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PANCAVIMSATIKA IN ITS TWO RECENSIONS 399
INTRODUCTION

) A small mathematical treatise in Sanskrit, the Parnicavimsatika, together with
Sambhunatha’s vernacular commentary, Ganitasdra, is contained in the manuscript,

A: LD Institute, Ahmedabad, Acc. No. 5325.

_'The date of Sambhunitha is not known precisely, but he refers to Bhaskara II’s
Lilavati (A.D. 1150). In addition, he employs in examples two monetary units called
kort and dokada (28 dokadas = 1 kori). The former is most probably a copper coin
minted by Sultan Muzaffar Shah III (A.D. 1562-72) [Sircar 1968, 23]. According to the
colophon, the manuscript was copied by a Caturavijaya at Bhujanagara (modern Bhuje
in Kaccha, about 300 km west of Ahmedabad) in Sam 1786 = A.D. 1730.
Sambhunitha, therefore, seems to have flourished some time between A.D. 1562 and
1730.

The same work, together with a Gujarati commentary, Bdlabodhankavrtti is
contained in the manuscript,

B: Oriental Library, Baroda, Acc. No. 5283.

According to the last verse and the colophon of the manuscript, the
Balabodhdankavrtti was composed by a mantrin (a wise man or a minister?),
Sambhudasa by name, at Ahmedabad in Sam 1485 = A.D. 1428/29. It follows that the
Paricavimsatika was written before A.D. 1429. But neither of the two manuscripts
mentions the name of its author.

The manuscripts
A: LD Institute, Ahmedabad, Acc. No. 5325.

Title: Ganitasara. Script: Devanagari, Ff. 1-5. Complete. 17 lines to a page.
About 55 to 60 letters (aksaras) to a line. Paper. The Ganitasdra ends at the middle of
fol. 5a, and on the rest of the same page is written a nastajanmapatri (“a leaf for a lost
horoscope™). On fol. 5b are written several rules conceming horas (“hours™), and a
table of 28 (not 27) naksatras which lists the number of stars and their formation (with
an illustration) of each naksatra.

B: Oriental Library, Baroda, Acc. No. 5283.

Title: Gar_zitapaﬁcavim.fatikdbdldvabodha. Script: Devanagari. Ff. 1-10.
Complete. 12 lines to a page. About 40 to 45 letters (aksaras) to a line. Paper.

The languages of the commentaries

The language used in $ambhudasa’s Balabodhdankavrttiis basically Old Gujarati,
but it often comes very near to Sanskrit, and sometimes it may be regarded as almost
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regular Sanskrit, although several phonetic peculiarities, probably due to the author’s
native tongue, are observed.

Sambhunatha’s Ganitasdra is written throughout in a vernacular, which too is
perhaps Old Gujarati, but which is slightly different from that of Sambhudasa.

Reconstruction of a common ancestor

The title of the work, Paricavimsatika (’[the work] of twenty-five [verses)),
suggests that the work in its original form consisted of 25 verses. Manuscript A,
however, contains 40 verses, among which 39 are numbered 1, 1-3, 1-6, 6-33, and 1;
another unnumbered verse is embedded in the commentary on (A 22). Manuscript B, on
the other hand, contains 27 numbered verses plus several that are unnumbered. Many
verses, with or without variants, are naturally found in both manuscripts, but some are
only in A, and others only in B. These facts indicate that Sambhunatha and Sambhudasa
separately commented on an enlarged recension of the Paficavimsatikd, although it is
not easy to differentiate their own additions from their predecessors’.

I have tried to reconstruct an ancestor (designated X) common to both recensions
(A and B) according to the following working hypotheses (cf. the Concordance below).

1) Those verses which occur in only one of the two recensions are later additions.
Verses found only in A:
1’, 2’, 3°, 3ab, 4, 5, 21cd, 22, 22U, 23, 24, 29, 30, 31, 32, 1°.
Verses found only in B:
9U, 19, 21U, 25, 26, 27.

2) The other verses, which occur in both recensions, existed in the ancestor.

The first three verses in the above list, (A 1°), (A 2°), and (A 3’), which are found
only in A, are numbered separately from the rest in the manuscript. Moreover,
Sambhunitha introduces the next stanza, (A 1) = (X 2), as “the §loka stanza of the
original work” (milagramtha no §lokah). This means that the three verses at least were
added by Sambhunitha himself. (A 22U) occurs in the solution of an example under (A
22), and is not numbered in the manuscript. It is, therefore, most probably a quotation
by him. (A 1°) occurs in the commentary on the last verse, (A 33), and is numbered “1”
separately from the rest. So, it also appears to be an addition by him.

As for recension B, the last verse, (B 27), which is a colophon to the commentary,
is no doubt an addition by Sambhudasa himself. The two unnumbered verses, (B 9U)
and (B 21U), which are a quarter verse and a half verse respectively, are also most
probably additions by him.

Apparent exceptions to the second hypothesis are (A 3cd) = (B 2U), and (A 21ab)
= (B 18U). Although each pair has the same content, I have excluded them for the
following reasons. First, the sentences are not the same; (A 3) and (A 21) are written in
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normal dryd and Sloka meters respectively, while (B 2U) is not quite metrical and (B
18U) is poorly worded in sloka. Second, both (B 2U) and (B 18U) are unnumbered in
recension B, and correspond to only part of a full verse, (A 3) and (A 21) respectively,
Qf recension A. Moreover, (A 3) is identical with Trisatika 1 = Patiganita 14 of
Sridhara (of the eighth century A.D.). It s, therefore, highly probable that they are later
additions. It may also be pointed out in this connection that (A 21) agrees with
Apardjitaprccha 47.22 (in the twelfth century) and Thakkura Pheri’s Ganitasara 3.45
(ca. A.D. 1315) in contents. See Translation below.

Thus, 1 have obtained twenty-four Slokas of the supposed ancestor; they are
numbered 1-24 in the third column (designated X) of the Concordance given below.
This is quite reasonable because we get exactly 25 slokas by supposing another one for
the lost colophon of the original Paricavimsatikd. Itis, therefore, very likely that these
twenty-four verses constituted the original Parnicavimsatika too, but it is sometimes
difficult to determine the original purports of those verses precisely, since the two
commentaries differ from each other sometimes in the expressions of the verses, and
sometimes in their interpretations. We shall examine these differences next.

Differences between the two commentaries

I'shall give below a list of the differences between the two commentaries with brief
comments. See the Translation with Mathematical Commentary below for more
information.

(X 1) Benediction.
A: sviyasiitrair (with my own versified rules).
B: paricasutrair (with five sitras).

In recension B, the word sufra is used in an unusual sense, i.e., “a section” of the
text,and in fact Sambhudasa divides the text into five sections.

Siitra 1. Addition (1 Y2 verses): (B 2)-(B 2U).
Siitra 2. Subtraction (1 verse): (B 3).

Suatra 3. Multiplication (6 verses): (B 4)-(B 8U).
Siitra 4. Division (1 V4 verses): (B 9)-(B 9U).
Siitra 5. The rest (19 verses): (B 10)-(B 27).

It is, however, noteworthy that nothing in the ancestor reconstructed above
suggests such a division into sections. Recension A has no explicit division into
. 7, .
sections, as is usual with small mathematical works like this.

(X 2) Sum of the natural series. .
A: $ambhunitha reads only two methods in the verses.
B: Sambhudisa reads four methods.
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As the verse actually contains at least three methods, Sambhunatha seems to have
missed at least one method. Sambhudasa, on the other hand, reads four methods, but his
reading of the verse contains an irregular hiatus.

(X 3) Difference of the natural series.
A: According to Sambhunitha, vyavakalita (“difference”) is,
Sn - n= Sn—I
B: According to Sambhudésa, it is,
Vn.m = Sn - Sm-

Sambhunatha’s interpretation of vyavakalita is unique, while Sambhudasa agrees with
Sridhara (Tr and PG) and Thakkura Pherd (GS).

(X 5) Kapatasandhi.
(X 6) Gomutrika.
(X 7) Tatstha.

(X 8) Hinadhikabhaga of khandagunana.
These are the names of multiplication methods, but the nomenclature is hopelessly
confused in the two commentaries.

(X9 Myltiplication of zero and unity
A: Sambhunatha reads only two rules in the verse.
B: Sambhudaisa reads three rules.

Sambhudasa’s second rule, which Sambhunatha misses, is a rather unusual one,

prescribing the writing-down of the zero symbol at a certain step of the multiplication
procedure.

(X 14) Fractions

A: Multiplication and division of fractions of the ordinary type, b/a.

B: Multiplication of numbers whose fractional portions are expressed according to
a place-value system, p,q.

Recension A is traditional.

(X 15) Rule of three

A: (the first, the middle, the last).

B: (the last, the middle, the first).
The order of the three terms in the terminology of recension B is unusual. Recension A
is traditional.

(X 16) Investments
A: One method. )
B: Two methods, according to Sambhudasa.
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Itis difficult to see Sambhudasa’s second method even in his own wording of the verse.

(X 17) Second rule, which is meant for the purification of gold.
A: Rule for the purity.

B: Rule for the weight.

Perhaps the rule itself is meant for the weight as in B, but Sambhudasa wrongly applies
the rule to an example of simple mixture of gold.

(X 23) Second rule, which is meant for the volume of a cone-like heap of grain.

A: Sambhunitha wrongly takes the rule to give a formula for the volume of a
sphere.

B: Sambhudasa’s interpretation is correct.

(X 24) Telling time from a shadow

A: Correct and exact expression of a rule.

B: Ambiguous expression of the rule.
(A 1°) in A and (B 26) in B give a table of twelve noon-shadows, which are to be
employed in (X 24), but the numerical values in the two tables differ from each other. It
is of special interest that the values given in (A 1°) do not satisfy a simple linear zig-zag
function. Those of (B 26), on the other hand, satisfy as usual a linear zig-zag function.
The maximum and minimum values of both functions are six and zero respectively, but
in A they take place at Sagittarius and Gemini respectively; in other words, the entire
graph of A has been shifted to the left by one zodiacal sign.

THE ORIGINAL Pafdicavimsatikd AND THE TWO RECENSIONS

Although Sambhunitha does not always understand the verses correctly (X 3 and
23), recension A itself seems to preserve more traditional elements than recension B,
which contains several new elemetns (X 1, 14, and 15) that do not completely tally with
traditional Indian mathematics. Sambhudasa employs in his commentary a linear
standard of non-Sanskrit origin, namely, gaja, which called gaz, was in vogue under
the Mughul Empire. Abu-1 Fazl (ca. A.D. 1600) has recorded seven types of gaz
[Srinivasan 1979, 15]. The inverse order of terminology for the rule of three ( X 15),
adopted in recension B, may also be explained by the rigpt-to-left order of Arabic
writing. At the same time, however, it should be noted that Sambhud?sa has borrowed
many examples from Sridhara’s works, Trisatikd and (or) Patiganita.

The reconstructed ancestor (X) begins with the sum of the natural series
(sankalita). This is in the style of Sridhara (both in the Trifatikd and the Patiganita)
and of Thakkura Pheri (in the Ganitasdra). Sambhunitha supplies a verse for the
addition and subtraction of numbers expressed in the decimal place-value system,
following probably the style of Bhaskara II's Lildvat, which is in fact the only work
$ambhunitha mentions by name. See under (A 28) = (X 23).

Medieval Indian mathematics consisted of two major fields, namely, pdti and
bijaganita. The original Paricavims$atikd may be classified as a book of pari, which
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consists mainly of arithmetical operations (parikarman) such as addition, subtraction,
etc. and eight kinds of “practical mathematics” (vyavahdra), and which does not
employ algebraic symbolism (bija). The ancestor actually contains most of these
topics, but not all of them. It misses “the practical mathematics™ of “piling [of bricks]”
(citi) and “sawing [of timbers]” (krakaca), and is very poor in “the practical
mathematics” of “series” (§redhi) and “plane figure” (ksetra). Thus, the ancestor is
incomplete as a book of pdri. This was probably the case also with the original
ParicavimS$atikd, and recension A was perhaps meant to be a more comprehensive book
of pati, although it still lacks the section on “the practical mathematics of piling”, and
rules based on the Pythagorian Theorem.

From the viewpoint of the history of Indian mathematics, the importance of our
text lies in its historical expansion and reformation rather than in its mathematical
contents, as it throws new light upon the history of reformation of other Sanskrit
mathematical treatises. For example, the title of our text, Pasicavimsatikd, reminds us
of the Ganitaparicavimsi “Mathematics in twenty-five §lokas” “ascribed to Sridhara
(in the eighth century). Although there seems to be no direct relation between the two
works, both claim to be a work consisting of twenty-five verses, and both contain more
than that in their present form; the number of verses of the latter is estimated at nearly
ninety from its unique, incomplete manuscript. This seems to me to suggest that, just
like our text, the Ganitaparicavimsi also consisted of twenty-five verses in its original
form, and was expanded to its present form by the hands of a later interpolator or
interpolators. This conjecture is supported by the fact that eight and a half verses of the
present Ganitapaficavimsi are found verbatim in Bhaskara’s Lildvati (A.D. 1150).

Ganitapaficavimsi Lilavati

Rule 26 204 : 3/2 Indravajra stanzas
Ex. 14 205 : 1 Sloka
Rule 27 135: 1 Arya
Rule 28 136 : 1 Arya
Ex. 15 137 : 1 Sloka
Rule 31ab 234 : Y5 Vasantatilaka
Ex. 19 235 : 1 Indravajra
Rule 3icd 236 : V2 Vasantatilaka
Ex. 20 237 : 1 Upajati

Other works having similar titles

Tejasimha, head of the Lunkdgaccha, wrote in the 17th century the
Istankaparicavimsatika (“[A book of] twenty-five [stanzas/rules] on arbitrarily
chosen numbers”, a manuscript of which is preserved in the LD Institute (Acc. No.
903). It consists of 25 verses (14 Sardulavikridita stanzas and 11 vasantatilakd
stanzas) for mathematical rules and one additional verse (in the upajdti meter) for the
ending.

All the rules deal with a single type of mathematical game, in which any optional
number, when modified by a series of arithmetical operations, turns out to be the
number determined in advance. The ninth stanza, for example, reads thus:
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Any optional number is multiplied by 265, increased by unity, multiplied by 500,
and divided by 265. The remainder [of the division) is again multiplied by 2. When
the years equal in number to the result have elapsed from the Final Liberation
(nirvdana) of Mahavira, King Vikrama was born to the earth.

The arithmetical computations have been so arranged here that number 470 is
obtained irrespective of the number chosen by a partner.

The author, Tejasimha, is said to have died in A.D. 1686 [Jain & Agrawal 1988,

22]. Photocopies of the manuscript have appeared at the close of Arhat Vacana, Vol.
1, nos. 3-4, 1989,

It is probably the same Tejasimha that wrote the Ganitapaficavimsatika (Ms: LD
Institute, Acc. No. 3665/5, dated Sam 1870= A.D. 1813). Itis a small collection of 25
mathematical problems, each problem being questioned in one drutavilambita stanza.
Most of the problems are of the type:

X S R L N 18 (stanza 25).

2 3 42 8

The answer 1008 to this problem is a sacred number for the Jainas. Another stanza,
numbered 26, in the same meter is appended for the ending.

These two works, devoted for particular topics, may be regarded as a kind of
monograph, which is a hitherto neglected field of study in Indian mathematical
literature.

Concordance of the Sanskrit verses commented on by Sambhundtha (A) and
Sambhudadsa (B) with their ancestor (X) reconstructed

In manuscript A, there are four verses numbered 1, two 2, two 3, and two 6. In
order to differentiate them, the marks, *’,’, and °, have been attached to the numbers by
me. The letter U attached to a verse-number (N) mdxcates that the verse in unnumbered
and located between verses N and N+ 1 in the manuscripts.

A B X Contents

1" I 1 Benediction to Mahadeva.
Calls the work Paricavimsatika.

1y — — Names of 18 decimal places.

2' — — (Continued)

3 — . — Addition & subtraction in the decimal place-value
system, with a rule for zero.

1 2 2 Sum of the natural series.

2 3 3 Difference between the sums of two natural series.

3ab — —  Sum of the natural series (S,).
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Integral portion of /2S,= n.

