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he remarkable journey of Bharat's number systems and
<pook xplores (¢ racing their roots from ancient Vedic-era registers
sof Casuremcn\‘{uh tﬁ sophisticated methods like the Bhiita-samkhya

S adi S\.St&“s. vou'll discover how early scholars in ’Bllﬁrat
wd )\axapx\l} dccimal place-value format, invented the concept of shiinya
dsm\wddtrl:presenléd enormously large quantities-all evidenced in texts
g:?::{:\l:ajmc(ﬁ, Vedinga Jyotisa, and inscriptions dating back to e‘lrou.nd
500 CE. These foundational ideas were further ‘develc?ped by luminaries
«ch as Pingala (Chandah-§astra and early binary ideas), Aryabhata,
Bahmagupta, and others-blending intellectual rigor with cultural depth.
They not only revolutionized trade, astronomy, and science in ancient
Bhirat, but also seeded innovations adopted across Asia, the Arabic world,
and eventually Europe. This book guides you through these systems in

a friendly, grounded way-so you can connect with a living legacy of
mathematical insight from Bharat.

scriptions {1

| 1. Number System

Scientific and technological advancements have greatly benefited from
the number system, one of Bharat's most significant contributions to the
world. This system was developed in Bharat long before the Common Era
(CE), later adopted by Arab scholars in the 8th century CE, and eventually
introduced to Western countries by the 11th century CE.

Numbers form the comerstone of human civilization. The numeral
scripts developed to express these numbers are not only symbols of
mathematical advancement but also narrate tales of cultural and intellectual
¢volution. This bmk ﬂél“V‘e‘s“into the journey of numeral scripts in the
Bharatiya subcontinent, tracing their progression from Brahmi numerals
10 the modern Hint bic numeral system.
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Evolution of Brahmi numerals from the time of Ashoka,
Source: The Hindu-Arabic numerals (published 1911),

Author-Smith, David Eugene, 1860-1944)
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1.1 Brahmi Numerals: The Early Form

>

@

The Brahmi numeral system is the oldest known numerical notation inthe
Bharatiya subcontinent, dating back to the Maurya period in the 3rd
BCE. This system was decimal-based but lacked the conce

positional value.
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16 Numerals and Measures: The Bharativa Perspective

The evolurion of numeral scripts is significant not oply g
mathematical perspective but also as a testament o the in;ellezm ;
schievements of Bharativa civilization. Innovations like the concep?m
sero and the positional value system have added new dimensions 1o 210b2§

mathemaucal thought.

it —

T~eX 3_'

Shang numerals 1300 8.C.
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Diagram depicting the evelution of Hindu Arabic numerals.
Source: Kari Merssnger (1934) Zohlwort und Ziffer, p. 233, later transiated into
English (1963) as Number Words and Number Symbols, p. 418, Modified by
Fronk Swetz (1984) in "The Evolution of Mathematics in Ancient China®, in
Campbell & Higgins, eds,, Mathematics: Pesple, Problems, Results, p. 31)

1.5 Historical Evidence of the Number System in Bharat

Research by Ifrah has provided compelling evidence from both Arab and
European sources, confirming that the modern number system originated
in Bharat. Drawing on references from 810 CE to 1814 CE, Ifrah highlights
observations by past scholars on Bhartiya mathematics. For instance,
Laplace praised the Bhartiya numeral system. noting its "ingenious method
of expressing every possible number using ten symbols,” each with both
absolute and place values. He emphasized that this system's simplicity

I | e -
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Numera

/ﬂ;t useful inventions. Similarly, Al-Biruni,
ne 0

/na it arithmetic \:ork on Bharat, noted that while Arabs used letters for
|

in his 10 based on their numerical values, Bhartlyas ﬁhd not.f He iﬁ:ﬁ
calculations % st as regional variations exist in the s 1apESTOTIIEen,
pserved thats JU° bols used by Bhartiyas also varied by region

g the numerical sym rt- linguistic findings. In
It Jogical evidences further support: inguistic 1

e gati civilization, for instance, the widths of streets were
the Indll_s'S;lf;sxvzavations at Kalibangan (Rajasthan) revealed street widths_
Standardléz 1. 5.4m, and 7.2 m, corresponding to standard measurements
Og 11'8;1 ’3, 'and ’4 Dha;ms, respectively. Similarly, findings from Ha-rappa,
K,loﬁerijo-Daro, Dholavira, and Lothal-show ’Fhat constructlf)n relied on
fired bricks of precise geometric proportions, with standard ratios of length,
width, and depth (4:2:1).

The Arthasastra mentions two types of Dhanus for measuring lengths
and distances:
0 Dhanus = 96 Angulas
o Garhapataya Dhanus = 108 Angulas

Additionally, a legal document from 594 CE found in Bharukachcha
(Broach), Gujarat, features numbers written in the place-value format that
is still used today. An inscription from Gwalior, dated 876 CE (Samvat
933 in the Vikrama Calendar), tecords the numbers -50 and 270 with a
small circle placed appropriately to represent zero. Another inscription,

dating from the ninth century CE, also demonstrates the use of zero. In

Bhakshali Manuscript, a scroll that contains
one of the earliest recorded

uses of zero, was carbon-dated to the third or
fourth century CE, further corroborating the Bhartiya origins of the numeral
system. |

1881, the discovery of the

| 2, Bhartiya Numeral Systém — Key Features

The origins of the Bharti

' ya numeral system can be traced back to the Vedic
Period, where Sanskrit

had unique names for numbers:

O The first nine digits are: ekam, dve, trini, catvari, parica, sat, sapta,
asta, nava.

