrices, as shown in the example below.a b

(
g h
i j

)
d e f


Notice how the f is centred horizontally, just below the ghij matrix and the a
b is centred vertically, by the side of ghij matrix. The sizes of the bounding
brackets are also just perfect for the size of the matrix they cover. All this
is done automagically by LATEX . It would be a major exercise, if you try to
do this using ordinary wordprocessors.

Let us take a little more elaborate example.
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 θ
α+β+γ

ω+δ
ψ−(χ∗π)

(
g h
i j

)
d e f


Notice, how all the centring, positioning and sizes are maintained accurately,
without any effort by the user. You can appreciate the true power of
LATEX better, if you try to set the above matrix using any popular word-
processor.

They can also be numbered, like equations.[
α β∗

γ∗ δ

]
(46)

{
α β∗

γ∗ δ

}
(47)

And here is a small-sized
(
α β∗

γ∗ δ

)
in-line matrix you may need some time.

Matrices can be delimited in different ways and styles.(
α β∗

γ∗ δ

)
∣∣∣∣α β∗

γ∗ δ

∣∣∣∣
∥∥∥∥α β∗

γ∗ δ

∥∥∥∥
Or,

{
a b c
aa b c

}
Or,


a b c
aa b c
aaa b c
aaaa b c
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Or, if you really don’t want any delimiter on one side, use ‘.’ in place of a
delimiter, as in \( \left. ... \right\} \)

a blah bla bla
d blah bla bla
g blah bla bla

 ga gagaa ggaffagagaffa ttyytt

Notice that the delimiter size and positioning get adjusted automatically.

Write matrices which are side by side to each other

(
1 0
0 eiπ

)(
u
v

)
=

(
u
−v

)

6 Other goodies

6.1 Theorems

Theorems are an integral part of mathematics. LATEX has a wider meaning
for the term: “theorem”. LATEX gives you a whole lot of possibilities to define
your own categories of theorems. You can make – theorems, lemmas, corol-
laries, conjectures, example, remark, definitions, hunches etc. , just about
anything. You can use a wide choice of styles in which these “theorems” will
be visually presented. Use \newtheorem and \theoremstyle in the Pream-
ble, to create your own categories of theorems, lemmas, hunches etc. LATEX
keeps a separate counter for each of these categories, so you can use them in
crossreferencing.

The law of wild-hunches 1
All hunches do not become theorems. But, all theorems started out as
hunches.

Non-theorem 1 Sometimes, theorems turn out to be fakes, and then, they
become plain hunches.

The law of wild-hunches 2
This is a dummy wild-hunch 2, just to show you how theorem numbers get
incremented automatically.
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Non-theorem 2 This is a dummy nontheorem 2. All hunches are not the-
orems, and all theorems are not just hunches.

This is the celebrated theorem ascribed to the great Pythagoras by his
followers: The square of the length of the hypotenuse (c) of a right angled
triangle equals the sum of the squares of the lengths of the other two sides
(a,b). In other words,:

c2 = a2 + b2 (48)

Poor Louis Fermat was not so lucky. He could’nt go beyond three in the
famous equation. Thus spake Louis Fermat : There are no integral solutions
for the equation :

xn + yn = znfor n ≥ 3 (49)

Pythogoras made a positive statement about something. There are a hundred
ways to prove Pythagoras right. Fermat had a negative statement to make.
Fermat had to wait 200 years to prove his theorem. Is this proof of the power
of positive thinking ?

6.2 Tombstone (aka halmos)

QED A \blacksquare marks the QED of a proof.

The black square is sometimes called as a tombstone. You can use a tomb-
stone or a classic QED, to mark the end of a proof : It is sometimes called
a halmos after the mathematician Paul Halmos, who first used it in mathe-
matical context. He got the idea of using it from seeing it was being used to
indicate the end of articles in magazines.

Proof1 Proof2
First line of Proof1 First line of Proof2
...

...
Last line of Proof1 ■ Last line of Proof2 QED

Here is an example of proof, with a halmos symbol (notice that in LATEX the
symbol name is written with a lower case h) :

∴ a2 + b2 = c2 ■
This was made with:
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\[

\therefore a^2 + b^2 = c^2 \quad\blacksquare

\]

In AMS-LaTeX, the tombstone is automatically appended at the end of a
proof environment \begin{proof} ... \end{proof}. It can also be ob-
tained from the commands \qedsymbol or \qed (the latter causes the sym-
bol to be right aligned).

6.3 Margin notes

You can also add some informal notes on the margin, using LATEX , just
like the great mathematician Louis de Fermat did. His margin madness, set Louis

de
Fer-
mat is
said to
have
made
an
enig-
matic
mar-
gin
note
like
this.

mathematicians on a 200-year adventure, to prove his last theorem (popu-
larly known as Fermat’s last theorem).

To your right, in the margin, you see some margin notes. the size and posi-
tioning is also done by LATEX, for free !

6.4 Footnotes

Footnotes 4 like this one, and like this one 5, are easy to add, and manage.

You can make cross references to any part of the document. The correspond-
ing numbers (page number, section number, equation number, figure number)
are automatically computed and inserted for you. these numbers are also
automatically re-computed whenever their location in the document changes.

If you want to write beautiful mathematics, like the ones shown above, you
have to learn, and get using LATEX immediately. But, that is not enough, as
you will see soon.

7 Cross referencing – LATEX style

The power of cross referencing : You can make cross references to any
part of the document. The corresponding numbers (page number, section
number, equation number, figure number) are automatically computed and

4Footnotes are numbered automatically
5and this one ...
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inserted for you. these numbers are also automatically re-computed when-
ever their location in the document changes.

• Cross-referencing a Section :

Read about Louis Fermat in Section 6.1 (this section number is auto-
matically inserted by LaTeX).

• Cross-referencing a page : The author’s bio is in page 26. You can
also refer to the page where an equation occurs - like this. In page
19 we have the enigmatic theorem attributed to Louis de Fermat (aka
Fermat’s last theorem).

• Cross-referencing an equation : Equation 49 shows what Fermat
wanted to say (but did not prove).

Use \eqref if you want a numbered cross-reference with parantheses,
plain \ref will give you a cross-reference without the parantheses. See
the example below :

a2 + b2 = c2 (50)

Note: I used the label eq:1 above. You can use any other text as label.

\eqref{eq:1} vs \ref{eq:1} gives : (50) vs 50

\textit{\eqref{eq:1} vs \ref{eq:1}} gives : (50) vs 50

Equation 50 is a famous theorem in Euclidean geometry.

• Cross-reference to a figure/picture : In Figure 3 we see an illus-
tration of the geometric theorem about alternate angles.

• Cross referencing a theorem, lemma, corollary, hunch etc.

Hunch# 2 is my second wild-hunch.

Ahunch# 2 is my second nontheorem

• Cross-reference to a table : You can cross-reference to a table, or
the page containing a given table. This feature is very useful if you are
writing a long report, or a thesis. Here is an example:

Table 4 on page 14 was a test table given earlier in this article (it is
usually not a good idea to refer to something which will appear later,
also called as forward-referencing) ...
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8 What LATEX won’t do for you

We have seen above, that LATEX is exceptionally good in presenting your
mathematics, in a visually appealing way. That is all that LATEXcan do. It
is so easy to get carried away by the beauty of LATEX . What LATEX cannot
do, or will not do, is improve your mathematics.

Of course, LATEX will not correct your maths. You can, for instance, say,
5 + 3 = 53, and get away with it. It will not undo badly designed expres-
sions, either. That is, it cannot repair, shabbily presented expressions. Even
good mathematicans have a tendency to write maths shabbily [4] .

Here is an example, inspired from [6]. Every student of high school algebra
will recognise the following two equations:

x1 =
−b +

√
b2 − 4ac

2.a

x2 =
−b −

√
b2 − 4ac

2.a

Now, we will be a little mischievous and make some simple modifications.
We will replace the constants a, b, c by m1,m2,m3. We will replace the
discriminant

√
b2 − 4ac by an equivalent expression. This is what we get :

x1 = − 1/2
m2

m1

+

√
(m2 + 2

√
m1.m3).(m2 − 2

√
m1.m3)

2.m1

x1 = − 1/2
m2

m1

−
√

(m2 + 2
√
m1.m3).(m2 − 2

√
m1.m3)

2.m1

Mathematically, you are still correct. You have used LATEX and created im-
pressive expressions. But, your students will call you a criminal, and curse
you for messing up a simple formula. (This is a warning for all teachers of
mathematics)

The message here is simple. It is not enough to own a good dictionary, to
avoid writing bad English. Similarly, it is not enough to use LATEX , to avoid
writing maths shabbily.

Donald Knuth, and Leslie lamport, the two main inventors of TEX and LATEX
have some advise for using LATEX for mathematics. Knuth’s paper [3] is avail-
able as a pdf file, and is invaluable for writing maths. It is a summary of a
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course of the same name given at Stanford University during autumn quarter,
1987. Lamport’s paper [5] is also available as a pdf file, and is a description of
how to write long and complex mathematical expressions (especially proofs
and derivations). The reader must study these two papers carefully, if he/she
wants to use LATEX wisely.

When you use LATEX you must observe a few simple rules of writing maths
(there are many more, not listed here. Read [3] and [5] for more details.):

Write simple expressions – Do not use complicated nested-expressions
of the kind : log sinx2∗sec(y!). Adding appropriately placed parenthe-
ses helps, but only in a limited way. Nested parentheses only end up
confusing the reader. Subscripted superscripts of the type: xy2are the
oxymorons of mathematics. You can simplify this clutter, by making
smaller subexpressions, and then stringing the subexpressions together.
Define simpler variables, to eliminate combinations of subscripts and
superscripts.

Make shorter equations – Sometimes equations tend to become un-
usually long. Of course the LATEX command : \multiline can help
you handle long equations which span multiple lines. But, \multiline
sometimes breaks a line in unusual or illogical places. It would thus be
a better idea, to avoid \mutiline equations altogether. You can break
the equation, by defining smaller expressions. Then, use a single-line,
top-level equation which chains all these subexpressions together.

Break the monotony Sometimes we see whole pages of text, filled with
just mathematical expressions. It may look impressive, but that’s usu-
ally not a good idea. You should intersperse your maths with short
English-language text, which narrates what you are doing. This breaks
the monotony, and makes your document much more pleasant to read.
When the reader loses his way somewhere, the short narrations will
help him (or her) recover and find his (or her) way.

Cross referencing Cross-referencing to other equations helps the reader
maintain a mental thread. LATEX gives you many facilities for cross-
referencing. But do not overdo this. And in any case, strictly avoid
forward referencing i.e. referencing to text or equations which will show
up later than the current position.

Pay attention to definitions, terminology, abbreviations, nomen-
clature, symbols – It is a good practice to clearly define and describe
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all definitions, abbreviations and terminology used in the text. In any
case, make this list, as small as possible. And also make sure that you
use universally defined and accepted symbols, in their most natural
way. For instance, all the world knows that the equation A = π ∗ (r2)
gives the area of a circle whose radius is r. It would be crazy to use
other symbols (even if you define them explicitly), like V = λ(γ ∗ γ)
Or, you could be more treacherous, and express the area of a circle
as: π = A ∗ (r2) . All you have to do is redefine the meanings of A
and π. That may be mathematically correct, but many people won’t
appreciate the joke. It is always a good idea to respect conventions.
LATEX will not stop you from being mischievous.

Numbering your equations – It is not a good idea to number all equa-
tions, recklessly. Number your equations, only if you intend to cross-
reference them. Otherwise, you can easily run into frighteningly large
numbers for your equations. With LATEX you can easily inhibit number-
ing of equations, whenever you want, and restart numbering, whenever
you choose.

9 Closing remarks

LATEX can be used for producing very elegant looking documents, especially
when they involve mathematical expressions. However, you should also obey
some commonsense rules, to make the exercise worthwhile. Maths is more
than just skin-deep beauty. In short, use of commonsense, and LATEX can
help you create wonderful documents, especially if you indulge in mathemat-
ics.

The examples given above, show you how, unconventional and complex
mathematically-rich text can be created using LATEX . Using traditional
word-processors for such text, can prove to be painful or futile. There are
lots of things things like this which LATEX can do for you. It usually needs a
few hours of patient study and experimentation, to produce such typograph-
ically complex material.

This paper, predictably, was made using LATEX . It used the Kile front-end
provided by Suse Linux. It uses the AMSmath package, downloaded from
the CTAN site.

This article is licensed under a CC-BY-SA License [13]. You can get the LATEX
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source of this text, as well as the rendered version (pdf file), by sending a
request by email, to the author, at: drpartha@gmail.com. Please mention
the Reference code and date mentioned at the top of this article. This paper,
is updated/improved regularly. You can get the latest version of this paper,
and a whole lot of similar tutorial material on LATEX , from the web, at :

http:://www.freewebs.com/profpartha/publications/downloadables.htm.

Feel free to hack this article itself. You can get the LATEX source of this article,
from the author (email: drpartha@gmail.com). Hacking and experimenting,
is the best way to learn LATEX . You too can write mathematically-rich
documents like this. Have fun !

As always, your constructive comments and suggestions are always welcome.

References

[1] J Barwise, L. Moss Mathematical Intelligencer, Vol. 13, No. 4, p31,
1991.

[2] S. Parthasarathy All that glitters, Vol 8, No. 3, Mathematical Educa-
tion, Jan.-Mar. 1993.

[3] Donald E. Knuth, Tracy Larrabee, and Paul M. Roberts, Mathe-
matical Writing, Mathematical Assn of Amer. ISBN 088385063X. , page
6, 1989.
http://tex.loria.fr/typographie/mathwriting.pdf

[4] Linderholm, C.E. Mathematics made difficult., World Publishing.
ISBN 0529045524, 1972.

[5] Leslie Lamport, How to Write a Long Formula,
Formal aspects of Computing, 3: 1-000, BCS, 1994.

[6] R. Kanigel, The man who knew infinity,
Washington Square Press

[7] http://zelmanov.ptep-online.com/ctan/symbols-a4.pdf

[8] http://www.ctan.org/tex-archive/info/symbols/comprehensive/
symbols-letter.pdf
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The most beautiful

formulae / theorems / identities
in mathematics

S. Parthasarathy
drpartha@gmail.com

Ref. : formulae1.tex
Version code : 20191118b

The chief forms of beauty are order, symmetry, and definiteness,
which the mathematical sciences demonstrate in a special degree.
– Aristotle

“A thing of beauty is a joy forever”, which is why we all admire mathematics.
Mathematicians sometimes say they find beauty (not just the visual kind)
in mathematical expressions and formulas. A new brain scan study confirms
that mathematical equations can activate the brain in much the same way
that great art does[1].

Here are some examples :

1 A thing of beauty

This is my personal collection of formulae/theorems/identities which I con-
sider lovely. By “lovely”, I mean objects which possess a certain degree of El-
egance and Simplicity (implies “easy to remember”). The formulae/theorems
given below are listed in no particular order.