(A3)=Tr 1 =PG 14

Arithmetical progressions.

Geometrical progressions.
Multiplication: Enumerates the names of 4 methods.
Kapatasandhi.

Gomuiitrika.

Tatstha.

Khanda.

By zero and unity.

Division.

Zero for a quotient.

(B 9U) is a quarter verse.

Square and cube.

Square-root.

(Continued)

Multiplication and division of fractions.
The rules of A and B are different.
Rule of three and inverse rule of three.
Investments.

Mixture of gold (its purity).

Areas of a square and an oblong.

Area of a trapezoid.

Areas of a triangle and a circle.
Circumference of a circle.

Area of a circle.

Area of a circle.

Area of a circle.

Approximation to the square root.

Area of a circle (identical with A 22 ab).
Area of a circle.

Area of a segment of a circle.

Heron’s formula for the areas of a trilateral and a
(cyclic) quadrilateral.

Area of a segment of a circle.

Area of “a rim”, or of any other irregular figure.
Volume of a rectangular solid.
Arithmetical mean of different lengths.
(B 21U) is a half verse.

Volume of a cylinder.

Volume of a sphere.

Volume of a cone-like heap of grain.
Grain heaped up on the ground.
(Continued)

(Continued)

Work for sawing timber.
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33 24 24 Telling time from a shadow.

1° — —  Length of the noon-shadow.

— 25 — Length of daylight.

—_ 26 — Length of the moon-shadow.

—_ 27 — Colophon of the commentary. Gives the name of the

author (Sambhudisa) and the title (Balabodhdnkavrtti)
of the commentary.

[— — 25 Colophon of the Paricavimsatika (7))}
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SANSKRIT TEXT OF THE PANCAVIMSATIKA

Two recensions (A and B) and their common ancestor (X) reconstructed.

(X DH)>(A 1", B])

mahadevam pranamyadau balanam buddhivrddhaye'/
sviyasitrair’ aham vaksye paficavimsatikam imam/ /
L_vrddhaye in B (corr.i.m.). “paiicasiitrair in B.

(A1)
ekam daga $atam tasmat sahasram ayutam tatha/
laksam ca prayutam kotir arbudam cabjakam tatah/ /

(A2
kharvanikharvapadmam ca $a[nkur] jaladhir eva ca/
Antyam madhyam parardham ca kramad akhya dadottarah/ /

(A 3)
yatha sthanakam ankanam yutir viyutir aditah/
khenonadhyah sa eva sa na' pate ["Jmtyamkasamgrahalh})/ /
Isah/da in ms.

X2)>(A1,B2) ,
saikadyapadaghatardham bhaved’ ekottarena tat®/
padavargadyayogardham’ saikadyardhavadhe* phalam/ /

Itathd in B. Zca in B. >-yuktardham in B. *saikadyardhavadheh in A.
(B 2U)

samkalitadvigunan miilasamo' gaccha[h}/ /

Imilim samam is ms.
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(X 3)>(A2,B3)

samkalitotpannadyumnad' vyayam tyaktva’ dhanam bhavet/
taddhanam® vyavakalitam munibhih pura/ /
'samkalitonnatadrarmma in A, -dyumnata in B. %krtva in B.
3tat- in B.

(A3)
saikapadahatapadadalam eckadicayena bhavati samkalitam/
dyigunikrtasamkalitan' malam gaccho [’]vasistasamah/ /
!_samkalitat in ms.

(A4)
vyekapadaghnacayah sadyo' [’]ntya{m] sv:avaktrayutéd2 dalam/
madhya[m] svapadanighnam tat sarvasvam jayate caye/ /
l.cayograhyo is ms. 2-yutam in ms.

(A5)
oje gacche nireke syad gunah same [’ Jrddhite krtih/
gacchdntam vyastam antyinkac cayad gunah krtih! phalam/
vyekam vyekacayacchinnam adighnam syad gunottare/ /
'krtam in ms.

(X 4)>(A 6, B4)
dvidha kapatasandhi$ ca tathd gomitrika dvidhal
tastho dvidha punah proktas tatha khandas' tridha smrtah?| |
'khanda-in B. *matah in A.

(X 5)>(A 6’, BS)
prasnopari nyasen millyam millyena' gunayet kramat!
anulomavilomabhyam kapatakhyam dvidha bhavet! |
'milam maulyena in A, milam milona in B.

(X6)>(A7,B6)
prasnad adho nyasen milyam' gunayet sakalam mithah?|
anulomavilomabhyam gomiitrakhyam dvidha bhavet| |
!millya- in B. 2tatah in A, gunaye$| |$rilam mithah in B.

(X7)>(A8B7)
ekaikagunanad raseh §irsabhedo' nigadyate?|
prsthabheda[h]® punah proktah tastho [’]pi dvividhah® smrtah®| |
I§irsa- in B (corr.i.m.). nigadyatah in B. >prstabhede in A,
kostabheda in B (corr.i.m.). “dvividhch in B (corr.i.m).
Stasthepidvividhapunah in A.

(X8)>(A9,B8)
kvacid' ripavibhaga$ ca sthanabhagah kvacid bhavet
kvacid dhinadhiko? bhagah khando [’]pi trividhah® smrtah| |
'kvacit in B. %kvacit hinadhiko in B. *dvividhah in A.
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(X 9)>(A10, B 8U)
Sunyena gunitam' §inyam $inyam agre? niyojayet!
tad evaikena® gunitam bhaved evam® hi sarvatah! |
'gune tam in A. %Sanyamarge in A. '
*tadvadekena in A, tadaivaikena in B. % eva in A.

(X 10)>(A 11, B9)
prasnad adho haram nyasya prasnam chitva! harena cal
bhago haryah kraman niinam bhagaharavidhih smrtah! |
'bitvd in A.
(B 9%U)
bhago nasti labdham $iinyam! |

X 1D>(A12,B 10)
tulyarasidvayor' ghate vargo bhavati kevalam|
padatrayanam’ tulyanam vadhe niinam ghano bhavet| |
L-ragyodvayor in A. -triyanam in B.

(X 12)>(A 13, B 11)
vargam samtyajya visamad dvigunena' param ghajet|
labdham nivesayet? panktyam tadvargam paratas tyajet’|
! visamat dvidunana in B. 2vinivesayet in A. *pari§odhayet in B.

(X 13)>(A 14, B 12)
pirvavad! dvigunikrtya® tad utsarya® param bhajet*|
evam pare’ [']pi kartavyam dalayed® dvigunikrtam! |
Ipirvava- in A, pirvavat in B. dvigunamkrtya in A.
3ucchartha in B. “bhavet in A. ®paro in B. ®dalaye in A,
dalayet in B.

(X 14)>(A 15)
amé$ahati[§] chedaghatabhakta bhinne gune phalam|
pziravarttyim§akacchedau gunavad bhagake phalam| |
>(B 13)
riipam rupaih samam gunyam chedamsav' api taih? samafm]!
paraspara [m] tadamsau ca bhinnotpannam phalam labhet! |
Icchidams$av in ms. *teh in ms.

(X 15)> (A 16) ‘ o
madhyantyayor vadhah pirvam adibhagas trirasikel
madhyadyayor vadho' vyaste prantyabhaktah phalam bhavet! |
!madhyadayor vyadho in ms.

>(B 14) i o
madhyadyayor vadhah pirvam antyabhagas trirasikel
madhyintyayor vadho vyaste adibhaga [h] phalam iabhet! |
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X 16)>(A 17)
nanapraksepariipanam utpannena phalena tel
gunyah svayogabhaktas te khandani syuh prthak prthak |
>(B 15)
nanapraksepariipinam utpannena vadhah kramat!
yutibhaga[d] dyayau' labdhi phalam syat tat prthak? prthak! |
dvaya in ms. Zprathak in ms.

X 17)>(A 18)
suvarnavarnaghatyaikyam svarnayogena bhajayetl
labdhanke varnaka jiieya svarnoddhrte' sa varnakahl|
!varnoddhrtte in ms.
>(B 16)
nanasuvarnavarnanam aikyam svarnena' bhajyatel
labdhanke varnika jiieya? suvarnam varnikahrtam| |

X 18)>(A 19, B 17)
caturasre' same dirghe bhujakotivadhah phalam!
vasudhamukhayogardham lambaghnam visame phalam| |
Icaturasre in B.

(X 19)>(A 20, B 18)

vasudhirdham lambanighnam' phalam ksetre? trikonake!
vyasasya turyabhagena® vadho* vrtte$ ca vartule®! |
!'vasudhardhalambaghatah in B. %ksetri in B. 3-bhagana in B.
“vadhoh in A. Svartuleh in A.

(A2])
vyasas trigunito® vrttir vyasasadbhagasamyuthah?|
vyasardham ca paridhyardham anyonyam paritadayet! |
lyyasattriguiiita in ms. %-yuto in ms.

(B 18 U)
vydsasya triguna paridhih sadbhagasamanvita'll
lsat- in ms.

(A 22)
vyasavarge phalam sthiilam paficamams$anipatanat|
vyasardhavargavargam ca daSaghnam malatah phalami|

(A 22U)
mulavasesakam saikam sastighnam vikalanvitam|
dvigunena dviyuktena' milenaptam sphutam bhavet! |
'dviguna- in ms.

(A 23)
vyasavarge phalam jieyam paficamamsanipatanati
vyasavargasya yo raSir hinas turyena karayet|
svadhrter bhagasamyuktam phalam jiieyam athapi val |
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(A 24)
jyasaraikyadalam bananighnam tadvargadigghateh|
navabhaktasya milam taddhanurbanaphalam smrtami |
B 19)
(bhujaikyardham' caturdha ca bhujahinam ca tadvadhat?|
milam phalam bhaven ninam tryasre? vapi caturmukhel |
'bhujekyardham in ms. 2taghat in ms. 3tisre in ms.

(X 20)>(A 25, B 20)
Jyasaraikyadalesughnam' bhagastadaasamyutam?|
nemyakrtau ca visame vyasadirghavadhah® phalam| |
'yyasaraikyadaleyyughnam in B. 2sagista- in A, bhagastah
dasa- in B. *vyosambavadhah in B.

(X 21)>(A 26, B 21)
khate kasthe' ca’ pasine kosthagare® citau tathal
vyasadirghavadhas® tatra pindaghatah same® phalam| |
'kaste in A. 2B om. ca. *kosthire in B. *-dirdhavadhas in
B. Spindaghatavadhah in A, pindaghate samam in B.
(B 21U) tatha vakram!
visamam yadi cet [tena] visamayuti[bhagakah]'l |
'tathd cal kram bisamam yade ceta visamayuti caitatah kuryat in ms.

(X 22)>(A 27, B 22)
kasthapasanayo[h] stambhe kiipe ca sadr§am? phalami
vrttaksetre®> phalam tatra tena pindavadhah* phalami |
'kasta- in A. *kiipe va sadrasam in B. *-ksetra- in B.
“pindasamam in A (cf. note 5 for (X 21)), -vadhah in B.

(X 23)>(A 28, B 23)

golavyasaghanardham' ca bhagastadasasamyutam|
vrtteh sadamsas tadvarga® udayena hatah phalam! |
I.vyasanardham in B. *vrttasadam$avargas tad- in B. 3hattah in B.

(A 29) ‘
anusv ekadasamsah syad vedho [’]nanusu diglavah
sikidhanye [’'n]kabhagah syat paridhe$ ca sadamsakahl |

(A 30) N
vargito vedhagunito ghanahastamitit bhavet| ‘
madhyantarbahyaparidhir dvyabdhisatryam$ariipakaih| |

(A 3] o
gunita sviyaharenaptam phalam bhittimadhyathah!
antarbahyasthakonesu phalam ghanakarah smrtah! |

(A 32)
bahukotivadharddham ca tryasraksetre phalam §mt_‘tami
miilagrapindayogarddham dairghyaghnam darujam phalami |
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(X 24)>(A 33, B 24)

chaya saptayuta karya madhyacchayam' tatas tyajetl
dinarddham saptabhir gunyam tenaptam ghatikadikam?| |
L.cchaya in A. 2Second line in B: dinardhat saptabhir gunyad
bhdgdn nadyo gati [h] sthitah (“tatas...gunya” in margin).

(A 1%
dvyekakhaikaikasarddhadvivipadvedas' ca pamcakam|
sat [ca] pamca vipitpamca trayam sarddham ca madhyabhal |
!dvyekakhabhaikasarddhaddhivipadvedas in ms.

(B 25)
makaradidinas trighnah' khatripaficaikasamyukta[h]!
sas[t] er bhagat kala labdhi[h] karkad ratris tathaiva hii |
!_dinahltri- in ms.

(B 26)
tridvyekakhendupaksagniyugesusat$ara' yugafh)
kraman mesadisamkrantau madhyapadah prakirttitah?! |
L.yugeyyu- for yugesu in ms. *>-padapra- in ms.

(Colophon of A)

iti §riSambhunathaviracitam ganitasaram samaptam|!| sam 1786 varse maha vadi 13
dine likhitam| ga[ni]l caturavijayenall §ribhujanagarel! svavacanarthamli| [I§rir astull
kalyanam astull §reyo [’]stull iti bhadram syal lekhakapathakayof call

(B27)
banahivedacandrabde' [*]Jhammadavadapattane|
balabodhankavrttis? ca $ambhudasena® nirmitall
lvanahideva- in ms. 2-prsti§ in ms. *$Sumbhu- in ms.

(Colophon of B)
iti mantriS$ambhudasaviracita' paficavimsatikabalabodhankavrttih samapta?lichall
fichall

'mamtrasambhudasaviricita in ms. 2samiptah in ms.
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A I'-2".  Names of 18 decimal places

Ekz;(]OO), dasa (10'), Sata (10%), sahasra, ayuta, laksa, prayuta, koti, arbuda, abjaka
(10 3, kharva, nikharva, padma (10'?), sanku, jaladhi, antya, madhya, and parardha
(10'"). [These are] named in order according to the decimal system.

These names, except for padma, were very popular in Hindu (as against Jaina)
mathematical works since the eighth century A.D. The number of places, 18, was also
fixed in them. The popular name for the power 10'2 is mahdpadma (a big lotus) or its
synonyms (such as mahdbja, mahapankaja, mahasaritpati, etc.); and padma (a
lotus) without mahd (big) is usually taken to indicate the same power as abja (a lotus),
i.e., 10°. In the present stanzas and Sambhunatha’s commentary, however, padma is
regarded as different from abja (ka).

Sambhunatha refers to the decimal places greater than parafdha, he repeats dasa,
Sata, sahasra, etc. together with parardha. His example is: “‘eka sahasra eka $o igyara
parardha” (one thousand one hundred and eleven parardha) for 1111 x 10",

Cf. Abh 2.2; Tr 2°-3’; PG 7-8; GP 8-9; GT 2-3; L 10-11; GS 1.12-14; GK
Prakirnaka 2-3; GM 12-14. For a Jaina table see GSS 1.63-68.

A 3’. Addition and subtraction of numbers expressed in the decimal place-value
system

Beginning with the first [numeral], the sum or difference of numerals [is made]
according to the places. That [numeral], when decreased or increased by zero, is itself.
When there is no subtraction (i.e., when the subtrahend is greater than the minuend),
the sum of the last {adjacent] (i.e., next] numeral [and the minuend is taken to be the
new minuend].

Ex. 1. Addition Ex. 2. Subtraction
156 15645
14 4756
226 “These are subtracted.”
1135 10889
1531

Cf. GP 10; L 12; GK Prakirnaka 12; GM 14.

X 2. Sum of the natural series ([samkalita]).

Half of the product of the first [value] increased by unity and the number of terms
will be that [sum which is obtained] by increasing one by one. Half of Fhe sum of the
square of the number of terms and the first [value is also the sum]. Mulpplymg half of
the first [or the first] increased by unity [by the other value, one obtains] the [same}]

result.
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Def. S, =1+2+ .... + n.

Sn = —(%—Jr—l)

2
Sn = n 2+ n

(n + I).-"z—(ifnis even).
Sn=1n+1

. n (if n is odd).
2

Note that the word ddya (lit. “the first”) inthis rule is used in an unusual sense,
i.e., “the number of terms”, or 1, which is also called pada as usual in the same verse.

