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ABSTRACT

The present study is a critical edition and translation into English of the first three

chapters, the upodghata, the sadvidhaprakarana and the kuttakadhikara, of the Sanskrit
commentary, the SURYAPRAKASA ( @d9ehTT ), of SURYADASA (G ) on
BHASKARA’s ( YTEh{ ) Sanskrit classic on algebra, the B?JAGAIYIT A ( 55*7'5777'@767 )
written in the A.D. 1140’s.

This is the first edition and the first translation of this work. The edition of this
portion of the text, which constitutes about a third of the commentary, is a large step
toward an edition of the entire commentary. A mathematical and historical commentary is

also included in this thesis.
Bhaskara (b. A.D. 1114), a native of Vijjadavida in the Sahyadris, was one of the

most renowned Indian astronomers and mathematicians. His works were held in high
esteem and studied in India for many centuries. The first known commentary on his
Bijaganita (which was also a standard textbook on algebra) is the Suryaprakasa, written in
Saka 1460 (A.D. 1538) by Suryadasa (or Surya Pandita), a native of Parthapura near the
confluence of the Godavari and Vidarbha rivers. In the Suryaprakasa, Suryadasa explains
every verse and solves almost every example of Bhaskara’s text in order to teach the
student how to apply the underlying rules (or sutras).

The mathematical content of the portion which has been edited is as follows:
arithmetical operations involving positive and negative numbers, zero, colours
(unknowns), and karani (surds); and the kuttaka (pulverizer), which involves the solution
of indeterminate equations of the first degree.

To establish a critical edition of the first three chapters of the text of Stryadasa’s
commentary, twelve manuséripts (out of some twenty-four listed in catalogues, some of

which may no longer be extant) have been collated, and an Apparatus Criticus prepared.



On the basis of a comparison of the readings of these twelve manuscripts, via the
Apparatus Criticus, a stemma has been drawn in which the relationships of the
manuscripts to each other and to the archetypes are established. On the basis of these
relationships it has been possible to constitute a text, namely the Text Alpha, that is close to
the original Suryaprakasa. However, it is not likely to be exactly Suryadasa’s origina! text

since the reconstruction of the original is in principle impossible.

iv
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ABBREVIATIONS OF JOURNALS, SERIALS AND SANSKRIT TEXTS

The following abbreviations will be used throughout the thesis. !

AB Aryabhatiya

ABB Aryabhatiya-Bhdsya

AR Asiatic (k) Researches (continues as JAS Bengal)
Archeion Archeion

ASS Anandasrama Sanskrit Series

BCMS Bulletin of the Calcutta Mathematical Society
BenSS Benares Sanskrit Series

BG Bijaganita

BGV Bijaganitavatamsa

BMAUA Bulletin of the Mathematical Association of the University of Allahabad
BP Bijapallava

BSS Brahmasphutasiddhanta

Centaurus  Centaurus

CESS Census of the Exact Sciences in Sanskrit

CORS Chaukhambha Oriental Research Studies

CPG Caukhambha Pracyavidya Granthamala

DSB Dictionary of Scientific Biography

EI Epigraphia Indica

G Ganita

GB Ganita Bharati

1 Complete citations, including the editions of the ancient Sanskrit texts will be found among

the references.



GD

GK

GMK

GOS

GPV

GSS

HM

HSS

IJHS

JAS Bengal
JDL/UC
JIMS
JIMS/INQ
JIG

JOI Baroda
JSHS

JUB
KHKH
KK

KSS

L

LB

M

Madras GOS
MB

ME

Goladhyaya

Ganitakaumudi

Ganitamrtakupika

Gaekwad’s Oriental Series
Ganitaparicavimsi

Ganitasarasangraha

Historia Mathematica

Haridas Sanskrit Series

Indian Journal of the History of Science
Journal of the Asiatic Society of Bengal
Journal of the Department of Letters, University of Calcutta
Journal of the Indian Mathematical Society
Journal of the Indian Mathematical Society: Notes and Questions
Jivaraja Jaina Granthamala

Journal of the Oriental Institute, Baroda
Japanese Studies in the History of Science
Journal of the University of Bombay
Khandakhadyaka

Karanakutuhala

Kasi Sanskrit Series

Lilavari

Laghubhaskariya

Mathematica

Madras Government Oriental Series
Mahabhaskariya

Mathematics Education



MK

PG
PO
PWSBT
RMS
SB
SDVT
SM
SP
SSE
SSI
SSU
TS
TSMS
1Z:]
VIS

Mitaksara

Mahasiddhanta

Patiganita

Poona Orientalist

Princess of Wales Sarasvati Bhavana Texts
Russian Mathematical Surveys
Siddha Bharati

§i._s~yadhi vrddhidatantra

Scripta Mathematica

Suryaprakasa

Siddhantasekhara
Siddhantasiromani
Siddhantasundara

Trisatika

Tanjore Saraswathi Mahal Series
Vasanabhasya

Vishveshvaranand Indological Series



CHAPTER I

INTRODUCTION



1. Suryadasa (1507 - 1588 A.D.% ) and His Work
Suryadasa is also known as Surya Pandita, Suryadeva, Surya Kavi, Surya Ganaka,
Surya Suri, Daivajiia Pandita Surya, Daivajiia Surya Pandita, Acarya Surya or simply,
Surya. These names are revealed in the verses at the end of his compositions. He was the
son and pupil of the astronomer Jiianaraja (fl. 1503 A.D.), who was the son of the

astronomer Naganatha (fl. ca. 1480 A.D.).

A. Family Background and Native Place

Suryadasa comes from a celebrated family of the Bharadvajagotra which was
settled at Parthapura on the Godavari and flourished from ca. 1300 A.D. (Pingree, 1981b).
Parthapura has been identified with Pathri in the Parbhani District about eighty miles
southeast of Devagiri and was under the Muslim rule for the better part of the medieval
period. This family produced several prominent scholars and possessed a family library.
Some of these scholars wrote works which were sequels to Bhaskara’s works (p. 120).

For example, Jiianaraja wrote an astronomical course entitled Siddhantasundara or
Sundarasiddhanta in 1503 A.D. (Pingree, 1976). This work was commented on by his
son Cintamani (fl. ca. 1530 A.D.). Also, Jiianaraja wrote an algebraical supplement, the
Bijadhyaya, to the Siddhantasundara (CESS A 3, pp. 75a, 76b). The Bijadhyaya has been
cited a few times by his son Suryadasa, as will be seen in our commentary on the Text
Alpha which we have edited.

Shankar Balkrishna Dikshit, a modern historian of Indian mathematics, has
prepared a lineage of this family with information provided by Kasinatha Sastri (b. 1846
A.D.), a surviving member of the family, in §aka 1817 or A.D. 1895 (Pingree, 1976,

2 See “Jfianaraja” in Pingree, David. (1976). CESS A 3. Philadelphia: American
Philosophical Society. P. 75a.
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CESS A 3, pp. 75a-b). The interested readers may refer to Professor Pingree’s CESS A 3,
1976, pp. 75a-b, and the Jyotihsastra, 1981, p. 124, Table 9.

B. Suryadasa’s Works

Suryadasa was a versatile genius who wrote on a wide variety of topics (Sarma,
1946). He was not only a great astronomer, but also a great poet. Furthermore, he
composed philosophic works and commented on the Vedas. His commentary, the
Suryaprakasa, is the first known commentary on the Bijaganita of Bhaskara. It was
written in §aka 1460 (A.D. 1538) when he was only 31 years old. This indicates that
Suryadasa was born in 1507 — 08 A.D. (PO 11, p. 54).

Kasinatha Sastri , the descendant of Suryadasa who provided information about
his lineage to Shankar Balkrishna Dikshit, has also provided a list of works composed by
Suryadasa. The following fourteen works of Suryadasa have been mentioned by Dikshit

(Sarma, 1950, SB VIS 2, pp. 222-223):
1. Bhaskariya-bijabhasya (Surya-prakdsa) 2. Lilavati-tika (Ganit@mrtakipika)

3. §n patipaddhati-ganita 4.  Bija-ganita

5. Tajika-grantha (Tajikalankara) 6-7. Kavya-dvaya (names not given)
8. Bodha-sudhakara 9.  Padyamrta-tarangini

10. R@makrsnaviloma-kavya 11. Sarikarabharana

12. Nrsimha-campu 13.  Vighna-mocana

14. Bhagavati-gita

The above list is, however, not exhaustive, because Colebrooke, Aufrecht and
Sarma have recorded some other works as well, some of which have not been seen by any
other scholars (Sarma, 1950). Sarma has found and edited a manuscript of another work

composed by Suryadasa, which was aiso recorded by Colebrooke (and then by Aufrecht),

and is entitled Siddhanta-samhita-sara-samuccaya. This work contains, among other



7

topics, a discussion on gravity and astronomical interpretations of some of the Vedic
mantras (SB VIS 2, pp. 223, 225).

Another work, which was unknown to other scholars and was found and edited by
Sarma (1946), is the Bhaskara-bhusana (Bhaskarabharana) of Surya Pandita written in
1572 A.D. It contains 101 verses. They are astronomical and devotional and are

addressed to the Sun as the deity. The last verse of this work contains an allusion to

another eight poems written by Sturyadasa as follows—three on the deity Visnu, one each

on the deities §iva, Surya and Ganapati and two on the deity Gauri (PO 11, pp. 54, 66):

q: GSARITAGEIG ALY SheyTauTs) SET
g AP BEET TO R |
% Ml ufe™ @ faftecgher: s
T WTEh OLITETHE USRS : 11 20%)

The translation is: The peet named Surya, the son of Jiianadhiraja, who, in conformity to
prescribed rules, wrote eight poems as an action of favour to the five seats (i.e. the deities),
(wrote) three (poems) in the description of Visnu, one each of Siva, of the Sun, of Ganesa,
(and) two of Gauri. (In addition,) he (Surya) composed one poem called the
Bhaskarabhusana.

Sarma (1950) maintains that a reference 0 the above eight poems written by

Suryada'sa exists also in his Bija-ganira, (which is the fourth work in the list given by

Dikshit,) as follows (SB VIS 2, p. 222):

A FEATET TR -
wesHIkiogay TR ISt Ik e |
TATNE ATl FHregTess JIge:
P G (IR UL AT, |



The translation is: Surya, of lofty intellect, wrote two commentaries together with
demonstration(s) pertaining to the two (types of) mathematics in the Lilgvari and the
Bijaganita; and likewise, (he composed) the ganita of the fﬁpatipaddhati, and a Bija.
(Furthermore), he composed the (work called the) Tajika(-grantha) for the sake of God
Visnu and another (work called) the Kavyastaka (i.e. an octad of poems). He composed
another (work) called the Bodhasudhakara on the science of self (atman).

Suryadasa’s exceptional skill in poetic compositions is revealed by his poem
Ramakrsnaviloma-kavya (the tenth work in Dikshit’s list). In this poem, the second line of
each verse is obtained by reversing the order of the syllables in the first line. Furthermore,
the first lines relate incidents in the life of Lord Rama, the second lines those of Lord

Krsna. For example (see Misra, 1970, HSS 288, p. 2):

& JgagReHgRE™ d—a Jar veawd garf: |
Aggd YsgWdige dETERAEARMTH_ iRl

The first line, which is in the direction of Lord Rama, means: I salute him (Lord
Rama), who is the source of the liberation of the daughter of the earth (i.e. STta, whom
Lord Rama freed from the clutches of Ravana), who has a broad smile, (and) who is the
source of (all) existence, compassion and wealth.

The second line, which is in the direction of Lord Krsna, means: I salute $ri
Yadava (the superhuman power, Krsna), who is the god of the glo—ious (planet) Venus
and of water, who is the source of emancipation of the one who was the giver of
destruction (i.e. Putana), (and) who is all life.

In addition to the above works, Suryadasa wrote a few commentaries which are

considered to be fine pieces of work. Among his Vedic commentaries are those on the Rk,

Yajus and Sama Vedas (Sarma, 1950, SB VIS 2, p. 224).
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Among Suryadasa’s mathematical commentaries are those on Bhaskara’s works:
the Suryaprakasa (written in 1538 A.D. on the Bijaganita) and the Ganitamrtakupika (or

Amriakupika writien in 1541 A.D. on the Lilavat). (Nos. 1 and 2 in Dikshit’s list.)

C. Meaning of the Word Commentary

One of the dictionary meanings of the word ‘commentary’ is (Woolf, 1979, p.
223b): “a systematic series of explanations or interpretations (as of a writing).” This
basically describes the Siryaprakasa.

Radhakrishna Sastri (1958), an editor of the commentary Bijapallava on
Bhaskara’s Bijaganita (which was composed by Krsna in ca. 1600 A.D.), related that the
author of the original text gives only the general enunciations in the mulagrantha (original
textbook). A commentary, which consists of the explanatory statements and
demonstrations (not rigorous proofs as found, for instance, in Euclidean geometry) of the
general enunciations, is generally written by a disciple or an earnest scholar of the subject.
Usually the “demonstrations” are merely verifications (by examples) in order to
understand the text correctly. The process of analysis is usually absent from these
writings. Medieval Indian mathematics did not contain a system of rigorous proof. The
disciples received their education in the gurukulas where the gurus transmitted their

experiences to their disciples. Thus it was only necessary that the texts contain the rules

-----

D. The Distinctive Features of Suryadasa’s Commentaries on Bhaskara’s Works
Suryadasa’s commentaries are clear interpretations of Bhaskara’s text. They
contain concise explanations and demonstrations of the ‘sutras’ (rules), in addition to the
solutions of most of the examples. Furthermore, Surya’s commentaries contain
systematic expositions. These and some other facts will be seen in reading of the

Suryaprakasa, a brief summary of which follows.
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E. The Suryaprakasa

This commentary begins with a ‘mangalacarana’ (auspicious introduction) which
contains religious tributes to the deities Ganesa and Sarasvati, and to the elders. These
tributes are followed by six verses, which are in turn followed by a homage to Brahman
which is the unmanifest all-pervading spirit of the universe.

The six verses are peculiar in the sense that they contain double (i.e. poetical and
mathematical) meanings. This use of paronomasia is a distinctuve feature of Sanskrit
writings in general, and Suryadasa’s writings in particular. In these six verses, Suryadasa
pays homage to: (1) Ganapati (which implies Siva and Ganesa); (ii) Krsna (which implies
the Supreme Spirit and algebra); (ii1) Jnanaraja (which implies Suryadasa’s father and
guru who taught pati, kuttaka and bija to Surya); (iv) the rising of ‘surya’ (which implies
the rising of the Sun or Bhaskara who is the author of the Bijaganita) which is a destroyer
of confusion and thus a symbol of inspiration and knowledge; (v) the bija (i.e. ‘seed,’
which implies computation of the unmanifest i.e. algebra and the Supreme Spirit because
the symbolic single syllables employed in algebra are as hard to grasp as the first syllable
of a mantra); and (vi) the commentary Siryaprakasa (which, according to Sturyadasa, is a
boat of liberation for those whose souls seek emancipation by crossing the worldly ocean
and thus by merging in the unmanifest Supreme Spirit, and on the other hand it implies a
means of learning tedious methods of algebra for those who are bewildered and desire to
cross the ocean of algebra).

After these six verses, Suryadasa pays homage to the unmanifest Supreme Spirit,
which is known as Brahman. Suryadasa maintains that Brahman assumed a body in the

form of Brahma as a favour to the entire universal creation. Then Brahma created

Jyﬁﬁ}:léﬁstra which is the foremost of all the sciences (@gamas) and angas (of the Veda).

Also, Brahma created the sun, the radiance of the rays of which destroys the darkness

caused by night. On the other hand, Brahma created scholars such as Bhaskara and
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Suryadassa, so that the world could be uplifted by their teachings when it had nearly been

destroyed by the power of the Kaliyuga.

Thus, Suryadasa’s mangalacarana reveals his deep sense of devotion for the
Supreme Spirit, and his father and guru Jiianaraja. In addition, the extreme importance
artached by Suryadasa to algebra and to kuttaka in particular is also apparent, as is his use
of pun.

Next Suryadasa introduces the first verse of Bhaskara’s Bijaganita, which happens
to be Bhaskara’s verse of mangalacarana. Suryadasa explains this verse at length.
Sturyadasa’s commentary on this verse shows his great scholarship. Suryadasa refers to
Sankhya philosophy, 2gamas and sastras (i.e. traditional doctrines and teachings), smrti
(tradition), Nyayasastra (logic), Panini’s Vyakarana (grammar), the unmanifest and
manifest, computation (i.e. mathematics) of the unmanifest and manifest, the deity
Ganapati, Bhaskara’s Siddhantasiromani and Jianaraja’s Siddhantasundara.

Now, as regards Suryadasa’s style of presentation, Suryadasa follows a logical and
consistent program of exposition and explanation throughout his Sturyaprakasa (and his
Ganitamriakupika). Having provided the necessary background or introduction before
each verse of Bhaskara’s mula (text), Stryadasa quotes the lemma pertaining to each verse
of the mula. Then Suryadasa supplies the necessary explanations. His presentations of the
sutras (and sometimes of the examples) are generally divided into three parts which are
marked by the following grammatical indicators:

(i).  Part 1 is the syntactic connection, i.c. a rearrangement of the words of a verse in
prose form. This part usually ends in ‘iti sambandhah’ (3f7 ©afer: ) though
sometimes in ‘ityanvayah’ (344492 ).

().  Part2 explains the meaning of the verse. It ends in ‘ityarthah’ (3<T¥:).

(ii). Part 3 deals with the demonstration of the sutras contained in a verse. This part

ends in ‘ityupapannam’ (W).
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Sometimes there is another part between parts 2 and 3 which has the indicator
‘ityasankyaha’ ( STRFIIE, ie., suspecting that ... he states ...). In this part,
Suryadasa states and explains the alternative statements made by Bhaskara in order to
support the ones he has already discussed (for example, see Suryadasa’s commentary on
Bhaskara’s verse 1 of the Bijaganita).

In his demonstration, Suryadasa quite often refers to some sutras of the mula other
than the one on which he is commenting. In some situations, Suryadasa makes reference
to or quotes from some works of Bhaskara other than the Bijaganita. At times,
Suryadasa supplies his own example. Allusion is also made by Suryadasa to the works of
authors other than Bhaskara, as will be seen later, in the sources used by
Suryadasa (section 1.G. below). Suryadasa’s demonstrations are clear and skillful.

Generally Suryadasa explains a sutra completely. But in case of an example,
sometimes he writes: “It is clear” (see Text Alpha, verse 8a-d); “It has a clear meaning”
(verse 9c-d); “It has a clear meaning. It is also exemplified in the demonstration” (verse
6¢-7b); “It all has a clear meaning” (verse 15a-b); “The whole has a clear meaning, and is
understood from the book™ (verse Sa-b). Suryadasa does so presumably when he thinks
that an example is too trivial to spend time on or when the solution of an example has
already been discussed by Bhaskara in the mula.

Moreover, Suryadasa discusses the examples of the mula in order to elucidate and
apply the principles underlying the various sutras. The sutras which are being used in the
solution of a problem are also articulated by Surya.

In the beginning of each sub-section, Suryadasa provides a brief introduction about
the topic to be covered in it. Similarly, at the end, the name of the topic, which was
covered, is provided.

Suryadasa m the end of his commentary on various chapters of Bhaskara’s
text by the verses of ‘upasamhara’ (colophon) and ‘upaupasamhara’ (post-colophon), for

example, see Surya’s verses after his commentary on Bhaskara’s verses 45b-46a and
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67a-d, respectively. These verses contain the name of the author of the commentary,
Surya, the name of Surya’s father, Surya’s qualifications, the name and subject of the
commentary, the name of the work on which the commentary is written and the name of
the author of that work, and the titles of the topics discussed in a particular chapter.

Sarma (1950) has mentioned that there exists a verse at the end of Suryadasa’s two
works entitled the Suryaprakasa and the Ganitamriakuipika respectively, which gives the
first eight works mentioned by Dikshit (SB VIS 2, p. 222). Obviously Sarma is referring

to the following verse:

ST FEAATI TR A s Tarc T o -
westaiiggdd TRIG st ¥k sgur |
e AIERHgITEaRT Hreged g
§G1 ST TEIHR UGETeHIEA ST 1|0l

This verse may be translated as: Surya, of lofty intellect, wrote two commentaries together
with demonstration(s) pertaining to the two (types of) mathematics in the Lilavati and the
Bijaganita; and likewise, (he composed) the ganita of the §ﬁpatipaddhati, and a Bija.
(Furthermore), he composed one (work called) the Tajika(-grantha) for the sake of God
Visnu and another (work called) the Kavyadvaya (i.e. a pair of poems). He composed the
eighth (work) called the Bodhasudhakara on the science of self (atman).

But this verse is missing from some of the manuscripts of the Siiryaprakasa which
we have collated. This fact will support a claim concerning Suryadasa’s revising an earlier
version of his text of the Suryaprakasa and thus creating more than one recension. (See

Chapter I, section 3.C.(c) below.)
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F. The Relationship of Suryadasa’s Text to Bhaskara's Text and to the Text of the
| Later Commentator Krsna

For the mula, i.e. Bhaskara’s Bijaganita, we have used the edition entitled

Bijaganita: A treatise on algebra by Bhaskaracarya, which is edited by Jibananda

Vidyasagara, 1878, Calcutta. This edition contains Bhaskara’s own commentary, in

addition to Bhaskara’s verses. It is this edition on which we have based the numbering of

the verses pertaining to the mula in our Text Alpha which we have edited, because

Suryadasa does not assign any numbering tc these verses. Vidyasagara’s edition is not a

critical edition in the modern sense. This editor does not record any variant readings.

Indeed, it is clear that there exists no critical edition of Bhaskara’s Bijaganita.

The other available text containing the verses of Bhaskara’s Bijaganita is the text
with the commentary of Krsna (ca. 1600 A.D.) (Pingree, 1971, 1981a). Krsna was
patronized by the Mughal Emperor Jahangir, and belonged to the Devaratragotra of
Dadhigrama on the Payosni river (i.c. the modern Tapu river, or more correctly, its
tributary the Purna river which flows from the Vindhya mountains). Krsna’s commentary
is entitled Bijankura or Navankura or Bijapallava or Kalpalatavatara or Bijalilavati.
There are two editions (and hence two versions) of this text of Krsna: (i) edition by
Kpat.e, Dattatreya, entitled B haskariyabijaganitam with the vyakhya
Navarikura of Krsna, published as ASS 99, Poona, 1930; (ii) edition by Radhakrishna
Sastri, T. V., entitled Bijapallavam with introduction by T. V. Radhakrishna Sastri,
published as Madras GOS 67, TSMS 78, Madras-Tanjore, 1958. (CESS A 2, pp. 53a-b,
54b; CESS A 4, p. 311b)

For Krgna’s commentary, we have chosen the edition by Radhakrishna Sastri
(unless otherwise stated) because it seems to be based on the earliest known manuscript of
Krsna. It is based on the manuscript Tanjore D 11523, which was copied at Kasi by
Tryambaka on April 11, 1601 in Krsna’s lifetime (Pingree, 1971, CESS A 2, pp. 53b, 54b;
Pingree, 1981a, CESS A 4, p. 308b). On the other hand, the edition by .Apat.e is based on
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the manuscripts (Pingree, 1971): (i) India Office 2830 which was copied at Prayaga in
A.D. 1704; (ii) BORI (Bhandarkar Oriental Research Institute) 287 of Vishrambag I
which was copied on February 7, 1826; (iii) Anandasrama 2005; (iv) Anandasrama 4357
and (v) a Benares manuscript. The last three manuscripts were copied in the eighteenth or
nineteenth century (CESS A 2, pp. 53b-54b). Therefore the text of the edition by
Radhakrishna Sastri (1958) is more authentic than that of the edition by Kpat.e (1930).
Also the edition by Radhakrishna Sastri has a better layout and has fewer mistakes than the
edition by Apate. These two editions contain different numberings for the same verses
pertaining to Bhaskara’s Bijaganita.

Now with respect to the recensions of Bhaskara’s Bijaganita, it appears that the
recension used by Suryadasa is different from that used by Vidyasagara or Krsna, because
there are some differences in the readings at some places. For example, in verse 48b,
Vidyasagara’s reading is dfsaY (BG, p. 26) but Surya (see Text Alpha) and Krsna (BP,
26d, p. 87) have the reading dsehY | Similarly, in verse 51a where Vidyasagara reads
TSI (BG, p. 27), Strya (Text Alpha) and Krsna (BP, 29¢, p. 89) read T |
Likewise, in verse 27b, Vidyasagara’s reading is '{.T@TS!E{T (BG, p. 13, and the same is
in Apate, 1930, ASS 99, p. 39), Krgna’s reading is ’I@SZIET (BP, 134, p. 56), but
Surya (Text Alpha) reads '{_[Uﬂ’ 3TYGT which is correct in the light of the solution. (Note

that the multiplicand and multiplier given by these mathematicians are formed with the
same karanis.)

That these mathematicians used different recensions of Bhaskara’s Bijaganita is
also suggested by the difference in the order of some of the verses. For instance, in the
Suryaprakasa, the explanation of verse 53a (i.e. Vidyasagara’s 435S ) is followed by that
of 54b, but Vidyasagara’s arrangement is different (see BG, p. 27) as is evident from the

numbering of these verses. In this regard, Sturya’s arrangement is more logical because it

preserves continuity of the context. Here again Krsna (see BP, 32a-b, p. 108) follows

Surya. On the other hand, in terms of Vidyasagara’s numbering, Krsna states verse 53b-
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54a before 52c¢ (see BP, 3la-b, p. 106; 31lc-d, p. 108), whereas Stryadasa and
Vidyasagara keep the opposite order. Krsna’s order seems less logical due to the fact that
in any problem involving kuttaka, according to Bhaskara’s method, the quotient and

multiplier for the positive case are to be found first (which involve the requirement of equal

results in division of the pair of numbers by their respective taksanas). The subtraction (of
the quotient and the multiplier) from respective taksanas for the purposes (of obtaining
solutions in case) of a negative additive or a negative dividend is done afterwards.

As will be seen in our commentary, Text Alpha has a lacuna at some places. Some
of these lacunae indicate that Suryadasa had a manuscript of Bhaskara’s Bijaganita which
missed some verses partly or completely but contained Bhaskara’s commentary on them.
Presumably, it is for this reason that Suryadasa’s text does not have a lemma for the verse
consisting of lines 53a and 54b, nor a lemma for verse 67a-d; but Suryadasa does provide
a correct solution to the problem given by verse 67a-d.

Since there is occasional difficulty in locating Bhaskara’s mula in the text of the

Suiryaprakasa, it appears that Suryadasa was using an imperfect manuscript of Bhaskara’s

Bijaganita. Furthermore, in view of the differences in the readings as well as in the order
of some of the verses of the mula, one can safely conclude that Suryadasa, Krsna and
Vidyasagara were not using the same recension of Bhaskara’s Bijaganita text.

As far as Suryadasa’s presentation in relation to that of Bhaskara is concerned,
Suryadasa is following Bhaskara’s text closely. Not only did he use the verses of
Bhaskara, but also he took prose examples and prose commentaries of Bhaskara. Also he
borrowed expressions such as ‘nyasah’ and ‘yoge jatam’. (Bhaskara is not the inventor of
these expressions because they occur already in earlier works, such as the Bakhshali
Manuscript, the works of Sridhara etc.) One may see the similarities in the commentaries
of Bhaskara pertaining to verses BG, 3c-4b, p. 1; BG, 57c-58b, pp. 28-29; BG, 61c-62a, p.

34, and those of Suryadasa pertaining to the same verses.
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It is also evident that Suryadasa avoids minute details if they exist in Bhaskara’s
text. For example, in the solution pertaining to verse 58c-59b, Suryadasa skips the pair of
numbers 2430, 1530 which Bhaskara has recorded (BG, p. 29). Also, as described before
(see our summary of the Suryaprakasa), Suryadasa does not spend time in solving
problems which he thinks to be self-explanatory or straightforward or which are trivial and
have already been solved by Bhaskara. In the latter case, sometimes Suryadasa refers his
students to Bhaskara’s Bijaganita and thus expects them to achieve understanding
themselves, as in the case of Bhaskara’s BG, Sa-b, p. 2 which Bhaskara has aiready
solved. For this verse, Suryadasa’s commentary is: “The whole has a clear meaning, and
is understood from the book.” Krsna explains this problem along Bhaskara’s lines and
also in terms of Eastern and Western regions (see BP, without number, pp. 14-15).
Likewise, Suryadasa does not solve problems pertaining to verses 6a-7b and 8a-d, while
Bhaskara (BG, pp. 2-4) and Krsna (BP, 2, pp. 15-16; 3, pp. 18-19; 4, p. 20) do.
Suryadasa discusses only one case pertaining to the example following the demonstration
to verse 19a-d, and leaves the remaining cases to the reader. Krsna discusses all of them
very briefly (BP, pp. 42-43), as does Bhaskara (BG, pp. 8-9). As another illustration, after
stating BG, 21b, p. 9, Bhaskara discusses in one sentence (BG, p. 10, 1-2) the square-root
pertaining to the problem in BG, 20a-b, p. 9 (though square-root is not required in this
problem). Suryadasa gives only a hint concerning verse 20a-b, but he makes no reference
to the square-root. Krsna discusses this square-root in detail (BP, pp. 44-45). Further,
with reference to verse 58¢c-59b, Suryadasa omits the last case when the dividend is 10,

divisor is 7 and additive is 1. Bhaskara discusses this case as well (BG, p. 31) and so does

Krsna (BP, p. 114). As another illustration, having solved the problem given in BG, 59%-
60b, p. 32, Bhaskara adds further discussion (BG, p. 33). Krsna (BP, 24, p. 115)
claborates on Bhaskara’s discussion. But after giving the solution of the problem given in
59¢-60b, Suryadasa says: ‘“‘The remainder, which is clear, is understood from the treatise

also.”
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| On the other hand, normally, Suryadasa expands on and supplements Bhaskara’s
explanations. For example, for the first problem given by BG, 25¢-d, p. 12, Bhaskara
gives only answers, but Suryadasa supplies detailed solutions. Further, for BG, 59¢c-60b,
p- 32 and for the example subsequent to BG, 63c-64b, p. 37 (in the setting out of which the
dividend is 17, additive is 1 and divisor is 15}, Bhaskara does not supply the chains of
quotients, while Suryadasa does. Moreover, in order to explain BG, 64¢-65d, p. 38,
Suryadasa gives an example, likely composed by himself. In this example, Suryadasa
discusses: how to determine the remainder of seconds when the revolutions, civil days and
elapsed days of a planet are given (to be 3, 11 and 3 respectively). Conversely, how to find
the position of a planet from the remainder of secohds. Krsna too discusses a similar
example (BP, pp. 123-127). But Bhaskara (BG, p. 39, 1) only mentions that examples are
in the Triprasnadhyaya. (The notation “p. 39, 1” in the last sentence means “page 39, line

1”. This form will be used generally for Sanskrit texts.)

From this comparison between the commentaries of Suryadasa and Krsna, it is
evident that Suryadasa’s explanations are concise while Krsna’s are generally detailed.
Suryadasa skips some solutions if they are self-evident or exist in Bhaskara’s miula, but
Krsna tends to solve almost every problem of the mula. Though the grammatical
indicators used by Suryadasa in his expositions (as of verse 5c-d) do not exist in Krsna’s
commentary, yet, because of many similarities (see section 1.1.(ii) of this chapter), it seems
that Krsna does look at the Siiryaprak@sa. On the other hand, Krsna seems to have made

some changes. For instance (in terms of Vidyasagara’s numbering), Krsna’s 5c is

followed by 6a-b, which is followed by 5d (see BP, pp. 15, 18); perhaps because the

problem given in 6a-b involves an application of the sitra given in 5c only.

G. The Sources Used by Suryadasa
Stryadasa mentions the following works in his Siryaprakasa:
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(i). The Bijaganita of Bhaskara—Suryadasa has used the verses and prose
commentaries from this work.

(ii). The Kgamas and S;Estras—Sﬁryadﬁ' sa mentions these sources in his
commentary on Bhaskara’s verse 1. (See Text Alpha, Preface.)

(iii). The Smrtis—From this source, Suryadasa has cited the verse about devotion
to one’s teacher as to one’s god. (See Text Alpha, Preface.)

(iv). The Vyakarana of Panini—Rules 4, 1, 83; 4, 2, 59; 3, 1, 136 and 3, 3, 106
have been cited from this grammar. (See Text Alpha, Preface.)

(v). The Goladhyaya of Bhaskara’s Siddhantasiromani—Stryadasa has quoted the
first verse from this work (see e.g. Zpat'e, 1943, GD 1, ASS 122, p. 21). In this verse,
Bhaskara describes the creation of the universe, which is similar to that described by the
Sankhya philosophers (see Text Alpha, Preface).

(vi). The Siddhantasundara of Jianaraja—Suryadasa quotes verse 9a pertaining to
Prakiti and Puruga (see Text Alpha, Preface), from the section Bhuvanakosa of the
Goladhyaya part of this astronomical course.

(vii). The Bijadhyaya of Jiianaraja—Suryadasa quotes the rule pertaining to the
approximate square-root of a non-square number from this algebraical supplement (see
e.g. the manuscript Berlin 833, f. 3v., 10-13), in his commentary on verse 44b-45a of the

mula.

(viii). The Grahaganifadhyaya of Bhaskara’s Siddhantasiromani—Allusions to
verse 64 of GG I (see Apate, 1939, ASS 110, p. 125) and to verse 13 of GG II (see Apate,
1941, ASS 110, p. 86) seem to have been made by Suryadasa in his demonstrations
pertaining to verse 3a-b of Bhaskara’s Bijaganita and the unnumbered verse following
Bhaskara’s verse 3a-b, respectively. Also verse 4a from this work (see Kpat.e, 1939,
GG I, ASS 110, p. 30) has been quoted for demonstrating the sutras in Bhaskara’s verses
64c-65d.
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(ix). The Lilavati of Bhaskara—The verses cited by Suryadasa from this source
include (see e.g. Apate, 1937, L I, ASS 107):

verse 18a, p. 18

in Suryadasa’s commentary on verse 5d (of the miila)

verse 19a, p. 19 in Suryadasa’s commentary on verse 7c-d and verse 31¢c-32d

verse 14b, p. 14 in Suryadasa’s commentary on verse 17¢c-d

verse 22a, p. 21

in Suryadasa’s commentary on verse 27c-28b

verse 56, p. 54 - in Suryadasa’s commentary on verse 33a-34d

(x). The Bijaganitavatamsa of Narayana Pandita (fl. 1356 A.D.)—Verse 14, p. 6
and verse 25a, p. 13 (see Shukla, 1970) have been quoted from this work while Suryadasa
comments on verses 10a-b and 23c-24b respectively, of the mula.

(xi). The Thirteenth Book of the Mahabharata—Suryadasa cites verse 135, 11
from this source (see e.g. Dandekar, 1966, Vol. 17, Part 11, p. 705) in his commentary on
the verse 11a-d of the mula.

(xii). The Amarakosa of Amarasimha—Suryadasa has cited a saying from this

work in his commentary on verse 12a-d of the mula.

(xiii). The Ganita of Suryadasa—After his commentary on verse 50c-531b of the
mula, Suryadasa has given nine concise verses of his own creation pertaining to the subject
of kuttaka. Suryadasa cites the ninth verse again, in his example which follows verses
64c-65d of the mula as well as in his commentary, the Ganitamrtakiipika (see the
manuscript Wai, Prajaa Pathasala Mandala (PPM) 9762, f. 118v., 5-6). In the latter,

Suryadasa mentions that he has quoted this (ninth) verse from his Ganita as follows:

TGHHETRT: TR |

FeEy faw o7 dugfeiaats |
QY T Hferquest aa f& afteperfafy i)
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Possibly Suryadasa is referring to his own Bija-ganita listed above, though

Colebrooke (1817) mentions a distinct work on calculation by Suryadasa, entitled

Ganita-malati (see p. xxv). This latter work has also been noticed by Aufrecht but no

other scholar appears to have seen it (Sarma, 1950, SB VIS 2, p. 223).
(xiv). The Algebra of §ridhara (ca. eighth century A.D.)—Suryadasa mentions this

source in his commentary on the section called madhyamaharana as follows (see e.g. the

manuscript /ndia Office (I0), London, 2825 (789), f. 82v., 6-9; or the manuscript

Stadtsbibliothek, Berlin, 832, f. 85v., 2-5): Y HAFHINIe ISEINHfy
gEAFATE HAfrcaTra fefafewr oo Tafifay TR S O R

Y

a7 deafify greemERT €98 Juwearea Al @ el |

IgUETETEd ®9: gEed TR |
HEHAITETY! TEl da) g |l

H. The Innovations Made by Suryadasa (Through Kuttaka)

Surely there exist similarities between the commentaries of Bhaskara and
Suryadasa, however, Suryadasa did introduce novelties, some of which are the following:

(i). Suryadasa’s organization of his succinct exposition into various parts which
bear special designations: “(syntactic) connection” (i.e. rearrangement of the words of a
verse in the prose form), “meaning” (of a verse along with the meanings of various
technical terms contained in it), “demonstration” (of the principles underlying a verse), and
sometimes “suspecting that” (there may be the possibility of some alternative interpretation
pertaining to the verse under discussion), “he states” (the alternative explanation).

(ii). Suryadasa’s use of the approximate square-roots of karanis 8 and 2 (in the

sexagesimal system), to demonstrate the validity of the rule concerning the sum and

difference of two karanis in Bhaskara’s verse 23c-24b (see Text Alpha, Suryadasa’s

demonstration under Bhaskara’s verse 24c¢-25b).
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(iii). Suryadasa’s use of a unique term ‘rudha,” when he comments with reference
to verse 46b-47b (see Text Alpha): "FF FHgh 3% ¥c: Jsq:" which means:
‘“Here “pulverizer” is a conventional word” (that is, it refers, by convention, to a
mathematical process).

(iv). The ninc verses of Suryadasa’s own creation, after his commentary on verse
50c-51b (see Text Alpha), as mentioned before.

(v). Suryadasa’s introduction of an example and its solution in connection with his

commentary on verses 64c-65d (see Text Alpha). A reference is made to this example in

the Ganitamrtakupika by Suryadasa as follows (see e.g. the manuscript Wai, PPM 9762,

f.121v, 9): JEVTSY HIGEWAT EIRHAIH SRR |

I The Later Uses of the Suryaprakasa

(i). Use by Suryadasa himself—For example, Suryadasa quotes a part of his
commentary on verse 10a-b of Bhaskara’s mula in his Ganiamriakupika (Wai, PPM
9762, f. 21v.,, 5) as follows: Tgeh  dANUTSY | G  @RAIRT
deaTfasaeanatfa i ¥ 3f |

(ii). Use by the Commentator Krsna—Krsna’s Bijapallava does not contain
(direct) citations from Suryadasa’s Suryaprakasa. Nonetheless, there exist several striking

similarities in the style of exposition in these two commentaries. Like Suryadasa, Krsna

too provides the necessary background or introduction before each verse of Bhaskara’s

mila. After that Suryadasa gives only the lemma (see section E. above) but Krsna gives

the complete verse. Suryadasa’s presentations of the sutras are generally divided into three

parts while those of Krsna contain only two parts. Part 1 (in which Suryadasa describes

the syntactic connection) does not exist in the Bijapallava. Parts 2 and 3 are present in the

Bijapallava though Krsna does not end these parts using the graiamatical indicators of

Suryadasa (except in a very few places; see BP, p. 24, 17 and p. 109, 13). On the other
hand, Krsna usually begins part 2 with HETY: whereas Stiryadasa says either nothing
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or sometimes %IHY:| Both commentators begin part 3 with the indicator
FAQURT: | Occasionally Krsna includes another part between parts 2 and 3 as does
Siiryadisé. Following Suryadasa, Krsna begins this part with the clause -, but does
not make use of Suryadasa’s indicator STUTHFYTE | Furthermore, in order to
introduce a citation, Suryadasa states HJ b or P o or simply FU (see
Suryadasa’s commentary on verse 27c-d in Text Alpha), while Krsna employs the
expression Q‘E@H‘T vafd (see BP, p. 15, 17). At the end of the citation, Suryadasa
variously uses 3JTgIhAR] s, g9, sfT GhT@, and
Ea'rﬁ'qami Here Krsna uses either just 3fJ or one of the expressions of
Suryadasa.

Further evidence that Krsna has used the Stiryaprakasa is supplied by the fact that
Krsna has given an example which is similar to the one given by Suryadasa in order to
explain verses 64c-65d of Bhaskara’s mula. The only difference is that Krsna chooses the

constants 9, 19, 13 (see BP, p. 123, 22) instead of Suryadasa’s 3, 11, 3.

Like Suryadasa, Krsna mentions Sridhara in his Navankura as follows (see
Apate, 1930, ASS 99, p. 139, 19-22): TF H Tet TUAR fF a1 T
gty ST Aeteieagad gdafi—

Agusdated & gEed TR
EiRRRE S aFedTRy Brdeeia sfy )

It is interesting to note the differences between the second line here and that of the same

quote given by Suryadasa (see the end of section G. above).

Thus from the above discussion, it is clearly possible that Krsna has been

influenced by the Suryaprakasa.
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(iii). Transmission to Scribes—Some twenty-four manuscripts of the
Suryaprakasa (some of which may no longer be extant) are known to have been written by
scribes.

(iv). Future Work for Historians of Indian Mathematics and Astronomy—For
example, Colebrooke (1817) mentions both Siryaprakasa and Ganitamriakiupika in his
Dissertation (p. xxvi).

(v). Extracts from the Suryaprakasa in the Works of Other Commentators—Parts
of the Siryaprakdsa on Bhaskara’s verse 1 are found in the commentary Vimla which is
written in Sanskrit and Hindi. This commentary is on Bhaskara’s Bijaganita and was
composed by Acyutananda Jha in 1949 A.D. The following contains some of these

extracts in the Vimla (see Jha, 1949, KSS 148, pp. 3-4):

e g 0% Tqelq dg | AmesiHey:| .. d
P 7 ot shacdIges Shd IR, T e

R HRIE PEUSERIBTER R : |

e deaardfed: By Ramics: diean: FHaa)
ggeth do aegesuTieidd gagfa, Heuwaad smTyes
47 =iy, e | IIEHE R SarERedfT =,
ay1 franfgss aoieh FRcagealgl I4 Fdl 9 9@ T4 |
.. ®hd & TRIGH | .. g fmcassesife | ves demet
T G| TAT TH_ TP OOARHATIIRag i edam |

Ieuigeh | IeUrgadiegeage: far | ageuges Rt
3| P § Fete) Fefflt deiemseacaaftd
FASIIGNAMRT | T T FHERGIYT eed sgafeud Al
I gl | .. g Tecanfialesang .. e @
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T | Fedio: e ST | agsaeTRid ATt

Faq acqesuieiSd gagiy| .. HeRk FHANGH | P

Sehed g PTG s iy amaq |

(vi). Use by Various Institutions—For example, the Oriental Institute, Baroda; the

Prajiia Pathasala Mandala, Wai; the Wellcome Institute for the History of Medicine,

London, England. Some of our manuscripts of the Suryaprakasa were procured from

these institutes (see section 3.A. of this chapter, Overview of the Manuscripts).
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2. Bhaskara (b. 1114 A.D.) and His Work

Bhaskara, also known as Bhaskaracarya (Gcarya meaning teacher, learned,

venerable), was the most renowned Indian astronomer and mathematician of the medieval

period. He wrote his excellent astronomical treatise, the Siddh&nta&iromar.zi, in the thirty-

sixth year of his life (§Esni , 1893). He was the son of a very great Pandita (i.e. scholar) as

well as a poet, an excellent astronomer, and an expert scientist, named Mahesvara.