1. Pythagoras’ theorem

The most popular and fascinating theorem in Euclidean geometry takes
the first place in the list.

If AB, BC and AC are three sides of a right angled triangle ABC, where
AC is the hypotenuse,

AC2 = AB2 +BC2 (1)
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2. Fermat’s last theorem

There is an intriguing story why this is called as Fermat’s “last” theo-
rem. It is strikingly similar to Pythagoras’ theorem, and it challenged
mathematicians for more than a century before it could be proved
mathematically. The theorem can be stated as follows:

There do not exist four positive integers, the last being greater
than two, such that the sum of the first two, each raised to
the power of the fourth, equals the third raised to that same
power.

In case you are trying to figure out what that means, take a look at a
mathematical version of the same statement:

There do not exist positive integers x, y, z, and n, with n > 2,
such that xn + yn = zn .

Which version is clearer and less confusing ? You be the judge. Now,
you know why people say “maths is beautiful”.

3. Euler’s identity

In 1988 The Mathematical Intelligencer, a quarterly mathematics jour-
nal, carried out a poll to find the most beautiful theorem in math-
ematics. Twenty-four theorems were listed and readers were invited
to award each a ’score for beauty’. While there were many worthy
competitors, the winner was ’Euler’s equation’. Euler’s identity (aka
Euler’s equation) states:

eiπ + 1 = 0 (2)

The power of the above equation lies in the fact that it combines five
important mathematical constants into one simple relationship.

4. Heron’s formula

The area A of a triangle, whose sides are a, b, c, is given by :

A =
√
s(s− a)(s− b)(s− c) (3)

where:

s =
a+ b+ c

2
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5. Bayes theorem

P (A|B) ∗ P (B) = P (B|A) ∗ P (A) (4)

Or,

P (A|B) =
P (B|A) ∗ P (A)

P (B)
(5)

6. Cayley - Hamilton theorem

every square matrix over a commutative ring (such as the real or com-
plex field) satisfies its own characteristic equation.

7. Euclid’s algorithm

If a and b are integers and a > b, then gcd(a, b) = gcd(a(modb), b)
(6)

8. Pascal’s triangle

This amazingly simple and beautiful geometric arrangement of numbers
(integers), reveals several mathematical concepts e.g. coefficients of a
binomial expansion, combinations (choosing), Fibonacci numbers.....

9. Cauchy-Riemann Equations

The Cauchy-Riemann Equations [2] form a necessary and sufficient
condition for a complex function to be complex differentiable, that is,
holomorphic

Let
f(x, y) = u(x, y) + iv(x, y)

where
z = x+ iy

50



so
dz = dx+ idy

If f is complex differentiable, then the value of the derivative must be
the same for a given dz, regardless of its orientation.

(∂u)/(∂x) = (∂v)/(∂y)

and

(∂v)/(∂x) = −(∂u)/(∂y)

10. Trigonometric gem #1

If A, B, C are vertices of a triangle, and sides a,b,c are a = BC, b
= CA, c = AB

a

sin(A)
=

b

sin(B)
=

c

sin(C)
(7)

11. Trigonometric gem #2

sin(x− y)sin(x+ y) = (sin(x)− sin(y))(sin(x) + sin(y)) (8)

12. Trigonometric gem #3

X+Y+Z = X*Y*Z if
X = tan(A)
Y = tan(B)
Z = tan(C)

and A+B + C = π (9)

2 The ugly duckling

Just to contrast with the examples above, take a look at the following ex-
pression :

1

π
=

2
√
2

9801

∞∑
k=0

(4k)!(1103 + 26390k)

(k!)4(3964k)
(10)

This expression, a creation of Ramanujan, is reputed to be the ugliest equa-
tion in mathematics [1] .

But some people find it remarkable, because Ramanujan’s series for π con-
verges extraordinarily rapidly (exponentially) and forms the basis of some of
the fastest algorithms currently used to calculate π .
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Compare this with the more frightening formula, known as Chudnovsky al-
gorithm [3], which gives a popular and fast method for calculating the digits
of π

2.1 What makes the maths teacher wild

I learnt this gem from a schoolboy:

16

64
=

1�6

�64
=

1

4
(11)

The answer was right, but the teacher was not very happy to see this !

But wait, until you see some more masterpieces to make your teacher go
really mad !

26

65
=

2�6

�65
=

2

5
(12)

19

95
=

1�9

�95
=

1

5
(13)

49

98
=

4�9

�98
=

1

2
(14)

166

664
=

1A6�6

1A6�64
=

1

4
(15)

This proves how easy it is to be innovative (and wrong) with mathematics.

3 Au revoir

Of course, this list is undeniably incomplete. There will be more entries, as
I discover more gems.

This article was typeset in LATEX under a Linux system. You can get the
LATEX source of this article from the author. Please mention the Reference
and the Version code given at the top of this article. If you have any sug-
gestions, or remarks, do let me know (drpartha@gmail.com). Constructive
suggestions or remarks are always welcome.
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Algologic Technical Report # 3/2012

LATEX torture tests
S. Parthasarathy1

drpartha@gmail.com

Ref.: torture2.tex
Ver.: 20220630c

1 Preamble

Do you use LATEX ? Do you indulge in mathematically rich subjects, and
write often about them ? Do you want to check out how well you (or your
students/colleagues) know, or use LATEX ? Do you want to check your LATEX
installation ? Try creating the following material using LATEX

2

It is impossible to demonstrate all the mathematical features of LATEX in a
single document like this. Use this as a starter, and try out features which
have not been demonstrated here. The series of tests shown here, is a fol-
lowup of two other articles [1] and [2]. The tests shown below are a mixture
of some simple stuff, and some not-so-simple stuff. Some interesting exam-
ples of unusual printing, are given in [3]. A good introduction to the use of
LATEX for writing mathematics is given in [4].

What follows is NOT a test for your mathematical problem-solving skills.

1.1 Why LATEX for maths ?

Why is it necessary to use a special maths environment ? The answer is easy.

See the sample text, typed in usual paragraph style : a = b+c/d + x* y.

See the same sample text, set in math mode of LATEX : a = b+ c/d+ x ∗ y

Notice, the following ::

1Algologic Research and Solutions, 78 Sancharpuri Colony, Bowenpally, Secunderabad
500 011, India WWW-URL – http://algolog.tripod.com/nupartha.htm

2You can get the LATEX source of this document, by sending a mail to
drpartha@gmail.com. Please quote the Ref. code and version code given at the beginning
of this document.

1
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• The uniform spacing of mathematical operators

• The equation stands out from the text, because of a special font style

There is a whole lot of other things LATEX does when in math mode.

1.2 The tests

Try some sans serif type face like this. A quick brown fox jumps over the little
lazy dog and gets hurt. Yankee doodle went to town.

Typewriter -- Some typewriter like text. A quick brown fox jumps

over the little lazy dog and gets hurt. Yankee doodle went to town.

Roman. – A quick brown fox jumps over the little lazy dog and gets hurt.
Yankee doodle went to town.

Italics. – A quick brown fox jumps over the little lazy dog and gets hurt.
Yankee doodle went to town.

Boldface. – A quick brown fox jumps over the little lazy dog and
gets hurt. Yankee doodle went to town.

Bold and italics text

Typewriter and italics text

Back to sans serif.

Here are some examples, drawn from [4].

Write a numbered equation ::

sin2(x) + cos2(x) = 1 (1)

..and an equation without number :

sin(x+ y) = sin(x) cos(y) + cos(x) sin(y)

Put the equation in a box (and numbering outside) ::

x2 + y2 = z2 (2)

2
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Put the equation in a box (and NO numbering outside) ::

x2 + y2 = z2

Or put a whole line in the box ::

x2 + y2 = z2 (3)

A boxed equation without numbers ...

x2 + y2 = z2

Now put two equations in the box :

Solution of a quadratic equation : m1x
2 +m2x+m3 = 0

x1 = − 1/2
m2

m1

+

√
(m2 + 2

√
m1.m3).(m2 − 2

√
m1.m3)

2.m1

(4)

x2 = − 1/2
m2

m1

−
√

(m2 + 2
√
m1.m3).(m2 − 2

√
m1.m3)

2.m1

(5)

1 +
1

1 +
1

1 +
1

1 +
1

1 +
1

1 + . . .

(6)

L’Hôpital’s rule ::

limx→0
ex−1
2x

limx→0
ex

2
= 1

2

How about some extensible arrows ? These arrows stetch and shrink automati-
cally !

X
n+µ←−− Y

n±β+i−1−−−−−→
T

Z

What is a complex number ?

3
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z =

complex number︷ ︸︸ ︷
x︸︷︷︸
real

+ iy︸︷︷︸
imaginary

Or, make some multi-part definitions like this :

µ(n) =


1 if n = 1
0 if a2 |n for some a > 1
(−1)r if n has r distinct prime factors

Continued fractions look like this:

x =

a0 + 1

a1 +
1

a2+
1

a3+a4

 (7)

The most famous equation in mathematics (Euler’s equation)::

eiπ + 1 = 0

The cutest formula in mathematics (Heron’s formula)

A =
√
s.(s− a).(s− b).(s− c) (8)

where

A = Area of the triangle (9)

a, b, c = sides of the triangle (10)

s = semi− perimeter (11)

=
a+ b+ c

2
(12)

Can you compute:∫ 1

0
ex(1− x)100dx

Do you see any difference between the next two equations ?

4

58



x =
bc

a0 +
1

a1+
1

a2+
1

a3+a4

(13)

x =
bc

a0 +
1

a1 +
1

a2 +
1

a3 + a4

(14)

Here are two equations without subnumbers:

a = b+ c (15)

a = c ∗ d/2 (16)

some equations with subnumbers

a = b+ c (17a)

d = e+ f + g (17b)

h = i+ j (17c)

Build your own matrices.a b

(
g h
i j

)
d e f


Or, try something more elaborate : θ
α+β+γ

ω+δ
ψ−(χ∗π)

(
g h
i j

)
d e f

−1

Or, compute a determinant ::∣∣∣∣∣∣
θ

α+β+γ
ω+δ

ψ−(χ∗π) g

i j h
d e f

∣∣∣∣∣∣
Matrices can be delimited in different ways and styles.(
α β∗

γ∗ δ

)

5
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They can also be numbered, like equations.[
α β∗

γ∗ δ

]
(18)

{
α β∗

γ∗ δ

}
(19)∣∣∣∣α β∗

γ∗ δ

∣∣∣∣
∥∥∥∥α β∗

γ∗ δ

∥∥∥∥
And here is a small-sized

(
α β∗

γ∗ δ

)
in-line matrix you may need some time.

Write matrices which are side by side to each other

(
1 0
0 eiπ

)(
u
v

)
=

(
u
−v

)

2 Complex maths does not hurt

Don’t ask me what these formulae do !

Complex maths does not hurt, so let’s try:

F (b)− F (a) =

∫ b

a

n∑
j=0

f(xj)
n∏

k=0
k ̸=j

x− xk
xj − xk

dx (20)

Or, try this snippet borrowed (and then customised) from [6]

6
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F (s) = 1 +
∞∑
r=1

λ(2r)

2rs
+

∞∑
r=1

λ(3r)

3rs
+

∞∑
r=1

λ(5r)

5rs
+

∞∑
r=1

λ(2× 3r)

2s3rs

+
∞∑
r=1

λ(7r)

7rs
+

∞∑
r=1

λ(2× 5r)

2s5rs
+

∞∑
r=1

λ(11r)

11rs
+

∞∑
k=2

λ(2k × 3)

2ks3s

+
∞∑
r=1

λ(13r)

13rs
+

∞∑
r=1

λ(2× 7r)

2s7rs
+

∞∑
r=1

λ(3× 5r)

3s5rs
+

∞∑
r=1

λ(17r)

17rs

+
∞∑
r=1

λ(19r)

19rs
+

∞∑
k=2

λ(2k × 5)

2ks5s
+

∞∑
r=1

λ(3× 7r)

3s7rs

∞∑
r=1

λ(2× 11r)

2s11rs

+
∞∑
r=1

λ(23r)

23rs
+

∞∑
r=1

λ(2× 13r)

2s13rs
+

∞∑
k=2

λ(2k × 7)

2ks7s
+

∞∑
r=1

λ(29r)

29rs

+
∞∑
r=1

λ(2× 3× 5r)

2s3s5rs
+ ... (21)

Where

∞∑
r=1

λ(m.pr)

ms.prs
=

λ(m.p)

ms.ps
[1− 1

ps
+

1

p2s
− 1

p3s
+ ...+

(−1)X

pXs
]

or

∞∑
k=2

λ(m.pk.u)

ms.pks
=

λ(m.p2.u)

ms.p2s.us
[1− 1

ps
+

1

p2s
− 1

p3s
+ ...+

(−1)X

pXs
] (22)

and
F (s) =

∑
m

∑
p

∑
u

F T
m;p;u(s) +

∑
m

∑
p

F T
m;p;1(s), (23)

This leads to :

GT
m;p;u(s) =

√√√√ ∞∑
k=2

λ(mpku)

mspksus
∗

∞∑
r=1

λ(mpr)

msprs
+ θ − ϕω (24)

3 Ugly ducklings

Try to create the following expressions using LATEX :

7
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1

π
=

2
√
2

9801

∞∑
k=0

(4k!)(1103 + 26390k)

(k!)4(3964k)
(25)

This expression is reputed to be the ugliest equation in mathematics and is a
creation of Ramanujan.

Or, try rewriting these expressions in LATEX :

More to follow.
Watch this space

4 Concluding remarks

This is a LATEX document, created under Linux, using Kile. You can get the
LATEX source of this document from drpartha@gmail.com. Please mention the
Reference Code, and Version code, given at the top of this document.

If you found this article useful, please send a note to drpartha@gmail.com

8
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This article, and several other articles related to mathematics can be downloaded
from http://profpartha.webs.com/publications/downloadmath.htm.

This document is released under a Creative Commons By Attribution - Non Com-
mercial - ShareAlike 3.0 Unported License. See[5]

As always, suggestions and constructive comments are al-
ways welcome.

5 About the author

Figure 1: The pensive
Professor

Parthasarathy is an aggressive supporter of FOSS.
He teaches discrete mathematics, and preaches
LATEX and Linux, to students of Computer Sci-
ence, at Hyderabad, India, and at Kathmandu,
Nepal. He would be happy to assist any-
one, particularly students, teachers, and institu-
tions, who are genuinely interested in these top-
ics.

His contact address is : drpartha@gmail.com

References

[1] Parthasarathy S, When grace meets beauty, LATEX meets mathematics, Al-
gologic Technical Report, March 2008.

[2] Parthasarathy S, When grace meets beauty, again, Algologic Technical Re-
port.

[3] Parthasarathy S, Who says LATEX is only for serious stuff ? Algologic Tech-
nical Report, March 2008.