A. Sambhunata explains the first two methods only.
Ex. n = 10.
2
+
i = 10 (10+1)  _ 55, i = 10 10 _ 55
2 2
B. Sambhudasa regards the definition itself as a method for computing Sn, reading
the second quarter (pada), of the verse, not as “bhaved ekottarena tat” (inms. A), butas
“tatha ekottarena ca” ([the same result is obtained] also by increasing one by one),
which contains irreguiar hiatus.

Ex. n = 10.

s,0=&§29_+_”—=55. So=1+2+ ... +10 =55
2

S,O=£—“2L-19—=55. Si0 (10 + 1)—'20—=55.

Forn = 20,30, ..., 100, Sambhudasa gives only the results: §,9 = 210, Sy =
465, ...., S100 = 5050. This example is identical with Tr Ex. 1 = PG Ex. 1.

Cf. BSS 12.19; Tr. 1-2; PG 14-15;S8 13.21; L 117; GS 1.16-18; GK Sredhi 11 (I,
p. 114); GM 155.

B2U. Supplement to (X 2).

The number of terms is equal to [the integer part of] the square-root of twice the
sum.

Integer part of / 2Sn = n.

(B 2U) = (A 3cd) in contents. Cf. GS 1.20.
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X 3. Difference of the sums of two natural series (vyavakalita)

Having subtracted the expense (vyaya) from the property (dyumna) produced by
addition (samkalita), there will be property (dhana). This property has been called the
difference (vyavakalita) by ancient sages.

A. Sambhunitha regards the verse as prescribing the rule:

Sn—n=8,_,

Ex.n = IO.S]O_ 10 = 55 — 10245=59.

B. Sambhudisa, like Sridhara and Pheri, regards the verse as giving the difference of
the sums of two natural series (§, and S,):

Vn.m =S, - Sm-
For S, and §,, see (X2) above.
Ex. Sl()O - Sm = 4995, S|00 - Sz() = 4840, S]()O - S30 = 4585, vevy

SIOO - Sgo = 955, S]()o - SIOO = 0.

In the ms. these values are tabulated, and the last result, the zero (0), is expressed
as “0000”. This example is identical with Tr Ex. 2 = PG Ex. 2.

Cf. Tr 3-4; PG 16-17; GS 1.21-22.

A 3. Sum of the natural series

Half of the product of the number of terms and the same increased by unity is the
sum by means of the first term and the common increase which are {both] unity. The
[integer part of the] square-root of twice the sum, which is equal to the remainder, is the
number of terms.

nn+1).

Sp = —

Integer part of / 28, = its remainder = n,

(since 28, = n* + n).

Ex.n = 24. S5, = 300. 25,4 = 600 = 24 + 24,
The meter of (A 3) is dryd. Verse (A 3) is identical with Tr | = PG 14.

A 4. Arithmetical progressions

The common increase, multiplied by the number of terms less one and increased by
the first term, is the last term. Half of the sum of [the result and] the first term is the
middle (or the mean) term. This, when multiplied by the number of terms, becomes the
total sum in piling (i.e., of an arithmetical progression).

——

a,=a+ (n—-1dm= (a+ a)2, S, =nm’
where a, d, and n are the first term (ddya/vaktra), the common difference (caya), and

the number of terms (pada) of an arithmetical progression, and a,, 7, and S,, are the
last term (antya), the middle term (madhya) or the arithmetical mean, and the total sum

(sarvasva) of the series.
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Ex. On the first Dvadasi festival four Bramanas are invited, and on the succeeding
occasions of the same festival the number of Bramanas invited is increased each time by
three. How many are invited in total for twenty-five occasions of the Dvada$i festival?

Given,a = 4,d = 3, n = 25. ays = 76, m = 40; S5 = 1000.

pf. Abh2.19;BSS 12.17; Tr 39; PG 85,95, GSS 2.64; MS 15.47;L 121; GS 3.26;
GK Sredhi 1; GM 161.

A 5. Geometrical progressions

If the number of terms is odd, then [it is] decreased by one and there will be [the
designation] “multiplication”; if even, then halved and “squaring”. [This procedure is
repeated until] the number of terms ends (i.e., is exhausted). In the inverse order from
the last figure, which is the common increase (i.e., the multiplier), multiplication [by
the common increase] and squaring {are made according to the designations]. The result
[thus obtained], increased by one, divided by the common increase less one, and
multiplied by the first term, will be [the sum of the geometrical series] of which the
succeeding terms are multiples [of the preceding ones].

7

S, = a

(A 5ef),
r—1
where a, 7, and n are the first term, the common ratio, and the number of terms of a
geometrical progression. (A S5abcd) gives an algorithm for computing 7.
Ex.a = 2, r= 3,n = 7. (m = multiplication, s = squaring.)
n=7

{m 2187 (= 729.3) = 37 = .

6

48729 (= 27%

3

+m 27 (= 9.3)

2

$s9(= 3%

1

+m3 =r
0

2187 — 1 _

$; = 2. =——— = 2186.

Cf. Chandahstitra 8.32; PG 94-95; GSS 2.94; Prthudakasvamin on BSS 12.17;
MS 15.50-53; SS 13.25; L 130; GK Sredhi 21 (I, p.127); GM 169-170.

X4. Multiplication
Kapadtasandhi (a door junction) is of two kinds, and Gomiitrikd (A cow’s urine)

is also of two kinds. In addition, Tatstha (being there) is said to be of two kinds, and
Khanda (separation) is regarded as of three kinds.
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. The verse enumerates the names of four methods of multiplication, which are
being described in the next four verses. Due to the laconic expressions of the versified
rules and the sl.(etchy descriptions of the commentaries, there remains much ambiguity
about the details of the procedures. Moreover, the two commentaries (or recensions)
do not agree with each other in nomenclature. For example, Kapdtasandhi of
Sambhunatha (in A) is called the kosthabheda of Tatstha by Sambhudasa iin B), while
Kapadtasandhi of the latter is called Tatstha by the former. Sambhunatha in the ;;rescnt
verse regards Khanda as of two kinds, ripavibhdga and sthanavibhaga, but under (A
9) = (X 8) he admits three kinds. On the contrary, stanza (A 9) itself reads dvividhah
:(twcoi l;inds) instead of trividah (three kinds), although (A 6) = (X 4) reads tridhd (threé

inds).
Cf. Tr 7.
X 5. Kapatasandhi (“a door junction”)

'One- should place the price above the question, and multiply with the price in order.
There will be two varieties [of the method] called kapdta according to whether the
order [of procedure] is natural (anuloma) or inverse (viloma).

In the present and the following verses, the multiplier and multiplicand are called
“the [quantity in] question” (prasna) and “the price” (mulya).
A.
Ex. A horse costs two hundred and thirty-five koris. How much do fifteen horses
cost?

0 2 3 5
1 0 235 koris X 15 = 3525 koris.

L4155
5 2 5

B. S$ambhudasa first explains the four methods for multiplication (X 5-8) and an
auxiliary rule concerning zero and unity (X 9). and then gives eleven examples with
working processes for only the first example. The first eight examples require the price
of a certain thing when its quantity (Q) and the unit price (U) are given. The rest are
purely numerical examples which have been devised for a special form (riipa) of the
result.

Ex. 1. Q = 1196 gadiyanas of ripa (silver?). U = 18 drammas/gadiyana.
Ex. 2. Q = 865 tolas of hema (gold), U = 32 tankas/tola.

Ex. 3. Q = 196 manas of marjitha, U = 35 tankas/mana.

Ex. 4. Q = 4865 manas of danta (ivory?). U = 36 tankas/mana.

Ex. 5. Q = 38327 manas of sanda, U = 8l drammas/mana.

Ex. 6. Q = 1767 manas of sikadi, U = 64 tankas/mana

Ex. 7. Q = 3703 manas of dcchi, U = 188 drammas/mana.

Ex. 8. Q = 1859 manas of padasatra, U = 308 tankas/mana.

Ex. 9. 152207 x 73 = 11111111 (in the form of a valli or creeper).

Ex. 10. 333333666667 x 33 = 11000011000011 (a kanthabharana or

necklace).
Ex. 11. 142857143 x 7 = 1000000001 (a hara or necklace of pearls).



418

Hlustration of Ex. 1 (1196 x 18 = 21528). In the ms. the two varieties, the natural
and the inverse orders, are illustrated by the “setting” (nydsa), one of the intermediate
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steps, and the result (21528), without explanations.

oml10timl0t2mi0
Natural order
Setting 118
1196
A step 18828
196
74
Result 21528

These illustrations obviously contain scribal errors. The following are my
tentative reconstructions. The underlines indicate the numerals newly written at each

step.

(H

(2)

3)

4)

(5

(6)

(7

Price

Question

i8 x I:

18 x 1;:

18 X O;

18 x 6:

From (X 9):

Result

o

|

O
=)}

18828
1960

740

21528

Inverse order
18

1196
11968
874

82
21528

18 X 6:

18 x 9:

I8 X 1:

18 x 1

9638

820

21528
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Steps (1), (5) without the first line, and (7) are given in the ms. At step (6), the
empty places are filled with zero according to (X 9).

Cf. Tr5-6; PG 18-19;GP 10; GSS 2.1; MS 1.3;SS 13.2; GT 15; L 14; GS 1.27;GK
Prakirnaka 13; GM 17-18.

X 6. Gomditrika (“a cow’s urine”).

One should place the price below the question, and multiply the whole mutually.
There will be two varieties [of the method] called gomiitra according to whether the
order [of procedure] is natural or inverse.

A.
Ex. 1. The area of a square figure.

4 hastas 12 angulas X 4 hastas 12 angulas

= 20 sq. hastas 6 sq. angulas.

41 12 4] 12 41 12 41 12

4 = 16 = 18 = 18 2120

12 4 48] 48 0| 54 0 6 6
12 144 0 0 0

The ms. shows the first step only.
Ex. 2. A horse costs three hundred fifty-five and a half koris. How much are fifteen
horses? (28 dokadas = 1 kori)
355 1/2 koris X 15 = (355 koris + 14 dokadas) X 15
5325 koris + 210 dokadas
= 5325 + 7 1/2 koris = 5332 korfs.
The main text calculates: 355 x 15 + 7 = 5332, while the enclosed expression is:

il

15 a 10 in the ms.
355 ko II 5325° b 5321 in the ms.
dokada 14 210

B.
Ex. 1196 X 18 = 21528. Just as in the case of Kapdtasandhi, the two varieties are

illustrated by the first “setting”, one of the intermediate steps, and the result.

Natural order Inverse order
Setting 1196 1196 (question)
I x x 1 (price)
A step 19788 19788
174 174

Result 21525 f21528]
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Evidently, the result of the natural order is wrong. and that of the inverse order is
missing. Likewise, the intermediate step of the inverse order and the second line of the
setting in both cases appear to suffer from scribal errors.

(N Question 1196 1196
Price I8 18
(2) 1 x 18: 18 6 x I8: 68
4
(3 1 x 18: 198 9 x 18: 9383
74
@) 9 x 18: S 1972 L% 18§: 2788
7 74
(5) 6 x 18: 97__8 I x I8: _—7__(_)788
174 74
(6) From (X 9): 19788 20788
1740 740
(7 Result 21528 Result 21528
Cf. BSS 12.55.

X 7. Tatstha (“being there”).

A. Sambhunitha’s recension reads:
The variety [called] Sirsa (the head) is declared in multiplying the quantity one by
one. In addition, the variety [called] prstha (the back) has been told {in the same
category]. [Thus], ratstha is also regarded as of two kinds.
Ex. 1. Sirsabheda. 135 x 12 = 1620.
12 | 12 2
1

35 1235 1565

1620 ‘

(12 x 3) (12 x 3) (12 x 5)
Ex. 2. prsthabheda. 135 X 12 = 1620.

1420 1620

i35 1360
1 2

(12 X 5) (12 x 3) (12 x 1)
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B. Saxfxbhudésa calls the two varieties “the head” and “the box™ (kostha).
Ex. 1. §irsabheda. 1 1_96 X 18 = 21528. In the ms. are given the following three steps.
' Setting A step Result
Pncc. 18 11968 21528
Question 1196 887
My tentative reconstruction is as follows:
(§)) 1 X 1196: 1196
) 8 x I 1196
8
3 8§ x 1t 1196
88
(C))] 8 X9 1196
882
7
5) 8 X 6: 11968
8§82
14
(6) From (X 9): 11968
8820
740
) Result: 21528

Probably the intermediate step in the ms. is a corrupted form of step (5).
Ex. 2. kosthabheda. 1196 X 18 = 21528.

Cf. Tr 6; PG 19; GSS 2.1; GM 16.

X 8. Khanda (“part”)

In some cases the separation by integers (rupavibhaga) wyill‘be [employed], in
other cases the separation by places (sthdnabhdga), and still in other cases the
separation by decreasing and increasing (hinddhikabhdga). The [method called]
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khanda has also been handed down [to us] in three kinds.
(1) Separation by integers: ab = ax + ay, where b = x + y.
A.
Ex. Given under (A 6) = (X 4).
135 x 12 = 135 Xx 6 + 135 x 6 = 810 + 810 = 1620.

Expression in the ms.:
6
6

1196 X 18 = 1196 X 9 + 1196 X 9 = 10764 + 10764 = 21528.
2) Separation by places:

ab = ax; 10" + ax;107~1 + ... + ax,. ;10" + ax,10°,
where b = x; 10" + x,107"" + ... + x,,_ ;10" + x,1(P.
A.
Ex. 135 X 12 = 135 X 10 + 135 x 2 = 1350 + 270 = 1620.
B.
Ex. 1196 x 18 = 1000 X 18 + 100 X 18 + 90 x 18§ + 6 x 18

= 18000 + 1800 + 1620 + 108 = 21528.

135
135

810
810

sum
1620

multiplier 12
multiplicand 135

product
1620

B.
Ex.

Expression in the ms.:

18

1000 18000

18

100 = 1800 =>| 2]528l
I8

90 1620

18

6 108

3) Separation by decreasing and increasing:
A. According to Sambhunitha, the rule given is:
ab = a (b = k) ¥ ak.
Ex. 1. 997 x 25 = (1000 — 3) x 25 = 25000 - 75
Ex. 2. 293 x 50 = (290 + 3) X 50 = 14500 + 150

24925.
14650.

B. According to Sambhudasa, the rule given is:
ab = (ak) (blk).

Ex. 18 X 1196 = (18 X 2) X (1196/2) = 36 x 598 = 21528.

Cf. BSS 12.55-56; Tr 7; PG 20; GSS 2.1; GT, p.5; L 14-15; GS 1.29; GK
Prakirnaka 14-15; GM 16.
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X 9. Multiplication by zero and unity
[A number], multiplied by zero, is zero. One should employ zero in front. [A

number], multiplied by unity, is the same. This will be so indeed everywhere.
Three rules are prescribed here.

1) a.0 = 0.
2) Write down zero in front:
Nal =a

A. Sambhunitha differentiates 2.0 = 0 and 0.2 = 0 in the first rule, and says that “it
is the same” in the case of unity (the third rule) as well, but does not refer to the second
rule. His reading of the second quarter of the verse itself is quite ambiguous: “One
should employ (what?) in the way (?) of zero” (Sunyamdrge niyojayet).

B. According to Sambhudasa, the second rule is meant for filling empty places in
multiplication. See Exs. for (X5) and (X 6) above.

For zero, cf. BSS 18.32-35; Tr 8 = PG 21; GP 17; GSS 1.49; MS 15.10-11; SS
14.6; GT 45; L 45-46; BG 16-20; BGA 1.11-15; GS 1.31; GK Prakinaka 30; GM 46.

X 10. Division

Having put down the divisor below the question (i.e., the dividend), and divided
the question by the divisor, the division should be made (lit. part should be taken away)
in order. [Thus] the rule for division has been certainly handed down [to us].

This gives the well-known method, which places the divisor (hara) under the
dividend, which (the latter) is called “the [number in] question” (prasna) in our text.
A.

Ex. 1620 + 12 = 135.

1 13 135
1620 = 420 = 60 = 0
12 12 12 12

The last step and the first line of the second and the third steps are not given in the
ms.

