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A bit of history

The search for a means of communication between blind and sighted people has a very long history
dating back to ancient times. In his collection Disputationum Tuskulanarum, Cicero mentions the names of
several enlightened blind people — Democritus, Appius Claudius, Aufidius, Diodot — who were widely
admired and respected by their contemporaries. They certainly used the help of readers and scribes to pass
on their knowledge. We can only assume that they attempted to become independent of third parties by
searching for a means of communication that did not involve sight.

The first documented attempts to develop a writing system accessible to the blind date back to the
14th century. At that time, Zain-Din Al Amidi, a blind professor at the University of Iraq, developed a unique
type of raised writing, which he used to mark the volumes of his extensive book collection and to take short
notes.

Blind scholars also worked at European universities, and their activities certainly encouraged the
search for a means of recording and transmitting information. An additional stimulus was the invention of printing
at the end of the 15th century, which made books widely available to sighted people.

Francesco Lucas of Zaragoza (1517) proposed various versions of the idea of engraving letters of
the alphabet on wooden tablets. In his opinion, blind people could learn the shape of letters by touch. Erasmus of
Rotterdam (1528) presented a different concept. Although he also proposed engraving letters, he suggested
doing so on a hard material, such as ivory or metal. According to him, blind people should run a stylus along
the contour of a concave letter until they memorize the muscle movement of their hand. Once they have mastered
this skill, they will be able to write by hand on paper.

It is worth noting here a characteristic feature of any fully-fledged writing system. The information
should also be readable by the writer, which was lacking in many ideas for writing systems for the blind. The
technique of writing also plays a significant role. Engraving or embossing the shape of letters is possible,
but quite difficult, slow, and complicated.

An interesting initiative was proposed by the Jesuit Lan Terzi in 1670, who suggested a writing system
combining lines intersecting at right angles and dots punched into paper arranged in individual fields. In this
writing system, blind people could not only write, but also read information themselves. Lan's introduction of
dots and frames to handwriting was an innovative solution that later played an important role.
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Mikotaj Saunderson, a mathematician and physicist who became blind in childhood and was a
professor at Cambridge University, developed tables on which he presented information using pinheads
after learning about Lana's system. According to Diderot, Sounderson was able to solve complex
mathematical problems on his tables, check his work, and correct any mistakes he noticed.

Many blind people mastered techniques for recording information. However, most of them used
cipher signs. Only a few mastered the Latin alphabet and used it. All of them belonged to the privileged
class. The education of blind people was not organized in any way.

Significant changes in this field took place in the 18th century. New trends and theories concerning
education that emerged at that time led to the search for methods of educating the blind. The pioneer was
the Frenchman Valentin Hally, a man with a strong social conscience. After successful attempts to teach the
beggar Frangois Leseur, he founded the first school for the blind in history in 1784. Valentin Haly's
experiment found many imitators. More schools were established to educate



the blind. Centers were established in England, in many European capitals, and also across the Atlantic. In
Poland, too, a department for the blind was established in 1842 at the Institute for the Deaf and Dumb, which
had existed since 1817.

All schools faced the same problem. They were desperately searching for a writing system
accessible to the blind. However, the attempts made were based on the use of the writing system used by the
sighted, which created insurmountable difficulties for the blind.

During this period, artillery captain Charles Barbier developed a cipher script for military purposes that
could be read by touch even in the dark. Like Lan Terzi in the previous century, Barbier introduced a raised
dot to encode the characters. Various codes were created for different recipients. The basis of Barbier's
writing system is a vertical rectangle composed of two rows of six dots. The letters and sounds of the French
language are encoded phonetically in this system. After developing a suitable ruler for pricking characters on
paper, Barbier presented his invention in 1821 at the Institute for the Blind in Paris, offering it for use by the
school.

The new writing system, introduced to the Institute on a trial basis, was enthusiastically received by
the students, but met with more skepticism from the administration and teaching staff. The students
could easily write themselves, do their schoolwork, take notes, and read them quickly. However, the phonetic
method of writing made it impossible to use spelling, and there was no punctuation or numbers. A significant
disadvantage of Barbier's writing system, despite the large number of raised dots used, was the small number
of character-symbol combinations.

An interesting opinion on Barbier's proposal was expressed by a special commission of the

French Academy of Sciences (represented by Lacépéde and Ampére), which, after reviewing the writing
system, stated in a special report: "Ordinary writing is an art that appeals to the eye, while the one invented
by Charles Barbier is an art that appeals to the touch."
Some of the more talented and ambitious pupils at the institute sought ways to improve the writing system on their
own. Among them was the young Louis Braille, who was admitted to the institute as a ten-year-old boy in 1819.
After familiarizing himself with Barbier's writing, Braille intuitively sensed that this dot system, which differed from
conventional letters, had a great future as a proper writing system for the blind. In 1824, he loyally presented
his plan to reform the system to Captain Barbier, but the latter responded negatively to the proposal. Then,
fifteen-year-old Louis set about introducing radical changes.

In the first stage, he reduced Barbier's sign to six dots, arranging them vertically in two rows of
three, from which he created a six-dot system offering 64 combinations of the number and mutual

arrangement of dots.
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He arranged the characters obtained in this way into six series of ten and allocated the first four
series to the Latin alphabet in order and letters with French diacritical marks. He allocated the fifth and sixth
series to punctuation, numbers, etc.

The logical development of this system is that the first ten letters of the alphabet from a to j are
represented by combinations of dots 1, 2, 4, 5. The next series of letters are created by successively adding first
the third dot, then the third and sixth dots, and finally the sixth dot. The shape of a Braille letter can be
felt immediately by a blind person with their fingertip, without counting individual dots.

After several years, thanks to his ingenuity and abstract thinking skills, Louis Braille, who was then a

tutor and music teacher at the Institute, expanded his system to adapt it to mathematical notation, music
notation, different languages, special symbols, efc.

The year 1837, when the second edition of Braille's instructions describing the principles of dot
writing was published, can be considered the actual date of the creation of Braille. The system presented in
it, with its simple structure, easy, transparent, and above all open, adaptable to foreign languages, based
exclusively on six dots, was already well established.



Braille in Poland

1864-1865 Braille was known at the Institute for the Deaf and Blind in Warsaw. Due to reluctance
and a lack of understanding of the issue, teaching Braille was abandoned after a few
years. Klein's writing system was used instead.

1878 Braille was introduced at the Institute for the Blind in Lviv, adapted to the Polish
language by Aleksander Schonfeld, a blind Polish emigrant in Paris.

1890 Braille was adapted to the Polish language and reintroduced at the Institute in
Warsaw.
1925 The first national convention of special school teachers. The Polish Braille alphabet

was established on the basis of the so-called "Bydgoszcz system" in use at the time.

May 24, 1934. Decree of the Ministry of Religious Denominations and Public Education approving the
Braille writing system for the Polish language developed by Elzbieta R6za Czacka
and Teresa Landy according to Monnier's numbering system, as well as the
system of Polish Braille abbreviations.

November 4, 1981: Order of the Minister of Education and Upbringing on the introduction of a modified
Polish alphabet in the Braille system and Braille spelling abbreviations in special
schools for the blind and visually impaired.

1994 Andrzej Galbarski, Handbook for transcribing books using the Braille system, first edition,
Polish Association of the Blind, Recording and Publishing House, Warsaw 1994.
2003 Guide to the rules for using partially modified Braille notation in humanities

publications. A gquide for teachers, Braille instructors, publishers of Braille
publications, and Braille users. ZG PZN, Warsaw 2003.

Braille in mathematical notation

1929-1937 Work of the international commission on the development of a uniform system of Braille
mathematical notation.

1941 Colonel Stafford International Braille Code for Mathematics and Chemistry England.
The proposed coding system required further work.

1955 Helmut Epheser International Braille Mathematical Notation for the Blind

Germany, Hannover-Marburg 1955.
A compact and consistent notation system was developed. It was introduced in many

countries.

1967 Dr. Helmut Epheser International Braille Mathematical Notation, translated and edited by
Maria and Andrzej Adamczyk, Main Board of the Polish Association of the Blind,
Warsaw 1967.

1986, 1992 Helmut Epheser International Braille Mathematical Notation for the Blind Germany,

Hannover-Marburg, 1986 — Braille version, 1992 — black print version. Modified notation
from 1955. New symbols were introduced and the system for writing multi-level
expressions was changed.

1994 Andrzej Galbarski Handbook for Transcribing Books into Braille First edition, Polish
Association of the Blind, Recording and Publishing House,
Warsaw 1994.

2002 Collective work edited by Jan Swierczek Braille notation for mathematics, physics, and
chemistry — A guide for teachers Krakow 2002.
2004 Marek Kalbarczyk, Dr. Jan Omiecinski You too can be a mathematician,

Mathematical notation for the blind, GUIDE
The Union for Assistance to the Disabled "Szansa" Foundation.
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BRAILLE SYMBOI

'S BRAILLE SYMBOLS

Below are all the characters of the dot writing system as proposed by Louis Braille. The chart includes letters of the
Latin alphabet, punctuation marks, and other characters of universal use. In addition, characters assigned to Polish

national letters are provided.
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-UCTION

INTRODUCTION

Notations used in the Guide
The ways in which the diverse information in the Guide is presented are shown in the following excerpt.

Main content of
the Guide

A simple root sign is used to write simple sub-root expressions. The operation of this sign ends with, for
example, a blank character, a fraction line, or another root sign.

2z Simple root sign

: . . The degree of the root is treated as a left-hand
Z{Z A sign preceding a root degree higher than superscript and is given before the root sign.

N the second."
Definitions of Braille N\

mathematical symbols and

Additional explanations

rules for their spelling in boxes
[16 1&8 :9 ;ij 27=3
. w,__~ v " "

2" e 2"g o<"h {92"afo<"b
B|aC|T Printﬂ:owﬂt?" |°f ¥ Corresponding notation of
sample mathematica sample expressions
expressions in Braille

The definitions of Braille mathematical symbols and spelling rules require more detailed explanation. The
limited number of Braille symbols (64) requires precise and consistent application of specific rules in mathematical
notation. This is because the same symbol can have multiple meanings. The sequence of characters plays an
important role in Braille notation. The absence of a character (space, pause) also conveys particularly important
information. In such cases, the notation of expressions very often refers to a so-called "blank character." For this
purpose, two special characters are used in the Guide in the definitions of Braille characters:

2
The orientation sign helps sighted people
Z orientation sign replacing any Braille sign, learn the rules of mathematical Braille
notation. This sign is not the so-called "six-
O  empty sign (pause, space, no sign). dot," marked
in the Guide as §.

The above signs used in definitions clearly define the "neighborhood" of the symbols being defined.

1 Chapter of the Guide — Left-hand indicators.
2Character taken from T. Rynkowski's study — Mathematics written in Braille, Owinska 2000. [6]
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Sequence of characters ’
Due to the position of the "blank character" in mathematical Braille notation, there are 6 groups of characters.

Group A
Group B

Group C

Group A
Group B

Group C

Definition of a character

2

*

]

z0

0z

Space before the character

YES or NO

YES

NO

Takes into
account the
definition of
character
groups A, B,
C.

For clarity, only one character from each group is shown in the above table.

Space after the character

Takes into

account the

definition of
character

groups A ,
B,C.

YES or NO

YES

NO

The full definition includes the sequence of characters before and after the defined symbol.

Character definition

z0z
Zz50O
ON<z
4
Gl

Spacing before the character

NO

NO

YES

YES or NO

YES or NO

Spacing after the
character

NO

YES

NO

YES or NO

YES

When writing mathematical expressions, there may be cases where the consistent use of the "blank character"
according to the rules given above leads to contradictions. This issue is discussed in detail in the chapter of the
Guide entitled "Mutual Position of Characters."

3The symbols in the list are actual mathematical symbols. Their detailed definitions, meanings, and rules of use are discussed in later
chapters of the Guide.
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NUMBERS

In the Braille system, Arabic numerals are written using the characters of the first series of the alphabet preceded
by a number sign (number symbol).

[ 1]
Z — number sign, number symbol

's cardinal numbers

1 2 3 4 5 6 7 8 9 0

"~ "a "b "C IId "e "f 'Ig "h "i

nd ordinal numbers
Ordinal numbers are written with a period after the number.

first second third fourth fifth
ves "a_ nb_ "C_ "d_
sixth seventh eighth ninth zero
"e_" "g_" "i_
"_':_" nh_n ve
tenth twenty-eighth
e j— vy a g _
's numbers
68 -682
1 e " e g , ] e g a
multi-digit number notation
4 The notation
2 584.537,028 "a_dgC_d bf_lag using the dot character -.
" . The same number written without a
2584537028 a d g Cd bfl a g period is less legible.

A blank character (space) must not be used as a separator between groups of digits in multi-digit numbers.

4In Braille, only a comma is used to separate the whole number from the decimal part when writing decimal numbers (see the section on
decimal numbers in the Guide). Therefore, there is no ambiguity in Braille notation, which sometimes occurs in black print, where a
decimal point is sometimes used.

Braille mathematical notatic
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¢ numbers
In decimal numbers, the whole number is separated from the fractional part by a comma 0.
"
7.29 fOah
we - - The use of a decimal point in multi-digit
0.072 | O 1 fa numbers, as in the case of whole numbers,
improves readability.

50347296  diObcf-ahe
0333..=0,3) 1I0bbb-—-—m<"iO1b"?

Percentages and per mille

Percentages and per mille in Braille are indicated by the following symbols:

Z"i( — percent Z"i(( — per

mille 0.25 = 25% 48% = 480%0
'!ioad:|<"ad"i( "Cg"i(I:I<"Cgi"i((

Roman notation numbers

Roman notation Arabic
notation

 #h 1
v #u 5
X HW 10
L #K 50
c #b 100
D #C 500
m I 1000

Examples of numbers in Roman numerals:

l(3) IV (4) XLII (42) CDLXXXIV (484)

Hhhh Hhu Hwkhh H#bckwwwhu

MDCCCXXXVII (1837)

Hlcbbbwwwuhh

5The equivalents of the numbers in Arabic notation are given in brackets.

Braille mathematical notatic
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CHARACTERS
IC ALPHABET CHARACTERS

In Braille dot notation, the same characters are used to represent letters from different alphabets. In addition, the

same character can represent either a lowercase or uppercase letter. Special key characters called alphabet

characters enable unambiguous notation.

nd Latin letter notation

The letters of the Latin alphabet are used to write algebraic expressions, units, symbolic representations of
physical quantities, chemical reactions, and in many other cases.
The following key characters are used to denote Latin letters:

&z lowercase Latin letter
#Z uppercase Latin lettera b

w

& &a &v

A B W

H@ #a #Hv

Transcription of Greek letters

Alphabet characters precede the actual letter.

The letters of the Greek alphabet are primarily used to denote angles. They can also be found in various

branches of mathematics, physics, and chemistry.

The following key symbols are used to denote Greek letters:

» Z lowercase Greek letter symbol
AZ Greek uppercase letter symbol
a B w
- a >V
A B Q

A@ Aa AV

's printed characters highlighted

#Hz bold
Nz italics
; from simple printing
=from handwriting
M P

HL #H#HO

Capital Latin letter Bold Latin capital
written in italics letter

The typeface symbol can only be used in combination with an
alphabet symbol. It is followed by an alphabet symbol and a

letter.

)2
HN r

Bold Greek
capital letter

F
=He

Handwritten capital Latin
letter

Braille mathematical notatic
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CHARACTERS
nd Greek alphabet
a A B B Y r
alpha 5 AN beta S, Na gamma f N
5 A £ E ¢ Z
deta ;C NC epsion ;d  d zeta 3y Ny
n H 0 €] L I
eta ;4 N4 theta 3 N3 jota 5 h “~h
K K A A I M
kappa ;j Aj ambda ;K MK m 01 I
v N & = o 0]
ni oMM m ksi , WV Aw omikron 5 1M N
18 N p P o 2
pi , O o] ro ;(]E ACE sigma S, I Nr
T T v Y (0] (O]
tau ;S s ypsion ;& Nt fi e Ne
X X 1) Y w Q
chi % % psi ;X X omega ,V v

Rules for the use of alphabet characters and bold print®
Alphabet characters must be used in the following situations in order to eliminate ambiguity in the notation:

1. Before a letter that replaces a mathematical expression and appears separately in
mathematical text, e.g.

The numbers a4, b, ¢, and d form an arithmetic sequence.

#khbyaxo& O0o&aOo&boho&c
svh(EyOobhOfo™ CExsldsxby
X_

The letters a, b, ¢, and d, which denote specific numbers, are preceded by a lowercase Latin letter.
The conjunction "and" is not preceded by any key character.

6 These rules are not philological in nature, but refer to Braille mathematical notation.

Braille mathematical notatic
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CHARACTE

2. Before the first letter of a mathematical expression’.

3. Before the letter of the first series of the Braille alphabet that is a variable in a mathematical expression, so that
the letter is not read as another digit.

2ac Omitting the lowercase Latin letter in the expression 2ac will 213

(1] ~ cause it to be read as the number 213. (1] ~
a& b ab

4. Once an alphabet or typeface characters js ysed in @ mathematical expression, it remains valid until the end of that
expression or until it is replaced by a character from another alphabet or typeface.

