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Unit 3. 3 Mathematics

Structure: - The Unit 3. 3 contains two lessons.

The first lesson; 3. 3. 1 Rule for Aryabhatiya Numerals quotes has two parts.

3.3.1 a) states the rule from Aryabhatiya, explains the rule and gives a chart for the rule as a
ready-reckoner.

3. 3.1 b) quotes a sloka expressing diameter of the earth and other numerical data using
Aryabhatiya Numerals and gives commentary of the sloka by Bhaskara-I in his
AryabhatiyaBhasya.

The second lesson; 3. 3. 2 Number of Revolutions of Geo-centric Planets in a Yuga (43,20,000
years) in Aryabhatiya Numerals, comparison of sidereal periods of Geo-centric planets in
Aryabhatiya with their present-day values and Reason for naming the week-days contains three
parts.

3. 3. 2 a) explains the method of converting Aryabhatiya Numerals for the number of
Revolutions of Geo-centric Planets in a Yuga into international numerals.

3. 3.2 b) gives a table of comparison of sidereal periods of Geo-centric planets in Aryabhatiya
with their present-day values.

Objective: - The Unit: Aryabhatiya Numerals is designed to facilitate the learner
1) To appreciate the history of the Rule for Aryabhatiya Numerals.
i) To de-codify the Aryabhatiya Numerals by applying the Rule.
ii) To appreciate the ingenuity of Aryabhata-l in expresiing the number of
revolutions of Geo-centric planets through Aryabhatiya Numerals.
v) To recognize the fact that these values when converted into sidereal periods of each
planet agreeing with their present-day values.

Introduction: -

Aryabhata-I excelled in devising an innovative method for expressing huge numbers through
Sanskrit alphabets, specifying the place-value of each digit in base ten. The rule for Aryabhata
Numeral is very brief and reads thus; [Ref.: “Aryabhatiya of Aryabhta With the commentary of
Bhaskara-I and Someswara” — K S shukla, INSA, (1976) P.7]

Siderial period of heavenly bodies are expressed in the form of slokas, where in
Aryabhata has used compound alphabets as numerals, in a unique way to indicate them.

Lesson 3. 3. 1 : Aryabhatiya Numerals (A.D. 499)

3.3.1 a) Rule for Aryabhatiya Numerals.
[Note: - This article is prepared using ‘Baraha Unicode’ software.]

ABOUT THIS ARTICLE: - As a faculty of ‘International Academy for Creative
Teaching (under Jain Group of Institutions, Bengaluru)’ conducting workshops for
Teachers of a few schools in Coimbatore during 2003 — 2009, I faced difficulty in sharing
the contributions of Indian mathematicians, specially of Aryabhata-I1 (5" c¢. AD) with
those teachers (who are not familiar with Devnagari Script). Scripts of any language are
cryptic symbols for the sounds needed in writing them to communicate with the public.
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My paper, an attempt to adapt modified Tamizh script to Devnagari script explaining
Cryptic numeral of Arybhata-I (5" c. AD), expressing the number of revolutions in a
Mahayuga (43,20,000 years) stated in his Arybhatiya, was blessed by Prof. P V Aruna-
chalam, [vice-chancellor, Dravidian University, Kuppam (4P)] with his kind remark with a
suggestion ‘I am delighted to have gone through the 11-page scholarly article . It merits
reading again and again. Congrats. I request you to do the same in Telugu script also.
You have done a splendid job’.

Introduction: - Base ten place-value system having ten digits from 1 to 9 and 0 for
number reckoning is the universally acclaimed invention by the visionaries of ancient
India. Since then, numerals of numbers were written using the rule

Purport: - The digits (in the numeral of a number) move “(increase) towards left (in
multiples of the base)’.
Cryptic numerals using words and alphabets were popular in Sanskrit texts to denote
numbers in rhythmic slokas for easy memorization.
Aryabhata-I (5" c. AD) has named the names of niner\ plalce Valuesf thus;

Th I <9 I A o eFugdi-gd qar ggqd |

FICAGE T THGH TN T IO Ha I
Purport: - The ten names in the multiples of 10 are; Weh(10%), G21(10"), 2TA(10%),
"EH(10°) 31gc(10%), FFGA(10°), FIA(10°), FHIFE(107), 31E(10°%), Feai(10°).
And Aryabhata-I invented a unique cryptic numerical system adapting Devnagari

alphabets to denote the astronomical numbers for the number of revolutions of Geo-
centric planets in a Mahayuga (43,20,000 yrs).