B. After having given an auxiliary rule (B 9U), Sambhudasa assigns ten examples,
which all require division of a certain amount of money (the denomination is always the
dramma).

488/4 = 122.

327/3 = 109.

4096/16 = 256.

11664/108 = 108.

30276/87 = 348.

tn
vk W~
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Ex. 6. 156025/395 = 395.

Ex. 7. 1466521/1211 = 1211.
Ex. 8. 19345600/1808 = 10700.
Ex. 9. 10000003/13 = 769231.
Ex. 10. 100001/11 = 9091.

Sambhudasa only gives the first “setting” (nydsa) and the quotient.
Thus,|4 8 8land 122, for the first example.
|4 l

Cf. Tr9; PG 22;GP 11; GSS 2.18-19; MS 15.4; 88 13.3; GT, p.6; L 18; GS 1.33;
GK Prakirnaka 16; GM 19.

B 9U. Zero for a quotient

[When] there is no division, the quotient is zero.
This rule is no doubt meant for filling empty places in the line of the quotients obtained
at each step, but it has been rarely stipulated.

X 11. Square and cube

In the case of the product of two equal quantities, there is a square only. In the case
of the product of three equal terms, there will be certainly a cube.

@ =aa & =aaa.

A.
Exs.22=4,32 =9, ...,92=281,12 = 1.
33 =0333=93=27,1"=1,22=28,4>=64,..,9 =729,
B.
Exs. 12 = 1,22 = 4, ..., 5% = 25, 152 = 225, 25% = 625, 2352 = 55225.
12=1,2 =28, ..,5 =125, 15% = 3375, 25° = 15625.

Cf. Abh 2.3; BSS 12.62; Tr 11,15; PG 24,28; GP 11; GSS 2.29,43; MS 15.6; SS
13.4; GT 21,26; L 19,24; GS 1.35,4T; GK Prakirnaka 17,21; GM 23,27.

X 12-13. Square-root

Having subtracted a square from the [highest] odd [place], one should divide the
next [place] by twice {the square-root], put the quotient into the line [of the results], and
subtract its square from the next. Having doubled [the square-root] as before, and slid
that [divisor to the next place], one should divide the next. This {procedure] should be
done at the succeeding [places] also. One should have what has been doubled.

This gives the well-known algorithm. No example in A.
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B.
Ex./1=1,/4=2,/9=3,/16=4,/25=35, /225 = 15, /625 = 25, /55225 =
235 (without working process).

The working process for the last examplé may be reconstructed as follows.

oceoeo (0o = odd, e = even) 55225
55225
15225 (5—22=1)
2
15225
4 22=29
}225 (15—4.§=_3:)
43
2325 (32 - 3 = 23)
43
2325
46 (3.2 = 6)
2325
ié (slide)
25 (232 - 46.§ =2)
465
9 (25—52=9)
465
0
470 (5.2 = 10)
0
zzé 470/2 = 235)

Cf. Abh 2.4; Tr 12-13; PG 25-26; GP 12; GSS 2.36; MS 15.6-7; SS 13.5; GT 23; L
22; GS 1.37-38; GK Prakirnaka 19-20; GM 25.

X 14. Multiplication and division of fractions

A. Sambhunatha’s recension is as follows.
A 15. The product of the numerators, divided by the product of the denominators,
is the result in the case of multiplications of fractions. In the case of division,
having turned the numerator and the denominator {of the divisor] upside down,
[one should obtain] the result just as in the case of multiplications.
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b d _bd
a’' ¢ ac
b .d _b ¢ _ bc
a ¢ a’ d ad
Ex.1. 10 10 _100 _ 1
4 4 716 4
Ex.2. .1 10 25 4 _100 _ 1
65 7 700 ~q °

Ex. 2 is identical with Tr Ex. 10ab.

Cf.BSS 12.3-4,60; BM Q3, Q4; Tr20; PG 33; GP 16, GSS 3.2,8; MS 15.15;
SS 13.9-10; GT 35-36 (pp.19-21); L 39, 41; GS 1.53,55; GK Prakirnaka 28-29;
GM 43.

B. The rule in Sambhudasa’s recension is considerably different. It is meant for
the multiplication of those numbers which consist of an integer part of a certain
measure and its fractional part.

B 13. The integer should be correctly multiplied by the [other} integer, and
both fractional parts [produced] from division also correctly by it. Those
fractional parts are [multiplied] mutually. One should obtain the result produced
from fractions [in this way].

This rule may be expressed thus:

(a;b). (c;d) = ac + (0;ad) + (0;bc) + (0,0, bd),

where a and c are integer portions, and b and d are fractional portions, of a certain
measure.
Ex. 1. Area of a rectangular field. 10 gajas 12 angulas by 1 gaja 8 angulas, where
24 jyestha (largest) angulas = | gaja.
10;12.1;8 = 10.1 + 10.0;8 + 1.0; 12 + 0;12.0;8
=10 + 3;8 + 0;12 + 0;4 = 14 sq. gajas.

Ex.2. Area of arectangular field. 25 gajas 14 visas by 16 gajas 10 visas, where 20 visas
. = 1 gaja.
25;14.16;10= 400 + 0;224 + 0;250 + 0;0, 140
=400 + 11;4 + 12;10 + 0;7 = 424;1 sq. gajas.

X 15. Rule of three (trairdsika) and inverse rule of three

A. Sambhunitha’s recension can be translated thus;

A 16. The product of the middle and the last [terms] is first [made, and then]
divided by the first in the rule of three. In the inverse [rule of three], the product of the
middle and the first, divided by the last, will be the result [to be obtained].
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When a;: b = a,: x,
x = bay/a; (Rule of three).
When a; - a, = x:b
x = a; b/a, (Inverse rule of three).
In both cases, the three terms are arranged thus: (a;,
be measured by the same unit,
Rule of three.

Ex. 1. One sera of ghee (ghrta) is obtained for eight dokadds. How much is obtained
for twenty dokadas?

(8,1,20) = 20/8 = 2 1/2 seras.
Inverse rule of three.

According to Sambhunitha, the inverse rule of three can be applied to the following
relationships.

b, a;), where a; and a, must

Age: price of living creatures.

Purity: weight of gold.

Shadow: time from a gnomon.

Size: times for filling/emptying measuring cups.

Ex.2. A baladi of six dharas costs twenty koris. How much does that of ten dharas
cost?

(6,20,10) = 120/10 = 12 koris.

Ex.3. A female slave (ddsi) who is twenty years old costs a hundred koris. How
much is one twelve years old?
(20,100,12) = 2000/12 = 166 2/3 koris.

According to Ganesa of Nandigrama (on L 79), a girl sixteen years old is the most
expensive, which contradicts the present example. Cf. Tr Ex. 56; PG Ex. 50; GT 109;
al-Birani’s India, I, p. 313.

Ex.4. One makes eleven tolas of pure goid (where complete purity is sixteen sixteenths)
into a piece of gold whose purity is thirteen. What is the weight of the mixture?

(16,11,13) = 176/13 = 13 7/13 tolas.

Cf. Abh 2.26-27; BSS 12.10-11; BM C10, N19,Q11; Tr 29-30; PG 43-44; GP 24,
GSS 5,2; MS 15.24-25;SS 13.14, GT 86; L 73; GS 1.63,81; GK Prakirnaka 60-61; GM

88.

B. InSambhudisa’s recension, the three terms, a,, b, and a,, are called, in this order,
“the last”, “th middle”, and “the first”. This order of naming is the reverse of the usual
one, but the right-to-left order itself is popular in the decimal.place-value systsm. TEus,
for example, the “2” and the “4” of the number 234 are designated “the last” and “the

first” digits respectively.

B 14. The product of the middle and the first is first [made, an§ then] divided by
the last in the rule of three. In the inverse case, the product of the middle and the last,
divided by the first, will be the result [to be obtained].
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Rule of three.
Ex. 1. Five manas of rice are obtained for twenty-one drammas. How much do ninety
manas of the same cost?
(5,21,90) = 378 drammas.
Ex. 2. Six manas of mudga beans are obtained for twenty-three drammas. How
much of the same thing is obtained for eighty-one drammas?
(23,6,81) = 21 3/23 mapas = 21 manas S 5/23 seras.
Inverse rule of three.
Ex. 3. A woman (kamari) eighty years old costs forty tankas. How much does a
woman sixteen years old cost?
(80,40,16) = 200 tankas.
Ex. 4. A certain pearl is obtained for twenty-five drammas of one hundred cadatu
tankas. For how many drammas of sixty cadatu tankas is the same pear] obtained?
(100,25,60) = 41 2/3 drammas = 41 drammas 2 jathalas.

X 16. Investments (praksepa)

A. Sambhunatha’s recension is:
A I7. By the profit produced from various investments, they (i.e., the investments) are

multiplied [severally], and divided by their sum. [The result] will be the shares of each
[investor].

When q; is the investment of the i-th investor (i= 1,2,...., n), M, the profit obtained
from the investments, then the share of the i-th investor is:
. a. M
pi = ’A——, where A = a; + a, + .... + a,.

Ex. Three persons invested severally fifty-one, sixty-eight, and eighty-five koris,
and obtained three hundred koris in total. How much is the share of each?

Investments (a;): 51, 68, 85 koris.
Profit (M): 300 koris.

A =51 + 68 + 85 = 204.
51.300 _ 15300_

W— = m- = 75 kOﬁS.

68.300 20400 -
04 - 904 100 koris.

85.300 25500 _
204 - h0d 125 koris.

B. Sambhudasa’s recension is:
B 15. The product of various investments and the profit is [made] severally. From its

division by the sum [of the investments will be] two quotients. The result will be that
[share] of each [investor].
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According to Sambhudasa, the rule prescribes two kinds of procedures.

pi = QLM‘ and p;, =

A a;.

>R

But it is difficult (if not impossible) to see the latter formula in his wording of the
verse.
Ex. 1. Seeds.
Investments (a;): 2, 3, 4, 5 seis.
Profit (M): 210 seis.
Method 1. A =2 + 3 4+ 4 + 5 = 14 sels.
a;M: 420, 630, 840, 1050.
pi: 30, 45, 60, 75 seis.
Method 2. A =2 + 3 + 44+ 5 = 14 sels.
M/A = 210/14 = 15.
pic 30, 45, 60, 75 seis.

This example is identical with Trisatika Ex. 67, although the latter uses prastha
instead of ser.
Ex. 2. Money.

Investments (a;): 100, 500, 1000 tankas.
Profit (M}: 200 tankas.

Method 1. A = 100+ 500+ 1000 = 16000 tankas.
a; M: 20000,100000, 200000.
pic 12 172, 62 1/2, 125 tankas.

Method 2. A = 100+ 500+ t000= 16000 tankas.
M/A = 200/1600 tankas/tankas
= 200.48/1600 jayasthalas/tankas.
= 6 jayasthalas/tankas.
pic 600, 3000, 6000 jayasthalas. or
12 1/2, 62 1/2, 125 tankas.
(48 jayasthalas = | tanka.)

This example is identical with Trisatika Ex. 68-69, although the latter does not

specify the denomination.
Cf. BSS 12.16; BM N1; Tr 38; PG 59; GSS 6.79; MS 15.36; SS 13.19; L 94; GS

3.7; GK Miséraka 1; GM 111.
X 17. Mixture of gold (misraka)

A. Sambhunatha’s recension reads:
A 18. One should divide the sum of the products of the colours (i.e., the purities)



430 TAKAO HAYASHI

and [the weights of] the gold [pieces] by the sum of [the weights of] the gold [pieces].
The colour [of the mixture] should be known in the numerical figure obtained. When
[the first sum is] divided by [the weight of] the gold [obtained], the colour [of the
purified gold is obtained].

When v; and w; are, respectively, the purity (varna) and the weight (suvarna) of the i-th
piece of gold (i=1,2,...n), then the purity of the mixture of them is:

viw; + vowy + L0 VW, :

V = 1wy 272 n'n ,where W< w; + wy, +....+ w,.
Viw, + vawsr + L.+ VW,

v = Wi T VaW2 C e where W < w, + wy +....+ w,

Sambhunatha’s example (see below) suggests that the second formula is meant for
the case where the weight (W) of the mixture decreases due to purification (otherwise
the rule is superfluous), but this condition is not stated in the verse.

Ex. Purity (v;): 13, 12, 11, 10 varnas.
Weight (w;): 10, 4, 2, 4 masas.

po 1310+ 124 + 112 +104 _ 240 _
10+4+2+4 T T T o vamas.

When the mixture has lost its weight by purification, and becomes 16 mdsas.
V = 240 15 varnas

16 T

B. Sambhudisa’s recension lacks words for the “products” (v;,w;) and the “sum” (W),
which are indispensable for the rule.

B 16. The sum of [the products of] various colours and [the weights of] the gold
[pieces] is divided by [the sum of the weights of] the gold [pieces]. The colour [of the
mixture] should be known in the numerical figure obtained. When [the first sum is]
divided by the colour [of the mixture], the weight [of the mixture is obtained.]

Here the second rule is:
VW + VoWs + ... + VW,
W = Vv )

This rule is useful only for the case of purification (otherwise the weight of the
mixture is simply the sum of the weights of the gold pieces given), but Sambhudasa
applies it to the case of a simple mixture in his example.

Ex. Purity (v;): 12, 14 varnas.
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Weight (W) 8, 4 gadiyanas.

y =128+ 144 152 2 varnnas.
8 + 4 12 3
12 213 13 13

The d&?crease of weight, 4/13 gadiydna, is due, of course, to the approximation of
the denominator, 12 2/3, by 13, and not to the purification of the gold.

Cf. BM 27-29; Tr 36-37; PG 52-53; GSS 6.169, 172; MS 15.38-39; L 103; GS
3.15, 18; GK Misraka 18; GM 138.

X 18. Areas of a square, an oblong, and a trapezoid.

In the case of a quadrilateral, equal-[sided] (square) or oblong, the product of the
side and the upright is the area. Half of the sum of the base and the face, multiplied by
the perpendicular, is the area in the case of an odd [quadrilateral] (i.e., a trapezoid).

A = ab,

where a and b are, respectively, the side and the upright of a square (sarma-caturasra)
or an ablong (dirgha-caturasra).

a+b

A = — h,
where a,b, and h are the mouth or face (mukha), the earth (vasudhd), and the
perpendicular (lamba) of a trapezoid (visama-caturasra, lit. an irregular quadri-
lateral).
A.
Ex. 1. A Square.a = b = 4. A = 16.
Ex. 2. Anoblong.a = 8, b = 3. A =24,
Ex. 3. A trapezoid. a = 8, b = 20, (c = 5,d = 6,) h = 4. A = 56.

The unit of measurement is not explicitly given in most of Sambhunatha’s geomet-
rical examples, but it is probably the ahgula unless otherwise indicated. See under (X
20). Ex. 1 is identical with Tr Ex. 75ab.

B.

Ex. 1. A square. a = b

Ex. 2. A square.a = b

Ex. 3. An oblong. a = 4,

Ex. 4. An oblong. 2 = 4 1/2,

Ex. 5. A trapezoid. a = 4, b
A = 108 sq. gajas.

=4 gajas. A = 16 sq. gajas.
=4 1/2 gajas. A = 20 1/4 sq. gajas.

b = 2 gajas. A = 8 sq. gajas.

b = 2 1/2 gajas. A = 11 1/4 sq. gajas.
= 14, (c = d = 13,) h = 12 gajas.

Ex. 1 is identical with Tr Ex. 75ab, and Ex. 5 with Tr Ex. 78.
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Cf. Abh 2.8; Tr42; PG 115; GSS 7.50; MS 15.78; SS 13.30; L 173; GS 3.35,39;
GK Ksetra 34,45; GM 231, 240.

X 19. Areas of a triangle and a circle

Half of the base, multiplied by the perpendicular, is the area of a triangular field.
The product of a quarter of the diameter and of the circumference is [the area] of a
circle.

A= —‘2‘.h (X 19ab),

where a and h are, respectively, the earth (vasudha) or the base and the perpen-
dicular (lamba) of a triangle (trikonaka).

A = —j.c (X 19cd),

where ¢ and d are, respectively, the circumference (vriti) and the diameter (vydsa) of a
circle (vartula).