41abC 5KLM 6apy apQ

"c& a#B "d#JKL "e; af ; a”*v

Since most texts are written in plain (normal) font, the plain font symbol (as opposed to bold or italic) is
usually omitted. If it is necessary to show a typeface other than plain, then the typeface symbol should
precede the alphabet symbol. The combination of two symbols (typeface and alphabet) means that
the first one is a typeface symbol and the second one is an alphabet symbol.

abcd ABCD
H#& abc H# abc
5. Alphabet characters can be used redundantly in algebraic expressions and formulas if there is a concern

that the type of letter may be misread, e.g., due to the insufficient experience of the recipient of the notation
(e.g., a student).

a+B+y=180°

- x . x . [ 1 s -
;O ;ac™; fo<" gi(
W= Ult U=IR

H#vo<#t#h&s  #Hto<#h#CE
UNIT NOTATION - BASICS °

Units in Braille are preceded by a key unit symbol, also known as
the name sign.

6Z - name sign, unit sign

m 1km sM 230V
S

"6l ""6jl "del7r T"abi#U

"Chapter of the Guide — Algebraic expressions.
8 Chapters of the Guide — Roman letters, Greek letters, Bold type characters.
9]ssues related to the notation of units are discussed in the Guide chapter — Units and operations on units.

10 The fraction bar 7 is used in the notation of this unit. This symbol is discussed in the Guide chapter — Fractions.

Braille mathematical notatic



RECORDING OF UNITS - BASICS 9
WRITING DATES AND TIME

2min 5N 2.5m?2

"aelhm "d6#M "aodol/:

Units written in full are not preceded by a unit symbol.

11

One meter 1 meter 5 newtons

#ldcdmoldsCE " ldsCE "domhtsnm/v

The currency symbol is not used with currency names and abbreviations. The currency name or
abbreviation should be separated from the number by a space.

2 Zlotys 2zt 2 PLN

"aoy1lnsd "aoy "ao#O#KH#M

5 PLN 50 gr 5.50 PLN 2

""doy 1o diof(E "dOdioy1 "aold

RECORDING THE DATE AND
TIME

Date format

Dates should be written in accordance with the order of their components in black print, separating the
components of the notation with dots, slashes, or hyphens—as in flat print—preceding the first of them with a
numerical sign. Upper case numbers (first series) should be used. It is acceptable to write the date with a
number preceding each component.

sz d-ib-ailia o " d-""ib-"aiia
98/08/26 "hg.ig.ae o "hg."ig."ae
2002-03-15 "aiia,ib,‘d or"aiia,"ib,"‘d

Entries using Roman numerals are also found.!2

February 15,2011 '+ A oFEhho"al

al notation of time

When writing the time, the full hour is written with a cardinal number (characters from the first series). Minutes
are written immediately after the period (third dot) or after the colon with characters from the same series (minutes are
not preceded by a number).

020 05:40 18.25

i—ai "1dO9ci ““g-ad

1 The exponent symbol / is used in the notation. This symbol is discussed in the chapter of the Guide entitied Powers and Exponents.
12Guide section — Roman numeral notation.

Braille mathematical notatic
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RELATIONSHIPS

OPERATION AND RELATIONSHIP
SYMBOLS
signs for operations
+ o>z addition
_ 1, prd subtraction addition and subtraction
+ o™ ’ plus-minus
with
m 1, * minus-plus
wW i t h multiplication
Oo-with dot in a spaced
notation
Z-Z dot in writing without spacing

x [1'Z  cross
1.Z division sign

IZ|7IZ| fraction bar in full fraction notation

division
zl{z fraction bar in abbreviated fraction notation

Note;

Arithmetic symbols in Braille dot notation belong to a group of symbols that must be preceded by a space —
an empty character.

The exception is the multiplication sign, which can be written in two ways — with or without a space.
In Polish mathematical notation, ., is used as the division sign (colon). In the 1986 Marburg

notation, the division sign is 9
The notation of a fraction line is discussed in detail in the chapter of the Guide entitled Fractions.

5+x "do*&w
6714 "efo." c
" * 0" "
uec+2-48 acOeo™amd,"cOg
in the record in the record
with a dot with a space with a dot without a space
w~ (1] 1 w
12-3 ado-"b a-"b

« No space before an operation sign (except for the multiplication sign) is a serious error in writing. The

*
operation 5 + x written incorrectly in Braille without a space "d &W

*
means ix, because the first three characters "d are the fraction >
6 6

Braille mathematical notatic



SIGNS OF ACTIONS AND 11
RERENDONEBIPS
ES
characters
of the O<Z equals
relation ] )<Z does not equal
= a<<Zz equals identity
* O )< <Z not equal to identity
Z
= 09<z equals by definition
= O>>Z equals approximately
> on0z greater than
> Oon<z greater than or equal to
* | )nOZ not greater
> onNOz significantly greater
< O08-z smaller
< 08<z smaller or equal
% 1 )8—Z not smaller
< 088-z significantly less
7—4=3 2:5<47:3
“fo,"co<"b  "a-"do8-"cfo."b
PARENTHESES
Mathematical parentheses
(..) 1z---z7 round
[...] ZZ———2Z\ square
{..} 8z---zn bracket

.0 L -Z-———z&\ triangular
(14— 5)+ 7>~ [1+2(5 +3)]
1" co,"d?o™"fon0,Z2" o™a1"do™

b2\

2+{4-[5+(6-2)]+3(6+4)} =2+ {4—[5+4]+30}
"ao*8"co,Z"do*1"eno,"a?\ao™
"b1"eo™'c?no<"ao™8"co,Z"do™
*"ce\Oo™"bin

Braille mathematical notatic



BRACKETS, ABSOLUTE VALUE - MODULE 12
NUMBER DIVIDERS

Parentheses for non-mathematical text

Parentheses for non-mathematical text are used for additional explanations. They are sometimes called literary
parentheses. In black print, they take the form of round parentheses.

(...) &<z---z&< literary brackets for non-mathematical text
5—-3=2(because 2 +3=5)

"do,"bo<"ao<ano"ao™'bo<"d&< [
Unless it leads to misunderstandings, the & sign before the opening or closing parenthesis is omitted.

() <Z ------- z<
However, this sign should not be omitted when the end of the parenthesis occurs immediately after a number.

Omitting the & sign before the closing parenthesis in expression [1] completely changes its meaning.

"do,"bo<"ao<ano"ao™bo<"d<

This expression will be read as
5 13
5-3 =2(because2+3‘=7

[ ] IKZ---Z O absolute value, modulus

- 5/=5

'K,"d*o<"d

—FT+4=[(4-7)

JK, 1" fo™"c?Mao8-1k1"co,"f?/
DIVISORS NUMBERS

| 1K isadivisor

¥ )' K is not a divisor of 5
| 25 (5 is a divisor of 25)

"do!K"ad o "d!'k"ad
5127 (5is not a divisor of 27)

"do)!K"af

13The notation of fractions is discussed in the chapter of the Guide - Fractions.

Braille mathematical notatic



SEPARATING NUMBERS FROM PUNCTUATION MARK 13

SEPARATING NUMBERS FROM PUNCTUATION MARKS

The following punctuation marks

9 1 colon semicolon

- 1 question mark

2 =0

! *[1  exclamation mark

" ( closed quotation marks

) <O Cclosed parenthesis for non-mathematical text14
0o comma

belong to a group of characters used in mathematical notation that must be written without any space on the
left. A sixth point is placed before the punctuation mark after the number. This rule does not apply to date
notation.®

Correct notation using the & sign If the & sign is mistakenly omitted

e~ - ~ 12

12; a&k: "Ta: i

2
we & > TR 12

122 a a> =

5
"w> &* TR - > 12
12! a a -

6

The correct notation of numbers and punctuation marks is very important when giving point coordinates, writing
numerical ranges, sets, etc.

P=(3.5) Hoo<1"b&O0o"d?

p=(32:54 Hoo<1"bOa&:0"dOc?
x=1{1,234 wo<8" &0"a&0o"b&0Oo"cn
(32:54) 1"b0a&:0"dOc&\

4= <25 H o<Z-"a&0o"d?

The use of punctuation marks can cause ambiguity not only in the notation of numbers. The use of the & sign
in the following example before the comma immediately after the closing curly bracket eliminates ambiguity —
curly bracket followed by a comma, or a majority sign?

B=1{,5¢6, Hao<8"a&0O"d&0o"en&O

4This character has already been discussed above in the section of the Guide entitled Brackets for non-mathematical text.
15 Guide chapter — Date notation.

Braille mathematical notatic



TRANSFERRING PART OF MATHEMATICAL EXPRESSIONS TO THE NEXT LINE 14

CARRYING OVER PARTS OF MATHEMATICAL EXPRESSIONS
TO THE NEXT LINE

When transferring parts of mathematical expressions to the next lines, the following rules apply:

1. Where possible, the part of the mathematical expression that does not fit on the line should be carried

over the mathematical operation sign or equal sign, which is placed at the end and repeated at the beginning of
the next line.

24+ {4-[5+(6-2)]t3(6+4)} =2+ {4—[5+4]+30}

"aI:I*8"CI:I ,Z"d I:I* 1 "e|:| ,"a?\I:I*
*"b1"eo™"'c?no<"acoc™8"co,Z2"do™
*"C\D*"bi n

2. A mathematical expression can also be carried over to a place where there is a blank character. In this case,
a period is used as the carry character, placing it in the blank box where the formula was interrupted. The &
character means that the formula does not end on that line.

24 {4 —[5+(6-2)] +3(6+4) =2+ {4—[5+4] + 30}
"ao*8"co,Z2"do*1"eo,"a?\o*"b1"e&
*'c?no<"ao*™8"co ,Z"d OoF"c\o*"bin

3. If a mathematical expression is interrupted at a place where there is no empty box, then the ! sign is used
as a carry sign. This sign must be repeated at the beginning of the next line.
2+ {4—[5+(6-2)]+3(6+4)} =2+ {4—[5+4] +30}
"ao*™8"co,Z2"do™1"eo,"a?\o0*"b 1!
"eo™'c?no<"ao™8"co,Z2"do™"c\&
*"BIN

Braille mathematical notatic



ALGEBRAIC EXPRESSIO 15

ALGEBRAIC EXPRESSIONS

Appropriate alphabet characters are used to denote variables occurring in algebraic expressions. Braille notation also
precisely defines the rules for their use. 6

In addition, the following rules apply to the notation of algebraic expressions:

1. Once an alphabetical character is used in an expression, it remains valid until the end of that
expression or until it is replaced by another alphabetical character.

2. The use of an alphabetical symbol is required before the first letter of a mathematical
expression. An alphabetical symbol should also be placed before a letter denoting a
mathematical expression and appearing separately in mathematical text. This issue is discussed in the
chapter of the Guide — Rules for the use of alphabetical symbols and highlighted print (rule 1).

3a+b+c  [2]

~ The lowercase Latin letter & before the variable * in the Braille notation of
" * *
b & O " ad b expression [2] was used only once, in accordance with the first rule.

X+y+z [3]

The expression [3], which is very similar in black print to expression [2],
" b &W 1] *X 1 *y creates different problems in Braille. The variables a, b, ¢ belong to the first series of the
Braille alphabet and, when the alphabet sign is omitted, can be

in some cases read as numbers. In the case of variables x, y, z

this ambiguity does not occur.

Omitting the lowercase Latin letter & before the variable W in expression [3] will not

cause ambiguity in reading. However, according to the second rule, this
character must be included.

The application of the rules discussed above is illustrated by the following examples

3a+2b+4c [4]

In the Braille notation of expression [4], it was necessary to

"w ~ *x " 3 1] | |_ . | f h ] | .
b & [ a &a | C & b use a lowercase Latin letter & before each variable

3X+2y+4z [5]

In the Braille transcription of expression [5], the lowercase

" J " > "
b &W [ aXr[ Cy Latin letter &is used only once — before the variable w.

2aC + 4Bc - 3.28D "a& #bo*"c#Ha&bo,"bOa#ac
2abe - 3BCD - BD "a& abo,"b#abco,ac

2abe - 38Cd - bd "a& abo,"b#ab&co,ac

2abc - 3apy "a& abo,"b; af

16 Chapter of the Guide — Alphabet characters.

Braille mathematical notatic



ALGEBRAIC EXPRESSIO 16
SETS

3. Alphabet characters can be used redundantly (e.g., capital letters, Greek lowercase letters) in
algebraic expressions and formulas if there is a concern that the type of letter may be misread, e.g.,
due to the insufficient experience of the recipient of the notation (e.g., a student). Therefore, the
following notation is also correct:

2ac+48c-3280 A& Hbo*"'c#Ha&bo,"bOa#a#Hc
2abc-38CD-B0 A& abo,"b#HaH#HbHco ,HaHc
sabc-38cd-bd A& abo,"b#aH#Hb&co,ac

2abe - 3apy "a& abo,"b; ;a;f

SETS

Designations of sets and sets of numbers

A H set A

N HHM set of natural numbers

Cc ##b set of integers

R #H(CE set of real numbers

w HH\ set of rational numbers

w H#HHhv set of irrational numbers
1

7

ct ##b* set of positive integers R~ ##Q,

set of negative real numbers @ %n empty
set

Relation and operation symbols on sets

(= ! d belongs

& ) 'd should not

(e (I 1 -Z contains, is contained, is a subset of

< ] ) 1 -Z does not contain, is not included, is not a subset
> 7?20z contains

i O )?OZ does not contain

17 A so-called "mark” was used to designate the collection. This issue is discussed in the chapter of the Guide entitled "So-called 'marks"."
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COLLEC

HONS

u O2-zZ sum of sets

n oOofl-z product of sets

\ 00-z difference of sets

x 1 'Z Cartesian product of sets

U %2z indexed sum of sets

n %/z indexed product of sets
Nccaw cr  #HHEMOo1-##Bo1-##vo1-##CE
w aw HHV D) 1-HH#HV
R ON #HQ?0##M
2 ec+ "aold##b”* o "ald##b”
C=AWC B=D\C

Hbo<# o2-#b Hao<#coO-#b

In accordance with the rules for using alPhabet characters, the above expressions can also be written as follows:

C=AWLC B=D\C
Hbo< o2-b Hao<coO-b
%20&h!d##M4# 0&h
N ieN A
%/0&h!d###m4# 0&h
Other symbols used in set algebra
Z) prim 20
Z)) bis 2
min "M minimum

18 Chapter of the Guide — Rules for the use of alphabet characters and bold print, rule 4.
19 Chapter of the Guide — Projection technique

2The symbol is discussed in the chapter of the Guide — So-called "marks."

21 As above.
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max | 1N maximum

sup orto supremum

nf  B6hme infimum

v 020z or22

A~ O/0=z and

< g0<0z if and only f

- 0<0z then (it follows that)

B={x:x ENandx<7}
#Hao<8&wOowo!ld#H#Moho&wo8-"fn
B={x:x &N Ax <7}

#Hao<8&w9owo!d##Mo/0&wo8-"fn
W=£X X=%/\p e‘\QGC\{}? ]

|
##vOo<8&w9nwo<o7po/0oo!d##bo/0!
1&po!ld#F#HboDO-8"IinnN
(-oc;a)={x:x ER and x <a}

1."$:0& ?20<8w9owold##CECho&wS-"n

x €EA\Bifand only if (x €A and x €B)

&wold# oO-#aovsdcecxohosxkjnovsdcex
fexo1&wold# oho&wo)!ld#a?

X EA\B <= (x EA Ax &€B)

&wold# oO-#ao0<01 &wold# =/0!
1&wo)!d#a?

A={x:x & and0<x<5}

# o<8&wOowo!ld##boho"io8-wo8-"dn

4

2The symbol is discussed in the chapter of the Guide — Mathematical Logic.

2 The fraction bar symbol 7 used in the dependency is discussed in the Guide section — Fractions.
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(a,b) EA xB <> (a EA Nb EB)
1& Ooca?aold# o'#aoO0<01& old# &
/O&aocld#a”?

A X

H# o1-#w

A'=X\A

#‘ )I:I<#WI:I O—#‘ complement of set A to set X
IfX={1,2,3,4,5,6},

#id%dkho#wo<8" " &00""'a&0o""'b&0&
"c&00"d&00"en&0 "

A CX and B CX,

# o1-#Woho#ao1-#WO0

A={1,2,3,4,5}and B = {4, 5}, then:

# 0<8" & O00"a&0o"b&0Oo"c&O0o"dN
ho#Ao<8"c&0O"dn&0osn9

A UB={1,2,3,4,5},

# 02-#ao<8" &00"a&0o"b&0O0"c&0&
"dn&O

(A LB)" = {6},

1# 02-#a?)0<8"en&0

(A\B)'={4,5, 6},

1# 0O0-#a?)o<8"c&00"d&00"en&0O
B\A=0,

#aoO-# 0<%n&0

AnB={4,5).

H# o/-#aoc<8"c&0o"dn-

% The example uses the & character. Explanation in the chapters of the Guide — Moving part of a mathematical expression to the next
line and Separating numbers and punctuation marks.
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Graphical representation of intervals

In mathematics lessons, it is often necessary to represent an interval graphically. In flat printing, intervals are
marked as rectangles extending over the relevant part of the number line, and the types of endpoints are marked
with circles. An empty circle means that the endpoint does not belong to the interval, while a filled circle means
that the endpoint belongs to the interval.

Example:
4=15)
0 1 2 3 4 5

Using Braille characters, such an interval can be represented graphically as follows:

"a000"d

oP<<<<w

The first line of the notation corresponds to the number axis, while the second line contains a graphical
representation of the interval, where the $ sign denotes an endpoint belonging to the interval (equivalent
to a solid circle), and the symbol denotes an endpoint not belonging to the interval (equivalent to an empty

circle in a flat diagram). It is best to place three O symbols between the numbers on the number line. The
end symbols should be placed as centrally as possible under the corresponding numbers on the number line.