[4] Michael Downes, AMS: Short Math Guide for LATEX,
ftp://ftp.ams.org/ams/doc/amsmath/short-math-guide.pdf

[5] Creative Commons By Attribution - NonCommercial - ShareAlike 3.0 Un-
ported License. http://$creativecommons.org/licenses/by-nc-sa/
3.0/deed.en_US$

9

63



[6] K. Eswaran, The Dirichlet Series for the Liouville Function and the Riemann
Hypothesis, RSPA-2016-0679-LG-23-September.tex

* * *

10

64



Appendix #6

Set theory in LATEX

Keywords
mathsets.tex, sets, union, intersection, de Morgan, difference, subset,
superset.

*** Appendix#6

65



LaTeX for set theory

S. Parthasarathy

drpartha@gmail.com

Ref: mathsets.tex
Version: 20190203a

Set theory forms the essential basis of a whole lot of mathematical concepts.
It facilitates the description of several mathematical ideas compactly and in
an abstract sense.

Set theory offers a challenging situation for typesetting text which involves
mathematical symbols. A lot of examples are given below.

1 Some common sets

Some commonly used sets and their symbolic names are given below ::

Symbol Description of the set Code
P prime numbers \mathbb{P}

Z natural numbers (including zero) \mathbb{Z}

Z+ positive Integers \mathbb{Z}^+

Z− negative Integers \mathbb{Z}^-

I irrational numbers \mathbb{I}

Q rational numbers \mathbb{Q}

R real numbers \mathbb{R}

R>0 positive real numbers \mathbb{R}_{>0}

R≥0 non-negative real numbers \mathbb{R}_{\geq0}

{z} zero (a singleton set containing zero only)
{φ} a null set (empty set)

Note: Peano’s axiom #1 defines the set Z of natural numbers to include 0
[1].
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2 A very common set

Integers (aka whole numbers) form a very commonly used set. This set Z is
actually a union of three common sets:

Z = Z+ ∪ {z} ∪ Z−

The relationship of Z to other sets can be depicted as in the above figure.

The symbol Z derives from the German word Zahl [2], meaning ”number”
first appeared in Bourbaki’s Algèbre (reprinted as Bourbaki 1998, p. 671)
[3].

3 Some set theoretic expressions

3.1 De Morgan’s Law

Let A and B be two sets. De Morgan’s laws state that:
¬(A ∪B) = ¬A ∩ ¬B
and
¬(A ∩B) = ¬A ∪ ¬B

3.2 Law of inclusion-exclusion

Let |M| denote the cardinality of (M) i.e. the number of elements of (M).
Then,
|(M) ∪ (P )| = |(M)| + |(P )| − |(M) ∩ (P )|

3.3 Some more sample expressions

Justify which of the following are true/false1:

1Originally published by Debashish Sharma in Gonit Sora
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1. If A ⊆ B and B ⊆ C then A ⊆ C

2. If x ∈ A and A ⊆ B then x ∈ B

3. If A ⊆ B and x /∈ B then x /∈ A

4. A ∩B = A ∩ C ⇒ B = C

5. A ∪B = A ∪ C ⇒ B = C

6. (A ∩ B) ∪ (A− B) = A

7. A ∩ (B ∪ A)c = A ∩ B

8. Every subset of an infinite set is infinite.

Just some dummy expressions follow :

If x ∈ A and x /∈ B then x /∈ A ∩ B

If x ∈ A and x /∈ B then x ∈ A ∪B

µ

(

∞
⋃

n=1

An

)

= φ ∀ M → (λ,∞)

A disjoint union of A and B is denoted as A ⊔B

4 Drawing Venn diagrams

Latex offers packages for creating simple two set or three set Venn diagrams:
package venn , package venndiagram. Both of these use the Tikz program
for creating the figures. Both these packages can be downloaded from CTAN
(https://www.ctan.org/).

venndiagram by Nicola Talbot, is a LATEX package available from CTAN.
The venndiagram package is provided to assist generating simple two-
and three-set Venn diagrams for lectures or assignment sheets. This
package requires the tikz package.

Although the venndiagram package is simple and easy to use, it has
limitations. Those who need more functionality should preferably use
a tool like TikZ.
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PGF/TikZ is a tandem of languages for producing vector graphics from a
geometric/algebraic description. TikZ is a recursive acronym : ”TikZ
ist kein Zeichenprogramm” (German for ”TikZ is not a drawing pro-
gram”)

5 Closing remarks

This document has demonstrated how LaTeX helps typesetting text contain-
ing set theoretic symbols and operations.

This article, as well as a whole lot of sample LATEX documents, are available
at: http://drpartha.org.in/publications/downloadlatx.htm
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Theorems and friends1

S. Parthasarathy
drpartha@gmail.com

Ref. No.: theoremcorollaries.tex

Vers. code: 201810a

Contents

1 Theorems and friends 1

2 User-defined categories 4

3 Closing remarks 5

Abstract

LATEX offers an incredibly large set of facilities for typestting mathematically-
rich texts. This article examines one such feature: handling theorems
in mathematical texts.

1 Theorems and friends

Theorems are an integral part of mathematics. In fact, there are several
shades of “theorems” (listed below) [3].

• theorem

• axiom/postulate

• conjecture/hypothesis

• proposition

• lemma

1This is a LATEX document. You can get the LATEX source of this document from
drpartha@gmail.com. Please mention the Reference Code, and Version code, given at the
top of this document. Citation details for this article are given in [1]
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• corollary

• converse

• generalisation

• user-defined

LATEX keeps a separate counter for each of the above, and manages them
sutomatically as you add/delete any specific item. They can also be used for
cross-referencing purposes.

A theorem is a statement that has been proven on the basis of previously
established statements, such as other theorems, and generally accepted
statements, such as axioms

An axiom / postulate is a statement that is accepted without proof and
regarded as fundamental to a subject. Historically these have been
regarded as ”self-evident”, but more recently they are considered as-
sumptions that characterize the subject of study. In classical geometry,
axioms are general statements, while postulates are statements about
geometrical objects. A large collection of famous axioms is available in
[4]

A definition is also a statement which is accepted without proof, since
it simply gives the meaning of a word or phrase in terms of known
concepts.

A conjecture / hypothesis is an unproved statement that is believed true.
To be considered a conjecture, a statement must usually be proposed
publicly, at which point the name of the proponent may be attached
to the conjecture, as with Goldbach’s conjecture. Other famous con-
jectures include the Collatz conjecture and the Riemann hypothesis.
On the other hand, Fermat’s Last Theorem has always been known by
that name, even before it was proved; it was never known as “Fermat’s
conjecture” (probably because of the enigmatic claim Fermat made,
before he died).

A proposition is a theorem of lesser importance. This term sometimes
connotes a statement with a simple proof, while the term theorem is
usually reserved for the most important results or those with long or
difficult proofs. Some authors never use ”proposition”, while some oth-
ers use ”theorem” only for fundamental results. In classical geometry,
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this term was used differently: In Euclid’s Elements (c. 300 BCE),
all theorems and geometric constructions were called ”propositions”
regardless of their importance.

A lemma is a ”helping theorem”, a proposition with little applicability
except that it forms part of the proof of a larger theorem. In some
cases, as the relative importance of different theorems becomes more
clear, what was once considered a lemma is now considered a theorem,
though the word ”lemma” remains in the name. Examples include
Gauss’s lemma, Zorn’s lemma, and the fundamental lemma.

A corollary is a proposition that follows with little proof from another
theorem or definition.[7] Also a corollary can be a theorem restated
for a more restricted special case. For example, the theorem that all
angles in a rectangle are right angles has as corollary that all angles in
a square (a special case of a rectangle) are right angles.

The converse of a theorem is a statement formed by interchanging what is
given in a theorem and what is to be proved. For example, the isosceles
triangle theorem states that if two sides of a triangle are equal then two
angles are equal. In the converse, the premise (that two sides are equal)
and what is to be proved (that two angles are equal) are swapped. So,
the converse is the statement that if two angles of a triangle are equal
then two sides are equal. In this example, the converse can be proved
as another theorem, but this is often not necessary.

A generalization is a theorem which includes a previously proved theorem
as a special case and hence as a corollary.

User-defined category : In addition to the above, LATEX gives you a
whole lot of possibilities to define your own categories of theorems.
You can make – theorems, lemmas, corollaries, conjectures, example,
remark, definitions, hunches etc. , just about anything. You can use
a wide choice of styles in which these “theorems” will be visually pre-
sented. Use \newtheorem and \theoremstyle in the Preamble, to
create your own categories of theorems, lemmas, hunches etc. LATEX
keeps a separate counter for each of these categories, so you can use
them in cross-referencing.
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2 User-defined categories

We present two user-defined categories which are treated just like theorems,
by LATEX :

• wild hunches

• non-theorems

We included these two categories in the preamble part of this document,
using

\theoremstyle{break} \newtheorem{hunch}{The law of wild-hunches}

\theoremstyle{plain} \newtheorem{ahunch}{Non-theorem}

Here is what we can do.

The law of wild-hunches 1
All hunches do not become theorems. But, all theorems started out as hunches.

Non-theorem 1. Sometimes, theorems turn out to be fakes, and then, they
become plain hunches.

The law of wild-hunches 2
This is a dummy wild-hunch 2, just to show you how theorem numbers get
incremented automatically.

Non-theorem 2. This is a dummy nontheorem 2. All hunches are not
theorems, and all theorems are not just hunches.

And now, we see two theorems, in the classical sense of the term:

Theorem 1. Pythagoras Theorem

This is the celebrated theorem ascribed to the great Pythagoras by his
followers: The square of the length of the hypotenuse (c) of a right angled
triangle equals the sum of the squares of the lengths of the other two sides
(a,b). In other words,:

c2 = a2 + b2 (1)

Theorem 2. Fermat’s Last Theorem
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Poor Louis Fermat was not so lucky. He could’nt go beyond three in his
famous equation.

Thus spake Louis Fermat : There are no integral solutions for the equation :

xn + yn = znfor n ≥ 3 (2)

and died, before he could publish the proof of his claim.

Moral of the story: Pythagoras made a positive statement about something.
There are a hundred ways to prove Pythagoras right. Fermat had a negative
statement to make. Fermat had to wait 200 years to prove his theorem. Is
this proof of the power of positive thinking ?

3 Closing remarks

This article was created by the author, using LATEX . The LATEX source of
this article can be obtained by sending a request to : drpartha@gmail.com.
Please mention the Ref. No., and the Vers. code mentioned at the top of
this article. As always, your constructive suggestions and remarks are always
welcome.

Citation details of this article are given in [1].
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Size, spacing and alignment in LATEX math
mode

S. Parthasarathy
drpartha@gmail.com

Ref.: mathspacing.tex

Ver. code: 20211202c

Abstract

LATEX uses a special mode (math mode) for typesetting mathematical
expressions. But the text in this mode does not behave like normal
paragraph mode (text mode). Here are some examples.

1 Math mode in LATEX

LATEX [2, 1] is most frequently used for typesetting text which is rich in
mathematical expressions. This article is a sequel to the articles [5, 6]. In this
article, we examine spacing and alignment issues in mathematical expressions
made with LATEX .

1.1 Why use math mode ?

Imagine a long expression which exceeds one line length : x +y+z +p+ Q*r
+ s -d/e = g

With math mode, you get : x+ y + z + p+Q ∗ r + s− d/e = g

Notice the following :

1. The spacing before or after operators + and - is uniform in maths mode

2. A special font is used for the mathematical expression, to make it stand
out from the rest of the text

3. All font sizes, spacing and alignment is adjusted automatically by LATEX
It is not a good idea to modify any of these manually, although LATEX
gives you facilities for making changes, as explained in the rest of this
article.
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LaTeX uses math mode to distinguish variables from ordinary letters. Vari-
ables are typeset in math italic, a special style that is not the same as ordinary
italic prose. Here is an example:

Given a matrix A and vector b, solve Ax = b. (LATEX math syle)
Given a matrix A and vector b, solve Ax = b. (Italics text)

The first sentence was written as

Given a matrix $A$ and vector $b$, solve $Ax = b$.

and, the second sentence was written as:

{\it{Given a matrix A and vector b, solve Ax = b}}.

1.2 Font sizes

The usual way LATEX sets maths is very complex to explain.

The expression f(x) = 1
1+ 1

x

looks different from the expression f(x) =
1

1 +
1

x
because they were created with \frac and \dfrac respectively.

In the expression f(x) = 1
1+ 1

x

the math sizes are automatically adjusted so

that the positioning of the rest of the text is not disturbed.

You can set the above expression with a different style: f(x) =
1

1 + 1
x

using

the displaystyle command. You may notice the change in line spacing to
accomodate the denominator.

Things will get much more ugly, when you use \dfrac , like in the earlier

example f(x) =
1

1 +
1

x

. This what you get if you use \dfrac thoughtlessly.

The abnormal-looking line spacing can be very irritating in an otherwise
beautiful text.

Here is one more example of the usage of displaystyle :
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1
x+ 1

x

and
1

x+ 1
x

and
1

x+
1

x

In fact, you may choose any size you want, using
displaystyle, scriptsyle, scripscriptstyle commands :

f(x) =
1

1 + x
..... This is displaystyle

f(x) = 1
1+x

..... This is scriptstyle
f(x) = 1

1+x ..... This is scriptscriptstyle

Notice the size of the exponent, as you go higher :

2 =
√
2
√
2
√
2

√
2

√
2

. .
.

(1)

LATEX modifies the size of the exponents automatically, to respect the rules
of mathematical typesetting.

Now, take a look at the same expression

2 =
√
2

√
2

√
2

√
2

√
2

. .
.

(2)

The size of the exponents was reset using the \displaystyle command.

This is of course not a good writing practice in maths typesetting.

You can even set all these sizes globally (in the Preamble part of your docu-
ment), using the \DeclareMathSizes{<surrounding text size>}

{<math text size>}{<math script size>}{<math scriptscript size>}.

Warning : It is usually not a good idea to modify font sizes like this, in
math expressions. It may cause ugly side-effects in subsequent alignments
and positioning.
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1.3 Math fonts

By default, LATEX math mode uses mathnormal font style: a2 + b2 = c2

Maths mode in LATEX also allows you to use 7 special maths fonts:
mathnormal uprightroman mathbf mathsf mathit mathtt MAT HCAL
These are made using: $\mathnormal{}$ $ \mathrm{}$ $\mathbf{}$

$\mathsf{}$ $\mathit{}$ $\mathtt{} $ $\mathcal{}$ respectively.
Note: \mathcal allows only uppercase letters.

We have the amsfonts package, which is loaded automatically by amssymb
package which gives us access to :
\mathfrak Mathfrak Note: Fraktur (Gothic) letters, upper and lower case
alphabets are made using the \mathfrak{} command.
\mathbb MATHBB Note: “Blackboard bold” fonts are obtained by \mathbb

(allows only uppercase letters).