O Numbers from 10 to 100 in steps of ten are: dasa, vir,ns‘ati,‘ trimsat,
catvarimsat, paicasat, sasti, saptati, asiti, navati, Sata.

The Bhartiya numeral system made significant contributions to
SCientific progress:

O A legacy of large number names, which made it easier to understand
and work with large quantities.
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18 Numerals and Measures: The Bharatiya Perspective

o The development of the place-value system, a major
representing numerals,

o The concept of zero, which transcended its role as 5 mere placepg d

O A decimal system that revolutionized arithmetic operationg 7L

advancem,

| 3. The Concept and Importance of Zero

The concept of zero emerged around SOO-3QO BCE and was fully developeg
in Bharat by 600 CE. The Sanskrit word Sitnya denoted zero, ang its uge
as a numeral, beyond being a mere placeholder, had a profound impact o
mathematics. Zero allowed for complex calculations, such as calculus, and
was fundamental to the development of binary arithmetic used in modem
computers.

The concept of zero as a number with its own properties was exploreq
in Bija-ganita by Bhaskara II, who detailed its behaviqr in mathematica
operations like addition and subtraction. Zero's properties were such tha
its value did not change when added to or subtracted from other numbers.

]
5 6 7 8 9
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Brahmi numerals signs of the 2nd century CE.,

Source: Stephen Chrisomalis (Q59611138), Numerical notation: A Comparative History,
Cambridge [et al.]: Cambridge University Press, 2010, ISBN 978-0-521-87818-0, p. 189,
and Richard Saloman, Indian Epigraphy, New York/Oxford: Oxford University Press, 1998,

ISBN 0-19-509984-2, p. 58)
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In‘addition to mathematical use, the term S"t?m'a was first introduced
by the Bhartiya philosopher Pingala in the second century BCE in his
work Chandah$dstra, which focused on Sanskrit poetry meters. There,
Stinya referred to an absence of quantity, laying the groundwork for ijts
later adoption in mathematics. Brahmagupta further advanced the use of
zero as a distinct numeral in 628 CE, providing a formalized symbol for it.

e
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s e
. Bhartiya sages made significant contributions in developing
A A"‘m‘ rransforming it from a mere placeholder 1o g number witﬁ
(he idcn.;‘_"é;d properties. Below, we delve deeper into how the concept of
its U“.n:c:;;ﬂ’ in Bharat, its philosophical roots, and its long-lasting impact
.T:“[':z;lllhcmalics and science.
O

112610 in Ancient Bhartiya Thought

The term Siinya in .Sanskrit origi.nally referre.d to a void or the absence of
quamit)'- but over time, its meaning evolved into the concept of zero as a
qumber. The earliest men‘tlon.of zero can be traced back to Pingala, the
ancient Bhartiya schola'r, in his work Chandahsastra (2nd century BCE).
pingala used the term Stinya to represent the absence of a "beat" in the
context of Sanskrit poetry, where each syllable could eijther be "short" or

"long." When there was no syllable, Pingala referred to it as Siinya, marking
the beginning of zero’s journey in mathematics.

3.2 Zero in Brahmagupta’s Work

The concept of zero was fully formalized in 628 CE by the mathematician
Brahmagupta in his seminal text, Brahmasphutasiddhanta, Brahmagupta
was the first to define zero as both a number and a symbol in its own right.
He described it as the "result of subtracting a number from itself,"
to zero, and provided rules for its use in arithmetic.

T RUTHTATAT, T S T Ao = i
In Brahmagupta’s work, the following rules for zero were established:
O Zero plus a number equals the number itself (i.e., 0 + a = a).
O Zero minus a number equals the negative of that number (i.e., 0- a = -a),
O A number minus zero equals the number (i.e., a- 0 = a).
O Zero multiplied by any number equals zero (i.e., 0 x a=0).
O Division by zero was deemed undefined, marking an early attempt to
recognize its paradoxical nature (i.c., a + 0 = undefined).
- Brahmagupta's rules were groundbreaking as they laid the foundation

for modern arithmetic operations involving zero, transforming it from a
mere placeholder to a fully functional number.

leading

ghé Decimal System

ance of zero became apparent when it was used in
the decimal system. In the place value system, the
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ion of a numeral dictates its value, and zero played an essenti

sitio stem by distinguishing between, for example, 205 angq 25 Th'e

sentation of large numbers and calCUlationls

s)

d for the repre :
werful tool for mathematical and astronomica] analygi

pr(?wdmg = 1‘7:: as integral to the work of later mathematicians, gy}, q

This system who used it in his astronomical calculations. The Bhartiy:

Ar)"abhatazem was eventually transmitted to the Islamic world ang later

decimal SY; rming the basis of the modern number system.,

to Europe¢, Ol'est known use of zero in the decimal system is seen in tpe
The earll (around 876 CE), where the zero symbol (a sma|

:ntion of Gwalior ‘ !
cIin:)‘“j lsp;(;arly visible in a number. This represents the first definitiye
ot) 1

instance of zero as a place value.

in Vthis, sy
system allowe

World's Oldest Recorded Zero at the Chaturbhn j Temple in Gwalior
Source: Encryptedpast.com