The reconstructed ancestor (X 20 and 23) and Sambhudisa (B 18U). and most
probably the original Paiicavimsatika as well, employ 19/6 for 7, while Sambhunatha
uses /10 (A 22 and 24) in addition to 19/6 (A 21 and 23). Thakkura Pheri also uses both
/10 and 19/6 side by side (GS 3.43 and 45). 1t is likely that the fraction, 19/6, was
obtained from /10 by means of the well-known approximation formula:

Ja + r=a + ra.
A,
Ex. 1. An isosceles triangle. a = 6, (b = ¢ = §5,) h = 4. A = 12.
Ex. 2. Acircle. d = 7.
c. [= (19/6).7 = 22 1/6] = 22, A = (7/4).22 = 38 1/2.

Here Sambhunatha does not give the computation of the circumference (c), which
has been reconstructed according to (A 21). It is difficult to tell why Sambhunatha did
not choose 6, instead of 7, for the diameter (d), just as Sambhudasa did (see below). He
uses the same diameter in (A 21, 22, and 23). The diameter and the circumference, 7
and 22, suggest that he simply borrowed the present example from a book which
employed the famous approximation to 1, 22/7; this value was known to Bhaskara II
and Aryabhata II, and perhaps to Sridhara as well.
B.
Ex. 1. Anisosceles triangle. a = 14, (b = ¢
A = 60 sq. gajas.
Ex. 2 A circle. d = 6 gajas.

13), A = 12 gajas.

¢ = 19 gajas (according to (B 18U), A =28 1/2 sq. gajas.

For (X 19ab), cf. L 166; GS 3.39; GK Ksetra 39; GM 219. For (X 19¢d), cf. Abh
2.7; GSS 7.60; L 201; GS 3.43,45; GK Ksetra 9.
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A 21.  Circumference and area of a circle

. The diameter, ml_lltiplied by three and increased by one sixth of the diameter, is the
arcumf;rence [of a circle]. One should multiply mutually half of the diameter and half
of the circumference. [The result is the area of the circle.]

d
c=3d+—[=l—9d] (A 21ab).
6 6

_d c
A= 5. —(A2lcd)
Ex.d=7.¢ =37+ 7/6 = 22 1/6 = 22.

A = (7/2). (22/12) = 38 1/2.
(A 21) = AP 47.22 = GS 3.45 in contents.

AP 47.22:

vyase trigune paridhih sasthabhagavimisite/
vyasardham ca paridhyardham gune vrttaphalam bhavet//

GS 3.45:

vattassa ya vikkhambham tiunam taha chatthamamsajuya parihi/
vikkhambhaddhe guniya parihi dalam tassa khittiphalam//

Cf. GS Uddesapaiicaka 22:

vattassa ya vikkhambham tiunam taha chatthamamsajuya parihi/
si paya vitthare guni jam jayai tam ji 'khittaphalam//

Cf. also (B 18U) below. For (A 2lcd), see (X 19) above.

A 22. Area of acircle

When the square of the diameter is decreased by one fifth [of itself], [the resultis]
roughly the area. The square of the square of half the diameter is multiplied by ten.
From its square-root the area [of the circle is obtained).

& 16 d°
A=d2——5—[=—5—.z-] (A 22ab).
4= &, A 22cd)
A= J10d2)t = /10'_4'_‘ (A 22cd).

Ex. A circle. d = 7.
Method 1. & = 49, d°/5 = 9 4/5 = 9 3/4,
A = 49-(93/14) = 39 1/4.
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Method 2. A? = 10 (7/2) 4 = 24010/16 = 1500 5/8 = 1500.
A rule (A 22U) is quoted here in order to compute the square root of 1500.
1500 = 382 + 56,

60 (56 + 1) 3420 11 _
2 Sy i S & s
A=/ 1500 = 38 + 44/60 = 38 3/4.

For (A 22cd), cf. BSS 12.40; GSS 6.60; Tr 45; MS 15.88; SS 13.35.
A 22U. Approximation to the square-root

The remainder of the square-root is increased by unity, multiplied by sixty,
increased by the fractional portion (vikalds), and divided by twice the square root plus
two. The quotient will be accurate [approximation to the fractional portion of the square

root].

This rule is meant for the case where the fractional portion of the number in
question (n) is expressed in the sexagesimal system, say,

n=k+— (k and v are positive integers, and 0 = v < 60).
60

Let a be the nearest square root in integers.

2 v
= +rorn=a +r+ o
k=a , O

then the rule may be expressed thus:

. : 60+ 1) +v
The fractional portion of /n = 52 T3 .
Or,
_ 60 (r+1) + v 1 _ r+ vi60 +1
M=t —psr w9 Tarn )

Cf. BSS 12.64-65; BM Q2. Cf. also Tr 46, PG 118, MS 15.55, SS 13.36, L 140,
and GK Ksetra 30-31, which all prescribe approximation formulas of the type:
/np’
n = X<
/ p

’

where /np?is obtained by means of the algorithm based on the place-value system.
Cf. (X 12-13) above.
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A 23. Area of a circle

The square of the diameter, when decreased by one fifth [of itself], is known to be
the area. Or, otherwise, to the square quantity of the diameter, decreased by its quarter,
one should add one eightccn;h of itself. [The result] is known to be the area.

2
a=a-L (216 L0 4 o)

5 5 4

& e 1 19 &
Azdz”T+(‘{z_4—)'ﬁ[=—6_'4_] (A 23 cdef).

Ex. Acircle.d = 7.
Method 1. See under (A 22) above.
Method 2. d° - d?/4 = 49 - (12 1/4) = 36 3/4,
A = 363/4 + (36 3/4)/18 = 6 3/4 + 4 + 2 1/24 = 38 3/4.

Verse (A 23ab) is identical with (A 22ab) above. (A 23cdef) is identical with AP
47.24 in contents, and AP 47.24 gives another formula equivalent to it.

AP 47.24:

vyase vargasya gunite” caturthamsam tu patayet/
$ese * stadasake bhage ksipte vrttaphalam bhavet//
*Read vyase vargikrte tasya.
AP 47.25:
vyasavargahastaikonapaficangulani® patayet/
éesam yal labhyate tac ca vrttasyapi phalam bhavet//
aRead — hastaika$ah pancangulani.

5 19 &
A=d -5 — &= 5=

A 24. Area of a segment of a circle.

Half of the sum of the cord and the arrow is multiplied by the arrow. The product of
its square and ten is divided by nine. Its square-root is regarded as the area of the bow
and arrow (i.e., the segment of a circle).

A= / 10[h(a+h)2P9=/10. f'—(-‘fg—f’-)

1.
where a and h are, respectively, the cord (jyd) and the arrow (Sara/bdna) of a segment
of a circle.

Ex. A segment of a circle. a=6, h =
A’= 10[1.(6 + 1)/2}/9 =490/36 =13 11/18=13.
A= /13,
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Sambhunatha expresses the square-root of 13 as “315”, where the vertical stroke (I)
means a quarter of the unit of length, which is not specified here as elsewhere, and the
“5” is the number of its sub-unit. If the conversion ratio is k, then “315” means “3 units
and (k/4 +5) sub-units”.

If we apply the above rule for root approximation (A 22U), we obtain, /13 = 3 +
5/8. From the equation,

5
5k

kS

+5 =

we obtain: kK =40/3 =13 1/3. This is, however, impossible not only because k must be
. an integer but also because the expression “315™ in the manuscript implies that k/4>5,
or k>20. Hence we have to admit either that a different method was used for the
root-approximation, or that the expression “315™ has been corrupted, or both.

For the same formuia, cf. Tr 47; MS 15.89; GS 3.46, See also (X 20) below.

B 18U. Circumference of a circle

Three times the diameter, increased by one sixth [of a diameter], is the
circumference {of a circle].

d_ 19

This formula is employed in Sambhudasa’s Ex.2 for (X 19) =(B 18).
Cf. (A 21) above.

B 19. Heron’s formula for a trilateral and a quadrilateral.

Half of the sum of [all] the sides is [put down| four times, and [severaily] decreased
by the sides. The square-root of their product will surely be the area of a trilateral or of a
four-faced [figure] (i.e., a quadrilateral).

A=/(s—a)(s—b)(s—c)(s—d),
where a, b, ¢, and d are the sides of a quadrilateral (d = 0 in the case of a trilateral), and
s=a+b+c+d.
Ex.1 (=Ex.5 for (X 18)). s=22, A =108 sq. gajas.
Ex.2 (=Ex.1 for (X 19)). s=18, A=60 sq. gajas.

Cf. BSS 12.21; Tr43; PG 117: GSS 7.50;: MS 15.69; SS 13.28; L 169; GK Ksetra
33-34; GM 224.

X 20. Area of a segment of a circle, and that of “a rim’ and of any other irregular
figure

The product of the arrow and half the sum of the cord and the arrow is increased by
one eighteenth [of itself]. In the case of a rim-like figure and an irregular {figure], the
product of the breadth and the length is the area.
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A=h(a+h)/2+h(a+h)/2.1/18 [=19/6. h(a+h)/6] (X 20 ab).

where a and h are, respectively, the cord (jya) and the arrow (Sara/isu) of asegment of a
circle. ’

A=ab (X 20cd),
where a and b are, respectively, the breadth (vydsa) and the length (dirgha) of ‘a rim’
(nemyakrti), i.e., an annulus, or of any irregular (visama) figure.
A. Sambhunatha refers to the relationship,
A sq. angulas = A/576 sq. hastas,
where 24 angulas = | hasta. He gives no examples. Cf. (A 24) above for a segment of a
circle.
B.
Ex.1. A segment of a circle. a= 14, h=4 gajas. A =38 sq. gajas.

Ex.2. Arim. a=3, b=5 gajas. A =15 sq. gajas. This is identical with the later half of
Trisatika Ex. 82.

Sambhudasa gives here five examples of irregular figures, which are all mentioned
in the Trisatika (under 44 and 48), and some of them are identical in both works.
Irregular figures are dealt with also in GSS 7.7-38 and GK 4.13-14.

Ex.3. A drum-like figure (murajaksetra), which consists of one oblong and two
segments of acircle. a= 10, b=2, h=3 gajas. A= 61 1/6 sq. gajas = 61,4 sq. gajas.

Ex.4. A barley-corn (yava)-like figure, which consists of two segments of a circle.
a=10, h=4 gajas. A=59 1/9 sq. gajas = 59;2,16 sq. gajas.

Ex.3. A diamond (vijra)-like figure, which consists of two trapezoids.
a=3, b=5, h=4 gajas. A=32 sq. gajas.

This is identical with TrisatikaEx. 84

Ex.4. A half-moon (ardhacandra)-like figure, which consists of two triangles. a=3,
h =28 gajas. A =24 sq. gajas. . . i}
This is identical with Trisatika Ex. 83, where the figure is called “the young moon
(balendu).

Ex.5. A pentagon (paricabhujaksetra), which consists of an oblong and a triangle upon
it. a=4, b=2, h=3 gajas. A= 14 sq.gajas. ’

For formulas similar to (X 20 ab), cf. GP 25; MS 15.93-94; Ganesaon L 213. See
also (A 24) above. For (X 20cd), cf. Abh 2.9. .

X 21. Volume of a rectangular solid . . .
Of a ditch, a):imber. a stone, a storchouse. or a pile [of bricks], the volume is the

product of the breadth and the length, multiplied by the thickness, ifitiseven(i.e., a
smooth rectangular solid).

V=abc, ) . .
where a. b and c are thé breadth (vydsa). the length (dirgha), and the thickness (pinda)

of a rectangular solid such as a ditch. a timber, a stone, or a storehouse.
A. Sambhunitha gives no examples.
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B.

Ex.l. a=4, b=5, ¢=3 gajas, V=60 cub. gajas.
Ex.2. a=4 gajas 5 visas, b=15 gajas 10 visds, c=3 gajas 8 visis.
V= 79; 9,10 cub. gajas.
Cf. BSS 12.44;Tr53; GP29;GSS 8.4;MS 15.104-105;SS 13.43; L. 214, GS 3.55;
GK Khata 2.

B 21U. Arithmetical mean of different lengths. '
If it is irregular (distorted), the sum of the different lengths is divided by it (i.e.
the number of the places measured).
When the rectangular solid to be measured has distorted surfaces, then the mean length
is first obtained by:
a= a;taz+... +a,,’
n

where a; is measured at n different places of the solid lying in the same direction.
Ex.a=6,b=10,c,=2, c;=3, c;=4 gajas. ¢=(2+3+4)/3=3 gajas, V=180
cub. gajas. ’

Cf. BSS 12.44; Tr 52; GSS 8.4,9-10;: MS 15.105; SS 13.43; L 214; GS 3.54; GK
Khata 1. '

X 22. Volume of a cylinder

Of a timber, a stone, a pillar, or a well, the volume is the same. In that case, the
area of the circular field [of its base] multiplied by its thickness (i.e., height), is the
volume.

V=Ah,
where A and h are, respectively, the area of the circular base.  (vrutaphala) and the

thickness (pinda) of a pillar (stambha).
A. Sambhunitha gives no examples.

B.
Ex. d=3, h=20 gajas, c=9 V2 gajas, A =7 Y sq. gajas =7; 3 sq. gajas, V=142 2
cub. gajas.

Cf. Tr 57; L 214; AP 47.26; GS 3.60.
X 23. Volumes of a sphere and a cone-like heap of grain
Half the cube of the diameter of a sphere is increased by one eighteenth [of itself].

[The result is the volume of the sphere.] The square of one sixth of the circumference,
multiplied by the height, is the volume (of a cone-like pile of grain].

==.2 (X 23ab).
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where d is the diameter (vydsa) of a sphere.

V=(2—)2 . h (X 23 cd)

where ¢ and h are, respectively, the circumference (vrita) of the circular base and the
height (udaya) of a cone-like heap of grain.

A. Sambhunitha mistakenly regards the latter half of the verse as giving another
rule for the volume of a sphere, and replaces in his commentary “the height” (udaya) by
“the diameter” (vydsa). (Cf. GS. 3.65 and Uddesapaficaka 25, where Pheru too
employs the word udaya for the diameter of a sphere.) According to him, therefore, the
second rule is:

Ve(phdl=@Erd X2k,

where d and c are, respectively, the diameter and the circumference of a great circle of a
sphere. He then refers to Bhaskara II’s formula (“Lilavati mahim tehano ekavisamo
bhaga jodavyom chem”™):

- 7'7[ = 7,_] (Lilavati 201)

B.
Ex.1. A sphere. d = 3 gajas. V = 14 Y4 cub. gajas.
Ex.2. Grain. ¢ = 18, h = 2 gajas. V = 18 cub. gajas.

When the grain is piled up against a wall, V’=V—V/2 = 9 cub. gajas.
Against the inside of a corner, V' =V —3V/4= 4 V5 cub. gajas.
Against the outside of a corner, V'=V —V/4= 13 : cub. gajas.
Incidentally, Sambhudasa refers to the weights of two kinds of grains:
1 cub. gaja of godhiima weighs 16 manas.
1 cub. gaja of dricari weighs 15 manas.

For the same formula as (X 23ab), cf. Tr 56; MS 15.108; SS 13.46. For other
formulas for the volume of a sphere, cf. Abh 2.7; Bhaskara I on Abh 2.7; GSS 8.28; L
201; GS 3.65, Uddesapaiicaka 25; GK 4a (khata).6. For (X 23cd), cf. BSS 12.50; Tr
61-62; GP 30; MS 15.115; SS 13.50; GK Rasi 10. See also (A 29-31) below.

A 29-31. Grain heaped up on the ground

The depth will be one eleventh [of the circumference of the base] if {the grain is]
fine, one tenth if coarse, and one ninth if bearded. One sixth of the circumference,
squared and multiplied by the depth, will be the quantity [of the grain] in cubic hastas.
The [partial] circumference at the middle, inside, or outside is multiplied by two,four,
or one and a third [severally]. The volume [obtained according to the above rule],
divided by its own divisor according to whether [the mound of grain is piled] against the
middle of a wall, or the inside or outside of a [rectangular] corner, is the [corrected)
volume, which is regarded as being in cubic karas (i.e., hastas).
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V=% h (cub. hastas).