1.4 Spacing and sizes in math mode

Spacing is tricky in math mode. Spacing in maths texts is very different from
spacing in normal texts. LATEX uses many complex spacing rules in maths
texts. The difference may be very subtle, but it improves the legibility of
maths-rich texts substantially. Here are a few examples:

Text spacing inside math mode

$x+y is the same as y+x$ gives :
x+ yisthesameasy + x

You can bring back the spaces using backslashes, placed at the right points
using with \ ::
x+ y is the same as y + x

Or, by using the \text command::
x+ y is the same as y + x

Negative spacing (squeeze to left)

x+ y = z Normal math positioning
x+ y = z The + is squeezed to left.
x+ y = z The + is squeezed more to left.
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x+ y = z The + is squeezed much more to left.

Positive spacing (stretch to right)

In the next three lines, the + sign is moving to the right progressively. Zoom
in to see the change.

x+ y = z (no added spacing)
x + y = z (with \>)
x + y = z (with \;)
x + y = z (with \ )

Some more examples

x2 Normal spacing
x2 Squeeze left (with \!)
x2 Squeeze more to left (with \!\!)
x 2 Stretch right (with \;)

Spacing with \quad and \qquad

x+ y = z
x + y = z (with \quad)
x + y = z (with \qquad)
x + y = z (with \ )

Dollar signs

$ gives a dollar sign

\[ is tricky. It does not give the [ symbol. You have to use [ , or use ], to get ].

Differentials, most commonly the dx , used for differentials, should have
a little space separating it from other elements. The dx is a unit and so it
needs a little space to keep from looking like the product of d and x. You can
do this in LaTeX by inserting , before and between differentials.∫ 1

0
f(x) dx∫ 1

0
f(x)dx
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The first integral was written as

\int_0^1 f(x) \, dx

while the second forgot the , and was written as

\int_0^1 f(x) dx

Multiple differentials The need for a little extra space around differentials
becomes more obvious in multiple differentials.

dx dy = r dr dθ
dxdy = rdrdθ

The first was written as

dx , dy = r , dr \, d\theta

while, the second was written as

dx dy = r dr d\theta

Function names The LaTeX commands for typesetting functions like sin,
cos, log, max, etc. begin with a backslash. The command log keeps log, for
example, from looking like the product of variables l, o, and g. Such functions
should always be used in math mode.
log ex = x
log ex = x

The first example above was written as
\log e^x = x

and the second as
log \, e^x = x

The expression: log e^x = x gives logex = x (which is clearly ugly).

Given a matrix A and vector b, solve Ax = b.

Given a matrix A and vector b, solve Ax = b.

The first sentence was written as
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Given a matrix $A$ and vector $b$, solve $Ax = b$.

and the second as

Given a matrix A and vector b, solve Ax = b.

Angle multiples The double angle identity for sine is readable when prop-
erly typeset, and a jumbled mess, when the necessary backslashes are left out.

sin 2u = 2 sinu cosu

sin2u = 2sinucosu

The first example was written

\sin 2u = 2 \sin u \cos u

and the second as
sin 2u = 2 sin u cos u

Greek letters Greek letters are not spaced like normal English letters, in
mathematical expressions :

a ∗ b+ c/d

α ∗ β + γ/δ

a+ α ∗ c− δ + γ/ω

Parantheses : Parentheses don’t come out the right size if you use simple (
or ) to typeset an expression that is vertically large, e.g. (a

5

x3 )
2 .

But, if we put \left and \right before the relevant parentheses, we get a
prettier expression, like this:(

a5

x3

)2

(Notice the size of the parantheses with respect to the text size).

LATEX makes these parantheses grow and shrink automatically, depending on
the size of the text they enclose:(

a5

x3

)2

∗
(

1

1+ a5

x3

)2

+ λ

and they are aligned (vertically) depending upon the context. The sizes of
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the individual variables, superscripts and subscripts get adjusted also, auto-
matically.

Mathematical equations Equations form a significant component of math-
ematical text. Several facilities are available in LATEX for handling equations.

A stack of multi-line equations will look like this (each line of the equation
is numbered) :

ex ≈ 1 + x+ x2/2! + (3)

x3/3! + x4/4! + (4)

x5/5! (5)

Or make equations without numbers

x+ v3 − g/h = a+ b+ c+ d+ e+

f + g + h+ cos β

x2 − y2 = (x+ y)(x− y)

(x+ y)(x− y) = x2 − y2

Notice the vertical alignment of the various subequations. The vertical align-
ment is provided automatically by LATEX .

The above equations use the eqnarray environment. There is a huge contro-
versy concerning eqnarray. [7] gives a detailed explanation on this subject.

1.5 Horizontal spacing in text mode

Sometimes, it is necessary to add a horizontal (blank) space within running
text. We can do this in two ways: using \hspace or using \phantom.

Example – begin

This text has a junky space Parthax before the x.

This text has a blank space x before the x, made using \phantom.
This text has a blank space x before the x, using \hspace.

Example – end

Note : The files mathdots.tex and mathdots.sty were created and placed
here by running LATEX on the mathdots.ins file from CTAN mathdots pack-
age.
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Sometimes, you may like to add a series of dots to fill up space.

Example – begin

This text has a dotted space . . . x before the x, using \ldots (for low dots).

This text has a dotted space · · · x before the x, using \cdots in math mode,
(for centered dots).

Example – end

2 Concluding remarks

This is a LATEX document, created under Linux, using Kile. You can get the
LATEX source of this document from drpartha@gmail.com. Please mention
the Reference Code, and Version code, given at the top of this document.
Please follow the “basic rules of decency” explained in [4]

If you found this article useful, please send a note to drpartha@gmail.com

As always, suggestions and constructive comments are always welcome.

This document is released under a Creative Commons By Attribution - Non
Commercial - ShareAlike 3.0 Unported License. See[3]

3 About the author

Figure 1: The pensive
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Appendix #9

Special characters in LATEX

Keywords
mathspecial.tex, latex, characters, special, reserved, unusual, maths
symbols, accents, diacritical marks, spherical anlge, measured angle,
degree, plus minus, minus plus, therefore, becaue, limits, exponents,
summation, integrals, currencies, musical notes, backslash, verb, text,
pilcrow, .
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Special characters in LATEX

S. Parthasarathy

drpartha@gmail.com

Ref.: mathspecial.tex

Ver. code: 20211202a

Abstract

Typesetting special/reserved characters, especially in maths-rich text,
is always troublesome in LATEX .
Here is how you can handle this challenge.

1 Reserved characters in LATEX

LATEX is primarily used for typesetting standard Latin texts (usually encoded
in ASCII). There are several other characters which are used in such conven-
tional texts – we will call them (interchangeably) as reserved characters or
special characters.[1]

LATEX has 10 reserved characters: \ { } $ & # ^ _ % ~ Usually LATEX
handles these characters according to its contextual meaning. But, many
times, one would often like to display/render the character as it is (rather
than its implied meaning).

There are many ways to do this:

• Use \verb command

• Precede the character by an escape \ character

• Use the character’s LaTeX name e.g. \textasciitilde\
\textasciicircum\ \textbackslash\ to get

boo ˜ foo, foo ˆ boo, foo \ foo
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2 Special characters

Certain characters do not form part of the standard Latin (English) alpha-
bet and cannot be encoded using ASCII encoding. These characters (aka
symbols) are used often by mathematicians in specific contexts. Even, LATEX
commands themselves use conventional English, so including them in a stan-
dard text (without LATEX grabbing it up first) is a major challenge. This
current article gives many examples where LATEX commands are included
verbatim in the main text.

2.1 Unusual symbols

Delimiters

There is a big list of delimiters used in maths mode in LATEX . For instance,

( a ), [ b ], \{ c \}, | d |, \| e \|

\langle f \rangle, \lfloor g \rfloor,

\lceil h \rceil, \ulcorner i \urcorner,

\llcorner v \lrcorner

give :
(a), [b], {c}, |d|, ‖e‖, 〈f〉, ⌊g⌋, ⌈h⌉, piq, xvy

Notice that a \| gives a twin ||. :: ‖partha‖

A single | gives : —. A twin || gives : ——.

Use a \vert in math mode, for a single vertical bar |.

Or use the pair \lvert \rvert in mathmode, for |x|

To void the delimiter on one side, and give limits, like this : x3

3

∣

∣

∣

1

0

(The \left.

suppresses the left delimiter ) using \left.\frac{x^3}{3}\right|_0^1 .

Mathematical symbols are explained in greater detail, in a separate section,
below.
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Non-linguistic symbols

Sometimes, we may have to typeset symbols with no linguistic value. Exam-
ples are: musical notes, chessmen, playing cards, mathematical symbols.

Here is an example of some musical symbols (using the package wasysym) :

�  � � ♩ ♮ ♭ ♯

Modified Latin/English characters

If you use \i or \j you get ı or  without the dot. You can add your own
characters on top of these, in place of the dots. For instance, \~\i gives ı̃
(without the dot) and \~i gives ĩ (with the dot). \^\j gives ̂ (the dot is
missing) and \^j gives ĵ (with the dot)

If you use \ae or \AE you get æ or Æ

\aa\ and \AA give å and Å

Try > to get ¿ or try < to get ¡ .

Separators - hyphen, en-dash, em-dash

These separator symbols appear often in many maths intensive texts, and
also in conventional texts. Although they look similar, there are subtle visual
differences between them.

A plain - gives - (a hyphen). A minus sign − comes from $-$ .

The dash is a punctuation mark that is similar in appearance to the hyphen
and minus sign but differs from these symbols in length and, in some fonts,
height above the baseline. The most common versions of the dash are the en
dash –, longer than the hyphen; the em dash —, longer than the en dash. A
simple hyphen - is made with −. An en-dash – is made with --, an em-dash
— is made from ---.

An unusual marker

The § symbol is used as a counter in certain documents. It is made with \S.
Here are some examples § § § .
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One more unusual marker

A \P produces a pilcrow ¶ mark.

¶ marks are used for identifying new paras.

Accents, diacriticals

Many non-English languages use the same Latin characters (like English) ,
but add diacritical marks (accents) on them. Here are a few examples:

A Noël, allez à ce bistrôt français à Berlin Straße avec vos amis

pour déguster du très bon café. Ça va ?

Paul Erdős met Kurt Gödel and saw a Möbius strip made by Pólya

¡ Senõrita !

Two special trouble makers

The backslash and the tilde characters are major causes of headaches for the
LATEX typesetter. \textbackslash produces a simple \ in text-mode. One
particularly tricky case is \\. The \\ is usually used for indicating a line
break. Every time LATEX sees a \\ it introduces a line break. Use a single
\textbackslash to get \. Use \textbackslash \textbackslash to get\\in
the middle of any text.

The math-mode \sim gives ∼ and \texttildelow gives ~(from textcomp
package) are options for a lower tilde while \textasciitilde produces a
raised tilde (in text-mode) as in boo˜foo . The \~ gives a tilde over a char-
acter, as in España .

Miscellany magic

Partha

Made with the new command itbf

Using it all together :

§ First item

• Second item
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¶ Third one

$ One more

˜ Last one

Money matters

Here is an example of special characters for some currency symbols [13] :

$ 5432 + £ 5432 + e 5432 + | 5432 + U5432

That’s a lot of money !

2.2 Math symbols

LATEX offers a bewildering range of special symbols for mathematics [9].Each
symbol has a name. Use that name to create the symbol you want e.g. use
\subseteq to get a ⊆ sign. Note that the name must be used in math mode
only (enclose within a pair of $).

Take a look at [10], [6] and [7] for a whole lot of math symbols and usage
examples.

Caution

Using the $$...$$ should be avoided, as it may cause problems, partic-
ularly with the AMS-LaTeX macros. Furthermore, should a problem occur,
the error messages may not be helpful.

Summation and integrals

For example, the \sum will print a smaller
∑

and \displaystyle \sum will

print a bigger
∑

(This only works with AMSMATH package).

It is possible to force this behaviour for all math environments by declaring
\everymath{\displaystyle} at the very beginning

(i.e. before \begin{document} ).

The amsmath package[1] introduces several new commands that are more
powerful and flexible than the ones provided by basic LaTeX. The mathtools
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package fixes some amsmath quirks and adds some useful settings, symbols,
and environments to amsmath.[2] To use either package, include:
\usepackage{amsmath}

or
\usepackage{mathtools}

in the preamble of the document.

Exponents

For powers with more than one digit, surround the power with {}. For
instance, nab is not the same as nab because : n^{ab} is not the same as
n^ab

Placement of limits

An underscore (_) can be used with a vertical bar to denote evaluation
using subscript notation in mathematics:
f(n) = n5 + 4n2 + 2|n=17

If you want the limits of an integral (or sum) to be specified above and below
the symbol (like the sum), use the \limits command:
Notice the difference between ::
b
∫

a

and
∫

b

a

created with {\displaystyle \int \limits _{a}^{b}\,}

or {\displaystyle \int_{a}^{b}\,}

The same idea works for summation signs too.
∑

b

a
and

b
∑

a

However, if you want this to apply to all integrals, it is preferable to specify
the intlimits option when loading the amsmath package:
\usepackage[intlimits]{amsmath}

Therefore, because

\therefore and \because must be used in math mode.

x = y and y = z

∴ x = z

x = z
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∵ x = y and y = z

Plus or minus

A plus-minus sign is written as:
±

Similarly, there exists also a minus-plus sign:
∓

Angles

LATEX is also used in texts containing geometry related material.

In a right angled triangle there is one angle which is exactly 90° (made with
\textdegree)

In an equilateral triangle, all angles are equal to 60◦ (made with \degree)

If ABC is an equilateral triangle

∠ABC = ∠BCA = ∠CAB = 60° and

AB = BC = CA

The textdegree command works only if you have “usepackage[latin1]{inputenc}”
in the Preamble of your document. The \degree command was defined in
the Preamble of this document.

LATEX offers two other styles of denoting an angle:

Spherical angle : \sphericalangle ABC gives: ∢ABC

Measured angle : \measuredangle ABC gives: ∡ABC

3 Closing remarks

This is a LATEX document, created under Linux, using Kile. You can get the
LATEX source of this document from the author at : drpartha@gmail.com .
Please mention the Reference Code, and Version code, given at the top of
this document. Please follow the “basic rules of decency” explained in [5]
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Readers are requested to send all remarks, criticisms and suggestions to the
author at drpartha@gmail.com.

A whole lot of similar articles and tutorial material is available for download
from [12] This article is released under a liberal license [14] and published on
the web at [15].

4 About the author

Figure 1: The pensive
Professor

Parthasarathy is an aggressive supporter of FOSS.
He teaches discrete mathematics, and preaches
LATEX and Linux, to students of Computer Science,
at Hyderabad, India, and at Kathmandu, Nepal. He
would be happy to assist anyone, particularly stu-
dents, teachers, and institutions, who are genuinely
interested in these topics. His contact address is :
drpartha@gmail.com
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LATEX trees
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Abstract

LATEX trees, are not to be confused with rubber trees which give latex.