3.4 Bijaganita and Bhaskara-Il Contributions
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i————

i

In this work, leas}(gra -ll for_mulgted concepts such as:
o Zeroasan additive 1€ient1ty (le,a+0=g),
o Zeroasa multiplicative identity (i.e., 0 x 3 = 0).
o Mathematical operations involving negative numbers, w
conceptually linked to zero in algebraic expressions,
One of Bhaskara II’s famous contributions was to solve quadrat
equations and work with what we now call differential calcullclls wﬁgﬁ

required a sophisticated understanding of zero, particularly in limits and
infinitesimals.

hich were often

3.5 Zero's Philosophical and Spiritual Dimensions

cm—

The concept of zero had a profound influence not just on mathematics, but
also on Bhartiya philosophy. In Hinduism, §l‘mya is seen as represen,ting
the ultimate reality or the void from which all creation emanates. The
Upanishads, which are ancient texts of Bhartiya philosophy, discuss the
nature of reality as being rooted in the "void," and zero as representing
the essential oneness of existence. :

Similarly, in Buddhism, the concept of Siinyata (emptiness or
voidness) describes the idea that all phenomena are devoid of inherent
existence and that all things are interdependent. Zero, in this philosophical
context, symbolizes the absence of inherent, independent existence and the
transient nature of reality. '

3.6 Zero in the Modern Era

The contributions of Bhartiya mathematicians, particularly Brahmagupta
and Bhaskara-1I, laid the groundwork for modern mathematics. In
contemporary mathematics and science, zero is essential in a wide range
of disciplines, from algebra to calculus and computing. - L

In modern computer science, fo‘r example, the Plnary nurgeral
system, which underpins all modern digital technology, is based entirely
on the concept of zero and one. Every calculation, every algorithm, fmd
even the storage of data in computers can be traced back to the ancient

Bhartiya understanding of zero.

3.7 Shlokas and Textual References to Zero

Wt of zero is also deeply embedded in the spiritual and
1 teachings of ancient Bhartiya texts. For example:

@ Scanned with OKEN Scanner
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| 4. Representation of Large Numbers

e B Gita. LOP.d Krishnu"spcaks a?out'vt!w Clemny Ny
of the soul, describing its existence as fo.rml'es"s or "Stinyg n | ler,;%
savs. "The soul is neither bom, nor d(?es it du'e ( Bhagava dGi .zg;g
T.l;is idea of formlessness is philosophically ali gr?ed wnt"h the Conep, Ol.
zero, signifying something that transcends ph,):stcal.exlstence. ~Plof

O In Pingala’s Chandah$istra, the cc.)ncept‘(?f Stinya 1‘s used to TePrese,
the absence of a beat, laying the phllosophlcal. grm!ndwork for zer, .
the absence of quantity, a concept later formalized in mathen}atics, |

O Brahmasphutasiddhanta (Brahmagupta, 628 CE): '
T YT " — Brahmagupta defines the cqncept of zero as g
providing the rules for its arithmetic operations. .

O Chandah$astra (Pingala, 2nd century B’CE): " d '

*UGTHI" - Pingala's reference to Stinya as representing the
absence of a beat, an essential concept for understanding nothingnegg
Zero is not only a mathematical tool but also a profound philosophjca|
symbol, reflecting both the absence and the potential for creation, a duali
that continues to inspire thought across many domains of knowledge.

Dumbey,

Brhadﬁranyaka-Upamshad, mention numbers up to 1014, These large
mfmbers Were important for astronomica] calculations, which often dealt
with vast quantitjes.

The naming of Jarge humbers j ' |

‘ In Sanskrit wa '

Sy il S Systematic and followed

L. Unique Names were i

iv

- ¥ gIven to numberg from 0 to 9 (e.g., siinya,

A med catvari-asiti
, : Iple was also annl; ' \
ekona-trimgyy 30, Ple was alsg applied, such gq 29 being nameq
Ples were employed for nu
7000 wag called 54

! : Pla-sahgy .,
Duta (8 « 10,000), Phonelcs IOOO)

or insmncci
8 Called asta-

G Scanned with OKEN Scanner



Numerals and Measures: The Bhartiya Perspective 23

“’—/— G L
. o, (he Bhartiya numeral system, with its advanced use of
In$ Jce-value notation, laid the foundation for much of modern
and computation. The systematic approach to naming and

o1 und Pl
' -uhcn“‘"cs further demonstrates t} isticati '

Y Jing large pumbers e sophistication of ancient
h;;n rtiy'v‘ mathematics, which continues to influence scientific progress
phartty®

(Oday' .
l 5. Place value of Numbers in Ancient Bhartiya Mathematics

The concept of place value in n.umbe‘rs, a foundational element of modern
rithmetic, Was fully developed in ancient Bharat. The Agni Purana explains
(his principle by stating: "...in the case of multiples from the units place, the
Lalue of each place is ten times the value of the preceding place...” This
clearly illustrates the place value system, where the value of digits changes
depending on their position in a number.

Similarly, the Vayu Purana provides another reference to this system:
v from one place to the next in succession, the places are in multiples of
ien. The eighteenth place is called parardha..." This not only emphasizes
the decimal nature of the place-value system but also suggests the
conceptualization of extremely large numbers, extending the system to at
least 18 places.

In the Sariraka-bhasya, a commentary by Samkardcarya, a passage
highlights the idea of place value with an analogy: "An individual by the
name of Devadutta may be called differently as a father, son, son-in-law,
brother, grandson, child, youth, etc., just as although the stroke is the same,
yet by a change of place it acquires values-one, ten, hundred, thousand,
etc.” This comparison effectively illustrates the shift in value based on
position, just as a name can represent different roles depending on context.