If the interval is unbounded, no symbol is written on the number line on the infinity side, nor is the endpoint
marked in any way.

Examples:
(_ e, 5)

000"d
<<<<w

(10, +00)

1000

od<<<<

Braille mathematical notatic



COLLEC 22

HONS

If it is necessary to place two or more intervals on a single drawing, we place their graphical representations in
separate lines, below the number axis:

"a000"b000"dO00" "
Of<<<<<<<<<y 29

oDooooow<<<<<<<s<<$ (3,11)

Letter designations for intervals are written on the same line as the graphical representation of the interval (before or
after it), with at least one character spacing.

Example:

OO,"bOOO"iOOO"‘f
#ow<<<<<<<<<<y (-317)

<<<<<<<<<$o#a (-o,0)

The graphical representation of intervals allows students to easily locate the area where intervals overlap (the so-
called intersection, product), and determine the sum and difference of these sets. An important advantage of this
notation is that it can be quickly performed by the student themselves, e.g., when solving problems on a
test.
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PROJECTION TECHNIQUE

Braille has specific features that distinguish it from many other ways of recording information.
. Braille is read with the fingers, and the sense of touch, unlike the sense of sight, allows only for a
point-by-point (partial) reading of an expression.
Mathematical expressions are written in a linear manner (sequence of characters), limited to 64
characters.
It is not possible to differentiate between character sizes or use rich mathematical symbols.

Advances in knowledge and new technologies meant that the International Braille Mathematical Notation for
the Blind, developed in 1955 in Marburg by a team led by Helmut Epheser, needed to be changed. These
changes were introduced under the direction of Helmut Epheser in 1986 in Braille and then in 1992 in black
print. In order to simplify the notation of complex mathematical expressions as much as possible and at the
same time improve their readability, the way they are written was changed by developing a projection technique.

Principles of the projection technique

Projection is the transformation of a two-dimensional notation into a linear one. Formulas containing symbols
that replace multi-level black print notation (e.g., fractions, indices, exponents, or roots) are called projectors.
There are three types of projectors: simple, complex, and detailed.

nd simple projectors

They begin with a simple power exponent sign / a simple upper [ or lower O index sign, or a simple square

root sign 2. These signs are followed by simple expressions containing characters in a single row, i.e., they do not
contain other projectors or fractions (except for ordinary ones). There can be no empty characters inside simple
projectors. Places that must remain empty according to the rules of notation should be filled with the character
|

The operation of each of these projectors ends with:
a) with an empty character,

b) by a character closing a simple projector 4, or 04 or #4, respectively, if the simple projector is part
of a complex or detailed projector,

c) by another projector character,

d) by a fraction line or fraction end character,

e) by a closing parenthesis, when the corresponding opening parenthesis precedes the projector,

f) by exponents and indices that are natural numbers written after the key character as subscript
numbers.

an+m:an-am
& /Mm!”*lo</m4a-"/I

+
an-1_ant+1

E&OMmMo<:"0m!§L"" 41" 0Om!I*" 7:

(ak )2=ay. ax

& 0j/:0<"0jo-"0Oj
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2"b7:0<" " :-2"b
(3+an+2"5

1"bo*& Om!*"a?-"d
fn (x)=nx

&e0m41w?o<mw

-type projectors

They are started with a compound power exponent sign 0/, a compound upper index sign 0[ or lower index

sign 00, or a compound root sign 02.
They may contain simple projectors and fractions with no empty characters. The operation of a compound projector
ends with:

a) an empty character,

b) the end mark for a compound projector 04 | if necessary also by #4. if the compound projector
is part of a detailed projector,

c) by another composite or detailed projector symbol,

d) by a closing parenthesis, if the corresponding opening parenthesis is before the projector sign,

e) by a fraction end mark, if the fraction line is before the projector sign.

There must be no empty spaces in compound projectors either. Where necessary, a filling point ! is used. If

ambiguity in the notation is excluded, the O character announcing the compound projector may be
omitted.

x _ ~x

y oy
O02&W7XO<2w72X
&tOMmo<[mO0O2"b/m4!*"a/m
e2= \/?
&dO/w7:0<02d/w

detailed projectors

They begin with simple projector designations preceded by the # sign. They can contain any expressions, other
projectors, and empty characters. At the end, specific projector ending characters must be used

#4

e x+1+Ze X

S&A#/[92w!I™" o™ "a#4-d/w

O [O#2W/:O0* 02w/ 1*" o*"g#4

Braille mathematical notatic



PROJECTION 25
TECHNIQUE

Braille writing does not contain row change characters. They are marked by the start and end characters of the

projector. The start character of the projector raises the row, while the end character lowers it.
1. The base (zero) row includes every character in black print at the line level without any additional characters
(indicators, exponents). Expresséons may contain common fractions.
3x-7 X+ 21r
12

3 3

"b&wo,"f "a9&wor" "a9 M"a;o0&CE

2. Inthenthrow (n=1, 2, ...) there are
a) Additions to exponent characters if the base of the exponent is in row (n-1).
(x+y)?

1&WO*X?/: The base of the power is in row 0, the exponent of the power is in row 1.
e2

&dO/WT: The base of the power is in row 0, the fraction bar is in row 1, and the
numerator and denominator are in row 2.

b) Additions to the index characters, referring to formulas from row (n-1).
a:.

)
&‘00h0| ais in row zero, index i in row 1, index j in row 2.

c) The numerator and denominator of a fraction whose fraction line is in row (n-1).
1+

‘Q)

1-

4 VI

Oo*:&a7 o/o" O , ar’ , The long fraction bar is in row
0., 1+, 1- and the fraction bars in the numerator and denominator are in row 1., variables a and b
are in row 2.

d) Components of formulas that are marked with the root symbol, if it is located in the (n-1) row.

X

y

02&W7X The complex root symbol is in row 0, the fraction bar is in row 1, and the variables x
and y are in row 2.
In addition, the following rules apply:
1. An additional sign (e.g., power, index) is in the row of the symbol to which it is attached. It indicates
an increase in the row for the expression immediately following it.
2. The base symbol causes an increase in the row for the expression immediately following it.
3. The fraction line indicates that the expression in the numerator (before the fraction line) and in
the denominator (after the fraction line) are in a higher row than the fraction line.
4. The end mark of the projection is in the same row as the corresponding start mark.
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FRACTIONS

There are two methods for writing fractions:
- full notation,
- abbreviated notation.

The use of abbreviated notation saves a considerable amount of space.

Full notation of fractions
The following symbols are used in the standard notation of fractions:

- Z fraction start sign
O/ 0 fraction bar
Z, fraction end sign

«  The numerator of the fraction is between the fraction start sign and the fraction bar sign.
The denominator of a fraction is located between the fraction bar and the end of the fraction.
2x+ 3y -4

4x-5y

"a&wo*"'bxo,"co/o"cwo,"dX;

's abbreviated notation for fractions

In this method of notation, empty characters within the fraction are avoided, and the fraction start and end symbols
are not used. In abbreviated notation, the fraction line is written without spaces on either side.
In addition, the following rules apply:

Rule 1

If the numerator and denominator do not contain a space, the fraction start and end symbols and spaces on
both sides of the fraction bar are omitted in the fraction notation.

abbreviated notation full notation
2 "a7"b "an70"b;
3
*  &WT7X &wo 7/ oX;
y
Rule 2

If the denominator is a natural number, it can be written in lower case, without a number sign, immediately after the
fraction line.

31 Z_a ab +cd
4 7 4

"b&W7 .0 "a& 7<o (& acobco7.o
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Rule 3
If the numerator and denominator are natural numbers, the fraction bar can be omitted and the denominator can

be written in a lowered position. This is how it is written:

nd common fractions

! 3 17 138

2 14 5 43

v "bO N ""bg.9
In a similar way, the following are written:

d mixed numbers
The integer part and the fractional part of a mixed number are preceded by a numerical sign.

3 7 1214~
21 4E 17
"a"b. "C"fO> n‘an‘CO<
Rule 4

If there are empty characters inside the fraction, it is written as follows:

a) The denominator is written immediately after the fraction line (without a space), and the empty
characters are replaced with a filler character |. The fraction end character is omitted, but it is mandatory
to leave an empty character after the denominator. The same applies to the numerator.

abbreviated notation full notation
Xty K I . * ;
iy SWITX 7wl xo &wo*xo/7owno,X;
b) The fraction sign can only be omitted if the numerator is short. It cannot be omitted if the numerator
begins with a minus sign.

‘p,;q S, &0l p7/m
If the denominator begins with a sign that requires an empty space on the left (e.g., @ minus sign), it
is replaced with the sign !.
+ *
Pt &o!*p7!,m
The methods described in points a) and b) can only be used if the numerator and denominator do not
contain any fractions other than ordinary ones.

c) If the numerator ends with a character that requires a space after it, a filler character ! is placed

between it and the fraction line.
(n + 1), The factorial sign requires a space Of 50
5 ) after it. In abbreviated notation, no space is
n 26 placed before the fraction line, hence this
EN TR " i i ian |
1 & muoi ? 5 ! 7 am space is filled with the sign !.

% The factorial sign used in the fraction is discussed in the chapter of the Guide — Probability and Combinatorics.
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Examples of operations on fractions ordinary

"b_I:I*"b_IZI<"e_|:|<"b:|:|<""":

1
26-6_,18 12_,6 =2 =22

15 30 30 30 5
"aleno,"eO>o<"a" g9(o," a9(o<
<"a"e9(|:l<"a"‘>|:|<"aoa

The multiplication sign — a dot — can be used with or without a space.?” The notation with a dot without a space is

shorter. According to some, the use of a space improves the readability of the formula.

3 3 194 19

412 -08)=4"04=""="=19 ‘ Braille notation with a dot without spacing. ‘
4 4 410 10

"c"b.-1""0Oao,"iog7?7o<"c"b.-"iOco<
<""h.-"cO(o<""hO(o<""0h

4312 -08)=4204=194_19_49 | Braille notation with a dot with aspace. |

4 4 410 10
"c"b.o-1""0ao,"iog?o<"c"b.o-
-"1I0Oco<""h.o-"cO(o<""hO(o<""0Oh

Igebraic fractions

The rules and principles for writing algebraic expressions apply to the notation of algebraic fractions.28

3a+b " N S «  Once an alphabetical character is used in an expression, it remains in
c b & ! a 7 b (. effect until the end of that expression or until it is replaced by
another alphabetical character.

The use of an alphabetical character applies before the first

X+y " b &W | *X7y ] letter of a mathematical expression.

z « Capital letters and Greek letters, both upper and lower case,
may be used redundantly.

‘ When the numerator is long, a fraction mark should be placed.

i "h&TI*"a&a7"c&bo

4c

0ar1dh -"jiQe& *" Oc&a7"d& ,"e&am

ba-6b

2 Chapter of the Guide — Operation signs.
28 Chapter of the Guide — Algebraic expressions.
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M ai_ﬁ

'f|:|<' 1*-a7:o<; 7:o*;a7r:

,2,3.20 - 1.6q
3T 42, 1,
2

"a'a9o*:"bOa&o!," Oep7
7" "a=1r*r"" i CEO

2 1.6

02,3,  _ 169

3 P2, 1,
5 2

"a"a9o*"b&oo," Oep7" "a=1*"":CEo

2,3.20-1.6q

3 !
. 5

r

"a9l*"bOa&ol," Oep 7" "a=o™" :CE

2, 3.2p-1.6q +ir
3 2

2
1-£
5

"a9ol*"bOa&o!," Oep!™ :CE7" "a=>

2y 15y
k- 6]

2+ 3,
8
Expression [6] written in

M'a9&wo," Odxo/7/o"axo™ f [6] wrtt
ull form — using fraction

Fo vy v -
start and end symbols.
b'vy; Y

Expression [6] written in
abbreviated form.

"a9&w!," Odx7"ax!""b'yo
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Parentheses - is the notation abbreviated?

In mathematical Braille notation, algebraic expressions can also be written unambiguously using parentheses. This
issue is illustrated by the following examples.

_X-y_—(x-y)_-x+y_ y-x

2 2 2 2
L &W! X7 Oo<<:,1wO,X?27:0<
<:, W!I*X7:o0<x!l,w7:

The above expression can be written unambiguously using parentheses.

=)l —=y)  (xty)  (v-x)
Iz 2 2 2

ZA&WO,X?7 \Oo<,1wo,X?7:0<1,wo™
*X?Oo<1xXo,w?7:

The introduction of parentheses:
. is an interference with the mathematical source text,
lengthens the Braille notation,
and, in the case of multiple parentheses for complex expressions, makes it difficult to read.

The use of the multiplication sign — a dot with or without a space — requires additional explanation. A blank
character before the multiplication sign ends the projection. In some expressions, this affects the variation in notation,
the order of which can also be determined by introducing additional parentheses.

2X
3y
"a&w7"bx-y

x,
3y

"w " inlication sian — i ion wi
a &W7 bXEl _y Multiplication sign — a dot in a notation with a space.

‘ Multiplication sign — a dot in notation without a space.

X
e y

E&d/w-x

X
ey An empty character before the multiplication sign

terminates a simple projector.
&d/wo-x
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nd compound fractions

It is recommended to write such fractions as follows: the basic fraction in ul form, and the fractions in the
numerator orbdenominator in reduced form,
1+
a+b_ g
a-b :b_
a

& 1*a7 ' ao<:""o*:a/7lo/7o" o,
.- ar ;
b

4

a_
3

X

Xty

&7/ OO,a’7. o/ o,wr/iw!lTx;

X+ x-1 x(y-1)+(x-1) Xy-x+x-1

y-1_ y -1 _ y-1 _y+1
X+ XY+ 1) -(x+1) T xy+x-x-1" y-1
y+1 y+1 y+1

"&wor:wl )" 7!, " o 7owo,:w!lT" 7
7T>xV"*"lo<::wilxo," 2?1 1wo," 7?7 x]!,
Lo/ owlxao®™TT?AwoTT P77 XITY &
<::wXx! w!l w!l " 7x! "' o/7o:wx!™
Wl w! "I o<1 7! )T

22, 12-07

3 26
12+06 4

08 5
"a"a9or: " oal,"iof7r"a0en7
/o O0al*i0e7"iogo,"b"c=>;
11 1

2 28 234

"> :I:I*"‘ 7"a—"b|:|*"‘ 7"a_"b_IICI:I

N

29 Chapter of the Guide — Full notation of fractions.
30 Chapter of the Guide — Abbreviated notation of fractions.
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POWERS AND S INDICES

Key symbols for exponents and right-hand side

z/z Straight power exponent sign
z0z simple subscript sign

Z{Z simple superscript sign
In Braille, the exponent and right-hand subscripts are written after the base symbol, each preceded by the
appropriate key character. The exponent sign, subscript sign, and superscript sign begin a straight projector.

1. Indices and exponents that are integers are written after the appropriate key character in subscript
without a number sign. At the same time, they end the projector.

& 0.9 & 0O( & 0O0:
b-1 b4 b3t
&al,o0 Eal. &al[90
X3 54 p10

&w/,9 rd/. &a/0(

al1a22 ™ a12a21
& 000 0::@3, 00:70:0

3

?2b3c 22 |y ;C—y
& /:a/9Ob/: "a&w/:2x &w/97"bx
(;V 312 8'3=_1}

8
"9/,"c & /" "gl/,9m<""7"g/9

2. A simple projector can be an exponent or a right-hand index. It contains characters in the same row (it
does not contain other projectors or fractions other than ordinary ones). There can be no empty
characters inside projectors. A simple projector ends with:

a) the nearest empty character

xn +9 yan-3.7
&w/mo*"h &x/"am!,"bo-y
an+2 an+1'5

& Omo™a & o0om!”*" " o,"d
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b) end of simple projector 4, by a pair of characters 04, or #4, when the simple projector is part of a
more complex projector

Xi-xj y2n-3 4
E&wOh4-wOi &x/"am!,"b4-y
m(X) m+1(X) gi(y)

& em41w? &eOm!* " 41w? &fOhi41x?
c) by another character starting another projector

(an)¥ (pon-1)™
& 0OmMm/j HoO"a&m!," /I

d) by a fraction bar or a fraction ending character
X_” 1
n! 4 + Xn+1

&w/m7mS " 7"l &wOoOm!*Tt

e) by a closing parenthesis when the corresponding opening parenthesis is in a different row.
(2 +xn + 5)2

1"aco*&wOm!*"d?/:

3. The exponent or index can be a compound projector. A compound projector can contain simple projectors
and fractions with no empty spaces inside. It is opened by the appropriate key character preceded by

the compound projector character 0.
z0/z compound power exponent sign
z00z compound subscript sign

ZO{Z compound superscript character

The compound projector ends:

a) the nearest empty character,

b) a pair of characters ending the compound projection 04, or #4 if the compound projector is
part of a detailed projector,

c) by acharacter starting another compound or detailed projector,

d) by aclosing parenthesis, when the corresponding opening parenthesis is in a different row,

e) by fraction end markings, if the fraction bar is before the projector character.

Fop @
&e00&mO0jo41w?
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Pi, Py Py,.uP

#600&0 O0H#00.&0o0#00)&0o---0&
H#o00&mMm/:04

Xn 2 Xn 2 Xp s e Xp
1 2 4 ok

&w00mO0004&0ow00mO0:04&0ow00m0.04!
1&00---O0aow#0mMOO"a/j#4

Al =a, A2 =a7, A3 =a31, cees Ak=azzk_1_1

H O00o<& O#H O:0<& /<& O# 09o<
<& /90&0O-—-0o# O&jo<& 0/ "a/!
1""aj!,"”" " 4!," 04

2

e?2

NP
&dO/:wW/:7:0472"A;0 o
&dO/\:w/:7:04Ac702"a;o;

4. The exponent or index can be a detailed projector. A detailed projector can contain any expressions, other
projectors, and empty spaces. It is opened by the appropriate key character preceded by the detailed

projector character #. At the end, the characters #4 must be used and cannot be omitted.