This article is about the mathematical concept called tree, and how it

can be embedded into LATEX documents.

1 Trees

A tree is an important graph mathematical concept, which has a huge range
of applications. In mathematics, and more specifically in graph theory, a tree
is an undirected graph in which any two vertices are connected by exactly one
path. In other words, any connected graph without simple cycles is a tree.
A tree is a mathematical structure that can be viewed as either a graph or as
a data structure. The two views are equivalent, since a tree data structure
contains not only a set of elements, but also connections between elements,
giving a tree graph. The points of connection are known as forks and the
segments as branches. Final segments and the nodes at their ends are called
tree leaves. A tree with two branches at each fork is called a binary tree.

1.1 Representing trees

In view of its importance and usefulness in many application areas, trees need
to be documented and anlysed often. There are many different approaches
to representing/documenting trees depending on the end purpose for such
representation. In our present case, we will study how to use LATEX to repre-
sent trees and include trees in documents. There is, in fact, a large number
of LATEX packages for drawing trees [6].
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2 Package qtree

LATEX package qtree[7]. Is a simple but efficient tool for drawing trees. It
helps you to create and embed trees in a LATEX document. Besides, it gives
various facilities for adjusting and personalising the look of the trees created.
A useful extension to package qtree is the package tree-dvips. The arrow-
drawing capabilities of the package tree-dvips (written by Emma Pease)
can be used with trees drawn with qtree. The two packages are fully com-
patible.

Package qtree is a tool for a high level depiction of trees. It avoids the need
to use cumbersome low level descriptors like pstricks, TikZ, or PGF.

3 Using qtree

Although a tree is a mathematical abstraction, it is often useful to visualise
it graphically. The qtree package helps you to visualise trees graphically.

Here is a simple tree made with the qtree command :

\Tree [.A [.B [.C one ] [.D two ] ].B [.E three ] ].A

A

B

C

one

D

two

E

three

The front end of qtree reads a tree description written in the familiar (to
linguists) bracket notation. The syntax is similar to that of lists in the Pro-
log programming language. Each subtree is denoted by a list of tree node
lables. Each subtree is delimited by a [ ] pair, like in Prolog lists. Tree node
labels are delimited by whitespace. The subtree is defined by the label of the
parent (beginning with a dot) followed by the labels of the children. There
is however a limit of 5 for the fanout i.e no more than 5 children per parent.
A child can have children (subtrees). A maximum depth of 20 generations
(tree depth) is the limit in qtree.
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We use qtree for drawing a part of the Linux file hierarchy on this machine.
The actual, complete Linux file hierarchy tree is VERY VERY BIG.

/

bin/ boot/ etc/ home/

Tom Dick Harry

. . .

The above tree was made using

\Tree [./ bin/ boot/ etc/ [.home Tom Dick Harry ] {\dots}]

You can highlight a part of the tree by adding a box (frame) around the
part you are interested, using \qframesubtree

/

bin/ boot/ etc/ home/

Tom Dick Harry

. . .

The above boxed tree was made using ::

\Tree[./ bin/ boot/ etc/ [.home/ Tom Dick Harry ]!{\qframesubtree}{~~~\dots}]
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Or, you can add a child node with a roof :

/

bin/ boot/ etc/ home/

Tom Dick Harry

Harry’s
files

. . .

The roofed node could be used as annotation of nodes, or as a pointer to
another subtree. In the above example, Harry’s files could be a separate tree
of Harry’s directories structure. This feature helps us to display and study
a large tree by breaking it into smaller, manageable parts.

4 Concluding remarks

This document is a part of tutorials and demonstrations documents created
by the author. The entire collection can be found on the web [5].

This document is released under a “Creative Commons By Attribution - Non
Commercial - ShareAlike 3.0 Unported License” [1]. Please read the details
of this license, given at [1].

This is a LATEX document, created under Linux, using Kile. You can get the
LATEX source of this document from drpartha@gmail.com. Please mention
the Reference Code, and Version code, given at the top of this document.
Please follow the “basic rules of decency” explained in [2].

If you found this article useful, please send a note to drpartha@gmail.com

As always, suggestions and constructive comments are always wel-

come. The author operates by Crocker’s Rules [3], and believes in Radical
Honesty [4] , so do not hesitate to speak plainly and frankly. Honest and
frank opinion is more constructive than polite and diplomatic silence.
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Diagrams and figures in LaTeX1

S. Parthasarathy
drpartha@gmail.com

Ref.: dia-try11.tex
Vers.: 20220526a

1 Building diagrams into LATEX documents

LATEX is primarily a tool for desk-top publishing. It does a remarkably good
job of typesetting text. But there are situations in which the text has to
carry diagrams and figures, for which we will need specific tools.

1. One approach would be to build such tools into LATEX itself, so that
figures and diagrams can be seamlessly built with the text itself (e.g.
TikZ, pstricks).

2. Another approach would be to create the diagrams and edit them ex-
ternally (outside LATEX ) before merging them with the text[4]. Such
an approach makes the diagrams available for use in other contexts and
in other situations too.

Diagram editors come in handy in this approach. Some diagram editors
are useful only for specific/limited domains, whereas others are more
generalised and can be used in many domains.

Dia [1] is a simple, generic and easy-to-use Diagram Editor for Linux. It
loosely resembles the MS-Windows software Visio, and comes without the
inevitable restrictions and constraints of MS-Windows.

In spite of its simplicity, Dia is extremely rich in features and facilites. Fea-
tures of Dia include multiple-page printing, export to many formats (EPS,
SVG, CGM and PNG), and the ability to use custom shapes [2] created by
the user as simple XML descriptions. Dia is useful for drawing SADT dia-
grams, flow charts, ER diagrams, UML diagrams, network maps, automata,
Petri nets, electrical circuits and control systems etc.

1Texts shown in winered colour are click-sensitive hyperlinks.
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For those who are mathematics oriented, Dia allows use of Greek letters (in
the diagrams/figures you draw with it). Choose the right input method (e.g.
IBus) from the top menu, choose the appropriate language (e.g. Greek), and
type the text you need. Of course, you should have configured your input
method (IBus) beforehand, to include the language you want to use (Greek).
This makes Dia the ideal choice for creating maths oriented diagrams in
LATEX documents.

In addition to the basic default shapes built into Dia, a whole lot of third-
party shapes are also available. The user may also build/create his own
custom shapes and add to this collection.

Limitations Dia is a versatile tool which offers the user ease of learning
and flexibility. However, for images which are more involved mathematically
(e.g log plots, polar plots, distributions, scatter diagrams etc.), it would be
wiser to use specialised mathematical tools to generate the images and export
them in some graphics format (e.g. png, gif, eps ....).You can then include
the image as explained below.

2 A simple example

The simplest way to include diagrams in LATEX would be to use the \includegraphics
command. This command puts the diagram in a running text, as shown be-
low.

and the text continues as usual. But, the interline spacing
gets disturbed and could be ugly to see.

Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Nam nibh. Nunc
varius facilisis eros. Sed erat. In in velit quis arcu ornare laoreet.

Here is one more example. This image was created and exported as eps using

Geogebra [7]. The image is included using \includegraphics
command and the text continues as usual. Notice that the inter-line spacing
gets disturbed if you use \includegraphics like this. The result may look
ugly (as seen in the above example). Two more commands \wrapfigure and
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\picinpar are used to wrap text around figures placed inside paragraphs [6].

Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Nam nibh. Nunc
varius facilisis eros. Sed erat. In in velit quis arcu ornare laoreet.

2.1 wrapfigure

The \wrapfigure environment lets you place a figure at the right side
or the left side of a paragraph [6] . It offers the possibility of defining the size
of the box where the picture will be placed and adjusting its location (inside
the box). It is a very convenient tool for creating maths-rich text books and
documents.

Figure 1: A maths puzzle

Take a look at this simple maths puz-
zle (you can solve it within your head,
without any paper or pencil). Readers
will find such texts to be easy to follow,
since they can see the corresponding il-
lustration also, as they read the text.

The \picinpar package is an alternate
way to wrap text around figures [6], but
it offers much lesser flexibility of usage.
So we do not discuss it here.

Here is one more example which uses \wrapfigure :

In a triangle, the sum of the interior angles adds up to two right angles

The figure is on the right of the paragraph.
In this diagram : α + β + λ = 180◦

This relationship is true for any trian-
gle. This diagram illustrates a fundamen-
tal property of triangles, and is useful in
a large number of applications of Euclidean
geometry. It is also the basis of many other
theorems involving triangles. The proof of
this theorem is simple, and is known even to
school children.

Notice that the inter-line spacing of the surrounding text does not get ad-
versely affected.
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3 One more simple example

A theorem is a statement that has been proven on the basis of previously
established statements, such as other theorems, and generally accepted state-
ments, such as axioms [5]. Mathematicians make sure that all theorems and
axioms are consistent with one another. This is an example of how mathe-
matics is built, one fact after another fact.

Here is one more theorem from Euclid’s plane geometry [3] :

Figure 2: External angle

The figure is on the left of the paragraph.
In this diagram : λ = θ + ϕ

This theorem is based on the theorem il-
lustrated above. This theorem itself can
be used in other theorems.

Figure 3: Trigonomet-
ric ratios

Dia can be used to illustrate some elaborate geomet-
ric principles. Here is one more example, made us-
ing Dia. This single diagram (on the right) explains
all major trigonometric ratios using a quadrant of a
unit circle.

Lorem ipsum dolor sit amet, consectetuer adip-
iscing elit. Nam nibh. Nunc varius facili-
sis eros. Sed erat. Lorem ipsum dolor sit
amet, consectetuer adipiscing elit. Nam nibh.
Nunc varius facilisis eros. Sed erat. Lorem ip-
sum dolor sit amet, consectetuer adipiscing elit.
Nam nibh. Nunc varius facilisis eros. Sed
erat.

4 A final example

Sometimes, we may need to put figures in the centre of text. But, it would
be clumsy to wrap text around such a figure, because the lines would get cut
at inconvenient points, and text would become unreadable to anybody. A
better option would be to centre the \includegraphics on a separate line by
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itself. We include below, two diagrams which illustrate two more theorems
of Euclidean geometry, using this approach.

Lorem ipsum dolor sit amet, consectetuer adipiscing elit. Nam nibh. Nunc
varius facilisis eros. Sed erat. Lorem ipsum dolor sit amet, consectetuer
adipiscing elit. Nam nibh. Nunc varius facilisis eros. Sed erat. Lorem ipsum
dolor sit amet, consectetuer adipiscing elit. Nam nibh. Nunc varius facilisis
eros. Sed erat.

Angles subtended by a chord of a circle

In in velit quis arcu ornare laoreet. Curabitur adipiscing luctus massa. In-
teger ut purus ac augue commodo commodo. Nunc nec mi eu justo tempor
consectetuer. Etiam vitae nisl. In dignissim lacus ut ante. Cras elit lec-
tus, bibendum a, adipiscing vitae, commodo et, dui. Ut tincidunt tortor.
Donec nonummy, enim in lacinia pulvinar, velit tellus scelerisque augue, ac
posuere libero urna eget neque. Cras ipsum. Vestibulum pretium, lectus nec
venenatis volutpat, purus lectus ultrices risus, a condimentum risus mi et
quam. Pellentesque auctor fringilla neque. Duis eu massa ut lorem iaculis
vestibulum. Maecenas facilisis elit sed justo. Quisque volutpat malesuada
velit.

This is just to show how diagrams enhance the clarity of textual matter, and
how we can build diagrams and figures in LATEX texts.

5 Concluding Remarks

“A picture is worth a thousand words” . This is very true for mathematical
texts written with LATEX . We have shown above, a few examples of how
Dia can help in creating texts with mathematical (particularly geometry)
figures, and thus enhance the clarity of such documents. However, Dia has
a few limitations when used for creating diagrams related to mathematics

108



e.g. function graphs, logarithmic plots, probability distributions etc. In such
cases, it would be wiser to use other tools which can generate and export
diagrams in appropriate graphical formats (e.g. eps, png, jpg). However, it
is still easier to use a diagram editor like Dia for adding diagrams in LATEX
documents rather than cumbersome tools like TikZ, pstricks etc.

This article was created by the author, using LATEX under a Linux environ-
ment . The LATEX source of this article can be obtained by sending a request
to : drpartha@gmail.com. Please mention the Ref. No., and the Vers. code
mentioned at the top of this article. As always, your constructive suggestions
and remarks are always welcome.
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Add-ons

1. LATEX alone will not make you a good mathematician

2. Comprehensive list of mathematical symbols (Courtesy Math-
Vault)

3. CC-BY-SA license

4. List of appendices and keywords

The above add-ons are included sequentially after this page.
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LATEX alone won’t make you a good
mathematician

S. Parthasarathy1

drpartha@gmail.com

Ref. : reckless.tex
Ver. code : 20220401c

Abstract

This is a sequel to the author’s book [1] on using LATEX for mathemat-
ics. This essay is about using LATEX wisely, for writing mathematics
oriented documents. It presents a quick overview of LATEX as a tool
for creating mathematical documents, and then, gives you some hints
on how to use this tool wisely. The author hopes that this paper will
help you make mathematics, enjoyable for more people.

1 What LATEX won’t do for you

An equation, for me, has no meaning,

unless it expresses a thought of God.

Srinivasa Ramanujan

Students (and teachers) of mathematics are aware of the inherent beauty of
mathematics. It is very well known that LATEX is exceptionally good in pre-
senting your mathematics, in a visually appealing way [1] . Several examples
of this fact are given in [2] . However, it is very easy to get carried away
by the intricacies and elegance of LATEX , and forget the essentials of good
writing. Moreover, what LATEX cannot do, or will not do, is improve your
mathematics. Nor will it prevent you from using it recklessly for presenting
mathematics in an outrageous style.

1Copyright : Algologic Research and Solutions, 78 Sancharpuri Colony, Bowenpally, Se-
cunderabad 500 011, India WWW-URL – http://drpartha.org.in/drpartha/drpartha.htm
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Of course, LATEX will not correct your maths. You can, for instance, say,
5+3 = 53, and get away with it. It will not undo badly designed expressions,
either. That is, it cannot repair, shabbily presented expressions. Even good
mathematicans have a tendency to write maths shabbily [5] . Let us see some
examples of shabby writing with LATEX .