L. Rule for Aryabhatiya Devanagari Varnamala Cryptic Numerals : -
gaNERITOT gafsaafsaanerroft o 3&! I |
e fdeash T30 1 gefsTef Adlecgadt ar ||

SN FOOES o3TiCE SeINCE se3 MR FOOS FoT°* &P O3 |
DR, FBTC A,00 a3 a3NRCEsINeE [, a3t a0 ||

Purport: - (1) Consonant, SI>olel (a) HA-TIAMER (30e>-33Moe FT) from T° [(to H (335%)]
has numerical value from 1 (to 25) and (b) :a\r»r—saa?ﬁaﬂ'\r, (ERR-9INOEFT) from o [(to
(30°)] has numerical value from 3 (to 10) to denote numbers.

(2) Vowels, TaIER (3,0083) (31,3, 3, B, T, T oM T, 3ff: o9, 9, e, 3, @, &,

%, 89, 23) specify two sets of nine zeros of powers of 10 (i) one set of nine even number of
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powers of 10 zeros to follow :a\?»r-a?ﬁm (Deo-z3MeeFa) and (ii) another set of nine odd

number of powers of 10 zeros to follow a\?»r-aa?ﬁm (EDRO-IJNREFTT).
The above rules could be explained with Tables: -

(D(a). :ag»r-a?ﬁm (FDR©-T[MEFT) from & (T°) to H (35°) denote numbers from 1 to
25 sequentially.

(1) H\?»T-El?ﬁ&ﬂ (FDRO-TMEFT) from & (T°) to 3 () denotes numbers from 1 to
10 sequentially.
Table L. 1(a)(i)
7 0B T 230 S3aberiStob 1w, Ko

Time New Roman 1 2 3 4 ] 6 7 8 9 10
Numerals

Time New Roman k K | g G|~ | ¢ C j J |~

Cryptic Numerals

e (Mangal) ®

el

T | g9(g ||| |& A

BOEES (Nimala Ul) | & | &° | nf | & | & | |eF | & |dys| o

(ii). H‘\?»T-a?'ﬁ'&:lT (FDRO-TMEFT from T (&%) to H (35°) denote numbers from 11 to 25
sequentially.

Table 1. 1(a)(ii)
63° = 11 QOGS a3 = 25 301 e30DELIEIC oD O, FOoWsrieh

Times New Roman 11 |12 |13 |14 |15 (16 | 17 |18 |19 | 20 (21 | 22 |23 |24 | 25
Numbers

Time New Roman T |Th|D |Dh| N t |th | d|dh|n |[p|P|Db|B m
Cryptic Numerals
qae (Mangal) |2 |s |3 |@
aMeegao (Nimala Un) | &° | ©° | & | @&°

d |9 |g |9|«d | 9@

-~ - ~ ~

4

q | H

&lo o || of | @ | | w0 | 5 | &

g |4

L (b). H\?»T—W’I‘r&-ﬂ (De-e9e3NeeF3) from . (O3F°) to & (35°) denote numbers from 3 to
10 sequentially.

Table I (b)
Aryabhatiya Cryptic Numerals in Devnagari & 33,23 from 03¢ =3 to ®°= 10
Times New Roman 3 4 5 6 7 8 9 10
Numbers

Time New Roman ¥y T 1 v S Sh s h

Cryptic Numerals
FEX (Mangal) | I | ¥ [« | T | ¥« | T | W | §
BrMeeFO (Nirmala Ul) | o o° ey FAM b &= = o’
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L (2) Vowels, ETaIER(R,0083) (31, 3, 3, B, T, T, 3N, T, 3; o9, w3, ov, 2, ©,, &, &, 80, B)
specify two sets of nine zeros (in multiples of 10),
I. (2) (i) Number of zeros to follow the numerals of H‘\Tvla?'ﬁ'&ﬂ from % to H Deo-
[EFT T 0T 33 BOT) with vowels, TERTER (3,00F3) (31, 3, 3, B, T, T, 37, T, 3T, e,
Q, U, WD, ©,, &, &, &, V) are denoted with one group of nine sets of even number of
multiples of ten zeros (from 2 to 16)..