ZH#/Z  detailed power exponent character
ZH#0Z detailed lower index character Z#{Z

detailed upper index character

xn1 xn2  xnd . xn2

&wO/mO0&O0OOowO0/mO:&0cow0/m0O.&0&
-—-0o&W#/mO0"a/j#4
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The order of right-hand side indices and the exponent

When a symbol has more than one simple or compound index on the right-hand side, they are written one after the
other, preceded by the appropriate key character. Furthermore, if the main symbol is a power expression, the
exponent should be placed at the end after all the indices.

(x7) (xn’)r

&wOm{h/CE -w00m{h04/CE
X, (P:”_‘ )

wWH#HOmMOOh/CE#4 #o00& OhO[ 0j04/m

So-called "marks"

The term "marks" refers to symbols written above or below the main symbol on the right-hand side, or above or
below the main symbol, which are not indicators. Certain geometric symbols, the previously mentioned operation
symbols, and other symbols may be used as marks.

n

1. Marks written above or below the main symbol on the right-hand side

r Z ) prim n Z ) ) bis

* Z . asterisk x 2" cross

> z90 right arrow « Z09 etarow

+ Zz* plus - Z, minus
= Z30O hook ° Z ( circle

2. Symbols written above or below the main symbol

~ Z>  faka ~ Z9 dash
° Z( circle A Z/ roof
. Z - ot . Z .. twodots

Symbols are written after the symbol to which they refer. They are placed in the same line as the main symbol.
The position of the symbol relative to the main symbol is determined by the appropriate key character
between it and the symbol. The key characters used for symbols are as follows:

Z=Z upper mark key
Z.,Z lower mark key

Lower marks must always be written with a key character, while for upper marks, if there are no conflicts, it can
be omitted.
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INDICATORS
Examples
Full notation Abbreviated notation
R* R’

HHCE="
.

H#H =))
C_
&B;,

## CE*
-
#))

¢ &
Hb=/ Hb/
4 4

H == H =
b~ b~
&a=90 &a90
AB> AB>

H# a=90 H# a90

When a symbol has both a superscript and a subscript or exponent, in Braille the superscript is usually written
immediately after the symbol, before the subscript or exponent.

. . 2
X n+l a 4

S&w:Om!l*™™" & ))0Om &u9/:

It is also possible to use the reverse notation, in which the symbol is written after the index or exponent.
However, in this case, it is necessary to show the end of the index or exponent using the end of line symbol 4.

n

Y1 n+1

&x004) &wOm!* 4))

Horizontal brackets

a sign written above the expression

— #90z — N90z
— #09z — 09z long arrow to the left

— #9z — NOz long dash
—~ #1z - Mz long arc

a sign written below the expression

long arrow to the right
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INDICATORS

symbol written above the expression sign written below an expression

5 H#8 e 8 long horizontal

bracket Parentheses are always written before the part of the expression that is to be highlighted.

-> —

AB cD KLM A1 B1 C1

e

HOOH a #HO#Hbc #1#Hjkl ~1# 00a00b00

Left-hand indicators
Key symbols for left-hand indicators

full notation abbreviated notation
"{Z [ {Z - upper left-hand indicator symbol
"Oz 00z - left-hand subscript

1. Abbreviated notation should be used in records. Full notation of left-hand indicators should be
used if abbreviated notation is ambiguous.

2. The left-hand index sign precedes the main symbol to which it refers. The left-hand index sign
begins a simple projector. The index usually ends with the end of projector sign. It can be omitted
when the index is a number written in subscript or when the index is followed by another index sign.

3. If the left-hand index is a compound or detailed projector, we use compound index signs or detailed index
signs (analogous to right-hand indexes). We end the index with the appropriate projector end signs.

4. If a symbol has a left-hand upper and lower index, they are written one after the other. Each is introduced
by the appropriate sign. There is no rule regarding the order in which indices are written.

9. In Braille notation, the degree of a root is treated as an upper left-hand index. It is not necessary to
use an index ending sign.

6. The bases of logarithms, which are written in black print as a subscript after the logarithm sign,
should be written in Braille as left-hand superscripts.

i

n

O&h{idl o« [&IOh4l o "O&h{i4l

B =2 Ux n+1y
{92"go<"a [&m2w [&BM!I™" 2x
Iog2 8=3

{:5k"go<"b
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ELEMENTS

Among roots, there are simple, compound, and specific roots. These names correspond to the types of projectors
with which they are associated.

The degree of the root is treated as a left-hand
superscript and is given before the root sign.

Z{Z The sign preceding a root degree higher than the
second.’

Simple root sign

A simple root sign begins a simple projection. Therefore, an expression marked by a simple root sign can
only contain characters that are in the same row (it does not contain other projectors or fractions other than
ordinary ones). There can be no empty characters inside the expression.

2z Simple root sign
J16 J81=9 Y27 =

3

2" e 2"g o<"h {92"afo<"b

2&wW!I*"": "b2"a&w

The operation of a simple root sign ends:

a) the nearest empty character,
Jx+y eyt x-y
2&WOo* X 2&W!I* xXOo*2wl!, x

b) projector ending character 4 or pair of projection ending characters 04, or #4, when the simple
projector is part of a more complex projector,

VX+y e Sy -y
2&w!*x4-d/y 2&w!*x4-2w! x
3V2 05\/7))((—36

"b2"ad4&w "i0d2&w4a4:wortxo7/owo, X;

c) character starting the next projector,

Jab = Ja b a7a B
2& an<2'2a & 2"a& 2"b&a

3 Chapter of the Guide — Left-hand indicators.
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d) closing parenthesis when the corresponding opening parenthesis is in a different row,

(a +db—)2 -b
1& o2 a?/:0,a
e) fraction line or fraction ending sign.

Ez 0.7071
2

2"a /r"ao=="i10fif"

nd root complex sign

A compound root sign is obtained by placing a compound projector sign in front of a simple root sign. Simple
projectors and fractions can be placed under the root. There can be no empty signs.

02z Composite root sign

The end of a compound root is determined according to the rules for the end of a compound projection.
V2 =240
O2"a"ao<22"ao-{.2"a
\/é _a
b~
O2& 7aoc<22 72a
1/x+y—2\/g
O02&w!* X! "a22wx

\/2x+ m—3
o2"a&w!*2w! "a4!,"b

Detailed root sign

A detailed radical sign is obtained by placing a detailed projector sign in front of a simple radical sign. Any
expressions, other projectors, and empty signs can be placed under the radical.

H2z Detailed root sign

At the end of a detailed root, there must be a pair of #4 characters, in accordance with the rules for the end of a
detailed projector.
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\/Zx\/ x+2-x+5
#H2"a&wO02w!*2"al w04 o*"d#4

Jrey-2Jx+y
H2&WoO*xXo,"a2w!*x#4
Jrey-2Jx+y+ x

H2& WO *xO,"a2w!*xo*2w#4

0| —
0 | —

1
8
H2022"'41," " "'Oo," 'HA4

Examples of expressions using powers, roots, and indices

(a+b)? =22+ 2ab + b2
1& o*a?/io</:o™a& aco™a/:

X

k k ax y

C V — ay
8 y

#b[&] HU[&OMm & /W7x & 0/W7x
Xz:—b+\/m

2a
&wO:o<:,aco™02a/:!,"c& bo7o"a-";
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FUNCTION
S
Functi

Hnetions &xo<elw?

y=1 &elw?o<"awo,"

W=z &xo<"awo,™

y=2x-1

32

notation using a right-pointing arrow symbol IZIQOZ

x>y=2x-1 &GWnO90xo<"awo,"
x>2x-1  &wno90"awno,"™
fix)=-2x2+ 4x+6=-2(x - 1)2+8

&elw?o<,"aw/:o0*"cwo™en<
<,"altwo,”" ?/:0™"g

W=1,8)
~ The expression on the right gives the
#V O< 1 " &O 1] "g ? coordinates of the vertex of the
f ~ f(1) -8 function f(x).
max = =

&eO0"wo<e1" ?2o<"g ;

's inverse function

f-1 &e{, O denotation of the inverse function
34
f(x) = sin x &el1w?o<5rw
35
f-1(x) = arcsin x &e{,O 1w?0<50rw
y=ax-1 &xo<"b.wm,"™
ylety, 4 &x{,0o0<"cOwo™*"c9
3 3

32The right-pointing arrow is one of the symbols presented in the chapter of the Guide — Basic geometric symbols.

33 The symbols max "W" and min "m" are given in the chapter of the Guide — Operations on sets and set elements.
% Trigonometric function symbols are given in the chapter of the Guide — Trigonometric functions.
% As above.
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function composed

fg(x) &e1f1w??
u=g(x) = 3x+2
&to<fi1w?o<"bwo™"a
fuy=4

&el1t?o<2t7t
A/3X +2

flg(x)) = 3 +2

&e1f1w??2o0<2"BWI*"A7"BW!*"a

Constans

const ] constans
f(x) = const
&e1w?0<"]
Signum
sgn “r signum
sgn5=1 sgn (- 27) = -1

'Ir"dI:I<"‘ "r.1 ,I'af?:l<,'!‘
Examples of records of the function

fo(x)=nx+1

&e0m41w?o<mwo™*"

s (x)=(n+1)x+1

&eOMm!* " 41w?co<1mo™" ?wo™"
Fnk (X)

#e00&MOjo1w?  «#e00&mO0j041w?

In the first notation, the character 0 is the beginning of the composite projection, and the empty character ends
this projection. In the second notation, the projection ends with the characters 04.
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J

Graphical representation of graphs of polynomials

In lessons devoted to polynomials and quadratic functions, especially when solving inequalities, it is necessary to
sketch function graphs with accuracy to the zero points and the sign of the function value.

Example:

v

Using Braille characters, such a graph sketch can be represented graphically as follows:

eeen,"ao,,, 0" ibeeeo''coeee

The numbers in this line are the zero points of the function. The letter "f" in the notation can be treated as

"raised" plus signs in Braille, illustrating (and graphically emphasizing) the fact that in certain intervals
limited by the zero points, the function takes positive values, and therefore its graph is above the OX axis. The
minus signs correspond to the situation where a fragment of the graph runs below the OX axis, i.e., when the
function takes negative values. It is therefore easy to see where the graph crosses the OX axis (the function
changes sign) and where the graph only "touches" the axis, remaining on the same side (the function does not
change sign).

Examples:
A quadratic function with two zero points, with the arms of the parabola pointing downwards:

,,, 0 " boeeea"eO,,,

Quadratic function with one (double) zero point, with the arms of the parabola pointing upwards:

eeen,"doeee

If the notation does not fit on one line, write it on consecutive lines, dividing it at any space.

,,,, DOeee$d,” :O,,,0 a9

-

.., foeeex" "O,,,
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HINEQ

CINLY

LARGE BRACKET CONNECTING SEVERAL LINES

8E[I beginning of expressions enclosed in a large bracket [ ,7 1 new line character
-xforx <0,

|x |={ 0forx=0,

x forx > 0.

|

IK&WrOo<8o,wock o&wo8-"i&00o; 70"i&
Ck o&wo<"i&Oo;7owock o&won0"i-

Ik&wWro<8o,wock' o&wo8-"i1&0
701D CK o&wo<"i&O0
-/owock o&won0O"i-

-1forx<0,

sgnx=4{ 0forx=0,
1 forx>0.

"r&wo<80," ock’ o&wo8-"iI&00o; 70"i&
ck o&wo<"i&Oo; 70" ock’ o&won0"i-

"r&wo<80," ock’ o&wo8-"i&0
7 0"iock o&wo<"i&O
/0" ok’ o&wonO"i-

The newline character is also used to write certain expressions in which the line break occurs locally. An example is
the Newton symbol36. In this case, the newline character is written without spaces.

Z;7Z newline character with local effect
7]
k
L)
1&m;7j?
Another example of using the new line character is the pattern for combinations with repetitions.
—k (n +k- 1\
Cn =
L&)
#bO{&jOMmo<1m!*j!1," ;7j?

% Chapter of the Guide — Probability and combinatorics.
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EQUATIONS

EQUATIONS AND SYSTEMS EQUATIONS

Equations

2x+3(x-2)=x-10

2x+3x-6=x-10 Due to the continuity of the operations performed, the

5x-6=x-10 previously used alternating notation convention has been
abandoned:

5x-x=6-10 black print version — Braille version, presenting first

4x=-41.4 the entire solution in black print and then in Braille.

x=-1

The Braille notation of the solution to the equation in successive lines is clear. However, it takes up a lot of space.

"a-woT"b1wo,"a?o<wo,"i
"a&wo*"'bwo,"eo<wo,"i
"d&wo,"eo<wmo,"i
"d&wo,wo<"e," i
"c&wo<,"co™o."c
&wo<,"

37
The same solution to the equation can be written using the logical equivalence sign 10<0Zz, which is 2 very

legible serarator for the blind. The new line character 01, £ X1 can also be used as a separator.

"a-wo*"b1wo,"a?o<wno,” ic0<0
"a&wo*"bwo,"eo<wo," I00<0
"d&wo,"eo<wo," i00<0"d&wo,wo<
<"e," I0D0<O0"c&wo<,"co™o."co0<O0
&wo<,"

The black-and-white transcription of the above solution seems less legible. 2x + 3(x - 2) =
x-10 <

2X+3x-6=x-10&

5x-6=x-10 < 5x-x =

=6-10<=4x=-4|4 <

x=-1

37 Guide Chapter — Mathematical Logic.
3 Chapter of the Guide — A large bracket connecting several lines.
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EQUATIONS
However, keep in mind:

. Braille is read by touch (with the fingers). For this reason, not everything that looks clear in black print is
equally clear to a blind person. Many students definitely prefer the second method of writing.

In the second method of writing, despite the introduction of additional characters, one line has been saved.
«  The use of expression division at any pont® would certainly result in saving two lines.

systems of equations

VAVhen writing systems of equations and subsequent solution steps, you can use large braces and 'ine breaks4?
+5y=3+3y

—4dx+y+2=9-6x+2y

A’+2y=3
2x-y=17

S8o&wo*'dxo<"bo™"bxo;7o,"cwo*xo™*
*Mao<"ho , "ewno*"ax
So&wo™axo<"bo;7o"awo,xo<"f

Descriptive and logical connectives can be used in the notation of successive steps of the solution.

&wro*"dxo<"bo*"bxoho,"cwo*>xo™
*Mao<"ho,"ewo*™axoO<O0O&wo*axo<
<"boho"awo,xo<"f

The black print notation of the subsequent steps using descriptive conjunctions is as follows:
X+5y=3+3yi-4x+y+

+2=9-6x+2y <= x+2y=

=3and 2x-y=7

The clarity of the subsequent steps of the solution for sighted people will certainly be debatable. However, many blind
students choose a linear notation.

39 Chapter of the Guide — Transferring parts of mathematical expressions to the next line.
40 Guide Chapter — Large bracket connecting several lines.
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EQUATIONS

Determinant symbols and matrix s

Dashes for the determinant Determinant module
‘ ‘ 'Kz———2"N ‘ ‘| 'lkkz———2"N\N
kz———z=2"N kkz-———z=2"\N
Parentheses for matrices Determinant
(---\ ol 1Zz—-z? det 6Cds
)L 1Zz-—-—-=27
For the system of equations
+2y=3
2x-y=17
determinant:
2
W= X-1)-22=-5
2 -1

Hvo<Ik" oo"anN
k"aI:I,"‘AI:I<||‘_1 ,"‘?I:I,"a_
—"a|:|<,"d or

6cds1" o"a;7"ao," ?2o<""-1,"" 7?0,
,"a—"aD<,"d

2

1
|W|=|‘ =21 -22(=|-5]=5

2 -1

Ik#EvAC<IKK™ oo"ars

kKk"ao," AMo<IKk" -1," 20,
S"a-"aro<!k,"dro<"d o
Ik6cds 1™ o"a;7"an,” 2 Ao<!k" -1!
S 2o, "a-"arn<!k,"dAo<"d

representation in matrix form:

"3

(27
1" " oo"a?
1 "a:l,n‘?
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LOGARITHMS

function notation
log 5 k logarithm with base 10

In 5K natural logarithm

. . The base of the logarithm is treated as a left-
Z{Z preceding sign hand superscript and is given before the
base of the logarithm other than e or 104! logarithm sign.
log1000 =3 log, 16=4
S5K" 1io<"b {:5Kk" " eo<"c
Ine2 = 2 |Og1 4=-2
2

5'ko&d/:o<"a {":5k"co<,"a

In(x +2

X-2

5'k1&wo*™a?o/7/own,"a; o

v * "
5k1&wo*"a?7w! . "a
Using a space after the function name before the

X+2 algebraic fraction makes the fraction an

In X -2 argument of the function.