Example #1

Here is an example, inspired from [1]. Every student of high school algebra
will recognise the following two equations:

x1 =
−b +

√
b2 − 4ac

2.a

x2 =
−b −

√
b2 − 4ac

2.a

Now, we will be a little mischievous and make some simple modifications.
We will replace the constants a, b, c by m1,m2,m3. We will replace the
discriminant

√
b2 − 4ac by an equivalent expression. This is what we get :

x1 = − 1/2
m2

m1

+

√
(m2 + 2

√
m1.m3).(m2 − 2

√
m1.m3)

2.m1

x1 = − 1/2
m2

m1

−
√

(m2 + 2
√
m1.m3).(m2 − 2

√
m1.m3)

2.m1

Mathematically, you are still correct. You have used LATEX and created very
impressive mathematical expressions. But, your students will not appreciate
this, and will call you a sadist, and curse you for messing up a simple formula.
(This is a warning for all teachers of mathematics)

Here are some more mathematically correct but pedagogically foolish expres-
sions:

Example #2

Consider sets A,B, C, and c ∈ A, a ∈ B, b ∈ C
You can easily imagine the maddening confusion you can create with this
innocent expression.

Example #3

What would you understand if you see :

A ⇒ B ⇒ C ⇒ D

Do you mean
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(A ⇒ B) ⇒ (C ⇒ D), or

(A ⇒ (B ⇒ C)) ⇒ D , or . . .

Example #4

All the world knows that the equation A = π ∗ (r2) gives the area of a circle
whose radius is r. It would be crazy to use other symbols (even if you define
them explicitly), like V = λ(γ ∗ γ) Or, you could be more treacherous, and
express the area of a circle as: π = A ∗ (r2) . All you have to do is redefine
the meanings of A and π. That may be mathematically correct, but many
people won’t appreciate the joke.

In short, use LATEX responsibly.

The message here is simple. It is not enough to own a good dictionary, to
avoid writing bad English. Similarly, it is not enough to use LATEX , to avoid
writing maths shabbily [3] .

When you use LATEX you must observe a few simple rules of writing maths
(there are many more, not listed here. Read [4] and [3] for more details and
examples.):

Write simple expressions – Do not use complicated nested-expressions
of the kind : log sinx2∗sec(y!). Adding appropriately placed parenthe-
ses helps, but only in a limited way. Nested parentheses only end up
confusing the reader. Subscripted superscripts of the type: xy2are the
oxymorons of mathematics. You can simplify this clutter, by making
smaller subexpressions, and then stringing the subexpressions together.
Define simpler variables, to eliminate combinations of subscripts and
superscripts.

Make shorter equations – Sometimes equations tend to become un-
usually long. Of course the LATEX command : \multiline can help
you handle long equations which span multiple lines. But, \multiline
sometimes breaks a line in unusual or illogical places. It would thus be
a better idea, to avoid \mutiline equations altogether. You can break
the equation, by defining smaller expressions. Then, use a single-line,
top-level equation which chains all these subexpressions together.

Break the monotony Sometimes we see whole pages of text, filled with
just mathematical expressions. It may look impressive, but that’s usu-
ally not a good idea. You should intersperse your maths with short
English-language text, which narrates what you are doing. This breaks
the monotony, and makes your document much more pleasant to read.
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When the reader loses his way somewhere, the short narrations will
help him (or her) recover and find his (or her) way.

Cross referencing Cross-referencing to other equations helps the reader
maintain a mental thread. LATEX gives you many facilities for cross-
referencing. But do not overdo this. And in any case, strictly avoid
forward referencing i.e. referencing to text or equations which will show
up later than the current position.

Pay attention to definitions, terminology, abbreviations, nomen-
clature, symbols – Never begin your paper with a list of notations
and conditions without explaining what they mean, or why you are do-
ing it. It is a good practice to clearly define and describe all definitions,
abbreviations and terminology used in the text. In any case, make this
list, as small as possible.

Never redirect the reader to another (obscure) paper for all the basic
(nonstandard) definitions you use. And also make sure that you use
universally defined and accepted symbols, in their most natural way.
It is always a good idea to respect conventions.

Numbering your equations – It is not a good idea to number all equa-
tions, recklessly. Number your equations, only if you intend to cross-
reference them. Otherwise, you can easily run into frighteningly large
numbers for your equations. With LATEX you can easily inhibit number-
ing of equations, whenever you want, and restart numbering, whenever
you choose.

2 Mathematical writing checklist

Below is a checklist , quoted from [7], which will help you confirm if you have
followed the necessary guidelines in your mathematical writing.

1. Is your paper neatly typed?
If you write the equations by hand, make sure that you have written
in all of the equations. Also make sure that you have included all of
the diagrams and graphs you intended to. Make sure that the paper is
double-spaced and has wide enough margins. of course, use LATEX to
ensure that your writing is clear and clutter-free.

2. Has the paper been proofread?
Sloppy work, particularly sloppy writing, defeats the very purpose of
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writing, and is generally not appreciated. Do check over everything.
Preferably, ask a colleague or knowledgeable friend to have a close look.
It will be a good idea to let your work, your eyes and your mind, cool
down overnight, so that you can give a thorough and final inspection.

3. Is there an introduction?
Make sure that you explain the problem to the reader. Assume that
the reader is unfamiliar with the problem. The introduction should
also try to indicate to the reader why the problem is interesting and
give some indication of what will follow in the paper.

4. Did you state all of your assumptions?
Write down any physical assumptions that you made. (Did you assume
that there was no friction? That the population grew with unlimited
resources? That interest rates remained steady?) Write down any
mathematical assumptions that you made. (Did you assume that the
function was continuous? Linear? That x was a real number?)

5. Are the grammar, spelling, and punctuation correct? Is the writing
clear and easy to understand?
Make sure that there are no sentence fragments. The formulas and
equations too need to be contained in complete sentences. Equations
and formulas (and the words too) should have correct punctuation as
well. Make sure that your paper flows smoothly and reads well. And
please, don’t be careless! Check your spelling!

6. Are all of the variables defined and described adequately?
Make sure that you introduce each variable that you use. Describe each
variable as precisely as possible. Don’t forget any units!

7. Are all of the terminologies, acronyms, abbreviations defined and de-
scribed adequately?
It is important to use only well-defined and standard terminology.
Make sure that terminologies are used in a coherent fashion. All
acronyms and abbreviations should be defined and expanded when first
used. It would also be a good idea to create a separate table of acronyms
and abbreviations and their expansions.

8. Are the mathematical symbols used correctly?
Do not use an “=” sign outside of a formula. Make sure that the
symbols are not misused. Make sure that parantheses () are balanced.
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Nested groupings need to be unambiguous and mathematically cor-
rect. Use equations and formulas only where they are appropriate and
necessary.

9. Are the words used correctly and precisely?
Avoid using vague language and too many pronouns. Use words where
they are appropriate.

10. Are the diagrams, tables, graphs, and any other pictures you include
clearly labeled?
Graphs should be drawn with a straight edge (or computer-generated)
with axes clearly labeled (with units if appropriate) and the scale indi-
cated. Diagrams should be neatly drawn with relevant labels.

11. Is the mathematics correct?
This should be obvious, especially for your maths-aware audience.

12. Did you solve the problem?
Sometimes in all of the fuss, people forget to answer the problem. Do
answer the question and state that explicitly ! Also, see if you can
write the solution in “real-world” terms.

Just a little thoughtfulness and care can make your efforts worthwhile and
enjoyable for your audience.

3 Closing remarks

LATEX can be used for producing very elegant looking documents, especially
when they involve mathematical expressions. However, you should also obey
some commonsense rules, to make the exercise worthwhile. Maths is more
than just skin-deep beauty. In short, use of commonsense, and LATEX can help
you create wonderful documents, especially if you indulge in mathematics.

The author of this paper teaches discrete mathematics, to undergrad students
of Computer Science, in India. He also runs a specialised enterprise which
uses LATEX and FOSS tools extensively.

This paper, predictably, was made using LATEX . It used the Kile front-end
provided by Suse Linux. It uses the AMSmath package, downloaded from
the CTAN site.

All rights, including Copyrights, of this paper, belong to Algologic Research
and Solutions. This paper is usually distributed under a CC-BY-SA license.
The CC-BY-SA license is available at [6]
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You can get the LATEX source of this text, as well as the rendered version (pdf
file), by sending a request by email, to the author, at: drpartha@gmail.com.
Please mention the Reference code and date mentioned at the top of this
article.

Constructive suggestions and remarks are always welcome.
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For the corresponding web guides, see Mathematical Symbols.
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1.1 Key Mathematical Numbers 3
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Symbols
(Explanation)

LaTeX Code Example

0
(Zero, additive
identity)

$0$ 3 + 0 = 3

1
(One, multiplicative
identity)

$1$ 5 × 1 = 5

√
2

(Square root of 2)
$\sqrt{2}$ (

√
2 + 1)2 = 3 + 2

√
2

e
(Euler’s constant)

$e$ ln(e2) = 2

π
(Pi, Archimedes’
constant)

$\pi$
π2

6 = 1
12 + 1

22 + · · ·

φ
(Phi, golden ratio)

$\varphi$ φ = 1 +
√

5
2

i
(Imaginary unit)

$i$ (1 + i)2 = 2i

1.2 Key Mathematical Sets

Symbols
(Explanation)

LaTeX Code Example

∅
(Empty set)

$\varnothing$ |∅| = 0

N
(Set of natural
numbers)

$\mathbb{N}$ ∀x, y ∈ N, x + y ∈ N

Z
(Set of integers)

$\mathbb{Z}$ N ⊆ Z

4 1.2 Key Mathematical Sets
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Z+
(Set of positive
integers)

$\mathbb{Z}_+$ 3 ∈ Z+

Q
(Set of rational
numbers)

$\mathbb{Q}$
√

2 /∈ Q

R
(Set of real numbers)

$\mathbb{R}$ ∀x ∈ R (x2 ≥ 0)

R+
(Set of positive real
numbers)

$\mathbb{R}_+$ ∀x, y ∈ R+ (xy ∈ R+)

C
(Set of complex
numbers)

$\mathbb{C}$ ∃z ∈ C (z2 + 1 = 0)

Zn

(Set of integer modulo
n)

$\mathbb{Z}_n$ In the world of Z2,
1 + 1 = 0.

R3

(Three-dimensional
Euclidean space)

$\mathbb{R}^3$ (5, 1, 2) ∈ R3

1.3 Key Mathematical Infinities

Symbols
(Explanation)

LaTeX Code Example

ℵ0
(Cardinality of natural
numbers)

$\aleph_0$ ℵ0 + 5 = ℵ0

c
(Cardinality of real
numbers)

$\mathfrak{c}$ c = 2ℵ0

ω
(Smallest infinite
ordinal number)

$\omega$ ∀n ∈ N (n < ω)

1.3 Key Mathematical Infinities 5
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1.4 Other Key Mathematical Objects

Symbols
(Explanation)

LaTeX Code Example

0
(Zero vector)

$\mathbf{0}$ ∀v ∈ V, v + 0 = v

e
(Identity element of a
group)

$e$ e ◦ e = e

I
(Identity matrix)

$I$ AI = IA = A

C
(Constant of
integration)

$C$
�

1 dx = x + C

�
(Tautology)

$\top$ For each propositionP ,
P ∧ � ≡ P .

⊥
(Contradiction)

$\bot$ For each propositionP ,
P ∧ ¬P ≡ ⊥.

Z
(Standard normal
distribution)

$Z$ Z ∼ N(0, 1)

2 Variables

2.1 Variables for Numbers

Symbols
(Explanation)

LaTeX Code Example

m, n, p, q
(Integers and natural
numbers)

$m$, $n$, $p$, $q$ m + n− q = 1

6 2.1 Variables for Numbers
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a, b, c
(Coefficients for
functions and
equations)

$a$, $b$, $c$ ax + by = 0

x, y, z
(Unknowns in
functions and
equations)

$x$, $y$, $z$ If 2x + 5 = 3, then
x = −1.

∆
(Discriminant)

$\Delta$ ∆ = b2 − 4ac for
quadratic polynomials

i, j, k
(Index variables)

$i$, $j$, $k$
10�

i=1
i = 55

t
(Time variable)

$t$ At t = 5, the velocity
is v(5) = 32.

z
(Complex numbers)

$z$ zz̄ = |z|2

2.2 Variables in Geometry

Symbols
(Explanation)

LaTeX Code Example

P , Q, R, S
(Vertices)

$P$, $Q$, $R$, $S$ PQ ⊥ QR

ℓ
(Lines)

$\ell$ ℓ1 � ℓ2

α, β, γ, θ
(Angles)

$\alpha$, $\beta$,
$\gamma$, $\theta$

α + β + θ = 180◦

2.3 Variables in Calculus

Symbols
(Explanation)

LaTeX Code Example

2.3 Variables in Calculus 7
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f(x), g(x, y), h(z)
(Functions)

$f(x)$, $g(x,y)$,
$h(z)$

f(2) = g(3, 1) + 5

an, bn, cn

(Sequences)
$a_n$, $b_n$,
$c_n$

an = 3
n + 2

h, ∆x
(Limiting variables in
derivatives)

$h$, $\Delta x$ lim
h→0

eh − e0

h
= 1

δ, ε
(Small quantities in
proofs involving
limits)

$\delta$,
$\varepsilon$

For all ε > 0, there is a
δ > 0 such that |x| < δ
implies that |2x| < ε.

F (x), G(x)
(Antiderivatives)

$F(x)$, $G(x)$ F �(x) = f(x)

2.4 Variables in Linear Algebra

Symbols
(Explanation)

LaTeX Code Example

u, v, w
(Vectors)

$\mathbf{u}$,
$\mathbf{v}$,
$\mathbf{w}$

3u + 4v = w

A, B, C
(Matrices)

$A$, $B$, $C$ AX = B

λ
(Eigenvalues)

$\lambda$ Av = λv

2.5 Variables in Set Theory and Logic

Symbols
(Explanation)

LaTeX Code Example

A, B, C
(Sets)

$A$, $B$, $C$ A ⊆ B ∪ C

8 2.5 Variables in Set Theory and Logic
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a, b, c
(Elements)

$a$, $b$, $c$ a ∈ A

P , Q, R
(Propositions)

$P$, $Q$, $R$ P ∨ ¬P ≡ �

2.6 Variables in Probability and Statistics

Symbols
(Explanation)

LaTeX Code Example

X, Y , Z
(Random variables)

$X$, $Y$, $Z$ E(X + Y ) =
E(X) + E(Y )

µ
(Population means)

$\mu$ H0 : µ = 5

σ
(Population standard
deviations)

$\sigma$ σ1 = σ2

s
(Sample standard
deviations)

$s$ s �= σ

n
(Sample sizes)

$n$ For n ≥ 30, use the
normal distribution.

ρ
(Population
correlations)

$\rho$ Ha : ρ < 0

r
(Sample correlations)

$r$ If r = 0.75, then
r2 = 0.5625.