A similar explanation of place value appears in Patafijali’s Yoga-
siitra, further émphgs_izjng its significance in ancient Bhartiya thought.
Additionally,“"'thé’i thematical text Ganita-sara-sangraha, written
around 850 CE ivirdcarya, an example of place value is provided

; ration. He desc.ribes the number "12345654321

11 111,"1'[1 §how1ng how numbers are manipulatejd

. This example not only illustrates the place
monstrates the mathematical creativity of ancient

references collectively attest to the advanceq
. . c

lue and numerical operations i ancient Bh ‘

k for the modern number systep g
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24 Numerals and Measures: The Bharatiya Perspective

| 6. The Decimal System

In the opening verses of the Lilavati, the renowned Bhartiya Mathemati;
Bhaskaracarya (Bhaskara I) acknowledges that his ancestors hag de"elop:n
a place-value system based on multiples of ten, which is essentially thd
decimal system. This early use of the decimal system in Bharat Predate:
its adoption in the Western world by many centuries. The decima] NUMbe,
system, with its base-10 structure, was fully conceptualized and used jg
Bharat long before it spread to other cultures.

This system’s place-value nature, where the value of a digit depen
on its position within a number (ones, tens, hundreds, and so on), made j;
significantly more efficient than earlier numeral systems. The developmep;
of this place-value system in Bharat laid the foundation for the moder,
arithmetic that we use today, demonstrating the advanced mathematicy|

thinking of ancient Bhartiya scholars.

7. Representing Numbers Using Unique Approaches in
Ancient Bhartiya Mathematics

Ancient Bhartiya mathematics integrated numerical concepts with literature
and poetry in a way that was both creative and practical. To achieve this,
two distinct systems were commonly used for representing numbers:
1. Bhuta-samkhya System (Source: Datta, B., & Singh, A. N. (1935). History of
Hindu Mathematics (Vol. 1 & 2). Calcutta University Press.)
2. Katapayadi System (Source: Katz, V. J. (2007). A History of Mathematics: An
Introduction (3rd ed.). Pearson and Filliozat, ]. (2004). The Classical Doctrine of Indian
Medicine: Its Origins and Its Greek Parallels. Munshiram Manoharlal Publishers)

7.1 Bhiita-samkhya System

Th“j Bhita-samkhya system expresses numbers through words that represent
various familiar entities, concepts, or objects from daily life, mythology, or
nature. The'se words, which could be physical objects, animals, body parts,
OF even deities, are used to signify specific numbers. The beauty of this

System lies in i . R :
ity '8 n 1ts flexibility and connection to cultural and philosophical
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Other synonyms for moon, such as s’as’z"n, \‘fidhu, Soma, and indy, algq
«pond to the number one. The system is rich in symbolism,
Comsp«:)mrﬂ‘ phenomena and spiritual ideas. Words can eveq r

{mn:':r;s such as kala for 1/16, kustha for 1/12, and Sapha for 1/4.

frac lwh,ile this system offers flexibility and poetic richness, it Tequires
users to be familiar with synonyms and metaphorical meanings in order
(o correctly interpret the numbers. The system is not strictl

. y formalizeq:
rather, it is open-ended, allowing for artistic expression and a blend of

literature with mathematics.

drawing
epresent

Common Sources of Words in Bhﬁta-samkhyﬁ System

The Bhitta-samkhya system draws from severa] categories of words:
1. Numerical Terms: Words like sinyq (zero), ekam (one), dve (two),
trini (three), catvari (four), paica (five), sa

# (six), sapta (seven), astq
(eight), nava (nine). (Source: Hayashi, T. (2003). Indian Mathematics. In Helaine
Selin (Ed.), Encyclopaedia of the History of Science, Technology, and Medicine o

Non-Western Cultures. Springer.)

2. Physical Entities: Natural elements such as earth (1), moon (1), stars

(), mountains (7), fire, sky (1), and directions (4/10) are used to
represent numbers. (Source: Katz, V.. J. (2007)) ‘

3 Animals: Symbols of animals such as the elephant (with 8 tusks), the
serpent (based on 5 or 7 hoods), and the horse (with 4 legs) were also
used in the representation of numbers. (Source: Pingree, D. (2003). The Logic
of Non-Western Science: Mathematical Traditions of South Asia. ISHM.)

- Parts of the Body: Bodily parts such as the eyes (2), hands (2), nostrils
(2), and the seven bodily elements (7) were also used in representing

numbers in the bhiita-sankhya system. (Source: Joseph, G. G. (2011). The Crest

of the Peacock: Non-European Roots of Mathematics (3rd ed.). Princeton University
Press.).

5 Deities: Deities were also used to convey numerﬂical values, such as
Brahma (1), the Trimiirti—Brahma, Visnu, Maheéa 3). the;igfiics:le:?;)—
Ganesa, Visnu, Siva, Durga, Strya (5), and the twelve Adityas (12),

ree: i, T. (2003)) ,
6 ;?:t:z:l#;:fgu;:ﬂr::? (];(:ncepts: Temporal and natural e;:;rrﬁgt)s
e d in this system, such as the seasons (6), mon e :
'wem{%aflsgus\:cek (7), and the five great elements—earth, water, fire,
A :;Y:Zj speaée (5). ( Source: Datta, B., & Singh, A. N. (_'2935)j
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26 Numerals and Measures: The Bharatiya Perspectiye

Flexibility and Aesthetic Integration

The Bhiita-samkhya system offers an open-ended list of representagi,.. .
is not governed by rigid rules but is rather shaped by the user’s Cm:'?ﬁ.-' I
and knowledge. This allows mathematicians, poets, and Schoia,:“y
integrate numerical representation with the aesthetic beauty of laﬁgua to
enabling a poetic and culturally rich approach to mathematics. This syg:;;
exemplifies how ancient Bhartiya mathematics was not just a technica ﬁéld
but also an art form, where the boundaries between math, literature, ang
philosophy were fluid, making numbers not only tools for calculation by,

also carriers of meaning, beauty, and culture.