Mahesvara had attained the title of ‘acarya’ in the assembly of the Panditas. Bhaskara had
learned all the sciences through his father Mahesvara (JAS Bengal 62, p. 224).

A. Bhaskara’s Date of Birth

Bhaskara himself gives his date of birth in one of the concluding verses of the

Goladhyaya Il of his Siddh&ntaﬁromar_ti as follows (see e.g. I_\pat_e, 1952, GD 1[I

Prasnadhyaya, 58, ASS 122, p. 520):

WTUHE] 2038 GHIHTUaHY SHI-HHTCUf: |
W 3& oo g7 fagraRawh o yel

This verse says that Bhaskara was bomn in the year 1036 of the Saka Era (which began 78
years after the Christian Era), that is in 1114 A.D. He wrote his Siddhantasiromani at the

age of 35 in the year 1072 of the Saka Era.

B. Family Background and Native Place
In verses 61 and 62 (pp. 522-523) of the previously mentioned GD 1[I
Prasnadhyaya, ASS 122, Bhaskara says:

HH_ FEHHESIIAYL Afdafagsa
AAESUItT fsesfad TfswrAr o |
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IS CIRIECHGHC U B ISR CANTIE
ARAHSRHE TEd SaSESHe: ||8?]|

TeET=a O A—g g TAITHIETG: Gefl-
AreeRl fagmerresdifays gered |
LY -5 \

TaEahag by hasos acam fagl
fgraayt Fafgaut 95 FHfaulest sl

These verses inform us, among other things, that Bhaskara’s father Mahesvara was a

Brahmana of the S’Er}cjilyagotra, and was well-versed in the Vedas and the Srutis. Further,
Mahesvara was a native of the city of Vijjadavida in the Sahyadris (a part of the Western
Ghats, north of the river Godavan and south of the river Tapti). Having touched his
father’s feet, that is, having obtained his father’s blessings, Bhaskara composed his
Siddhantasiromani.

Bhaskara’s lineage consists of generations of prominent scholars some of whom

had close connections with local political powers. This is revealed by an inscription which

was installed by Bhaskara’s grandson Cangadeva in a village known as Patna near
Chalisgaon in East Khandesh in the state of Maharastra (Pingree, 1976, CESS A 3,
p. 39b). This inscription is still extant in the temple of Bhavani in Patnd (Misra, 1979).
The inscription was discovered and edited (in 1865 A.D.) by the scholar Dr. Bhau Daji,
who was a native of Kailash (CPG 13, p. 2).

The inscription was reedited by F. Kielhorn in the Epigraphia Indica 1, 1892, pp.
338-346 (Pingree, 1970a). In addition to Bhaskara’s genealogy, the inscription records
that King Soideva endowed, on 9 August 1207, a matha (i.e. educational institution) for
the study of Bhaskara’s works to its founder Cangadeva. In the inscription, Bhaskara’s

genealogy begins with a kavicakravarti (i.e. emperor of poets) called Trivikrama who
belonged to the §§r3<}ilyagoﬂa. His son Bhaskara Bhatta was given the title of ‘Vidyapat’
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by the Paramara king named Bhojaraja who ruled over Dhara from ca. 995 A.D. to ca.
1056 A.D. The representatives of the next generations in succession were Govinda,

Prabhakara, Manoratha, and Mahesvara (Bhaskara II’s father). Bhaskara’s son

Laksmidhara was the chief of the Panditas in the court of the Yadava king, Jaitrapala
(1191 - 1209 A.D.). Laksmidhara’s son Cangadeva (fl. ca. 1200/1220 A.D.) was the
chief astrologer to the Yadava king, Singhana, who ruled over Devagiri from 1209/1210
A.D. (DSB 2, pp. 115a-b)
For a quick glance at Bhaskara’s genealogy, the reader may refer to Professor
Pingree’s Jyotihsastra, 1981, p. 124, Table 8.
Note: Above and in what follows, unless otherwise specified, the name Bhaskara
.means Bhaskara II (b. 1114 A.D.). The “II” normally appears in the historical literature
because of an earlier mathematician, Bhaskara I, not related to Bhaskara, who lived about

600 A.D.

C. Bhaskara’s Education

Bhaskara studied mathematics, astronomy, astrology, philosophy, literature, poetry
and religion. The following verse, which is added anonymously to the end of the Lilavati,
describes the several facets of Bhaskara’s education and his keen intellect (see Sharma,

1987, p. 211):

IS SrHEN ¥ 7 el s an dfed:
N JIIEr-T o Igd agTRiY & 1

A e g 7 99 fIEeel
AESaRITTE SUHfEAT disen: wfafest )

This verse states, in essence, that the poet Bhaskara could explain the eight (kinds of)

Vyakaranas (i.e. grammars) and the six Samhita’s (i.e. compendiums) of medical science.
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He had studied the six (kinds of) Logic, the five (branches of) Ganita and the four Vedas.
Furthermore, he understood the difference between the two (branches of) Mimamsas (i.e.
a system of Indian philosophy which deals with the correct interpretation of the Vedic texts
and the Vedic rituals). He recognized the three-fold and two-fold of “jewels”. He
understood the supreme reality which is Brahman (i.e. the essence from which all created
things are produced and into which they are absorbed). He was the one who had profound
knowledge and glory.

As mentioned in the beginning, Bhaskara studied these sciences with his father
(who was also his guru) Mahesvara or Mahesvara Upadhyaya (teacher). Mahesvara, who
flourished about 1114 A.D., was the author of (i) the Kara r}aéekhara, (ii) the
Pratisthavidhidipaka, (iii) the Vrttasataka, and (iv) the Laghujatakatika; of which only the
last two survive (Pingree, 1981a). The Vrrtasataka is a phalagrantha (book on astrological
results), while the Laghujatakatika is a commentary on the Laghujataka, of the
astronomer Varahamihira who flourished about 550 A.D. (CESS A 4, pp. 397b-398b).
The great wisdom of Mahesvara is reflected in the tribute paid to him by Bhaskara in the
conclusion of his Bijaganita (see Vidyasagara, 1878, BG, 207, p. 162):

eI 3fa gia: gfie-
AERedugd] fagyl go=: |
FEITESEUBInHT Id TF 95
I NITRIG &g IR @ (109

Here Bhaskara proclaims that his father earned the epithet “best of the acaryas of the

wise.” Having obtained a minute quantity of knowledge from him, Bhaskara made
Bijaganita easy. Another verse, which describes some of the attributes of Mahesvara, is

the concluding verse of adhyaya 10 of Bhaskara’s work entitled Karanakutiihala (see

Purohita, 1989, KX, 4, p. 110):
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HeasTTuTRT TEfEy TifsraE R

AT TETEIC AT AT |
ifafefiess ogeat sfy s B 95
g J: BW FIESHG T35 HRMTEHTC 1191

This verse proclaims that Mahesvara was the best of the astronomers, in addition to

proclaiming his various other qualifications, religion and native place.

Furthermore, the verses 61-62 of Bhaskara’s Goladhyaya II Prasnadhyaya, ASS

122, which were stated before, describe similar qualities of Mahesvara as weil as

Bhaskara’s gratitude to his father.

D.

Bhaskara’s Works

Bhaskara composed six major works, which may be listed as follows (Pingree,

1970a):

(1).
).
3).
4).
5).
(6).

Vivarana on the §i._s‘yadhi vrddhidatantra of Lalla (fl. eighth century A.D.).
Lilavat or Patiganita.
Bijaganita.
Siddhantasiromani (1150 A.D.).
Vasanabhagya on the Siddhantasiromani.
Karanakutuhala (1183 A.D.).
(DSB 2, p. 115b)

Now we discuss some details pertaining to the above works:

(1). The Vivardr_za of Bhaskara on Lalla’s SDVT has been recently studied and

published.
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(2). The Lilavati, which is often considered as the first part of the
Sia‘dh?zntaéiromar;i, usually consists of twenty-one prakaranas (divisions) (Pingree,
1981a). The contents of the Lilavasi include arithmetic, geometry, and one chapter in
algebra on the topic of kuttaka. There exist hundreds of manuscript copies and many
editions of the Sanskrit text of the Lilavari. Numerous commentaries have been written on

this work in Sanskrit. In addition, there exist commentaries in other Indian languages.

These include Hindi, Gujarat, Marathi and Telugu. The Lilavati has been translated into
Hindi, Kannada, Persian and English. (CESS A 4, pp. 299b-308a)

References to verses of Bhaskara’s Lilavati in our thesis are from Dattatreya
Kpat.c’s (1937) edition, ASS 107, 2 vols., Poona (unless otherwise stated). This edition
contains Bhaskara’s mula as well as the tikas Buddhivilasini (written in 1545 A.D. by
Gar;eéa ) and Lilavativivarana (written in 1587 A.D. by Mahidhara). Gaqeéa (b. 1507
A.D.) was a native of Nandigrama in Gujarat (Pingree, 1971). He was one of the most
renowned astronomers of the sixteenth century (CESS A 2, p. 94a). On the other hand,
Mahidhara, who flourished from 1585 A.D. to 1599 A.D., composed a large number of
works on a wide variety of subjects at Varanasi (Pingree, 1981a, CESS A 4, p. 390a).

(3). The B ijaganita is often considered as the second part of the
Siddhantasiromani. 1t is divided into thirteen adhy@yas (chapters) which contain: the six-
fold operation of positive and negative quantities, zero, unknowns and karam (surds); the
indeterminate equations of the first degree (kuttaka) and second degree separately; linear
and quadratic equations; linear and quadratic equations having more than one unknown;
operations with products of several unknowns; a section about the author Bhaskara and his

work.

The Sanskrit text of the Bijaganita, like that of the Lilavati, has been published
many times (Pingree, 1970a, 1981a, 1981b). But the commentaries on the Bijaganita are
far fewer than those on the Lilavati (perhaps because the Bijaganita is more difficult than

the Lilavati). The commentaries on the Bijaganita include: Suryaprakasa (1538 A.D.) of
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Suryadasa of Parthapura; Navankura (ca. 1600 A.D.) of Krsna of Dadhigrama
(Varanasi); Bijavivarana (1639 A.D.) of Viresvara of Parthapura; Sisubodhana (1652
A.D.) of Bhaskara of Rajagiri; Bijaprabodha (1687 A.D.) of Ramakrsna of Jalapura
(Amaravati, in the Sahyadris); Vasanabhasya of Haridasa (before 1725 A.D.);
Balabodhini (1792 A.D.) of Krparama of Ahmadabad; a commentary by Jivanatha Jha
(fl. ca. 1846/1900 A.D.); Bijalavdla of Nijananda; Kalpalara of Paramasukla (perhaps
Krsna’s work?). (DSB 2, p. 117a; CESS A 4, p. 308b; pp. 63-64)

Besides the commentaries just mentioned, there exist commentaries with a few
editions (not critical editions) of the Bijaganita. Some of these editions are as follows
(Pingree, 1981a): edition of Jivanatha Jha with his own Sanskrit commentary, Benares,
1885; edition of Sudhakara Dvivedin with his own Sanskrit commentary, Benares, 1888;
edition of Radhavallabha with his own Sanskrit commentary, Calcutta, 1917; edition of
Muralidhara Jha with Sudhakara Dvivedin’s as well as his own Sanskrit commentaries,
BenSS 40, Benares, 1927; edition of Dattatreya Apate, with Krsna’s Sanskrit commentary
(Navankura), ASS 99, Poona, 1930; edition of Durgaprasada Dvivedin with his own
Sanskrit and Hindi commentaries, 3rd ed., Laksmanapura, 1941; edition of Acyutananda
Jha with Jivanatha Jha’s Sanskrit commentary (Subodhini) and his own Sanskrit and
Hindi commentaries (Vimla), KSS 148, Benares, 1949; and edition of T. V. Radhakrsna
Sastrin with Krgna's Sanskrit commentary (Bijapallava), Madras GOS 67, TSMS 78,

Madras-Tanjore, 1958 (CESS A 4, p. 311b). Also, there exists an edition of Gangadhara

Misra with his own Sanskrit commentary (Bijavasana), HSS 124, Benares, 1940.
The edition of Bhaskara’s Bijaganita, by Jibananda Vidyasagara, Calcutta, 1878,

which we have referred to in our thesis, contains Bha'skara’s own commentary. For the

other editions containing verses of Bhaskara’s Bijaganita, which we have considered for

our purposes, see Chapter I, section 1.F. above.

The Bijaganita has been translated into Indian and foreign languages. In our thesis,

we have referred to the English translation by Henry Thomas Colebrooke, entitled Algebra,
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with Arithmetic and Mensuration, from the Sanscrit of Brahmegupta and Bhascara,

London, 1817.

(4). The voluminous treatise SiddhantasSiromani, written in 1150 A.D., consists of
two parts—the Grahaganitadhyaya (or Ganitadkyaya) and the Goladhyaya (Pingree,
1981a). The first part contains twelve adhikaras (chapters) on mathematical astronomy,
and the second part contains thirteen adhikaras on the sphere. There exist several editions
of these two parts, some combined, others separate. Furthermore, many commentaries
have been written on the Siddhantasiromani in Sanskrit, and some in other Indian
languages. (CESS A 4, pp. 311b-319a)

References to verses of Bhaskara’s Siddhantasiromani, in our thesis are from the
following sources: (i) The Grahaganitadhyaya with Bhaskara’s own Vasanabhasya and
Ganesa’s (fl. ca. 1600/1650 A.D.) Siromaniprakasa, edited by Dattatreya Apate as ASS
110, 2 vols., Poona, 1939 - 1941; (ii) the Goladhyaya with Bhaskara’s own
Vasanabhasya and Munisvara’s (b. 1603 A.D.) Marici, edited by Dattatreya —Apat_c as ASS
122, 2 vols., Poona, 1943 — 1952; and (iii) the Siddh'a'nta&iromal_zi with Bhaskara’s own
Vasanabhasya and Nrsimha’s Vasanavarttika (1621 A.D.), edited by Muralidhara
Caturveda, Varanasi, 1981. Caturveda’s edition contains both Grahaganitadhyaya and

Goladhyaya. We have also referred to the Goladhyaya with Bhaskara’s own
Vasanabhasya, Muni svara’s (b. 1603 A.D.) Marici, and Hindi commentary of the editor

Kedaradatta Josi, Dilli, 1988.

(5). The V asanabhasya or Mitaksara is Bhaskara’s own tika on his
Siddhantasiromani (Pingree, 1970a, 1981b). A commentary on this commentary was also
written in 1621 A.D. by Nrsimha (b. 1586 A.D.) at Kasi, (originally a native of
Golagrama, on the Godavari), and both commentaries have been edited. Nrsimha’s
commentary is known as (see the previous paragraph) the Vasanavarttika (or Varttika ).

(DSB 2, p. 119a; Table 11, p. 125)
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(6). The Karanakutuhala or Grahagamakutihala or Brahmatulya or
Vidagdhabuddhivallabha or Khetakarma, which was written in 1183 A.D., consists of ten
chapters (or eleven adhyayas) which contain rules for solving astronomical problems
(Pingree, 1970a, 1981a). It has been edited twice. Several commentaries on this work
have been written in Sanskrit. (DSB 2, p. 119a; CESS A 4, pp. 322a, 326a)

In our thesis, we have cited a verse (see section 2.C. above) from the
Karanakutuhala with the Ganakakumudakaumudi tika of Sumatiharsa Gani (fl. 1622
A.D.), edited by Madhava Sastri Purohita, Bombay, 1989. (First ed. 1901).

The ascription of a short astronomical text entitled the Bijopanaya along with the
Vasanabhasya to Bhaskara by some scholars, seems to have been shown to be a forgery
of the nineteenth century; see e.g. Sastri, 1958/59. (Pingree, 1981a, CESS A 4, p. 326a)

For more detailed synopses of Bhaskara’s works, the readers may look at the
article by Tulsi Ram Gupta in the BMAUA 1, 1927 — 28, pp. 24-46.

For further information on the commentaries, editions, translations and articles
pertaining to Bhaskara’s major works, the reader is referred to Professor Pingree’s article
in the DSB 2, 1970, pp. 115a-120b. Another source is Professor Pingree’s CESS A 4,
1981, pp. 299a-326a (supplemented by CESS A 5, 1994, pp. 254b-263a). This last source
contains information about the author Bhaskara, about the manuscripts of
Bhaskara’s works and about commentaries, editions and translations of those works. It
includes a bibliography as well. Furthermore, for a quick glance at the genealogical tables
along with the titles of works composed by some of the astronomer-mathematicians

considered in this section, the reader may refer to Professor Pingree’s Jyotihsastra, 1981,

pp. 124-126.
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E. The Salient Features of Bhaskara's Writings

Bhaskara was a compiler, a composer and a commentator. His works were so

popular that they remained standard text books for several centuries due to the following

reasons:

(1). Bhaskara, like his predecessors Sridhara (ca. eighth century A.D.) and
Mahavira (ca. 850 A.D.), tried to make his works, specifically the Lilavati, interesting and
easy by introducing examples and problems from the experiences of daily life and also of
common interest. The exemplary problems in the Lilavas deal with mounds of grain, the
sawing of wood, areas of fields, stacks of bricks, excavations, mixtures of different things,
cisterns, interest, shadow of a gnomon etc. Brahmagupta (b. 598 A.D.) discusses almost
all of these topics in the twelfth adhyaya (which is Ganitadhyaya) of his treatise entitled
Brdhmasphutasiddhanta, but his treatment of these topics contains only rules and no
examples or exemplary problems.

(2). Bhaskara’s arrangement of the subject matter and the treatment thereof is very
systematic. For example, in his Lilavati and Bijaganita, Bhaskara enunciates his sttras
(i.e. rules, principles) very clearly in a simple and charming Sanskrit rhythmical poetry.
(Of course the use of Sanskrit rhythmical poetry was a common feature of mathematical

and astronomical writings in those days.) In order to apply the underlying principles,

procedures and operations, Bhaskara provides udaharanas (i.e. examples including

problems). The statements of the sutras and udaharanas are followed by a gloss, wherever

necessary. This gloss contains brief solutions, hints or explanatory notes.

(3). Bhaskara’s Siddhantasiromani contains, in a very simple and lucid style,

theories which do not exist in the treatises of the earlier astronomer-mathematicians,

Kryabhat, aand §ﬂpati, for example (Sinha, 1951). Also, Bhaskara criticizes without any
prejudice the theories propounded by his predecessors, and gives pertinent explanations to

support his own views. (BMAUA 15, p. 11)
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(4). Bhaskara’s commentary Vasanabhasya is an excellent piece of work (Sinha,

1951). It is simple enough to be understood by an average student. Also it includes a
treatment of trigonometry (BMAUA 15, p. 11). It was perhaps this lucid gloss which made
Bhaskara's Siddhﬁntaéiromar}i so popular that it could almost replace the works of his
predecessors.

(5). Another outstanding feature of Bhaskara’s works is their depth, as was
remarked by Professor Spottiswoode in 1859 in the Journal of the Royal Astronomical
Society (cited in Sinha, 1951):

It must be admitted that the penetration shown by Bhaskara in his Analysis

is in the highest degree remarkable; that the formulae which he establishes

and the method of establishing them, bear more than a resemblance—they

bear an analogy—to the corresponding process in modern Astronomy, and

the majority of scientific persons will learn with surprise the existence of

such a method in the writings of so distant a period and so distant a region.

(BMAUA 15, p. 12)

F. Some Special Traits of Bhaskara
In Bhaskara’s view, the study of grammar is necessary before the study of any

science, for he states in his SSI Goladhyaya Golaprasamsi, 8, p. 334 (see Caturveda,

1981) that:

aY 3g dgag ao+ f& erremEEm: @ AgAfy A7 fRHaEEH
qEEE: FUHHAGHI AT e Yaid aaiskesTd el

The meaning of the verse is: Whoever knows grammar well, knows also the Veda which
is the palace of Sarasvati (the goddess of speech and learning). (Then) what is the

(difficulty in learning some) other science (for such a person)? Therefore, a wise person is
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entitled to hear another science only after he has studied the science of grammar (a
knowledge of which is necessary for the correct interpretation of the verses describing the

science).

Bhaskara seems to have special regard for the deities Ganesa and Sarasvati as is

evidenced by his invocations to these deities in the beginning of his works.

Another distinguishing feature of Bhaskara’s personality is his esteem for the
Sankhya philosophy. This is reflected in his description of the universe in his GD I,
Bhuvanakosaprasna, 1, ASS 122, p. 21 (see the Preface of our Text Alpha and our

commentary thereon):

T RIYFH e nal e e -
sEFTNcEH T T: @84 |
FaTg gwg e gsEifsea-
G4 Il gt a1 FeRaH™H_ 12l

Another source is Bhaskara’s BG, 1, p. 1:

UG Acuagid S UUlSd acgesu argdr: |
e HeTed daobs Mg H R TTRId 7 a=q 1l

The other distinguishing traits of Bhaskara’s personality are his deep regard for his
teacher who was his father Mahesvara. These traits are revealed by his BG, 1, p. 1 and by
his GD II, Prasnadhyaya, 61-62, ASS 122, pp. 522-523 (quoted before in the section 2.B.).
Verse 62 reflects not only Bhaskara’s indebtedness to his father, but also
Bhaskara’s belief in the supremacy of a guru.

Bhaskara’s BG, 1, p. 1 reveals an important aspect of Bhaskara’s high literary

ability; that is, the use of paronomasia. The pun-words in this verse are: ‘utpadaka’



38
(generator of intellect, which is Ganesa himself or Mahesvara, here Mahesvara is Ganesa’s
father or Bhaskara’s father); ‘buddhi’ (the human intellect or the Mahattattva i.e. the
second principle of the Sankhya philosophy); ‘satpurusa’ (a wise man or the existing
Purusa of the Sankhya philosophy which is the unique source of everything); ‘sanikhyah’
(astronomers or wise men or Sankhya philosophers); ‘vyakta’ (vyaktaganita or the
manifest material world); ‘avyakta’ (algebra or Prakrnti of the Sankhya philosophy);
‘ekabija’ (algebra or Ganapati); ‘ganitam’ (mathematics or Ganesa).
In Bhaskara’s opinion, avyaktaganita (algebra) is the unique source of vyaktaganita
(Patiganita). This fact is clear from Bhaskara’s BG, 1, p. 1. In his BG, 162, p. 122

Bhaskara defines algebra as “thought accompanied by various colours” as follows:

v AR ReEteee f& sgreuf fydftiad: )
faeafar TussamEiaiEt 88 SeTRIaTEITEIT 11e8RI|

The importance attached by Bhaskara to the study of algebra is also evident in his BG, 2,
p. 1, where he proclaims that generally questions cannot be very well understood by the

“dull-witted” without recourse to algebra:

d URb SOHSOREIS YR G A ATy |
I I AegeiffFHar< aeTmerrsfer gl 7 iR

Bhaskara suggests that the algebraic solution is manifold (see the section on the Lilavau, p.
28, in Colebrooke, 1817); and that in some cases, the algebraic demonstration must be

shown to those who do not understand the geometrical one (see the section on the

Bijaganita, p. 272, in Colebrooke, 1817).
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Bhaskara’s verse, which describes an analogy between the six angas (parts) of the

Vedas and those of the human body, is interesting (S5 (1981) Grahaganitadhyaya,

Madhyamadhikara, 10, p. 10):

FogIEA g€ <A agd fAgs e F Hed: HQ |
a1 g frease 3w &1 AiftesT uiguarsd Beg REE: |izol|

This verse essentially means: It has been declared by the ancient scholars that Vyakarana
(Grammar) is the mouth, Jyotisa (Astronomy) is the eye, Nirukta (Etymology) is the ear,
Kalpa (Ritual) is the pair of hands, §ik§§ (correct pronunciation) is the nose, and Chandas
(Metrics) is the pair of lotus-like feet.

A very important attribute of Bhaskara’s personality is that although Bhaskara was
an outstanding scholar, he cared for the average and the “dull-witted” students as well. For
example, he took great pains to make his writings charming, clear and easy for them. This
fact is explicitly mentioned by Bhaskara in a few places in his writings. Some of the
illustrations in this respect are: (i) the Goladhyaya II Prasnadhyaya, 62, ASS 122, p. 523
(see section 2.B. above); (ii) the Bijaganita, 207, p. 162 (see section 2.C. above); and (lii)
the Bijaganita, 208, p. 162 (see below in the present section F.). Furthermore, similar

facts are revealed also in the last verse of the Bijaganita (i.e. BG, 213, p. 163) where

Bhaskara is making an appeal to the calculators for the study of his work:

s yRikiet Sbicra=t
gehorTRIqET. diqafiyesTe |

iy FgTuEs sagnfanss ug Us
nfigsd Hfad Mg ez
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Above all, Bhaskara is a true scholar who acknowledged most of the scholars

whose works he used. For example, he mentions the algebraic works of Brahmagupta,

Stidhara and Padmanabha (BG, 208, p. 162):

sEEP AN e fifaegant |
HGH JAEHR T+ agfhgs &g frsaged 10411

Bhaskara declares here that the algebraic works of Brahmagupta, Sridhara and
Padmanabha are too diffuse. Therefore, having extracted the essence and good points

from their works, he has composed an easy compendium for the satisfaction of students.

G. The Sources Used by Bhaskara

Bhaskara seems to have studied the works of all of his predecessors. In particular,
Bhaskara’s sources include the works of all those astronomer-mathematicians whose
names have been referred to by Bhaskara in his works, and those works which seem to
have been used by Bhaskara without any specific mention of their authors’ names. These
mathematicians may be listed as follows:

Kryabhat.a I (b. 476 A.D.), Varahamihira (b. 505 A.D.), Bhaskara I (ca. 600
A.D.), Brahmagupta (b. 598 A.D.), Lalla (fl. eighth century A.D.), Caturveda
Prthudakasvamin (fl. 864 A.D.), Sridhara (ca. eighth century A.D.), Mahavira (ca. 850
A.D.), Muiijala (fl. 932 A.D.), Padmanabha, Kryabhaga II (fl. 950 A.D.), Madhava (fl.
tenth or eleventh century A.D.), §ripati (fl. 1039 A.D.), and Jayadeva (fl. before 1073
A.D).

In his writings, Bhaskara generally alludes to these former scholars by employing
the words q%: (by the predecessors), e (by the first writers), qa‘taﬁ: (by the
previous teachers) and ECICINELE (by the best of teachers); though sometimes Bhaskara

makes an explicit mention of some particular scholar. Some instances of Bhaskara’s
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general allusion are: (i) BG, p. 22, 3-4, where Bhaskara proclaims Ud FlgHargafy
g 3f m faefates: | FEaeny d OIS, with regard to the
existence of the square-root of a given multinomial karani-expression as well as in
connection with the square-root of a square-karani-expression which contains negative
karanis; (ii) BG, 162, p. 122 (quoted before, see the previous sub-section F. in which
Bhaskara describes algebra; and (iii) BG, 12, pp. 5-6 concerning measures of the

unknowns as colours, as follows:

gIaaacehicheh] AIAhIsT g UIA) HfgTAgg=: |
HGHTAT ST HAesRaeagar shyaRRad: [19R|

As far as the specific mention of the names of the authors by Bhaskara is

concerned, one example is his BG, 208, p. 162 (quoted in the previous sub-section F.).

Also several instances exist in his Siddhantasiromani, such as SSI (1981)

Grahaganitadhyaya, Madhyamadhikara, 2, p. 6:

! gl et TS HT-

ST s rrd: FRIGTegea: |
JuetfEugy: s A &

Hdl VERT AGANSTATTAS-DSTIRN: |||

Here Bhaskara is praising the previous teachers Brahmagupta and Varahamihira etc.

Next we elaborate on Bhaskara’s specific use of the works of some of the

astronomer-mathematicians which were listed before.

Bhaskara has used the Kryabha{i ya of Kryabhat_a I when he defines names of the

places and the sum of the cubes of natural numbers in his Lilavari. Moreover, in his

Vasanabhasya on SSI (1981) Goladhyaya, Bhuvanakosa, 52, p. 360, Bhaskara quotes
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Aryabhata I as follows: HJTSITEII® 0000 ARSI &3¢3
[sic] R e RS 2 | The second number should be &633 |

This is a clear reference to Kryabhat.a I's AB 1I, 10 (see e.g. Shukla & Sarma,
1976, p. 45):

agUtiehs ITHEU SIS HEUTUH,_
TSI [TSHOTEITEA! JAIfTE: 170!

Here Zryabhat.a I is proclaiming that 62,832 is the approximate measure of the
circumference of a circle whose diameter is 20,000. (This indicates that Zryabhat_a I takes
nt=13.1416.)

Furthermore, Bhaskara’s treatment of kuttaka is based mainly on that of
Aryabhata II who essentially follows Aryabhata I. Bhaskara I comments on the
Zryabhagiya of Kryabhat_a I and gives his own description of kuttaka. Bhaskara I’s idea,

that the general solution of by = ax +¢ would follow from that of by = ax + 1, was also

used by Bhaskara II (see our commentary on kuttaka, Chapter VI, sections 4.J. and
4.5.(b)).

Bhiaskara has mentioned Brahmagupta both in his Siddhantasiromani and
Vasanabhasya several times. As an illustration, see Bhaskara’s commentary following his
SSI (1981) Goladhyaya, Chedyakadhikara, 36-37, p. 392. One of the citations included in
itis:  SENAIST HIOHE | Preanes: oftftn T s&fE ) Thusicis
clear that Bhaskara has considered the Brahmasphutasiddhanta of Brahmagupta as the
base for his Siddhantasiromani. At the same time, Bhaskara has built on the astronomical
works of Varahamihira, Lalla, Prthudakasvamin, Muiijala and Sri pati. There exist some
similarities also between Brahmagupta’s BSS XVIII (which is Kuttakadhyaya) and

Bhaskara’s Bijaganita. For example, Bhaskara’s BG, 2, p. 1 (which was cited in the
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previous sub-section F.,) seems to be based on Brahmagupta’s BSS XVIII, 1 (see

Dvivedin, 1902, p. 294):

JRW IJ: YA FEERIUGT 7 IFI |
g T Id: PEEPK @8 G i)

Bhaskara studied Lalla’s astronomical work SDVT and wrote a commentary, called
Vivarana, on it before he wrote his astronomical work SS7. This is evidenced by the fact
that Bhaskara refers to Lalla in his $57 and VB. For example, Bhaskara exposed Lalla’s
error pertaining to the area of the surface of a sphere in his SS/ (1981) Goladhyaya,
Bhuvanakosa, 53, p- 361 and VB on 54-57, p. 362 (see the next sub-section H.). An
explicit reference to Lalla’s SDVT appears in Bhaskara’s VB on SSI (1981)
Grahaganitadhyaya, Patadhikara, 11-14, p. 315 as follows: & Eﬂ?@%:aq?r

T IIHIG NUG RaTfg Ao SHI-qem=aniIa: | Furthermore, Bhaskara

seems to have followed Lalla’s SDVT as far as the choices of topics in his
Grahaganitadhyaya and Goladhyaya are concerned.
Bhaskara made use of Caturveda Prthudakasvamin’s gloss on Brahmagupta’s

BSS, because Bhaskara makes a reference to Caturveda Prthudakasvamin in his VB on SSI/

(1981) Goladhyaya, Golabandhadhikara, 23-25a, p. 402 as follows:

T T FEREETSY | Fyea: fiteme aEm
fRoaerT o ey TR vaiy|  dRusfEiE
FEAT ARG Bt FENT 30 agagATe AT

F: |

As far as §ridhara, who wrote probably during the eighth century (Pingree, 1979,

GPV, p. 889), is concerned, two instances of the influence of his works on Bhaskara’s
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Lilavati are given by the similarities between the following verses from Bhaskara’s
Lilavasi and Sridhara’s Pariganita:

(i) Bhaskara’s L 1, 19-20, ASS 107, p. 19

FAfEET: FRresuasy eeis=a ferm=afen: |
EEOREET JUISRSEFRT®IsTagedd g79 TR (iesl]

wvssaTERfef el qeavsaioragar Hiaat |
sEFgUTREY: i wfges a#w amf=ar a1 1Roll

and Sridhara’s PG, 23-24, p. 16 (see Shukla, 1959)

FAIIIGE FiT TS fam=miE=ar |
IERATER ggeR Aedrdd Al (13l

FgafauREe sufgfsaaugemm®r (a1 )|
sERgauga a1 afgEamitaar @ Ryl

which contain rules for squaring of numbers. (See also our commentary on verse 7¢-d of

Text Alpha.)
(ii) Bhaskara’s L 1,22, ASS 107, p. 21

T FUFI dqrfauaTEAsy et =8
US| TSP e TSI ISHRIISSHET ohck
ugwT It =iy gg: Tewhdes ®ICUgH_IIRR I
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and Sridhara’s PG, 25-26, p. 18

foromrq_ agceegeT @i wurTRgaA 5o |
fai e s ARl aswT 1Rl

geit @Ay et sl qaaveeeH |
I qar fndedd fapfiesd ged nRall

which contain the rule for finding the square-root of a number. (See also our commentary

on verse 27¢c-28b of Text Alpha.)
Professor Shukla (1959, p. xiii) maintains that from Sridhara’s algebra (which is

now lost), the following rule for solving a quadratic equation ax? + bx = c, is quoted by
Bhaskara in his commentary on the section dealing with quadratic equations in his

Bijaganita :

agUEdTIEn &0 Ted U
HehaeOih! TEt ddl ge i

Another instance is Bhaskara’s use of Sridhara’s rule for finding an approximate

value of the square-root of a non-square number which he (§n‘dhara) gives in his

Trisatika, 46, p. 34 (see Dvivedin, 1899):

TUHSETETT T pAI-H&dT |
och 3w o faRguateA (1esl)

Bhaskara uses Sridhara’s rule in order to find an approximate square-root of a fraction.

Bhaskara’s rule is L, 140, p. 280 (see Sarma, 1975, VIS 66):



46

FIU HEIRT EqTE AT
Ug TOUSEUUisEERh R w3q livvoll

For Bhaskara’s example, the reader may refer to the approximate square-root of a non-

square number in our commentary on the six-fold operation of the karani, Chapter VI,

section 3.D.(c)(ii).

The following reference to Sridhara exists in Bhaskara’s Vasanabhasya on SSI

(1981) Goladhyaya, Bhuvanakosa, 52, p. 360:

Idq_ g7 Auarserafg e o aftf:
CRISIFIERT: § gEE | AfE & 7 FEnT |

Here Bhaskara is saying that the rough formula for the circumference of a circle being the

square-root of ten times the square of its diameter, was accepted by Srndhara,
Brahmagupta, and so on, only for the sake of easiness, for it is certainly not the case that

they did not know (that that was not exact).

Furthermore, there occur a few sutras and udaharanas on geometry in Bhaskara’s

Liavati which have been borrowed almost verbatim from Sridhara’s Ganitapancavimsi.

One may see the similarities between the following:

(i) Bhaskara’s L, 1-2, p. 103 (see Sharma, 1987)

3 I WRedfgl fqRel I8
=0 Ig@ I1 a1 Pife: R T |12

SEC iUl o B B UL EERG
oo pife: ifefiraiitateasg a8 I1RII
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and Sridhara’s GPV, 27-28, p. 904 (see Pingree, 1979)

SERGIERI €T

s feNat arg:
=9 Iq® a1

gr spif: HIdaT gest 1Rl

Fep TS
o g FoAfaaad |
oo Hife: wife-

AITFATITT_ T I18: 1IR4ll

which describe the relationships between the sides and the calculation of the sides

(including the hypotenuse or diagonal) of a right triangle or a rectangle.

(ii) Sridhara’s GPV, 15, p. 904

PHIfCHged To
QA TF BT R
Fife g FHoa: FHife-
gfngi T & ag jirvll

and Bhaskara’s L (1987), 1, p. 104, which is word for word the same, and contains an

udaharana involving calculation of the sides of a right triangle.
(ii1) §n’dhara’s GPV, without number, p. 904

gIed]: S9%he
CISECEESHESEY



48

and Bhaskara’s L (1987), 52a, p. 170

ks LY WY OFEREEd ST |1wRall

which contain the sutra that in an excavation, the area of the (plane) figure multiplied by the
depth is the number of solid cubits (i.e. cubic cubits), contained in the excavation.

(iv) Sridhara’s GPV, without number to 19, p. 907

IGF: TS TITHAG AT -
TR MAfEA R EnRE: |

FgITeIfET
dfegin: GrgerERaT 39
TR R

e 9T @ Tt agid ekl

and Bhaskara’s L (1987), 61a to 42, p. 186, which is word for word the same, and which

contains a suitra and an ud@harana respectively, involving calculation of the shadow of a

gnomon.
(v) Sridhara’s GPV, 31, p. 907

TRNUA J TEIIBTE
TR EAET §F Rresar_ (13|

and Bhaskara’s L (1987), 61b, p. 187
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YRS g A IOdAaEA
T YAAET TS TR ||&bl

which contain the rule to determine the height of light when the shadow of a gnomon is

given.

(vi) Stidhara’s GPV, 20, p. 907

PCAESC L CESIC TSI
BTG o SIS @y 9|l
Sfeeiy: @ fradt Jgram:
FTgFaE=ad 7 IR0l

and Bhaskara’s L (1987), 42, p. 187

TS FaT ot BTG Newi: §97 3 1|
Aol wq_frad agrssy oS Fa<Tw=adl 3 (i8Rl

which contain an exemplary problem, wherein the height of a light is to be determined

when the shadow of a gnomon is given.

Thus Bhaskara expanded on the topics treated by Sridhara and others. In addition,

he adomed them by his literary expertise.
Muiijala composed a work entitled Brhanmanasa in 932 A.D. (Pingree, 1981a).

After that he composed an (astronomical) work entitled Laghumanasa (CESS A 4, p.
435a). A reference to Muiijala exists in Bhaskara’s SSI (1981) Goladhyaya,
Golabandhadhikara, 18, p. 397:



50
AT ggoh TSIGR: d TagH |
eI T Hod MISFAAGIE-gl: 2]_&&R 1|6 ]

The works of Padmanabha are non-existent, but his algebraic work has been

referred to by Bhaskara in his BG, 208, p. 162 (see section 2.F. above).
The Mahasiddhanta of Aryabhata II was also one of the sources utilized by

Bhaskara. In his MS XVI, 38, nyabhat.a II gives the rule for the area of the surface of a

sphere as follows (Gupta, 1973, ME 7, p. 49):

aRfEEAr suma: &1 FghIAIaH FHISHH 1134l

That is, the circumference (of a great circle) multiplied by its diameter; while Bhaskara
gives the rule: area of a (great) circle multiplied by four (see the next sub-section H.).
Moreover, there are several similarities in the treatments of kuttaka by these two
mathematicians. (See our commentary.)

Furthermore, Kryabhat.a IT has been cited by Bhaskara in his VB on S/ (1981)
Grahaganitadhyaya, Spastadhikara, 65, p. 135 as follows: 3 Tg rAveIfgfy:
agq?d'rzf mz gfga: | According to Professor Pingree (1992), here
Bhaskara is referring to Aryabhata 1I’s MS IV, 38c-39b:

gFFHIT: qal g e |

W@Wmth d=dYehohl Ha~ogdd: ||3¢c-3bl|

because this process of dividing the quadrant into arcs of 10° and calculating the oblique

ascentions is unique to Kryabhat_a II. It has not been employed by anyone else before

him. (GB 14, pp. 55-56)
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Another source used by Bhaskara is the Siddhantacudamani of Madhava. Some
references to this source exist in Bhaskara’s Mifaksara as follows: (i) Bhaskara’s MK on
SSI (1981) Goladhyaya, Golabandhadhikara, 23-25a, p. 402 reads AT ¥ HEIR
fgrage™ent afSan: and (i) Bhaskara’s MK on SSI (1981) Grahaganiadhyaya,

Patadhikara, 11-14, p. 314 contains (on p. 315)

WIUgH T E-ggHIG 1T |
el 39 94 B Gl wgegdr vad_ ||

3R AR R rags HReEO I FiaErmE: |

Finally, another mathematician, whose works have been used by Bhaskara, is
St pati. There is a close similarity between the language of many of the verses stated by
these two astronomer-mathematicians; but somehow Bhaskara does not include §ripati’s
name in his acknowledgements in his BG, 208, p. 162. Majumdar (see Misra, 1932, Part
I) states that Bhaskara freely borrows from §ﬂpati, but only occasionally remarks
« S’ckharokta-lakga:_\ena” (“by a definition told in the fekhara”), which indicates that
§ﬁpati’s Siddhantasekhara was a very widely known treatise at the time of Bhaskara

(Introduction, p. xii). As an illustration, in his VB on SSI (1981) Grahaganitadhyaya,

Patadhikara, 11-14, p. 314, Bhaskara says (on p. 315):

Hafggud iR NuE et aE
Fif-qaramTE: | I FErEedsly Praegetaiefa
F U ey HiaRefeaT deiceeei |

Furthermore, some similarities may be observed in the following: (i) Bhaskara’s L

1,56, ASS 107, p. 54 and Sripati’s SSE XIV, 13a-b (see Misra, 1947, Part II, p. 103)
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about the concurrence-sutra which have been cited in our textual commentary on the verses
33a-34d pertaining to karani; (ii) Bhaskara’s BG, 12a-c, pp. 5-6 and §ripati’s SSE X1V,
2a-b (Misra, 1947, Part II, p. 86) about measures of unknowns; (iii) Bhaskara’s BG, 47c-
d, p- 26 and §n’pati’s SSE X1V, 27a-b (Misra, 1947, Part 11, p. 122) about the reducer of
two quantities which are mutually divided for the method of kuttaka. The above three
examples are all cited in our commentary.

Other interesting examples of similarity are: Bhaskara’s SSI (1981) Goladhyaya,
Bhuvanakosa, 41 and 42, pp. 350-351

Vg FATTDS Fes aHITIRIRamgad TR |
art 7 argfiE FRvEEERe TTFUEdSRiT yraasmRa (jeel

Fiafuaiiieds Fafer= WY IV Fraafa &
OR=gIRFOIARUTRIET: el dfd2d 38 6 FHAEHET |9l

and Sripati’s SSE XIV, 46 and 47, (see Misra, 1947, Part I, pp. 159-160)

V=g, HIeHad: €5 IEId
w08 NRAgHT F FHINERIEIH |
d= T ArEy FegaEet
TeEdty TTaEsEd | vall

FAEA: TH He-gIkp-
qEd AT SoTEsd |
quUIfEaHIS 9 HIBd
gUggen Afs 8a@ 119l
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In these verses, Bhaskara’s description of nine divisions of India and seven mountains in it
is the same as that of §ﬁpati.