S'ko&w!*™a7wl!."a o

5k: &wo*"ac/7owo,"a;

loga(X1X2) = 10gaX1+ l0gaX2

{& B5k1wO0O-wO:?0<{& S5kwO00o*
*{& B5kwO:

logg, *M=m-log, x

{& S5kw/Io<I|-{& 5kw
1
log, x

{&W5Skxo<"" 7{x5kw

Iogxy =

41 Chapter of the Guide - Left-sided indlicators.
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GEOMETRY

Basic geometric symbols

1L

© o o0 ol D> r A H

—o)"-
kk
o) 'kk
>
0o)>
<<
0)<<
68
S’
6.
G..
o<

6%
6(
6)
z)
z))
#9z
#99z
#1

-1

90
09z
090z

perpendicular

non-perpendicular
parallel

non-parallel
is similar

is not similar

is compatible
is not compatible
angle

right angle
triangle

right triangle
square
rectangle
circle
diameter
prim

bis

section
straight
upper arc

lower arch

arrow pointing to the right

arrow pointing left

arrow pointing right and left
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ABI CD AA X BB’
# anlkk#bc # " )o)"-#aa)
<IB=<LABC att b

68#Hao<68# ab - m)!'kk-a

AABC~ AA; B, C;~AABC

6.# abo>6.# 00a00b00o>6.# )a)b)

ACB C 4B AC_L DB

H#HA1H# ba HboO!|d#OH# a HOH# bo"-#O#Hca
aHbO!dH#O a HO# bo"-#9ca

's vector notation
The following key characters are used to denote vectors:

- #902 vector pointing to the right
& #09z vector pointing left

The vector arrow key is a parenthesizing character 42, This means that it encompasses the entire expression that
follows it.
> >

AB=-DC NN

#9 O#‘ an< ; #9 O#C B Vectors 4B and DC are opposite.

> > >
V=v, +v,

#O0HUO<H#O0&UOOD™H#90uO:

9
straight line PPj! u A line passing through the points

#9 Q#OOO ( ] ! kk#90 &t Pand P, parallel to vector u . ;

>

a=<(v,u
; 0<681#90&UO0#90t7?

42 Chapter of the Guide — Brackets written above or below an expression.
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al geometry
Distance of a point from a line
[:Ax+By+C=0,P=(x, ,y,)

&kOo# &wr*#Ha&xo*#bo<"i&0
Hoo<1&WwWO0o0Oox0o0?

Je ‘Axp +Byp +C‘
JA2 4 B2

&co<:lk#@&wOoo*#a&x0oo*#b o7
70027/ 7a/:; o

&co<:'k#@&wOo*#a&x0o*#b a7
7T O02H /1V*Ha/:;

The area of a triangle with vertices

A=(x4 ,Y4q )
B=(xp ,yp )
C=(xc ,yc )
#H o<1&w0O 0ox0 7?0
#ao<1&wO0a0Oox0a?0
Hbo<1&wWObOox0b?-

1 > > 1 43

X=X, y-y
b a b a

e —| d (4B, AC) [~ |
2

xC _xa yc _ya

Ho06.# abo<" " :IK&Cc1H#9O0# a0&

HOOH b? o<

<"":lkk&wOao,w0O OoxOao,X0@™"
kKowOBo,w0 0oxOBo,X0@™M

4 Relevant symbols in the Guide chapter — Determinant and matrix symbols.
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TRIGONOMETRY
's angular measure
full notation ~ abbreviated
notation
° = ( ( angle degree symbol
—_ ) ) ange minute sign44

— )) ) ) ange second sign45
o =30°
;‘ ] <"bi(
_ 1

5
- v~ —
;ao<" =>=(
The full degree notation is used in the above expression because if the abbreviated notation

abbreviation ;a|:|<"‘ >(, the expression would be read as B = 1_
50

19° 23'47'
The notation of minutes and seconds of angle almost

"we h ( " P | b — ) " Cf= ) ) always requires the use of the full notation.

Arc measure angle

radan OCE'Cc o "CE

90° =1 1aq

2
"I i1(o<;07:6E" c
or

“"hhi(o<;o7:"C
1 rad =189~ 180" . 57717 45"
m 3.14159

CTUCEo<" T gi(7;om>>" T giu (7
7"bO c dho=="df(" f=)"cd=))

4 Due to ambiguities, the abbreviated notation for angular minutes is used very rarely.
45 Due to ambiguities, the abbreviated notation for angular seconds is used very rarely.

Braille mathematical notatic



TRIGONOMETRY 53

nd trigonometric functions

Trigonometric function symbols

sin DI sine cos OSb cosine
g OS tangent g OF cotangent
sec 5 s secant cosecant 51 cosecant
Sin 60° = 34
2

5rei(o<2Z2b7"a
sin2 q 4+ cos2q=1

5r/:; o**5b/:; o<"

Examples of trigonometric function
cos o c0S (Sa) (90°—G\

2 2 =)

Sb; 7: 5b1; 7:? S5s1"hi(l,; 7:7?

Using a space after the function name before the
algebraic fraction makes

cos 9 ¢ 90;— a the fraction is the argument of the function.
2

5bo; 7 S5so"hi(),; " 7: o
Sb:; 7: 5s:"hi(1,; " 7: o
5b:; o/7o"a; 5s:"hi(o,; o7o"a;

tg—9 = 1—' cosa
2 sina

Sso; 7:o<:""1,5b; 75r;"

sin9=+ /1— cosa
2 2

5ro;  7:0<*,02:"'1,5b; 7:04
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(1o |
cos (-I)-cos' 28" cos(-60) = 2

3 ( m j 2
5b1,;07970<5b1,:;;079070;0;-
- gi(?o<5b1,"ei(?o<"":

1.1 _
sin30° 1 ’
2

S51"bi(o<" 75r"bi(ao<" 7" o<"a

cosec30° =

Inverse trigonometric functions

Notations for inverse trigonometric functions
arcsin 50r arcus sinus arccos 50b arcus cosine
arctg 508 arcus tangens arcctg 507 arcus cotangent

arcsec D0 , arcus secant arccosec D07 arcus cosecans
f(x) = tanx
&el1w?0<Ssw
f=1(x) = arctg x

&e{,041w?o0<50sw

arc sin(30°+n +360°) =E1
forn=0,+1,+2, ..

S50r1"bi(o*&m-"bei(?7o<"":
ck’ o&mo<"i&0o*," &0o™,"a&0o---
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MATHEMATICAL LOGIC

logical symbols

v 020 or

~ —/0 and

— 00<0 if and only if

~ 09) no (itis not true tha
Quantifiers

\/ or = (yo> specific (there exists such that)/\

o M 0/00 general (for every ... )

avb

& 020a

((p 1q) V(q Ar)) = v
11&00/0p?0201pa/0OCE??0<0u
x x2= 0

Lo OSESwWwiaoww/-on<"i
Fx+1<0

%=>&wowo*" o8-""i

~ Px p(x) < F~p(x)
9)%0&woo1w?00<0%>wo9)o1w?
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PROBABILITY CALCULATION AND COMBINATORICS

Factorial
! 5 O factorial
51 = 2345
"d 5 << ws _w a_" b_" C_"d After the factorial sign, a space should be

left, and if for some reason we need to

( nk\I= F! ’ fill it, we use the ! sign.
\n- !
\ )

1&M;7j?o0<:mbS5ao/70j5!1mmo,j?5!;
o= 17 )

#b{&Omo<1m;7j?

kz(n+k—1 =(n+k—1

o T
#bO{&Omo<1m!*j!," :7m!," ?20<
=1m!=j1,";7j?

vk —_n!
- (n-k)!

HUu{&OMmMo<:m5o7o1mmo,j?5];
Vﬁ:nk
HU9{&jOmo<m/j
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LIMITS

Symbols used in the notation limits
The symbol "tends towards" is a combination of the filler

lim " k limes character
| and the abbreviated arrow symbol 90.

oo "$ symbol of infinity
! 9 O "strives for"

liml =0

xS0 X ion1
An empty character was used before expression
X

"k1()&w!90"$|:|"‘7W|:|<"i

lim— =<

L. It closes the simple projector.

x>0+ X

"KO&W!90"i=*a" 7wo<"$

lim Mﬂ
n->eo

"KO&M!90"Sm!*"™" 7mo<"

lim 2x=0
X—>oo

"KO&W!90"So""a/,wo<"i
im f(x + Ax) - f(x)

o A
"KONc&W!IO0"io:e1wo* *c&WwW?O0,e1w?07
7oNc&w;

2 _
im =3 = jim (x+2) =4
x—2 X~ x—2

"KO&WI!9OO0"ao:w/:Oo,"co/7owno,"a; o<
<"kKO&w!90"ao1wo*™a?o<"c

lim f(x)
e x>X

&d#/"KOOW!90wWO(ce1w?#4

The # symbol is the start symbol for the detailed projector, the

0 starts a compound projection. A compound projector ends with

an empty character, and a detailed one with #4.
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DERIVATIVE
S

d derivative
(o

&e)1w?o<cx7cwo<x)

3 3 partial derivative sign
g(x,y)=i(§;ﬂ
&f1wOoOx?o0<3e1w0ox?73w
INTEGRALS
J 1 integral sign
| on integral line

[f'(x)dx=f(x)+C
]&e)1w?ocwo<e1w?o*#b

X2
[ f(x)dx = F(xq ) - F(xo definite integral
)

100&wOO00{wO:oe1w?ocwo<
<#e1&w007?0,#e1&wO0:?

3x2dx = X3 62 =23_03-§

10({:0"b&w/:ocwo<w/9o0™M0({:o<
<"a/90,"i/9o<"g

oO— N
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The symbols used in Braille notation cited and discussed in the Guide, as well as examples of various expressions,
indicate the importance of precise and consistent use of Braille characters.

«  The same Braille symbol can have multiple meanings.

«  The position of a character in a mathematical text plays an important role.

« Abreak in the notation (space), referred to as a "blank character," is particularly important.
Due to the proximity of the "blank character" in Braille mathematical notation, there are 6 groups of characters 46,
Examples of characters from each group are given below:

Group A — characters written on the left side with or without a space.
capital letter

\/_ Latin letter tg

2z Hz 5s

Group B - characters written with a space on the left

+ = =
O*z on<z o<z
Group C - characters written without spacing on the left
_ indicator
”ghthh;;gr ' (prim) end of projector
z{=z Z) z4

Group A" — characters written on the right side with or without
spacing const rad A
") "Q 6.
Group B' - characters written with a space on the right
! { (large)
olm 8o
Group C' - characters written without spacing on the right

print character
bold

>

ZH=z NnOz

46 Chapter of the Guide — Sequence of characters.
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The immediate proximity of certain groups of characters prevents the above conditions for correct notation
from being met. An example of this are characters from group C occurring immediately after characters from group
B*. One command requires a space between two characters, while another excludes "empty characters." The
definitions of symbols adopted in mathematical notation minimize the number of such cases. However, it is
difficult to exclude them completely. In order to resolve such situations, different levels of authority have been
assigned to individual definitions.

The definitions in groups C and Care absolutely binding.
« Nextin importance are the definitions in groups B and B.
«  Groups A and Aare last.
In conflict situations, the following rules regarding the sequence of mathematical symbols should be applied:
1. Two consecutive symbols are written directly after each other in two cases:
- ifthe firstis from group C and the second is any other, or
- Thefirstis arbitrary, and the second is from group C.

The opening brace Upper right angle bracket Total

(group B) right-hand superscript (group C)

8o z{z=z 8{z=z
> (group C') = (group B)

nOz o<z n0<z

2. There must be a "blank character" between two consecutive characters when
- the first is from group B" and the second is from B or A, or

- the second is from group B and the firstis from B" or A.
I (group B ) + (group B) Total

50 Oo*with 50%z

3. Ifthe first character is from group A" and the second is from A or vice versa, you can leave a space between
them or not, depending on what is easier to read.

Braille mathematical notatic



BRAILLE PHYSICAL NOTATION - COMMENTS 61
INDICATORS AND "MARKS" IN PHYSICAL FORMULAS

— COMMENTS

Physical sciences use mathematical tools to present their content and analyses. Therefore, in most cases, physical
notation is essentially no different from mathematical notation. However, physical relationships use slightly
different symbols, and physical quantities are often accompanied by complex indices. Physical units and
their conversions also play an important role. The following chapters will discuss issues related to physical
notation in greater detail. However, this content is an integral part of mathematical notation. It is assumed that
the reader is familiar with the chapters of the Guide devoted to mathematical notation.

INDICES AND "SYMBOLS" IN PHYSICAL FORMULAS"

The use of indices and "symbols" in physical quantity symbols is very widespread. In many cases, they are an
integral part of the symbol, while in others they allow the state or course of a process to be precisely
determined. They emphasize the interrelationships between quantities and often indicate certain
correlations, opposites, and differences. The use of indices and "marks" in notation certainly makes it more orderly,
transparent, and thus more understandable. For these reasons, this section of the Guide will present and discuss
selected relationships from various branches of physics in which additional markings in the form of indices and
"marks" are used.

In most cases, right-hand indices are used in physical quantity symbols.*®

z0z - lower right-hand index
Z{Z - upper right-hand index

V= 1/v12 + \/22 . . -
Indices specify the designation of a
& urd < 02 u O O/ -|* u O - / - physical quantity and emphasize the

relationships between guantities.
__Q

__In2 A
A T 0

‘ko<5'k"a7#s0™:  #bO(o<P7u0(
or #bO(D<#P7#UO(

X=xg-Vvt

Usk = ﬂ
)

HTO&rjo<#tO(72"a &wo<wO(o,us
sl
2 2)
&rooO7rO0:0<1s007s0:7?/:

47 Definitions of right-hand, left-hand, and "mark" indicators, detailed spelling rules, and relevant tables are provided in the Guide
chapter — Powers and Indicators.
48 Chapter of the Guide — Key symbols for exponents and right-hand indices.
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_ IRy
1 _R1 +R2

#hO00o<hO(QOO07CEOO!™QO:
o HNhOOO<#hO(HQOO7#CEOO!™#QO:
o HNhOOO<:#hOHQOOo7o#CEOO!"#QO:;

-1
n T

A4Oo<#s00!,S0:7s00
o 4o<#sO00!,#S0:7#s00
o A4O0<#sO000,#SO:07o#s00;

W =-GMm1-1
AB L " )l

#vO ao<,fl&I1" " 7CEO# o, " 7&CEO!

\H#a?

The first line of the above formula in Braille is broken after the subscript "B".

The mathematical expression was interrupted at a place where there is no empty character, so the ! character is
used as a carry character. This character must be repeated at the beginning of the next line.#

By using capital letters redundantly, you can also write:

#VO# ao<,#H&I1" " 7CEO# o," 7
7&CEO#a?

The line was broken at the fraction mark.

In some physical quantity notation, so-called "symbols" are used.® Below is a list of the most commonly used
"symbols" in physical notation.

' Z ) prim ° Z ( circle
" =z ) ) bis . fro period
n:
+ Zz* olus A =z/ roof
- VA4 i t minus ~ z= falka
h,
- z9 line * Z . asterisk

Symbols are written after the symbol to which they refer. They are assigned the same row as the main
symbol. The position of the symbol relative to the main symbol is determined by the corresponding key
character between it and the symbol.

49 Chapter of the Guide — Moving parts of mathematical expressions to the next line.

%0 Chapterof-the-Guide—So-called "fags.
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The key characters used for symbols are as follows:
Z=Z upper mark
Z.,Z lower stamp

The lower stamp key character is always valid. The upper stamp key character can be omitted if the notation is
unambiguous.

1
E= _mv? - :
2 Average values are often indicated by a line
"~ above the corresponding symbol.
HAOO<" :&lu9/:
v T
m= SO

Arrows in physical records
Regular arrows 5

Arrows can be used in descriptions to indicate the direction of changes, as one of the expressions of an
indicator, etc.

The key symbols for such arrows are as follows:

> [l 90 arrow pointing to the right
< 009 arrow pointing left
& DOQO arrow pointing right and left The use of the regular

arrow symbol is shown below in the description of the Carnot cycle.

A

&0 o

#U

»
»

1-> 2 isothermal expansion

**090 " achynsdCElhbymdoCEnyoCE4% ™ mhd

2-> 3 adiabatic expansion

"ao90"bo ch a sxbymdoCEnyo(CE4% , mhd

51 Chapter of the Guide - Basic geometric symbols.
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In processes 3-» 4-> 1, the gas releases heat

#VooCEnbdr bgo"bo90"co90" of'y
Nncc idobhdo1no#pO:

The ordinary arrow symbol can also be used as one of the words in an indicator symbol. In the case of indicators

consisting of several words, after the last word we write 4 the end of projection symbol or insert a blank
character.

W23~ T W41
#HvO"al90"bo<,#v0"c!90"™
The ! character in the index is a placeholder. Its use in this case is necessary. The above expression written

incorrectly without this character:

H#HvO"ao90"bo<,#v0"co90™

would be unambiguously read as:
Wo >3=-Wp > 1

It would also be a significant error to omit the space in the definition of the symbol for a regular arrow.

HvO"a90"bo<,#v0"cO0"™

The first seven characters are I/, , followed by 3. After the equal sign, we have W, ,
31 31

and the subsequent characters are 1.

Arrows in vector magnitude notation

The following key characters are used to denote vector quantities 52

> #90z vector turned to the right
« #09z vector pointing left
> > >

v F=ma
H#9O0&u HOO0He o <&IH#H9O0

The key symbol of the vector arrow written before the quantity symbol is a parenthesis.53 This means that it

encompasses the entire expression that follows it.
-> -> ->

Ap Fag =-Fpa

#90"c&O H#OO0#HeOH# an<,#O0#eOHA@

%2 Guide Chapter — Vector notation.
%3 Guide Chapter — Brackets written above or below an expression.
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> >
F12=F2.1

H#HOO0#e 0" &O!Mao<,#90e0"a&0!'”