7.2 Katapayadi System: A Unique Method of
Representing Numbers

The Katapayadi System is another ingenious approach developed in

ancient Bharat to represent numbers using the alphabet. The earliest

known use of the Katapayadi system is found to have been made in the

7th century AD by mathematicians of Kerala such as Vararuchi, and later
by astrologers of the Kerala School. This system offers a clever method of
encoding numbers into words. Unlike the Bhiita-samkhya system, which
uses common entities and metaphors to signify numbers, the Katapayadi
system assigns specific numerals to each consonant. The result is a system
that combines the structure of language with numerical representation,
often used for mnemonic purposes, especially in ancient texts, poetry, and

- scholarly works.
(Source: Pingree, D. (1981). Jyotihsastra: Astral and Mathematical Literature. Otto

Harrassowitz.)

7.2.1 How the Katapaydadi System Works

In this system, each consonant is assigned a number from 0 to 9. The

vowels, however, do not have direct numerical values and are typically used

?s place holders or to separate numbers. By combining consonants, one can

orm words, and by decoding these words letter by letter, the corresponding
number can be revealed. '

S 5 ) ¥ 3 ]

] vofvl:; (;f t:c key rules governing the Katapayidi system are as follows:

. b s Indicate Zero.: In this system, vowels that stand alone signify

numnu.mlier zgro. This rule helps distinguish numbers from non-

erical words intains clarity i : i ‘
and maintains clarity in the decodmg process.

ol
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5 Consonants Represent Numbers: Each consonant is associateq
: with a specific number between 0 and 9. The system allows for some

fexibility, with multiple consonants being assigned to each number,
Here is an example of the common assignments:

Katapayadi System Table

Digit Letters (T ra(?sliteration)' |
T D (ka), € (ta), U (pa), U (ya) -
GRS | E (kha), B (tha), ¥ (pha), X (ra)
5 |T(ea),S(da),F(ba), WM (la)
A | (gha), T (dha), Y (bha), T (va)
5 0 |S500),0@e),  (ma), )
6 AT @NE) L - o o
0 E(cha),q(tha),ﬂ(sa)
8 | ¥ (ja), & (da), § (ha) e
Y TR
0 | ol (fia), 7 (na) : ;
0 Vowels (a, a, i, 1, etc.) are not assigned vallies; théy aré usé& for
pronunciation. ghi
O Multiple consonants can share the same value.
O Digits are interpreted in reverse order of the letters used. For
example:
o Word: "naga" (') > MT=3,49 =0 — value = 03
o Word: "kapi" @ﬁ) —-U=1,h=1->value=11

. Terminal Consonants: When consonants are used in conjunction

with each other, the terminal consonant (the one preceding a vowel)
is considered the key letter for identifying the corresponding number.
This rule ensures that the value of the word is derived from the last
consonant before a vowel, simplifying the decoding process.

Standalone Consonants: Ifa consonantappears without being followed
by a vowel, it does not contribute to the nume.ric value. Therefore, such
consonants are ignored in the number-decoding process. i

Reading the Numbers: Similar tf’ the Bhiita-samkhya syste-m,
numbers encoded in the Katapayadi system are to be read as units,
tens, hundreds, and so on, in the standard place-value order. For
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- example, if the word for a number is constry
, : "ucted :
corresponding to 6 (for c/a) in the hundreds place gif“smg COnsoy,
place, and 8 (for da) in the ones place, the numb;r reor”’a) in the q
be 658. Presenteq woulc;i

7.2.2 Applications and Uses

The Katapayadi system was widely used in Sanskrit literature, egnen:.((

poetic and mnemonic contexts. It enabled scholars to encode l;rsmc'a“y i

or intricate mathematical concepts within literary works, makiie ’!“mb?rs
to remember them or hide them in plain sight for esoteric purpgol  easigy
example, the famous text "Chandahs$astra" by Pingala, which de:sjs. }for
the structure of Sanskrit poetry, utilizes the Katapayadi system to re S With
certain large numbers and mathematical formulas. presem

The system's ability to blend numbers with letters also made it

ideal tool for composing texts where both linguistic and mathemaﬁ;:;
elements needed to be preserved or remembered. In such texts, scholars
could encode complex mathematical or astronomical calculations in the

form of mnemonic Verses.

7.2.3 Example of the Katapayadi System
To illustrate the system, let’s decode a word using the Katapayadi rules.

Suppose we have the word "rama":

o The consonant r corresponds to 2.

o The vowel a indicates a placeholder, so it doesn't affect the number.
o The consonant m corresponds to 5.

o The vowel a again indicates a placeholder.
Thus, the number represented by the word "rama” would be 52.