Furthermore, Bhaskara’s 5SS/ (1981) Grahaganitadhyaya, Madhyamadhikara, 10,
p. 10 (section 2.F. above) is similar to §n’pati’s SSE1, 5 (see Misra, 1932, Part 1, p. 5):

B=q: UG T 9 94
FHeg: gl oY g 7

e g Ay e
AGEFTTE @I S T iyl

The above list of the sources employed by Bhaskara is probably not exhaustive.
As an illustration, Bhaskara might have used the mathematical treatise entitled
Ganitasarasangraha of Mahavira, in connection with division by zero, for instance.
Mahavira’s treatise was widely known and appreciated (especially) in Southern India as
early as the eleventh century, though Bhaskara never mentions Mahavira in his works
(Rangacarya, 1912, Preface, p. xi).

Nonetheless, Bhaskara acknowledges his indebtedness to §ﬁdhara (see Bhaskara’s
BG, 208, p. 162). Sridhara’s algebra is now lost but Professor Shukla (1959) has found
some examples in Sridhara’s Patiganita and Trisatika which are almost literally the same
as those in Mahavira’s Ganitasarasangraha. Also, according to Professor Shukla,
Sridhara was posterior to Mahavira (Introduction, pp. xx-xxi). Since the exact date of
Sridhara is not known, and the date to Mahavira’s treatise has been assigned keeping in
view the point that Mahavira wrote during the reign of Amoghavarsa Nrpaturiga, who
ruled over Mysore and other Kanarese regions from 814/815 A.D. to 877/878 A.D.
(Rangacarya, 1912, Preface, pp. xi, xx), it is possible that Bhaskara is indebted to

Mahavira at least by transitivity of indebtedness.
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On the other hand, Professor Pingree (1979, GPV, pp. 888-889) argues strongly
that Sridhara was anterior to Mahavira.

Another plausible argument in this regard is the following: Bhaskara freely
borrows from §r1'pati, even though he only occasionally remarks “§ekharokm-lak§agena”.
§n’pati, in turn, seems to have looked at Mahavira’s Ganitasarasangraha, because
§n’pati’s Ganitatilaka which does not survive in its entirety (Pingree, 1981b), contains a

paribhasa (i.e. a technical term) which is modelled on that of Mahavira (p. 61). The

argument of transitivity can now be applied.

As another illustration of a source (possibly employed), Bhaskara might have
consulted the lost work of Jayadeva. Jayadeva wrote in the beginning of the eleventh
century or earlier (Shukla, 1954). Quotations from this work exist in twenty stanzas in
Udayadivakara’s commentary entitled Sundari, written in 1073 A.D., on the
Laghubhaskariya of Bhaskara 1. Jayadeva’s work contained, among other things, the
cyclic method for finding the integral solutions to Nx*>+c¢=y*, where c is positive or

negative. Jayadeva’s method, though not superior to, is different from that suggested by
Brahmagupta. In his Bijaganita, Bhaskara discusses the cyclic method for solving the

indeterminate equation of the type Nx’>+1=y?, which has also been discussed by

Jayadeva. Bhaskara calls this method Cakravala and says that this name is due to
previous writers: “THITHIT ST:" | The Cakravala method does not exist in the

works of Brahmagupta. The algebraic works of Sridhara and Padmanabha have not
survived. Nor do we have any information about them. Thus it is very likely that
Bhaskara has used the lost work of Jayadeva. Incidentally, the remarks of H. Hankel
about the Cakravala method are worth quoting: “It is above all praise; it is certainly the
finest thing which was achieved in the theory of numbers before Lagrange.” (G 5, pp. 1-4,
19-20)

Furthermore, the equation Nx*+1=y?, which has been (incorrectly) called Peli’s
equation by many modern mathematicians, has been called Jayadeva-Bhaskara equation by
Selenius (1975). Selenius has investigated the rules of the Cakravala method in detail. He

concludes: “No European performances in the whole field of algebra at a time much later
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than Bhaskara’s, nay nearly up to our times, equalled the marvellous complexity and

ingenuity of Cakravala.” (HM 2, pp. 168, 180)

H. Some of the Innovations Made by Bhaskara

(i). Bhaskara was the first known Indian mathematician who added a succinct
gloss to almost all of his works. Of course a great number of ancient Indja_n mathematical
texts have been lost.

(ii). Bhaskara made use of unique vocative forms. In order to address some of his
problems to his daughter Lilavati, he used (in his work Lilavati) such words as ‘bale,’
‘aye bale,” ‘kante,” ‘sumate,’ ‘vatsa,” ‘caficalaksi,” ‘mrgaksi,” ‘bale balakurangalolanayane
Lilavat,’ etc.

(iii). The introduction of the idea of infinity: Bhaskara gave the value of a
‘khahara’ quantity (which has zero as its divisor), as infinite (‘ananta’). Furthermore,

Bhaskara described this khahara quantity by comparing it with God Visnu. (See BG, 11,

p. 5 and Bhaskara’s introduction to this verse.)

(iv). Bhaskara carried the idea of division by zero even further. This idea is
contained in Bhaskara’s Lilavati in the rule which may be written as ﬁ(_')ﬂ = a (see Apate,
1937, L1, 45-46, ASS 107, p. 39). Clearly Bhaskara’s rule is correct in the case of limiting
processes where zero is considered as an infinitesimal quantity; but in the modern sense,
% is indeterminate. (See our textual commentary on Bhaskara’s verses 10a-11d, Chapter
V1, section 3.B.)

(v). Bhaskara gave a detailed and lengthy treatment of the six-fold operation of one
and more than one colours. Bhaskara enunciates several verses (BG, 12a-23b, pp. 5-11)
which contain both rules and examples. Brahmagupta treats this topic in only two verses
(BSS XVIII, 41-42), and Sripati in only one (SSE XIV, 2).

(vi). Bhaskara also wrote a rigorous treatment of karani. Brahmagupta and §r1'pan'

state only rules for this topic. Bhaskara provides several examples in addition to the rules.
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An anonymous commentator of Brahmagupta’s BSS XVIII, Kuttakadhyaya provides
some examples on the topic of karani, all of which have also been treated by Bhaskara (see

our commentary, Chapter VI, section 3.D.{a)(ii)).
The rule (3) about the sum and difference of two karanis (BG, 23c-24b, pp. 11-12)

seems to be Bhaskara’s own innovation (see our commentary, Chapter VI, section
3.D.(a)(iii)).

(vii). Furthermore, Bhaskara provides a detailed treatment of the method of
extracting the square-root of a karani-expression. He states the specifics or limitations of
this method which Brahmagupta and $ri pati do not. Nor do the latter two mathematicians
discuss how to deal with the negative Karanis in the square-root of a given (square) karani-
expression when this given expression contains negative karanis, which the former does.

(viii). Bhaskara improved upon the rules concerning kuttaka which he borrowed
from his predecessors. For example, Bhaskara’s result in BG, 52c, p. 27 is a refinement
over that of Aryabhata II, as will be explained in our commentary on the topic of kuttaka.

(ix). Bhaskara discusses some cases in kuttaka where the dividend or the divisor

is negative (BG, 54a, p. 27; 59¢-60b, p. 32; 60c-61a, pp. 33-34), which do not seem to
have been considered by any of his predecessors.

(x). Bhaskara applied algebra to geometrical demonstrations (Colebrooke, 1817).
For example, employing algebra, he gave two interesting proofs that the hypotenuse of a
right triangle is the square-root of the sum of the squares of the legs (pp. xvi-xvii).

In the first, Bhaskara turns the triangle so as to make the (unknown) hypotenuse
the base and produces a perpendicular upon it from the vertex above (Colebrooke, 1817).
Using the rule of proportion the required result becomes almost self-evident (pp. 220-221).

More striking is the second demonstration where Bhaskara constructs his now

famous figure using four copies of the given triangle,
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and then uses areas to calculate the hypotenuse in terms of the given legs (Colebrooke,
1817, p. 222). Here, even though Bhaskara uses the values 15 and 20 for the lengths of
the legs of the triangle, he makes it clear that the resultant hypotenuse length (= 25) is of
secondary importance to the fact that the demonstration shows that it is equal to the square-
root of the sum of the squares of the legs and that this method would apply in all cases,
thus constituting a proof of the so-called Pythagorean Theorem.

(xi). Bhaskara invented an astronomical instrument called ‘Phalaka’ (§5str1' , 1893,
JAS Bengal 62, p. 225).

(xii). Bhaskara gave a close approximation for the length of an arc of a circle in
terms of its chord and vice versa (Sarasvati, 1970, pp. 10-11).

(xiii). Bhaskara refuted some of the rules of his predecessors. For example,
Bhaskara severely criticized Lalla’s incorrect formula (contained in his SDVT) for the area

of the surface of the earth, in his (Bhaskara’s) S5/ (1981) Goladhyaya, Bhuvanakosa, 53
(p. 361):

G¥ HghUSIIRAlGATTIS ich STfedet
FEHATR FTAPISY 7 IAE_ Pk TR |

I geoEiegedig Aawg a1 agg a
& QIgT kT faRTEd JERaeEEr YA 13l
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The verse containing Lalla’s (incorrect) formula is (see Caturveda, 1981, p. 361,

footnote 2):

ARSI TSR e YT 698336440 |
FHaoed Ffe: afESAaY 9 §F Fghad, |

Furthermore, in his Vasanabhasya on SSI (1981) Goladhyaya, Bhuvanakosa, 54-
57 (p. 362), Bhaskara quotes an incorrect rule from Lalla’s Pariganita saying: afg a9

Wf‘—

Faohcs Oftftred eHad wafd Measshen |

3ia @ Y gftfte o | ey gaopes Igeia ISy wafT |
I FHEchrhed e gEearagShony geftegs: |

Here according to Lalla, the area of the surface of a sphere (using the modern terminology)

is (rr*)(2nr)=2n"r’, but Bhaskara corrects this to 47r* providing also a derivation of
this formula.
(xiv). In his Lilavan, Bhaskara gave the correct formula for the surface area and

volume of a sphere as follows (see Sarasvati, 1979, p. 210):

g aRftrPreaTeTE: e g-
got IQeuRafa: F-gepeda T |
Todd dgfy 9 oich g8 =gafe s
sfinfs walr fFrad Memt areas_ |




59

That is, in a circle, one-fourth the diameter multiplied by the circumference is the area;
which, multiplied by four is the surface area of the sphere like that of a net surrounding a

ball. This surface area multiplied by the diameter and divided by six is called ghana

(volume) inside the sphere.

I The Later Uses of Bhaskara’s Works

(i). Use by Bhaskara’s immediate successors—For example, Narayana Pandita’s

(fl. 1356 A.D.) Ganitakaumudi Part I, 16, p. 5 (see Dvivedi, 1936, PWSBT 57 I) which

describes the rule of division as follows:

BIESICER IR
Fegly ITET: Sk I
HOg UT=IETd
AT &8 a1 fenraq_ lieall

is virtually a rearrangement of the words in Bhaskara’s Lilavan, 18, p. 18 (see Kpat.e,

1937, L 1, ASS 107,) which is:

UGG AR TG WIg-Aches dcdp TTEN |
T HAgUE gTMTSAY VST aiky @9 g 112l

Another example is Narayana’s BGV, 15a, p. 6:

Hite_ fashre wet 7 ey gRvesafy IBESSRENIREEY]

which is word for word Bhaskara’s BG, 1lla-b, p. 5. Furthermore, in his

Bijaganitavatamsa, Narayana treats some topics along lines parallel to those in
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Bhaskara’s Bijaganita. One such illustration is the treatment of ‘one and more than one
colours.” The reader can find several instances of Narayana’s borrowings from
Bhaskara’s Bijaganita in our commentary on the Text Alpha.

(ii). Allusions to Bhaskara’s works by other mathematicians—There exist a few
citations from, and allusions to, Bhaskara’s Bijaganita in Jianaraja’s SSU Bijadhyaya.

See, for example, the manuscript Berlin 833 which has the following:

Y YRRt dgeh @8l Ua fyeery Ay
fimis safiEdd ) ¢ 1v., 89)

Al W T quT AEdEN e |
FARHI: FEAHE HIH | (£ 8v., 2-3)

VISR QNIGAIgE® geam | (£ 17v., 3-4)

(iii). Use by scribes.
(iv). Use by editors, commentators and translators—For example, Bhaskara’s BG,

11a-b, p. 5 has been cited by Suryadasa in his commentary on Bhaskara’s Lilavati as
follows (see the manuscript GMK, Wai, PPM 9762, . 21v., 8-9): g &SR |

e foepre @8l 7 taefy gfadsafy fFrgdfafy

(v). Future work for historians of Indian Mathematics and Astronomy—This
includes studies, synopses, translations, notes, reprints, articles, papers, seminars and
various analyses pertaining to Bhaskara's works by modern mathematicians such as

Coiebrooke (1765 — 1837 A.D.), Bhau Daji (fl. ca. 1865 A.D.), Bapu Deva §istri
(d. 1890 A.D.), Sudhakara Dvivedin (b. 1855 A.D.), Sarada Kanta Ganguly (fl. ca. 1926
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A.D.), Bibhutibhusan Datta (fl. ca. 1926 A.D.), Avadhesh Narayan Singh (fl. ca. 1927
A.D.) and T. S. Kuppanna Sastri (fl. ca. 1955 — 1985 A.D.). For short biographies of
some of these writers, see Josi, 1988, Goladhyaya, Adhyayana, pp. 74-91.

(vi). Use by various institutions—Bhaskara’s works were used as text books by
teachers and students for at least five centuries.

(vii). Use by Bhaskaracarya Pratisthana—This foundation was established in
1976 at Poona (see Jumde in Abhyankar, 1980). It provides research facilities for the
study of Mathematics, in addition to acquainting the common readers with Bhaskara’s
works as well as the works of other Indian mathematicians. It has a collection of rare
books, journals and research papers in Mathematics. It holds summer programmes oh an
all India basis (pp. 4-5). Incidentally, the establishment of the Bhaskaracarya Pratisthana
bears a testimony to the esteem in which Bhaskara’s name is held even in modern India.
The remarkable achievements of this genius—particularly in the realm of Mathematics,

Astronomy and Astrology—are still a source of inspiration to scholars in the field of the

History of Science.
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3. Description of the Manuscripts and Stemma

A. Overview of the Manuscripts

Twelve manuscripts, out of some twenty-four known to be or to have been extant,
have been collated in order to establish a critical edition of the first three chapters of
Suryadasa’s commentary, the Stryaprakasa. Upper case letters of the Latin alphabet are
used to denote the above manuscripts, while Greek letters are used to denote hypothetical
manuscripts.

The study shows that the available manuscripts of the portion of Suryadasa’s
commentary edited here belong to two recensions, which we have named A and B.
Recension A consists of manuscript A and its descendants N and R, while recension
consists of the remaining nine manuscripts B, L, D, T, W, I, M, S and H. The text which
is reconstructed from A and P is here called Text Alpha. 1t does not represent exactly the
manuscript o. It represents the text of manuscript o with corrections (see Section 3.D. of
this chapter). The reconstructed text is probably not the precise original text of Suryadasa’s
Suryaprakasa but must be very close to it (as will be argued).

The twelve available manuscripts are:

1. A. Oriental Institute, Baroda. 1424. Ff. 3-9, 11-25, 27-30, 38-44, 46-48,
50-73. Monday March 14, A.D. 1552.

Oriental Institute, Baroda. 9281. Ff. 119.

India Office, London. 2823. Ff.73.

British Museum, London. 447. Ff. 46. Nineteenth century.

India Office, London. 2824 (1891). Ff.71.

Akhila Bharatiya Samskrta Parisad, Lucknow. 4514. Ff. 1, 3-25, 27-
99, 104-105, 108. Tuesday October 9, A.D. 1688.

7. M. Asiatic Society of Bombay. 279. Ff. 46.

. India Office, London. 2825 (789). Ff. 1-62, 62b-73, 73b-86, 88-133.
9. R. Stadtsbibliothek, Berlin. 832. Ff. 1-15, 20-30, 32-129,

10. S. British Museum, London. 448. Ff. 40. Nineteenth century.

11. T. Wellcome Institute, London. J 589. Ff. 109. May 2, A.D. 1882.

3.

S.

F -
ol

oo
Z



12.

A

® N

10.
11.

12.

63

W. Prajia Pathasala Mandala, Wai. 9777. Ff. 100. Friday October 11,
A.D. 1813.

The manuscripts which were not available are the following:

Oriental Research Institute, Alwar. 2597. 135ff. A.D. 1851.
Sarasvatibhavana Library, Benares. 37105. Ff. 1-55 and 55b-122. Sam.
1889 = A.D. 1832.

Asiatic Society of Bengal. LB. 3.

Anup Sanskrit Library, Bikaner. 4906. 23ff. Incomplete.
Sanskrit College, Calcutta. Jyotisa 183. 74fF.

Canda, Central Provinces. Kielhorn XXIII 94. 149ff. Property of Balirama
Subhaji.
Ranbir Sanskrit Research Institute, Jammu and Kashmir. 3061. 7ff.

India Office Library, London. 2826 (229()).3
Akhila Bharatiya Samskrta Parisad, Lucknow. 4529. 32ff. Incompiete.

Government Oriental Manuscripts Library, Madras. D. 13462. 122 pp.
Mabhinathpur, P.O. Deodha, Darbhanga. Mithila III 216. 93ff. Incomplete.
Property of Pandita Ramacandra Jha.

Scindia Oriental Institute, Ujjayini. 9350 (?).

The Stemma

On the basis of a comparison of the readings of the twelve manuscripts (which

were available) the following family-tree or stemma has been constructed via an Apparatus

Criticus:

3.

2826 (2290) is a reproduction of India Office 2825 (789), which is slightly corrected by the
copyist. (Egegeling, Julins. Ed. 1896. Catalogue of the Sanskrit manuscripts in the Library of
the India Office. Part V. London. P. 1011.)



The Stemma

SURYADASA

¥

SURYAPRAKASA




65

In the stemma, the arrows indicate the inter-relationships of the manuscripts. The
downward (filled) arrows indicate the descending of a manuscript from the one above it,
by way of scribes’ copying. The (unfilled) arrows around the perimeter in the clock-wise
direction indicate the general order in which a choice has been made between the readings
from the various manuscripts when the readings of A are not available or the readings of
the two classes A and P disagree with each other. Thus, these arrows indicate the general
heirarchy of authority of the manuscripts. The dotted arrows in our stemma denote the
hypothesized return of Suryadasa to revise the Siryaprakasa.

The subsequent section describes the relationships among the various manuscripts
and the specific characteristics of the manuscripts falling under the various classes, starting
from the top of the stemma and working down, from right to left. Since these relationships
and characteristics depend on the readings of these manuscripts relative to the Text Alpha, it
is pertinent to state here that Chapter II, the Text Alpha, has its own numbering (from 1 to
70) printed in bold Devanagari numerals (?, R, 3, . . .) at the bottom centre of each page
(except the title page). References throughout the thesis to pages of the Text Alpha
(including especially references in the present section on manuscripts and in Chapter I,
Apparatus Criticus) correspond to these Devanagari numbers even when these references
are typeset with common numerals (1, 2, 3, . . .). For example the notation “p. 39, 1”
means “page 3R, line 1”. This form will be used generally for Sanskrit texts as weli as
the Text Alpha. The pages of Chapter II also include the continuous numbering of the thesis
in the upper right hand corner and these numbers are used only in the Table of Contents.

As many sentences in the ensuing sections contain English, Greek and Sanskrit

texts, one further convention we make is to end a sentence with a period ( . ) or a danda

(| ) depending on whether the last character of the sentence is in Latin/Greek or

Devanagan script respectively.



C.  Relationships Between the Archetypes and Descendants

(a). Copy aand Its Relation to Suryadasa’s Original Text

a is an early copy of Suryadasa. It was written between the date of the
composition of the Suryaprakasa (1538 A.D.) and that of the copy A (1552 A.D.). It can
essentially be reconstructed from A and B. It may not be entirely correct because some of
the readings shared by A and B are corrupt. For example, in the Apparatus Criticus we
read: (i) p. 2, 10. “TIDBI° a, (i) p. 48, 11. RN «. These incorrect
readings have been corrected by us in the Text Alpha. Moreover, it can not be determined
whether some of the apparently genuine passages in B that are omitted by the writer of A
were in o or were acquired by the writer of B from some other source (see our comments
in section 3.D. of the present chapter).

Certainly, o was not complete, but exhibited some lacunae. For example, the
introduction to, lemma or mula of, and explanation of verse 67 (see Text Alpha, p. 69), are
missing from o, though the solution to the problem contained in this verse is in the text.
Another place where there is a lacuna is after p. 53, 17. Here the introduction to, miula of,

and explanation of verse 53a are missing, but there is a reference to this verse (beginning

with BT )onp. 54,9.

(b). Class A
This class consists of manuscripts A, N and R. Occasionally, the readings of

manuscript L which are deviant from those of class B (to which L belongs), share the

readings of class A. For example: (i) Text Alpha, p. 26, 19-20. HET ... JUT om.
B (except L; °WHT ... TUT in the bottom margin w1l (the superscript ‘1’ refers to a
later scholar who wrote in the margin of W)); (ii) p. 24, 18. E!:c?o‘” om. Ny (except L); (iii)
Also p. 63, 15, class A and manuscript L share the wrong reading 4 |¢3 (instead of

?3 |4, which is correct. Note that here N omits 4 ).
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(1). Manuscript A. Orental Institute, Baroda. 1424 % Ff. 3-9, 11-25, 27-30, 38-
44, 46-48, 50-73. Paper: Dimensions unknown. Number of lines per page: 12-13.
Number of ‘aksaras’ (syllables) per line: 46-51, or about 48 on average.

Colophon on folio 73 verso:  3fJ  IEFCEEIGIES ﬂan‘%aqéamﬁm
Giyeh AT R TSy wifdgesast dqdl | & 1 '

Post-colophon: qmﬂw ﬁﬂ?{'ﬂ'ﬂ'{?ﬂ'ﬁé B || Wﬁ@'ﬂﬁ?@
Ryt ©@UUUsFIUT || B €99 &0k || 9¥ ITH w03 GHIATFISY
AeEE T || FHINTN HRidt || @uesE d9d &H: || FEOHE
Famg el 1 dmamy 1 T difkgest geAd )
Fuesuigshadl &g Il Peguime: | AEg: 1| Seadeg:
&A1

According to this information manuscript A was copied by Surya Gauda in the city

of Avanti (modern Ujjayini), in the Malava region, during the reign of Salema Saha, i.e.,
Islama S’i‘ha, who ruled from 1545 until 1553 A.D.; and the copying was completed on
Monday March 14, 1552 AD. (see Pillai, 1922, Vol. V, p. 306). Thus, manuscript A was
copied in the lifetime of Suryadasa.

As manuscript A is about 440 years old, the writing on many of its folios is not
only blurred but has also faded away completely in places, in the microfilm. In most such
insiances, the aksaras from the folios which precede or follow a particular folio, appear on
that particular folio. Since the microfilm of A is illegible at several places, and some of the
folios of A are missing, to fill the gaps one must resort to the readings of the descendants
N and R, if their readings exist, coincide and make sense; if not, the readings of the B-class

become the sole witness of &. (See section 4.A. below, Principles of the Edition.)

4. Nambiyar, Raghavan. (Ed.). (1950). GOS No CXIV. Vol. il. An alphabetical list of
manuscripts in the Oriental Institute Baroda. Baroda: Oriental Institnte. Pp. 1212-1213,
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~Some of the unique characteristics of manuscript A are the following:

A includes the use of the letter T to mark the end of an idea, a sub-section, or a
section. Such a use of the letter T is found in some of the writings of the sixteenth
century as we can see from Aryan (1989, p. 36).

Occasionally, ‘purvamatra’ is used in A. For example, (i) folio 17 verso, 12, i.e.,
Text Alpha, p. 52,2. °TRUTSRY for °TRUERY: (ii) folio 21 recto, 2 and 4, ie., p. 62, 19
and 23. faRITT° for f&RANT®: (iii) folio 21 recto, 6, i.e., p. 63, 1. BT for BNT |
Moreover, when the long —a matra is omitted, a slanting stroke is put over the consonant.
For example, f. 12v., 1, i.e., p. 33, 15. W for °fRRIT |

Quite often T is written as 7] (apparently intentionally); see f. 21v., 8, i.e., p. 65,
5, Text Alpha.

The copyist of manuscript A has replaced the ‘visarga’ by "5[\ before the gutturals
& or § (asonp.27,5. W%QH: ) or before the labials T or i (as on p.
15, 3. JIsdIGT ). Normally it remains a visarga in these cases, for instance, in the
manuscripts of the other recension, B, of the Suryaprakasa.

On p. 5, 24, i.c., f. 3., 12, manuscript A reads Jec<cdW: instead of the correct
H‘%ﬁ?}q found in Panini’s rule 4, 2, 59 (see e.g. Bohtlingk, 1977, p. 176), which says:
agEfld d<g, with Panini’s rule 4, 1, 83 (Bohtlingk, 1977, p. 159), which says:
IrIgAIs |

Also on p. 6, 9, manuscript A has the grammatically incorrect reading JTAIT
instead of the correct reading §1d | This reading has been corrected by €.

An example of a mathematically incorrect reading contained in A is the reading
4 |?3 on p. 63, 15, which was also mentioned under section (b), Class A.

Rarely, a ‘nyasa’ (setting out) is not placed correctly in A. As an illustration, €T(
% ?¢ & 3 (TextAlphap. 33, 4-5) is misplaced on f. 12r., 8 after °EW (p. 33, 5),
whereas if should have occurred before Y on f. 12r, 8 (p. 33, 5). This misplacement

is followed by €.
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Manuscript A has a few marginalia, some of which seem to be in a hand different

from that of Surya Gauda, who is the copyist of manuscript A. For example, f. 91. has
=TdA = in the bottom margin, while the text already has this word in line 12, though it
is not very clear. Usually, the words to be inserted have the sign X to their left and right,
and the line number (from the top or bottom) or the syllable number to their right (see e.g.

f. 18r., 10, which has x U x ¥ in the left margin). Incidentally, this marginalium

indicates that manuscript A has been studied by some later scholar.

(ii). Relation of Manuscript A to Manuscript ¢.. Given the brief time between the
date of the composition of the Suryaprakasa (1538 A.D.) and that of the copying of
manuscript A (1552 A.D.), manuscript « is probably a direct copy of Surya’s original and
manuscript A is a direct copy of manuscript &. A is not entirely correct. Also, there were
passages in o that the copyist of A missed (e.g. (i) p. 9, 5-8. iy .. °ISET and (i)
p.25,89. Vafy ... T both missed due to homoeoteleuton).

(iii). Relation of Manuscript A to the Suryaprakasa. Manuscript A is apparently a
copy of a copy of the original Siryaprakasa; no traces of possible contamination are found
in it. But since A contains errors and omissions which Suryadasa, who was an expert in
the Sanskrit language, would never have made, A does not represent the original

Suryaprakasa with entire fidelity.

(iv). Manuscript €. The omissions of manuscript A are generally (but not always)
shared by its descendants N and R, as far as the portion of the commentary which is being
edited is concerned. For example consider (i) p. 6,20. Y& and (i) p. 9, 5-8. WaRT ...
°ANEG: both of them are omitted in A, N and R. But there exist some errors, omissions
and corrections on which only N and R (but not A) agree; for example on p. 6, 9 the

reading of A is S but that of N and R is RIS on p. 17, 9-10. T&afd ...
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'ﬂmﬁf is omitted in N and R (due to homoeoteleuton) but not in manuscript A; on p.5, 14
for the correct reading U (°, A, N and R have Uahd® in their texts, while only
manuscript A has X TUx in the right margih. These instances reveal that there exists some
manuscript € between manuscript A and its two descendants N and R. It is the writer of €
who has made the errors, omissions and corrections. N and R are copied from € and
hence they are the immediate descendants of €. Manuscript € does not seem to have been
written very carefully because N and R have several spelling errors. Nonetheless, € plays
an important role in the reconstruction of & because the readings of € are taken into account

(provided they make sense), whenever manuscript A is illegible or skips a folio.

(v). Manuscripts N and R. N and R are independent copies of € because in

addition to their common omissions and errors (which they share with manuscripts A

and/or €), they have individual errors and omissions such as: (i) p. 18, 6-7. 3fJ ...
T om. N; (ii) p. 25, 16-19. U& ... ¥ om.R;(ii)p. 22, 14. * om.R, 3f N.

The scribes of N and R do not seem to be making any additions, alterations or
corrections besides those already made by €, as far as the portion of the text, which has
been edited, is concerned. This, however, does not preclude the possibility that N and R
might have access to the manuscripts or sources other than €.

A peculiarity of N and R is the use of =[\ for EU This use is frequent in N (see,
e.g., f. 2r,, 1) but rare in R (see f. 291, 5).

There exist some similarities between N, R and B. One of them is the use of letters
for numerals. For example, N has the letter 3 for numeral 3 while R and B have the
letter 5|

Manuscript T shares some of its readings with N and R as follows: (i) p. 14, 14.
°gaTg) RBT: (i) p. 25, 15-16. S1: ... & om. eT.

The separate particulars of manuscripts N and R are discussed below.
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(vi). Manuscnipt N. India Office Library, London. 2825 (789).5 Ff. 1-62, 62b-
73, 73b-86, 88-133 (the catalogue has foll. 134. Counted 133, 87 passed over). Paper: 97
in. x 4 in. (i.e. 24.77 cm. x 10.16 cm.). Number of lines per page: 10 (sometimes 9 or

11). Number of aksaras per line: 31-37, or about 33 on average.

Colophon on folio 133 recto: 3fJ ﬁﬂiamm‘%aaﬁ—q’nm
FIGHEAIR  Ep Ty yifarsaesrd s d aFm 5323 323
BBe ||

Post-colophon: Missing.

There is no mention of the name of the scribe, place or date at which the copying
was completed.

It was given to the library by Henry Thomas Colebrooke, as is mentioned in the
beginning (i.e. on folio 1 recto) of this manuscript. Colebrooke (1765 — 1837 A.D.) was
the son of Sir George Colebrooke, Chairman of the East India Company’s Directors in
1769 (Buckland, 1968). Colebrooke was a mathematician, astronomer and a profound
scholar of Sanskrit. He held a variety of offices in India—from an Assistant Collector to
the Head of a famous court, the Sadr Diwani Adalat. He wrote on various subjects such as
algebra, astronomy, Sanskrit grammar, botany, geology, comparative philosophy,
agriculture, commerce, Hindu law and the Vedas. Colebrooke was a member of several
literary academies—both within and outside India. Furthermore, he was President of the
Asiatic Society of Bengal from 1807 to 1814. Also, Colebrooke was Director of the Royal
Asiatic Society which he helped to found in 1823. He donated his collection of Sanskrit
manuscripts to the East India Company’s library in 1818. (Pp.87b - 88b)

The special features of manuscript N are the following:

5. Eggeling, Julius. (Ed.). 1896. Catalogue of the Sanskrit manuscripts in the Library of the India
Office. PartV. London. P. 1011.
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There exist many repetitions and omissions in N. Moreover, f. 33v,, 6 - f. 34v., 5
have some text which is not supposed to be there. The mistakes in N include many

omissions of or wrong uses of vowels and consonants, such as (i) f. 13r., 8. SBTN° for
HEN®; (i) f. 11v.,4. 3 for 7Y |
Furthermore, N has lots of corrections all over the text, and plenty of marginalia

which include notes, remarks and corrections made most probably by Colebrooke.

(vii). Manuscript R. Stadtsbibliothek, Berlin. 832 (Chambers 348).6 Ff. 1-15,
20-30, 32-129. (Number 9 was not covered in the counting of the folios). Paper:
Dimensions unknown. Number of lines per page: 8-10. Number of aksaras per line: 35-

46, or about 39 on average.

Colophon on ff. 128v. - 129v.: 3f7 fmdasaoeaddfSeedgmfata
TR WTeEs Gy wTfaaesd s dgdm 11 T

Post-colophon: Missing.

In the microfilm, the same folio is numbered 8 and 9 but no text is lost. Also,
folios 16-19 are missing but no text is lost. However, text is lost because of folio 31 which
is missing. There is no mention of the name of the scribe, date or place. In the beginning
(before f. 1r.), R has Chambers 348, vol 1st. This indicates that R comes from the
collection of Sanskrit manuscripts belonging to Sir Robert Chambers (1737 - 1803
A.D.)—a judge who joined the Calcutta Supreme Court in 1744 (Buckland, 1968, p. 78a).

R contains several instances of omissions of or wrong use of vowels and

consonants. For example, (i) f. 29r., 3. 3xb for 3<b: (i) £ 30r,2. G G for 5
Tq: (i) f. 25v., 4. Eﬁfm for 3OT: | Out of all of the twelve available manuscripts of

the Suryaprakasa, manuscript R has the maximum number of suck errors.

6. Weber, A. (Ed.). (1853). Die Handschriften-Verzeichnisse der Koniglichen Bibliothek.
Erster Band. Verzeichniss der Sanskrit-Handschriften. Berlin. P. 231.
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R has several omissions but very few repetitions. The dot or sign for a negative
number is usually ignored in R (for an exception, see f. 24r., 2).
The scribe of R does not seem to be making any additions from other sources as he

is copying. There are no insertions and no marginalia.

(c). Cilass B
This class, consisting of the nine manuscripts B, L, D, T, W, I, M, S and H, is also
important for the reconstruction of o (and Text Alpha), because some portions of the text

of the Stryaprakasa exist only in this class. For example, (i) p. 8, 14-16. !J@'f-‘f
g and (ii) p. 10, 15-16. qur ... (2SR which exist in class B, are missing from
class A. Thus class B comes to the rescue of o under the following situations: (i) When
the reading of class A is missing; (ii)) When manuscript A is illegible or omits a folio and
the reading of € does not make sense or N and R disagree on a particular reading;
(iii) When the reading of manuscript A is incorrect.

As far as the date of composition of manuscript B is concerned, some estimate can
be drawn as follows. Out of all of the available manuscripts of class B, the one which has

the earliest date mentioned in it is the manuscript L. It was written in 1688 A.D. Class 8

(and hence manuscript B) shows contamination by Krsna’s commentary, the Bijapallava
on Bhaskara’s Bijaganita. The Bijapallava was written in about 1600 A.D. Therefore B
was written sometime between 1600 A.D. and 1688 A.D. So we assign ca. 1620 A.D. to
the copy B.

The special features of class B are the following:

There exist apparently genuine passages or words in class B that are omitted in
class A. An illustration of this fact is a portion (p. 29, 15- p. 31,4. Y ... g‘m )
of Suryadasa’s explanation to verse 27c-28b. This text has been supplied from class f in
order to reconstruct Text Alpha. Presumably Suryadasa came back at some point and

revised his Suryaprakasa. The writer of P possessed a copy of this revised version, and
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incorporated the revisions made by Suryadasa in his copy. This copy of the revised
version stands between o and § in the stemma.

One instance of evidence for Stryadasa’s revising the Skryaprakasa is that a verse,
which appears at the end of both the Suryaprakasa and the Ganitamrtakiipika, and which
lists the first eight of Stryadasa’s works mentioned by Dikshit (Sarma, 1950, SB VIS 2, p.
222), is absent from the very early copy A (and its descendants), though this very verse
exists in all of the manuscripts belonging to recensicn B (see Chapter I, sections 1.B. and
1.E. above). This verse, which appears to be Suryadasa’s own creation, was thus added to
the Siiryaprakasa at a later date. Quite conceivably other revisions could have been made
by Suryadasa as well at that time. One instance of other revision is the addition of another
verse to the Suryaprakasa after the one just mentioned. This last verse (which is stated
below) also exists in the manuscripts of the Suryaprakasa belonging to only the B—

recension:

TUURTUEHGTEAA AR Wiedos |
I SERIa: Yad & NAai AgaudidE el

The Appendices and Apparatus Criticus for the Text Alpha show that there exist

instances of contamination of the text of class § by Krsna’s commentary Bijapallava on
Bhaskara’s Bijaganitc, Suryadasa’s commentary Ganitamrtakupika on Bhaskara’s
Lilavari, and Bhaskara’s Bijaganita as follows: (i) The text pertaining to the explanation
of verses 37c-38d, which we have put in the Appendix #9, seems to have been borrowed
by the writer of B, with some additions, from the Bijapallava (see Radhakrishna Sastri,
1958, Madras GOS 67, p. 77, 5-6). (ii) The text pertaining to the explanation of verses
64c-65d, which we have put in the Appendix #17, has been borrowed by the writer of 3
from the Ganitamriakupika (see the manuscript Wai, PPM 9762, f. 121r., 5-8). (iii) Part

of the text pertaining to the artha of verse 43b-44a, which has been put in the Appendix
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#12, has been taken by the writer of class B from Bhaskara’s Bijaganita (see Vidyasagara,
1878, p. 24, 17).

Class P has some disorders or misplacements of sentences. For example, the text
which belongs to the solution of the first e :ample under verse 30c-31b is out of place.
Therefore it has been placed in the Appendix #5. The corresponding text of class A, which
has been chosen, is different for it omits most of the text contained in class B.

At some places, class B has repetitions and is inconsistent. For example, the text
which has been put in the Appendix #3 should have come before (and not after) verse
16¢c-d because it explains the previous verse 15¢c-16b. It is omitted in class A. Alsoitisa
repetition (with omissions and additions) of the explanation which is already given under
verse 15c-16b.

Class B contains a few errors. As an illustration, some part of the text related to the
solution of the problems given in verse 36¢c-37b, makes no sense in relation to the context.
This B-text had tc be put in the Appendix #8. It differs from its counterpart which is in the
A-text.

At some places, class B contains detailed explanations where class A has short
summaries. Some illustrations to this effect are as follows. (i) The detailed explanation of
class B pertaining to verse 39b has been utilized for the reconstruction of Text Alpha, on the
observation that Suryadasa generally provides detailed explanations to the verses involving
‘sutras’ (rules). On the other hand, the one-sentence explanation of A has been placed in
the Appendix #10. (ii) Similar is the situation pertaining to the meaning and demonstration
of verse 19a-d where recension A has only a one-line hint (which goes to the Appendix
#4). Thne detailed text of class  has been chosen. (iii) In the demonstration part of verses
33a-34d, class A has one short-sentence text which has been placed in the Apparatus
Criticus; the corresponding text from class B has been utilized. (iv) The brief explanation

of verse 40b-41a provided by the manuscripts of class A goes to the Appendix #11 and the



76
corresponding detailed explanation from the manuscripts of class B has been supplied for

the purpose of reconstructing the Text Alpha.
The omissions in class f include parts of the text such as p. 11, 20. F=1° .

ST | Another notable omission of class B pertains to the colophons, such as those at the
conclusion of karani (p. 46, 9-10. 3T .. °’Tﬂ€1‘\) and kuttaka (p. 70, 12-13. 3fy ...
HITIRY).

The above details, repetitions, insertions or alterations in class B give rise to several
possibilities which need to be explored, (which will be stated later in a separate section D.
of this chapter,) which include, among others, revision of his text by Suryadasa himself

and results of students’ copying etc.

(i). Differences of Class B From Class A. The major differences include the
following:

(1). Class B consists of nine manuscripts, while class A consists of three
manuscripts; A being an early copy while B is a later descendant of a. Of course, this
proposition might change if further manuscripts of the Siwryaprakasa can be located.

(2). Class A is not contaminated by external sources, whereas class f is.

(3). Since it cannot be determined whether some of the apparently genuine
passages in class P that are omitted by class A were in « or were acquired by p from some
other source such as Suryadasa’s revision of o, the readings of class B which are not
shared by class A are less reliable than those of class A which are not shared by class .

(4). Class A summarizes the text in a few places but class B does not.

(5). Class B has some repetitions, while class A does not.

(6). Class B omits the colophons which class A contains.

(ii). Relation of Manuscript 8 to Manuscript o.. P is descended from Suryadasa’s

revision of a. It was copied about 70 years later than the copy A. On the one hand, it
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omits certain portions of ¢, for example, the colophons. On the other hand, B has several
additions or alternative explanations, some of which seem to be the genuine creations of
Siuryadasa, while some others are clearly due to its being contaminated by sources other
than the Suryaprakasa. Those alterations which did not seem to be genuine have not been
incorporated in the Text Alpha which we have reconstructed. Such alternative texts have
been placed either in the Apparatus Criticus or in the Appendices.

Nonetheless, copies P and o have a large portion of the text of Suryadasa’s
commentary in common (at least 90%). Since B fills the omissions of A and replaces the

short summaries of A, the reconstructed text would have been less organized and clear

without the text of .

(iii). Relation of Manuscript [ to the Suryaprakasa. B is a contaminated
descendant of a revised version of the Suryaprakasa. The authenticity of some of the
alterations in P is questionable, for it is not clear who has provided those alterations.

Consequently, it cannot be said with certainty how close P is to the original Suryaprakasa.

(@). Class y
This class consists of the manuscripts B, L, D and T. This group has similar

readings at most places. Here are three examples: (i) p. 32, 10. %"2 om. Y ; (ii) p. 36,
7-8. A foramdr ] @t a1 I deIT OT USHIIGHS AT I
;| 99 g7 fePeguiemftaa geoswiA & fFam) & aswn
Fhovaedie ed w0y ghemfged: | fiffreeg swa w9
FHer: | gl guEd a7 fFIHEIr v ; Gii) p. 24, 18. Oc5 om. Ny (except L).
(Recall that occasionally, the deviant readings of L coincide with the readings of class A.
See section C.(b), Class A).

The readings of class y are significant in the construction of manuscript B and

hence in the reconstruction of the Text Alpha. The important manuscripts of class yare B
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and L. We dc not know the dates of B and D. The copying of L was completed in 1688

A.D., and that of T in 1882 A.D. Manuscript B seems to have been copied directly from y

; whereas L, D and T are copied from & which is a copy of 7. (As mentioned before, T
shares some of its readings with N and R. See section C.(b)(v), Manuscripts N and R).

Furthermore, B, L, D and T are copied independently of each other, as is evidenced

by the following: (i) p. 2, 17-18. f¥5& .. Q@_om. B; (i) p. 11, 19-21. UH(&R°

. GoaHfT om. L; (i) p. 8, 9-10. &fer: ... JRI° om. D; and (iv) p. 10, 3. F=g°

”RJTET\ om. T. Note that none of these manuscripts repeats the omissions of the other.

(i). Manuscript v. This manuscript is a copy of B. It seems that y was not written
very carefully because its direct descendant B has many errors and empty spaces.
Certainly, y was written sometime between the date of copying of 8 (ca. 1620 A.D.) and

that of L (1688 A.D.).

(ii). Differences of Class yFrom Class (.