> > >
Ar=r, -,

H#IO0Nc&CEO<#90CEO:0,#90CEOO

| r |=X,

IKH#OOKCEO: Ao<wO:

9
g=—4v
At

HIOO0& o<#IO0Nc&U 7 c&s

> >
Ap, =m, Av

#90Mc&0o00o<I00#90"c&u

9
E-F

q

H#OO0HA o <#90#He 7 &pO(

> 2> 2 The multiplication sign (cross) is used to
M=Fxr denote the vector product of two vectors.

HOO#L o<#90#e0'#I0&CE

W= >~
Fs

The dot product of two vectors is written
using the multiplication sign — a dot.

HvO<#OO0He-#90&r

Arrows under an expression

Arrows used as symbols written above or below an expression. % Arrows precede the expression that appears
above or below the arrow.

— D;QOZ right arrow written below the expression

— D;OQZ left arrow written below the expression

r In this expression, the 6th point before T is the beginning of
T T N N the expression written above the arrow, and the 3rd point
1 N 1 % ,

N~ o oo W o -0 is the end of that expression.

2 4 8
HMO(O;90&#s0" :-omO(7:0;90&#s0!
" -omO(7.0;90&#s0" --om0( 7~ *

% Arrow symbols also used in chemical formulas; section of the Guide — Arrow symbols in chemical notation.
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The expression can also be written using the capital letter "excessively":

HMO(O;90&#sO" (-o0FMO(7:0;90&#s!
10" :-o0#FMO(7.0;90&#sO0" .-0#m0( 7~ *

The first line of the expression has been broken at a point that is not an "empty character”. In this case, on
55

At the end of the line, place a fourth dot ! . This character is repeated at the beginning of a new line.

Left-hand indices in physical expressions

In some physical expressions, it is necessary to use left-hand indices.%
abbreviated notation  full notation

[ {Z ' {Z - upper left-hand index
00z "Oz - lower left-hand index

In general, the abbreviated notation is sufficient. The full notation of left-hand indices should be used in cases
where it is necessary to avoid ambiguity.

“° After—a>211Pb +4 He +7.4MeV

£:0>0" _#0n0:90: " 0{-000":#Oan™
£ 0:#Gdo*"fOC6#1d#U

The above reaction is written using the chemical element symbol. The chemical element syn‘#ol is a whole
and should not be treated as an algebraic expression. The second letter in two-letter element symbols is not
preceded by a lowercase Latin letter.

58
The word symbol for the unit is preceded by the nﬁm symbol. Other rules for the use of alphabetical
characters also apply to the notation of units. Within the symbol, each capital letter refers only to the letter
preceding it. 59

14 C%” N +0 [3+0v
7

{O O*#bo90{0.0<#FmMmo™{(0,0;ac™
*{$O1(,m>~

n
0 > P+ Bt

{O0(&MO;90;a,0{000&o™{(0,0!
Lao™{(0(Gm=
The first line of the expression was broken before the B particle symbol, which begins the second line.

The break occurred where there is no empty grid. The transfer symbol is !. This symbol
60

starts the next line.

% Guide Chapter — Moving parts of mathematical expressions to the next line.

% Guide Chapter — Left-hand side indicators.

57 Guide Chapter — Root symbols.

% Guide Chapter — Units and operations on units.

% Guide Chapter — Verbal symbols, sign of change (rule 2).

6 Guide chapter — Transferring parts of mathematical expressions to the next line.
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EXAMPLES OF WRITING VARIOUS PHYSICAL FORMULAS IN BRAILLE

Selected issues of Braille transcription

Braille transcription allows for some flexibility in notation. However, whenever possible, the shortest
notation should be used. Below are examples of different correct notations for the same printed expressions. The
boxes show the titles of the chapters of the Guide, which discuss in detail the use of appropriate abbreviations.

V1 V1
&u0™ &u00 .
apter — Key characters for exponents
y 2 y 2 and right-hand indices (rule 1).
0 0
K&uO"i/"a &KuO(/:
R R
2 2 Chapter — Simplified notation of fractions
HQ7"a HQ7 : (tle 2)
mv2 mv?2
2 2
&I u= 9 / - 7 - &I u 9 / - 7 - ‘ Chapter — So-called "stamps."
T1-Tp
T
HS00D,S50:070s00; or
HSO0O,#SO:o7o#s00;
T1-Tp
] 1 Chapter — Simplified notation of fractions
(rule 4).
#S00!,S50:7s00
#S00!,#S0:7#s00
Some formulas can be written using simple root symbols.
Vi = +/2gh
& u O j - < 2 " a &f g Chapter — Simple root sign.
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However, a similar pattern requires the use of the complex projector sign 0.

t= 2h
g

&S o< O 2 " a &g 7f ‘ Section — Complex root sign.

Complex formulas require a more detailed explanation.
2
V0" +2g9h-vp
g
The above expression in standard notation using fraction start and end symbols will have the following form.6

&so<:02u0((/:"""a&fgo,uO0 (a7 of;

In standard notation, the numerator of a fraction is enclosed between the fraction mark and the fraction
bar. The operation symbols between the individual terms of the numerator and denominator are preceded by

"blank characters." The root symbol is preceded by the composite projection symbol 0. The operation of

the composite root symbol is interrupted by a blank character.

The abbreviated notation of the above expression will have the following form:

&sOo<:02uO0(/:"™a&fgo,u0(o7f

In the abbreviated notation, the fraction bar is in the zero row, and the numerator and denominator of the

fraction are in the first row. The root sign precedes the compound projection sign 0. The root operation ends
with a space. There is no space after the fraction bar, and after the short denominator there is a fraction end

sign. In this example, the numerator is too long to omit the fraction start sign.

2v sin2q
_055 029
&gO0"wo<uO"ix/:7"a&fo<:"auO(!
'5r/:;" 7"a&ft

In the above Braille notation:

hmax=

62
~ the abbreviation of the word symbol max - "W" was used.

- The fraction bar ends the simple power exponent projector.3

61 Guide Chapter — Full fraction notation.
62 Guide Chapter — Other symbols used in set algebra.
83 Guide Chapter — Key signs for exponents and right-hand indices, rule 2.
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The use of the multiplication sign between two fractions is explained by the following example:
199
F=—

dmey r2
full notation
Heo<:""o7o"c;o0;dO(;-:&pp0O(o7 7aoCE/:;
abbreviated notation
Heo<" 7"c;o0;dO(o-&ppO0O(7CE/:

In the case of abbreviated notation of fractional products, the multiplication sign with a space must be used

O-. The "blank character" signals the end of the fraction. In the notation, the lowercase Greek letter before € is
used redundantly.

Examples of expressions using complex characters keys

Below are examples of patterns that require the use of complex projections in Braille transcription. They begin
with the sign 0. The signs 04 end this projection.

T
- ITNO

&CEL<02" ™ i#m7 ; o#MO(

T2 =277\/QITa
HsO:o<"a;002&K7f!l*"

Uo = Ur, + Ug,

#TO(o<TO0QOOOD*TOOQO:
HTO(o<#TOOH#QOOo™"#TOO#QO:

my

&lo<:10(o7c02" 1,1u7b™?/:;

__In2
N =Ny e

HMO<#FMO(Sc A O/ ,5'k"ar7#s0" " :04
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UNITS AND OPERATIONS ON UNITS

Verbal symbols, e sign of denomination
In unit notation, a key symbol is used for verbal symbols, in the case of units called the name symbol.

6Z - key symbol for word symbols, name symbol

Basic units of the Sl system

Quantity Unit name Symbol Braille notation
Length meter m 6 I
time second S 6 r
mass kilogram kg 6_] T
current ampere A 6#@
temperature kelvin K 6#J
luminosity candela cd 6 bC
amount of matter mol mol 6' Nk
Supplementary units of the International System of Units ( Sl)
Quantity Unit name Symbol Braille notation
N (1]

plane angle radian rad 605 C or Q

e -
solid angle steradian sr CE/ -

Derived units of the Sl system
Quantity Unit name Symbol Braille notation
Surface area square meter m2 6 I/ -
volume cubic meter m3 6 |/9
speed meter per second m/s 6 I 7 r
acceleration meter per second mis2 Sl7r/:
squared

force newton N 6H#M
pressure pascal Pa 6#0
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Quantity Unit name Symbol Braille notation
work, energy joule J 6# i
power watt W O#v

frequency hertz Hz 6#gy
density kilogram per cubic kg/m3 6j f71/9

meter

electric charge coulomb C 6#b

field strength volt per meter Vim 6# u Ve I
electric

voltage volt Y, 6#u
electrical capacitance farad F 6#9
electrical resistance ohm Q 6AV
conductivity simens S OHr
electrical

magnetic flux weber Wb 6#va
magnetic induction tesla T 6#8

inductance henry H 6#9
[uminous flux lumen Im 6 kl
illuminance lux Ix okw

body activity Bq 6#ap
becque
rel of radioactivity

focusing power diopter D 6#cC
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Sl unit prefixes

Prefix Multiplier Abbreviation Braille notation
atto 10-18 a 6
femto 10-15 f 6e
pico 10-12 p 60
nano 109 n 6m

micro 106 m (S - |
mill 103 m Sl
cents 102 C 6b
deci 10 d 6C
deka 101 da 6C
hecto 102 h 69
kilo 103 K Sj
mega 106 M S#H|
giga 109 G 6#f
tera 1012 T 6#s

peta 1015 P 6#o
eksa 1018 E 6#d
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Examples

1GW = 109W "TOHTFHVO<"i/)6H Vv
1kwh = 3600000ws | OjFvVgO<<"b-eii-ili6#Hvr

nm = 10-9m “"eomlo<""i/,)ol
1um = 10-6m "o l&Io<""i/,7ol
1kQ = 103Q "TejMNvVO<" I/96NMN\V
Frequently used units outside the Sl system
Quantity Unit name Symbol Braille notation
pressure bar b 6a
physical atmosphere  atm 6 b S I
time hour minute h 69
min 6lhm
length angshtrem A 6Z
nautical mile NM S6HM#I
mass gram g ef
power horsepower HP 6#j # I
sound intensity decibel dB 6cHa
volume liter I 6 k
surface area ar a 6 )
hectare ha 69
speed kilometer per hour ~ km/h 6_] |7 g
nautical mile per hour . knot 6V
temperature degree Celsius °C (#b or — (#b
degree Fahrenheit ~ °F (#e or =(#e
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Examples:

11=1dm= 0,001

""eko<" 6cl/9o<"i0ii 6l1/9
0°C = 273.15K

"iI=(HFbo<"afbO d6#j

0°C = 32°F

"i=(#bo<"ba(#e

100°C = 32°F

""li(#Fbo<"a a(#He

3_0 = o
a C=0.75°C

"b.=(#bo<"iOfd(#b
2,

1_°C

5 The second designation

"a "a - — (#b °C is used in the records to avoid ambiguity.
1A = 10-10m

" BeZo<""i/,0(6l

1w. = 1INM/h =1852m/h

" BvOo<" 6HEM#I7go<" gda6l7g

1dB =10B

""ecHao<" i6Ha

1ha =10,000m?

"Tog o<"i—i1i6sl/:
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Rules governing the use of the symbol

1. Verbal symbols preceded by the key symbol 6Z are taken from the black print without any changes.

Full name Verbal symbol
radian hour rad
hectare h
meter ha
candela m
ampere cd
A

2. Within the symbol, each Greek letter or capital Latin letter refers only to the letter preceding it. When the
word symbol begins with a lowercase Latin letter, the alphabet symbol is omitted, i.e., in such a case, no

alphabet symbol is written.

5kg

"doejf

2Ah

2 um

3kWh

Braille transcription

6CE' Cc
6g
6g
Sl
Gbc
GH"

"ao; | &l

"a6# g g'"bo6jH#vg

3. The word symbol together with the key character considered as a whole is of type A-B' % This means that there
may or may not be a blank space before it, but there must be a space after it.

5 min

10 nF

entry without a space

"delhm
"iom#te

notation with a space

Additional abbreviations
frequently used symbols

"@

The rules given in rule 2 for word symbols
differ from the rules for using alphabet
characters in algebraic expressions (Guide
section — Alphabet characters).

" d 1 6 I h m The notation without a
< = space is more commonly
""imem#e used

Very often, physical units are composed of several verbal symbols. In such cases, instead of writing the unit symbol

before each symbol, it is sufficient to write the double unit symbol 66Z before the entire unit. No spaces are
required within a unit written in this way.

J=Nm

OHIO<6H#HM-6lo0<66H#M-I

J=kgM
82

2
m= Kgm

S2

6HIO<6jf-617r/:0-6lao<
<66 jft-1/:7r/:

6 Chapters of the Guide — Sequence of characters, Mutual position of characters.
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4. The name sign is not used with currency names and abbreviations. The name of the currency or its
abbreviation should be separated from the number by a space.

5 Zlotys ozt 5 PLN
"doy1nsxbg "doy1 "do#HOHKHE#M
3 PLN 50 gr 3.50 PLN

“boy1o" diofCE "bOdioy1

9. The sign is also not preceded by units written in full. four seconds 3 kilograms

bysdCExordjtmaocx  ""bohknfE™ Ix

1 hour 30 minutes 2 volts

""ofncyhm o"biolhmts "aovnksx

Main units — examples

work

J =1l

BHIO<6#HV-6r o OG6HIO<66FH Vv-r

force The double unit symbol 66 can be used in
N = kgm _ kgm expressions involving operations on units.
6H#Mo<6jfo-6I17r/:o0<6jfl7r/:

or

6HMo<66jT-17r/:0<6jfl 7 r/:

temperature units

The basic unit of temperature in the S| system is the kelvin [K] - €& Z5F J However, the traditional unit, the
degree Celsius [°C], is very often used.

°C Z(#B or Z=(#B degrees Celsius

2,
20°C 36.6°C 2§ C

"ai(#B "beOe#B "a"a>=(#b
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Units in formulas and expressions physical

Example
Calculate the capacitance of a flat capacitor whose plates are squares with sides of length a = 10 cm, if the distance
between them is d = 0.2 mm.
Data:
a=10cm=0.1m
d=02mm=2-104 m
€=8.85-10""12 E
0 m
The Beraille transcription of the written data and the continuation of the solution will be as follows:

Hc mdoO

& o<" ieblo<"iO o6l
&co<"iOaoBllo<"a-"""i/, .6l
;dO(o<"g0gd-""i/,0:6#e7I

8.85:10-12 E -10-2m2
o= @S = m ~0.44 -10-9F = 0.44nF
d 2 10-4m
#bo<;dO(#R7&co<:"gOgd-""i/,0:!
'6He7l-""i/,:6l/:ar7ra"a-""i/,.!
161;,0=>=="i0cc-""i/,) 6 Eo<"iOcc!
I6M#E

The three consecutive lines in the above Braille notation have been broken at a place that is neither an

operation sign nor a blank sign. Therefore, we place the sign | at the end of the line and repeat this sign
at the beginning of the next line.5

In Braille notation, operations on numbers can be separated from operations on units. This notation seems to be
more readable for blind people.

€S 88510-12-10-2  Fpp
C-= = 570 ~mm ~0.44 >40-9F =0.44nF
#bo<;dO(#R7&co<:"gogd-""i/,0:-
-/, 7rao"a-""i/,.;-66:#e7lo-
“I/:070l;0>>"i0cc-""i/,)6#EO<
<"iOccem#E

8 Chapter of the Guide — Transferring parts of mathematical expressions to the next line.
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BASIC SYMBOLS AND SIGNS USED IN CHEMISTRY

Braille chemical notation refers to mathematical notation. However, chemical symbols and formulas, as well as
reaction notation, essentially express completely different content from mathematical expressions. Two-letter symbols
for elements constitute a whole and certainly cannot be treated as mathematical expressions. The notation of
chemical reactions is a representation of processes that are difficult to compare with mathematical
transformations. Therefore, chemical notation can only be said to bear a certain resemblance to
mathematical notation. The key symbols used in chemical notation and the applicable rules of notation are
precisely specified and defined in the following chapters of the Guide.

BASIC SYMBOLS AND SIGNS USED IN CHEMISTRY

In the notation presented, the symbol Z is used to indicate the continuation of the notation without a space, and
the space symbol (o) is used-

symbols for elements

The symbol of an element is preceded by the element's key symbol.

HZ . eenikey symbolss
S

H Cl Fe Mn
#g #BK #ed Hr #Lm

formulas of molecules
In molecular formulas, the symbol of each element is preceded by the element's key symbol.

HC Ca0 MgS Cu0
H#HgH#HBk #B #N HITHR #Bt#N

If all the symbols of the elements in a chemical compound molecule are single letters, the molecular formula can be
written in abbreviated form, omitting the symbols of the key elements. The molecular formula should be

but preceded by a key character .

AZ - keyword for molecules with single-letter symbols for constituent elements

abbreviated notation full notation
KOH NNg HjHNHg
HcooH “*gbnng Ho#HbH#nHN#Hg
hen  “gbm Hg#Hb#m

8 |n mathematical and literary notation, this is the key symbol for the capital letter of the Latin alphabet.
67Based on the findings of the International Conference on Braille Notation in Moscow in 1975: A System of Braille Notation of
Mathematics, Physics, Astronomy and Chemistry, Moscow 1975 [4].
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nd stoichiometric indices

Stoichiometric indices in a molecular formula are written directly after the symbols of the elements in lowercase (fifth
series characters).

CaS04 Fe203 MnO2

Hb Hrn. Hed:#N9O HIMm#Hn:

If the molecular formula contains only elements with single-letter symbols, abbreviated notation may be used:

abbreviated notation full notation

H20 ~g:N HGHnN
woo NI RN. Hg: - #RH#nN.