6

The height is calculated from the circumference of its base thus:

h = cla,

where a is 11, or 10, or 9, according to whether the grain is fine (anu), or coarse
{ananu), or bearded (sitkin). According to Sambhunitha, fine grains are cino, kamga,
bdjaro, and ndgali, coarse grains are gahtim (?), jaari, maga, and amada; and
bearded grains are canyd, cold, and lamgi.

Cf. BSS 12.50; SS 13.51: L 227. GS 3.96-97. Sce also (X 23) above.

If a mound of grain is piled up against the flat side of a wall, or against the inside or
outside of a rectangular corner, then the circumference of the complemented base is
calculated by:

c=Pc’,
where ¢’ is the circumference by actual mecasurement, and B is 2, or4, or4/3, as the case
may be. To this value (c) is applied the above rule, and the volume (V) of the
complemented cone is obtained. Then, the correct volume is obtained by:

V' =VIB.

Sambhunatha gives no examples.

Cf. BSS 12.51; Tr 64; MS 15.117; SS 13.52; L 229; GS 3.98-100: GK Rasi 11.
A 32. Work for sawing a timber with u triangular or trapezoidul section

Half of the product of the side and the upright is regarded as the arca of a triangular

field. Half of the sum of the thickness at the foot and top. multiplicd by the length. is the
area produced on the timber.

This rule gives the areas of triangular and trupezoidal sections of timbers cut by a
saw.

b . .
A= % for the triangular section (A 32 ab),

where a and b are, respectively. the side (hdhu) and the upright (koti) of a rectangular
triangle.
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A=a+b

. h for the trapezoidal section (A 32cd),

2
where a and b are the thicknesses (pinda) or the timber measured respectively at its foot
(mila) and top (agra), and h its length. Here also Sambhunatha refers to the
relationship, A sq. angulas = A/576 sq. hastas. He gives no examples.

For (A 32cd), cf. Tr 59-60; GP 29; MS 15.112; SS 13.48: L 223; GK Krakaca 8.
For the sawing of timbers, see also BSS 12.48-49; GSS 8.63-67; GS 3.87-95.

X 24. Telling time from a shadow

The shadow is increased by seven. One should subtract the noon-shadow from it.
Half the length of daylight, multiplied by seven and divided by it (i.e. the result
obtained above), is [the time} in ghatika. etc.

When d is the length of daylight (dina) on a certain day, s, the length of the
noon-shadow (madhyacchdyd). and s the length of the shadow at any optional moment
of the day, then the time (in nddis or ghatikds), elapsed from sunrise if in the forenoon
or remaining until sunset if in the afternoon, is obtained by:

_7.@n) e e
t = TFTS ghatikas (nadis in B).

60 ghatikas = 60 nadis = | day. This is a function of three variables (s, s,, d), and it
belongs to one of the two types of approximation formulas used in ancient and medieval
India. Yavanajataka 79.32 and Pasicasiddhdntika 4.48, for example, give the
formula:

12(d/2)

= m nadis.

Cf. GSS 9.15.

These two formulas can be expressed by a single formula.

g(d/2)
d sS—Sp+g’

where g is the height of the gnomon, which is usually taken to be 12 angulas (fingers) in
India. A gnomon of 7 units has not been attested yet in any other Sanskrit works, but a
gnomon of “7 feet” is known to have been used in a Syriac work written in A.D. 1279, in
which a gnomon of “12 fingers” is also mentioned [Neugebauer 1975, 744].

A formula of the other type has been given by Brahmagupta (BSS 12.52):

_dn
t-jsg—{l—"
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which is equivalent to the former type when s, =0.

Cf. Tr 65; GP 30; GSS 9.8; GK Chaya 12. Cf. also [Davidian 1960}, [Pingree
1970, 121-122}, and [Stone 1982].

A. Sambhunatha does not refer to the method for obtaining the length of daylight
(d); he simply gives the maximum and the minimum values:

max. = 33;34 ghatikas,
min. = 27;34 ghatikas.

This combination is impossible since the sum of the maximum and the minimum
should equal 60 ghatikds. As for the noon-shadow (s,,), he prescribes a curious method.

The longest noon-shadow

max. daylight — min. daylight
33;34 — 27;34 = 6.

The next value = 6 — 6/6 = 5.

The rest is unknown since he stops here.

If, following Sambhunatha, we assume the difference between the max. and the
min. to be 6, then we have:

max. = 33 ghatikas,
min. = 27 ghatikas,

since their sum is 60. This ratio, 33;27, corresponds to the geographical latitude,
$= 21,28 degrees.

He also gives a versified table of twelve noon-shadows (A 1°), which are gross
(sthala) according to him.

B. Sambhudasa’s recension does not indicate explicitly that the result of the
computation, s + 7 — s, is the divisor of the division prescribed. He gives one verse

each for the length of daylight (B 25) and the noon-shadow (B 26).

Ex. On the day of the spring equinox. When does the gnomon-shadow reach eleven
[units]?

Given: s= 11.

Solution: d = 30 ghatis, from (B 25).
s, = 3, from (B 26).
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_1.60m)
t= W—__——? =17 ghaps.

Therefore, it is 7 ghatis after sunrise. or before sunset.
A I°. Length of the noon-shadow.

The [length of the| noon-shadow is: two. one. zero, (“a shadow™ in ms.), one,[one
and a half], two and a half, four less a quarter. five, six, five, five less a quarter, and
three and a half.

The ms. being corrupted, this is only a tentative translation based on the text
restored with the help of the table in the ms.. which is also corrupted:

5, = 2, 1,0, 1, 20, 24, 3V, 5. 6,5, 4%, 3,

When compared with Sambhudasa’s a table of noon-shadows (B 26), these values
show the following peculiarities, provided that the entry is assumed, as usual, to be the
beginning of each zodiacal sign.

1) Theinteger values, 7 in number, form a lincar zig-zag function (dotted lines in
Fig.1), but it has been slid to the left by one zodiacal sign for some reason
unknown fo us.

2) The fractional values, 5 in number, deviate from that linear function. The
deviations, as they stand now, are not consistent, but, intentionally or not,
every fraction has become closer to Sambhudasa’s corresponding value.

B 25. Length of daylight

The [number of| days [elapsed] from the first point of Capricorn, multiplied by
three, increased by zero-three-five-one. and divided by sixty. The quotient is [the
length of daylight] in kala. From Cancer |is obtained the length of] the night in the same

way.

When n is the number of days elapsed from the beginning of Capricorn
(markarddi) or from the beginning of Cancer (karkddi), then the length of the day or of
the night, respectively, on that day is calculated by:

_3n+1530

d 60

(kalas)

1 kala = 1 nadi = | ghatika. This formula yields 34;30 and 25;30 ghatikas
respectively as the lengths of the longest and the shortest days. This ratio,
34:30:25;30 = 23:17, corresponds to the geographical latitude, $=30;24 degrees.

Compare this with the latitude of Ahmedabad, ¢ = 23,03 degrees, where Sambhudisa
wrote this commentary .
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Fig. 1. Noon-shadow
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B 26. Length of the noon-shadow

The noon-shadows have been declared in order to be three. two, one, zero, one,

two, three, four, five, six, five, and four, from the [time of the sun's| entrance into
Aries.

This verse enumerates 12 values of the noon-shadow (s,) assigned for the day
when the sun enters each zodiacal sign beginning with Aries (mesa).

=3,2,1,0,1,2,3,4,5,6, 5, 4.

These values are used in (X 24). They satisfy a linear zig-zag function of the
ordinary type (see Fig. 1). The difference between the maximum and the minimum
values, 6, is unusual in India, but it is common in “the Greek shadow tables” of
Byzantine codices: in the basic pattern of those tables the max. and the min. lengths of
the noon-shadows are 8 and 2 “feet” (or units) respectively [Neugebauer 1975, 738].
Cf. [Yano 1986, 22-26].

{X 25. Colophon of the Pancavimsatika (?)]
Colophon of A (in prose).

Thus is completed the Ganitasdra composed by $ri Sambhunatha. [Tkis
manuscript was] written on the 13th day of the dark half of the month of Magha in Sam
1786 by Caturavijaya at Sri Bhujanagara for the sake of its recital. May there be
prosperity, good fortune, and welfare. Thus, good fortune will be to both the scribe and
the reader.

The date given here corresponds to February 15, Wednesday, (£ 1 day),
A.D.1730. Bhujanagara is probably modern Bhuje in Kaccha, about 300 km west of
Abhmedabad.

B 27. Colophon of B (in verse and prose).

In the year of five-cight-four-one, at the city of Ahammadavada, the
Balabodhankavrtti was composed by Sambhudaisa.

(In prose) Thus is completed the Balabodhankavrtti on the PaficavimS$atika,
composed by the wise (or the minister) Sambhudisa.

The year 1485 given here is, as in the colophon of A. no doubt that of the Samvat
era, and corresponds to A.D. 1428/29 .

APPENDICES

Notation:
A = Sambhunatha’s commentary.
B = $ambhudisa’s commentary.
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APPENDIX I. MULTIPLICATION TABLE

InA12&15 InB 17.
2x2=4: di da cyara. —
Ix3=9: trana tri nava. —
4x2=8: cyara dii atha. cyari di atha.
4x4=16: cyara co kiim solam. cyari cu ki sola.
9x3=27: nava tri sattavisa. —
10 x10=100: dahe dohe so. —

APPENDIX 2. WEIGHTS AND MEASURES

Weights

A.
tola for gold.
dhara(?) for baladi(?).
masa for gold.
sera for ghee.

gadiyana for gold and ripa (silver?).

cadatu for “100-cadatu tanka” and “60-cadatu tanka”.

tola for gold.

mana for rice, mudga beans, godhlima, aricari, maiijitha, danta (ivory?), sanda,
siikadi, acchi, padasiitra, sei for seeds.

According to Sambhudasa (in B)
one cub. gaja of godhiima weighs 16 manas,
one cub, gaja of aricari weighs 15 manas.

Money

A.
kori.
dokada.

28 dokadas =1 kori.

This kori is most probably a copper coin minted by Sultan Muzaffar Shah ITI (1562-72).
See [Sircar 1968, 23].

B.
jathala (= jital).
jayasthala (=jital).
tanka.
dramma.
3 jathalas = | dramma(?)
48 jayasthalas =1 tanka.
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This tanka is a silver coin issued b i ich i
S s y Muhammad bin Tughl 1325-5
equivalent to 48 jitals. See [Sircar 1968, 20]. gt - whieh is

Length
A.

angula.

hasta.

24 angulas=1 hasta.

B.

Jjyestha angula.

gaja.

visa.

24 jyestha angulas=1 gaja.
20 visas =1 gaja.

Time
A.
ghatika.
B.
kala.
APPENDIX 3. PRICES
A.

One sera of ghee costs 8 dokadis.

A woman 16 years old costs {25 koris.

One horse costs 235 koris in one example, and 355 ¥ koris in another.
The investments of three persons are 51, 68, and 85 koris.

A woman of 16 years old costs 200 tankas.

A certain pear! costs 25 drammas of 100-cadatu tanka.
One gadiyana of ripa (silver?) costs 18 drammas.
One tola of gold costs 32 tankas.

One mana of maijitha costs 35 tankas.

One mana of danta (ivory?) costs 36 tankas.

One mana of sanda costs 81 drammas.

One mana of siikadi costs 64 tankas.

One mana of acchi costs 188 drammas.

One mana of padasitra costs 308 tankas.

The investments of three persons are 100, 500, and 1000 tankas.
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ABBREVIATIONS

Abh = Aryabhatiya of Aryabhata I, ed by K. S. Shukla.

AP = Aparajitaprcchd of Bhuvanadeva, ed by P.A. Mankad.

BG = Bijaganita of Bhaskara, ed by V.G. Apate.

BGA = Bijaganitdvatamsa of Nariyana, ed by K.S. Shukla.

BM = Bakhshali Manuscript, ed by T. Hayashi.

BSS = Brahmasphutasiddhanta of Brahmagupta, ed by S. Dvivedin.
GK = Ganitakaumudi of Narayana, ed by P. Dvivedin.

GM = Ganitamanjarf of Ganesa, India Office Library, Eggeling 2881.
GP = Ganitaparicavimsi of Sridhara, ed by D. Pingree.

GS = Ganitasdra of Thakkura Pheril, ed by Agaracanda and B. Nahata.
GSS = Ganitasarasamgraha of Mahavira, ed by M. Rangacarya (alsoed by L. C.
Jain)

GT = Ganitatilaka of Sripati, ed by H.R.Kapadia.

L= Lilavati of Bhaskara 11, ed by V. G. Apate (also ed by K.V. Sarma).
MS = Mahdsiddhdnta of Aryabhata II, ed by S. Dvivedin.

PG = Patiganita of Sridhara, ed by K.S.Shukla.

SS = Siddhantasekhara of Sripati, ed by B.Misra.

Tr= Trisatika of Sridhara, ed by S.Dvivedin.
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RASA RATNA SAMUCCAYA
TENTH CHAPTER
ENGLISH TRANSLATION
Synonyms of ‘Misa’ :

Experts of Rasa-Sastra have mentioned the following synonyms of ‘misa’
(crucible) such as — Krousicikd, Kumudi, Karahatika, Pacani and Vahnimitra. (1).

Root Meaning of the Term ‘Miisa’:

That which removes/destroys all the removable dosas (impurities) is known as
Miisa. (2)

Main Constituents of ‘Misa’:

Mrttikad (soil) and Loha (iron and its compounds) are the main constituent source
materials of Mdasa. (3).

Importance of ‘Musad’:

The persons of self-respect prefer even Vardtikd (cowrie), a meager amount
obtained through the use of the Miisd treatment rather than the lacs of rupees procured
through total submission before the bad persons. (4).

Definition of ‘Sandhi Bandhana’:

The sealing at the joint of the Musa (crucible) and Pidhdna (its cover), is known
as Sandhilepanam. Andhrana, Randkrana, Samslista and Sandhibandhana are its

synonyms. (5).
Muasopayogi Mrttika:

The yellowish white & heavy soil, the granular & reddish white soil and that which
can stand long heating is considered best for preparing Miisd. In the absence of such
soil Valmiki (hillock soil) and Kauldli, Mrttikd (pot-maker’s soil) may also be
used. (6).

Associates of ‘Musa’ Soil:

The burnt husk, the jute pieces, the burnt charcoal and the horse excreta pounded
together with the help of iron rod or wooden stick dre ordinarily considered the

associates of the Misd soil. (7).
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Other Associates:

White stones, burnt husk, burnt charcoal (oxidised charcoal), jute pieces,
earthenware pieces, excreta of various animals, rusted iron and black soil may also be
considered as the other associates of the Miisd soil. (8).

Vajra ‘Musa’:

Three parts of soil, two parts of jute pieces and the excreta of animals, one part of
husk ash and dung cake ash, and half part of rusted iron are to be pounded together and
the mixture so prepared is used for making Vajra Miisd. 1t is useful for Satvapdtana
purpose. (9)

Yoga ‘Musa”

Burnt charcoal, mixed with husk, ordinary soil and hillock soil and associated with
respective Vidas is recommended for preparing Yoga Musd. This (Misd) when
plastered with the respective ‘Vida dravyas’ is called Yoga Miisa. Mercury treated in
this Miisd becomes highly potentiated. (10-11).

Vajra Drdavani Misa:

Mix Gdramrt (clay obtained either from the river or tank), washings of
earthworms, jute pieces, and burnt husk in equal parts and the Misd soil equal to all
the above ingredients. These when mixed together and pounded with buffalo milk form
the constituent material for this Miisd. It should always be prepared in such a shape and
size which may suit the yantra in which it is to be used. Miisd so prepared is called
Vajra Dravani Miisa. 1t is suitable for the liquefaction of diamonds. (12, 13).

Gdra Musa:

Six parts of burnt Gdramrt associated with rusted iron, burnt charcoal powder,
Jute pieces and black soil should be pounded well with milk and then be used to prepare
a Musa. Miisd so prepared is known as Gdaramiisa. It does not melt even if it is blown
in strong heat for 6 hours, i.e. it can stand 6 hours’ strong heating. (14).

Vara Musa:

Cloth pieces, burnt charcoal, and burnt husk mixed in equal parts (i.e. one part
each) and associated with four parts of ordinary soil and four parts of Gdra soil and
ground well together are recommended to prepare Vara Misd. It can resist 3 hours’
heating. (15, 16).