(1). Class vy consists of manuscripts B, L, D and T while class { consists of
manuscripts W, I, M, S and H where v and { are the respective ancestors of these two
classes.

(2). Generally, the readings of classes Y and { coincide, but there exist some
dissimilarities as well. For example, (i) p. 25, 15. §1d: sFWN° om. {; (i) p. 25, 16.

TP ... g1 ] °FiT@ &q: 4TS ¢ . In these places, class v has the
correct text. This indicates that the classes y and { have a common distant ancestor } but
they have differen: immediate ancestors, namely, ¥ and { respectively.

(3). Furthermore, manuscript W was written in 1813 A.D.; the dates of I and M
are unknown but M is a copy of I; S and H were copied in the nineteenth century. Thus

class { consists of modern manuscripts. Therefore, the readings of class v are likely more
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authentic than those of class {. Note that y was written between ca. 1620 A.D. and 1688

A.D. and { was written between ca. 1620 A.D. and 1813 A.D.

(iii). Manuscript B. Oriental Institute, Baroda. 9281.7 Ff. 119. Paper:
Dimensions unknown. Number of lines per page: 9. Number of aksaras per line: 38-47,

or about 43 on average.
Colophon on f. 119v.: || FHEE] i

Post-colophon on f. 119v.: tHiREIREIT TP Ragartle g
g fxfaate ard gudf 7

According to this information, B was copied in Kasi by Krsna, the son of
Mahadeva who has the surname Dharmadhikarideva. There is no mention of the date at
which the copying was completed. On folio 1 recto, the manuscript has something which
is illegible.

The peculiarities of manuscript B are the following:

B has a few language errors. These include the wrong use of vowels and
consonants as follows: (i) P. 23, 12 or f. 12r., 5 has 'ﬂ'ﬁﬂ:f" for '{[Q‘I’H’° and @ed
for T@&Y | (ii) In a few places, the wrong uses of the consonants EE for :i'\ and Gi'\
for g_are found, such as f. 16v., 5. °HIc5 for “ATA and f. 10v., 8. Tt for STt |
(iil) Likewise f. 11v., 5 and 8 have the wrong use of letters for digits suchas € for ¢,
3 for 3 and § for & |

B has several repetitions of words or lines.

B has several omissions. A peculiarity of B is that it has many blank spaces in the
text, which correspond to the omissions. Perhaps its ancestor was corrupt or illegible at

these places. Sometimes there are omissions in B, but no blank spaces are left to indicate

7. Nambiyar, Raghavan. (Ed.). (1950). GOS No CXIV. Vol. II. An alphabetical list f
manuscripts in the Oriental Institute Baroda Baroda: Oriental Institute. Pp. 1212-1213.
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this fact; for example, f. 18v., 2 has 37 inplace of 3 andf. 28v.,3has ¥ for G¥,

but there are no blank spaces for the missing letters.

Quite often, a nyasa is not placed correctly in B. For instance, &% % & ©
(see Text Alpha p. 30, 18) is misplaced on f. 171., 1 after W (p. 30, 19), whereas it
should have occurred before ”'{f%q?\ onf. 16v,, 9 (p. 30, 19). Similarly &F 4y F <
(p- 33, 15) is misplaced on f. 19r., 1 after JT3° (p. 33, 16), whereas it should have
occurred before FATRY onf. 19r., 1 (p. 33, 16).

Finally, manuscript B has marginalia which consist of insertions to be made; see,

e.g. f.21v,,3andf. 1181, 6.

(e). Class 6

This class consists of manuscripts L, D and T. These are independent copies of 8
(see section C.(d), Class y). Manuscript d seems to have been written between the dates of
copying of the manuscripts Yy and L (1688 A.D.).

Clearly, B is not a copy of 8. The following three examples support our claim: (i)
p-2,17-18. f&O® .. Q& om. B; (i) p. 2, 8-11. T@° ... ¥ om. LD; and (iii)
p. 12,15, JUEfRaT® B, TUERUT® ANLD, IJTfeyc® RTL. (In the third
example, manuscripts A, N, L and D have the correct text. Note that T is a later
manuscript and its writer seems to have had access to manuscripts other than 8.) These
three examples suggest that L and D copy what 8 has. On the other hand, the many
similarities of B with L, D and T (see section C.(d), Class %), and the unique way in B of
showing omissions through corresponding blank spaces suggest that B and 8 descend

independently from 7.

(i). Differences of Class & From Manuscript B.
(1). Manuscripts of class & have fewer mistakes, repetitions and omissions than

does manuscript B.
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(2). Manuscript B has blank spaces for omicazions, while L, D and T do not.

(3). Manuscript d contains a more correct and complete text than does B; it was
probably copied earlier from 7, before the latter became illegible in places. Nonetheless,
the writer of B seems to have tried very hard to leave the text as close to its archetype as
possible. Hence, the authority of B is to be considered greater than that of & as far as

reconstructing 8 goes.

(ii). Manuscript L. Akhila Bharatiya Samskrta Parisad, Lucknow. 45148 Ff. 1,
3-25, 27-99, 104-105, 108. Paper: Dimensions unknown. Number of lines per page: 11-
12. Number of aksaras per line: 35-43, or about 39 on average.

Colophon: Missing.

Post-colophon on f. 108v.: || H‘é‘ta’\ Yowy Y HIETHR m forat
st Mimam fsfadd HTRad=HT TuneeasT: ||

According to this information, L was copied for Nathamalla and the copying was
completed on Tuesday October 9 in 1688 A.D. (see Pillai, 1922, Vol. VI, p. 179). The
place is unknown.

As far as the physical condition of L is concerned, since this manuscript is over 300
years old, the writing on a few of the folios which are at the end of this manuscript is
blurred. Also, there seems to be discolouration of the entire manuscript. It has also been
eaten by moth-larvae in places, though it is legible.

The distinguishing characteristics of manuscript L are the following:

The scribe of L makes intelligent corrections, changes or additions as he copies
from its archetype 8. For example: (i) He has tried to correct the solution of the problem

pertaining to verse 36c-37b, perhaps using (with alterations) Bhaskara’s

8. Iyer, K. A. Subramania et al. (Eds.). (1963). A catalogue of manuscripts in the Akhila
Bharatiya Sanskrit Parishad Lucknow. Lucknow. (See Pingree, 1970b, CESS A 1, p. 26a.)
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Bijaganita text, p. 21 (see apparatus criticus to Appendix #8). (ii) P. 47, 20. €3: (see
Text Alpha) has been changed to GG, perhaps following Bhaskara’s verse 48b. (iii) P.
9,9. HUH .. SIATMIT (which contains the introduction to verse 3c-4b), has been
replaced by the corresponding introduction in the Bijapallava, p. 11, 1. 3 Wby Brsg-
a‘rméaaamwg@mra | (iv) In order to explain verse 3c-4b, some text
has been added on page 9 between lines 13 and 14. This text has been borrowed word for
word from the Bijapallava, p. 11, 6-8 (see the Apparatus Criticus).

The scribe of manuscript L seems to have had access to a manuscript of class A
(see section C.(b), Class A for illustrations to this effect).

L contains the first 35 complete verses from Bhaskara’s Bijaganita and adds iy
to the end of almost every verse. Of course, L omits the lemmas when it contains a
complete verse (see, e.g.,p. 9, 9. so=afyfd om. LS).

The scribe of L employs sandhi wherever it is possible. In fact, out of the twelve
available manuscripts of the Suryaprakasa, L has the maximum use of the rules of sandhi.

L has very few repetitions.

There exist a few omissions in L. For instance, p. 23, 11-13. °3§1 .. Frege
om. L. This omission seems to be a consequence of homoeoteleuton.

Rarely, L has numerals above the words to correct their order. For example,

f.22v.,7has =+ Hfé’ where thereisa“ ”over 7 anda “%9” over Cl’f%{, which
indicares that this text is to be read as Jf& 7|

Words or letters to be inserted in the text are usually above the line in manuscript L

(see e.g., f. 4v,, 3. Y ), though sometimes below the line (see f. 6r., 12.

dT) or in the margin (see f. 7v., 6. 35 ). Some of these insertions seem to be in a hand
different from that of the original scribe, which indicates that L has been studied by some

later scholar.
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(iii). Manuscript D. India Office Library, London. 2823 (1533a).° Ff. 73. Paper:
9 in. X 6 7in. (i.e. 22.86 cm. x 15.88 cm.); size royal 8 vo. Number of lines per page: 26-
28, sometimes 24. Number of aksaras per line: 22-28, or about 24 on average.

Colophon on f. 73r.: ﬂm’é'(j i

Post-colophon: Missing.

There is no mention of the name of the scribe, or place or date at which the copying
was completed. In the beginning (i.e. on f. 1r.), D has: Presented by H. T. Colebrooke,
Esq. (Recall that manuscript N was also presented by Colebrooke).

The particular features of manuscript D are:

D has very few repetitions. D has omissions. The dot representing a negative

number is almost always omitted in D (for an exception, see f. 8r., 1).

Like manuscript L, D too has numerals above some words to indicate their correct

order. See,e.g. f. 14r., 25. The complete word in the text is {EifrEETTT witha *“ ? ” over
(the second) ¥ and a “ R ” over QCT | This means that the word is to be read as
€IEIANTT | Another illustration is the word °§W\° witha* ¢ ” over & and a
“3”over B (see f. 17v., 15) meaning thereby that the reading in the correct order is
gD

A peculiarity of D is that it has a symbol somewhat like “ Q ” over the place where
a long vowel is intended, as in f. 2r., 2, we find a/ﬁ indicating that ¥T&A is the correct
reading. These marks may have been inserted by some later scholars.

Words to be inserted are written in the margin, see, e.g. f. 2v.

If a complete word does not fit in a line, the sign l\ is used at the end of the line

to indicate this fact (see f. 3v., 11).

9. Eggeling, Julius. (Ed.). 1896. Catalogue of the Sanskrit manuscripts in the Library of the India
Office. Par:V. London. Pp. 1009-1010.
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(iv). Manuscript T. Wellcome Institute for the History of Medicine, London.
B 589.10 Ff. 109. Paper: Dimensions unknown. Number of lines per page: 12, 13, or
15. Number of aksaras per line: 35-47, or about 40 on average. No catalogue listing

except as noted in the foomote.

Colophon on f. 109v.: PITE] Gé?iTl’ﬂT‘i I

Post-colophon on . 109v.: aa'a\ R 3R I a’ﬂTEf ?ﬁ° ?

This information indicates that the copying of the manuscript was completed on
May 2, 1882 A.D. (see Pillai, 1989). The places and names of the scribes are unknown.

The following are the peculiarities of manuscript T:

T has been copied by two scribes—the first twenty-two folios are cr-ied by the
first scribe and the rest of the copying is done by the second scribe. |

The portion after the first twenty-two folios contains more scribal errors (i.e.
omissions and repetitions etc.) than do the first twenty-two folios.

The scribe, who copies the latter portion of the text, uses very frequently the
sign I\ at the end of a line to indicate that the particular word is incomplete.

Both scribes write 7] for & (see,e.g. ff. 4r, 5 and 24r,, 12, 13 etc.). Words to
be inserted are in the left or right margins (see, e.g. ff. 1v., 15 and 20v., 15 etc.).

T does not contribute much towards the reconstruction of Text Alpha, due to the
fact that its scribes seem to be using some of the other manuscripts as well as 8. There are

several similarities between the deviant readings of T and the readings of manuscripts not

belonging to class 8. For example: (i) p. 23, 10-11. 37 ... Wmaﬁ\ om. NT; (ii) p.
69, 7. & om. y (except T); and (iii) p. 69, 9. °HFk: T{. Also see section

C.(b)(v), Manuscripts N and R, and section C.(e), Class .

10. Raghavan, V. Catalogue of Sanskrit manuscripts in the Wellcome Historical Medical Research

Library. Typed. London. (See Pingree, 1970b, CESS A 1, p. 32b.)
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(0. Class §
As mentioned before, this class consists of the five manuscripts W, I, M, S and H.

For further information see section C.(d)(ii) above. Occasionally, the readings of class {

are shared by manuscript T. For example, (i) p. 49, 11. AR ]
AR TG (i) p. 69, 9. °dFH: T,

The five manuscripts constituting class { agree on most of their readings.
However, there exist some readings on which only W, I and M agree, while S and H have
a different (common) readiﬁg. Since the readings common to W, [ and M are different
from those common to S and H, it is evident that thc iinmediate ancestor of the first group
is different from that of the second group. Using 1 for the immediate ancestor of W, I and
M, and 0 for that of S and H, we have: 1 and 0 are copies of {. Therefore { can be
reconstructed from 1 and 9 according to principles similar to those which will be found in
Chapter I, section 4.A. below.

The following are the examples of the different readings in classes 1 and 6: (i) p.

12, 14. ®IW .. Q. om. 8; (i) p. 45, 20. FAT@I om. 6,
FeaiEeNfIfSad gear 3Ry v i) p. 62, 24-25. °Hfer: ... Y=I° om. 1 |
°f%: ... USI8° om.S | & .. ¥TSU° om. H.

(g). Class1
As far as the dates of the manuscripts W, I and M (which form class 1) are
concerned, the copying of W was completed in 1813 A.D., but I and M have no dates of

completion. W and I are independent copies of manuscript 1, while M is a copy of I. The

following illustrations support this claim: (i) p. 41, 14. FJN° ... aHIME om. W; (ii)

p-12,11. W& .. =guf¥ef om. IM; (i) p. 20, 4-5. BGRY® ... JUT T om. IM;
(iv) p. 65, 22-23. TWEJ ... ETC om. M | TG .. BTC om. L (TGH U
ﬁ;ﬁ\":ﬂﬁ B¢ add W in the bottom margin). (Here W! refers to the later scholar who

made the insertion in W). (v) In the Appendix #15, line 24, both I and M have the
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meaningless HBHR™T||d for H8THIGM: which indicates that the scribe of M

imitates I without much understanding.

(1). Differences Between Class 1 and Class 6.

(1). Class 1 consists of the copies W, I and M but class 0 consists of the copies S
and H.

(2). Class 1 has only lemmas whereas class 6 has complete verses from

Bhaskara’s Bijaganita throughout the entire part of the commentary which is being edited.

(S generally omits the lemmas but H has the lemmas as well as the complete verses).

(3). S and H have additions from Krsna’s Bijapallava and Bhaskara’s Bijaganita,

respectively. On the other hand, the copies W, I and M contain no such insertions except

for an insertion or two in W by some later scholar; see for example, f. 20v., 7 (or

Appendix #9 to the Text Alpha). Here the = in the left margin of W, seems to have been
borrowed by some later scholar from the Bijapallava (see Radhakrishna Sastri, 1958,
Madras GOS 67, p. 71, 5).

(). Manuscript W. Prdjia Pathasals Mandala, Wai. 9777 L. No. 121 py.

100. Paper: 24.9 cm. x 10.3 cm. Number of lines per page: 10 (but sometimes 9 or 11).

Number of aksaras per line: 42-49, or about 45 on average. Extent C (i.e. complete

manuscript).

Colophon on f. 99v.: 37 ARTsFANTHNRIgEaTId  iueHRTEd
Somst gad ) g 1 B

11 Joshi, Laxmanshastri. (Ed.). (1970). Descriptive catalogue of Sanskrit manuscripts. Part I1.
Wai: Prajfia Pathasala Mandala. Pp. 1242-1243.
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Post-colophon on f. 100r.. I35 ¢w3y AFEAHEIEL MTHTFHsTNT]
WIEER 3¢ Tk NHITRETAT T fsfad Negsdeg 1 0 w

B PG T

According to this information, W was copied by Kesava, the son of Tryambaka;
and the copying was completed on Friday October 11, 1813 A.D. (see Piliai, 1989). The
place is unknown. The manuscript does not contain folio 1 recto but there is no loss of
text

The special features of manuscript W are the following:

There are no repetitions in W.

There are very few omissions in W (see, for example, p. 17, 15. Wﬂﬁ,’%ﬁ%
om. LW (add. W1 in the top margin)).

W has numerals above some words to indicate their right order, as do the

manuscripts L and D. For example, f. 6r.,, 8 has d ¥ witha “” over 9 and a “¢?”
over &0, which implies that the correct reading should be &I o |

W has marginalia, some of which seem to be in a hand different from that of
Kesava. (For example, see the left margins of ff. 20v., 7. 7 and 20v., 6. J: the text
already has g, though it is not very clear). Words to be inserted are in any of the four
margins. If they are in the top or bottom margins, they usually have the line numbers (e.g.
f. 10r., 9 has IO & R, in the bottom margin, indicating that the words are to be
inserted in the second to the last line).

The amount of marginalia in W is more than that in any other manuscript of class

. This indicates that W has most definitely been studied by later scholars.
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(iii). ManuscriptI. India Office Library, London. 2824 (1891).12 Ff. 71. Paper:
12¢in. x 4 in. (i.e. 31.12 cm. x 10.16 cm.). European paper. Number of lines per page:
11-13. (But the catalogue has 24). Number of akgaras per line: 50-62, or about 56 on

average.

Colophon on f. 71r. - £. 71v.: || o wag 1 1 AegiaErmmeg |

n=sln nsln nsn =gl sl s e

st eI 1 AfTTafy )

Post-colophon: Missing.

According to the information given on folio 1 recto, this manuscript was
bequeathed by Dr. John Taylor to the Hon. Court of Directors of the East India Company
through William Erskine, executor, in Bombay, on April 20, 1822. William Erskine lived
in Bombay from 1803 — 04 to 1823 A.D. (Buckland, 1968). He held various legal offices.
Moreover, he was the Secretary and Vice-President to the Literary Society. (p. 139b)

There is no mention of the name of the scribe, or place or date on which the
copying was completed. Folio 1 recto also has: SISTST graid || AT Qo

Manuscript I has the following peculiarities:

There exist a few repetitions in manuscript I, such as on f. 20r., 5 (i.e. p. 61, 13) the

word ﬂf;t is written twice (instead of once). This repetition is followed by M as well
(see f. 14r., 17-18).

Manuscript I contains a few instances of misplacements of nyasas as well as of the

results obtained on perfornﬁng various mathematical operations. For example &T{
& ¢ F 3 (Text Alpha p. 33, 4-5) is misplaced on f. 11v., 5 after BQ<d (p. 33, 6),
whereas it should have occurred on f. 11v., 5 before 3 (p. 33, 5). Likewise F 39
F 9 (Text Alpha p. 30, 18) is misplaced on f. 10v., 10 after ST (p. 30, 19),

12. Eggeling, Julius. (Ed.). 1896. Catalogue of the Sanskrit manuscripts in the Library of the India
Office. PartV. Loadon. P. 1011.
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whereas it should have occurred on f. 10v., 9 before 31'@12{7’{\ (p- 30, 19). These
misplacements are followed in M on f. 8r. and f. 7v. respectively.

Manuscript I has very few marginalia; they consist of insertions to be made in the
text (see e.g. £. 2v., 11; f. 8r,, 11 etc.). Sometimes the numerical place where a letter in the

margin is to be inserted in a word is written to the letter’s right. As an illustration, f. 4r., 9

has 9T 3 in the left margin and &I in the text, meaning thereby that th:e intended
reading of this word is AT of | Furthermore, the sign m appears at some places on
top of a letter, as on f. 5v., 1, we find HE@TE?T | This means that the q_ is to be replaced
by the next consonant ¢/ | Here M has the correct reading aura"‘r (f. 4r., 2); perhaps
its scribe understood the symbol. It is likely that some of these marginalia have come

from the pen of a later scholar.

(iv). Manuscript M. Royal Asiatic Society, Bombay. 279.13 Ff. 46. Paper: 15;

in. X 95 in. (i.e. 39.37 cm. x 24.13 cm.). Number of lines per page: 17-20. (The catalogue
has 20). Number of aksaras per line: 47-57, or about 53 on average.

Colophononf.46v.: || fyag 1 & 11 & | #: | &

Post-colophon : Missing.

On folio 1 recto, manuscript M has || 372 SIonmsr qroq: | M 1 % |
y: here the R || Y is an old library shelf-mark but the extra mark ~ above *f):

makes no sense. Two folios (i.e. 31v., 32r, 37v. and 38r.) are missing from the
microfilm. Therefore the text is lost. There is no mention of the name of the scribe or
place or date at which the copying was completed. This manuscript comes from the
collection of the Bombay Branch of the Royal Asiatic Society.

The following are the peculiarities of manuscript M:

13. Velankar, H. D. (Ed.). (1926). A descriptive catalogue of Sanskrta and Prakrta manuscripts,
Vol. 1. Bombay: Royal Asiatic Society. P. 92.
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There exist several instances which reveal that M is a slavish imitation of I. These
include: (i) p. 4, 11. ge® ] ¥=° IM; (ii) p. 56, 22. =gTE: + YTSg: BTG IWW?
TRY

& &y IM; (i) p. 68, 25-26. °THART | <GHAMHRI® IM; (iv) p. 45, 6. Hoh +
e IM (e in the right margin of ms. I, f. 15v., 10 but in the middle of a line of ms. M,
f. 11r., 12); (v) p. 29, 17. °%° om. IM. In example (v), the scribe of I inadvertently
dropped the syllable &5 at the end of a folio (f. 10r., 13) and the scribe of M slavishly
copies this omission in the middle of a line (f. 7v., 3).

Rarely, both I and M have numerals above the letters to correct their order. For

example, on p. 10, 13 they have Ug (ms. L, f. 4v., 9 and ms. M, £. 3v., 3) where there is
a“”over B which indicates that the correct orderis JE |

The repetitions present in the manuscript I have also been copied by the scribe of M
almost all the time. An exception to this is the omission in M (f. 15r., 10) of the repetition
afsepar® ... A2 of I(£. 21r., 9-10. For this text, sce Appendix #18, lines 4-5).

The dot representing a negative number is generally ignored in M as is done in R
and D. For exceptions in M, see f. 3r., 13-14.

M has very few marginalia. Words to be inserted are written in the margin or in

the next line exactly under the insertion sign {v). In the latter case, the symbol “X” is put

on the left and right of the aksaras to be inserted; as on f. 3r., 7 we find x g’f%i‘ X.

(h). Class 6

This class consists of the two manuscripts S and H, both of which were written in

the nineteenth century. Both belonged to Major T. B. Jervis, and are written on European

paper.
Both manuscripts contain complete verses from bhaskara’s Bijaganita.

Manuscript S generally omits the lemmas corresponding to the completely quoted verses

(as does L, see p. 9, 5. TSI om. LS), while H contains the lemmas as well.
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Moreover, unlike L, the manuscripts S and H do not have 3‘% added at the end of a
complete verse.

S and H are considered to be independent copies of 8 due to several reasons. They
differ in the placement and wording of some of the verses. Also they have different
omissions. The following examples may be considered in view of these differences: (i) p.
18, 17-18. Verse 17c-d. H; butL and S transposed to after verse 17a-b. (ii) p. 19, 10-11.
§=&ay H, & S. (i) p. 5, 24. TGNY TITWY om. H. (v) p. 9, 9.
SUAIRT om. LS. (v)p.28,20-p.29,1. HA° ... & < om. H.

The scribes of S and H have made unique augmentations into the text of the
commentary from Krsna’s Bijapallava and Bhaskara’s Bijaganita, respectively. The
following are two illustrations to this effect: (i) p. 13, 18. =g sfI | =G ufi:
g8 39 3iJ (from Krsna’s BP, p. 28, 11-12) §; #q 3fky + =ar uf:
§8{ 3°g=gd (from Bhaskara’s BG, p. 5, 11) H. (i) p. 45, 7-8. &7 ... °e_ ]

Appendix #13. B (from Bhaskara’s BG, p. 25). The apparatus criticus to this appendix
shows that S contains the augmentation Tafde) ot FHCATHEARSH O

IR w0y Ul g a=fify agudeaee: Sl A
which has been borrowed, word for word, from Krsna’s BP, p. 82, 20-22. On the other
hand, H contains the augmentation va'f‘?‘:rz)g Ei'?fg Wﬁ?’!ﬂ]‘ﬂm
s &Y gReg g gt A Oedl eurflguoert  aa
W%EFCITRT which has been borrowed, with slight modifications, from Bhaskara’s
BG, p. 25, 12-15.

S and H have very few marginalia and the marginalia are in their original scribes’

own hands.
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(i). Manuscript §. British Museum, London. 448 (Add. 14,361&).14 Ff. 40 (The

catalogue has 41, but f. 41 is missing from the microfilm and therefore text is lost). Paper:

European, folio. Dimensions unknown. Number of lines per page: 22. Number of

aksaras per line: 48-59, or about 55 on average. Was copied in the nineteenth century.

Belonged to Major T. B. Jervis.

Colophon: Folio missing.

Post-colophon: Folio missing.

The name of the scribe, or place, or date at which the copying was completed are
unknown. In the beginning (before f. 1r.) S has: Purchased of Major T. B. Jervis, July
1843, |

As far as the special features of manuscript S are concemed, some of them have

already been described in section C.(h), Class 8. The following may be added to them:
Occasionally, S has -] in place of & (e.g., f. 9v., 9. ﬁQTfﬁT in place of

il ).
Quite often, the dot for a negative number is omitted in S. S has very few
repetitions. Words to be inserted are in the margins (see e.g. f. 6v., 22; and f. 9v., 11).

They are in the hand of the original scribe.

(i1). Manuscript H. British Museum, London. 447 (Add. 14,358c).15 Ff. 46

(now 74-119). Paper: European, sm. folio. Dimensions unknown. Number of lines pér
page: 21-22, or 27 (21 in the catalogue). Number of aksaras per line: 52-67, or about 62

on average. Was copied in the nineteenth century. Belonged to Major T. B. Jervis.
Colophon: Missing.

14. Bendall, Cecil. (Ed.). (1902). Catalogue of the Sanskrit manuscripts in the British Museum.

London. P. 185.
15. Berdall, Cecil. (Ed). (1902). Catalogue of the Sanskrit manuscripts in the British Museum.

London. P. 185.
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Post-colophon: Missing.
The name of the scribe, place or date at which the copying was completed are
unknown. Note that the numbers 74 through 119 which appear on the folios are not the
number of folios which H has. These are the folio numbers of BM Add. 14,358.

The important characteristics of manuscript H are the following:

The scribe of H corrects as he copies. For example: (i) p.9,2. °&XT9 ] °&i%
N, °3g14 R, °e3T9 { (except H); (ii) p. 62, 24-25. °ohfeer: ... WTST° om.1 |
°fSer: ... VTSI om. S | & .. VTSU° om. H; (iii) p. 38, 19. T A
(KT R) LD (E5eT H). Note that LT is grammatically incorrect because it

needs a prefix. Out of all of the manuscripts of class {, only H contains the correction. B

and T have %3?}'&6 which we have chosen for our Text Alpha.

The writer of H seems to have access to other manuscripts of the commentary also.
See,e.g. p. 60,8-9. 4T ... 3 om. { (except H).

Manuscript H has several additions from Bhaskara’s (commentary in his)
Bijaganita, some of which are as follows: (i) p. 16, 8. @ FUET?}H\ ] =mE: g1 R
g7 & ® ¢ MY IF T ¢ & ¢ H (from Bhaskara’s BG, p. 7, 7-8);
(i) p.3511. UgIfT + =qE: F$ I F 3 F 4y H 3 B L F & F 4
F 3| HRP WP ¢ P ™ o sk s
T JYFH FI: E fo B Y B Yo P RO ® 4 P Y & 8
F R0 B O P Yo P &0 B go F W AN Fuwyd HahAl
grt Heal FTIS FAA F ¢ F ¢ B AN AT HAN 0 I
Ff: & W 3T 95 qw AHT H (from Bhaskara’s BG pp. 17-18, with slight
modifications); (iii) p. 60, 19-22. HF .. °H&fl | UJ TGIEN-IHNG] ¢3 |&O
I I BT Y R | W @@l g6, I H (from
Bhaskara’s BG, parts of p. 32 lines 18, 20, 21 and p. 33 lines 1, 4, 6).

The sign for a negative number is omitted in H only very rarely. There are no

repetitions. Words to be inserted are written usually in the left margin. They seem to be in
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*
the original scribe’s own hand and have the sign * above them; see e.g. f. 6v., 18. afg
*
andf. 12v., 5. Ta |

D. Possibilities 1o be Explored
Our Text Alpha does not represent exactly the manuscript a, because there are

mistakes shared by both A and B, which therefore must have occurred in manuscript o.

We have corrected these mistakes.

Now a problem arises in that there are passages in karani and kuttaka where B
presents complete explanations and A presents abbreviated (or defected) explanations.
There are the following possible ways to explain this:

(a). The copyist of text A has abbreviated the readings of a while the copyist of B
has copied them out in full. In this case, Text Alpha represents the corrected text of
manuscript o.

(b). The copyist of text A has correctly copied out o while the copyist of B has
introduced the longer and more correct and/or more complete explanations from some
other source. There are two possible sources: (i). Corrections subsequent to the writing of
manuscript @, introduced by Suryadasa himself. (ii). The copyist of B may have found
these explanations in another commentary which is lost, and rewritten those passages to
conform to Suryadasa’s style.

Among (a), (b)(1) and (b)(ii), we think (b)(i) is the most likely explanation, and
(b)(i1) seems to us to be the least possible hypothesis, because it requires the copyist of f to
be a reviser of the text rather than simply a scribe.

We cannot prove any one of these explanations to be the correct one, so that our use
of the term Text Alpha has to be understood as being subject to modifications in accordance
with whichever of these three hypotheses, (a), (b)(i) or (b)(ii), is correct.

In vie;v of the differences between the texts of the two recensions A and B, some of

the possibilities which need to be investigated may be stated as follows:
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(1). Do the two recensions represent two occasions on which Suryadasa iectured on
the Bijaganita?

(ii). Do the texts of manuscripts A and P differ because they were copied down by
two different students at the same series of lectures?

(iii). Did the owner/scribe of manuscript B possess more than one manuscript of
the Suryaprakasa?

(iv). Did the writer of B use sources other than Suryadasa’s Ganifamrtakupika,
Krsna’s Bijapallava, and Bhaskara’s Bijaganita to expand on the Suryaprakasa?

(v). Did, contrary 10 our hypothesis, the writer of B himself provide all of the

alterations and details which are not found in text A?

The subsequent section discusses the principles and conventions of the edition.
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4. Principles and Conventions of the Edition

A. Principles of the Edition

In the section 3.C.(c) above, it was mentioned with respect to the texts A and B that:

(1). The readings of manuscript A are not available at some places due to its
illegibility or loss of folios.

(2). There exist apparently genuine passages or words in text B that are omitted in
text A (due to homoeoteleuton or otherwise).

(3). Text P has detailed explanations where text A has one-sentence summaries or
short passages. In other cases, the explanations in text B differ from those in text A only in
their wordings.

(4). There exist alternative explanations or additions from other sources in text .

These cases have been dealt with as follows:

In case (1) above, when the reading of manuscript A is not available, the readings
of its descendants N and R have been resorted to if their readings exist, coincide and make
sense with reference to the context. Otherwise the readings of class P have also been taken
into account along with those of N and R, and the common reading is chosen for Alpha. In
some cases the readings of class  become the sole witness for Alpha.

Furthermoré, if all manuscripts of class B do not have the same reading, then, at
first, the reading of class yis considered. If its descendants B and 8 disagree on a reading,
then the reading which makes contextual sense with that of N or R has been chosen. If
neither B has the correct reading nor all manuscripts of class 8 contain the same reading,
then a choice has been made out of the readings of &’s descendants L, D and T in order;
and so on, moving through the stemma from right to left.

The following examples from the Apparatus Criticus may explain the above rules

of editing belonging to case (1):
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(a). P. 2, 18. The reading °3{€F.° has been chosen for the Text Alpha even
though manuscript A omits the relevant folio, the readings of N and R are not identical and
B omits the relevant line; but N and L share the chosen reading.

(b). P. 2, 17. Here again manuscript A omits the relevant folio, and B omits the
particular line. The reading shared by N and L is FHCETHI_ which has been discarded
because it does not seem to be contextually correct. So the reading §H oA ET A which is
common to R, D, T and { has been chosen for the Text Alpha.

(c). P. 4, 8-9. The reading °Emé"v‘° . B3| T° has been chosen for the
Text Alpha because it is shared by R and B. Manuscript A skips the pertinent folio and N
omits this reading.

(d. P.5, 1. Hﬁff is in agreement with the context. In order to locate this
reading, manuscript H from class { had to be resorted to; because the relevant folio is
missing from manuscript A, and the reading ﬁﬁ'ﬁ" which is shared by € and vy had to
be discarded. The reading of class { (except H) is Gﬁ@f which is an irregular formation
and, therefore, had to be rejected.

In case (2), the apparently genuine passages of text B have been included in the Text
Alpha if they are needed in view of their relevance to the context, or to maintain continuity
and completeness. For example:

(@). P.4,14. °gcd°® of Bis needed with reference to the context. Manuscript A

omits the relevant folio at this point and € omits this reading.

(b). P.29,1-2. T ... 33["61‘(’2[\ of B provides continuity to the solution of the
problem. It is missing from the manuscripts of class A. Here is an example of our use of
the assumption that Suryadasa came back at some point and revised his Siryaprakasa and
the writer of B seems to have been in possession of a copy of the revised version (see
section 3.C.(c), Class B). .

(). P.36,2-p.37,6. TIHA .. €37 of B is needed for the Text Alpha

because it contains a detailed explanation of the sahaja and nimittaja quantities in the
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squaring of a karani-expression, which is not given anywhere else in the section dealing
with karani. Also, part of this text discusses the solution of the fourth problem given by
the verse, and thus completes the solution. Here, again, Suryadasa provided these details
in a later copy of the Suryaprakasa which was used by the writer of B (see our
commentary). This text is missing from the manuscripts of class A.

In case (3), a choice between texts A and B has been made considering the context,
order, clarity etc. Note that either complete text A or complete text  has been chosen. The
discarded text goes either to the Appendices (Chapter IV, section 1.) or to the Apparatus
Criticus (Chapter III). For example:

(a). P.19,15-22. Wﬁfﬁ@‘ .. “OU=H_ of B replaces a one-sentence summary
contained in the manuscripts of class A. The text A has gone to Appendix #4.

(b). P.45,20-p.46,4. FAT=G° .. & R || For this text, the arrangement in
the A-recension is chosen. The PB-recension contains this text before p. 45,9 TYT, which
creates a disorder and discontinuity of the discussion of approximate square-root.

In case (4), text A has been chosen for the Text Alpha and text B has been placed in
the Appendices. For example:

(a). Appendix #1. QT ... °TAH_isonly in B. The explanation contained in it
is alternative to that in p. 10, 1-4 of the Text Alpha. The latter explanation is contained in
both A and B.

(b). For additions from other sources in text B, see the section 3.C.(c) of this
chapter.

In conclusion, Text Alpha, which has been edited, is certain where the readings of
texts A and B agree and are correct. On the other hand, Text Alpha is uncertain to varying
degrees where (i) the readings of A and P disagree, or (ii) the readings shared by A and B
are corrupt, or (iii) the readings of one of A and P are not available.

As mentioned earlier, manuscript A seems to be a direct copy of manuscript a,

which in turn seems to be a direct copy of Surya’s original. Manuscript A is superb in the
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sensc that no traces of possible contamination are found in it. It is written in a very neat
hand. Though it is written carefully, there do exist a few errors, omissions and expandable
short summaries in A. Hence the Text Alpha, which we have reconstructed, is very close
to but probably not exactly Suryadasa’s (revised) original Stryaprakasa which is, in

principle, impossible to attain.

B. Principles Used in the Reporting of Variants in the Apparatus Criticus

Mainly those variants which help in the classification of the manuscripts have been
reported. That is to say, they include the most persuasive parts from all manuscripts:
Insertions or additions from any other source (e.g. Appendix #17 from the
Ganitamrtakupika) have been reported; significant grammatical errors (e.g. p. 6, 9.
ST A (except €)) have been reported; significant variant readings from a class or
classes have been reported even if those readings occur in later manuscripts (e.g. p. 21, 22.
Sggahch+  om. LT and p. 29, 21. &4 DM). Finally, any specially significant
individual variant from a single manuscript has been recorded (e.g. p. 15, 2. T L

indicates that L adds 3 at the end of a complete verse of the miila).

What has not been reported includes: Any insignificant variants or omissions of a
word or two, if a manuscript is later or has no descendants; variants in a repetition, if one
of the two expressions of the repetition has the correct reading; insignificant spelling errors
within the same words in different manuscripts.

If a variant reading has been reported from one manuscript, then the corresponding
variants from all other manuscripts have also been reported, whether or not these variants
are meaningful.

More specifically, the following criteria have been employed in reporting or
recording the variants:

(1). If some parts of the text are omitted by more than one manuscript such that the

omitted parts of the text have the same beginning but the omitted texts have different
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lengths in different manuscripts, then the longest omission has been recorded first. All

omissions are recorded using the symbol ‘om.” As an illustration, for page 8, the

recording for lines 9 and 10 is done as follows: 9 - 10. @&t ... ﬂ'f%f" om.D || 9.
gat: ... IO om. B |

(2). The lemma (i.e. mula or the correct reading) has been reported only when it is
necessary for clarity. For example, p. 8, 16. I | ¥ dfg B.

(3). The little circles at the beginning and/or end of a framing line of a word
indicate that only a part of the word has been recorded for the sake of brevity.

(4). A variant has been recorded under the name of the ancestor if the variant is
shared by all or almost all of its descendants. However, variant readings within the same
class have been enclosed by parentheses. For example: (i) p. 31,5. °8¢ B(°8 L,
°gT0 T, °8Y IM); (i) p. 69,7. & + &I (WG _om.L) & (& om.
BLD, § T)p.

(5). Variants shared by manuscripts belonging to different classes are followed by
the names of those manuscripts, for example, p. 61, 15. ¥ NBDM, ¢ R.

(6). If all manuscripts of a particular class have the same variant reading, except
some manuscript which has the correct reading, then the reporting is done using ‘except’
as follows: (i) p. 13, 12. FT—I%‘EE{ B (except L); (ii) p. 68, 14. = &P (except LT); (iii) p.
60, 25. °GTEWIITHTE A (except £).

(7). If a later hand corrects the reading of a manuscript, this fact is reported using
‘corr.’, as for example, p. 10, 20. =T Ti (corr. W1 in the left margin) S. The
superscript ‘1’ refers to this later scholar who wrote in the margin of W. As another
illustration, p. 69, 8. &4 ] ¥ P (except LD, corr. W in the text of W).

(8). Any illegible letters in a manuscript, other than in manuscript A, have been
replaced by x in the Apparatus Criticus. As an illustration, p. 15, 15. °giWi om. D,
°z@T eL, °FNIx T, °&T BC. If the whole word cannot be read, then ‘illegible’ or
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‘illeg.’” is written with that word. For example, p. 60, 18. R illeg.in B, © & (corr. L!
in the text of L).

(9). The variants common to A and 3 have been recorded under a.. This indicates
that the text is being corrected by the present writer (e.g. p. 2, 10. *TTdSIFHT° o).

(10). If the correct reading appears only in the later manuscripts, the word ‘add.’ is
used to record it. For instance, p. 21, 10. f&f~E~T om. a, add. 1S. This word ‘add.’ is
used also when an original scribe of any manuscript or a later scholar adds (usually in a
margin) the text which was omitted in the manuscript. For instance: (i) p. 70,2 - 3. VT

. &3 add. A in the bottom margin (except £); (ii) p. 18, 5. °THI° om. BY ( °al
corr. Wl to T in the text of W, and &50191° add. W1 in the top margin ); (iii) p. 10,
20. =T Tv (AT add. W1 in the left margin ) S.

(11). The same variant of A, N and R has been recorded under the name of their
ancestor A (e.g. p- 58,20. o om. A (except R)).

(12). Since N and R have numerous scribal errors, only those variants which
indicate relations between N, R, € and A have been recorded. An exception is when such a
variant must be recorded because of corresponding variants in other manuscripts being
recorded. Thus here the criteria are:

(a). Any variant (even if it is an error), on which both N and R agree, has been
reported.

(b). If N and R are the only manuscripts which have variant readings which do not
coincide, those readings have not been recorded.

(c). If only one of N and R has a variant reading, but all other manuscripts have the

correct reading, then such a variant has been ignored.

(d). The insignificant variants in N and R resulting from the (wrong) use of a
for _or from the omission of the anusvara m, ( "), have been ignored.
(13). The variants belonging to the same line of Texr Alpha are separated by a

danda, (| ), while those belonging to different lines are separated by a double
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danda, ( {| ). As an illustration, for p. 64, 2-3, we report: 2. Td ... oot ] =y
B | °enf® B Il 3. &9 ... °ARY om. 6, &d fagfaffy yu

C. Conventions Followed in Preparing Text Alpha and the Appendices

In the manuscripts of the Stryaprakasa, as is normal in the Indian tradition, the text
is continuous. There are no headings, titles or sub-titles, but only colophons (and
sometimes post-colophons as well) indicating the ends of chapters and sections.

In Text Alpha, the headings, paragraphs, indentations, displays, sentence dividers—
dandas (| ) or question marks—and paragraph dividers—double dandas

(1l )—are supplied by the editor. Though many manuscripts have dandas, they are
irregularly and inconsistently employed. The avagraha sign ( S ), often omitted in the
manuscripts, is supplied by the editor where needed without comment. The letter %,
which is employed to mark the end of sections or sub-sections in manuscript A, has been
retained. Extra space before a paragraph, which introduces a new idea, has been used.

The symbols L ... | indicate illegible portions of the text of manuscript A. These
gaps have been filled by the suitably chosen portions of the text from the other manuscripts
as described in the sub-section entitled Principles of the Edition.

The parts of the mula (i.e. text of Bhaskara’s Bijaganita) which appear in our Text
Alpha are in bold face Devanagari script, but the remaining part of Suryadasa’s
commentary is in plain Devanagari type. For example, the verses which exist in
manuscripts L, S and H are parts of the mula. Therefore, they are in bold type, have a
number and, since they have not been given by Suryadasa, they are enclosed within angle
brackets, ‘<’ and ‘>’, as explained below. On the other hand, any verses given by
Suryadasa, whether composed by Surya himself or taken by him from any text other than
the mula, or from that part of the mula the commentary on which is not being edited, are in

plain type, are not necessarily numbered and are indented.
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If there are any discrepancies among the wordings of a verse of the miila (contained
in 8, H and L), then the words used by Surya in his commentary on that verse have been
taken into consideration.

The numbering given to the verses belonging to the mula corresponds to that in the
Bijaganita: A treatise on algebra by Bhaskaracarya, which is edited by Jibananda
Vidyasagara, 1878, Calcutta. This text has been chosen by us because Vidyasagara’s
numbering does not seem to be based on the numbering belonging to any particular
commentary. The manuscripts of the Siryaprakasa have no numbering for the verses of
the mula. Thus the verses pertaining to the mula in our Text Alpha follow Suryadasa’s
order but Vidyasagara’s numbering. The natural order is disturbed only in verses 53 and
54.