Round brackets
We use parentheses in molecular formulas as in mathematical notation. 6

1z - open round bracket

zZ? . closed round bracket

Ca(OH). A2(s04)3
Hb  1HNHg?: H K 1H#H#FH#N.?9

's coefficients

Stoichiometric coefficients in chemical reaction equations are written with the number sign % without a space
between the coefficient and the formula or symbol.

" . .
Z - numerical sign

"~ 3H20 27203

"a#g: "b#E#g #n "aH@k:#N9O
You can use the N symbol before the formula.

3H20 2P4010

"brg:n "a”o.NnO(

8 Guide Chapter — Parentheses.
8 Guide Chapter — Numbers.
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Arrow symbols in chemical notation

< 009z - reaction proceeding to the left

- L] 902 - reaction proceeding to the right

- 0090z - reversible reaction

T NO =z - gas evaporation

\ A9—Z - sediment precipitation
—% Vs O3 OO0 \VvxCE- - right arrow written under the expression 70
< 17] 09&vxCE- - left arrow written under the expression

W ys
< D;OQO&VXOE- - right and left arrows written under the expression

-catalyzed reaction

When writing down a reaction involving a catalyst or requiring the specification of reaction conditions, a "long
arrow written under the expression" is used. The expression is preceded by the & sign

and ends with a - sign. After writing the expression, a blank character is required.

6 H20 + 6 coo—=" > corroo6+ 602"
"erg:Nno™ebn:0;90&dmM-o0M"b*g0:Nn*&
*TefN:oN9°

When transferring part of the notation to the next line in the above example, & was used in accordance with the rules
for transferring mathematical expressions.

The issue of carrying part of an expression over to the next line is discussed in detail in the Guide section —
Carrying part of a mathematical expression over to the next line.

Indices "

In chemical notation (electron configuration, valence, ions), left- and right-hand indicators are used, both upper
and lower. These indicators have their own key characters in Braille.

Key characters for right-hand indicators
Z{Z - upper right-hand index

z0z - lower right-hand index Key

characters for left-hand indices
abbreviated notation ~ normal notation

1 {Z " {Z - upper left-hand index
00z "Oz - lower left-hand index

In general, abbreviated notation is sufficient. Standard notation for left-hand indices should be used in cases
where ambiguity must be avoided.

0 The arrow symbol is also used in physical formulas; see the section of the Guide entitled Arrow symbols in physical notation.
" Guide section — Powers and exponents.
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lons
lon charges are given after the right-hand superscript.
{ > - negative ion The full notation of a positive ion should be used
> in designations where there could be ambiguity
{ - positive ion (abbreviated notation) in the reading.
>* b .
{ ! - positive ion (full notation)
Na ' Cl S04 o Ca+ '

H#HM [T #DbK[, #Hr#n_[,, H#HB [T~

Hydrogen ion
H30*

ixeislal e
[~ ®

#g00#n00#g f
J H
#9

Two-, three-, and more positive ions, as well as two-, three-, and more negative ions, can also be written by
specifying the number of

charges immediately after the right-hand superscript. sor G

HrEN  ["a, B ["al™

The full notation of the Ca®*ion was used. If the abbreviated notation was used by mistake, the formula

72
2

#HB" ["a * would be read as: Ca®, .

Hydrates

In hydrated molecules, a multiplication sign is inserted between the formulas of the anhydrous molecules and water.
dot without space dot with space
Z-Z O-Z - multiplication

sign’ azosz-H20

# K H#HENO-H#g:#n
#H K:F#ENOO-#Hg:#F#n

2Guide Chapter — Common fractions.
3 Chapter of the Guide — Operation symbols.
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e structure of an atom

In the periodic table, each element is described by its atomic number Z (number of protons) and mass number A,
placed before the element symbol as left-hand indices: A as the upper index and Z as the lower index 74.

A {# Oftya#d

Indicators can be written in full or abbreviated form. In full form, numbers are written using numeric characters,
while in abbreviated form, numeric characters are omitted and numbers are written in lower level (characters
from the fifth series of the Braille alphabet).

Full notation Abbreviated notation

i {"cO"ad#Gd . {.0:4#Gd

The end of projector symbol must be placed before the root symbol. 4

Electronegativity of elements

The difference in electronegativity between the atoms being combined should be written in accordance with the
Greek delta symbol, giving the formula of the compound in question in the right-hand subscript.

AE Naci=3.0-09

NcHdOHM #bko<"bOio,"iOh

Partial positive and negative charges should be denoted by the lowercase Greek letter delta with a + or - sign (&+ or
5-). A separator sign ! should be placed between the letter and the plus or minus sign.

s+ sl s- ;Cl,
X o BT o I P
H—C11

#gOO#bK:
b

™ Chapter of the Guide - Left-hand indicators.
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Arrangement of valence electrons in an atom
O - on the left side of the symbol

O - to the right of the symbol

— - above the symbol

-

- below the symbol
O#b0 -

non-bonding electron pairs

5 -on the left side
> -on the right
» - from above

b - from below

O#nO .3
B

Arrangement of electron pairs binding

101
Il
101

Hn#Hittn
b b
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chemical bonds

lonic bond
Each ion forming a bond is written in square brackets with the ion symbol and its value outside the brackets.

[NaJ* [CIT

Z#mM \[*oZ#bk\[,

Covalent bond — notation analogous to the arrangement of bonding electron pairs.
H-H

#gO00#g
#g

J
#000#g

3
#g

In the case of a polarized covalent bond, the symbol of the more electronegative element preceded by the -
sign is given according to the molecular formula.

O=C=0

H#n#iHbHHN c! . #n
b b

H20 |0

H#Hg #H#g ;Cl . #nN

Braille chemical notatic



BASIC SYMBOLS AND SIGNS USED IN CHEMISTRY 85

Coordinative bond — All covalent bonds are written in the molecular formula. Then, after a blank space, the symbols of
the elements forming the coordinative bond (donor-acceptor) are given. An arrow pointing towards the acceptor is
placed between the symbols of the elements.

#gO00#g

|c=0
%

-Hb#iHN #bOOHN
b

electron configuration

The number of protons characteristic for a given element is written as a left-hand subscript before the symbol of
the element. The number of electrons in each orbital is given as a right-hand superscript after the letter denoting the

orbital. After the symbol of the element, a separator & should be inserted before the colon. If there is no separator,
the notation can be read as 44 Na3 .

14Na: 152 2s2p6  3s
0" "#M &9 &r{:1"a&r{:&o{*& "b&r{0O
19 K: 1822s2p63s2pb4 s

O"" h#J&9OO" &r{:0"a&r{: &o{!
*"Oo"b&r{:&o{* Oo"c&r{0O

If a mathematical expression is interrupted at a point where there is no empty cell, then the ! symbol is used as a
carry symbol. This symbol must be repeated at the beginning of the next line.

n notation of an electron
In electron notation, a dash or minussign can be used.

e &d9 3e " b&d 9 notation with a dash "mark"
e &d ’ % b&d ’ entry with a minus sign

Values
In the notation of value, Roman numerals are written according to mathematical notation.”
The valence is given after the symbol of the element as a right-hand superscript.

In the molecular formula, the symbols of successive elements are preceded by the projection termination sign 4.

Alll Callol

#@k{#hhh #b {#hh4#N{#hh

75 Chapter of the Guide — So-called "marks."
76 Chapter of the Guide — Roman numerals.
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CHEMICAL REACTIONS

e oxidation states of elements

Roman numerals are used to denote the oxidation states of elements, placing them after the element symbol in
parentheses. Negative oxidation states are indicated by adding a minus sign before the Roman numeral. If a
stoichiometric coefficient appears in the molecular formula, the oxidation state is written after the coefficient.

Roman numeral notation

IV -II
SO»

#Hr1HHU?H#N: 1, #HH??

For free elements, their oxidation state should be written as an Arabic numeral zero.

Full notation Abbreviated notation
N, #M:1"i? N, #M:1(?
0 Full transcript 0 Abbreviated record
Oz#n:1"i? Oz#n:1(?
CHEMICAL REACTIONS

Formation of salts
Molecular formula

Fe + 2HCI 2 recip + 12

Hedoo™"a#g#bko90Hed#HbK: O™ #g: 9"

lonic notation
The charge of an ion is written after the right-hand superscript.

For ions with 2, 3, or more positive charges, the asterisk (*) must be preceded by a separator !.

Fe+2H" +2CI > Fe” +2CI + !

Hedo™"a#g[T"o™"a#bKk[,090
O0#ed["a!"o™"a#bK[,o0"#g: "9

Formation of an insoluble salt
Molecular formula

Pb + H2s04 = Posoat + Ho'

HOao**"g:rn.090MOaRN."OOo™#g:"9°
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lonic notation

Pb+2H" 4s0s” - posost + !

HOao™a#g[ o™ rn. ["a, 090
90M"OaRN.N"O-Oo™#g: O

reversible reaction

KOH ¢<—=> K* +OH-

AJINGOO9OH[*0* NG,

dissociation reaction

HCOOH QH_ZJQ HCOO- +H*
rgbnngD;090&Mg:Nn-o*gbnn[,o*#g[™
In the reaction notation, a long arrow pointing right and left is used under the expression 7.
,090&/\9 -N- - along arrow pointing right and left written under the expression.

Oxidation and reduction reactions

Oxidation states in redox reactions are written exclusively in Roman numerals after the element symbol in
parentheses.

Roman notation The oxidation states in the following examples
0 I 0 0 are given in abbreviated form.

Zn +2H Cl -5 ZnCly +Hy

#ym1(?0*"a#g1#H?#bk1,#h?090
90#ym1#HH?#bk:1,#h?20*#g:1( ?

Electron balance in oxidation and reduction reactions

I

lil-SeéAl
# k1 (?0,"b&dO9o90#@K["b!"1#hhh™?

Reaction sequence diagram

Chemistry problems often use reaction sequences for students to decipher. The "+" sign indicates a compound added
to the reaction, while the "-" sign indicates a compound eliminated from the reaction.

A (+Cl, )>B (-HCl)>C

# 01 #bk:?090#ac1,#g#Bk?090#b

7 Chapter of the Guide — Arrow symbols in chemical notation.
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Notation of units [chem.] 8

In chemical notation, units are written in accordance with mathematical and physical notation. The unit is preceded by
a symbol.

6z - unit symbol, name symbol.

g mol dm3 g/mol

ef 6Nk Gcl/9 6f7INnk

12¢ 5.6 mol 3g/dma3

"Taoeft "dOe6bIink "bef/7cl/O

Percentage concentration of a solution

The following formula is used to calculate the percentage concentration of a solution:

c="s .100%
my

&b0oo<IOr7I0CEL-"""ii""i

When calculating the percentage concentration of a solution formed by mixing solutions of different concentrations, the
following formula is used:

m
¢, = — 100%
1 mr1

&b0o00o<IOrO07I0CEOOD-"""1i1""i (

or full notation
&b0o00Oo<:10rO0O7 olOCEOO ; =" "ii"i(

The example uses symbols used in writing fractions79;
- Z - beginning of the fraction (numerator)
,Z - end of the fraction (denominator)
o/O - fraction line

and riehthand indicator sign80:

z0z

8 The notation of units is described in detail in the chapter of the Guide — Units and operations on units and Verbal symbols, denominator sign.
™ Chapter of the Guide — Fractions.
80 Chapter of the Guide — Key symbols for exponents and right-hand indices.

Braille chemical notatic



GENERAL
BEMMSARECTURAL AND STRUCTURAL PATTERNS

E GENERAL FORMULAS

In organic chemistry, general formulas are used for groups of compounds, e.g., hydrocarbons, alcohols.

CnH2n+ 2

" " | i
#b0&m4#gO0"a&m!™"a e haracleris

CnH2n+ 10H

#bO0&M4#gO0"a&m!™" 4#n#g

SEMI-STRUCTURAL AND STRUCTURAL FORMULAS
Bonds between atoms

Z002Z horizontal single
Z

J vertical single
Z

Z#_] Z_ horizontal double

Z

in vertical double

Z

Z” K triple horizontal [ZZ

right-angled single
z0z left-handed single

Z[[Z right-handed double

Z00zZ |eft-handed double
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Structural formulas of inorganic compounds

HCI H-Cl
#g00#bk
CO C=0
#b#j#N
N2 N=N
HM kH#M
Ca(OH), HO -Ca-OH
HgH#FNOO#Hb O0#HN#Hg
or H-0-Ca-0-H
#g0O#Nn00#b " 00#N00#g
AI203 O=AI-0-AI=0
#n#Hj# ™ KOO#NOOH@KH#j#n
°=LTe #N#H#RAHN
0 in
#N

Structural and semi-structural formulas of organic compounds .

Hydrocarbon formulas are written in total and semi-structural form.

For long hydrocarbon chains, the notation can be shortened by placing the crz group in parentheses and writing
the number of these groups in subscript after the parentheses. If it is an isomeric compound, the substituent
should be placed in parentheses, without a bond sign next to the carbon atom to which it is attached. The
proposed Braille notation allows for the notation of two substituents on the same carbon atom or the notation of a
substituent with an additional substituent.

C2H5COOH propanoic acid
cHs— c2— COOH

"bg9007bg:00*bnng o
#b#g900#b#g:00#b#n#n#Hg

C10H22 n-decane

cH3— (cHe)s— cH3

Abg9001.bg:?'00°bg9
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cHs methane:

H #g
| J
H—ﬁ“ #g00#b00#g
H J
#g
2-methylpropane (isobutane):
cH3— CH - cs "ngOO"bgOO"ng
| J
CH3 Abg 9

cH3— CH(cHs) — cH3

Abg900°bg1°bg9?00~bg9 o

CH3CH(ch3)cHs

#Hb#HgO#bHg 1#b#HgO?H#b#g9
C5H42 2-methylbutane:

cH3— cH2— CH — cHs
I

CH3

Abg900~bg:00°bg00~bg9

3
Abgg or

#b#g900#b#g:00#b#g00#b#g9

J
#b#g9
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2-methyl-propan-2-ol:

CH3
I

cs— C —cus
|
OH
AI:-)gg
J
Abg900#b00 bg9
3

cH3— COH(cHs) — cs

"bg900rbng1*bg9?007bg9

CH3COH(CH3)CH3

‘"bg9*bng1*bg9?*"BG9

3-ethyl-2-methylhexane

cH3— cH2— CH — cH2— cH2— cH3

I
CH - chs
[ cH3

cHs— CH(cH3) — CH(cH2— cH3) — cH2— cH2— cH OF

CH3CH(cH3)CH(cHacH3)cHacH2cH3

or

Abg9+bg1+bg9?+bg1+bg: Abg9~?!

"bg:*"bg:*"bg9
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e ring compounds
In the structural formulas of cyclic compounds, horizontal, vertical, and right- and left-handed bonds are used.

Benzene - structural formulas

H #9
| J
c #b
C C #g00#b #b0O#g
| | . w
& e #g00#B #b0O0O#g
% PARN 00 [
H \ C H #b
| J
#
H g
Three levels of information are used in Braille notation for ring compounds:
1. The ring compound and the number of atoms forming the ring.
2. The location and type of substituents.
3. The position of double bonds.
The following characters are used for this purpose:
% ring structure compound (single ring or composed of several rings connected by bonds)
$ multi-ring compound (the rings are connected by common carbon atoms)
#O in combination with a number, indicates the number of atoms forming the ring
4 closing mark for a fragment of information
04 composite closing mark for the entire formula

%# aromatic compound

e
- second level of

information "9 third level of

information
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Benzene - one of the forms of Kekulé's formula simplified formula

%Ho"ed %# 0"e04
"OO#H":b.d* 04

Level 1: indicates the ring structure of the compound.
%#0"e means thatitis a ring compound with a six-membered ring.

%# 0"e04 means that it is a six-membered aromatic compound.
Level 2: not used because there are no substituents.
Level 3: indicates the position of double bonds in the chain.

The entry begins with the information level number "9", followed by a space, then a double bond symbol, and
then, without a space, the numbers of the carbon atoms between which the double bond is located (the first digit
is lowered, the second is not lowered, and the following digits are lowered according to the same rule)

e.g. #":b.d*" means that the double bonds are between carbon atoms 2 and 3, 4 and 5, and 6 and
1, respectively.
Levels 1 and 2 of information end with the closing

symbol 4. The entire formula ends with the compound

closing symbol 04.

Toluene CH-

Y%#o"e4d
":0"01"bg97?4
"Oo#H)"-a9c=e04
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When writing down the formulas of benzene derivatives, it is possible to use a simplified formula specifying the
substituents and their locants (2 levels of information).

Level 2: provides information about the location and type of substituents.

The notation begins with the information level number ":", followed by a space, then the number of the
carbon atom to which the substituent is attached, followed by the substituent formula in parentheses
without a space.

For example, "012bg974" means that a methyl group is attached to the first carbon atom.
Subsequent substituent formulas are written analogously and without spaces.

2, 4, 6 — trinitrotoluene (TNT, trotyl)
CH,

OQN NOE

NO,

Y#o"ed ":0"01"bg9?": 1 "mn:?". 1 "mn:7?!
1"*1 " "\mMn:?7?4
"Oo#"Oa9c>e04

If there are more identical substituents, the notation can be shortened by giving the carbon atom number with the
substituent formula after the number in subscript. The substituent formula enclosed in parentheses ends with a
subscript number indicating the number of substituents.

%Ho"e4d
":0"0O1M"bgO?":"."*1 "mn:?794
"Oo#|"Oa9c=e04 o

simplified notation
Y%H#H o"e4d
":I:IIIO1 Abgg?'l:ll-ll*1 Amn:?904
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Diphenyl - the two rings are connected by a bond and do not share a side, so the Braille
formula begins with the % sign.