7.2.4 Advantages and Fi lexibility

m is its flexibility in
lations. It allowed
hat was easily
t of ancient
thematical
as a code

One of the major advantages of the Katapayadi syste
encoding large numbers or even more complex calcu
for the combination of language and numerics in a way t
remembe:ed and was deeply integrated into the cultural contex
Bharat. Moreover, this system was not confined strictly to ma
texts but also found use in literature, where it could serve both
and as an artistic device. \ ,

7 TITe Katapayadi system, along with the Bhita-samkhyd syste™:
e,xefnphﬁes the advanced mathematical thought and creative genius 0
ancient Bhartiya scholars, showing how mathematics was seamless’y
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anguage and culture. These systems highlight the intellectual
nte istic contributions of Bharat to the development of mathematjeg)
and antk

nd methods, many of which have had a lasting influe
asas 4
ldtﬂb

srated withl

nce on the
“'Orld-

5. Ancient Bhartiya Measurements for
Time, Distance, and Weight

Ancient Bhartiya civilizntion had a wclll-established S
measurements for time, dt.stan‘ce, and V_Velght, which were uged eXxtensively
in trade, commerce, and scientific thinking, These measurements, mentioned
in various ancient texts, reflect the advanced understanding of quantities
and their applications. Notable scholars like Bhaskarfcirya (Bhaskara-I)

and works like the Arthasastra and Lilavart provide detailed accounts of
these systems.

ystem of physical

9. Ancient Indian Measurement System

In ancient India, a highly developed and or
for measuring time, distance, and weight.
rich from a scientific and mathematical perspective but was also deeply
integrated into trade, commerce, Ayurveda,

: and daily life. References to
these measurements are found in various ancient texts, which reveal the
profound scientific outlook of the society of that time.

ganized system was created
This system was not only

9.1 Units Used in Physical Measurements

The renowned mathematician Bhaskardcarya (Bhaskara I) mentions various
units of length, time, and mass measurement in his treatise Lilavati. These
units were used in many fields, including trade, commerce, and astronomy.
For instance, the Lilavati describes the smallest unit such as trasarenu (a
minute unit composed of three atoms), indicating that the scholars of that
time had developed the concept of atoms and extremely ﬁne—mc;asurements.

9.2 Measurements and Standards in the Arthasastra

In Books 11, Chapters 19 and 20 of the Arthasastra autnored by Kt::ga:
‘(Ch} nalk a),a detailed description of the Mnuryan perlnd mea:u\x; gt
ol isﬁé{réﬁded. It lists standardized units of lengtn, time, anh p gda
SY iﬁeré used in trade and tax assessment. For example, t 'e an
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(approximately 6 feet) was a unit of length, while units like

i ) al
were commonly used for measuring weight. Pala ang toly

9.3 The Role of Measurement in Ayurveda

Ancient Ayurvedic texts describe in great detail the precise quantitje
substances used in the preparation of medicines. For instance, textg : ;:f
the Charaka Samhita and Susruta Samhita mention units such ag ralse
prastha, mana, karsa (approximately 12 grams), and ratti (apprOXimatela’
0.12 grams) for measuring liquids and solids. The concept of the atom Waz
also significant here, as it enabled precise measurement and ensured the
purity and effectiveness of medicines.

9.4. Importance of Measurement in Science and Daily Life

Ancient measurement systems were not limited to scientific knowledge
alone; they were also applied in daily life. Units such as ghatika, pala, and
nimesa were used for measuring time, which played an essential role in
astronomical calculations and the preparation of calendars (paficanga). This
clearly illustrates the deep harmony between practical science and social

life in ancient India.

10. Scientific Thought in Bhartiya Shastras: A Perspective
on Measurement

10.1 Time Measurements

In ancient India, time was perceived not only as a practical aspect of life
but also as a cosmological concept. The measurement of time was both
philosophical and astronomical, with units ranging from small fractions of
the day to the vast expanses of cosmic cycles.

10.1.1 Kalpa (Cosmic Day)

O Definition: A Kalpa is a day of Brahma (the Creator), lasting 4.32
billion years. This unit reflects the cyclical nature of the universe in
Hindu cosmology.

Reference: Mahabharata, Santi Parva, 358.56:
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s

) "‘f’n'rh ceven-petaled great soul, the time (Kalpa) of

Description
The smallest unit of time —
approximately 1/33,750 second
i 1100 Truti = 1 Vedha

g 3 Vedha = | Lava

Nimesa 3 Lava = | Nimesa
mf 5 Nimesa = 1 Ksana
W | 1/30 of a Muhiirta (= 96 seconds)
Nadi (i.e., 60 Nadi x 24 min Approxlmately 24 minutes
= 1440 min = 24 hrs) e

8 Muhdirta Approx1mately 48 minutes = l
: Muhurta i :

Sources: Vishnu Purana, Surya Siddhanta, Brahmanda Purana, Manusmriti, Kim Plofker
_ Mathematics in India, Time Measurement in Anaent Indm Balagangadhara Rao.

10.1.2 Muhurta

0O Definition: A Muhurta is 1/30th of a day, approximately 48 minutes.
It is used in rituals to determine auspicious timings.
Reference: Rigveda, 10. 191 4.

importance in Vedic

dmg of celestial movements.
2, Verse 6:
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7 'D'ans.lmion: "The half-month is ten times fhal in whj
the same distance." 1 Which the g, o
gy 0
This verse reflects Aryabhata's method of calculating ¢
the Sun's movement. Ng time baseq
: U

Vﬂ‘;

' 11. Measures of Length, Volume, and Masg

Ancient India's measurements for length, volume, and mass w
: . o ere
tied to human anatomy and the environment, with units such as the Acxl)(;:ly

- Hasta, and Vitasti used widely in trade, construction, and daily lif
e.