The angle brackets ‘<’ and >’ have been used in the following situations:

(i). To enclose the verses (from the mitla) which exist in manuscripts L, S and H
and which have not been given by Suryadasa, as mentioned before.

(ii). To enclose any suggested headings or sub-headings.

(iii). To enclose all suggested (i.e. corrected) readings in the text. For example, on

page 2, 10 of the Texi Aipha we read °TT< T>SI<H1°, whereas all of the available
readings from our manuscripts are °TTded<P | ; manuscript A omits the relevant folio,
and L and D omit the whole verse which contains this reading.

The sandhi given in the various manuscripts has been preserved. New sandhi has

also been introduced at places, for example, when a word ending in a vowel is followed by
a word beginring with a vowel ( see e.g. Text Alpha, p. 9, 14. zrrngqrrr?rrﬁr ). However,

the grammatically incorrect use of s, (‘5(\ ), in place of a visarga h, (. ), as in manuscript
A, has been eliminated.

On the other hand, the words T (e.g. Text Alpha, p. 44, 11) and IT<T (e.g.
Appendix #19, lines 2 and 4) have not been replaced by faseyg and fEOST
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respectively; because Stiryadasa and others seem to be following some convention which
was prevalent at their time of writing.

To facilitate understanding, the word or words of a verse which are being
commented on by Suryadasa, have been underlined.

Any citation from the mula, which is made by Suryadasa in his commentary on a
verse, is either enclosed within double quotes or is written as an indented verse in plain
Devanagari type. Likewise for any cited sutra which is taken by Suryadasa from any text
other than the mula. But if the wording by Suryadasa of such a citation differs from its
actual wording, it is set apart within single quotes.

Any part of the text A or text B, which is placed in the Appendices to Text Alpha,

has been assigned a number. The section Appendices is followed by its own Apparatus

Criticus.

The next chapter is composed of Text Alpha as it has been edited.
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CHAPTER II

THE TEXT ALPHA
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IM || 24. FIFET° M | afggfy N, afs2fy rRDTWS, afge@ B,
gegiy LIM | 3R7 om. B | IGENY om. H, U B | TSI om. H,
TEQTW: A (TSW: R)T, IITT B, I L, T W,
dEqTW: M ||
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Page 6.

2. °cafy + Gi3° {(exceptH, + FlaugT® w) | iy «, &Ry s,
AR H | 39T .. @%a° | dgeedER: B | *RimaigssT R, Rima
B 1 3. °gelfT R, °gewnaifify B || 3-4. HEFE .. °=fg om.

RB || 4. #EHAS° om.§ | °fgfy 8, 3fg WH, °[y IMS || 5. JuT om.
B, + 9 { | °@RUgEC ey, FRTEC {(ETRREC S) || 6. °AT Iy
om.B || 7-8. TP .. BT om.N || 8 v | sab D, &TRF
RY (exceptH) | S LD || 9. e om. H, §0id (Y97 B)B |

°=gF IM | FTHIT A (excepte) || 10. °HUEHT® ] °durgATyi® R,
°guTgATI° N, G H | 11 WY + TRuged g B oy 11-12.
TRIGET ... TgeUIghAfd om. LD || 11. T&@ ] NG B 11 13. =Y
om. A | TfEfy 1 f&fg B, afg ™M | *RIfSamfia { (see line 14) |

17. HTafy 1 S B 11 20. IF IHRRT om.L | T om A |
21-p.7,2. Verse 2a-d. L8 || 21. TRPE® S || 22. AT L ||

Page 7.
1. FaT figE® L || 3. o8 &b URhH_om.B || 4. *wugfgi®
om. A | °SYIAT A (excepte) | TAAig IM || 5. Fd: D, I IM |

g@TH N, giig B8, | sqd: | °wEwd 8 11 5-6. R .. ofrerd:

om.B |i
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<2. fgdhoregg: >
< gf§ gepwg >

Page 8.

4. Preodr gefT T, fE9dF BD | &6° om.B | TTA® om. D,
T@AT® L | °M9A1° om. L, *U9AR° B | °&° om.BT{ || 4-5. ¥ ...
°q18 om.N || 4. °&F om.B || 5. °FgHhT (°IHAT {)B |
°qdgaaT® om. B | TP {:lfc"f: 1fefd om. LS || 6-7. Verse3a-b.Lo ||

~

6. &1° om.H || 7. T + 3T L || 8. .. °AF om.LD || 9-10.
oafer: ... g’%" om.D |1 9. de): .. IO om.B | 9. &y ] & TC | °gur
om.L, + @ g 9 (om. T) IO BT, || 10-12. TUAH ... °TaT_ om.
NB || 12. °waWq + 19-22. F .. ¥afgfa B(T=0 Fepugaid TG |
@I (°G1° om.B) W@HT (W° om.B) WIGEEUI&ERg T (T om.

$) | ydrEeg €N (HENT H) Fghugd (°Hgar H) wafgfa)
13. JAT om. RP (exceptL) | °SHWTY { (exceptS) || 14-16. TgT ... e
om. A j| 14 °q{ T ] °F FCL || 15 FCAOET LW || 16. =GR
L, UR-T] D, yFAT Tv | A B a7 1 A Ify By 17. 7 ]
JgT 8¢ |1 17-18. °FL ... °FE° om. L || 18. °FA° ] °FAIfT IM
18-19. °Fea@® .. °HUE om.IM || 18-19. FHUY°® ... °HUE ]|
LRSI (PO BH) @) #Y @@ @iafy o 19-22.

q .. uéf‘q'fér after 12. WH\B I

Page 9.
L A ... TOH_om.B | HY ] U B || 2. GBI | THAR

e | °&Tg ] °Fig N, 579 R, °GOT {(exceptH) || 4. IIT + TIT:
BT( || 5. °Td° om.{, °T° om.y(exceptL) | F¥U<ang | FTHRT B,
®Ocaafd D || 5-8. vafd ... °ISE om. A || 5. YIfT om.D ||
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6. IeTH_ ] ¥A LD i 7. °sS3Y ] 7 3¢ BT g 8. IV T, °Ivad
LD | YEfegUd=H om.LD | °G#H_+ 14-15. °F=F ... FAR_L |
9-14. FYH .. °R¥° om.D || 9. FUAF .. °q& | HUps
ﬁr&:aﬁwéa?ﬂ'arqﬁgm%mng (from Krsna’s BP p. 11, line 1) L |
°ERNG° T, *SEIGe BL | Ydga44aTE om. D, I°F FAATE P |
®GEIHRT om. LS || 10-13. Verse3c-4b.LO || 12. &0: & 6 | U
gues 3 0 1 13. °AfY + TR wUEged AT smHwiRss sgfy
vl fdfid srerageatfa g syrafifeathfy agie
FearigrewntT uAdRIRRT (from Krsna’s BP p. 11, lines 6-8) | 39 &

L || 14. 5F .. °R¥° om.L (see ad. line above) | TTFY' om. B | LTI +
®UTRY BT | TT=TY@° A (exceptR, Jif sgu@® N) | gytRydr=g BT
(°AF om.IM) || 14-15. °qAg ... fﬂﬁ'ﬁ\afterS °EI?|'ET\L || 14. UT +
T B(exceptLH) || 15. HAUE® om. A, EFcd ®Tea® B | Imisql + 4T
A| 93 om.{ || 16. 3|¥ RBDS || 17. & om.N, © RBD | 9@ RL,
It BT | 2 om.D, ¥ RBS || 18. ¢ ] ¢ RBD | 3 ] 3 RBDMS |

gET ] FHaX A | 19. @¥RIAAMMT om. LS || 20-21. Verse 4c-d. L8 ||
21. °g=3fd L || 22-23. t9cd uAcaHfa | w@eaifa ueed (, gcd uA
TRT B || 23-p.10,1. TRY ... @FRTATAE om. T || 23. GeARITS: A ||
23-24. T@T° .. °TY: om. A ||

Page 10.

1. % FZ° NLD{ | °Hurted BT, °HUE D | QIR ALDIM ||
2. gPTEd N, gohRd B(JHRAT B, JRd D) | Reamme | piad e |
FTAIENTE A (excepte) P (TS D) | vyEafsfrew T, wyafafm=a g
3. F° .. Wi om. T || 3-4. A .. °GFH_om.B | #d: ... °TAH

om.LD || 3. IIA: § || 4. °GAH_+ Appendix #1.B || 5. FATEHIHT
om.LS || 6-7.Verse5a-b.18 || 7. 3= L | 3ufiffr L 1 8. & om.
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B ea® B i 9. vAEe | uAdRY: BTE | @ om.B || 10. ©@ITESAL
affy om. LS §| 11-12. Verse5c-d. L8 || 11. gel: Lo | 12. frepfafa
L || 14. °8R° | °8C IM || 14-15. QA U Jueadn: om. § |

15. ggr°! .. ¥Ag_om. N | I F& B 1 15-16. JAT .. W
om. A | 16. °BC IM | BV IM || 18. y=¥ | ROy oH, fmme
BiS | ®UHG B | W+ YTTENsfy e frenieghean (g
om. W, corr. wlin the right margin, °%F° om.IM) B || 18-19. Tqd: E{F{%{f ] T&
a™ ¥° (4 om.BD)B || 19. "TIFI'°1 om.B || 20. H=T T (corr. wl

in the left margin) S | BRI ] MIAFAGU o @GR u=aY: By 20-22.
°F ... °HT° om. N || 21. FAGEWN J R, U1 B | 3 ] 3 RBDM |
°8C IM || 22. 3] 3 RBD || 23. & om.BD | 9Td 3gUg=H_ ] Hq:

FEAT 9 & vafd p oy 24. IrTEC M | feefa IF° B
24-p. 11, 1. °8TQ@ 47T B Il

Page 11.
1. &0 B (SRS B) | °58° om.R, @ B, §° M | &0 LL ||

2. HW@'@H om.T| T om.LT || 4 & .. °[fJ om.LS | u+
om.N, ™ H | uMT B, eAGECAREARIT D 11 5-6. Verse 6a- b.
Lo || 5,47 ] ¥ H || 7. 47 om.L | &97¥ss ... If7 om. LS,
&qTESRET H 1| 8-11. Verse6c-7b. 18 || 10-11. @G L, &g S |
1. SN L ) 12. 395AEgIEas i om.e || 13- 14, kn:
wONUT om. LS || 15-16. Verse 7c -d. L8 |} 16. W L ||

17. R L, @Y TUA° R, JOTE° N §| 18-19. o9 3fT A
(except &) H, “HIRT RBTIS || 19-21. YFi6° ... My om.L ||

19. °HUHE R, “HUET Hoh {, °HUihated BT || 20. A .. 39T
om.B || 21-22. GHEME: ... °FT om.N || BQ)° ... °eGTffdy om. B ||
22-23. g .. °@m ] @ www @ (3t L adw T) 79 (T
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om. T) YATAT Wald | =Y (& IM) IV TG I2F (g7 ... °
d° om.B) ¥Ry (f B, ®IR_L) | IGT THaT (VHAAT L, T {
(except H) ) ®Ud Hfeud &@r Juife By 23, 599 om. B |

Page 12.

1 OuT 79: ] 79 B 3] 3 RD, 30 B || 2. °fgfy wra: )
*fgguu=H_B 1l 3. FAGEWHE om. ALD | U= &3fJ om. ALDS ||
4-7. Verse8a-d.0 || 8. TJTH_om. ALD || 9-14. °Sfyur .. eAd @°
om.R || 11. T4 .. W‘%ﬂ om.IM | T4 .. °§i§?° om. B | °=l ]
st B | €977 3RY om.RLS || 12-13. Verse9a-b.LO || 13. °88fy +
3L 1 14 @O . W om0 | T om.R( | ¥ W_R, adAfy
Ul 15 gty B, Jurthkyd® RTE || 15-16. IaT ... faesify om.

B I 16 §&d e | °gF A(°4I" R)Bi | &Hf39° D, arfeda® B, afsye
T, &fea® R, SRS N || 17. J9dgGe® ¢ || 17-18. dsregn
°Fq".’€f\om. 8, which has instead Appendix #2. || 19. 9" &I om. LS |
20-21. Verse9c-d. L9 || 21. 3T L |

Page 13.

2. FeneTfafd om. LS, Iufyfd B || 3-4. Verse 10a-b.LO ||
4. TRIRAT L 1) 6 wema: B d@&a1® ] @ 1 (corr. W in the top margin),
@° S || 6-7. °gETg IE: LW (corr. Wlin the left margin), °VTdTVTE: B ||
7-12. TaHa° .. °fA3RY afterp. 14,16 37 B 1| 8. °NF ] IR ¢
(°fTTRIT M) | T om. B || 9-11. °FIEAT° ... HHMIE om. T ||
9. °g¥EJIP R, °FIATEIT® N, °Togreaar® L, *Faeadr’ §( Cadeadr®
W! because W! erases =9 and writes S in the right margin, *331=aaT° M) ||
12. €gfiud B (exceptL) || 13. @8I D | 14. f¥eARTT om. LS,
faeaffr B 11 15-16. Verse 10c-d. L9 || 16. g7 S | T L ||
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18. EEETIHE B, @ETUHET N | Uhe 3fJ RIM | FT 3T 1 =)
Uf¥: ¥8( 3=ud 3T (from Krsna’s BP p.28,11-12) S; HAd 3fa + )
Uf¥: §81 3Y=TQ (from Bhaskara’s BG,p. 5, IDH; HAJU N || 19. Y
Fer B FRAERRT om.eLs, TR B )

Page 14.
1-4 Verse1la-d. L0 || 1. @8I L || 4 °F33° ] °7a° S |

IfGRT L 11 5. I§SHFY N, Fg¥PY R, F§HY B, agsay { i
6-7. fA1F ... °=TIfZ° om.B || 7. TIFHE° IM || 8. °TIANSHI ¢,
oEEIFHIISHR R | 10. °T@°! om. H | °Fdaca® om.ef | °FHHR
IM || 11. T%HT° B, T3 &U° {(TUT FT°H) || 12. TSI om. B i
13. Ay ] kg Tfgiay B 1 agss BL |1 14. °6a1EY RBT ||

16. 3R + TaAa® ... R B 1 19 vE M | “umgw© | °U fEd° B
(°uf feeae L) g 19-20. °fFY .. °TEfg° om. N ) 20. fag® MM,
fafeg® T | graaEfgfy om. LS || 21-p.15,2 Verse 12a-d. L8 ||

Page 15.

2. @AY L | °ad: + FEREedEEARagRT q9° (AH° D)
°dsr: FHfeuan: | IS F YT (ITHE 1, 38 S) gEfefy
(IEfGfT om. D, gred@fEiy S)1 B Il 6. °FUTA ] F URT B,
°TERTA L, F @M@ D || 7. FGH_ ] &Y (Fg IM) + J=F
(exceptH) [} 9. ST UnfT om. LS || 10-11. Verse 13a-b. L6 ||
11. °Ryfgefd L 1 12. aa9df™° A §j 13. °F0 + 97 B( + /@ B),
+ 9 & R || 15. °FW om.D, °qUHT €L, °FFix T, °& BL |
Faseg® M | °RUfGC om. { (gUafY 1, TuUNART 6) | T om. B ||
16. HAGTE® | FORIGHGTE® B | OHIWHMHRT om. B || 17-20. Verse
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13c - 14b. S; but L transposed to after p. 16, 5. °Fd=rg || 19. UgGw@: L ||
21. e _om. B, T R |

Page 16.

1-2. Y .. °WHE om. B, (seep. 15,14-16) || 1. °FWHT N ||
2. UABPINAAMRT om.L || 3—4. Verse l4c-d.LH || 5. JUT om. P |
TTEARER §EI° B | °FaATE + p.15,17-20. Verse 13 - 14b. L |
ARG om. L || 6-7.Verse 15a-b.LH || 6. €= L ||
7. 9g1g + 3RI L || 8. & wordn_ ] =ge: a7 R 47 & & ¢ MR 9t
gl ¢ ® & (from Bhaskara’s BG,p.7,7-8) H || 9. WITEUNT om. LS | °fy +
kT IM || 10-13. Verse 15c - 16b. L8 || 10. I@T ] @t LS | 13. O
+ p.17,16-17. Verse 16c-d. S || 14. §9° ... g om.B | HA om.B ||
15. g/og<p! | <g5U% y(exceptL), °S&TH { || 15— 18. F=a4 .. ugdfa
om.B || 17. F ... °FUd om.R | peT | HUHET A || 19-p. 17, 3.
FA° ... U9 ua‘cﬁ‘cgqqan_\ transposed to after p. 17, 20. fgi=rsl: B |
19. °gfa:| B | °Fh T €AY e | °sgegeneT wdfa ) By 21 0= +

&9° B || 22. FLITA! B(I@KRT I D, FEAr T) | peal om. B ||

Page 17.
3. wafy B Il 3-4. °FIUAH_ ... §FA: om.B 1| 5-7. WA ..

t;rf%aﬁ'a repeated with omissions in Appendix #3. ( after line 20. ﬁ@'{ﬂ?ﬂ'ﬁ and after
€ greaes T yafq)p i1 5. I + LI D+ T By 6 A ]
TS IM | °damEn: B il 6-7. Td: ... FRIZAT om. B, but see Appendix #3. ||
7. YT NDT{ | °Fss D¢ || 9-10. Jgafd ... g-qr% om.€£ || 9. dgafd
wifet 1 gefed wifsges B (Ieafy wifdqss D, dafaass L) i

1. U U@ N, JUE° B | U om. B | Wifyges 8 i1 12
CTTATIY ¥ (except D), “TUAAIG® WH, “TTHAN® M | &hirfea: |
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wifad: ¢ 1 13, TEATEq RBE | HTHTY N (corr. N' in the left margin),
IressT R, SIS T, greptiafy (a1 &1 3fd H) | 7R + afy
BT( | 14. °ATH Fed B (°AQGIHE &ed D) | °Bfy wm&E: om.
B Il 15. WTTIIEHMRIY om. LW (add. W in the top margin) || 16— 17. Verse
16¢c - d. LH; but S afterp. 16, 13. °Gly || 17. deafad L | 20. Ref<ad: +
p.16,19-p.17,3. FA° .. GIEUH U VART + Appendix #3.B || 2L
TUAE! @ (TCAEY L, TUEY §) 11 21-22. 70g: gufiiy om. LS |

-~

Page 18.
1-2.Verse 17a-b.1L8 || 2. TNTIT + 17-18. Verse 17c-d. LS ||

4. O ] T e (| 5. GQURRAAT R, JYRGGAT D, gURAATOGA B,
JURPIROAT T, TNFOTAT W6, TiaeaT IM | °@EFd1° om. B

(°at corr. W!to T in the text of W, and &F1ET® add. W in the top margin ) |
FIIHAT R, SUFASIHAI° B, B £ (°=0ehT° add. W in the top
margin) || 6-7. 3fJ ... ©9®F om.N || 7. T .. °HET3 om. B ||

8. YA A || 9. ehieheg Touftgaa: Jedfy gegd® g i 10. °Fwh:
+ &R0 F B TUWH® ] W B | °F om.B || 11. TTECSTET
LTIM | TUOeTIR eredcdsh B (RAd WS, deadedd H, ey
g% YW, 9° add. W' in the right margin) || 11-12. & &y
TTATS A || 12. °GFG ] °TF €L, °GAT B || 13. FY + ST B ]
14. HgJ ] vyafy BD § 15. °F (°a0t N) + T B || 17~ 18. Verse
17¢ - d. H; but LS transposed to after Verse 17a-b. || 18. ‘@Afd L Il 19,
! .. faen om H | W wewen©! B, Wy = N | °g WA A
(°F om.N), °g B( + faaY ¢, faT erases W) | = ] onF (A
W in the right margin) || 20. °GT@° om. AL, add. L.! above the line ||

23. °GRPEaAHEET D, °dRregeraw { |
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Page 19.
1. graaTgcdgshifd om. LS | 2-5.Verse 18a-d. L8 |} 5. smfegean

L1 ]FS 6 % omRT, ?BD, °@N | 8 R omR, : BD |

9-14. HFWEW® .. TIF om.B || 9. Yg=tg 3fI om. LS, ygIfefa
DTiH || 10-13. Verse19a-d.L8 || 10-11. &Y H, &1 S || 12
a4 S || 13. AT L || 14-16. @1 ... JPRT om. { (add. W' in the top
margin) || 14. &4 ¢ & IM | e || 15-22. YWY .. °YUAT_om. A,
which has instead Appendix #4. || 15-18. Iy ... °RIG=7 om.B |} 17. qg:"r°
W, q;é IMS | T { (W erases and corrects) || 19 — 20. U . ﬂ"l’firl'c'r:
om.D | 20. ®Ar & (& L) & BLT || 21. gd 8H ||

Page 20. .
2.3 RBDM | ¥ om.eLT || 3. 808 L | * ] 3 A (exceptR,

T N) || 4-5 BFSRY° .. QU1 T om. IM || 5. °SPIT + a1 Vg F=e)
wafy BT | & ] 9 B{( + (4-5. Bgfy® ... “sggifdy + a1 v @sel)
B)|] 2] RBDM | T 3 ® L om.B || 6. 3¢ om.e | © om.eT |
T1e ®ID,EFIEB | 7. TGAET ] T &G N, T & R
’Jﬁﬁa’ R, W&@ﬂa’(’? I D || 8 BF° R, TT° NB | °ct,i-dﬂqlchf4q ¢l

9. wafy ] wafy e 11 10. §° .. T om. N || 10. Y ]| FF: § |

11. °Hg° A || 12. 3 BDY, 3T R | 2 om.R, T N, * BD || 13,

g7 3 &  om. D, after 15. UTSYT IM, after W!WTELH(Q H) jj 15. 9 B
(+ & IMO), ®QU A(RQTI R) | ¢ om. T, ? RBM, Ug D || 16. ®U<a
ol after17. R { |j 17. 3 DMH | )} M, 2R, 3T, U{N, T D |

18. U7 3 & I om. N, after 16. T§° T, after 19. F° IM, after 19. E‘B‘ET H| 3]
3BDM | 2 ] TR, 3T, ) BDM || 19. Ugigd~ IMS, UgAg HW
(changed to UaHA W) | :g°® LL(F add. W!in the right margin) | EFealify
T (UAIRfIAT B)P 1 19-p.21,17. °TT: ... °&°r° om. N ||
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20. TIHAGUGH A || 21. FH (T D) O B &% .. °fRT om.

LS, & uiSffa B 1| 22-23. Verse20a-b.1L6 || 23. & + 3T L ||

Page 21.

3. R 1 T@HRRY {11 4. GFFRUEIES B (°HATU Fh°
BTS) |l 5. °hW° om. B | §F° (°ATE om.)§ | PHfnd HGRAKT om.
LS || 6-9.Verse20c-21b.LO || 9. J¥F Iwq_] ggrfy afirfr L
10. °t &fg LT, °tfy f4sd D | fefedt om. o, add. 1S | der: om. B |
11. s om. { (add. W in the bottom margin) | T om.1S (add. W in the bottom
margin) | TGTY + 5 ( + &I B, ggIfF T) B | 12. °FHFERA°
IM | JFART R, & &Ry BTIMH || 13. TEU9gT A (¥99GT R, om.
N)| g8 + T B || 14 TaT om.B | f¥ed 1 a8 B 11 15. s
TUSAT R, TISIT y(except D)H | TTTAYH BD | TRIGETS IM ]
16. 91q: ] yafy B | F@Wr ] at eL || 17. °§08F B | IF om.B ||
18. gEATagafd om. D, IOEEAfT R, a9 (79 L) wafy B | Freq:
IM || 20. § om.BIM | J&° { || 21 HAT B 1S || 22. VGHAS®
A(TIHAF° N) | FeaRe ] faag® p(fafag® T) | °®ew (T D)
° 8§ | ggHHT om. LT || JIedlacahiohabia om. LS ||

Page 22.
1-4. Verse 21c-22b. 18 || 1. °ThThen° ] %hln S || 4. &&: S,

g s Lo 7. gy Refl® My 9. areeEeafiafd om. LS | 10-13.
Verse 22c-23b. 18 || 10. iept H || 11 fEmofdwr L, fEgRahce
S I 13. HAARI L || 14. FF ]| FAHEAIHg ST B | 3 BDM,
TR IomR AN Bl 15 &M T RBT| ¥ eBM, ¥ D |
g ] T DT || 16, €U DWS, & ( + @ N) €T eH | °q@e°
Y 1l 17. ST IM, AS° B | SO R, G B (IS B,
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T M) || 18-19. TR ... °TEEH om. T || 19. F HR° L,
EHI° B | AT LDL, Uk BT || 20. 3! om.R, % BDM |
$'1 ¢ DM, 2 RB| I7 23 om.T | 23% om.L, %R eDM, k0 B | T
om.L i ¢ ] ¢ DM, € RB |j 21. Ju=® IM ||

Page 23.

2. faagudY | feaRigas) LD, feug U} B corrected to
freugamegY B!, freufue) T¢ | sggehet om.BL | 3. gt
HEANAT om. LS, At FwaWed! (°Hed BD) Yohedfy (Foheafy B,
°OHFAIT D)B || 4—7. Verse 23c-24b. 18, + Verse 24c-25b.S || 5.

U ] UIGET LH, UGeT S || 6. & S || 7. °ge=afd L ) 10. °ght
a, °GTET H || 10-11. HY¥ .. GHeRg_om. NT || 11 FGRRT o (5g
®Q B), FYMIT LD | °FEaY ef (el B) || 11-13. °Fg .. frewe
om.L || 12. IFTAC o (JVTIA N), GrHat H | Faifgar: | a7 B |
wed om. T, @@eUd IM || 13. 3Wg 7 ] ¥&4 T, Y934 D, ¥
(7 add. W'in the right margin) || 14—17. °cd 719 ... @I om.D ||

4. FTEGHC R, FRATNC B (TFieaaifiye s, amfereanifi® W) |
15-p.24,13. °qQA ... °UGAH_om.R || 18. °TFIRFANTHIE ( (°armHTE
H), GNTET8 B | FESUT &I™T Sfad om. LT || 19-22. Verse 24c - 25b.
LHand § afterp. 23,7 || 22. MRy L |

Page 24.

2. s ma M g 4. 8P o G L) AR C ) 5 ] 98
B il 5 °freag =& {1 Quesp® ] qu° IM || 7. “FguEn° (°E°
N)A | ¢ + 7 {| *AMe=AT N, °5=u3 B 11 9. Refeaa) A |
grE-uafd B, gagafd N{ | dHp° B(except T, T AP° B) || 10. °FH°

om. B jj 11. 3 om.N, ¢ IM | 4y? om. N, ywo BW, 3y HIM, vy S ||
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11-12. H&T 3T v¢ ik om A ] 12 R ] R B )1 13. R 1 ¢ ¢ |
3om N, 26, IM, R W || 14 HTUT HA° g, HWE M | I ]
HZ L | °GFT om.e, G D || 16. IYFT° R, AYFT° N | AT A
(exceptR) T, IIq B || 17. °Ft £ | °gWY ¢, °ul R || 18. o5 om. Ny
(exceptL) || 19. Hosaued! A (Fesated N) |f 20. I=nfg 1 7 33 B
22. °AE IM || 24. §EHYGAH_om. B || 26. HWA IM ||

Page 25.
2. g eL || 4. °THS IM || 5. YN e || 6. °heAETRH_ |

°Chch WO B Il 7. SATORT: ] 30 B 1 SRR M || 7-8. °F T
Oeg om.B || 8-9. FWN° .. §° om. S || 8-9. vafJ ... T om. A ||
9-10. T ... °F7TE: om.B || 10. GFHRT A(YSHI N, Fd R), ¥ T |
U IM, SAT S | Tehe + ¥ Ooh A || 11 BIRT y(exceptl) |
e 3G M, AgIfg A || 12. TOefiegud=H_om. B || 13.
HIeT® A || 15-16. I ... G om. €T || 15. I B om. { |
R + & § | TUT om.{ | GHNETET o B, HEF  § |
om.§ || 16. °FQ® ... §_] *FW T THAWE ¥ { | IHIEE 9
om.S || 16-19. V& .. ¥ om.R || 17. Y AH, HaT IM | FFHAUIY
om.B j| 17-19. FF ... ¥ om.D || 18. ey P (exceptl) | 3¢ NB ||
18-20. Y ... °BW° om.B || 18-19. affit Fgsd AL 1| 19. °&Q
(°&d L) + F L{ | gaa04ad R, gagug+ 8 |1 20. fmrefenfify
om.LS || 21-24. Verse25c-26b.18 || 22. Qush ] && S | 23. °fqrw
S 11 24. °fFf S| Hwar 3T Ly

Page 26.
1 @sfer: om. By 2. °RIG TOEH B 1l 3. AT T om. B | 4 WY ..

HGT om. A || 5-9. ?¢6 ... QTG om. A || 7-9. FET ... & I om.



190

D || 8 UAfHT BTL 1 9.2 ] ) IMS |; 11. T N, HTET R,
: q N

Speal B | SERY B 1} 13-p.28,17. °F HWN° .. FF° A om. folio 10, text
ine || 13. fS=asdedT TUH 307 om. LS | 13. fgme® N, f¥me® R |
14-17. Verse26c-27b.18 || 17. TTWI° 6 | HWAT + I L || 18. %69 B
(except W) | &I B (except L, eTss D, frdegiss T, Adsames: +
31y H) || 19-20. T ... TAT om. B lexceptL; *WNY .. TUT in the
bottom margin W!) || 19. °fRY =g/@: om.L | & LW! || 21-p.27,1. aif2
. °gM° om. N ||

Page 27.

3. §° ] IF° B(exceptLW) | F w4yo om.R, 6 w4y NH ||
S.T.Wﬂ'om.ﬁsm,..ﬁ_q'om.e |6 FEEafa + ddenr e )y 7.
°shaey] N, °FeyR™T R, °STeYT + space B, °sgaeqry ¢ | &) vafgfa
om. LS, &Iy yRAfSI 1 1| 8-11. Verse27c-28b.18 || 11. °&a3IR[y L
13. 7T FT° o (except W) 1] 14-15. °fF: ... °gEY &° om.N | 15.
oGfen{d® { (corr.to °GTEY ¥3° W!in the text, and add. &7 W'in the right
margin) || 15-16. @IIT° ... °FG0F om.S || 16. °F¢d + & IM | oy
R, WTTATE B || 17. TQfcHepR™T 33 om. B (except L; in the bottom margin
wl) |i 21. °HT@ LIM | TF e | °FR ey, °FR { | 22. uAeIRd v
(999 T), u=ild { || 22-24. QAT ... 55 om.B || 23. ' om. N ||

Page 28.

3. HAIGTEW J ] 4T B | Ry RBDMH, { 4 N | H& (°¥r°
om.)B 1 4. oA (°epld fETTd° om.)B 1 *fgATE B
(°fETT@_ D, | M) | @R eL || 5. k% RBDH, & 3 N ||
6. 35 BDIM, Ry & ?3 T || 7. @A .. °TME° ] HFWORRT B 1l



191

8. °Q°2 om. B (exceptL) || 9. & + g BT || 9-13. aq° ... ERJTQ{ om.

Bl 15 % R om.S, ¥ )R IM| € 4y BDM, ¥ D g, & § L | gdar

IM || 16. @12 € || 17. G3° om.B | & I3 ADH, 3% B || 18. FHAIMY

.. 3% N0 om.A | 3 BDH || 19. &3 Ry(except ) MH, { 4 N | &9
L, &4 N, €99 + 3 94a0y H | vy LDM, O R || 20-p.29,1. H=Q°
.. ® R om.H |] 21-p.29,1. Wﬂﬁ{f I{?’»’ om.L ||

Page 29.

L. 9+FJ L €EYROM, §® G T, WS, & 3L | L
°A9 .. ¥° om.B || 1. °T + & P(exceptT,  S) | va& eDTM || 1-2.
HE ... HAE_om. A || 2. 9& BDM | &4 DM || 3. &' om.DM |
F 4 om.R, & 9y DMH | °du B | G o om.B || 4. U35F .. 300
om.A | :4& DTM || 6. “WITETGYS B || 7-9. VIST: ... Y om.D ||
9. HFEP om. B (exceptL) | 3 A (exceptN, 5 R) || 10. BTl ] m
A || 11. °8WI + =E: BL | YTSUT: A (excepte) | & &4 A (om.R)
DTM | ©s ADTM, I3 B || 11-13. YNh: ... 9ia om. T || 12. 9y
BDM | & %R 5 R B, & R & 3 {(exceptW), & X R || 13. Q4
ADM || 14. 3 ] R IMS, $ R || 15-p.31,4. T .. I(EHAAT om. A ||
15. FUA | A ] TCH {11 17. °F° om. I (at the end of folio 10r.) M |
WA D (except W), YT T | o &% om.B, & &y DM || 18.
©y BDMH | 3 BDM || 19. &yafd LD || 21. & DM, &% H |
&4 DM || 23. e& DM || 23-24. Sigdq{ aar: ] Joda@: vy
(FTITAT@N: L, + ¢ B), IIq0d@Y: S || 24-p.30,1. & ué ... UT:

om.B || 24. 55 y& D, ® [y& IH, & [ya M ||



192
Page 30.

1.3 ya D, g1 [4& B, ® [4& I, & I9& M || 2. 4 DMH |
°dRFE@rT { 1l 3. 3 BDMH || 9. % ] Iy BDMH || 10-12. f5=a) ..
°TRUAT® om. { (in the bottom margin W') || 13. & & & 0 | spaceinB |
R4 DMS || 13-15. & .. TU: om.D || 15. U Hiad { |
16. €T om. B, &1 D, Ty} IM, €eT H || 17. [y DTMH ||
18. 3 Y & A9 after 19. TR B; after 19. It IM | ¥ DTMO ||
19. “T0EY° S || 20. &y Y(exceptL)MS || 21. & ©F F 4 om. B;
after 22. foFTIQT D;after 23. ©AQ° IM || 21. @y DTMH || 22. TF°
Y, JAN° IM || 23. °Fcaa 8H || 24. &3y M | F ¢? after B VY
{1 wy BDMH | = LT ||

Page 31.
1. y& BDM || 2. k& BDMH || 3. G=ga: @9 L{ | &= 8 ||

5. °87f R, "B B(°BCL, B T, *8L IM) || 5-6. yad@re ...
TNIW_om.LS, BFAARIRT Snaf H || 7-14. Verses 28c-30b.18 || 9. &V
S Il 1L °%uT H | 14. Gg° S| &RIT L || 15-16. yr=° ... °fgfy |
IS JF HIECN T el HWaed! Iigfa R || 15. °81 AB || 16.
B om. B (exceptL) || 17. TAHIAT WAT A (excepte, Jqh W R), IAH
T B |} 19.q§:om.&9§:R,quT,gg:N I ZO.EIE{R,E{?{
N, @iy ¢ i1 21. S om. B | IART A | °8X M | JAF° LB ||
23. YRS ¢ | fRRIA® ¢ | 3T B(3TT@d IM) || 24. TEET S,
T3 IM, Ua&d R | °80 RBD ||

Page 32.
1. °8X LH || 2. »' om.eD | °8Y DH || 4. Q% + T § |

ST A || 5. AR om. LS, i IrTe@fy BWH, Jitg o saifa



193

IM || 6-9. Verse30c-31b.L6 || 6. fdTgq S Il 7. €8T J&F° L || 9.
H@a 3R Loy 100 &°% om.y 1 11 gUT N, g6 R, O y (AT
D), T {(Rm@: H) | 3fmT R, 37 9T N o 12, Gk M |
fer°? om. BLT || 13. “BTOMIET® | spaceinB || 14. &UT: A (FET: R)y
(8T D), gu: L gw: M, TR H || 16. TR JUET
HEIREAUARY N, FA g SHIUGaaks: R | 5 ] T A |
AT B (except H) | AT B (°HFAad M), ‘S R ||

17. ool B 11 18. &g D, 8% L, 8T A (8 N, &%
@ R) |l 19. FRMTIASTR N, TSI R, Fstieaq (Fegead D,
FgAT £) T By 21 Ry .. sl om.N | gy | ey
g < R, fagdfay B, fagdafa D, gfd IM || 23. I/ A 1) 24 TRIQ

¢ 1l

Page 33.
1. Jega® (°=° om.)B | °F1° om.R | °FeEf om.P, %6 R |

gf€ 1 agT A || 3. °IR° R, I T, TG M | °GF ||

4. °Hfrgg® BL | YTS: om.RBD || 4-5. BTG ... 3 after5. °HAW A,
after 5. °5HWYT D, after 6. FYTE IM || 6. 3 BDM, 30 R | Y | 4T
F 2 P 3 | TB AINED €) || 7. HI@nTT ] AT g A | e
WY P (exceptH), YATATEEN R | TRUG + @RY BT (exceptM) || 8. &°
.. &R after 10. °=TJU° A (except N, after 11. SN R), after Appendix #5, line 1.
E° B, after Appendix #5, line 1. EFURITE (and before °TIF IPT:)IM ||

8. 0 eD | v34y0 RD, 340 N | %4 €D | & ABDM || 9-12. d°
.. TIQT: ] Appendix #5.B || 9. °THIGHIT® A (excepte) | °qRT° A
(°gR° €) || 13. FANfF° R, vaga® B(VE §aga® B) | Yy €DM |
W NDM, 4% R || 14-15. T .. & R om.R || 14. §93 {
(except M) || 15. $3 .. ] after 16. g1g° B, after 16. &97° IM | 4% om.R,



194

y9 A(d v N)BDM | & om.R, R ABDM || 17. 8C B, &° R | &F
om.{ | YSITYRT R, URIET B, UTTHET IM | 4&y + & Iy
(under 4&4)NT, 4&4 + &F AV R, 4&y + XY (under 4&a4){

(/g S) | 899 WI, 0s N || 17-20. YT .. ©% om.L || 19-p. 34,25.
Gﬁal'[\ .. FETT om. R || 20-p. 34,23, dJYUT ... °=77g: om. A I

19. IKH_om.L, J1q: D || 20. &k DM | vy BDMH | 21 & y D,
F M| FH° M || 22. °TAE° IM || 23. & BDM | 4 BDM ||

Page 34.
1. apo0 y(exceptT)MO || 1-2. $3 .. ¢?00 after2. °T@E° B,

after3. 3° IM || 2. 3% DMB6, &% B || 3. °Adlcg+ LD |} 4. &woo
YMO || 5. &ktox B, &3¢ DMH | “Eq@ om. T | *FaNG®@a D,
NG ¢, TV T || 6. ° .. 60y after8. I1° T | &y BDMH |
&OY ] &0% TIS || 6-7. & .. O after 7. BY IM, under 6. % .. &OY
T || 6. &9% ] &94 BT{(except W), 0y D || 8-10. °FHF .. @IGIET
om.B || 8. &' om.WH || 11. y&o H, ¥ & yo BT || 12. f3° om.

B | °fd° om.y | °WAT B, °FWd D | 3 DM, 3y B || 13-14.

F! .. ?34o after15. T T || 14. & .. ?&32 under 13-14. &' .. 2340
T, after 15. f55° B, after 15. °GI° IM | J© & ?3yo DM | 4 DM, %y
B | ¥& y(exceptL)MH || 15-16. I .. {~9Hg om.B || 18. &R DM,
%& B | /9 DM || 20. 9y BT || 21. &° .. & after22. 81° B,after22.
wow IM | O3 ] VY y(exceptL)M | ] BDM |} 22. 3 om.L§{ || 23.
FRIMTRI® £, JTRI° D | 3 wow after24. &08° B | & | Y&oh: L,
Bg: T, Bg D || 24. &t A, FEIY D | TU: om. A, T B |
'+ R4 A | 25 T+ HEN LN 26 T oom. p | TFARA
(FafRT M) FW B | < om. P (exceptL) ||



195
Page 35.
2. I LD, §EF N | & % ¢ ] 16 BT || 3. F 3 om. Ny,
3 IM || 5 fEsdaylar iy om. LS || 6—11. Verses 3lc-32d.18 ||
7. f5fep° 0 1 8. °frepfess® L, °f&fes° s 1| 11 gl Le | ugIfy
+ . PFP I PF 3IPHF YPF IPFIB &P YBH I | B IPF YW

F ¢ F R WG e 3y w3 Sar guesd 3

€ %0 FH W P Yo P &0 & Y P Y & ?& P RO P VW F w¢
% &0 F YO P Y WUWH’HWWWWFB
FIG FH 26 B ¢ B AN I HA 0 I T ® WR 37 gF
Y AT H (from Bhaskara’s BG, pp. 17-18, with slight modifications) || 12 - 13.
°f: ... gI° om.H || 13. *BEWIE: A (°EW =TTE: R) || 15. °=ray
A (excepte) || 16. °TGHTEIHE. | FFT B, “FAHTQA L, GHTHTW
DT{ | Gt f&3: om. A || 17. USRS ... Feal om. B || 21. HUA: om.
B I W{Qﬂﬁom.Al aﬁ?a’om.Nl T om. el | a'+qmﬁ
(Foreh @ om. {) ®IYET e wewT: anfamma (anfemmar ¢ anfeeamen
$) 3Y AT (EFTET BD)B | KEEE B |

Page 36.

2-p.37,6. UI9A ... G99 om. A || 2. ffiETw L, BT IM g
3. °Red® om.y || 4 °gY 1 AY BTL, + & LT || 5 sy | frefy
BLT || 7-8. &1 fRTHT ] Appendix #6.y || 8-9. Wageqadi IMH ||
9. °fBF° om. TC 11 11 & ] °fr M g 12-13. °F° .. T _om.L ||
12. °"—'@‘° om.{ | g om.l | T ¢ | 13. °77d &€3° B (exceptL) ||
19. %° .. w followedby 18—19. &* .. ?&! after20. €3° IM ||
18. P* t9w? ] tww F B, B vy IM, F yyw S || 19. F .. ¥
om. S, after 20. GHAT H || 20-21. °ARFI° ... G52 om. IM || 21. & ]



196

F S| W] R0 8 | 24 TFE° T, *HHEEET° LN (T add. L' in the
right margin) | °&T & & IMS ||

Page 37.

1. gUQT om.D, &UT LTW, gUU L §T M, g B || 4. °Fhg
BDTIMS, °&e¥ L || 5. @Iy y(&iy B, -f D), 9@fy + ddfy
S, 9kb H |l 9. FW° om.{ | §EIAE S || 9-10. FT .. FTRAH_om.
LS || 11-18. Verses33a-34d.18 || 17. a1 L, °Faisfy @ 4 18, it +
Y L i 19. aT above °gy L! § 20-21. sgmiRyt ... °fafY om. M
20. &9TRT! om. L (in the left margin L) | °f53° ] °=&° B 1 21. gfg om.
B 1 FiT om.{ || 23. /] BD | &9° om. | GT om.J (exceptL) |

Page 38.