π
(Population
proportions)

$\pi$ π = 0.5

p
(Sample proportions)

$p$ p = X

n

2.6 Variables in Probability and Statistics 9
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3 Delimiters

3.1 Common Delimiters

Symbols
(Explanation)

LaTeX Code Example

.
(Decimal separator)

$.$ 25.9703

:
(Ratio indicator)

$:$ 1 : 4 : 9 = 3 : 12 : 27

,
(Object separator)

$,$ (3, 5, 12)

(), [], {}
(Order-of-operation
indicators)

$()$, $[]$, $\{ \}$ (a + b) × c

(), []
(Interval indicators)

$()$, $[]$ 3 /∈ (3, 4], 4 ∈ (3, 4]

3.2 Other Delimiters

Symbols
(Explanation)

LaTeX Code Example

(), [],
�

x y
�
,



a

b




(Vector/matrix
indicators)

$()$, $[]$,
$\begin{pmatrix} x
& y \end{pmatrix}$,
$\begin{bmatrix} a
\\ b \end{bmatrix}$




1 4

3 6




{}
(Set builder)

$\{ \}$ {π, e, i}

|, :
(“Such that” markers)

$\mid, :$ {x ∈ R | x2 − 2 = 0}

10 3.2 Other Delimiters
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||, ��
(Metric-related
operators)

$| |, \| \|$ �(3, 4)� = 5





f(x) x ≥ a

g(x) x < a

(Piecewise-function
marker)

$\begin{cases} f(x)
& x \ge a \\ g(x) &
x < a \end{cases}$

f(x) =




1 x ≥ 0
0 x < 0

��
(Inner product
operator)

$\langle \rangle$ �ka, b� = k�a, b�

��
(Ceiling operator)

$\lceil \rceil$ �2.476� = 3

��
(Floor operator)

$\lfloor \rfloor$ �π� = 3

4 Operators

4.1 Common Operators

Symbols
(Explanation)

LaTeX Code Example

x + y
(Sum)

$x+y$ 2a + 3a = 5a

x− y
(Difference)

$x-y$ 11− 5 = 6

−x
(Additive inverse)

$-x$ −3 + 3 = 0

x × y, x · y, xy
(Product)

$x \times y$,
$x \cdot y$, $xy$

(m + 1)n = mn + n

x ÷ y, x/y
(Quotient)

$x \div y$, $x/y$ 152 ÷ 3 = 50.6

4.1 Common Operators 11
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x

y

(Fraction)

$\displaystyle
\frac{x}{y}$

53 + 5
6 = 53

6 + 5
6

xy

(Power)
$x^y$ 34 = 81

x ± y
(Plus and minus)

$x \pm y$
−b ±

√
∆

2a

√
x

(Positive square root)
$\sqrt{x}$

√
2 ≈ 1.414

|x|
(Absolute value)

$|x|$ |x− 3| < 5

x%
(Percent)

$x \%$ x% .= x

100

4.2 Function-related Operators

Symbols
(Explanation)

LaTeX Code Example

dom f
(Domain)

$\operatorname{dom}f$ If g(x) = ln x, then
dom(g) = R.

ran f
(Range)

$\operatorname{ran}f$ If h(y) = sin y, then
ran(h) = [−1.1].

f(x)
(Image of an
element)

$f(x)$ g(5) = g(4) + 3

f(X)
(Image of a set)

$f(X)$ f(A∩B) ⊆ f(A)∩f(B)

f ◦ g
(Composite
function)

$f \circ g$ If g(3) = 5 and f(5) =
8, then (f ◦ g)(3) = 8.

4.3 Elementary Functions

12 4.3 Elementary Functions
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Symbols
(Explanation)

LaTeX Code Example

knxn + · · · + k0x
0

(Polynomial)
$k_n x^n + \cdots
+ k_0x^0$

The polynomial
x3 + 2x2 + 3 has a root
in (−3,−2).

ex, exp x
(Natural exponential
function)

$e^x$, $\exp x$ ex+y = ex · ey

bx

(General exponential
function)

$b^x$ 2x > x2 for large x.

ln x
(Natural logarithmic
function)

$\ln x$ ln(x2) = 2 ln x

log x
(Common
logarithmic function)

$\log x$ log 10000 = 4

logb x
(General logarithmic
function)

$\log_b x$ log2 x = ln x

ln 2

sin x
(Sine function)

$\sin x$ sin π = 0

cos x
(Cosine function)

$\cos x$ cos π

4 =
√

2
2

tan x
(Tangent function)

$\tan x$ tan x = sin x

cos x

4.4 Algebra-related Operators

Symbols
(Explanation)

LaTeX Code Example

gcd(x, y)
(Greatest common
factor)

$\gcd (x,y)$ gcd(35, 14) = 7

4.4 Algebra-related Operators 13
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�x�
(Floor operator)

$\lfloor x \rfloor$ �3.6� = 3

�x�
(Ceiling operator)

$\lceil x \rceil$ �π� = 4

min(A)
(Minimum)

$\min (A)$ If min(A) = 3, then
min(A + 5) = 8.

max(A)
(Maximum)

$\max (A)$ max(A ∪B) ≥ max(A)

x mod y
(Modulo operator)

$x\bmod y$ 36 mod 5 = 1

n�

i=m

ai

(Summation)

$\displaystyle
\sum_{i=m}^n a_i$

5�

i=1
i2 = 55

n�

i=m

ai

(Pi Product)

$\displaystyle
\prod_{i=m}^n a_i$

n�

i=1
= n!

[a]
(Equivalence class)

$[a]$ [a] .= {x | xRa}

deg f
(Degree of
polynomial)

$\deg f$ deg(2x2 + 3x + 5) = 2

z̄
(Complex
conjugate)

$\bar{z}$ 5− 8i = 5 + 8i

|z|
(Absolute value of
complex number)

$|z|$ |eπi| = 1

arg z
(Arguments of
complex number)

$\arg z$ arg(1 + i) = π

4 + 2πn

4.5 Geometry-related Operators

Symbols
(Explanation)

LaTeX Code Example

14 4.5 Geometry-related Operators
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∠ABC
(Angle)

$\angle ABC$ ∠ABC = ∠CBA

∡ABC, m∠ABC
(Measure of angle)

$\measuredangle
ABC$, $m\angle ABC$

∡ABC = ∡A�B�C �

←→
AB
(Infinite line)

$\overleftrightarrow
{AB}$

←→
AB = ←→BA

AB
(Line segment)

$\overline{AB}$ If B �= B�, then
AB �= AB�.

−→
AB
(Ray)

$\overrightarrow
{AB}$

−→
AB ∼= −−→

CD

|AB|
(Distance
between two
points)

$|AB|$ |AB| < |A�B�|

�ABC
(Triangle)

$\triangle ABC$ �ABC ∼= �A�B�C �

□ABCD
(Quadrilateral)

$\square ABCD$ □ABCD = □DCBA

4.6 Logic-related Operators

Symbols
(Explanation)

LaTeX Code Example

¬P
(Negation)

$\lnot P$ ¬(1 = 2)

P ∧Q
(Conjunction)

$P \land Q$ P ∧Q ≡ Q ∧ P

P ∨Q
(Disjunction)

$P \lor Q$ πe ∈ Q ∨ πe /∈ Q

P → Q
(Conditional)

$P \to Q$ P → Q ≡ (¬P ∨Q)

P ↔ Q
(Biconditional)

$P \leftrightarrow Q$ P ↔ Q =⇒ P → Q

4.6 Logic-related Operators 15
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∀xP (x)
(Universal
statement)

$\forall x P(x)$ ∀y ∈ N (y + 1 ∈ N)

∃xP (x)
(Existential
statement)

$\exists x P(x)$ ∃z (z2 = −π)

4.7 Set-related Operators

Symbols
(Explanation)

LaTeX Code Example

A, Ac

(Complement)
$\overline{A}$,
$A^{c}$

A = A

A ∩B
(Intersection)

$A \cap B$ {2, 5} ∩ {1, 3} = ∅

A ∪B
(Union)

$A \cup B$ N ∪ Z = Z

A/B, A−B
(Set difference)

$A/B$, $A-B$ In general,
A−B �= B − A.

A × B
(Cartesian product)

$A \times B$ (11,−35) ∈ N × Z

P(A)
(Power set)

$\mathcal{P}(A)$ P(∅) = {∅}

|A|
(Cardinality)

$|A|$ |N| = ℵ0

4.8 Vector-related Operators

Symbols
(Explanation)

LaTeX Code Example

�v�
(Norm of vector)

$\| \mathbf{v} \|$ �(3, 4)� = 5

16 4.8 Vector-related Operators
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u · v
(Dot product)

$\mathbf{u} \cdot
\mathbf{v}$

u · u = �u�2

u × v
(Cross product)

$\mathbf{u} \times
\mathbf{v}$

u × u = 0

projv u
(Projection vector)

$\operatorname{proj}
_{\mathbf{v}}
\mathbf{u}$

proj(0,1)(5, 4) = (0, 4)

span(S)
(Span of vectors)

$\operatorname{span}
(S)$

span({i, j}) = R2

dim(V )
(Dimension of
vector space)

$\dim(V)$ dim(R3) = 3

4.9 Matrix-related Operators

Symbols
(Explanation)

LaTeX Code Example

A + B
(Matrix sum)

$A+B$ A + X = B

A−B
(Matrix difference)

$A-B$ In general,
A−B �= B − A.

−A
(Additive inverse)

$-A$ B + (−B) = 0

kA
(Scalar product)

$kA$ (−1)A = −A

AB
(Matrix product)

$AB$ AI = IA = A

AT

(Matrix transpose)
$A^T$ IT = I

A−1

(Matrix inverse)
$A^{-1}$ (AB)−1 = B−1A−1

tr(A)
(Trace of matrix)

$\operatorname{tr}
(A)$

tr(AT ) = tr(A)

4.9 Matrix-related Operators 17
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det(A), |A|,
�������

x y

w z

�������
(Determinant)

$\det(A)$, $|A|$,
$\begin{vmatrix} x &
y \\ w & z
\end{vmatrix}$

�������

1 4

3 2

�������
= 2− 12 = −10

4.10 Probability-related Operators

Symbols
(Explanation)

LaTeX Code Example

n!
(Factorial)

$n!$ 4! = 4 · 3 · 2 · 1

nPr
(Permutation)

$nPr$ 5P3 = 5 · 4 · 3

nCr,


n

r




(Combination)

$nCr$, $\displaystyle
\binom{n}{r}$


5

2


 =


5

3




P (E)
(Probability of
event)

$P(E)$ P (A ∪B ∪ C) = 0.3

P (A|B)
(Conditional
probability)

$P(A|B)$ P (A|B) = P (A ∩B)
P (B)

E(X)
(Expected value of
random variable)

$E(X)$ E(X + Y ) =
E(X) + E(Y )

V (X)
(Variance of
random variable)

$V(X)$ V (5X) = 25V (X)

4.11 Statistics-related Operators

Symbols
(Explanation)

LaTeX Code Example

18 4.11 Statistics-related Operators
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X
(Sample mean)

$\overline{X}$ 3X = 3X

s2

(Sample variance)
$s^2$ s2 =

�(X −X)2

n− 1

σ2

(Population
variance)

$\sigma^2$ σ2 =
�(X − µ)2

n

4.12 Key Probability Functions and Distri-
butions

Symbols
(Explanation)

LaTeX Code Example

Bin(n, p)
(Binomial
distribution)

$\operatorname{Bin}
(n, p)$

If X stands for the
number of heads in 10
coin tosses, then
X ∼ Bin(10, 0.5).

Geo(p)
(Geometric
distribution)

$\operatorname{Geo}
(p)$

Y ∼ Geo(1/5), then
E(Y ) = 5.

U(a, b)
(Continuous
uniform
distribution)

$U(a,b)$ If X ∼ U(3, 7), then

V (X) = (7− 3)2

12 .

N(µ, σ2)
(Normal
distribution)

$N(\mu, \sigma^2)$ If X ∼ N(3, 52), then
X − 3

5 ∼ Z.

zα

(Critical z-score)
$z_{\alpha}$ z0.05 ≈ 1.645

tα,ν

(Critical t-score)
$t_{\alpha, \nu}$ t0.05,1000 ≈ z0.05

χ2
α,ν

(Critical Chi-
squared-score)

$\chi^2_{\alpha, \nu}$ χ2
0.05,30 ≈ 43.77

4.12 Key Probability Functions and Distributions 19
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Fα,ν1,ν2
(Critical F-score)

$F_{\alpha, \nu_1,
\nu_2}$

F0.05,20,20 ≈ 2.1242

4.13 Calculus-related Operators

Symbols
(Explanation)

LaTeX Code Example

lim
n→∞ an

(Limit of
sequence)

$\displaystyle \lim_
{n \to \infty} a_n$

lim
n→∞

n + 3
2n

= 1
2

lim
x→c

f(x)
(Limit of function)

$\displaystyle \lim_
{x \to c} f(x)$

lim
x→3

π sin x

2 =
π

2 lim
x→3

sin x

sup(A)
(Supremum)

$\sup(A)$ sup( [−3, 5) ) = 5

inf(A)
(Infimum)

$\inf(A)$ If B =
�1

1 ,
1
2 , . . .

�
, then

inf(B) = 0.

f �, f ��, f ���, f (n)

(Derivative)
$f'$, $f''$, $f'''$,
$f^{(n)}$

(sin x)��� = − cos x

� b

a
f(x) dx

(Definite integral)

$\displaystyle \int_a^
b f(x)\,\mathrm{d}x$

� 1

0

1
1 + x2 = π

4
�

f(x) dx

(Indefinite
integral)

$\displaystyle \int f(x)
\,\mathrm{d}x$

�
ln x dx = x ln x− x

fx

(Partial derivative)
$f_x$ If f(x, y) = x2y3, then

fx(x, y) = 2xy3.

20 4.13 Calculus-related Operators
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5 Relational Symbols

5.1 Equality-based Relational Symbols

Symbols
(Explanation)

LaTeX Code Example

x = y
(Equal)

$x = y$ 3x− x = 2x

x �= y
(Non-equal)

$x \ne y$ 2 �= 3

x ≈ y
(Approximately
equal)

$x \approx y$ π ≈ 3.1416

x ∼ y, xRy
(Related to)

$x \sim y$, $xRy$ xRy if and only if
|x| = |y|

x ≡ y
(Equivalent to)

$x \equiv y$ 2 ≡ 101 in mod 33

f(x) ∝ g(x)
(Proportional to)

$f(x) \propto g(x)$ V ∝ r3

5.2 Comparison-based Relational Symbols

Symbols
(Explanation)

LaTeX Code Example

x < y
(Less than)

$x < y$ sin x < 3

x > y
(Greater than)

$x > y$ π > e

x ≤ y
(Less than or
equal to)

$x \le y$ n! ≤ nn

5.2 Comparison-based Relational Symbols 21
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x ≥ y
(Greater than or
equal to)

$x \ge y$ x2 ≥ 0

5.3 Number-related Relational Symbols

Symbols
(Explanation)

LaTeX Code Example

m | n
(Divisibility)

$m \mid n$ 101 | 1111

m ⊥ n
(Coprime integers)

$m \perp n$ 31 ⊥ 97

5.4 Geometry-related Relational Symbols

Symbols
(Explanation)

LaTeX Code Example

ℓ1 � ℓ2
(Parallel)

$\ell_1 \parallel
\ell_2$

PQ � RS

ℓ1 ⊥ ℓ2
(Perpendicular)

$\ell_1 \perp \ell_2$
−→
AB ⊥ −−→BC

F ∼ F �

(Similar figures)
$F \sim F'$ �ABC ∼ �DEF

F ∼= F �

(Congruent
figures)

$F \cong F'$ □ABCD ∼= □PQRS

5.5 Set-related Relational Symbols

Symbols
(Explanation)

LaTeX Code Example

22 5.5 Set-related Relational Symbols
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a ∈ A
(Member of)

$a \in A$
2
3 ∈ R

a /∈ A
(Not a member of)

$a \notin A$ π /∈ Q

A ⊆ B
(Subset of)

$A \subseteq B$ A ∩B ⊆ A

A = B
(Equal Sets)

$A = B$ If A = B, then A ⊆ B.