(i) Number of zeros to follow the numerals of H\?»TW’I%&%T fromY to & (re-
©ITE.E D Do T $&T) with vowels, TIIER (H50°8.6) (31, 3,3, B, T, T, it T, 3 e,

Y, G, 22V, Oy, ), 0, &, L) is denoted with another group of nine sets of odd number
multiples of ten zeros (from 1 to 17).

Modified Rule of Rule 1. (2) (i) & (ii): -

(1) Place-values in powers of ten of the numerals of :ag»r—a?ﬁm frome 10 H
(- IT°E S § D0 & SR with vowels, TATER (O 50°8.8) 3 is 0, and with svara (g,
3,7, G 3N T M, &, w09, D, 4, T) with vowels, FaRTER (550°8.8) (3, 3, 3, 7,
qT Gﬁ, if Gﬁ; ©, @, G, 2V, ©y), O, W, &, L) are denoted with one group of nine sets of
even powers of ten (starting from the index 2 to 16).

(i1) Place-values in powers of ten of the numerals of H\T*T—Wﬁm from g to §
(S0©-eSTE S ADH Do 53 $ST) with vowels, TIRTER (D50°8.5) (3,3, 3, B, F, T, 311, T,

M @, m, &, o, 9, »), 0, &, T) are denoted with another nine sets of odd powers of ten
(starting from the index 1 to 17).

I. 2(i) Place values in powers of 10 of the numerals of H\?l?:!?'ﬁ'&:lT from % to H (DR-

WMREFT ° Do &3° &33n) 1s denoted with one group of eight sets of even powers of ten
(starting from the index O to 16).

(i) Place values in powers of 10 of the numerals of H\T*TW’IT&-’!T from I to §

(FDPRO-9EIMREFT O Jor &° 33r) is denoted with another nine sets of odd powers of
ten (starting from the index 1 to 17).
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Table 1. 2
Place-values in powers of ten to each of edee)-ednet FO e9G3e3 edrper-e9ednar o

Vowels of Dev, Telugu. a i u Ru | IRu E O ai au
{Times New Roman)

wWER| ¥ (5|3 (k| g | € |3 | T |3
AOOFO | &©@ (g | o0 [ | & | & | & | 0 | B

Place-values in powers of tento | 10° | 102 | 104 | 108 | 10® | 10" | 102 | 10™ | 10"
each of &P -e3ner FO

Place-values in powers of tento | 10 | 10° [ 10° | 107 | 10° | 10" | 108 | 10% | 1017
each of e eO-edner O

@) R,303 MEBTFT e3T30N ; [€,= (€5 . 3)] = (5 x 107) = 5, 00,00,000.
SVTRBTTN, “BD 23 ODPNNBIBIy” IS, o MEITOF ]

R O0FT @) 2330, eNR-INMRE FONP) I3 DR D-93ME FONE B3N

ME3TFTHE), WFATIES SNVOBTE ITY.
(Ref. page 8 in this paper)

IL ()20 dRobne B & LFTe0: -
TR O 0T B, = O
By = (& + a3 . 9] = [(5+25)x 1]1=[30x 1]=[3 x (10")]
= o = [(035) . 9] = [3 x (10")]
DRO-TMIEFT T S MBROBs = 1. 363,008 EDRO-BMIEFTT T DOT &30° 38N
MBROBsN TjedaooN 1 DO 25.
MEBTFO T DOT & 230 Ao, 233 B3 T-Fo3TW RP,NY B0s, BedeooN 0 A0
ReD-ROB50D ARS,NYD.
FDRO-9IMIEFTT O°* & MIT,RO0Bs = 3. 353008 EDRD-ITIMOEFTT O° DOT &° e38NS
MBROBsNED TjeeooN 3 Do 10.
ME3ZFT O DO B 3TN A, 52363 B3 T-570 30 RPS,NY B0, TjeNedeN 1 00T
RBR-R083503 ARI,NSD.