1. WA ] HEA M, F N, FAH 1| 4. °FRe ] oafye
MM I N IR 6 TT om B8 T om. B
°Mg° ] °T° ™M | T B, §Ta: eLT || 9. @FOQiMAT R, dOfafRET BS,
dopraiigfer 1, dhauigigl M | GFTa° e(IPTH° N)BM | €O + ¢
M || 10-14. QY .. I ] TUT T AeA TG Hh Jeaial I A |l
10. MMRAY om. § | FWAT {(Fwd M) 11 11 R ¢ 1y 12 °F°
DT, °g° B |} 13. fqQ)' BL | °fuise® B (*ifmaie® wH,

D) | °RBrefkg y(°famfeg B, °Rmfy T) 1 14. T@1° B, g@@® IM i
15. GETide A |1 16. °gFepRw | oA By °c@ M, °F T, °dR
D || 17. ST A(excepte; ST R) || 18. T AT B, IA T, T €L | J&§aT
+ g7 LI(HT abovelincLl) | " TEI° o | T A (exceptR)y
(exceptl) || 19. 3T A (FRT R)LDL (§RT H) | “HaRGH@AT
om. A || 20. f&=m om. f | °G'PT%3TﬁT ] °afy B, ot mﬁf



197

DT\S | pedl + g’% 9 SHcal A (excepte) || 22. a7y om. {, &G +
gdl R |l 23. 39gUU+ LD, TJUG R ||

b 4

Page 39.

L g7f R, gl IM, GFEE S || 1-2. A’ .. gUT om.B || 2.
gAATY N, gda @& R |1 3. ¥EBRT A(%ET om.R) || 4. It +
FHANST B i 5-6. FY .. F ¢ om.S || 5. TEI B, §§ € || 6.
THTT Uqe (JEIR) F° A, JHeg Ud F° S || 7. ¥ FT b R ]
e R | 5% BT || 7-8. ZaI° .. &T° om.B || 9. 38° ... ey ]
sHfait qHd B | tgeq_om.R || 10. U 3T° A (except g),
ROeTT® T | °SYGeYHTE LD | ®UIfeAssT IfGRT om. LS | kT 1, 3T
D || 11-14. Verse35a-d.1L6 || 12. Yohed L | 6y S || 14. °qrregy
S, TR L || 15. §5° om. A || 16. FHWAT € || 17-22. FHA° ...
°guaH_ ] Appendix #7.A |1 19. P L, Iy D | feafafefa: T
fpafaftfime B 1| 21-22. R sy y(Rg sl T) 11 23. TP
A | PreafEsfy om. s

Page 40.
1-2. Verse36a-b.0 || 3. 9d ] o5 B | 327 A(F2MT N, T

gafd R) 11 4. ddfer om. B | FITI° M, &IT° N, &T° R, BTG H |
°YT g ~YTd: ] spaceinB | 3 ] 3 RDTMS, 3 B || 5. (o illegibleinR, 7 in
placeof © inN, © BDM | Hﬁﬁsﬂm om. B | C‘RFT\] qﬁaqﬂ(q:é L) ||
5-6. 9 ... ¢% ] spaceinB || 6. ¢¥ RDM | B (BT B) H AT
B htd & &° RB, Yheqdq & D, FHeqdeer N || 7. T B |
% 3 om.R, F (B, % 3 DM || 8 °5@@HE B |) 8-9. f&g=m° ... sfT
om. S, fEfdafy H || 10-13. Verse36c-37b.0 || 14. =& .. gfs

(¢ 1 afé ¢ A | afce aff ] =0T (3=fT R) A) after 16. deer:



198

Al ] & WLF M| A M| gEslar B(Iss @iRET S§) )
15. Fa: 9d T { | 92 + afg A || 16. F¢rm: D, TWTen ¢, adnt N,
F &QT R | °FJHUIT {, °IJHT GO R, °JhAT D, °Jpdiem T T |
I LT, 503: B, Ichw@pedd: R (| 17. vARfy | uamar afy v,
HANSghea R § Il 17-21. TOEH_ ... SGHeAR]_om. § i} 18. WIH=GA L,
Ty Ud B| F° .. somR| 3] 4y ABD| 5 % om.N | R BD |
7 om.B| 3 BD || 21. & %O om.R | wo DMH | &0 RDMH ||
22. qmzf om. A | °$(’U2ﬁ@3° B | u=&giiy P (exceptL, ©A®TQIR B) |
UATFIAT om. B | 9T voo WI° B(FUHAEIT o0 I° B, &Uhah:
voo HUP® H) || 23. 35T H5T | 39 o e g3+ B Il 23-p.41,4.
g ... TISH_ ] Appendix #8.B ||

Page 41.

5. SaTgRW £ (°T om. M), SUITIYIRAW L, another TUET in the
topmarginL | f&Bfa® B | UhIfgHeriosaiRdfa om. S, wemIfgaeRiosafiier
RW, UhTfd H || 6—13. Verses 37c-39b. + 39c-41a.S, Verse 37c-d. H
(Verse 38a - d. after 21. °TTf& and Verse 39a - b. after 21. FQET?.?H\ H || 11.T
om.0 || 12. Q&7 H (| 14. T° ... GhIfT om. W | °dopfeaa® e
(°FeRfeaa® N) || 14-15. °FH@® ... a5 om. B || 15. gf=arfy
+ I A (excepte) || 16-17. ogit .. mz om.D || 16. VIfd° LS |
Yafy € || 17-p.43,8. A ... °@¥° folio3lom.R |} 17. AfE ] T B
(T B) | W & M 1| 18. fFUAT om. B | °Fd DTE, °3 A |
wrfecfe B (exceptT) | °fafa° B 1 19. wIAgY: + Appendix #9.B ||
20. SEETGT B 11 21. °=Ifg + 8-11. Verse38a-d.H | TIETIH_+
12-13. Verse39a-b. + Verses39c-4la. H || 22. &Y ®UHART om. H |
I + a° { | 9T BTH, 9 L, 97 D || 23-p.42,4. A9y ..
UGITY: ] Appendix #10. A || 23. ITIAFT om. L ||



199

Page 42.
. THERg® IM || 2. °FH1° ] % om.BD | FH .. “STIUT om.
¢ gfRrafey® B 1 3. ®IRT om.y || 4. FETEII® { i 5. FE°

B, F&I° LD || 6-7. Verse 39c - 40a. after Verse 39b., p. 41, 13. S; after p. 41, 21.
H || 6. °TITeHTT S || 7. TEMEIS: S || 8. °HIARIISEET B,
°grgTeagT T, °HETYT IM, °HIATEGTT 6, °HEYT W (HeUYT in the
right margin W'), °H90wuGT D || 9. €: om.BH, § D || 10-17. =Y
.. °fgeadi: ] Appendix #11.A || 10-11. G&° .. &7 om.B || 11-12.
Verse 40b - 41a. B (except T {3 H), also after Verse 39c - 40a.in 6 || 12.
Jafr L, afy 7 B, g afs M| gcafefy DTS, afefy B || 16. °Fw)
IM | 7° om.BIM || 17. °EWRYT° A || 18. g A | °dehi A
(except €), °Hhfad ¢ | AAF° | AT (°fgg BDL, °f L) +
USROS B | °Gal LD (U intheright marginL) | AT + @

A || 19-20. Vertical columnsinA | g .. ¢ om. A || 20. ? .. ¥4
T Y

after p. 43, 3. Ifl L ||

Page 43.

1. °47T om. M || 2-3. °f5d .. g om.D || 2. AU
B | 3ogifq 137 B 1l 3-4. @ .. W om. T || 3. & ] HEE 1l
4. gET L, 91 9T N | <907 {, &@&g7 DT, g&i L || 5-6.
AT ... °fEAT om. S | AT ... °FEAT om.H ) 5. T ]
Juife BDT, @um L{ || 6-7. Ig9° .. WF om.T || 6. He® | ==gar®
N, ®=q71° BD || 7. N R L8 | FEq_IM, e D, HWEKL_S,
FUS: B || 7-8. @Oy (§AY D, gy ¢) ufg fr@dsr B |1 8. Folio 32.
of R begins °§ wafd aaéa'aTWBaa’r...aa\] space + 7<d B |
IR L, IRTF DL(TRIT H) 11 9. °fgege® B 11 10. & .. °ffy




200

om.S, I T H | RIE° om.B || 11-12. Verse4lb-42a.9 |

13. U364 om.B | A | U9F A || 13-14. EN° .. FIJ: om. T ||
14. ¥YHATERT | Fedl A | &S &, a1 T B B | drER
LD || 15-17. g8 .. vafJ om. A || 15. €97 & TIURT BDT,
SO aw URY WS, &Y &y URAT IM | ULg: om. BDT, & L ||
18. ¥FHAT° R, ¥F 3AT° N, °dafeua® B, AAT° H, °H3° 1S ||
18-19. I ... °RT om.S, &t TART H || 20-21. Verse42b-43a.0

Page 44.

1 @ F om.B || 2. °f&Tg f&° (°HT om.)BT | °IaHa® R,
°gIMHI° B, °TAM™I® 8¢ 11 3. anﬁ:{ fo0 (o0 om.B) W
(FUEg H) B, W<hT: €& HUg R | 3¢ BDE( + 3& FF {) | Iveyg
+3 L| &omN, 3&|s T| &Ry .. qur° ] ghfami suro®
(ASTT° B) B I °mEY + WA H 1| 4. ! and F2 om. B (except LH) |
FATCHET® A (excepte), HATIE° B | & om.B| & omL | & S ||
5. °GAMATE® B | HwA M || 6. f° .. °carq ] Redear
Segehedr + HUAT AR g@ages 1 F 3 F v | IREE
T 5T (Hoh v) T Waky gdisw It § to & @ & 9o P &0
B((¥ ?0 .. & &0 om.D; F wo om.IM.) JJISET .. F &o borrowed
from Krsna’'s BP p. 80,20-21) || 6-10. HJ ... =g@: om.D || 6. ¥ae® ]
T JGE° R, UG I° N, TF T ¢ || 7. ©Oifeda° | @2a° o | #ST ..
°fgfs om. S, ARy BTWH, =ofaafy M 1| 8-9. Verse43b-44a.0 |
8.l + G S | TAT S 1 9. ¥A° .. &G om. S (I 10. FF om. B |
11. UagedntT &91° L, ST M | IS g5 RD, 39 T |
iRl A, Gda L Il 13. © + Appendix #12.8 || 17. AT N i
18. FAAGHTE B | IG° ... 3R om. S | §° .. °FF om.yH |
19-20. Versc44b-452.0 || 20. g<ud S || 21. 3 om. B || 22. Guyd
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om.D | Hch TEH om. B I 23. FAGE® vy (FA=IEY° D),
YR § ]

Page 45.

1. *FHWERI® A | °HJ t&: W BW, °FHITRT &%
( + HUg D)DIMO || 2. 3 .. §oh ] 3w (39 BS) HHT (37 B)
B 1 T &Iy om. B | °fIMT (°frafT L) summd & ¢ R
B il 3 v & B 1) 4 JEHWT R Il 5. IS T B | o I
&UTRT om. B 11 6. °frIfiy R, °FIT B | IVHE e, TUTWHY B (& B,
®UTHE L, AT aboveline L' | 9|y om.B, & 4 & 4 8 | b + To M |
%' .JomB| P .. 5 omH| & 4° om. ALIM ||
7. VafgREfq® ] Vagwaed B (TGRETeaE L) | °Rr 9fMIRY om. B i
7-8. &1 .. °3gH_] Appendix #13. B (from Bhaskara’s BG, p. 25) || 7. IV ]
T e || 9. JUT AW ] FY FNAHETHHTAGHA B (°AF FE° D,
AGE° T) | WEHE° R, qa;—f%r" § (9 erased and &F in the right margin
Wl 11 9-10. FER® ... 7F: | GEHAPEE B(IFET° B, d5° D) ||
10. § om. B || 12. W T, °AF Hﬁﬁl‘% ¢ 1 13. FETd: om. B |
gagTfy B, I97 € | HFEIMY om. B | 99 + y A (excepte) | U9 om. A |j
14-15. UTSY: .. TiE_ om.B || 15. f4:3sy vyadhiead: B g 16 F° ..

W]WBHI?.E’E{:IM}Hw(i.e.Qom.)RH|’S|’3Fr35EQ=rq_&"
R BI g om Ry | fark | @ {(fHRF in the right margin W') | ]
R %

om.B, ¥ R || 18 °“TEAAMT ] @& B | °H° ... F=tf om.R | 5 |

, [
PO B 11 18-19. I ... & | YA o5 < (QNH\IW
1%-1 kg4

R0

€4 (99 om.D)B || 18- 19. U ... S° ] dAFT g ﬁra:r"An

184
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-

19. q_j R4 R || 20-p.46,4. FUT° ... F I before9. TUT B || 20.
TR

°¥T° om.R, °1° BM | *GIEWHE ] °Rg (g om.B) & B |
Feaf @GR om. 6, FeafEgNfIfETN gear sy v )

Page 46.
1-2. Verse45b-462.0 || 3. ¥ om.B | HAMY q@a° B | o < +

3—\:,—.,33-(+a‘L)a?;ft{(ﬁ:{om.L,GIDH)FT%(EL?L)HR?:ﬁll
5. °F° om.D || 6.W]W5H 7. 9¢ om. R,
S§ DT || 9-10. 37 .. °THT_om. B 1| 9. °R*' ] °gdu R, °gd
N 1|
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< 3. izﬁu‘rs&m: >

< HEBIEUBC >

ik

Page 47.
3. AT AH: om. NB || 4. BEIC ] *HIC N, °8@° R, ‘&H°

B, °%®° L || 6. §GHWs° | 6" B, & I&»° D, W W6,
FEHEE° IM | °FHioaads® | °Flsaie® A (°Faloae’ R,
°*FHahalsde® N) || 7. CUKIgeeshsch oaGiayted J9: B(©TIg° B;
°%s% BL, °FIE T, @8Hg° I, @ H; e &g T, “fouted 37

H) | ®Hd° N, TH° R | “FHAIVA® N, °FHHEAHI R | ¢ om.
DH, 3 A, spaceinB, 3 LW || 10. °ag&d foed sdm=rg N,
"HJeUFETIATE R, *EFEUATE B (°TFUHE B) || 10-11. VY ...

°AfF om. LS; add. W in the top margin, followed by 16. FTGY ... Fghd W' ||
10. ¢ TW! || 11. 9s° om.H || 12-15. Verse 46b-47b.6 ||

15. O%E° S I 16-17. HIGY ... €Ll om. H ||

16. HGY ... UGG om.S | FE! .. PHEHTY om. 1 (with §) ||

17. g + Rrgd M | yUd° LDE | JuT ] Bwd (om. M) s &
B Ay 1 3Afy AR B, WRT H) | T .. ¥T: om. B || 18.
°Ugdaye B, °SA6S R | @Uae: | gJGd<: B(§<¥ax:: BD) || 20.
fRIANART o (except TiS) | &G D, §& L || 21. Fgepravd B (Feaherd
DIM) | f3wHTE ] HrUmEE B(FWHE S) | Ul + 7 wafd

L1

1. %g0Y: om. B || 2. IfE om.p || 3. YY" DM | & om.B |
FAGIHT { | 9T om.B || 4. STHIos® TE (except H), T + spacein
B || 4-5. 9EO{ ... °RfJ om. B, after Verse 49c - 50b. S || 6—-9. Verse
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47c - 48b.0, + Verses 48c-50b.S || 11. TA° .. °s&: om.B | 3A° L |
fAffrn@l® o 11 11-12. °gaE . @F° om. ¢ |} 12. Hiafgegd: |
SET Y1 IR, T y(FF L, & T) | f3° om. v | il + @Y
¢i @ omB || 13. fga9g° A, f&awg® M || 14. wifsam: | woafian:
B | °dsdsehred | SdselsE N, °d¥h R, °dsehed B(° B) || 15
gt D || 16-17. WITIEE® H || 17. J%: om. B || 18-21. Verse

48c - 49b. O (S has Verses 47c - 50b. together) ||

Page 49.
1-4. Verse 49c-50b.0, + Verse 50c-51b.H || 6. 9a° ] §34° B,

§d° DT || 6-9. GETC ... YT om.D || 8. ¥l om. B (add. W! in the left
margin) | °f7 &F=T° om. P | cafRiaf B | SOUN om. B (exceptL) || 9.
=€ (@ELEEM) + B 10 @WRATIM| TIITE| T
om.R | °af{ I ] °aft : A (°af = N, °aft R), °dgai ari a1 B
(°dgat B, °aN I a7 L, °§gant g a1 D, °Hgan arf ar M, &
om.H) | 3™ B 1 11. FAGIRAIT® ] FANIRA° A (except R),
FAQHGA® B, FAGREAG T¢ | fasegai® Ny, Risdgai® R |

°AT: ] NS R, JA™ B(I=™} L, TA™TAR” B, IET I D, JAE W,
T H) |l 12. IgIReH_y(Jgufiey D) | ufwra N, afddwe R,
GOfAW L || 12-13. §F .. §URL om.A || 12. 37 1 HI ¢ 01 13.
Wicod L, @ M | ©@ra® ] @uf® D |1 13-14. °fad .. HOUse
om.D || 13. T ] 719 N, WaH_B |I 14. °8@ DW8, °gW BIM || 15.
g1l ed el I om B TF | HA L | I S, I T H || 16. TE
om.B | G <A L || 18. UIHY om. S || 19-22. Verse 50c - 51b.8
(H has Verse 49c - 50b. and Verse 50c - 51b. together) || 19. IUT S || 22. ]
IS, TH |
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Page 50.

1. gEY° LIM | °8@: LD jj 2-3. 3F° .. df§ om. TS || 2.
fFadd H | HfeRr® ] &° IM || 4 BCG LT, 81U IM || 5. §hd ]
{1l 6. °TUfdT e °&T0 L,space + I B | TTHEN° y(exceptD) ||
7. 7oA’ | TUE B (om. B, TURY S) | BN ] T M |
8 —p. 52,3. FAGURT: ... *FPgHHIU° om. L (folio 26 missing) || 8.
°gfeRar A |1 9. °BRW (°8W {) &I: B(ENWrEa: B) | A3« BD,
Ar3SY R )| 10. @ ] T €| U om.B, Y € || 11. YTSIY ¢, USY
B 11-12. F .. Tom.B || 12. 8C ] 8"@ B 1| 13. A om.{ ||
14. °TT@° ] °TROE® B 1) 15. THEhes WO, ‘®ahos IM || 16.
gHE™ T e(FP™ I N), &I B (8T €91d B, &9 DT,
g It H) 1 16-17. °TROY ... °&EA° om. T || 17-19. J&TQ ..
°ETMMTT om.B || 18. AT A (excepte) | °&I° ] °B® e | °BW
AT | "B B(°BWET° D) 1| 18-20. TF° ... °BW om.R ||
18. °cYahTUGY {(°cUapial 1) |1 19. F=8° IM | &Y + I B || 19-2L.
gonst] ... WY om.D || 19. IOF S¥ A || 21. WIE: om. B | °ZA° A
(excepte), °TTR° B || 22. gEHE: § 1| 23. W + WY B | °ukied B,
oiitiaed T, °difsed M 11 23-24. GFH_... °Uiiied om. M | 24. B
ADT | YrOTERgAfT ¢, wrrady yafify B(fr om.B) | &TTUT° ]
EUAY. A (BUT:® €), U y, TWEGT" § 11 25. A ] =T B I

Page 51.
L. 8C aj ORFE° om. T, b (| “UTSUToh. ] UTSHIGHA &°

BT{ | °M</i® € |i 3. “UI9gU°® A (excepte), “UuRicga® D | *FT° A
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(except N, °ATMIAT° R) | BT om. B | %ﬁgﬁﬁﬁ(ﬁ@mﬁ B,
Shfag=ad M) || 5. WT=T1° A(exceptN) || 8. & O B(J AR B, o
HA T) | °F=: B(SRAT D) 11 9. 1 F | HaT R, °Q&T B,
QG @ D, °w T &U M | 11 °aRR ) 12, s fafy )
SCAREEESER ] IS.Wom.Bi qeo-gd f‘i’!dl-‘!\] space in B,
JHIGY Hfetl QN §¢ DT, JAIGY e TQ 8¢ § 1| 16. om. B ||
17. &AM A(S9F R) | €pc: + GO UET) &Y TUTH Usiad
gfe B || 18. I=F BT, % H | =HIsfy ¢ |

Page 52.
3. Folio 26 of L starts from °Y@° | °Uaw-1° D, °Gdar® IM || 4.
vafy FEfIORRY om.S 1| 5-8. Verse5lc-52b.0 || 5. W) S || 6.

°wET ] M FT 6 ) 9. FEH© S, FHE' IM | °FW e || 10. U P
(8T IM, &7 §) | 12. & 7T om.BL | °EHA 1S || 13- 14,
°sgfer® ... °Y: om.L || 14. °=g¥: + Appendix #14.B || 15. FA° ...
JRMTITE® om. B | *WI=IE@Y° ] °9I<Y19° ADTMS, U° B || 16. 8d:®
w6, @:° L || 17. TOsIfaed om. L | *Reafg a1 | °REy =g B,
°RTY R || 18. ;ﬁ + ;ﬁ A (exceptR, + f@f ;ﬁ N) | 8U° o (except
B) || 19. STRIG ] °TWO° B | §&F o || 20. RIS om.R, W B |
T afg #° A, IZ° P | °TKHIPA R, ST 1(°FAAT IM)S ||
22. °YAT om. B | €YGSIYRW om. B || 23. FRfAfAwnE B
(frfafssgme B) | T ... °BIfY om.B | °ffy 1 “Preoifya:
(°fremfear L) afifsfy: (agfenfea: agfafie 1, f&fe H)B 1
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Page 53.

’1. Verse 52c. H, + Verses 53b., 54a., 53a., 54b.,and 55a-b. H || 2. tfigar
om. B, + m (om. {) EFQ’QT 8 | b .. °TFW om. N || 2-3. '{IET°2
.. AT ] FrgeedT: GBI Blom.L) || 3. °*TEFH° A(°ge® R) |l
3_4. U¥° .. % om.L || 5-8. Fch .. Uqaq ] 3 (USR]
FEQ b geuRd W | eEgly Hftes T e wa) eiEdt
3w B(sAT ... °AF TH_om.L) 1 7-8. aar .. otif‘3|7aT1:i’\om.R Il
9. A .. °grE ] WY B | IV 3T om.S || 10. Verse 53b.S, + Verse
54a. S (S has 53b. and 54a. together; H has 53b., 54a., 53a., 54b., and 55a - b. together) ||

1. TOE .. G om. B | 11-13. IR ... ¥ES' om. N || 12-13,
aft .. 39 ] ¥ + spaceinB || 12. &° om.LD || 12-13.
GIUTETC ... 3% om. T || 12-13. °@Fh1° ... vad@ ] °geran
(°EQ LD) sHIftl (SR w, Bk IM, ®IREY S) T=

(&fr L) @ B 1 14-p.54,19. FAOYRY: ... eOfResud ] Appendix
#15.B 11 14. °FHWNP e || 16. YIRS SRT ] 9= ARy (Rfgfy
N) € || 17. Verse 54a. 6 (S has 53b. and 54a. together; H has 53b., 54a., 53a., 54b.,
and 55a - b. together, see line 10) | °S° S | d%° ] I9%° 0 | °UNH +
3R S |1 18 uITSY A | °dasafgfd A 11 19. Verse 53a. 0 (S has 53a. and
54b. together, see apparatus criticus to Appendix #15., line 4 ; H has 53b., 54a., 53a., 54b.,
and 55a - b. together) | @ UE?H S Il

Page 54.
1. ﬁ‘)%r om. A (see p. 53, 18) || 2. ¥=8TH A (except€) || 5. Verse 54b.

6 (discussed above, see apparatus criticus to p. 53, lines 1 and 19) | IfSafad S 1 7.
TR ] ikl A (sl N, &I R) || 12-13. Verse 55a- b. 8 (see apparatus
criticus to Appendix #15., lines 35 - 36) || 13. °Frq_] °TIfy s )
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15. °§'ﬁf° ] °§° A (exceptR) |} 17. °§i§? A(°§€F‘ e)i 8C A |
18. BWW A || 20. TYSHTE ¢ | &UNE 3T om. S |

Page 55.

1-2. Verse56a-b.9 |} 1. ﬁ‘@fr BU° S || 2. T)° S || 3. 97 om.
B Il 3-5. 8T: ... ek om.B || 4. FYAMY ] =y B | fd9° | FHy°
B & BTGET: Foofd 1 &I SRIB 11 5. T omB 11 7. TF ... 3fa
om.B || 7-8. Bl .. WK om.B i 8. TEHET om.B || 9.
st | senfe + Red g @& B 11 10. °gfa: om. T,
s B 1 e . AR om. B 11, TRET B | ST ]
R B Il 12 °FAW .. F om. S | T F | HawwA qR¥w B
13.é‘mmé+a‘?fLD,+°E'!ﬁa\ts,+°§ErT,+°EB[ﬂm:
ey 1 =oid T sgfaaaT B o1l 14 Y FHI° B, WY
gesfa® Loj 15, o= T L) BRC ] 8C A |1 160 °SfT om. § |
ETET: &1 om.B | E@EM: A | &4 € || 17. W A || 17-19. YT ..
RO om.B || 18. WIAF o | °H B | SYFRTH_om. B 1| 19. EC
o || 19-20. F 9° om.{ || 20-21. BTQU .. &GT WISA: | EORP Hach:
(aeed | gJ1 B) &9 (34: D, & T, &4 S) U (V B) g vy
vafy B 20 BXU A |1 21-22. FIT SYITAH_ ] FRuflegaat p
(Rafgug= B) 11 23. =y .. °vdf | =msur queatagf B |
STHTER® A || 24. SETETEIEEWIT om. S, s¥TEART B | °&@°! om. N

(add. N! in the left margin) ||

Page 56.
1-2. Verse57a-b.86 || 1. b S || 4-5. FFH° .. & oom. B || 5.

°Zifg & LD | w@egsdt ] @ R, A B )l 8- 1L FHAC ... °guAd_ ]
FAqaReg FFHTeRIeg (F om. H) fefda B | 8. A=t A
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(ArgsEd N, °FqrEiad R) || 9. @aIY° ] €39° ¢ || 11 °&FrEadwy |
E@TUE° A (CETUE° R) || 12, THIGIREE ITsaHiT om. S,
UHEFANT H || 13-16. Verse 57c-58b.0 || 17. TT° | TUH° { |
17-18. ®efer: .. =R ] A F B oy 17. FEEC A | 18, TEW? .
°gd om. T || 19. g + & B 120 qa(ﬂ om. B || 21. UTY ...
°Zang om. T | S om. P || 21-22. BTC¢ ... =qTE: ] spaceinB || 21.

BTG | BTEAT B | TEAAST ] A B |l 22. FETW om. B | =qTE: +
WIST: B8TC Qe & &y IM §| 23, 4T ] UTSI: BWS || 24. 8T ] BTG

TRY

B{ (except H) 1) 25. &Y Q9 BL | Qo Ig<h L, JuUQYss D, space +
gfF B ||

Page 57.

1-2. °Fetre ... UG om.B (| 3. AT om. B || 7. AT B |
YT JGHE | eqdgy: B F 4 (F om.L)P || 17. TERTC ]
TEHAT° B 18. °AmTAd B (°AMY L, °AMd DH) g1 19. °& ]
EIET B (T B, ST M) | oty 0 | TIEF° | TATIFC v
(WA%° D) | @90 IM, & L || 20. “TUSRE° B (°HRET@® H) ||
21. T3P BD || 22. T .. GhesT | WY B || 23. IS .. A
om.S, IF & IAfT B 1t

Page 58.
1-4. Verse58c-59b.8 || 5. G&1° ] grd® M, 9€1° T | Ry ]

AR €, AR M | € om. B Il 6. TR M i 7. a1 fafid
Ay e ﬁm,Tt(add.‘v‘v'lintherightmargin)S | fraes Ly, et T g

8. UaOA om.B || 10. € 1, BTC 6 || 11. F&AT° ... Oy | &
FYRHAIEISRT gk (3 M) fIRAT B 1 18. ¢ om. TC (add. W! above
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line) || 19. Ro om. A (exceptR), * DT || 20. o om. A (exceptR) ||

21. AfIIA° A (excepte) | Yhed TUT | GHTY-IT A (FHeT-T R) D,
gshe gdl BT, Gohotg] Ul IM, Ghog=aY L || 22. fagersr om. B |
m ’lﬁmﬁ om.B || 23. gﬁ" om. N (add. N!in the top margin) f |
TusEN ] s B

Page 59.
9. o om. AexceptR)T || 10. ®Y ] 5= § || 10-11. °Feedi ...

v¢ om.D || 11-12. F=IT FEA TR ] %A (om. D) FfE FHad
B Il 12 §F om. B || 13. *fRpagdrd ] °fasdt (°fewd BT) Tdfg
B il 15 WST: 1 |} 16. BTC 1 |} 17. °GF° om.IM | °Hick® om. § ||
22. Jur T ] FPaq_ P 3o ] 3 1l 23 TF: om. B || 24. T om.¢,
spaceinB || 25. W=t | Uil 7'(cxceptL)§ | 90 + TT (F B)

B u

Page 60.
1L AN° ] FUBEC {(FET° H, AR IMS), HGY” T | °g°
M | °fpgi° RB | cdgdArd | TARG B | THegEWIiTEE ]

IQIEWHTE B Il 2. g gy inthebottommarginwl, Hg\?rﬁf H |
JGUT (TguT: 1S) + 19-21. @ &4Y ... § &4 IgT TS | &I7°

°f*aafer om.D, ITERRRT NS || 3-6. Verse 59c-60b. H || 7. WY TWH
7 Ifoar ffirfaar afbar a1 aft sgea 7 & gaereRfAwesT
W +dH ¥ +d Ly 7-18. F T .. &@° omD || 7. A

Qe H | G@° ... °OI9FT om. H, qaaged: ®1: (F L)P | ey’

A(ﬁ‘rwz?"e)lamaomﬁn 8-17. T &0 .. o ] o 1S |l
&0

¥3
O



211

8. 60 eB || 10-18. FH ... R om.H || 10-17. FF ... o om. BT |

11-17. 9 N || 18. FHag° ] 36 7° N, HARPag® BTiS.| < illeg.inB,

?
)
C
© &(corr. L!inthe textof L) || 18-19. &H .. 2% ]
fusfeaeaaganal 38 (9° .. °F om.H) UragHa (Yrag® om.

B, YIgS9Ild YA° (from Bhaskara’s BG, part of p. 32 line 18) H) WIS (UTSY +
g~ &9 H) TQHT e |4? (from Bhaskara’s BG, parts of p. 32 lines 18 and 19)

B il 19-22. FA ... °Fetll | Ud T@I@MATHRIT 23 180 g I
BITY U0 IR | VS EEqEUIgT 4 1 H (from Bhaskara’s BG, parts
of p. 32 lines 18, 20, 21 and p. 33 lines 1,4, 6).|| 19~21. & &4V ... § &9 IgT ]
after 2. TGWT TS || 19. YTST + &7 18 || 20. IGT | qUT B | TTH*AT ]
T B | ® < 1S, R Ay(exceptT) | °&GUFEE { || 21. IGT om. N,
afg 8¢ 11 22. Twh ] T L | 92 A(%R R)Y(s¢ T) | & ¢, &9
IM || 23. BRI WaT° | URMTRIRES (UFMTIRGA T) @° B I

25. °TTEWIIGHTE A (excepte), °CTEWWHIE B | FEEST ... PAfd om. S |
FF 12T M | FAfa ] 37 H

Page 61.
1-2. Verse60c-61a.8 || 1. &q1:: ] T7M: S || 3. HA TanS:

gmH: g B JUT T om.P || 5. BT ¢ om.B, BT ¢ T, 8T ¢ AD
Il 6. uAeT B | wepewy | fRImMY (Fd LD) &k B 1 6-13.
TEIC ... A om. B 1| 13. Sf° .. AT ] T 1w (ot
L) I B || 13-14. Y ... ?ﬁ ] T3 (om. C,add.Wl in the top margin)
AUl ¥ (& L, T T, T Tl IM) aIY (80T IM)B 1|

4. TCHEN ] T (om.L)B | 319 TW | FAGEQW 1 =4 B 1|

15. RUeEG ] 9 RC B | @ NBDM, t¥ R || 15-16. T ... °GRpH,
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om.B |1 15 & g ] @D € || 17. °E@WHTE B || 17-18. A7 .. ;Y
om.S || 18. 93y 1 3RY H 1t 19-20. Verse 61b-62a.6 || 21. FRY ...
°0d om. B |

Page 62.
1-4. ® .. o om.{ (except W, in the left margin W) || 5. JuT 9

Tf¥® ] IFagI¥° B il 6. wa om.§ || 7. 3 om.{, &« B || 8. °gEQ
M |} 9 °=a® + a@fF { 9-10. T& .. °FFI_om.B |} 9. °d ]
A+ gRMIT aftaTR IMS) B 11 10, SRgRReAR ) SegeaTaa:
(3YFAR_AA T) + FATRTEY & 79 FHAY & F T&: (om. B)
FATY EFITEIT: (TTE: B)| JUTRG (JUT B, JUTSRT IM) TTEY R |9
(W2 B)| T (TIT M) E&aeQnal (Sad B) I I ey ¢4
(¢ B, 2|& DO, y|& IM) B | A ... TUT f& ] =uar B |

T ] IO B § om.L, & B, I D, F T, &g { |

12. YI=: 1 || 19. Ea@UnAT B, @EUE_{ | T + &Y (& THB ||
20. AN om. B || 20-21. SHfEr: ... AR om. B |1 21. AT v,
W(W&E@WH)WCI T om. B, §F N, @A
R | fa3sa): T, fa3w) (o 333%' A (except N) L, 'c;wa‘t B, W T |
BW° Blexceptl) || 22. TYWT° ] QI y(except T), TRT° C 1 22-23.
¢ T .. °Hfserfd om. BL || 22. UThd & | 23. R p(I°
D) ) 24. faafar § 1 24-25 °FHfe: .. YTT° om.1 | °fser: ...
UTSTET” om.S | & .. YIS¥° om. H || 25. °BURAY {(°Uad S), &R
BT | v& om.T, ¥ |& IM | 3 om. T; after p. 63, 1. °Fia: d° N; after p. 63, 1.
°STT: R; 13 IM 1] 26. *HFREFTTY B | vviR A(TIR N), 2192 T ||
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Page 63.

1-4. FAT° .. °OUAH_om. B || 5. °Topaw® ] cafew p
(°aTEf1° IM) || 6. AT ... 3T om. S, space 3T B || 7-10. Verse
62b-63b.0 |} 8. T TUT S || 11. HF .. T 1 €& B || 13. § 1 i
14. %7 om. B | UnyEfy ¢ (Aunmafy H) 1 15. AH° ] °A1 UF (WE
B, UG D, T aboveline Ug L!, Tsh° W)B || 15-19. *T@ETC ... @
om.D || 15. %C° + UF B | °8C o | TATHY ] QAT { (exceptH, H
add. W!in the left margin) | 4|23 AL(4 om.N) || 16. J +
faefrgrewy B 11 19. 7 ] Y 0 | BR° M | AR Be, gFfIRy
T | edl om. BT{ | & om. B || 20. Thes YaN° | Fsfi® B | Sheh |

Chohed IM ||

Page 64.
2. 73 .. °grft 1 =y B °FEhf® By 3. &d .. °FRT om. s,
& fagfafifd v 1 4-7. Verse63c-64b.6 || 5. TEF ] I H 4 7.

Ty + 3T H ¢ 8 & (gvd M) &9 B | FHeT L, gfeped IM |

aaY: ] 91 (T S)a | GUT om. B | THTRRN ] T B || 8-9.
& ... °FEg: om. T || 9. Gunifed (qumfid B)B | &= + FYFT

Y, + HARQ IMS, + FEW W, + HIQ H | vagiiky | vaa:
g8ad: om. B || 10. >T3° om. P (exceptD) || 11. VaEa | HA B i
14. TUT om. B(IFAY_L) | FraweAl B Il 19. Fwag + TT 7 |
ToFeft ] TOEY {1 610 Ao R)Y(4lT D), © { | &Y
TOFN’ om. B || 21 TGN .. to | om.y | UGN X ] e
(e ™M) o= ¢k TR ¢ 1 e 1 A9 N, 7P R | F om.
R | TR ¢ | >y ] figfes ((Rafafe® M) | eeito ] volee
{1 %0 + UMY (om.y) HFEARM 3¥ 4 (3 4 om.y, ¥ 4 H)
et (fEh D, &t wIs, T M) ( + SR {) wolay (4 T)
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EETES! 7 (F om.{) It (&aT D) HREAFOr (SR om.S) &1y
B; (vo |34 ... &4 borrowed from Sturyadasa’s GMK, with minor changes (see
Wai, PPM 9762,.120v.,9)) || 22. BFqd + a1 W, + 9T IMS || 23. &a
om. B (exceptL) || 24. Tyafiy® € (except W), gfty°® R | AR L ar
om.BM, T I || 24-p.65,6. QreA° ... “G=H_] Appendix #16.p ||

Page 65.

2. 0 e 1 3. WBTC e 1| 4 *fo@R A (Cfigd Fum R) )
7. 35T 1w B 1 FPep° .. AT | e Rhosadv (¥ B)
B weFATs B | 8. °fGFmeadwfify ] °Rfy 1 °F=E BDS |
9-14. Verses 64c - 65d. H || 15. =TT B(FAg= T) || 16. BTC
e ] B0E M, B0 S | V& om. W || 16-17. FF .. °FRAH_om. B |
17. IO ] T F1ag<d (g L) F B oot 18. FHHI° ] Fenl® IMS |

] TE: B I 19 F om. LT, | FEHARAT om. B || 20-22. FHT ...
HfI° om.e || 20. HH ] H Afom.e) | &H_om. H, yrdd f (et
$) | *u Fart? | gRaed B Il 21. Yo om.B | T om. Ly, ¥ D ||

21-22. UA: ... YT ] <5t (T + spaceinB) ik HdT: (Hch Kal: om.
M, &° om.1)B || 22-23. 7RG .. TG om. M || 22. R{Ta'\om.[} | Y
TR | daF Fhe: B 1l 22-23. TET ... BTG om. {(QFIGT WY:
HfEAfT B¢ add. W' in the bottom margin) || 22-23. TsgH> UL om.
BW! 11 23. F om.pW' || 23-24. THT° ... “WIH_ ] Appendix #17. B
(borrowed from Suryadasa’s GMK, with minor changes (see Wai, PPM 9762,

f. 121r,5-8)) ||

Page 66.
1. TgEAP ] HAP B | Fear B, gesdl T, FHEsa) IM ||
2-20. 3f ... °FASMRRT ] Appendix #18. B (borrowed from Stiryadasa’s GMK,
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with a few alterations (see Wai, PPM 9762, f. 121r.,9 - f. 121v.,5.)) || 7-8. UTTT
.. AT om. N || 8. & € || 18. RyFHHEIH om.e |
forprradwm°? | faeai® N, Refysosiadva® R || 20. “Rifser A
(excepte) || 21. T om.L, + T { || 22. AT B, 307 L,
IALT D, A T, ARSI { || 23. qT=°2 ] UTT° Ay )

24. SHHEIY ] FHAAY P (exceptB) | TT: ] HI: { || 25. °6<T=T 4T
om. N | @ ] dl a |

Page 07.

3. °d° ] °f @erAr B(°F HeuA° M, & add. ' in the left
margin) | °GTEGAT {(exceptH) | Feda N, el T, e o,
€S M || 3-4. TF ... GROY om.B || 4. TIHF ] IUT IF B |l
5. 7€° .. °fegar: | sfeaar mfiemsrmam: B 1 o + gaEwsa
fetaa: sy B | 918Y e | wr@® ] TT@® N, WTE® R, WIATP T,
YT IMS || 7-11. © .. 93 om. W, add. W! in the right margin || 7. o om.
ND, ¢ R{(exceptH) || 11. 9¢ € || 12. fyohch3d NDTH, FH&HEe 1S,
fS3% B |) 13. o om.DT | @ BD, 3 H, 3 S || 15-20. 5% ..

©
forRir ] grasaTt STt B 20. w3 .. T om.B | w3 ] w3
IM| ¢ omS, % R || 21. 93 .. °&I: | I1a7 e wa B 1| 22.
FA°! ] He9° IMS | °FgeRf ] °IeS R, °3S B | T e¢ om. B |
] .. ¢ om.B | FFRAY {(FHRAY S) | ¢ om.L | 351 B | YHeY
IM || 23. R N, " L | s3fEaT R, &y IM || 26. 5F om.p |
Ffer? | el 3= (7 T)P | Iam om. B | T ¥ 1 TwRg B I
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Page 68.

139134 N, BT B | ud + HRATPT & (F¢ D)P |
Yssew” ] Feal B Il 2. &o R, & NBDIMH || 4. °Sq7at RP |
HEITQ W Ik B | T om.eB | SHT LDE (except S), T B || 5. i
T B(IE + Thed M) | TIGAR B | G + e B
8-12. ' .. 3y om.B 1 11. @ & §| 12. FF B | <! om. DT, illeg. M,
$H| <* omDH, § N | 39 BL{, & R, 56 T || 13. @ om.B |
T B Wt B YHTT ] FHeal B T om RB || 14. < ep
(except LT) || 16-21. Fcx° ... o om.B || 19. o A || 22
FHITHTA (A S) 012 (F 3 B, 3 D) B| o om.RBS | TO°
. 3 omA || 23-25 FHAC ... °fI° om. B || 25. °ecafi® ] °&fRwe
e Il 25-26. *rgAf® ] TausARI® B (vaEfy® B, vanshifye s,
THAERT M) |1 26. °f¥HW R, °fR¥ed@m Lt ||

Page 69.

2. °%ffr B Ge TR AR om. B) 1| 3-6. Verse66a-d. H ||
7. GGTETHT N, ISR B (exceptl) | o om. y(exceptT) | & + (SIS
(W om.L) § (§ om.BLD, § T)B || 8. °Fgr°! ] °ggm® ™M | 3¢ |
g B(exceptLD,corr.WlinthetextofW) | °s3° ] =TI e(°Tg° R), [N
v, (Za'a"’ C(Eﬂ?lf W, space + a‘° H) || 9. 39: om.IM | °d3 ¢, °dg D,
9t TC | €Rc° om. B |1 10. AT (dNf° M) °fgFw: (°fyw: L)
B Il 11-12. TWHT° .. °SRFH_] Appendix #19.B || 13. HA° ... 3 pan
of Appendix #19. || 14-17. Verse67a-d. H || 18. €4EH_ part of Appendix
#19. || 19. T om.B 1 20. ¥42 ] L2 8
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Page 70.