5.6 Logic-related Relational Symbols

Symbols
(Explanation)

LaTeX Code Example

P =⇒ Q
(Implies)

$P \implies Q$ x is even =⇒
2 divides x

P ⇐= Q
(Implied by)

$P \impliedby Q$ x = 3 ⇐= 3x + 2 = 11

P ⇐⇒ Q,
P ≡ Q
(If and only if)

$P \iff Q$,
$P \equiv Q$

x �= y ⇐⇒
(x− y)2 > 0

P ∴ Q
(Therefore)

$P \therefore Q$ i ∈ C ∴ ∃z (z ∈ C)

P ∵ Q
(Because)

$P \because Q$ x = π

2 ∵
sin x = 1 and cos x = 0

5.7 Probability-related Relational Symbols

Symbols
(Explanation)

LaTeX Code Example

A ⊥ B
(Independent
events)

$A \perp B$ If A ⊥ B, then
P (A ∩B) =
P (A) ∩ P (B).

5.7 Probability-related Relational Symbols 23
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X ∼ F
(X follows
distribution F )

$X \sim F$ Y ∼ Bin(30, 0.4)

5.8 Calculus-related Relational Symbols

Symbols
(Explanation)

LaTeX Code Example

f(x) ∼ g(x)
(Asymptotically
equal)

$f(x) \sim g(x)$ π(x) ∼ x

ln x

f(x) ∈ O(g(x))
(In the big-O of)

$f(x) \in O(g(x))$ 2x2 + 3x + 3 ∈ O(x2)

6 Notational Symbols

6.1 Common Notational Symbols

Symbols
(Explanation)

LaTeX Code Example

. . ., · · ·
(Horizontal
ellipsis)

$\ldots$, $\cdots$ 12 + 22 + · · · + n2

..., . . .
(Vertical ellipsis)

$\vdots$, $\ddots$




a11 · · · a1n

... . . . ...

am1 · · · amn




f : A → B,
A

f→ B
(Function’s
domain/codomain
specifier)

$f : A \to B$, $A
\overset{f}{\to} B$

A function g : N→ R
can be thought of as a
sequence.

24 6.1 Common Notational Symbols
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x �→ f(x)
(Function
mapping rule)

$x \mapsto f(x)$ The function x �→ x2 is
increasing in the
interval [0,∞).

Q.E.D., ■, □
(End-of-the-proof
symbols)

$Q. E. D.$,
$\blacksquare$,
$\square$

Thus the result is
established as desired.
■

Q.E.A., ⊥
(Contradiction
symbols)

$Q. E. A.$, $\bot$ Multiplying both sides
of the equation yields
that 1 = 2. ⊥

6.2 Notational Symbols in Geometry and
Trigonometry

Symbols
(Explanation)

LaTeX Code Example

◦

(Degree)
$^{\circ}$ cos(90◦) = 0

�

(Arcminute)
$'$ 35� =

�35
60

�◦

��

(Arcsecond)
$''$ 20�� =

�20
60

��

rad
(Radian)

$\mathrm{rad}$ π rad = 180◦

grad
(Gradian)

$\mathrm{grad}$ 100 grad = 90◦

6.3 Notational Symbols in Calculus

Symbols
(Explanation)

LaTeX Code Example

+∞
(Positive infinity)

$+\infty$
n2 + 1

n
→ +∞

6.3 Notational Symbols in Calculus 25
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−∞
(Negative infinity)

$-\infty$ lim
x→−∞ ex = 0

∆x
(Change in
variable)

$\Delta x$ m = ∆y

∆x

dx
(Differential)

$\mathrm{d} x$ dy = f �(x) dx

∂x
(Partial
differential)

$\partial x$
∂f

∂x
dx

df
(Total differential)

$\mathrm{d} f$ dg(x, y) =
∂g

∂x
dx + ∂g

∂y
dy

6.4 Notational Symbols in Probability and
Statistics

Symbols
(Explanation)

LaTeX Code Example

i.i.d.
(Independent and
identically
distributed)

i.i.d. Given n i.i.d. random
variables X1, . . . , Xn,
V (X1 + · · · + Xn) =
V (X1) + · · · + V (Xn).

H0
(Null hypothesis)

$H_0$ H0 : µ = 23

Ha

(Alternative
hypothesis)

$H_a$ Ha : σ2
1 �= σ2

2

7 Additional Resources
• Ultimate LaTeX Reference Guide: A definitive reference guide

on the LaTeX language, with the commands, environments and

26 6.4 Notational Symbols in Probability and Statistics
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packages most LaTeX users will ever need

• Definitive Guide to Learning Higher Mathematics: A standalone
10-principle framework for tackling higher mathematical learning,
thinking and problem solving

• 10 Commandments of Higher Mathematical Learning: An illus-
trated web guide on 10 scalable rules for learning higher mathe-
matics

• DefinitiveGlossary of HigherMathematical Jargon: A tour around
higher mathematics in 100 terms

6.4 Notational Symbols in Probability and Statistics 27
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forbid You from making technical modifications necessary to exercise the Licensed Rights, including
technical modifications necessary to circumvent Effective Technological Measures. For purposes of this
Public License, simply making modifications authorized by this Section 2(a)(4) never produces Adapted
Material.

4. 

Downstream recipients.
Offer from the Licensor – Licensed Material. Every recipient of the Licensed Material automatically
receives an offer from the Licensor to exercise the Licensed Rights under the terms and conditions of
this Public License.

1. 

Additional offer from the Licensor – Adapted Material. Every recipient of Adapted Material from You
automatically receives an offer from the Licensor to exercise the Licensed Rights in the Adapted
Material under the conditions of the Adapter’s License You apply.

2. 

No downstream restrictions. You may not offer or impose any additional or different terms or conditions
on, or apply any Effective Technological Measures to, the Licensed Material if doing so restricts
exercise of the Licensed Rights by any recipient of the Licensed Material.

3. 

5. 

No endorsement. Nothing in this Public License constitutes or may be construed as permission to assert or
imply that You are, or that Your use of the Licensed Material is, connected with, or sponsored, endorsed, or
granted official status by, the Licensor or others designated to receive attribution as provided in Section
3(a)(1)(A)(i).

6. 

1. 

Other rights.

Moral rights, such as the right of integrity, are not licensed under this Public License, nor are publicity,
privacy, and/or other similar personality rights; however, to the extent possible, the Licensor waives and/or
agrees not to assert any such rights held by the Licensor to the limited extent necessary to allow You to
exercise the Licensed Rights, but not otherwise.

1. 

Patent and trademark rights are not licensed under this Public License.2. 

To the extent possible, the Licensor waives any right to collect royalties from You for the exercise of the
Licensed Rights, whether directly or through a collecting society under any voluntary or waivable statutory
or compulsory licensing scheme. In all other cases the Licensor expressly reserves any right to collect
such royalties.

3. 

2. 

Section 3 – License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the following conditions.

Attribution.1. 
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If You Share the Licensed Material (including in modified form), You must:

retain the following if it is supplied by the Licensor with the Licensed Material:
identification of the creator(s) of the Licensed Material and any others designated to receive
attribution, in any reasonable manner requested by the Licensor (including by pseudonym if
designated);

1. 

a copyright notice;2. 

a notice that refers to this Public License;3. 

a notice that refers to the disclaimer of warranties;4. 

a URI or hyperlink to the Licensed Material to the extent reasonably practicable;5. 

1. 

indicate if You modified the Licensed Material and retain an indication of any previous modifications;
and

2. 

indicate the Licensed Material is licensed under this Public License, and include the text of, or the URI
or hyperlink to, this Public License.

3. 

1. 

You may satisfy the conditions in Section 3(a)(1) in any reasonable manner based on the medium, means,
and context in which You Share the Licensed Material. For example, it may be reasonable to satisfy the
conditions by providing a URI or hyperlink to a resource that includes the required information.

2. 

If requested by the Licensor, You must remove any of the information required by Section 3(a)(1)(A) to the
extent reasonably practicable.

3. 

ShareAlike.
In addition to the conditions in Section 3(a), if You Share Adapted Material You produce, the following
conditions also apply.

The Adapter’s License You apply must be a Creative Commons license with the same License Elements,
this version or later, or a BY-SA Compatible License.

1. 

You must include the text of, or the URI or hyperlink to, the Adapter's License You apply. You may satisfy
this condition in any reasonable manner based on the medium, means, and context in which You Share
Adapted Material.

2. 

You may not offer or impose any additional or different terms or conditions on, or apply any Effective
Technological Measures to, Adapted Material that restrict exercise of the rights granted under the Adapter's
License You apply.

3. 

2. 

Section 4 – Sui Generis Database Rights.

Where the Licensed Rights include Sui Generis Database Rights that apply to Your use of the Licensed Material:

for the avoidance of doubt, Section 2(a)(1) grants You the right to extract, reuse, reproduce, and Share all or a
substantial portion of the contents of the database;

1. 

if You include all or a substantial portion of the database contents in a database in which You have Sui
Generis Database Rights, then the database in which You have Sui Generis Database Rights (but not its
individual contents) is Adapted Material, including for purposes of Section 3(b); and

2. 

You must comply with the conditions in Section 3(a) if You Share all or a substantial portion of the contents of
the database.

3. 

For the avoidance of doubt, this Section 4 supplements and does not replace Your obligations under this Public
License where the Licensed Rights include other Copyright and Similar Rights.
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Section 5 – Disclaimer of Warranties and Limitation of Liability.

Unless otherwise separately undertaken by the Licensor, to the extent possible, the Licensor offers the
Licensed Material as-is and as-available, and makes no representations or warranties of any kind
concerning the Licensed Material, whether express, implied, statutory, or other. This includes, without
limitation, warranties of title, merchantability, fitness for a particular purpose, non-infringement,
absence of latent or other defects, accuracy, or the presence or absence of errors, whether or not
known or discoverable. Where disclaimers of warranties are not allowed in full or in part, this
disclaimer may not apply to You.

1. 

To the extent possible, in no event will the Licensor be liable to You on any legal theory (including,
without limitation, negligence) or otherwise for any direct, special, indirect, incidental, consequential,
punitive, exemplary, or other losses, costs, expenses, or damages arising out of this Public License or
use of the Licensed Material, even if the Licensor has been advised of the possibility of such losses,
costs, expenses, or damages. Where a limitation of liability is not allowed in full or in part, this
limitation may not apply to You.

2. 

The disclaimer of warranties and limitation of liability provided above shall be interpreted in a manner that, to
the extent possible, most closely approximates an absolute disclaimer and waiver of all liability.

3. 

Section 6 – Term and Termination.

This Public License applies for the term of the Copyright and Similar Rights licensed here. However, if You fail
to comply with this Public License, then Your rights under this Public License terminate automatically.

1. 

Where Your right to use the Licensed Material has terminated under Section 6(a), it reinstates:

automatically as of the date the violation is cured, provided it is cured within 30 days of Your discovery of
the violation; or

1. 

upon express reinstatement by the Licensor.2. 

For the avoidance of doubt, this Section 6(b) does not affect any right the Licensor may have to seek remedies
for Your violations of this Public License.

2. 

For the avoidance of doubt, the Licensor may also offer the Licensed Material under separate terms or
conditions or stop distributing the Licensed Material at any time; however, doing so will not terminate this
Public License.

3. 

Sections 1, 5, 6, 7, and 8 survive termination of this Public License.4. 

Section 7 – Other Terms and Conditions.

The Licensor shall not be bound by any additional or different terms or conditions communicated by You
unless expressly agreed.

1. 

Any arrangements, understandings, or agreements regarding the Licensed Material not stated herein are
separate from and independent of the terms and conditions of this Public License.

2. 

Section 8 – Interpretation.

For the avoidance of doubt, this Public License does not, and shall not be interpreted to, reduce, limit, restrict,
or impose conditions on any use of the Licensed Material that could lawfully be made without permission
under this Public License.

1. 
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To the extent possible, if any provision of this Public License is deemed unenforceable, it shall be
automatically reformed to the minimum extent necessary to make it enforceable. If the provision cannot be
reformed, it shall be severed from this Public License without affecting the enforceability of the remaining
terms and conditions.

2. 

No term or condition of this Public License will be waived and no failure to comply consented to unless
expressly agreed to by the Licensor.

3. 

Nothing in this Public License constitutes or may be interpreted as a limitation upon, or waiver of, any
privileges and immunities that apply to the Licensor or You, including from the legal processes of any
jurisdiction or authority.

4. 

Creative Commons is not a party to its public licenses. Notwithstanding, Creative Commons may elect to apply
one of its public licenses to material it publishes and in those instances will be considered the “Licensor.” The text
of the Creative Commons public licenses is dedicated to the public domain under the CC0 Public Domain
Dedication. Except for the limited purpose of indicating that material is shared under a Creative Commons public
license or as otherwise permitted by the Creative Commons policies published at creativecommons.org/policies,
Creative Commons does not authorize the use of the trademark “Creative Commons” or any other trademark or
logo of Creative Commons without its prior written consent including, without limitation, in connection with any
unauthorized modifications to any of its public licenses or any other arrangements, understandings, or
agreements concerning use of licensed material. For the avoidance of doubt, this paragraph does not form part of
the public licenses.

Creative Commons may be contacted at creativecommons.org.

Additional languages available: Bahasa Indonesia, Deutsch, français, hrvatski, italiano, Lietuvių, Nederlands,
norsk, polski, português, suomeksi, svenska, te reo Māori, Türkçe, русский, українська, العربية, 日本語. Please
read the FAQ for more information about official translations.

Contact Privacy Policies
Terms

We'd love to hear
from you!
Creative Commons
PO Box 1866, Mountain
View, CA 94042

info@creativecommons.org
Frequently Asked
Questions
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