Varna Muasa:

Red soil made free from stones and triturated with the extractives of Rakta Varga
drugs is recommended for preparing ‘Varna Miisa’. Musa so prepared and plastered
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with alum and ferrous sulphate is known as Varna Masd. It is used for improving the
colour of the materials. (17).

‘Rapya Musa’:

Ip the same way when the Sveta varga drug’s extractives are used with other
materials for preparing Miisd. then that Masd is called Riupya Miisd (18).

‘Vida Misa’:

When the Misa is prepared with specific Vidas and Mrt (soil) and plastered with
respective Vidadravyas then that is known as Vida Misd. It is meant for preparing the
recipes capable of making the human body very strong like an iron or using the same for
both Deha and Loha karma. (19).

Another ‘Vajra Dravani Misa’:

Mix * Garamrt’ (river/tank soil), washings of the earthworm dwellings, husk, and
finely pasted jute pieces in equal parts and Misd soil equal to all the above ingredients.
These should be grounded with buffalo milk and be used to prepare the Misd of the
specific size to be used in a specific vantra. Itis said to be of many types. Misd so made
should be annointed with the blood of bed-bugs and with the extracts of the roots of
Sugandhabald, Nagarmustd and Akdsa balli. Itis known as Vajra Dravani Musa. 1t
can resist four praharas (12 hours) heating, even if it is filled with liquids. (20-22).

Vrntaka Mausa:

Prepare a brinjal shaped Misa with 12 angula long tube fixed over it like an
inverted Dhattira flower. Make a hole at the height of 8 angula in the tube. This is
known as Vrntakamisd. This is used for the extraction of satvas from the soft drugs
like Kharpara, etc. (23 & 24).

Gostani Misa:

The shape of the Gostani Musd is like 2 cow’s udder. It is attached with a cover
having a long crest. This is meant for the Sodhana (purification) and Drdvana
(melting) of Satvas (metallic content of minerals). (25).

Malla-Masa:

A pair of shallow earthenwares (Sardvas) when joined together is known as
Mallamiisd. It is used to apply swedana (heat) to parpati, etc ‘Rasa Kalpas’. (26).

Pakva Misa:

The crucible, shaped like a potmaker’s pot and fired in a strong heat is called
Pakva Misa. It is used for applying Paka (heat) to pottall, etc. preparations. (27).
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Gola Musa:

The spherical shape crucible having no opening and containing Putana dravya
(material to be heated) is called Gola Misd. It can restrain the liquified materials
surely and perfectly. (28).

Maha Musa:

The Miisa shaped like an elbow at its base and becoming gradually wider and
wider towards its upper end resembling a big brinjal in size and shape is called Maha
Muasa. It is used for doing Puta paka (applying heat treatment) and dravana (melting)
of Loha (metals) and Abhraka satva, etc. drugs. (29).

Mandiika Musa:

The crucible shaped like a frog and having the length, depth, and breadth of six
ahgulas is known as Manduka Musa. This Misa should be kept underground and a
prescribed Puta is applied over it for heating. (30 & 31).

Musala Masa:

The Masa having a flat base, cylindrical shape and eight angula height is known
as Musala Misd. 1t is useful for the preparation of Cakrabaddha rasa. (32).

Musapydyana:

The take-off of the Masd from the fire for a moment during blowing while its
material is about to melt is known as Musdpydyana. (33).

Kosthi Yantra:

For the extraction of Satvas and for their Sodhana (purification), various types of
Kosthis (furnaces) are required and their description is as follows. (34).

Ahngara Kosthi:

Prepare a quadrangular furnace having 22%" height and the length and breadth half
of it. It should be covered with a wall made of soil. Make an opening of 1 vitasti (9") in one
of the walls. Beneath this, make another opening of half Vitasti (4'2") size, for blowing
the air in the furnace. Cover its upper portion with one Prddesa (4%4") diameter wall
leaving an opening of one Prdadesa (4'4") size. Now close both the openings made in the
wall of the furnace with bricks and seal their joints after fixing the blowers. Fill the
furnace with charcoal and blowing shouid be done with two blowers. If required throw
the charcoal and the substance to be blown through the upper opening. The balls
prepared for satva pdtana should be put in five numbers at a time. This is known as
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ahgdra kosthi. It is used for extracting sarvas from the khara dravyas (hard
substances! >3, (35-40).

Patala Kosthi:

Verses 41-44 deal with Patala Kosthi.

Gdra Kosthr:

Prepare a furnace of 12 angula depth in one prddesa (4'2") diameter. Make a
ring-like structure at the height of 4 ahgula in the furnace. Place a circular earthen
plate having many holes over the ring-like structure. Fill charcoal in it and blow it with
vahka nala (bent tube). This is described as Gara Kosthi. It is meant for
separation/destroying of the associated metallic impurities from the satvas. (45-47).

Vanka Ndla:

Prepare a strong tube of an Aratni (about 16 angula) size by the same soil as was
used for preparing miisd. Attach another tube of five ahgula size, transversely to the
lower end of this tube facing downward. This is known as vahka ndla. It is described to
be used for strong blowing. (48).

Siddharasa Kosthi:

Furnace for preparing siddha rasa may be prepared as follows. It should have the
height of 12 angulas and the base of 4 argulas. It should have an opening of 4 angulas
breadth at its base for transverse blowing. Itis used for purifying mrdu dravyas. (49 &
50).

DESCRIPTION OF “PuTas”
Definition:

That which indicates the quantum of heat required by the Rasa (mercury) and other
drugs of mineral origin for their proper pdka (calcination/incineration) is known as
puta, as neither more nor less heating is desirable. Further the medicines prepared by

'In the original text, the size of the lower opening has been mentioned as of 1% ‘vitasti’, which seems to be
incorrect, and the original text requires correction, i.e. in place of Sardha Vitasti which seems to be
incorrect, and the original text requires correction, i.e. in place of Sardha Vitasti it should be Caraha
Vitastya. _ N .

2The upper opening which is mentioned to be of one vitasti size has practically no purpose. Further it is advised
to be closed with bricks and the joint should be sealed; hence it may be taken as an emergency exit.

3The covering wall, which is advised to be made on its upper portion shquld be one pradesa (4'4") size. Author
also advises to make an opening of the same size on this portion. This is also not very clear, Hence, covering
wall of the upper portion should be as thick as Pradesa Pramdna and an opening of one pradesa size may be

made on its upper portion.
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applying desired heating are only considered best, i.e. pharmaceutically suitable for
use. (51).

Aims and Objectives of Putas:

By applying Putas (different heating schedules), lohddi drugs (metals) are made
Apunarbhava (irreversible to their original metal form), to possess better properties
than original, non-sinkable (floatable) in water and enterable into the furrows of the
finger tips. Further the puta application also helps to make the heavier materials
lighter, quickly absorbable into the system and stimulants to digestion and other body
functions. The metals subjected to putas (various heating schedules) become more
potentiated than jdrita (specially treated) mercury. (52, 53).

Mode of Action of ‘Putas’

As the external fire applied through the putas enters/penetrates deeper and deeper
into the metals and minerals these are rendered into very fine particles/compounds and
made associated with better and better qualities/properties proportionately. (54).

Mahaputa:

Prepare or dig a quadrangular pit of 36" width and depth. Fill one thousand upalas
(dung cakes) in it and place the miisa/Sardva on it containing material to be subjected to
putapaka. Cover the same with remaining five hundred upalas (dung cakes). Ignite the
fire in the upalas to apply heat. This is known as Mahdputa. (55, 56).

Gajaputa:

Prepare or dig a quadrangular pit of 221%" width and depth. Fill it with dung cakes
up to the neck. Place the misa (crucible) or fardva filled with putana material over it
and cover the same with remaining half quantity of upalas. Ignite it with fire. It is said
as Gajaputa. It induces best qualities in the products. (57-59).

Vardha Puta:

When puta is applied in a quadrangular pit of an Aratni (about 16") size pit then
that is known as Vardhaputa. (60).

Kukkuta Puta:

When puta is applied over the earth in the dimension of 1 vitasti' (about 9” in width
and height) then the same is known as kukkuta puta. (61).

'According to the printed text the second part of the verse reads ‘VITASTI DVITAYOCCHRAYAM!
This seems to be incorrect, as if we accept this then its size becomes bigger than that of ‘Vardhaputa’,
while in real sense it should be similar to Kukkuta (cock) which is always smailer than Vardha (pig).
Therefore, it is suggested that the original text ‘VITASTI DVITAYOCCHRAYAM’ should be corrected
as in size, i.e. it should be one Vitasti (9 ") in size, i.e. in length, breadth and depth. The description of
*Kukkuta puta’ in the contemporary texts also supports this view.
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Kapota Puta:

’ The puta which is given over the earth with eight vanyopalas (forest dung cakes)
is called Kapota puta. It is used for converting solidified or fixed mercury into ashes.

(62).

Gorvaraputam:

Dried and powdered cow-dung by the repeated stampings of cows in cattleshed is
known as govara. It is considered the best for Rasasddhana (mercurial processing).
When puta is applied by using govara or *tusa’ then that is known as ‘govara puta’. It
1s useful for preparing Rasabhasma. (63. 64).

Bhandaputa:

When the heat is applied to the miisd through tusdgni in a strong and big earthen
pot then that is known as Bhdnda puta. (65).

Baluka Puta:

In Baluka puta heat is applied to the musd through the hot sand covering the miisa
from all sides. (66).

Bhidhara Puta:

Fix the muisd (crucible) at the depth of 2 "ahigula’ under the earth and apply puta
over it through cow-dung cakes. It is known as Bhidhara puta. (67).

Ldvaka Puta:

When the puta is given over the earth using about one Sodasikd (pala). i.e. about
50 g. tusa (husk) or govara (dung powder), then that is known as Lavaka puta. It is
meant for heating mrdu dravyas. (68}.

General Instructions:

Where the puta mdna (quantum of heat) is not specified, one should decide the
type of puta on bzisis of the nature and the tolerance power of the drug. It has been

mentioned by experienced experts. (69, 70).
Synonyms of Upala:

Pistaka, Chagana, Chdna, Upala, Utpala, Girinda, Upala Sdthi and Varati are
the syn'o'nyms of Chagana. (71).
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Lohas (Metals):

Gold, Silver, Copper, Tin, Lead, and Iron are the six metals. Bell metal and Brass
are the Krtrima lohas (alloy metals). (72).

Lavanas (Salts):

Salts are six, such as Sdmudra, Saindhava, Bida, Sowvarcala, Romaka and
Culika Lavana. (73).

Three Ksdras (Three Alkali materials):

Yava ksard, Sarjika ksara and Tahkana ksdra are known as three ksdrds
(alkaline substances). (74).

Five Ksards (Five alkali-containing drugs):

Paldsa Ksdara, Muskaka ksara, Yava ksdra, Suvarcikd ksara and Tila
nalodbhava ksdra all together are known as ksdraparicaka. (75).

Madhura Traya (Three sweet materials):

Ghrta, Guda and Maksika are known as Madhura Traya (three sweet
substances). (76).

Taila Varga (Group of oily drugs):

Kahguni, Tumbini. Ghosa, Kariva, Sriphala (bilva), Katu Vrntdka,
Siddhartha, Somarajika, Vibhitaja, Atasija, Mahakali, Nimbaja, Tilaja,
Apamadrga, Devadali, Danti, Tumburu, Ankola, Unmatta, Bhallata and Paldsaja
from Taila Varga. The oil collected from these plants materials is used in Rasa
Karmas (mercurial operations). (77-79).

Vasa Varga (Group of fatty animals):

The Vasds (fats) obtaiped from Jambiaka (qu), Mandika (frog), Kacchapa
(tortoise), Karkati (crab), Sisumari ‘Go’ (cow), Sukara (pig), Nara (human), Ajd
(goat). Ustra (camel), Khara (ass) and Mahisa (buffalo) are included in Vasd Varga.
(80).

Mitra Varga (Urine group):

The urines obtained from Hasti (elephant), Karanbha (camel), Mahisi (buffalo),
Khara (donkey), Vaji (horse). Go (cow), Aja (goat) and Stri (women) are included in
Miitra varga and the ‘menstrual secretion’ of women and the ‘Semen’ of man are also
recommended to be used in Rasa Karmas. (81).
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Mahisa-paricaka (Five materials of buffalo):

Buffalo’_s .urine,_curd, milk, ghee, and the dung juice are the five substances
known as Mahisa paricaka. In the same way all the above-mentioned five substances if
obtained from the goat are known as Cagala pancaka. (82).

Amla Varga (Group of sour drugs):

Amlavetasa, Jambira. Nimbi, Bijapiiraka, Cangeri. Canakamla, Amlika,
Kola, Dadima, Ambastha, Tintidika, Naranga. Rasa Patrika, Karavenda, and also
other substances are included in Amla varga. Only Canakamla is considered best
amongst all. Only Amlavetasa is further considered the best. These are good for the
Sodhana, Jarana and Drdvana of Rasa, etc. mineral drugs. (83-86).

Amla Parnicaka (Group of five sour drugs):

Kola, Dadima, Vrksamla, Cullika and Cukrika are the five drugs of Amla
pancaka group. It is also known as Paricamlaka. (87).

Parica Mrttikd (Group of five soils):

Istika (brick), Gairika (red-ochre), Lavana (salt), Bhasma (ash), and Valmika
Mrttika (hillock soil) are known as Parnica Mritikds by the experts of Rasa-Sdstra.
(88).

Visa Varga (Group of poisonous drugs):

Srngika, Kalakita, Vatsanabha, Krtrima and pita are the five drugs of Visa
Varga. This group is considered best for Rasa Karma. (89).

These are good for mercury processings and also for its solidification. If used
without proper care these may kill the persons surely. (90).

Upa-Visa Varga (Group of subpoisonous drugs):

Ldngali, Visa musti, Karavira, Jayd, Nilaka, Kanakaand Arka all together
form Upavisa Varga. (91).

Dugdha Varga (Milk or latex group).

Hasti (elephant), Asva (horse), Vanita (woman), Dhanu (cow), Gardbhi (she
ass), Chadgikd (goat), Avika (sheep), Ustrikd (she camel), are the Jahgama sources of
milk. Udumbara, Asvatha, Arka, Nyagrodha, Tilvaka, Dugdhika, Snuhi-gana,
Uttama-Kanyakad are the plant drugs from which latex can be obtained and used in

rasakarmas/rasa preparations. (92 & 93).
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Vid-Varga (Excreta group):

The fecal matter of Paravata (dove), Cdsa (Nilakantha), Kapota, Kalapin
(peacock), Grdhra (eagle) and Kukkuta (cock) is included in Vidgana.

This is used to purify all the metals by lepana (pasting) and Putana (heating by
puta system). (94).

Rakta Varga (Group of red drugs):

Kusumbha, Khadira, Laksa, Manjisthd, Rakta-candana, Aksiva, Bandhu
jiva, Karpara-gandhini and Maksika all together form Raktavarga. lt is considered
as a powerful dyer. (95 & 96).

Pita varga (Group of yellow coloured drugs):

Kimsuka, Karnikdra, Haridra dvaya (Haridra and Ddru haridrd) all
together form Pitavarga which is used in mercurial operations. (97).

Krsna Varga (Group of black colouring drugs):

Kadali, Kdravalli, Triphald, Nilika, Nala, Panka, Kasisa and Balamra all
together form Krsna varga. (98).

Uses of ‘Rakta’, etc. groups:

Materials to be subjected for Jarana to be macerated/ triturated with the juices of
the above-mentioned groups of drugs for obtaining respective colours. (99).

Sodhaniya gana (Group of purifiers):

Kdca, Tahkana and Sodhaniya group. It is used for destroying impurities of
satvas, solidified mercury and metals. Experts of Rasa Sdstra claim that these
substances destroy impurities obtained by Kdpalika practices. (100).

Mrdukara Varga (Softening drugs):

Kalingu, Dhavabija are bones of rabbit together form Lohakathinya nasaka
gana (metal hardness destroying group), i.e. these can remove the hardness of the
metals. (101).