1L U B | & .. THT ] F (om. B) XCAY ( + T D, Twad
IM) T (om.B) B jJ 1-3. =4&: .. &3 om.B || 2-3. YT ... &3 add.
A in the bottom margin (except€) || 2. ¥T om. S, T DT | [ A(?? R), ©°
D | 3. 8 &3 om.BS || 5. W BD, o R || 6. ¢ ] &3 P (exceptL, e¢
D) ] 7. 3] 33 t(exceptW), 3 0| 3 + HHF (JF H) T (T §)
ve AYAY TR HREFHET° (SAGS° B) °%d (°gy M) "ed (uea:
T) 41 (om.vH) B | UIHAHUT om.B || 8. “THHIBI® (exceptR) ||
9. FREIFIY | “Agdgiead (gHdlesldt B) B 1 10 @57 M |
°gg® ] °ag® N, °ag° Ry(°wg° D) | 11. 91ar § ) 12-13. 3fy ...
“HTI om. B 1l 12. METF° € 1|
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CHAPTER IV

APPENDICES

TO

THE SANSKRIT TEXT ALPHA
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The Apparatus Criticus (Chapter IIT) for the Text Alpha refers to a total of nineteen

appendices. The first section of the present chapter consists of the texts for these

appendices. The second section contains an apparatus criticus for each appendix. The place

in Chapter III where the first reference to a particular appendix is made is indicated at the
beginning of the apparatus criticus to that appendix.

1. Appendices

#1. gg1 At f& Qmfalon) oo @ @aea@al a9 gl
AR ST fegH TR waeEalaadT yaky | uAdEYEiay
framd A yaa: daRAHT EHURaRdITaaS T |

#2. FRAARE: | T FREREHE AN R 7 ) ueded
Tyr yaig fusfa) = sgd g9 shyy aseanH

U Gehearg A led grAIdegad=T_ i

. =y fEmfgmmaiifiy ) o7 oo taur [ g g9
3R gfteda | qur wifad g AeedniaRoesed quEaeRifieys aeg@
X TP FH Yo g9 Thoh MIRAIEId | 939
SREsiEr e ]
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ST BRI @I an: FEd) TTaT: |l

#6. At Pear T GG T UHIGHB IR FE: & | T
7 fePrguiyemiftea gresai 37 fraad & asn
FgETEarT Gt & Uy gerewafgead: | Priteeeg Fwa ww
Ho: | qEl guehd IR R

#1. 7= fpaTiate) HERe mofn: | A T agh geTia
TR "o | € @reead: ||

#8. ARy 7 a1 It HAE F 1 F ¢ |
FRHES! U ¢ | TIA9 &UIY Fearpasad et
® 4 3 | HAh] HEYUH | Ve HAU FUHIGIEW TGHHHENAT

R F A F I FH 9 ||

7 REgER P a7l € to % @ F wd
% &0 | FANI GragUHWAT & 4 & § | FAPQ gopewdT| IF T
YT 61 ook @1 QAT |1 §9IRy el =: B § & W |
FAMY GEa ROFT F 3 F 3 | I7 RQORGH HUES FT
U9 | TE O gE: FIF 3F g ||

#. Y JYSEW JHRule® Fuhartaasiigaepioamia
gttt saferey <3> ydfh ise=gAtT 7 'adr
darg st fasorsy a1 arEfy eIty $aar 5 Ty |

#10. I WAEEIIRU TF T HIQ Al TF aq
gefeefiery: )

#11. HAGEAIGMA g7 F=6T W afg g Hwar 7 vy agr
InfyftrT rl: a1 =Y 7 I 997 O oF Sty
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#12. 9L g ISRIRMAT A wd! AR, g Waga Aeh O |
qeAq F R F 3 F 4 | Tagfewal @ 7 YSNRT Fpeam GGG
i mweswd) wafy | a1 ARfgdagered vadied: )

#13. 71t € W F ¢ B ¢o F w0 | TGS
HONTHEARRaHITE | Tdfqafsafy i e

#14. TUT T GRATERTIERIYE Sfeeg TuERYdT | T 7
grenfiiss: | @ I9ERAT T 1 ar@Efgeer vaky | ade
gRPTITIERIOY TURg auTaRud: | S grenfiert | a1 STeeREETa

& Sfentadfy 3T

#15. Y URISEES QT ETeTEg T USRI |
RNy erTaed yereed U= ard 30 |

T@® 3T 0

<z@? uY YCHEN g qEaq i143ai>

v B Ry geie I &9 eaT Hagloeen R |
Y FuaEdfe |l

<AUTETAIIGET Ffeer: F&Y g afdar i1gwbi>

TN AT T FA G SN HRERTTT TS &
fenfafy | = 3w @Ry T AT FrHrEHRANT G
Ffeenfad=d: |

EfT |
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i4

16

18

20

22

24

26

28

30

32

34

222

AT FgyrdMiTET auan: &t graga Yaky | g
@ farsg I 7 oY gehed qaachEsh AT U Ud
Wy | U SARNU AR &ATed NSITeosSeimaeas: ||

FAGURT: | TF [@RIATIGH GIWIETOI] ol | anng
FRIPRIA TEH | I: "IEET ERas QI g1gAT TUBRRERR
VTRIETE-1a8A TURaT a0 | 7Y ag7 TRy s
VIS JEUSfRGE: Hivaar vaky | JAnmE godag wisas_ |

7y AP 3Ry IR @ed s senfe wwEtw
Frgeed] U forami IgirgTe IgUrTTReT ®II ) A
FRAUEUIIET WA | 9 "3EEd WEeas Qg @
framy uedRTEEE arTt 3Ry Fear ST aderanat e
vgg: | WY UAITAES Jig R | RIS aaHe 'O
THAIETdT U VIR | 9T ORI | vd A AETIEE: W
HA EFRUTYRT SEFMUETYT @ SaEUEeRdY | QU7 g IS
B oy Fhern weRn urEnsty 3 et segemear |
TgHH_I!

FOUTSY RO uvsafanidfefy o

=y e sk fafisduiiar: Soavedn: gERIIRgTH
gaTe: Rudy tRdw o= fRFad | wuEr dude waY fum o7 gsod
gt FouRefel framsty T emmdE vafa ) wy dudadrfa
TEAUEGE ' ARG HEG AT HRTAT | A gl
Toohch O Ieosfeedieaa afe &feenfafar

YAfT |l
<FYST YPTER T4 SQ=aa: |
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TQ: GEEEAT SeUMSIIETgagard Y>>

TR FUA:ATRIeaTEl Fafaehd TQIsafaesd Ua | =Y Jieaed
faeraeaTesfardt fomil gHT| =T @ F TURRHIGT 3gau=H_ I

#16. JNERIT TS TEPNSATS VTS | FANGT RIS |
TNt HfEm Faniits sifidEnfiedgient @Y aeg
STt wad: | T g qeced bWt @ETa® 3R | aaggue_ |

#17. I s TG TQ WIS | TeF Fie: HERATQT WISH:
HigAIT B¢ | T ik WU TS @IS | TEHEAT gena
ggedreturgEsnitmEaareAng] FtmEETIIngt Wi e aran |
gy FHeqiRmEr yar i slskeeds gigsertarftrmar Ta
TadafEa: | vd Heaaay yIEggEe ssaHdy g hih
TaEET | T TR gfgaar kT

#18. TG SETEARATIMETETUR] TEUTUENR] PlgwhTehos
W | IS IR @ Sfgnieaa st 3 e @
g HigASet] W | I% ST 0T HigAost FHoan | I g
T HfgAce] e | I gt Il | JeTcsheahiaferT
TE: TR | A oaEds Il @09 Hignks Ff o | o7 3
faermads IR RETRE o) AEETga
RUATS: Hvgd! aa: qEUTSIIERST U ey
faPoradvcdTitpdaa e eNd | SEFIARAT TURRIGIRS =Ry
uegr fE e AR yadiicag 3 vy ghefaeoediik o

IUGS & U UGT Mafiy | adr aranfaqed 8 AR afy agadd
gerpa TIoERe | TSRfgET & ONge aff TS TR | 8@
Igus fegd afd wray IR WY AT Ut it
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14

16
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gHed I F PG FeaT FEhRAT Y T 8 U 9IS | qumg &
&3 3% © T v | WY IWHW L AT I USRI EI:
Vo | FRAT TTHA T Fell WIU: vy PEhGURHT: &R

YET BTG &3 I ¢y TO: vo | Y I fPr@ e g Iy
VRTUERA I tvo | HAT TUST g3 &t WIST: | § TF e |
A Fghd UF T ew | A FEard TR ug: 6|
Iyl Il | BTEG @7 V| T Fehd TUH § TIGITAH_ ||

HASTBWHE | o TsFHeT: 37 |

<%H: gsEfieqr fygaftasedr
gHTEASISY § Ua Ui
TATEd:  wIfEgafiAyedT
IGEIT Ig TR usen>

|
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2. Apparatus Criticus to the Above Appendices

Appendix #1. (See App. Crit. for p. 10, 4 of Text Alpha.)
Line 1. g7 ... I om.B || Line2. @& ] @M B,

TN L, °AR-M&Ee T | *w&@qEfa® | °w@ai@® D, °Fia® Le
(except W) ||

Appendix #2. (See App. Crit. for p. 12, 17 — 18 of Text Alpha.)
Line 1. ??f om.{ ||

Appendices #3-4. (See App. Crit. for p. 17,5 - 7 and p. 19, 15 — 22 of Text Alpha.)

Nil apparatus criticus.

Appendix #5. (See App. Crit. for p. 33, 8 of Text Alpha.)
Line 1. °Falgou+ IM, °Bdyg+ W | Line3. °GFT DT | /T +

T LT || Line5. °GUARF° BT, °UARG° { (°goURP° H) | °geg

LD | dr: gy 7Ta: om. M ||

Appendix #6. (See App. Crit. for p. 36, 7 - 8 of Text Alpha.)

Line 1. Wt om.B | & & | °#@hfeaa” T, “d@gfesa® D i
Lines2-4. ¥ T&9T ... 9O om.L |} Line2. & om. T, ¥ B ||

Appenrdix #7. (See App. Crit. for p. 39, 17 - 22 of Text Alpha.)
Nil apparatus criticus.
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Appendix #8. (See App. Crit. for p. 40,23 —p. 41, 4 of Text Alpha.)

Line 1. el + =UT6: €9 4 & W | GHEHWE B 2 H 3 |
YT =TR: &€ %0 3 W P 9o P &o | HANY goATy wurfy
QR I . | W o &R0 govart et 7

FedT L || Line2. ¢ BDM || Lines2-3. °%d .. °HW° om. B ||
Line3. 3 ] 4 8 || Line4. 4w BDM || Lines5-6. 35 wo & &o B ||
Line 6. *Tagq® T, °TagUeh° L, TagT° B | °HC + Wegedify
IR vo0 VA &9 too WY I o W Ugd &4y
gPraTafgafy T eaT I FC L | § ] 4 BDM || Line?7. &'
om.B | 4 BDM || Line8. 3 DM, § B | * BDM | TQ<u4A D,
Iggegs T | U ] Y BLH || Line9. 3 } &% 3 BDM |

Appendix #9. (See App. Crit. for p. 41, 19 of Text Alpha.)

Lines 1 —2. 37 ... Wafy @uT om.LT || Linel. fg ] f& (T in
the left margin W') || Line2. T wafy TohT° ] spaceinB | 7 in the left
margin W (from Krsna’s BP,p.77,5) | W<y 3IHT° ¢ || Lines2-3.
v e AP .. 1]'[‘5]1:[: om.)D | °F&T ... °Y: from Krsna’s BP,
with a few additions (see p. 77, 5-6) || Line 3. T/ + spaceinB, Tmafey ¢
(corrected to T wh

Appendix #10. (See App. Crit. for p. 41,23 —p. 42, 4 of Text Alpha.)

Nil apparatus criticus.

Appendix #11. (See App. Crit. for p. 42, 10 — 17 of Text Alpha.)
Linel. o5 ] A5 N |
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Appendix #12. (See App. Crit. for p. 44, 13 of Text Alpha.)
Line 1. O{ ISfeAT Hvshwd) AUAS from Bhaskara's BG, p. 24, 17 |

NS 1, AGuIT S, TuwRd H |

Appendix #13. (See App. Crit. for p. 45,7 — 8 of Text Alpha.)
Line 1. &7Tst .. v&0 from Bhaskara’s BG, p. 25, 10-11 |} Lines 1-2.

23 .. °fOfRS° om.B || Line2. *figrg M | wEfyafafy | vdfad a3t
FONAHGARSP O G-I &0Y gReg 5o a=ainfy aguaegreht:
WA GeHReay: (from Krsna's BP, p. 82,20-22) S; Tafaofafy + wafady
Tty HONAHETERFOA FAIHE &Y gRer 5o a=d (from
Bhaskara’s BG, p. 25, 12-14 or from Krsna’s BP, p. 82, 20-21; with slight modifications)
+ F AE suieguoRrt Id: Fafageqiy (from Bhaskara’s BG, p. 25,
14-15, with slight modifications) H | FCIEW\} EL e ‘(from Krsna’s BP,
p.82,22)S ||

Appendix #14. (See App. Crit. for p. 52, 14 of Text Alpha.)
Line 1. ST & .. QT om.B | YT F .. °HIgaw® om.L ||

Lines 1 - 3. JUIERYGT ... TTeF om. T || Line2. FTTaw WS |
vy ¢ 11 Line 3. °garfug M | °miffssr y(°arfliss: T) 11
Lines 3 - 4. °GERIAEQT ... 399 _om.B ||

Appendix #15. (See App. Crit. for p. 53, 14 — p. 54, 19 of Text Alpha.)

Line 1. Y om. BT | EFNTW‘E%I ] g@rﬁﬁﬁa’ (space +
WS B) + dagif (TeGRT T%gfy B) | I% *qM™ @iy @
E@® Y afy (U + space + T B) TN gaaq (Jded B) +
UES BT || Line2. °HUFR° ] °HU° W (T add. W' in the top
margin ), °IEVIITF@I’° IM || Line3. @® 3fT om.S || Line4. Verse53a. S, +
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54b. S (S has 53a. and 54b. together; H has 53b., 54a., 53a., 54b., and 55a - b. together,
see Apparatus Criticus for Text Alpha, p. 53,line 1) | & 99T S || Line 5. &F°

.. G om.B | aﬁz ] 9#t IM || Line7. Verse 54b. @ (see line 4 above) |
FfIART S I Line9. °8% ] °%& IM ji Line 11. 703y ] =y I
BUAY iy JUT F=IT BT 18 §) Line 12. °HTTEW L, *uiTEQ@ B |
Line 14. TaTed ] W<h=d W, AT IM, WF S, WSPR(_H || Lines 15~ 18.
HAQUR: ... {TSGH_borrowed from Siiryadasa’s GMK (see Wai, PPM 9762,
£.119r., 1-4) || Line 16. °8C ] °&7° BD, °&C IMS || Line 17. 39
TW || Line24. ®@<d ] 7[ed v | °%sL° IM | HIERTNIE IM || Line
25. °BRd B(°BRAY T, °BA IM) || Line 26. °Faqr ] &G B |
GHeIT L, 3ed] IM §] Line 28. QT WTST %Q &9 B || Lines 29 - 33,
Y ... *9gGfd borrowed from Stryadasa’s GMK (see Wai, PPM 9762, f. 119r.,
4-7) || Line 30. °8NW LD || Line32. 8T vy | &I + § IM || Line 34.
HUIfT om.S |j Lines 35 -36. Verse 55a-b. S (H has 53b., 54a., 53a., 54b., and
55a - b. together) || Line 36. °ry ] °a@ifgfr S 11 Line 38. faapa® ]
faepfre we )

Appendix #16. (See App. Crit. for p. 64, 24 — p. 65, 6 of Text Alpha.)

Lines 1-2. ¥g° ... HFEATUY om.IM || Line 1. °&9W 70
TEnfie°® om.{ | WY BT | If§ &@nfiE® L || Lines1-2. °SY ..
°Znfi®AT° om.B || Line 1. HdIs¥ | IaIsd LD, Ia+F T |
ThiRITO: LT | SFhdiqaid: D || Line2. °@%wW at H | Sfered s |
af& enfi®q LD | shrifag® | &% T, FIT° S || Line3. g om.D |
qeRedl® ] FEl° B, Iq &E° D, £N° T, desN® IMS | &@EC ]
W D, &G81° I, @18T° M ||
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Appendix #17. (See App. Crit. for p. 65,23 — 24 of Text Alpha.)
Lines1-2. IS ... @ om.M || Line 1. Jo ... FfZ: om. ¢
(add. W' in the bottom margin) || Lines 1-6. 2g .. SRT borrowed from
Stryaddsa’s GMK (see Wai, PPM 9762, f. 12ir., 5-8) || Line 1. Seq° ]
FHedT LH, &g DTS || Line 2. UGHIAT D, UaHES 1S, Vaash H ||

Line 4. SHoqQieaHaT B, Hoqiea®T L, HeqREFEaIEMEr 1,
FHEIRHTAEET S | YISIT: {(except H) | QT B, 7RO DTIMS || Line 5.

HocgEaaifsr LT, SeamuT B || Line 6. TI9g° B (except BDH) ||

Appendix #18. (See App. Crit. for p. 66, 2 — 20 of Text Alpha.)
Line 2. 0" ] ST B, &0Y IM || Line3. 39! .. szar

om.B || Lines3-4. 3% .. fyehor:' om. T || Lines4-5. “H@Isy_ ..
&st] om.B || Line 4. W\] °FANT T, °Ad ¢ | TEHR ] J&T M ||
Line 5. 7T&: ] =t WIS, =3 M, & 0 (S in repetition) | shhrdd TE |
°s%F H || Line 6. fashehaasaY: B (exceptL, fyssadw H) | Line 7.
°fUsh: B, °¥9: LD || Lines7-8. °q Io: ... °§éﬁ° om.{ || Line8.
TUHTRITTEET | TUHTRIAHTIT BD, ORI H || Line 9.
g ] IS { | 3 IM | Heay L, FeI I, HFEET M |
fyfepa D )

Appendix #19. (See App. Crit. for p. 69, 11 — 12 of Text Alpha.)

Line 1. T[QeH! ... TWIA: from Siiryadasa’s GMK, with slight change (see
Wai, PPM 9762,f. 122r.,4) || Lines2-3. R ... 8 om. B || Line 3.
°UTST° om. B, °WTSF° DTL || Line 6. °Ba6° ] °Ag° { (except W) ||
Line8. %Y ] &I {(exceptH) | BX om.{, 8 B || Lines 9~ 10. °QEIT:
. 'ﬂEr°2 om.B || Line 10. #A7° ... ?¥ misplaced after line 11. F5g° { (after
line 11. Fgah° S, afterline 11. UF H) | TqHA T¢ |1 Line 11. TF
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%g° om. H | FghT | PeeT L(FPede T S, o H) | TW: |

Line 12. F&° ... 3fJ from Stryaddsa’s GMK, with little variation (see Wai,

PPM 9762,£.1221.,6) | °f9E: ] °f3&7 IM || Lines 13- 16. Verse 67a - d.

H || Line 17. €I5¥_from Suryadasa’s GMK (see Wai, PPM 9762, f. 122r., 6) |

werf L
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CHAPTER V

TRANSLATION OF THE TEXT ALPHA

THE SURYAPRAKASA

Written by the venerable astrologer,
the scholar Suryadasa

(A commentary on the Bijaganita of Bhaskaracarya)
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1. Principles and Conventions Followed in the Translation

A. A Literal Translation

A translation as literal as possible has been provided. It is conventional among
most historians of the mathematical sciences in Sanskrit, and in Arabic, Akkadian etc. to
translate literally so that the reader can get a better idea of how the mathematicians thought
about their material and thereby know what the basis is for interpretation of that material in
terms of modern mathematics.

Modern mathematics has a formal, logical structure which medieval Indian
mathematics does not have. The modern mathematical meaning cannot be given in
translation, because the Sanskrit expresses something different. As a historian, one has to
be aware of the difference between what the Indian author actually says and how it might
be expressed in modern mathematical terms, if it is so expressible. This is why we
provide a commentary. It gives our interpretations and justifications in terms of the
historical context in which the text was written. Giving a modem non-literal translation is
imposing an interpretation on the original text of the author. This interpretation is what we
are supplying and not what the author is writing.

If one were to translate directly from Sanskrit poetry or prose into mathematical
formulae, one would lose the possibility of conveying to the non-Sanskritist the
arbitrariness of any particular interpretation.

There are three particular problems with the Indian mathematical texts:

(). Style—When only the part of the rule is given by the author and the rest has to
be supplied by the reader. An example of this in our thesis is Kryabhat_a I's(b.476 A.D.)

verses 32-33 in which he describes the method of kuttaka (see Chapter VI, section 4.F.).

(i1). The Use of the Technical Terms Which Have No Correspondence in Modern

Mathematics—For example, the term karani. This term is not the same as the square-root,

because on the one hand, Bhaskaracarya says that the square-root of a negative number
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does not exist because it is not the square of a number (BG, 7d, p. 4). But on the other
hand, in the rules for karani (BG, 27c-28b), Bhaskaracarya says that the square-root of a
negative karani is a negative number (BG, 28a-b, p. 13). For example, karani 25 yields
the number —5. So the text itself differentiaies beiween karani and square-root. Thus there
are ambiguities.

(iii). The Use of the Same Term in Different Mathematical Meanings—For
example, the term rupa. On the one hand, rupa means number 1 and on the other hand, it
means any number. .

Thus we have given a literal translation of the Text Alpha and have provided a

commentary.

B. Other Principles and Conventions

In order to facilitate the reading, complete verses from the mula have been
translated, though Surya, except in a few cases, mentions only the lemmas.

The remarks in parentheses have been supplied by the translator. Quotes have been
used to replace ‘iti’ (see e.g. p. 11, 17) of the Text Alpha or to define some expressions
which have no iti (see e.g. p. 9, 22 “svam”).

Note that in the preceding paragraph “p. 9, 22” means page 9, line 22. This format
is followed throughout the entire thesis. In the present section, all such references are to the
Devanagan page numbers of the Text Alpha.

The dot representing a negative number in Sanskrit has been transliterated as the
usual negative sign, —. Furthermore, though the manuscripts of the Siryaprakasa use no
sign for plus, the sign + has been introduced in the commentary wherever ‘plus’ or ‘sum’
is intended in the Text Alpha (see e.g. the commentary on verse 36¢-37b).

The danda has been replaced by “(and)” when it appears between two numbers or
expressions (see e.g. pp. 9, 16; 19, 6; 34, 6-7). At one or two places the danda has been
replaced by *“(or),” as, for example on page 36, 5. Furthermore, the danda between two
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numbers which are written in the sexagesimal system, has been replaced by a semi-colon;
e.g.onp. 24, 11.

If there is no separation sign between two mathematical expressions in the text,
then “(and)” has been used in the translation (see e.g. pp. 26, 3; 28, 20). Also, in many
places in the text the senses of “addition” and “(and)” are interchangeable, thus we may
find “(and)” in the translation while “+” may also be implied (see, e.g., pp. 34, 1-2;
36, 18-19).

The horizontal line between the numerator and denominator of a fraction is not
found in our manuscripts (see e.g. p. 45, 17), but has been used in the translation. A
fraction in sexagesimal system has been translated using a semi-colon and commas (see
our translation and commentary to the Text Alpha (p. 45, 18). The coefficients of the
unknowns which appear to theilf right in Indian mathematics have been transliterated as
they appear in the manuscripts. For example, (p. 20, 17) 4T 3 & R has been translated
asya -3ru-2.

The reader is reminded that integers (rupas) greater than one are in the plural in
Sanskrit (see e.g. Verse 44a, p. 44, 9). Furthermore, the original form of phrases like “a
quartet of ones,” which means simply the number four, has been kept in the translation
(see e.g. Verse 6c, p. 11, 8).

Finally, a glossary of technical terms has been compiled for the convenience of the
reader.



2. <Text Alpha, First Chapter>

<Preface>

Obeisance to Ganesa. Obeisance to Sarasvati. Obeisance to the elders.

1. On whose forehead is the Moon, at the opening of whose pair of lovely
eyes are the eight perfections; on the throat of whom the son of one (§iva)
whose throat (is clung to) by Sri , is the gleam of the excellent jewels on the
hoods of the serpents (like the gleam of) the jewel of the day (i.e., the Sun);
at the edge of the seat which is his (§iva’s) lotus-like feet sits he who has a

swarm of bees on the surface of his head (like) Brahma and so on, whose

light has endless power—may he, called Ganapati, protect us here.

2. Saying “Oh Krsna” (or “Oh dark-blue one”) I adore that certain source

(or algebra) which wears the unknown (yavat) as (or just) a garment
splendid with the colours black and blue, yellow, white, (or) red, and
(wears) a string, a type of necklace, as if with laughing lower (lips) (or a
chain having a sort of division as if by means of easy lower (numbers)),
which is an origin called the unmanifest which is known by those whose
purification is constant (or a root called the unknown which is known by
means of equal subtractions), or which is to be understood by the intellect

from an excellence of discipline (yoga) (or from a type of addition).

3. 1, who have gone to the lofty further bank of the treatises on arithmetic,
the pulverizer, and algebra (bija) because of my understanding that was
produced by a small particle of grace from his lotus-like feet, and who
know the meanings of the teachings on meters, rhetorical adornment,
poetry, drama, and music, praise him, my own father who has the highest

virtues, my teacher, Jiianaraja.

235
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4. The sun-rise of good understanding which destroys the night of
confusion as if it were the union of two ruddy geese (or of two disk-like
sky-goers (i.e., the Moon and the earth’s shadow)) in a circle, which

gladdens the lotus-like mouth of the poet in the distinction of the two

meanings of ganita (i.e., arithmetic and algebra) (or of two counted

meanings), which fills the direction of (the god) Indra (i.e., the East) of the
gods (or of the learned) reddened as if by (or devoted to) the sentiments

such as that of love, and constantly firm in Visnu’s place (i.e., the sky), is

victorious.

5. Thinking: “Let there not be a burden of toil for the bewildered whose
minds have departed (or who are dead) and who desire a crossing (or seek
emancipation) in the glistening ocean of algebra (or in the ocean which is
the source of the manifest) whose waters are deep with (or fordable by)
various contrivances,” I, Surya the calculator, whose mind is attentive and
compassionate, construct at once this measured (brief) boat of a

commentary.

6. The meaning of the first syllable of a mantra (bijaksara) (or of the
symbolic syllables used in algebra) is hard to grasp at first; how is an idea
(or a demonstration) in this matter to be considered? Nevertheless, I,

Surya, of lofty intellect, make intelligible bija (algebra) together with its

origin.

By Brahma »  took on a body as a favour to all the worlds which exist in the

middle of the three-world (universe) which glitters with the charm of various rituals within
the temple which is the Brahmanda which is arranged in the form of different beautiful

regions where wide-spreading night is shattered by the discharge of a mass of
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unfragmented burning hot rays from the disk of the excellent Sun (i.e., Bhaskara

and Surya), (by Brahma) who desires the usefulness of the excelience of the ritual actions

that yield the fruits of the other world and of this one Jyotihsastra was created, the
foremost of all the sciences (agamas) and angas (of the Veda). That Bhaskara (or Sun),
whose body was revealed in order to lift this world up when it had been destroyed by the
power of the time of the Kali (yuga), in order to help it when it had been struck down by
the darkness of ignorance, having written the manifest mathematics (arithmetic) in
accordance with his expressed plan, desiring to expound this exceedingly difficult
mathematics of the unknown which is algebra (or the origin), at first, with the wish to

accomplish what had been begun, effected by himself the auspiciousness which is in the

form of a reverential salutation to a deity (Ganapati) in accordance with the standards of
behaviour of the cultured, the necessity of making which (ganita or mangala) was made
known to him by his hearing what is inferred from the behaviour of the learned that is
distinguished by its being the special cause of the removal of the obstacles which impede it.
Having joined it by means of words having several meanings with usefulness to students,

he ties it together with the Upendravajra meter in a verse (beginning): “The generator.”

<la-d. The generator of the intellect I praise, which the wise men (or
Sankhya philosophers) declare to have been imbued by the existing Purusa,
the unique source of all that is manifest, the unmanifest lord, and the

numbered.>

“I praise the lord of the intellect,” this is the (grammatical) connection of the verbal
action and the instrument of action. The meaning is: “I praise, (i.e.) I salute, the lord of the
intellect, (i.e.) Ganadhipati. Here his (Ganapati’s) lordship of success and intellect is really
established from the evidence of the traditional doctrines and the teachings. Surely in this
paying homage to (him) just as the lord of the intellect if (one asked) “what is the cause?,”

(the answer is that) it is not (only as such). Since, because this science of the unmanifest is
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uniquely feasible through the intellect, such a god (as the lord of the intellect) is to be asked

by us (for assistance), having this in view from the beginning, the teacher shall speak.

“Algebra (bija) is indeed thought accompanied by various colours. (The
thought) which, for (its) usefulness in awakening the dull (witted), has been

spread about by their and other teachers who are Suns to the lotuses that are

computers, arrives at the state of being called ‘bijaganita’.”

Suspecting that, in the non-obviousness of his bowing to his chosen deity, because
of ignorance of (the answers to such questions as) Who is he? and of what form?, this
obeisance to him would lack authority, he indicates the authority by a distinctive statement:
“The generator.” Of what sort is he? The generator of all that is manifest (or: of all
arithmetic). Krtsnasya (means) “of all,” vyaktasya (means) “of a solid effect such as the
earth and a mountain,” and utpadakam (means) “maker.” Furthermore, from the
definition “an intelligent person (sankhyavan), a learned man (pandita), a poet,” sankhyah
(means) “wise men.” They declare that that which is unmanifest is imbued by him, the
existing Purusa, by which existing Purusa the unmanifest (i.e.) the “formless,” the sky and
so on, is imbued (i.e.) “pervaded.” This is its meaning. The reasoning is that an object
that is coming into existence implies a maker. So this also with its being an object as the
cause will result in having a maker by the example of a pot. In this case the maker happens
to be the highest lord, because only he is regarded by us as having attained the state of
having the attributes of Vighnesa by means of an object. The application of this in the case
of its being in the state of having a maker is well known in Nyayasastra. It is that: “The
earth and so on has a maker because it is an object like a pot.” By the (statement)
beginning “The unmanifest is inhabited” is indicated the all-pervasiveness of him who
pervades time and so on. From the meaning, “this is accompanied by eternity,” (his)
eternity also (is known). Of what sort is the numbered? He is numbered because, being

without number, he has become a multitude—that numbered one (I praise). The intention
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is that, even though he is the lord himseif, modifying himself by appearing to be Mahesa
(= §iva) because of the characteristics of his actions, having appropriated the state of being
the overseer of multitudes with the appearance of being Ganadhisa for the sake of
producing the activities of others (and) for the sake of manifesting greatness in the
characteristic of his own form, he agreed to exist as master and as servant in unity. Again,
considering “‘of what sort (do I serve),” he says “ekabija,” i.e. he for whom there is one
bija, i.e. syllable. So one must meditate on the fact that this was said with the sense of the

one-syllable mantra of Ganapati. And so the highest meaning of the verse is Ganapati.

Now, because of the force of the tradition that:

“Whose highest devotion is to a god, and to his teacher as to his god, of that

great-souled person all the purposes are illuminated,”

with this verse (which begins:) “The generator” he bows down to his teacher, who taught
him this science of the unmanifest, Mahesvara, his father. The (grammatical) connection
there is: “aham utpadakam vande.” A father is a generator because he generates. The
meaning is: “I praise—i.e., I bow down to—that generator—i.e., (my) father.” Surely ¢he
operates) with the etymology: “he is a guru who gmati—i.e., teaches” and with the fact
that “father” is a meaning of the word “guru” from his being incited (bodhana) to pay

obeisance by his memory of him. But here, fearing that bowing down to his father as the

generator appears to be inappropriate as if it were because of affection, he says:
“Buddheh” (of the intellect). What sort of generator? A lord of the intellect also. Because
of the force of the meaning of the fifth (genitive case) of the word “buddheh” in the sense
of “obtaining control of,” he is a lord (of the intellect) because of his knowledge. The
acarya, having it in view that, if his being a guru is established by his being the cause of
knowledge, then bowing down to him is appropriate, will make manifest that his father is a
guru (teacher) at the occasion of the conclusion of the book as follows:
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“He who was known on the earth as Mahesvara has attained the epithet,

“best of the acaryas of the wise.” Having obtained a minute quantity of

knowledge from him, his son, Bhaskara, made algebra (bijaganita) easy.”

Now wondering what would be the superiority in paying obeisance to him on the

occasion of speaking about the computations of the unmanifest, he reveals iis superiority

by the device of a second connection (with the word) “sankhyah.” Sarnkhya (means)
enumeration, counting. Those habituated to this are Sankhyas, i.e. followers of Jyotisa.
They say that the calculation of the unmanifest called “bija” is imbued by the existing
Purusa. The intention is that in that with respect to which occurs the activity of the author
of the book it is necessary because of its being possible because He is its imbuer. “For
those dull-witted ones who think that, although doubt about this does not arise because of
the illumination of the cleverness of the calculation of the unmanifest, in one of two
possibilities is the obstruction of the other, was there or was there not an experience of his
manifestation?”—in order to dispel this doubt he specifies the unmanifest with (the word)
“vyaktasya.” Of what sort is the unmanifest? It is the unique source of everything that is
manifest; that is to say it is the unique source, that on which it depends, of the manifest i.e.

of the calculation of the manifest, whose other synonym is Patiganita (arithmetic). The

intention is: “The wise composed this which depends on that.”

Thus is the second meaning of this verse, relating to the supremacy of the guru
(teacher/father). Indicating that he himself understands Sankhya philosophy by the pre-
eminent character of his devotion, revealing his cleverness by means of a pun, joining two
meanings with words such as “avyakta,” with this verse (which begins): “Utpadakam” he
salutes his chosen (deity) who is also the deity of the science. The application is: “I praise
this reality which is called “the unmanifest” (avyakta) whose other synonyms such as
being the cause of the equilibrium of the gunas are not expounded.” Thinking “what is
this?,” he proclaims (the phrase beginning): “Yad.” The Sankhyas call that which is the
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unmanifest imbued by the Purusa the generator of the intellect, which is a mahattattva
(“great reality”). (This means): “The Sankhyas are so-called because they teach the sastra

calied Sankhya, (the science) which treats of twenty-four tattvas (of which one is

intellect).” Because of (the rule): “He studies that, he knows that,” (the suffix) an (is
applied to the word “sarikhya™ to produce the word “sankhya”).
The meaning is this: The Sarikhyas believe that the creation (of the world) is from

just the binding together of the Paramatman and Prakrti, another synonym of unmanifest,

by means of the production of the realities (tattvas) beginning with the intellect. So has it

been said by Bhaskaracarya in the Siddh?mtaéiromar_ti that he wrote (with the verse)
beginning:
“From which came into being the great (intellect) from Prakrti and Purusa

when they were agitated, (and) in its interior self-awareness.”

So (it was said) by the feet of our father in the Siddhantasundara (with the verse)
beginning:

“The tattva that is intellect (comes) from the union of Prakrti and Purusa.”

Wondering what the means of knowledge might be in this case since it is unmanifest, he
states: “of the manifest.” Of what sort is the unmanifest? It is the unique source of
everything that is manifest; the unique source, that is, the cause, of what is manifest, that is,
of what has attained manifestation, the earth and so on. The meaning is that the unmanifest
is known by its being the cause of everything, of the whole, that is manifest. Again of
what sort? The meaning is: a lord, that is, one who is powerful because he accomplishes

such actions.

Now, since computation is praiseworthy and has the form of the lord, he praises

computation also with the figure of a pun with the same words (beginning) “Utpadakam.”
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The connection is: “I praise that mathematics called “avyakta” (algebra) whose other
synonym is “bija.” Thinking “what is that?,” he proclaims (the phrase beginning) “Yad.”
The Sankhyas proclaim that what is imbued by the existing Purusa is the generator of the
intellect. By the existing Purusa, that is, by the Purusa who has qualities like
pervasiveness, imbued, that is resorted to, is the generator of the intellect. The meaning is
that the Sankhyas, that is, (those who) do “sankhya,” counting, those Sankhyas who are
calculators, proclaim (it). (The suffix) ka (is applied because of the rule Panini 3, 1, 136):
“Also after (a root ending in) a in an upasarga (a word in which there is a prefix).” Again
of what sort is it? The unique source of everything that is manifest. (That means): the
unique source, i.e. the cause, of the manifest, that is of Patiganita (arithmetic). Again of
what sort is it? The lord (isa). The meaning (of the word 1 sa) occurs that it is the one in

whom (any) desire is unopposed.

Having established the auspicicusness characterized by paying obeisance to his
chosen deity with the first verse, now, beginning the book, the teacher, praising bija with -
the dodge of telling the usefulness of beginning it, with one salini-verse telis (the verse

beginning): “Previously mentioned.”

<2a-d. Previously mentioned (in the Lilgvani) was the manifest whose
source is the unmanifest. Since generally questions cannot be very well
understood by the dull-wited without the application of the unmanifest

(algebra), therefore I tell also the operation of the bija (algebra).>

The sequence is: “Previously mentioned was the manifest. Therefore I tell the
operaticn of the bija.” Thinking: “Why therefore?,” he says (the phrase beginning):
“Yasmat.,” From which cause generally questions cannot be very well understood by the
dull-witted, that is, by those of little intelligence, without the application of the unmanifest
(algebra). The meaning is that (the questions) are excessively difficult to understand. The
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manifest of what sort? Avyaktabijam. That is avyaktabijam whose source is the
unmanifest. The meaning is that the calculation of the unmanifest has become the cause of

the manifest.
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3. <Text Alpha, Second Chapter>
<The Chapter Concerning the Six-Fold (Operation)>
<A. The Six-Fold (Operation) of Positive and Negative (Quantities)>

Now in connection with describing what is to be explained in the treatise, with
respect to all (operations) such as multiplication and division, because of its priority he
speaks of the addition and subtraction of positive and negative (quantities) by means of half

an Upendravajra verse (beginning): “In addition, the sum occurs.”

<3a-b. In the addition of two negative (quantities) or of two positive
(quantities), (their) sum occurs; the addition of a positive and a negative

(quantity) is (their) difference.>

The (syntactic) connectidn is: “Of two negative (quantities) or of two positive
(quantities) in the addition the sum occurs and of a positive and a negative (quantity) in the
addition the difference occurs.” “Ksayau” (means) a negative (quantity) and a negative
(quantity). Of those two negative (quantities, i.e.) of two that have become negative, and
likewise of two positive (quantities, i.e.) of two which have become positive, when the
addition is made, just the sum is the addition because of the mutual homogeneity of those
two (quantities). And here it should be understood that the addition of two positive
(quantities) is a positive, the addition of two negative (quantities) a negative. So in the
addition of a positive and a negative number, there is just the difference because of the non-
homogeneity of these two (quantities).

The demonstration in this case is (as follows). For instance, in the Grahaganita
(the computation of (the longitudes of) the planets), when the correction due to the haif-
equation of daylight and (that) due to the difference in risings is made for the sake of
computing the true (longitude) of the Sun, if both were negative, then it is accepted that first

(that due to) the difference in risings is to be subtracted from (the longitude) of the Sun,
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and then (that due to) the half-equation of daylight is to be subtracted from that. Now, for
the sake of easiness, even when the sum of the two (quantities) is subtracted, the result is
the same. Therefore it is clear that the sum of two negative (quantities) is negative and the
sum of two positive quantities is their sum. In this case, (the correction due to) the half-
equation of daylight is seen to be negative and (that due to) the difference in risings
positive. And so it is demonstrated that, when first (the correction due to) the difference in
risings is added to (the longitude of) the Sun because it is positive, afterwards when (the
correction due to) the half-equation of daylight is subtracted because it is negative, then,
because of their non-homogeneity there is left (their) difference as if they were camphor
and fire.

When the addition of a positive and a negative (quantity) has been made in this
way, in whatever remains the state of being positive or the state of being negative is to be

known as that which pertains to the larger number. And it is said:

“In the addition of two positive (quantities) occurs a positive, and in (the
addition of) two negative (quantities), a negative. In the addition of a

positive and a negative (quantity), it is like the larger number.”

The demonstration in this case is (as follows). It is clear that in that (previous) case
the sum of two positive (quantities) is a positive. So when it is asked by someone:
“Subtract from ten, four and three,” when at first four are subtracted from ten, then the
remainder is measured by six. From that also, three again are subtracted. Then the
remainder is measured by three. Now, because, for the sake of easiness, when the sum of
four and three is subtracted, then also the remainder is just three; when one computes
(thus) it occurs that in the addition of two (numbers) that have become negative there is
negativity. Now, (with regard to the phrase): “as pertains to the larger number,” whatever
is known as the difference in the addition of a positive and a negative (quantity) by its being

(their) remainder, it must be known of which (quantity) it is the remainder, of the positive
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one or of the negative one. It is similar (in sign) to that (quantity) of which it is the
remainder. So it was demonstrated in the Grahaganita that, when the subtraction of the
latitude and declination which are in different directions is made, the remainder is the
accurate declination; in this case, the direction of the remainder is (the same as) that of

whichever (quantity) is the larger.

Now, for the sake of teaching students, he enunciates an example here, with the

previous verse (beginning with): “A triad of ones.”

<3c-4b. A triad of ones and a quartet of ones are together (both) negative or
(both) positive or separately positive and negative or separately negative and
positive. Tell me quickly (if) you know the addition of the two positive and

negative (quantities).>

Since here whichever (numbers) have become positive remain just as they were,
and “whichever have become negative have dots above them,” having established the sign
of positivity or negativity in this way, one should compute the addition and subtraction.
Sim:c the matter in question is computed thus, the (first) layout is: —3 (and) —4. Here by
the procedure of the sutra: “In the addition of two negative or of two positive (quantities),
(their) sum occurs,” the sum —7 is produced. Now again the layout is: 3 (and) 4. In
(their) addition, 7 is produced. Again, the layout is: 3 (and) —4. In (their) addition, -1 is
produced. Again, the layout is: —3 (and) 4. In (their) addition, 1 is produced.

Having described thus the addition of positive and negative (quantities), now he
speaks of the subtraction of positive and negative (quantities, with the verse that begins):

“That is going to be subtracted.”
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<4c-d. A positive (quantity) that is going to be subtracted attains negativity;
a negative (quantity) positivity. The addition of those (two) is as has been

described (previously).>

“Svam” (that is, a positive (quantity)), that is going to be subtracted attains
negativity. So “ksaya”—i.e., a negative (quantity)—that is going to be subtracted, “eti”
(that is, attains) “svatva—i.e., positivity. Then the addition of those (two) is as was
described (previously). The meaning is that it is as (in the verse) beginning: “In the
addition there is the sum.”

The demonstration in this case is (as follows). In that (verse), there is a succession
(of the terms) “the state of being one that is going to be subtracted” and “the state of one
that has become negative.” Therefore, the negativity of a positive (quantity) that is going to
be subtracted is easily accomplished. Now, when the negativity of a (number) which has
become negative is being accomplished, by the rule that: “in the absence of non-being
(there is) the necessity of being,” (therefore), by exclusion, there is positivity. Otherwise,
in the addition of two negatives there would be no sum. Therefore, it has been

demonstrated that a negative (quantity) that is going to be subtracted attains positivity.
Here he enunciates an example (with the verse that begins): “A pair from a triad.”