%#H 0"0eO0# 0":e04

Multi-ring compounds
In Braille, each ring in a polycyclic compound is numbered. In each ring, the carbon atoms are numbered clockwise
starting from the top carbon atom.

The notation begins with the sign #0, followed by the number of the ring being described.

in lowercase notation, without a space. Then, between the U characters, the number of the adjacent ring is
given in lowercase. Next, the numbers of carbon atom pairs are given, listed clockwise, in the same notation
as for bonds (the first resulting from the numbering in the described ring — in subscript, the second resulting from the
numbering in the adjacent ring — in superscript).

For greater clarity, the description of subsequent rings begins on a new line.

If a substituent is attached to the ring, the ring number is given, followed by the number of the carbon atom to which
the substituent is attached.
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Naphthalene — a bicyclic compound — full notation.

#b #b
[L O [ OO
#b #b #b

#b #b #b
o0 [ O II
#b #b

$"a#Ho".e&
#o"0elU:":e9d4

"O #Ho"Oe#Hj":b.d* &
Ho":e#j"Oa9c=e04

Naphthalene — abbreviated notation.
To define a shared side, only the number of the carbon atom starting the shared side is given. Then, the
first shared pair of carbon atoms is given in the same notation as before (top, bottom). When describing rings,

the number of ring members is omitted.

$"aHo"e&
Ho"OU:":e4d

"O HO"OH)":b.dT¥ &
Ho":#)"Oa9c=>e04
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Anthracene - a tricyclic compound - full notation.

$"b#Ho0"9e &
H#Ho"0OU:":e9d& #0":UO">b*alU9":e9d&
Ho"9U:"=>=b*a4
"O HO"OH":b.dT¥ &
Ho":#)"Oa9c>e &
HO"9OH|"0a9c04
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Glucose: a-D-glucopyranose - ring form — Fischer notation.

H———— OH
H——— OH
HO —+—n  ©
H—F—— OH
H
CH,OH

A row of dots is used to close the ring of a monosaccharide molecule in Braille.

00000000000000
#GOO#\IJBOO"NG
#GOO#éOO"NG

"GNOO#JBOO#G

#GOO#BOOMNG

3+
cccc 2o

#G00#B0O0O00O0O00000000 J
"BG:NG
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Glucose: a-D-glucopyranose — ring form — Haworth notation.

&
CH,OH

“bg:ng
i |
#b00000000#N
L 3 0)
#g [ #g O #g
JL O j
#b #b
JjO L
J 0 ™ng #g L ]
“gn O j J [ "ng
Oj JL
#b00000000#b
3 3
#g ng
%#H0"e4d

o "O010MNg?1{#g?":10Mng?1[#g™?!
1"910#g7?1{*"ng?".10"ng?1{#g~?!
1">10#g?1{"**"bg:Nng?00#nNn04
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Fructose - a-D-fructofuranose - carbon atoms are numbered counterclockwise (to the left). In Braille, this
is indicated by the sign 09, understood as an auxiliary arrow.

’\l_:)g:ng H#HN&

J L O
3 L O
3 L O
3 L 0
J L O
J L O#g
JL Oj
#b #b
joO ]
#g O#g gn [“"bg:ng
Oj JL
#b00000000#b
3 J
“ng #g

%#o"d4

Yo 09":10#g7?1["O0bg:Nng™?!
1"910Mng?1[#g?".10#g?1[*"ng™?!
1"d10"**"bg:Nng?1[#g7?00#n04

Braille chemical notatic
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Sucrose - in the fructose ring, carbon atoms are numbered counterclockwise (to the left). This is indicated by
the symbol 09, understood as an auxiliary arrow.

5]
CH,0H '1

%#0"0e00#N00#0":d4

o #0"0e"O10#NHO":d?1{#g™?!
1":10M"ng?1[#g?"910#g?!
M1[™M"ng?".10M"ng?1[#g™?!
1">10#g?1["**"bg:Nng?00#N&

#o0":dO9":10#nN#o0"0e?1["0!

I"bg:Nng?"910M"ng?1[H#Hg™?!
" 10#g7?1["ng?"=10!
1"*Abg:Nng?1[#g?00#nNn0

Braille chemical notatic
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81
INDEX
sine, 52
A tangent, 52
Inverse trigonometric functions
Greek alphabet, 7 arc secant, 53
. arc cosine, 53
arc cosine, 53 arc cotangent, 53
arc cotangent, 53 arc secant, 53
arc secant, 53 arc sing, 53
) arc tangent, 53
arc sine, 40, 53 Geometry - symbols
arc tangent, 53 bis, 48
is similar, 48
is congruent, 48
B angle, 48
electron balance [chem.], 86 right angle, 48
square, 48

bis, 17, 34, 35, 48, 61
structure of the atom [chem.],
81

C

integrals, 57
constants, 41, 74
cosecant, 52
cosine, 52
cotangent, 52
quotation marks, 13

roof, 34, 61
strives for, 56
Definitions of

characters
Integrals
integral, 57
definite integral, 57
integral line, 57
constans, 41
long horizontal bracket, 36
Distinguished print
italics, 6
bold, 6
straight, 6
large parentheses, 43
inverse function, 40
Trigonometric functions
cosecant, 52
cosine, 52
cotangent, 52
secant, 52

arch (lower), 48
arch (upper), 48
not similar, 48 not
congruent, 48 not
perpendicular, 48
non-parallel, 48
segment, 48
circle, 48
prim, 48
straight line, 48
rectangle, 48
perpendicular, 48
parallel, 48 left arrow,
48 right arrow, 48
right and left arrow, 48 diameter, 48
triangle, 48
right triangle, 48
Boundaries
strives for, 56
limes, 56
infinity, 56
is a divisor, 12
line (long), 35
fraction bar, See Character Definitions —
Fractions
Quantifiers
general quantifier, 54
specific quantifier, 54
Logarithms
logarithm, 47
natural logarithm, 47
base of logarithm, 47
Logic — symbols
and (logic), 54
or (logic), 54
not (negation), 54

8 Entries marked additionally with [chem.] refer to chemical records, and those marked with [phys.] refer to physical records.
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if (logic), 54
if and only if (logic), 54
arc (lower), 35
arc (upper), 35
Matrices, See Definitions of symbols —
determinants and matrices
Angle measure
minute, 51
radian, 51
angular second, 51
degree, 51
modulus, 12
Mathematical brackets
braces, 11
square, 11
round, 11
triangular, 11
not a divisor, 12
infinity, See Definitions of symbols — Limits
Roots
simple root sign, 37 detailed root sign, 38
compound root sign, 38
Derivatives
derivative, 57
partial derivative, 57
Powers and indicators
lower left indicator, 36
lower right indicator (simple), 31 lower right indicator
(detailed), 33 lower right indicator (complex), 32
upper left indicator, 36
upper right-hand index (simple), 31 upper right-
hand index (detailed), 33 upper right-hand index
(complex), 32 power exponent (simple), 31
exponent (detailed), 33 exponent (compound),

percentage, 5
Projectors
simple, 22
detailed, 23
complex, 23
simple projector terminator, 22
terminating character for a detailed projector,
23 terminating character for a complex
projector, 23
per mille,
signum, 41
factorial,
55 Down
arrow
down, 79
up, 79
left, 48
left (long), 35
left (written under the expression), 79
right, 48
right (long), 35
right (written under the expression), 79

right and left, 48
right and left (written under the expression), 79
Fractions
fraction line, 25 fraction
end character, 25 fraction
start character, 25
absolute value, See Character Definitions — Vectors
Module
vectors, 49
exponents, See Character definitions —
Powers and exponents
Determinants and
matrices lines for
determinant, 46
determinant module, 46
parentheses for matrices,
46
Sets
any, 16
integers, 16
natural numbers, 16
irrational numbers, 16
real numbers, 16
rational numbers, 16
empty, 16
Symbols
bis, 34
caret, 34
two dots, 34
wave, 34
asterisk, 34
hook, 34
lower mark key, 34 upper
mark key, 34 circle, 34
dash, 34
dot, 34
cross, 34
minus, 34
plus, 34
prim, 34
left arrow, 34 right arrow, 34
numerical sign, 4
name sign, 8
new line character, 43
Alphabet characters
Greek letter
(uppercase), 6 Greek
letter (lowercase), 6
Latin letter (lowercase), 6
Action symbols
colon (division), 10
asterisk  (multiplication), 10
fraction bar (division), 10
dot without space (multiplication), 10
dot with space (multiplication), 10
cross (multiplication), 10
minus sign (subtraction), 10
minus-plus, 10
plus sign (addition), 10
plus-minus, 10
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Relation signs E
less than, 11
less than or equal to, 11 electron [chem.], 84
not less than, 11 ..
not equal to, 11 valence electrons [chem.], 82 electronegativity
not equal in identity, 11 not greater of elements [chem.], 81
than, 11
equal, 11 F
equal in identity, 11 approximately
equal, 11 equal by definition, 11
areater than, 1 wave, 34, 61, 62, 65
greater than or equal to, 11 inverse function, 40, 53
significantly smallr, 11 composite function, 41
significantly greater, 11 i
Relation and operation symbols on sets functions, 40
Cartesian product of sets, 17 product of Functions
sets, 17 constants, 41

indexed sum of sets, 17 indexed
product of sets, 17 should, 16
does not belong, 16

trigonometric functions, 52
inverse trigonometric functions, 53 logarithms, 47

does not contain, ppwers, 31
16 does not contain, signum, 41
16
difference of sets, 17 G
sum of sets, 17
contains, 16 geometry, 48
- C,E”ta'"s%m ool Ieh analytic geometry, 50
ekljrrlllslonso symbols [chem.] boundaries, 56
positive ion (full notation), 80 asterisk, 34
positive ion (abbreviated notation), asterisk (mark), 61, 62
80 negative ion, 80
ion symbol, 80
Arrow H
down (precipitation), 79 up (gas hook. 34
evolution), 79 ’
left (written under the expression), 79 hydrates [chem.], 80
left (reaction proceeding to the left), 79 right
(written under the expression), 79 |
right (reaction proceeding to the right), 79 right
and left (written under the expression), 79 right :
and left (reversible reaction), 79 and (logic), 18, 54
Key symbol Vector product [phys.
molecules with single-letter symbols for scalar, 64
constituent elements, 77 vector, 64
elements, 77 product of sets, 17 indexed sum
long horizontal bracket, 36 of sets, 17 indexed product of sets,
complgment of a set, 19 17 infimum, 18
bold print, 6, 8
large parenthesis, 43, 45 J
two dots, 34 its, 8, 9, 69, 74, 75, 76, 87 Unit
colon, 13, 18, 50, 84 unts, €, 9, 99, 4, 19, 10, 61 LNIS
L operations on units, 69
colon (division), 10 main units. 75

number dividers, 12
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Sl derived units, 69 Sl base units, 69

non-Sl units, 72 temperature units, 75

Sl supplementary units, 69

units in physical formulas and expressions, 76
Sl unit prefixes, 71

is similar, 48

is compatible, 48
hydronium ion, 80
ions [chemistry], 80

angle, 48

right angle, 48

order of right-hand indicators and

power exponents, 34

electron configuration [chem], 84 circle,

34

line, 34

line (long), 35

line (mark), 35, 43, 55, 61, 62, 66, 84 line with
spacing (multiplication), 37

fraction line, 10, 25, 87

dot, 34

dot (mark), 35

dot without spacing (multiplication), 10, 27, 29, 75,
80

dot with space (multiplication), 10, 27, 29, 75,
80

cross (multiplication), 34

cross (multiplication), 10, 17, 19, 64

square, 48

quantifiers, 54

L

Number
atomic [chem.], See Atomic structure
mass [chem.], See Atomic structure
number
s, 4
Numbe
rs
integers, 4
decimal, 5
mixed, 26
Roman, 5
multi-digit, 4

Numerals
cardinal, 4
ordinal, 4

limes, 56, 74
Greek letter

Greek, 6

Latin, 6

literature, 102
logarithms, 47
mathematical logic, 54
or (logic), 18, 54

arc (lower), 35, 48
arc (upper), 35, 48

matrix, 46

maximum, 18, 74 arc
measure of angle, 51
degree angle measure, 51
minimum, 17

minus, 34

minus (subtraction), 10
minus (sign), 61, 84
minus-plus, 10

minute of angle, 51
smaller, 11

less than or equal to, 11
module, 12, 46, 50, 64

N

should, 16, 18, 49

sequence of characters, 3

closed parenthesis for mathematical text, 13
brackets, 11, 29, 78

parentheses for non-mathematical text, 12

Mathematical parentheses
braces, 11
square, 11
round, 11
triangular, 11

not (logic), 54
not similar, 48
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is not congruent, 48 is not
smaller, 11

does not belong,

16 does not equal,

11

not equal in identity, 11 not greater,
11

does not contain,

16 does not contain,

16 non-

perpendicular, 48
non-parallel, 48

infinity, 18, 56

0

segment, 48
separating numbers and punctuation marks, 13
circle, 48

P

non-bonding electron pairs [chem.], 82

Elements, 37
simple radical sign, 37
detailed radical sign, 38 compound
radical sign, 38

plus, 34

plus (addition), 10

plus (mark), 61
plus-minus, 10, 52
derivatives, 57

powers and indices, 31
prim, 17, 19, 34, 35, 48, 57, 61
percent, 5

simple projectors, 22, 31
detailed projectors, 23, 33
complex projectors, 23, 32
per mille, 5

straight line, 48

rectangle, 48
perpendicular, 48
comma, 13

graphic intervals, 20

carrying parts of expressions to the next
line, 11, 14, 27, 44, 45, 46,
47, 56, 64, 65, 67, 76, 79, 84, 85, 87

blank character, 2

question mark, 13

probability theory and
combinatorics, 55

radian, 51, 74
Reactions

[chemistry]
reaction sequence, 86
dissociation, 86
catalyzed, 79
reversible, 86
salt formation, 85
formation of insoluble salt, 85 oxidation and
reduction, 86

distribution of bonding electron pairs [chem.], 82
equals, 11

equals identically, 11 equals

approximately, 11 equals by

definition, 11 equations, 44

parallel, 48

difference between sets, 17, 18

base order, 24

order of notation, 24

secant, 52
angular second, 51
signum, 41, 43, 74
factorial, 26, 55
sine, 40, 52, 67 stoichiometric
[chemistry]
indices, 78
coefficients, 78
percentage concentration of solution [chem.], 87
degree Celsius [phys.], 75
degree of angle, 51
oxidation states of elements [chem.], 85 Down

arrow
down, 79, 85
up, 79, 85
left, 48, 62, 79 left
(long), 35
left (written under the expression), 79
right, 40, 48, 62, 65, 79, 85, 86
to the right (long), 35
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to the right (written under the expression), 64, 65,

79
right and left, 48, 62, 79, 86

right and left (written under the expression), 79

left arrow, 34 right arrow, 34
arrows [chem.], 79

sum of sets, 17

supremum, 18

Newton's symbol, 43, 55
geometric symbols, 48 symbols of
elements [chem.], 77 Verbal
symbols, 69

V4

S
diameter, 48
semicolon, 13

T
tangent, 52

projection technique, 22

Projection technique
simple projectors, 22
detailed projectors, 23
complex projectors, 23
order of recording, 24

this (logic), 54

therefore (logic), 18 triangle,
48, 50

right triangle, 48
trigonometry, 51

U

systems of equations, 45, 46
fractions, 25

Fractions
algebraic fractions, 27
complex, 30
ordinary, 26

w

valency [chem.], 84 absolute value,
See vectors module, 49, 50, 63

Chemical bonds [chem]
ionic, 83

coordination, 84
covalent, 83

bonds between atoms [chem.], 88 greater
than, 11
greater than or equal to, 11
Indicators
left-sided, 47, 65, 79, 81
right-sided, 31, 43, 47, 49, 50, 55, 57, 60, 61,
64, 84, 88
indices [chem.], 79
left-hand indices, 36
if and only if (logic), 44, 45, 54 if and only if

(logic), 18 exponent, See powers and indices

polynomial graphs, 42
exclamation mark, 13
algebraic expressions, 15
determinant, 46, 50

mutual position of signs, 58

Formulas [chem.]
of molecules, 77
general, 88
structural and semi-structural of organic
compounds, 89
structural inorganic compounds, 89 cyclic
compounds, 92
Formulas of organic compounds [chemistry]
2-methylbutane, 90
2-methylpropan-2-ol, 91
3-(1-methylethyl)hexane, 91
isobutane, 90
propanoic acid, 89
methane, 90
n-decane, 89
cyclic compounds
anthracene, 97
benzene, 92
diphenyl, 95
fructose, 100
glucose, 98
naphthalene, 96
sucrose, 101
toluene, 93
trinitrotoluene, 94

Recording

time, 9

date, 9
Recording [chem.]
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molecular, 85
ionic, 85

Fraction notation
full, 25, 28, 30, 60, 68, 87
abbreviated, 25, 28, 30, 66, 68
contains, 16
contains, 16, 19
sets, 16
stamps, 16, 34, 43, 55, 66, 84
significantly smaller, 11
significantly larger, 11
simple projector ending mark, 22, 35

end mark for a detailed projector, 23 end

mark for a complex projector, 23
numeric mark, 78

name character, 8, 9, 74, 75, 76, 87
new line character, 43, 45, 55

alphabet characters, 6, 7, 8, 15, 16, 17, 28, 61, 65

parentheses, 35 Braille
characters, 1 relation
characters, 11

relation and operation characters on sets, 16