Dravana Varga (Liquifying drugs):
Guda, Guggulu, Gu#ja, Ajya, Saragha (honey) and Tahkana form Dravana

varga (liquifying group). It is meant to help in early melting of the metals which
otherwise melt with difficulty. (102).
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All the Ksaras (alka]ies) are used to destroy malas (impuritics). Amlas (sour
drugs) are used to do Sodhana (purification) and Jarana (calcination). Visas’
(poisons) are used to destroy mandatd (sluggishness). while Sneha dravyas (fatty
substances) are used to produce Snigdhata (smoothness and softness). (103).

Mana Nirdesa (Terms indicating weights): (104-107).

6 ‘Truti’ = | ‘Liksd’

6 ‘Liksa’ = | ‘Yika

6 ‘Yaka = ] ‘Rajas’

6 ‘Rajas’ = ‘Sarsapa’, Siddhadrtha’
6 ‘Siddhartha’ = ] ‘Yava’

] ‘Yava’ = ] ‘Gunjd’

3 ‘Gunrja’ = 1 ‘Valla'

6 ‘Gunja = 1 ‘Masa’

12 ‘Masa’ = | ‘Tola’

4 ‘Tola, = | Pala

Tenth Chapter on Kosthikas ends.






NOTES ON THE TENTH CHAPTER

In 10th chapter of Rasa Ratna Samuccaya Miisas, Putas, Kosthies and a few

groups of mineral, herbal and animal origin drugs essentially required for mercury and
other processes are described.

Though Musas are also a type of apparatus required for different kinds of heating
schedules, these are described separately, probably due to their very high importance in
processing the mercury and other meneral/metallic drugs with heat treatment.

As the term Masa indicates, these can destroy or remove various dosas
(impurities/unwanted materials) from various kinds of drugs through various types of
heat treatments. As these have to remain in contact with heat (strong to mild) for quite a
long time, these should be made with such materials/ingredients which can stand strong
heating even for longer duration. In modern science, these are known as ‘crucibles’ and
are described to be of many kinds.

In Rasa Sdstra processes, Muisas are highly essential for Satvapdtana process, as
for this process sometimes very high temperature is required and if suitable container or
apparatus is not used then the chances of losing whole material are there. And probably
this fact might have been realised by the ancient scholars and encouraged them to
evolve many kinds of Misds, their construction and constituent materials and also their
lining or coating materials. In Rasa Ratna Samuccaya nearly half of the 10th chapter is
devoted to describe Miisds. In all 17 types of Miisas are found described in this text
along with its synonyms, definition based on root meaning, main constituent materials,
suitable soils, associated materials and their importance.

Its synonyms are Krousicika, Kumudi, Karahdtikd, Pdcini, and Bahnimitrd.
Of these some terms throw light on its shape and purposes and others on its specific
property, i.e. it is friendly to fire. For construction/preparation of *‘Misa’ different
kinds of soils, Loha (iron) and its Kirta— Mandiira and a few other drugs are essential
requirements.

Constituent materials of Misa:

In soils, yellowish white and heavy soil and the granular reddish white.soil is
preferred and in absence of that hillock soil or pot-maker’s soil (greyish sticky sonl.) may
also be used. It should be associated with burnt husk, burnt charcoal, jute pieces,
earthenware pieces, white stones, horse, and other animals excre;a, m§tcd iron. and
black soil, pounded well and mixed together. These should be mixed in prescribed
proportions and be used for preparing Miisds.

The Miisds are also found described in other rasa texts, but in all these texts only
six more Miisds are found mentioned than ‘Rasa Ratna Samuccaya’, viz., Manjisa
miusd, Garbha misd, Prakasa misd, Andha musd, ‘Dtrg.ha misa and Bhasma
miisd. All the twenty three (23) miisds are found described in different rasa texts.
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Itis evident that besides Rasa Ratna Samuccaya almost similar number of miisas
are found described in Rasa Prakasa Sudhakara and Rasendra Ciadamani. In other
texts like Rasdrnava, Rasa Ratnakara, Rasa Kama Dhenu and Rasa Tarangini only
a few miisds are found described.

Parts of Misds:
Musds have mainly two parts, viz.
1. Body or basal part and
2. Cover/Pidhanaka or upper part.

In basal part drugs are kept while upper part is used to cover it from upside. It is
called Pidhdnaka also. In some cases Miisd and Pidhdnaka are to be sealed at the joint
to make these air-tight. This sealing of joint is known as Sandhilepana or Randhrana.

General uses of Musa:
The masds may be used for the following purposes.

Rasa Miircchana, Rasa .fodhana, Rasa Madarana, Rasa Bandhana, Rasa
Jarana, Rasa Sarana, Rasa Rafjana, Dravana, Dvanda Melapana, Satvapatana,
Vajra dravana, Bija nirvapana, Varnot Karsakarana, Pdcana and Pottali, etc.
Kalpa Pdcana.

Various aspects of Misa description:

On the basis of critical analysis of misa description it may be said that the miisad
description should cover the following aspects:

Constituent materials.
Shape and size.
Method of preparation
Purpose or uses and
Heat resistant capacity.

If we go through the description of Miisds we hardly find the description of all
these aspects. If the descriptions of all the different texts are collected at one place even
then all the aspects mentioned above could not be covered with regard to all the Masds.

The ordinary Mdasd now available in the matket is generally made of graphite. Its
shape is almost like a glass which is narrow at the end and broader towards upper end.
But other forms indicating shape are also found described in the textual description,
such as Gostandkara (like an udder of cow) which is very narrow at the base and very
wide at the upper end. The other form mentioned is like a Bratdka (brinjal — long or
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round); in this case musd must have a Pidhdnaka (cover) also with a crust on its back.
Another form is like a Bhanda which is wide at the base and narrow at the mouth. Still
another form is like a ‘round bail’. It may be either round or oval like an egg. The other
terms indicating forms are Karpardkara like an “elbo-joint’, Musald-Kdra like a
cylinder and Mandiitkakara like a *frog’ or box. Thus, seven terms indicating shape or
form are found mentioned inthe texts for Misds.

As regards heat resistant capacity. it is found to vary from 1 ydma (3 hours) to 4
yama (12 hours). Vajra misa and Vajradravani misi have high heat resistant
capacity, i.e. four ydmas. Yoga masa stands second, i.e. two yamas and other musds
stand next in the series. i.c. one ydma only.

As regards the constituent materials, the high heat resistant misds must contain
loha or loha kitta (rusted iron) along with soil, jute. horse excreta, burnt husk, stones
etc., as constituents. Further, the grinding of constituent materials with Mahisidugdha
(buffalo milk) is also recommended to help to make these more heat resistant. The
misd materials without having Kitta (iron rust) as their constituent are generally less
heat resistant.

The lining, painting or coating materials:

In the case of some miisds, the painting, lining or coating of the miisds with some
liquids is also recommended. The materials are Ksit/ (alum) liquid, Khecara (ferrous
sulphate) liquid, Vida liquid. Matkuna Sonita (bed bugs blood) and Balabdadhwani
miila rasa.

Putas (heating schedules):

Besides Misds different kinds of Putas (heating schedules) are also mentioned in
this chapter which are necessary for applying different graded heatings to various drugs
(mineral or metallic nature) required for their conversion into bhasma form.

In general sense, the term Puta means 2 mode or system of applying heat and also
the quantum of heat necessary for the conversion of mineral or metal into bhasma
(ashes) form. Bhasma form means a suitable dosage form or the form absorbable into
the system. Thus, heating by ‘Puta-system’ applying specific h.eat is known as
Putapdka and this (Putapdka) forms a part of Marana process. This further helps in
the disintegration of the particles to a fine state of subdivision and to change the d{ug
into some compound form as a result of the chemical reaction taking place during

Putapdka.

From the point of view of source of heat, Puta may be of two types, viz. (l)'
Agniputa, and (2) Suryaputa. A third type Cand(apu,ta is also mgntlo_ned by late %hrl
Jadavaji Acarya, thoughit is not found mentioned in other texts, as in th1§ type th'e pdka
through heat does not take place. Of these, the Putapdka ‘through Agni (fire) is more
common and may be divided into following types, viz. Mahdputa, Gajaputa,
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Varahaputa, Kukkuta puta, Ardhagaja puta, Laghu puta, Kapota puta, and
Ldavaka puta. Further, the putas may also be divided on the basis of the type of fuel and

the apparatus used for ‘Gorvara puta, Bhanda puta, Bhidhara puta, Balukdputa®,
etc.

Method of Putapaka:

For doing Putapadka, the drugs made into pellets must be closed in Spardva
Samputa (between two shallow earthen lids) and sealed properly at the joint and dried.
It is then placed in the middle of the furnace inside the fuel used for the purpose in such a
way that the drug subjected to Putapaka may remain in contact with heat for a maximum
period and utilise its heat fully to be converted into the desired compound.

Mode of action of Putdgni:

The putdagni applied externally enters into the drug slowly and steadily and as and
when it enters it helps to convert the drugs into fine form and inducts the drug with the
desired properties in proportion to the heat penetrated into the drug.

Aims and objectives of Puta application:

Putas are applied to change the shape, size, characteristics and forms of the drugs
subjected for. Not only this, the products prepared by Putapdka are reduced to such a
fine state of subdivision that these when put on water float on its surface, enter into the
fine furrows of the fingers, acquire better therapeutic properties, become niruttha
(non-convertible into original metal form) and laghu (light to digest). It is said further
that these acquire the power to spread quickly after absorption, stimulate normal
metabolic functions of the body tissues and remove/reduce or change their toxic
properties and effects and thus make the products non-toxic/least toxic or harmless to
the vital organs of the body.

Description of Putas:

Maha puta: 1t is the biggest puta from the point of view of size, shape, fuel
consumption and heat application through it. It is 2 hasta (about 36") in depth and
breadth. It needs 1500 ‘Vanyopalas’ (forest cow dung cakes) as fuel. Of these, 1000
upalas are kept below the Miisd or Samputa and fired.

Heating time and temp.: In this puta intense/strong heat (about 900-1000°C) is
maintained for longer duration (1 hour-1% hour) depending upon the quality of fuel,
place and season.

Gaja puta: This is the second larger puta. It is ‘Rdjahasta’ (about 224") in depth and
breadth. The quantity of fuel needed is 1000 ‘Vanyopalas’ to be kept up and down of
Musdl/Samputa (two-third down and one-third up).
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Hefzting time and femp.: In this puta also intense/strong heat (850°C-950°C) is
matntained for long time (45 to 60 minutes approximately). Wherever strong heat for
longer duration is required these putas may be applied.

Vardha puta: This is medium type puta. 1t is one Aratni (about 8" in depth and
breadth. The quantity of fuel {Vanyopalas) is not specified here but may be used in the
quantity sufficient for filling up the pit.

Heating time and temp.. In this puta strong heat is maintained for much less time,
1.€.(800°C -850°C) for 20-30 minutes.

Ardha Gaja puta: Though it is not described in any texts, it is found indicated in many
places. Its size should be cut to half of the Gaja puta size. Hence, its size is smaller to
Vardaha puta (i.e. its depth is 114" and breadth 22 14").

Heating time and temp. : There may not be much differences in highest temp, but its
maintenance and cooling time may be less.

Kukkuta puta: 1t may be included in the group of smaller putas, as its size is one
‘vitasti’ — 12 ‘angulas’ (about 9”). In the original text of Rasa Ratna Samuccaya, its
size is mentioned as two (2) ‘Vitasti’ (24 ahgulas/18"), but in other texts its size is
mentioned as 16 ‘ahgulas’ and 6 ‘ahgulas’. Hence, there are many opinions about the
size of ‘Kukkuta puta’ but one ‘Vitdsti' size and 10 * Vanyopalas® as fuel quantity may
be considered as the most appropriate and correct. And if it is accepted, then only it may
be claimed smaller to ‘Vardha puta’ and bigger to ‘Kapota puta’.

Heating temp. and time — In this puta the maximum temp. may rise to 600°C-650°C
and may be maintained for 10-15 minutes only and then slowly allowed to decline.

On the basis of the textual indications and the size and the fuel quantity, it may be
used to apply heat to Mrdu dravyas like Gold. Silver, etc.

Kapota puta : No specific size has been mentioned for this puta. it is given on the
ground/earth using 8 Vanyopalas as fuel. It is the smallest puta where Vanyopalas are
used as fuel. It is recommended for preparing Rasa bhasma or Rasa bandha.

Heating temp. and time — In this puta the temp. may not go above 400°C-500°C and that
too for a very short period. As it is given in an open atmosphere, the above-mentioned temp.
may not last more than 5-10 minutes and may start falling due to the effect of open
atmosphere and may cool down completely within 2-3 hours.

Lavaka puta: In this puta Vanyopalas are not used as fuel and instead of tl}at Tusa (husk)
or Govara powder is advised as fuel, which may not give highgr temp., i.e. more than

200°C; it may range between 100°C and 200°C for 20 to 30 minutes. The quantity of
husk is also mentioned as one pala, which may not last more than 15-20 minutes.
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Govara puta is also similar to Lavaka puta and may give very little heat for very less
period. Both may be used for preparing Rasa bhasma.

Bhdnda piita: Here also, Tusa is advised to be used as fuel, but the quantity of Tusa is
more here, i.e.sufficient to fill a big size bhdnda (pov). In this puta, Putdna dravya is
placed inside the husk filled in the bhdnda and then Tusa is fired. Hence, slow heat is given
for longer period.

Baluka puta: For this, bhanda is filled with bdluka (sand). Putana dravyas is put inside
balukd and heat is applied to bhdnda from outside. Hence. the idea of giving uniform heat
for a specified period is there.

When no puta is mentioned:

In such cases, the types of puta may be decided on the basis of the nature and the heat
tolerance capacity of the drug to be subjected. Mrdu dravyas may be given smaller putas
and Kathina-dravyas bigger putas or medium putas. It is left on the description of the
Rasa Vaidya.

Kosthies (Furnaces):

Three or four Kosthies (furnaces) have been mentioned in Rasa Ratna Samuccaya.
These are described for Satvapdtana purposes (metal extraction from the minerals).

Satvapatana is the most important process of Rasa Sastrawhich is now-a-days almost
out of practice partly due to its tediousness and partly to non-usefulness, as Satvas
(extracted metals) are mostly used in mercury samskaras (special process) prescribed for
potentiating mercury from Loha Vedha point of view. And Loha vedha (alchemy) is also
now out of practice, as in this the chances of success are very less or quite rare and labour
much more.

Further, the therapeutic usefulness of satvas claimed in the texts is also not so far
proved scientifically, as in the name of satvas we get some or other metals only, which are
now-a-days abundantly available in the market. And if so, then why should one go for such
a difficult and time-consuming process. Moreover, with these Kosthies we may not always
get success in getting satvas in sufficient quantities, as through these required degree of
temp. could not be achieved or maintained. Hence, for drugs which require high temp. for
reduction and smelting, these (Kosthies) may not prave useful even if blowers are used.
These could only be used successfully in case of drugs which may need low degree of temp.
for smelting and extraction of satvas. Thus, ancient ‘Kosthies’ may now have little
importance.

After describing Miisds, Kosthies and Putas, a few groups of vegetable, mineral or
animal drugs required for mercurial operations and other pharmaceutical treatments are
described in this chapter, viz. Metals (six pure metals and two alloy metals), six lavanas
(salts), three and five Ksdras (alkalies), three sweet drugs, twenty one oily drugs, twelve
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animal fats, eight animal urines, including that of women alongwith menstrual discharge of
lady and semen of man, five products of buffalo, fourteen drugs of sour group, and a group
of five bitter sour drugs, group of five earths/soils, five drugs of poison group, seven drugs
of subpoison group, a group of milk of eight animals and the latex of eight vegetable drugs,
excreta of six animals, a group of nine red coloured drugs, a group of six white coloured
drugs, a group of eight black colouring drugs. a group of three purifying drugs. a group of
three softening drugs, a group of six liquifying drugs arc mentioned in this chapter; these are

claimed useful either in mercury processes or in other pharmaceutical operations in some
way or other.

In the end, common effects of Ksdras (alkali group of drugs). Amlas (acidic group of
drugs), Visas (poisonous group of drugs) and Snehas (oily group of drugs) are described.
Then the chapter ends with a mention of a few terms indicating weights.
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