(ii) DCOT ARTBRPL 0T TR DIZeTT DODTDTIED;

QoD 0: 0350eYTE 2350 BIBRBN &, Tad) ACOTWIN, THEITOFTIMIITI. €31 YN
DBRDRIE BOBsMe, MeBRL. [MHBI = MHIBRIDF]
VRBTH: = @ x3)=(ed) = (20° x Q) = (6 x 1000) = (6 x 10°) = 6000.

AoHD 9: CVEHTE WsOBISTRTBR e350%Tey) ALDTIAN, FOONTY.FT M.
37 95N DTBRDAIE BOBNF), TRTILILD). [ROBNT, = FRTBIIT]
PVDOBOW: By, = [(BF + a0 . 9] = [(5+25)x 1]=[30x 1]=(30)].
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Number of revolutions made by (Geo-centric) Planets in a Yuga (= 43,20,000 years)
mentioned in Aryabhatiya through the Devnagari script are only Cryptic.
The same Cryptic words may be adapted to other language scripts, and describe the

values of number of revolutions of Geo-centric Planets in a mahayuga stated in
Aryabhatiya of Aryabhata—I (499 AD).

I11. Sloka denoting the Number of revolutions of Geo-centric planets in Aryabhatiya
Cryptic Devnagari Numerals in Devnagari & Kannada: -

gat qererom: gy, Al TafARAgse, afa gsfaed, 15 gy,
Tl HefosIy, I IRYH, 9] ey |l [(2) p.18]

~ o0

OIN Be2ZNEdoE DIsT, 3D FODNANBIZNEZHE, B BITLT,, THT &)jedds23,
TH2s Z3R).TPIID,, WIT RITNATS, 2T 2ELIDICS, ||

IIL. (i) Explanation of Cryptic Devnagari Numerals in Devnagari & Kannada: -

Sun, M ; BT, 22553, 43,20,000,

Moon, ¥ ; TAMRIGYD®,, 3oHNABIZE,e, = 5,77,53,336,
Saturn, 9 ; @W, RT3, = 1, 46,564,

Jupitor, T& ; Ta=g9, Dyesdses = 3,64,224,

Mars, T (WST®) ; 238 BpoSda, = 22, 96,824,

Mercury, 9 ; FIOYT ; Rom3TS = 1,79,37,020,

Venus, 97 ; SO , &&®2dde3, = 70,22,388.

III (ii). Expansion of Cryptic Devnagari Numerals in Devnagari & Kannada:
These numerical values could be verified by the application of the above Aryabhatiya
Cryptic numeral system adapted to Kannada Script.

Sun, M ; B, 23553, ; 43,20,000;
I = (Ex3) + (Ax3)+ (A x %)

S C

DI = (0°.00) + (O3 . o)+ (F°. a)
= (2x10% +(3x 10°) + (4x 10%= 4320000
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Moon, ¥ ; TAMRIGYD®,, FOHNANBIZE,, = 57753336;
\3’ D ¢ E
= (T x )+ x )+ x3)+FT x3)+H(F x3)+(2A x 3)+H(D x FK)+(el x k)
BB ODNANBIZNEIH D,
= (T°.09)+ (O°.&9)+ (I*.Q) + (O3°.Q) + (2T°.00) + (T°.00) + (63.93) +(€3°.93)
= (6 x10°) +(3 x10")+(3x10%) + (3 x10%) + (5x10%) + (7x10°) + (7x10°) + (5x107)
= 57753336

Saturn, NI ; a9, Bord, = 1, 46,564,
GEE=(T.3)+ (3.3 +@.5+(T.30)+@. 3N
BT, = (T . ) + (B°. Q) + (20°. Q) + (7°. ) + (° . &)
=(14x 109+ (5 x 10+ (6 x 10° )+ (4 x 1) + (6x10) = 1,46,564.

Jupitor ; T& ; Ta=gw, Dedged = 3,64,224 ;

Bega =@ .3+ .3+ (F.3)+ (T.3) + (.3
DD = (. Q) + (T°. Q) + (23°. V) + (OD°. ) + (27° . ©9)
= (2x10)+(@x10°)+(6x 109+ 3x10% + (24 x 1) = 3,64,224.