11.1 Length Measurements

'O Angula: The width of a human finger, used in early measurem
especially in architecture and sculpture. o
Reference: Vishwakarma Sambhita:

Translation: "Let the form be measured by the finger."
This verse emphasizes the use of the Angula in architectura]

measurements.

O Hasta: The length of a person's arm, from the elbow to the tip of the
middle finger, approximately 18 inches (45 cm). This was a commonly
used unit for measuring both length and breadth. i

Reference: Vastu Shastra:
TEETE e T S
Translation: "One Hasta is the actual measure, four times."

This verse discusses the use of Hasta in building design proportions.

O Yojana: A larger unit of measurement used for longer distances, like

the stretch of land or the distance between cities or towns.
Reference: Hanuman Chalisa, Verse 18: |

" HE IS AT, e afe 7L %l S
_ .Trafzslation: "The Sun is at a distance of thousands of Yojanas,
thinking it to be a sweet fruit."
This verse metaphorical i i
: : . to the Sun,
the wnit, Yojans. ly describes the vast distance
M . ! . S q
as havinea;lel: gt According to the Hanuman Chalisa, Hanuman 15 described
the phrasge anu oward the Sun, mistaking it for a ripe fruit Thojeni®
rase “Yuga sahasra yojana® to describe the distance he cavered:

using
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o
pusale™

112,000 years
n\*\l}mq .n" lq()O() |
7 gals Anancient unit of distance (commonly taken as ~{7 g i

) ion becomes:
' g, the calculatiol
Wt

8 ¢ L0 x 12.8 km = 153,600,000 km (or 153.6 milliop km)
12,00 ,arkably close to the modern scientific estimate of the

e il

i is ren s
T h‘;staﬂc o from Earth to the Sun, which is about 149.6 miljjen km.
average

2 Weight and Volume Measurements
11

There were many weight measurements units followed in Ancient

gharat as given in the table.

|

Weight Measurement Units

Unit Approx; Weight Description
Ratti (Raktika) \~0.1215 g Based on the weight o
: seed; widely used in jewe’

"M'{s;( \ 8 Ratti=0.97 ¢ Common in trade and medicir
Kasa  |16Masa=12g | Ayurved
Suvama \ 16 Masa (same as | /

Karsa)
B \12 Masa~1166g |
Pala 4Tolax 46.6g
Prasti ~ |~80g
Prastha |
Sarava

;, approximately 4.5 liters.

3,

O Kupa: Used to m and other dry goods, about

O Ghati: A unit of
0.9 liters.
Q Pala: A unit
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This verse refers to Pala as a unit of masg for meagyy;
n

produce and goods. aer "Chlm,.m
(Source: Srinivasan, S, (1979). Mensuration in Ancient Indig Delhi: Ajay,y I
) A Publico,.
ﬂh(},w
)

Impact on Trade, Commerce, and Science

The standardization of measurements for time, length, ang Weigh
crucial for the functioning of ancient Bhartiya society, particularly intt 2
and commerce. The system ensured uniformity, making it easier ¢, i fade
in commercial transactions across vast distances. Additionally, the preg;ge
measurement of time, distance, and weight played an essential m]e:e
scientific endeavors such as astronomy, medicine, and metallurgy, n
In conclusion, ancient Bhartiya measurement Systems, especially (b
concept of paramanu, highlight the advanced mathematical and scientifi
knowledge possessed by ancient scholars. Thes_e systems were integra] tq
a variety of fields, including commerce, trade, Ayurveda, and astronomy;
showcasing the depth of Bharat's intellectual heritage in quantifying and

understanding the natural world. \

’ 12. Pingala and the Binary System

Pingala, a pioneering scholar who lived between 200-300 BCE, made
significant contributions to both the fields of literature and mathematics,
His work, particularly the Chandah-$astra (the treatise on prosody), laid
the groundwork for several fundamental mathematical concepts, including
combinatorial mathematics, the binary system, and the formalization of
the concept of zero or sinya. His mathematical insi ghts were ahead of their
time, influencing later developments in both mathematics and linguistics.

12.1 Pingala’s Chandah-$astra and Mathematical Insights

In t‘he Cha”dalrjdstra, Pingala primarily focused on the rules of prosody,
which is Fhe study of metrical patterns in poetry. He introduced a system
o categorize syllables into two types:

l. Laghu (Short Syllable): This is any syllable with a short vowel sound.

For e'Xflmple. a4 Syuﬂble ]lkc "ka" (Where gt is a Short Vﬂwel) Wou,ld be
classified ag Laghu.

O Asyllable with a long vowe| (e.g., "kg"

where "3" is a long vowel).
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P o Ashort syllable followed by a conjunction of consonants (e.g.,

ner" or "sK")-

o Ashort syllable followed by the nasal 72 (anusvara) or thewoicaless
aspiration mark visarga (denoted by “:”).

o The final syllable of 2 quarter meter (an optional case depending

on the meter in use).
These two types of syllables, Laghu and Guru, are analogous to
short and long in the context of sound length, and were critical for the
study of the structure of Sanskrit poetic meters.

12.1.1 Mathematical Concepts in Chandah-sastra

Beyond his work in poetry, Pingala introduced several mathematical
:deas that were groundbreaking for his time. His binary system approach
Jaid the foundations for understanding how combinations of Laghu and
Guru syllables can generate different metrical patterns, which eventually
influenced combinatorics and the development of the binary number

system.

12.1.2 Binary System and Pingala’s Influence

Pingala is often credited with the earliest known application of binary
numbers, which is central to modern computing. In the Chandah-$astra,
he mapped the combinations of the two syllables (Laghu and Guru) to a
binary system of 0 and . Here, the Laghu syllable could be represented
as 0 (short) and the Guru syllable as 1 (long). This binary representation
is structurally similar to modern binary code, where every number is
expressed as a series of Os and 1s. .

Pingala’s exploration of binary patterns helped in formulating the
concept of combinations and permutations for strings of syllables, which
is closely linked to combinatorics, 2 branch of mathematics that deals with

counting, arrangement, and combination of elements.
>

12.2 De Bruijn Sequence

One of Pingala’s contributiox'ls is ess'entiall.y an early vc?rsion of the De
Bruijn sequence, 2 concept In comblqatorlal_ matllemz}tlcs that involves
generating sequences whefe every posm'b.le strmg of a given length occurs
exactly once as a §ubstr}ng, Whnle Plr}gala did not have the modern
framework of combmatornc;s, his work with the Laghu and Guru syllables
ijs seen as @ precursor to this concept.
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In his system, he demonstrated how
'n' on an alphabet A of size 'k', where ei(;rgye;f;at%a Sequeng,
appears as a substring exactly once. In Piﬁga[a'ss:;l S String or?f°'de,
two symbols: Laghu (0) and Guru (1), and he shoase, the alpha;l_g‘hn
could be generated for n = 3 (a Gana of size 3). Thi:v-e d hf)w 2 seq, h
to the modern binary De Bruijn sequence, where yo 15 striking) Sitg© |
combinations of binary strings of length 3, ensuring th:t::u'd ey o

te
occurs exactly once. ch Combipy

On

12.3 Pingala’s Legacy and Impact on Modern Mathemgg;
i€matics

Pif;gala’s worlf is not only sign.iﬁcant for its poetic inéights but af _
the mathematical concepts he introduced. His application of b; oo .fo'
systems, combinatorics, and the formalization of zero (jﬂny;f)'a;y-hke
lay the foundations for mathematical fields that would later evoly ¢1P td
disciplines such as computing, information theory, and combinaz,llfto
mathematics. Al
O Zero (5iinya): Pingala also formalized the use of the word $iinya t,
denote the concept of zero, an idea that would later become fundamenta]
in the development of mathematics. Y
Combinatories: His exploration of the ways in which different syllabic
combinations can be arranged is an early example of combinatorial
principles, which are central to many areas of modern mathematics.
O Binary Representation: Pingala’s binary system (using Laghu and
Guru syllables as 0 and 1) is recognized as an early precursor to the
modern binary code used in computing today. 510
* In summary, Pingala's work was an early fusion of mathematics and
literature, and his insights into binary representation and combinatorial
mathematics had a profound influence on the development of both fields.
His contributions, particularly in linking binary systems to prosody,
demonstrate the sophisticated mathematical understanding that existed
in ancient Bharat and its far-reaching impact on modern science and

technology.

| 13. Summary
The study of the Bhartiya numeral system, measurement techniques, and
their historical significance reveals the profound impact that ancient Bhartiya
scholarship has had on mathematics and science. From the development
of thc‘ decimal system and place-value notation to the invention of zero,
Bhartiya mathematicians provided foundational principles that continu¢

cx Scanned with OKEN Scanner



< LT

Numerals and Measures: The Bhartiya Perspecti
. ive 37

e .
e

o influence moder™ computational methods. The historical eviq
‘_ qpanni“g from ancient texts to archaeological findings, affirm ence,
h ?

joneering role in shaping global mathematical thought. The iiBharavs

| of mathematics with language, culture, and philosophy in ancie:;géaﬂon
is another testament to the intellectual ingenuity of early scholars. § harat
. quchas Bhiita-samkhya and Katapayadi exemplify the innovatjv, ystems
. which numbers Were represented, making mathematics more acce: “Z?Ys in
interconnected with other disciplines. Similarly, the advanced meass il
- gystems used in trade, architecture, and astronomy highlight the urement
applications of mathematical knowledge in everyday life. practical
The cox}cept of Zero, one of tl.le mqst revolutionary contributions
played a crucial role in advancing arithmetic operations, algebra, and ev )
modern computing. The early understanding of combinatori;s bin =
systems, and place-value notation further illustrates the sophistic,ationag‘
Bhartiya mathematical thought. Pingala’s work, in particular, foreshadowed
principles used in contemporary digital technology, underscoring the
timeless relevance of these contributions. Ancient Bhartiya scholars not
only developed mathematical concepts but also ensured their application
in diverse fields, including astronomy, engineering, and medicine. Their
systematic approach to large numbers, precise measurement techniques, and
the standardization of units laid the groundwork for scientific advancements
that continue to shape the modem world.-
In conclusion, the mathematical and scientific heritage of ancient
Bharat serves as a cornerstone of modern knowledge. Recognizing these

contributions not only honors historical achievements but also inspires
s of mathematical innovation.

:ons to explore the depth . :
future generation P hartiya mathematics, we gain a deeper

By understanding the legacy of B A ;
agpreciation for %ts role in shaping the evolution of human intellect and

scientific progress
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