Mars, BT (HET®) ; 2308000y = 22, 96,824

Hefoegdg = (M . M+ (.3 + (A.3) + (F.3) + (F.3)+ (@. =)

BRIBPIIDY= (2. &) + (T3¢ . Q) + (°. Q) + (B°. &) + (DX°. V) + (¢ . 2D)
= (24x1)+ (18x102)+ (5x10%)+ (9x10%)+ (20x10%)+ (2x10°)

= 22,96,824.

Mercury, T8 ; GO ; Rordde3,S = 1,79,37,020;

IRYT = (H .3)+ (A 3)+ (A .3) + (L. %K) + (.3
ROMIGFyS = (A°. ) + (. V) + (T°. Q) + (T°. 9D) + (X° . &)
=(9x 10°) + (3x 10* )+ (7x 10°) + (17 x106) + (20x1)
= 1,79,37,020

Venus, 1 ; STEES , 2580063, = 70,22,388;
SYEES = (S . 3+ (Y. 3N+ (H.3) +(T.3)+ (T . %K)

BRI, = (2. 9) + (. e9) + (9°.%Q) + (°. &) + (¢7°. D)
= (8x1) + (8x10)+(23x10%)+ (2x10%) + (7 x10)
= 70,22,388
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ITI(a). Table showing The number of Revolutions (velocity) of (Geo-centric) Planets
in a Yuga (43,20,000 yrs.) arranged in the increasing order in Aryabhatiya Cryptic
Numerals and in International Numerals.

Table I1I(a)
230300 At,03 NERe shd, evsrie! shooecdnn (43,20,000 years)
BOEbme e, o5 — A Chart
330 269,08 ndned B30 239,038 N@RY shoeodnn
(43,20,000 years) @0Fedhmme s, S0l

English |Q@ IR | 33,3 SR rhad -RBoal;s International
numeral

Saturn | UfeY 3 g3faea BTl 1,46,564

Jupiter | ¥ rhcd e Dyeadsz 3,64.224

Mars | $, s, AefagrTg 236 Gpodom, 22,9624

HSD shone

Sun 4, () | Ied, &y 0553 43,20.000

(Earth) (%)

Venus | F ) srfags dpeoe, 70,222,388

Morcury | ¥ e A Rorbdig, 1,79,37.020

Moon |HIH Reted | TAMATIIBT | wabnoowogeey | 5.77,53,336

III(b). Comparison of Sidereal periods based on Aryabhatiya values of number of
revolutions of Geo-centric planets in a Mahayuga (43,20,000 yrs) (5th ¢ AD), with the
Present-day Recorded Sidereal periods: -

Table I11(b)
BHe-dtod) Anepd idnch sbdy, esdrs! abosacton (43,20,000 years) SBz3eheme rbal -Aoad;
b3 FoUe93 (Sidereal period) — A Chart
tadtond- #e-dtocd Aapd risie shasecdor (43,20,000 years) (36},
Mepod tsieh esabr 3éitab abeiebese rbal -Aoads Sidereal
Names of rjedrieh STy dSoeri | Hogisrieh | eoberiead | pericd
Planets | sphfoyaam AW ha -Aosss Sa0RC%3D
Satum afer B o= BER, 146,564 | 2948 yrs 29.46 yrs
Tupiter i3 roch R 8yt 364224 | 1186 yrs 11.86 yrs
Mars o, oz, shorlv | sefagg 30 chpowban, 229624 | 687 days 687 days
AFH D
Sun W, (G o0, whed) | = oy, 4320000 | 36526days | 36526
(Earth) days
Venus Th 29 EL LG TSR], 7022388 | 224.69 days 224.69
days
Mercury |99 23 IR AorhA,S 1,79.37.020 | 8797 days | 8797 days
Moon o Aetsd AARTE | Wobndomyzbabey | 57753336 | 2732days | 2732 days
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Formulae to convert Aryabhatiya cryptic numerals of the number of revolutions of Geo-
centric planets to their sidereal periods are;

: . 43,20,000
Sidereal period = - years
number of revolutions of the planet

43,20,000
number of revolutions of the planet

Sidereal period = x 365.26 days

Comparison of Sidereal periods based on Aryabhatiya values of number of revolutions
of Geo-centric planets in a Mahayuga (43,20,000 yrs) (5th ¢ AD), with the Present-day
Recorded Sidereal periods is really, an astonishing eye-opener about our rich
heritage.

—— —— —o— —o—
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