<5a-b. When one subtracts a pair (of ones) from a triad (of ones), (either) a
positive from a positive or a negative from a negative, and the reverse, (in

each case) say the remainder quickly.>
The whole has a clear meaning, and is understood from the book.

Thus, having described the addition and subtraction of positive and negative
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(quantities), now he enunciates a karanasutra on the multiplication of positive and negative
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(quanti_ties, with the verse beginning): “Of two positive (or) of two negative (quantities,

the product is) positive.”

<5c¢c-d. In the multiplication of two positive (and) of two negative
(quantities, the product is) positive, (but it is) negative in the multiplication
of a positive and a negative (quantity). But it is also explained in the same

way in the division (of positive and negative quantities).>

The (syntactic) connection is: “Of two positive or of two negative (quantities) in
the multiplication (the product) is positive. So in the multiplication of a positive and a
negative (quantity) it is negative. “Ca” (means) but. In division also in the same way is it
explained.” The meaning is that in the multiplication of two positive (quantities)}—i.e., of
two which have become positive—(the product is) positive. So in the multiplication of two
negative (quantities)—i.e., of two which have become negative—(the product is) positive.
So in the multiplication of a positive and a negative (quantity), (the product is) negative.
And in the division of two positive or of two negative (quantities) the result is positive.
And in the division of a positive and a negative (quantity) the result is negative.

The demonstration in this case is (as follows). It is known that in the muitiplication
of two positive (quantities) (svayoh)—i.e., of two positives (dhanayoh)—(the product is)
positive (sva)—i.e., positive (dhana). Since in the multiplication of two negative
(quantities) also (the product) is positive, when in this case (a quantity) which has become
positive is to be divided by (a quantity) which has become negative, the quotient is (a
quantity) which has become negative. Then again, when the multiplication of a quotient
which has become negative and a divisor which has become negative is being
accomplished, the dividend is (a quantity) which has become positive. Otherwise, because
of the homogeneity of the two negative (quantities) in division, addition would also occur

in division.
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But here, in an example, the dividend (is) 6, the divisor —3. In this case on account
of (the line) beginning: “But it is also explained in the same way in division,” the quotient
in the division is —2. So it has been demonstrated that when this divisor -3 is multiplied
again by this negative quotient, as the result produced is the previous dividend, this 6 (is
produced).

So here the demonstration (of the line): “But it is also explained in this way in
division” is (as follows). When division of a negative dividend is being carried out by a
negative divisor, because of the procedure of the sutra: “That is the result by which the
divisor when multiplied is subtracted from the dividend (without remainder),” (the
quantity) by which the divisor when multiplied is subtracted from the dividend (without

remainder) is ;ust positive. So it has been demonstrated that just that is the result in
division.
Here he enunciates an example (with the verse beginning): “A positive by a

positive, a negative.”

<6a-b. A positive pair is multiplied by a positive triad, (or) a negative by a

negative, (or) a positive by a negative. What is (the result)?>

And (he enunciates another example with the verse beginning): “An octet of ones

by a quartet of ones.”

<6¢-7b. A positive octet of ones is divided by a positive quartet of ones,
(or) a negative by a negative (or) a negative by a positive, (or) a positive by
a negative. Say quickly what this (quotient) is (in each case) if you

understand (computation) thoroughly.>

It has a clear meaning. It is also exemplified in the demonstration.
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-Thus he enunciates a sutra which has obtained its order immediately after the
multiplication and division of positive and negative (quantities) for the sake of (taking) the
square of positive and negative (quantities), (with a verse that begins): “The square of a

positive and of a negative (quantity).”

<7c-d. The square of a positive and of a negative (quantity) is positive. The
two square-roots of a positive (quantity) are positive and negative. The
square-root of a negative (quantity) does not exist because it is not a

square.>

The grammatical construction is: “Of a positive and of a negative (q‘uantity) the
square is positive.” Here (by the term) “svamayoh” is to be understood “of two positive
(or) of two negative (quantities).” So he describes the condition of being positive or
negative when the square-roots of squares which have been produced are being taken (with
the words): “The two square-roots of a positive (quantity).” The meaning is that the
square-root of the square of a positive number is positive and that (of the square) of a
negative (number) is negative.

The demonstration in this case is, however, to be understood as like the
demonstration in the multiplication of positive and negative (quantities). Now he describes
the condition of the square-root of a square which is negative (with the words beginning):
“No square-root.” The square-root of a negative (square) does not exist. There is the non-
existence of the square-root of a negative—i.e., of a square which is negative. (In an
answer to the question:) “For what reason?,” he says: “Because it is not a square.” This
is the meaning: because that negative square is unassailed by the characteristics of a
square.

Three are negative and three are positive: —3 (and) 3. In the multiplication of both
there is the non-existence of a square because of (their) being unequal. The idea is that (this



251
is so) because of the application of the characteristic of a square {according to the words):

‘“The product of two equal (quantities) is a square.”

In this case he enunciates an example (with a verse beginning): “Of a positive

(triad) of ones.”

<8a-d. Oh friend! Tell me quickly the square of a positive triad of ones
and (that) of a negative. And quickly tell (me) separately the square-root of

nine having a positive nature and having a negative nature.>
Itis clear.

Thus the six-fold (operation) of positive and negative (quantities).

<B. The Six-Fold (Operation) of Zero>

Having described in this way the six-fold (operation) of positive and negative
(quantities), now he investigates the six-fold (operation) of zero (with the verse beginning):

“In the addition of zero.”

<9a-b. In the addition of zero or in the subtraction (of zero) a positive or
negative (quantity remains) as it was. {But) when it is subtracted from zero

it goes to its opposite.>

In the addition and in the subtraction of zero a positive or a negative (quantity
remains) as it was. The meaning is that, when addition and subtraction are being
accomplished by means of “kha”—(that is,) zero—a positive or negative (quantity)
remains “tathaiva”—(that is,) as it was determined because in the addition and subtraction
of any number whatsoever by zero, the zero does not change the form (of the number). So

when it is subtracted from zero, it goes to its opposite. The meaning is that a positive or
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negative (quantity) when it is subtracted from zero attains reversal; because it is said that:

“A positive (quantity) that is going to be subtracted attains negativity.”

Here he proclaims an example (with the verse beginning): “A positive triad of

ones.”

<9c-d. There are a positive and a negative triad of ones, and there is a zero.
Tell (me) what (each) will be when it is added to zero and when it is

subtracted from zero.>
It has a clear meaning.

Now he describes multiplication by zero (with the verse beginning): “In the

multiplication and so on.”

<10a-b. In the multiplication and so on of zero (by a quantity the result is)
zero. In the multiplication (of a quantity) by zero (the result is) zero. And a

quantity divided by zero becomes (a quantity) having zero as its divisor.>

In the multiplication and so on of kha—(that is,) of zero (by a quantity), a kha—
(that is,) a zero—is (i.e. results). The meéming is that (it is a fact) that, when zero is
multiplied by any number whatsoever, zero is (the product) because a number multiplied
by zero is zero because of the non-existenéc of its being in the sphere of counting by reason
of its independence. Here by the word “adi” it is to be known that division, square, and

square-roots are the same. In this way Narayana also has defined this incidentally by

means of a poetic utterance in his algebra as follows:

“On account of multiplication by zero a quantity goes to the state of being
zero. But, when it is divided by zero, it does not return to its previous

condition (non-zero finite quantity) because it is absorbed in that (infinite)



253

_just as a serious yogi who has attained the unique bliss-giving place of

Brahma which consists of pure thought because he is pervaded by the

atman does not (retum) to the path of samsara (finite world).”

So a quantity divided by zero becomes one having zero as its divisor.
Here he proclaims an example (with the verse beginning): “Multiplied by two.”

<10c-d. Tell me (the results when) zero is multiplied by two (and) divided
by three, (when) three is divided by zero, and the square and square-root of

zero.>
It has a clear meaning.

Now he shows that in the science of computation there is another name, infinite, for
the number which has a zero as its divisor. Then he skillfully defines the infinity of this

(with the verse beginning): “In this.”

<1lla-d. In this quantity also, which has zero as its divisor there is no
change even when many (quantities) have entered into it or come out (of it)
just as at the time of destruction and of creation, when throngs of cfeatures
enter into and come out of (him, there is no change) in the infinite and

unchanging one (i.e., Visnu).>

In this quantity which has zero as its divisor, even when many numbers have
entered into or come out of (it), there is no change. The meaning is that of whatever
(quantity) the divisor is zero, when a fractional number is being combined with that
(khahara) which has the same denominator, there is zeroness in the denominator and the
numerator. I (it is asked): “Surely, since one sees change in the quantity having zero as

its divisor at the beginning of its combination with a number divided by one, two, three,
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and so on, how is it said that no change occurs?,” it is true that-since it follows from the
meaning of the words, there is no change of its state of being (a quantity) which has zero as
its divisor in the quantity which has zero as its divisor. Or else the word “ankesu” (i.e., in
numbers) here is to be understood “in non-fractional (numbers).”

Now he shows how wonderful his poetry is by confirming the infinity of (the
quantity) which has zero as its divisor by the example of Visnu because of the sameness of
(his) infinity (with the lines beginning): “Just as.” “Just as at the time of destruction and
creation when many throngs of beings enter into and come out of (him), there is no change
in the infinite and unchanging (Visnu), so (there is no change in the khahara).” The idea is
that, when at the time of destruction, beings enter into Visnu and at the time of creation
come out of Visnu, there is no change (in him) since he is infinite. This has been stated in

the Bharata in the §Entiparvan in a conversation between Bhisma and Yudhisthira:

“From whom all beings are born at the coming of the first yuga and in

whom they go to destruction again at the end of the yuga.”

Thus the six-fold (operation) of zero.

<C. The Six-Fold (Operation) of One and More Than One Colours>

Having thus described the six-fold (operation) of zero, now, with reference to the
colours of the unknowns in this operation involving (quantities) that are unknown, wishing
to speak of their six-fold (operation), at the beginning he enunciates the names of the
unknowns (which are) imagined by the appearance of their being colours (with the verse

beginning): “An unknown (yavattavat).”

<12a-d. An unknown is the colour black, another blue, yellow and red.

(Colours) beginning with these have been imagined by the best of teachers
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as the names of the measures of the unknowns, in order t@ accomplish their

calculation.>

First “an unknown,” then “black,” immediately thereafter “blue,” then “yellow and
red.” Surely it is proper to imagine them to be the names of the unknowns since the
colours “black” and so on are well known. But if (one asked): “what is the reason for
imagining “yavattavat,” the unknown, to be the name of unknowns?”, it is not (proper)
because it (yavattavat) is among the other synonyms of “measure” because of the saying
of Amara: “Yavattavat (is used) in the meanings of “totality,” “limit,” “measure,” and
“restriction”.” So, why does he say ‘“kartum” (to accomplish) (in the phrase beginning):
“tat?” “To accomplish their calculation.” With the word “tat” (he refers to): the

unknowns. The meaning is: “To accomplish their samkhyana—i.e., calculation.”

Then he describes the addition and subtraction of unknowns (with the verse that

begins): “The sum and difference.”

<13a-b. Among these (unknown quantities), the sum and difference of two
having the same character (is as usual), but (for the sum and difference) of

two having different characters putting them separately (is required).>

Among these (unknown quantities) the sum or the difference of two having the
same character is to be accomplished (as usual). The meaning is that among these colours,
the sum and difference of colours having the same character is to be accomplished
mutually. And a putting down of two having different characters separately is to be done.
When the sum of colours with rupas (numbers) is being accomplished, then a putting
down of rupas separately is to be done. And it is easy to put down separately the squares

of unknowns when they are being summed with simple unknowns.
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_In this case he enunciates an example (with the verse beginning): “A positive

unknown.”

<13c-14b. One positive unknown together with one one and a pair of
positive unknowns diminished by eight ones. Oh friend! Tell (me) quickly
what is (the result) in the summing of these two sides? And what is (the
result) in the summing (of these sides) if one reverses (their) positive and

negative (signs)?>
It has a clear meaning.

Now he proclaims an example for the sake of making known that, in the addition
of squares of unknowns and of simple (integer) unknowns, they must be put down

separately (with the verse beginning): “A triad of the squares of a positive unknown.”

<14¢c-d. A triad of the squares of a positive unknown together with three

ones is combined with 2 pair of negative unknowns; what is (the result)?>

And, again confirming (this) for the teaching of students, he enunciates (the verse

which begins): “From a pair of positive unknowns.”

<15a-b. From a pair of positive unknowns subtract six negative unknowns

together with eight ones; tell (me) quickly the remainder.>
It all has a clear meaning.

Having described thus the addition and subiraction of unknowns, now he speaks of
a special property in the multiplication of unknowns (with the verse that begins): “There is

in a rupa (number) and a colour.”
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<15¢-16b. There is, however, in the multiplication of a fipa (number) and
a colour, a colour (as the result). But, in the multiplication of two, three,
and so on {unknowns) which have the same character, there are their
squares, cubes, and so on (as the resuits). In the multiplication of

(unknowns) which have different characters, (the result is) their product.>

In the multiplication of a rupa and a colour (the product) is a colour. Here the rupa
is a known number and the colour is an unknown. In the multiplication of those two, (the
product) certainly is an unknown. If (it is asked): “What is the reason for the rule that, in
the multiplication of a known and an unknown (the product) is an unknown?,” in that case
iet it be heard that, since the unknown is the large(r number, i.e., more important) as it is a
root with respect to the known because an unknown is made to be known, but a known is
not made to be unknown since it is self-evident as a known, so (the product) is similar to
that which is larger (i.e., more important).

A demonstration in this case is (as follows). When rupas are multiplied by a
simple unknown, an unknown is produced. Again, when division of it is made by a
simple unknown, rupas are the result because, from the procedure of the sutra for division
which is about to be enunciated (which begins): “After being multiplied by whatever
colours and by whatever rupas,” if the divisor, a simple unknown, is multiplied by colours,
then there results a square of an unknown. But, considering that it is not subtracted
(without remainder) from the dividend which has the characteristics of a simple unknown,
as one computes, having been multiplied by rupas, it is to be subtracted. So, by whatever
(rupa) when multiplied the divisor is subtracted from the dividend (without remainder),
that is the result. Hence in the matter under discussion rupas are the result. So it has been
demonstrated that, if those (rupas) are again rhuitipiied by a simple unknown, then again

there results an unknown. In this way, the meaning of this (verse which begins): “There
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is, however, in the multiplication of a ripa and a colour, a colour (as the result),” has been
achieved.

Now, “in the multiplication of two, three, and so on (unknowns) having the same
class, (the products) are their squares, cubes, and so on.” Those (numbers) of which two
and three are the beginnings are such as four, five, and so on. In their multiplication in
succession squares, cubes, and so on result because it is well known that in the
multiplication of two equal (quantities) a square, and in the multiplication of three (equal
quantities) a cube (is produced). Here in both places with the word “adi” the meaning is
that in the multiplication of four, five, and so on equal (quantities), squares of squares and
cubes of cubes etc. result. And in the multiplication of (unknowns) having different
classes that occurs and the product occurs. In the multiplication by each other of an
unknown (yavattavat), black, blue, and so on having different classes that occurs. Here
there is a triad of colours since with the word “tat” (the meaning is that) there is an aksara
in the name of that by which it is multiplied, and an aksara in the name of the multiplicand,
and the product. In that case “bhavita” (the product) is called a type of designation which
is brought about by its being a metaphor for the multiplication of differeat colours. This is
the meaning: when blacks are multiplied by the unknown (yavattavat), there results
“yakabha;” and, when blue is multiplied by black, there results “kanibha.” The intention

is that in this way it is to be written by one who makes the aksara of the multiplier first.

Now he discusses a characteristic in an operation with unknowns when fractional

numbers appear (with the lines that begin): “Divisicn and so on.”

<16c-d. Division and so on (of fractions are to be accomplished) just as in
the case of rupas. The remaining (explanation) in this case is that which

was mentioned in known calculation.>
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An operation beginning with division is to be known (to"be) just as in the case of

rupas. The meaning is that it is to be accomplished as in the case of known numbers. So
also, (any) remaining—i.e., left over—operation is to be understood (to be) the same here
as (that) which is mentioned in (the mathematics of) the known—i.e., in Patiganita. The

meaning is that squares, cubes, common denominators, rule of three, series, areas, and so

on is all accomplished with the meaning of Patiganita.

Having described in this way a special property in division and so on, now he

enunciates an operational rule in multiplication (with the verse that begins): “The

multiplicand separately.”

<17a-b. The multiplicand which is equal to the parts of the multiplier is to
be entered separately. When it has been multiplied in order by the parts, it

is combined according to the (previous) statement.>

The multiplicand which is equal to the parts of the multiplier is to be entered—i.e.,
to be established—separately just as it is. Then, when it has been “hata”—i.e.,
multiplied—by those parts in order, to which parts (the multiplicand) which has been
entered is equal, immediately afterward it is to be combined according to the (previous)
statement. Here by this (word) “yathoktya,” it is indicated that the addition of two
(numbers) of the same (class) or two of different (classes), of a known and an unknown,
or of a positive and a negative (quantity) is to be accomplished by the method described
(previously). The meaning is that, when multiplication has been accomplished in this way,
the result is (correct).

A clear demonstration in this case is said for the sake of increasing the intellect of
slow-witted students. There multiplication is, indeed, a kind of addition which consists in
the repetition of the multiplicand (for a number of times) measured by the enumeration of

the number that is the multiplier. So division is a kind of subtraction from the dividend
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which consists in the repetition (of the subtraction for a number 6f times) measured by the
enumeration of the number which is the divisor. In this way here in the multiplication of
unknowns, whatever is the multiplicand, there are different colours such as the unknown
(yavattavat). So for one operating (with the rule): “also in multiplier” there occurs
multiplication of the parts. When multiplication one by one has been accomplished by one
who has made (thére to be) as many parts of the multiplicand as there are parts of the
multiplier (and) when it has been combined as (previously) mentioned, a (correct) result is
obtained. As, when twelve are multiplied by twelve, (the product) is one hundred and
forty-four. Now it has been demonstrated that (here), by one who has made twelve parts
(and) has multiplied each by twelve, as soon as they are made into one, the same result is

obtained.

Now he enunciates a special property in the multiplication of surds which will be
spoken of incidentally and in the squaring of unknowns (with the verse that begins):

“Squares of unknowns.”

<17c-d. In the multiplications of squares of unknowns and of surds, the
method of multiplying parts as described in (the mathematics of) knowns is
to be thought of.>

In the multiplications of squares of unknowns and of surds, here, the method of
multiplying parts as described in (the mathematics of) knowns is to be thought of. The
unknowns are the yavattavats and so on. The meaning is that, when the squaring of them

and the multiplying of surds are being accomplished, the rule is to be followed by the order

of the sutra mentioned in the Patiganita:

“The multiplicand is multiplied, one below the other, by the parts equal to
the parts of the multiplier and combined.”
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Now he enunciates an example of multiplication (with the verse which begins):

<18a-d. Multiplying five yavatta vats diminished by one rupa by three
yavattavats plus two rupas, tell (me) quickly, (my) learned (fellow), (the
product), or else (iell me the product) if you imagine the positive and

negative multiplicand and multiplier to be reversed.>

Thus here the multiplicand and multiplier (are respectively) ya Smu -1 (=5x-1)
(and) ya 3 ru 2 (=3x+2). Now from multiplying with the order of the sutra: “The
multiplicand which is equal to the parts of the multiplier is to be entered separately,” the

result is produced: ya va15ya 7ru-2 (=15 +7x-2).

Then he describes an operational sutra in division (which begins with): “The

divisor from the dividend.”

<19a-d. The divisor, after being multiplied by whatever colours and by
whatever rupas each in its own place in order, having been subtracted from
the dividend, is without a remainder; these (colours and rupas) here are the

quotients in division.>

The (syntactic) connection is: “The divisor, by whatever colours and by whatever
rupas after being multiplied, from the dividend having been subtracted, is without a
remainder. These here in division are the quotients.” The dividend is capable of being
divided. The meaning is that the cheda—(that is,) the divisor—when (i.e. after being)
multiplied by whatever colours or rupas, is subiracted from that without remainder until
there are quotients. .

The demonstration in this case is (as follows). Previously, in the sutra for

multiplication, when one had placed the parts of the multiplicand (in the number of places)
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equal to the parts of the multiplier, the sum of them when they have been multiplied by the
parts of the multiplier, was produced as the resuit of the multiplication. Now the dividend
is imagined to be the result of the multiplication, (and) the multiplier is made the divisor.
And that divisor, multiplied by the colours existing in the previous multiplicand, is
subtracted without a remainder from the dividend. Hence, (after) being multiplied by
whatever colours, it is subtracted without a remainder. That is the result, and that is
characterized as a colour. The multiplicand multiplied by the previous rupas was
combined. Now it is demonstrated that when it is multiplied by the rupas it is subtracted
without a remainder.

Now in order to instruct students this is explained clearly by there being an
example. For here result (i.e. product) of the previous multiplication is this dividend: ya
valSya 7ru -2 (= 15x*+7x—-2). And the multiplier is this divisor: ya 3 ru 2
(=3x+2). Thus this divisor, (after) being multiplied by whatever colours or rupas, is
subtracted without a remainder from the dividend, these are the quotients. So here, the
three existing in the divisor being multiplied by five are subtracted without a remainder
from the dividend. And, so the setting outis: yava 15ya 7ru -2 (and) ya 3 ru 2. Hére,
when three multiplied by five are subtracted without a remainder (from the dividend), what
is obtained is ya 5. The remainder is ya 7 ru —2. Now, since the divisor exists in two
places because it has the nature of a colour and a rupa, even though division is carried out
by colours, it must be divided by rupas. Therefore, because of the operation: “Division is
made by rupas multiplied by that (quantity) by which when multiplied division is made by
colours,” the pair of rupas in the divisor, after being multiplied by five, is to be subtracted
without remainder from (the quantity) above. When it has been done thus, there are ten
below. Since they are to be subtracted, from the order of the sutra: ‘a positive (quantity)
which is going to be subtracted becomes ncgaﬁvc,’ they are to be subtracted. And so these
are negative. When the difference is taken, since both the subtrahend and the dividend,
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which are measured by (the numbers) ten and seven, are positive (or) negative, there
results

ya -3 nn -2

ya 3 nu 2
Now, when it is cast out again, because the dividend is in the place of the rupa, the divisor
being multiplied by whatever rupas, is subtracted without remainder from the dividend.
When it is done thus, there is produced —1. The divisor multiplied by a riipa is subtracted
without remainder. Hence, when the divisor is multiplied by a negative rupa, since the
divisor which was positive becomes negative because (of the rule): “in the multiplication
of a positive and a negative (the result is) negative,” there is produced:

ya -3 nu -2

ya -3 mu -2
Thus, in this case, because of (the rule): ‘a negative (quantity) that is going to be subtracted
attains positivity,” when (the calculation): “the difference of a positive and a negative” is
performed, what is obtained is the multiplicand, ya 5 ru —1. In this way, (is the procedure)

in every case.

Now he enunciates an example of the squaring of an unknown (with the verse that

begins): “Of those which are diminished by six rupas.”

<20a-b. Oh friend! Tell me the square of four unknowns diminished by
six rupas.>
Here the squaring of the unknown is accomplished by the sutra:

“In the multiplications of squares of unknowns and of surds, the method of

multiplying parts as described in (the mathematics of) knowns is to be
thought of.”
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-Then he enunciates an operational satra on the square-root of a square (which

13 &4

begins with): “Having taken (the square-roots) from the squares.”

<20c-21b. Having taken the square-roots from the squares one should
subtract from the remainder the product of each two of them multiplied by
two. If there are rupas, one should take the square-root of the rupas; the rest

is the same.>

The (syntactic) connection is: “From the squares, the square-roots having taken, of
each pair the product multiplied by two from the remainder one should subtract.” The
meaning is that, whatever are the squares in the square-quantity (of which the square-root
is to be extracted), having taken the square-roots from them, one should subtract the
product of each two square-roots muliiplied by two from the remaining number. (In reply
to the question:) “Having done what?,” he says: “If there are (rupas).” (The connection
is:) “If there are rupas in the square-quantity, then for the sake of the square-root, having
taken the square-root of the rupas.” For the sake of the square-root: the meaning is: “for
the sake of the square-root of the square-quantity.”

The demonstration in this case is (as follows). As when the squaring of an
unknown is being performed, in the matter under discussion, a pair of parts is (known) to
exist in the unknown quantity. When multiplication by the pair of parts in a pair of places
has been accomplished in this way, by whichever part of the unknown the first number
was multiplied, its square is produced there. So, when rupas are multiplied by that part,
there is a colour. Now, when the number in the second place is multiplied by the second
part which has the nature of a ripa, (then) there is the square of a rupa there. So there is a
“yavattavat.” (Considering) that in this way in the square-quantity one square of an
unknown is produced and the second is the square of a rupa, a pair of squares is produced.
Therefore (the statement:) “Having taken the square-roots from the squares” is appropriate.

Now, (because of the statement:) “of each two,” whatever in the square-quantity is called
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the “yavatavat,” when multiplied by a pair of square-roots in a pair of places, was again
multiplied by two because it was combined with itself. Therefore it has been demonstrated

that “One should subtract from the remainder the product of each two multiplied by two.”

Thus having described the six-fold (operation) of one colour, now desiring to
describe the six-fold (operation) of many colours, he speaks of (their) addition and

subtraction (with the verse that begins): “The (unknown) “yavattavat” and “black™.”

<21c-22b. The (unknown) “yavattavat” and the colours “black” and
“blue” (are respectively) positive three, five, and seven. How many are

they when combined with (or) diminished by the negatives two, three, and

one?>

The meaning is that in this case the sum or difference is to be accomplished by the

procedure of the sutra:

“Among those (unknown quantities), the sum or the difference of two
(quantities) of the same sort (is normal), but two (quantities) of different

sorts are set down separately.”
The remainder is clear.

So he enunciates an example for the sake of multiplying them (with the verse that

begins): “The (unknown) “yavattavats” are three.”

<22¢-23b. The (unknown) “yavattavats” are negative three, there are two
negative blacks and a positive blue; they are increased by a rupa. When just
these (quantities) are multiplied by the same (quantities) multiplied by two,
what is the result produced by their multiplication? And what is that
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divided by the multiplicand? Tell the square of the multiplicand and the

square-root of this square.>

Here the multiplicand is ya ~3 ka —2 ni 1 ra 1. And the multiplier, doubled with
reference to the multiplicand, is ya —6 ka —4 ni 2 ru 2. Now by (the sutra) beginning with:
“The multiplicand separately,” the multiplicand is to be placed in four places. (Then) one
should multiply (it) by the four parts of the multiplier. There, in (performing) the
multiplication as described previously (according to the sutra):

“In the multiplication (of quantities) of the same sort (the results are) their
squares; and so, in the multiplication (of quantities) of different sorts, (the

result is) their proeduct,”

and in combining (them) according to their places, the result from multiplication is
produced: ya va 18 ka va 8 ni va2 ya ka bha 24 ya ni bha —~12 ka ni bha -8 ya —-12 ka
—8 ni 4ru 2. Thus, as described (previously), division, squares, and square-roots are to be

understood. The remainder is clear and is understood from the treatise.

Here ends the six-fold (operation) of colours.
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<D. The Six-fold (Operation) of the Surd>

Thus having examined the six-fold (operation) of unknowns, now wishing to speak
of the six-fold (operation) of surds at the beginning he speaks of their addition and

subtraction (with the verse that begins): “The sum of two (given) surds.”

<23c-24b. Assuming the sum of two (given) surds to be the great(er surd)
and the square-root of the product multiplied by two to be the small(er
surd), the sum and the difference of these two are (treated) like rupas, (but)

one should multiply and divide a square by a square.>

The (syntactic) connection is: “Of two surds the sum assuming to be the great(er
surd) and likewise of the product of two surds the square-root multiplied by two assuming
to be the small(er surd), of these two the sum and the difference are like rupas.” Whatever
the two surds are in the statement of the problem, one should assume the (technical) term
“mahat” (“great(er surd)”) for their sum. Then whatever is the square-root of the product
of the two surds, having multiplied it by two, one should assume the (technical) term
“laghu” (“small(er surd)”) for it. The meaning is that then one should effect the sum or
the difference of those two, the great(er surd) and small(er surd), as rupas, (that is) as
known numbers (vyaktamkas). Now under the guise of stating the method of
multiplication of this surd, having ascertained its form, he says here: “By a square.” The
meaning is that one should multiply a square by a square, (i.e.) by a square number, and
one should divide a square just by a square, but one should not multiply or divide a square
by a (non-square) rupa. By this the state of being a surd is indicated to be the state of being
a number considered to be in the state of being a square. It is stated by Narayana:

“But of whatever quantity the square-root is to be taken, the name of that is
“km‘al“li” (Sllrd).”
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Now he enunciates the addition and subtraction of surd$ by another method (with

the verse that begins): “Of it divided by the small(er surd).”

<24c-25b. The square-root of the great(er surd) divided by the small(er
surd), increased by one (or) diminished by one, (each) multiplied by itself
(and then) multiplied by the small(er surd)—(these) are their sum and
difference in order. Or, if the square-root (of the above quotient) does not

exist, it is put down separately.>

The (syntactic) connection is: “The square-root of the great(er surd) divided by the
small(er surd) is to be taken. When one has put that in two places, in one place it is
increased by one, (and) in the other place diminished by one; in both places (the result) is
multiplied by itself and (then) multiplied by the small(er surd); (the products) are the sum
and the difference (respectively).” Multiplied by itself (means) made into a square. The
meaning is that here there is smallness and greatness, but not the state of being a smaller or
a greater number as before. Now, (in answer to the question): “If, when the sum or
difference is being formed, the square-root of the great(er surd) divided by the small(er
surd) is not possible, then what is to be done?”, he says: “If the square-root does not exist,
it is put down separately.”

If (it is asked): “Surely, whatever sum or difference is attained by (the sutra) which
begins: “Assuming the sum of the two surds to be the great(er surd),” in that case even
though there is a similarity in such things as multiplication in accordance with what was
said (previously), how does there come to be a discrepancy in the sum and the
difference?,” a demonstration is enunciated. In this case, the sum and the difference of the
two surds which are to be spoken of, which are measured by two and eight, in accordance
with what was said (previously) are 18 (and) 2. Here “two and eight” are assumed to be
squares. As much as is the square of the sum of the square-roots of these two (numbers),

the sum measured by that must exist. And so, when the sum is being effected in
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accordance with what was said, there is produced a number that is measured by the square
of the sum of the square-roots. So, for instance, the surd 2. Its square-root is 1;25. And
the surd 8. Its square-root is 2;51. The sum of these two is 4;16. Its square is 18;12.
This is the sum of the two surds. So the difference of the two roots is 1;26. The square of

this is 2;3. It has been demonstrated that this is the difference.

Now the demonstration of the sutra for surds is from (the rule) that begins: “The
sum of two surds.” In that, the sum of the squares of the two square-roots (of the given
surds) being increased by twice the product of the square-roots becomes the square of the
sum of the square-roots. (Wondering): “In this way, however, in the case under
discussion where there is ignorance of the two square-roots, how is the square of their sum
known?,” the reacher composed a sutra for computing the square of the sum of the square-
roots in another way (with the words): “The sum of two surds.” In this case, even though
there is ignorance of the square-roots, the two squares of the square-roots (of the given
surds) are known with the form of being surds. Because their sum (i.e. the sum of the
given surds or mahati) is the sum of the squares of the two square-roots, therefore it was
said: “(Assuming) the sum of the two surds (to be) the great(er surd).” Now the square-
root of the product of these two squares is equal to the product of the square-roots.
Because the sum of the squares (of the square-roots) increased by twice that (product of the
square-roots) is the square of the sum of the square-roots, therefore (the verse) which
begins: “And the square-root of the product multiplied by two as the small(er surd)” was
enunciated. In this way, the square of the sum of the square-roots is the sum of the surds,
and the square of the difference of the square-roots is the difference of the surds. Therefore
it is said: *“The sum and the difference of these two are (effected) as in the case of rupas.”
Now because the product of two surds is equal to the square of the product of their square-
roots, therefore it is said: “One should multiply a square by a square.” Also, because

whatever is the resuit in the mutual division of (two) surds—is equal to the square of the
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result from the division of their square-roots, therefore it is said: “And one should divide

(a square by a square).” All has been demonstrated.

Now, in order that slow-witted students may understand (this) clearly it is repeated
by being made an example. So here the two surds are imagined to be 9 (and) 4. In their
addition as described (previously) 25 is produced, and in (their) difference 1. So the
square-roots of the two surds are 3 (and) 2. The square of the sum of these two is the sum
of the two surds, 25. So the difference of the two square-roots is 1. The square of this is
the difference of the two surds, 1. So the product of the two surds is 36, which is equal to
the square of the product of the (two) square-roots, 36.

Now for the sake of the division of two surds, two other quantities are assumed, 16
(and) 4. Here the result from division is 4. Now the two square-roots of the two surds are
4 (and) 2. The square of the quotient (cbtained) in the mutual division of these two is 4. It

is sufficient (to say) that the result of the division of the (two) surds is equal to this.

So here is the demonstration (of the words): “Divided by the small(er surd).” In
that case, the operation is seen, that whatever is the result in the mutual division of both
square-roots, the square of that (after this result has been) increased by one (and) when
multiplied by the square of the square-root of the small(er surd) is the sum of the (two)
surds, and, the square of the result of the division of the (two) square-roots (after this result
has been) diminished by one (and) multiplied by the square of the square-root of the
small(er surd) is (their) difference. Thus, because in the case under discussion whatever is
the quotient in the mutual division of the two squares of the square-roots, which are known
by the form of being surds because there is ignorance of the square-roots, is equal to the
square of the resuit of the division of (their) square-roots, therefore it has been
demonstrated that what was said, beginning: “The square-root of the great{er surd) divided

by the small(er surd),” is correct.
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Here t00, for the sake of an example, the two surds ar€ assumed to be 16 (and) 4.
The two square-roots of these two are 4 (and) 2. In the mutual division of fhcse two the
result is 2. The square of this (after it has been) increased by one is 9. This multiplied by
the square of the square-root of the small(er surd), 4, is the sum of the (two) surds, 36.
And the square of the result of the division of the square-roots (after it has been)
diminished by one, is 1. This multiplied by the square of the square-root of the small(er
surd), 4, is the difference, 4. In this way the sum and the difference are 36 (and) 4.

Or else, by the procedure of the sutra the setting out is 16 (and) 4. Here the square-
root of the great(er surd) divided by the small(er surd) is 2. Having put this (result) in two
places, increased by one and diminished by one becomes 3 (and) 1. Squared in order they
are 9 (and) 1. Multiplied by the small(er surd) they become the sum and the difference, 36
(and) 4. Thus all is irreproachable.

Now he mentions an example for the sake of the addition and the subtraction of

surds (with the verse that begins): “Of the two (surds) measured by two and eight.”

<25c-26b. Tell (me) separately the sum and the difference of two surds
measured by two and eight, and of two (others) numbered three and
twenty-seven, and, oh friend, thinking for a while, of (another) two
measured by three and seven, if you know the six-fold (operation) of the

surd.>

The (syntactic) connection is: “Oh friend! If of the surd you know the six-fold
{operation), then tell (me) the sum and the difference.” Now (in answer to the question)
“of which two?,” he says (the words) beginning: “Of the two measured by two and
eight” Itisclear.

And so the setting out is: ka 2 (and) ka 8. Here by (the sutra) that begins:
“Assuming the sum of the two (given) surds to be the great(er surd),” the great(er surd) is
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10. Then the product of the two surds is 16. Its square-root is 4. (This) multiplied by two
is the small(er surd), 8. As in the case of rupas, the sum and the difference of these two
are 18 (and) 2. These are the surds of sum and difference, ka 18 (and) ka 2.

Or else the setting out is: ka 8 (and) ka 2. The square-root of the great(er surd)
divided by the small(er surd) is 2. Having put this in two places (by one) making it
increased by one in one place, in the other place diminished by one, the setting out is
(made): 3 (and) 1. Multiplied by themselves (they are) 9 (and) 1. Multiplied by the
small(er surd), (one is) the sum and (the other) the difference, ka 18 (and) ka 2. In this

way (is the procedure) in every case.

Because of the fact that in the pair of examples (given in the lines) “of two (surds)
measured by two and eight, and of two (others) numbered three and twenty-seven” the
square-root of the product is possible, the sum joins in also by means of a pair of methods.
Then for the sake of demonstrating that, “if there is no square-root, it is put down
separately,” he enunciates (the lines beginning): “Of (another) two measured by three and

seven.” The remainder has a clear meaning.

Now he proclaims an example for the sake of the multiplication of surds (with the

verse that begins): “The numbers two, three and eight are the multplier.”

<26¢-27b. The numbers two, three, and eight, (which are) surds, are the
multiplier, and the number three combined with (i.e., plus) the rupa five is
the multiplicand. Tell (me) quickly the product, when the multiplicand is
diminished by the rupa five (and the multiplier is) the two surds measured
by three and twelve.>

Here the multiplier is ka 2 ka 3 ka 8. So, because the multiplicand is the number
three, (which is) a surd, combined with the rupa five, the setting out is: ka3 ru 5. Here, in

the case of the multiplier, since the sum of the two surds measured by two and eight is
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possible, when one has effected (that) sum, the setting out is: ka 18 ka 3. And rupas are
observed in this multiplicand, ka 3 ri 5. Having made their square(s), the state of being a
surd is to be brought about because it has been said previously: “One should multiply and
divide a square by a square.” When it has been done in this way, there is produced ka 25
ka 3. Now by the procedure of the sutra:

“In the multiplications of squares of unknowns and of surds, just the
method of multiplying parts as described in (the mathematics of) knowns is

to be thought of,”
from multiplication there is produced ka 54 ka 450 ka 9 ka 75.

Then in the second example, assuming the negativity of the ripas in the case of the
multiplicand, he declares: “Diminished by five rupas.” Or else the multiplier is assumed
to be the two surds measured by three and twelve while the multiplicand is diminished by
five rupas. But the multiplicand has been described previously. There (he says): “Tell

(me) the product.” The remainder, which is clear, is understood from the treatise also.

Now he speaks of a special property in the rule for negative surds and rupas being

squares or square-roots (with the verse that begins): “Should be negative.”

<27c-28b. The squaring of a negative rupa should be negative if it is
achieved for the purpose of its being a surd. Likewise the square-root of a
surd having the nature of a negative, is negative for the sake of the creation

of rupas.>

The (syntactic) connection is: *““That squaring of a negative rupa, if it is achieved for
the purpose of its being a surd, then it is negative.” The meaning is this. “Ksayarupani”
(means) negative rupas. If their squaring is achieved for the sake of obtaining its being a
surd, then it is “ksaya,” (that is) negative. Here it is to be known that the strangeness of
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this is made clear by the fact that while, because of the method of the siitra previously
considered, that “the square of both a positive and a negative is positive,” the square of a
negative obtains the state of being positive, it is (still) negative.

Now, investigating the strangeness of this (considering that) “the square-root of a
negative does not exist because it is not a square,” he says: “Of one having the nature of a
negative.” The meaning is that since, if the square-root of a surd having the nature of a
negative is achieved for the purpose of establishing riipas, then it is negative, when the
square-root of negative surds is taken for the purpose of (its) being a rupa, it is negative
because it has been stated that the squaring of a negative rupa is negative.

The demonstration in this case is (as follows). When the square-root of a negative
surd is being taken by means of (the rule in the Lilgvari) which begins ‘having subtracted
the (greatest) square from (the number in) the last odd place,” whatever square of a
negative rupa is produced with the form of being a surd, that is subtracted because the
square of a negative rupa is a negative surd. And, when this (negative surd) is being
subtracted from the square-quantity, the negative quantity which is going to be subtracted,
becomes positive. So, by this rule of the sutra: “The addition of a positive and a negative
(quantity) is (their) difference,” the square-quantity is subtracted. And so, of whatever

rupa the square was subtracted, that rupa is the square-root. Therefore, it was said:

“The squaring of a negative rupa should be negative if it is achieved for the

purpose of its being a surd.”

But here is an example. The square-quantity (is) ka —25. Then with respect to its
square-root, since it is subtracted with the form of being a surd by means of (the rule) that
begins: “Subtracting the square from the (number in the) last odd (place) one should
double it,” the square of five negative rupas is subtracted. This is -25. So, since the
difference is computed as previously because of (the rule) that begins: “A posiiive which

is being subtracted becomes negative,” the square-root that is obtained is ru 5. If (it is



275
asked): “Since the difference of two surds is being computed, here, surely it must be
accomplished by the difference because of the rule of the stitra which begins: “Assuming
the sum of two surds to be the great(er surd)”,” we reply “no.” Since the sum of two
surds is computed for the sake of imagining the great(er surd) in the case of “imagining the
sum of two surds to be the great(er surd),” there is excessive occurrence in what is
obtained from this sutra. Why? In the case under discussion, in what is obtained from the
sutra, since the remainder is zero when the ifference of two equal surds (is computed).

And it has been said:

“It is in all cases a certainty that in the summing of two equal surds one

(surd) is to be made fourfold, and in their difference is zero,”
and so on. Everything has been demonstrated.

Now the setting out of a second example useful as an example of this sutra is. In
this case, the multiplicand is ka 25 ka 3 (i.e. ¥25++/3), and the multiplier is ka 3 ka 12
i -5 (ie. V3++/12 —5). Here in the multiplicand there are rupas. Therefore, the meaning
of the sutra has been established: “When, for the sake of establishing the state of being a
surd of negative rupas, (their) squaring is being performed by the procedure of the sutra
“one should multiply and divide a square by a square,” negativity (results) there.” When
this has been done, the multiplier which is produced is ka -25 ka 3 ka 12 (i.e.
—25 +43+4/12). Here also having made the sum of the two (surds) measured by three
and twelve, there is produced ka -25 ka 27 (i.e. —25+4/27 ). When the previous
multiplicand ka 25 ka 3 is multiplied by this (multiplier), there is produced the result of the
multiplication, ka —625 ka 675 ka—75 ka 81 (i.e. —V625 ++/675 - /75 +/81). Here there
are two square quantities, ka —625 (and) ka 81. When the 5quarc-roct of these two are

taken, the meaning of this sutra,
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“Likewise the square-root of a surd having the nature of a negative, is

negative for the sake of the creation of rupas,”

is established. And so the two square-roots are ru —25 (and) ru 9. The sum of these two is
(their) difference, —16. Its square is —256. (Thus) the difference of these two surds,
ka —625 (and) ka 81, has been produced. Also in the previous number (i.e.,
~/625 +/675 — 75 +/81), the two remaining surds are ka 675 (and) ka ~75. The
difference of these two is produced in accordance with what was said (previously), ka 300.

Thus, here is the setting out of the two surds of difference in order: ka -256 ka 300 (i.e.

~256 ++/300).
Here ends the multiplication of surds.

Now for the sake of dividing surds, (when one) assumes the result of the previous
multiplication (from the first example) to be the dividend, and assumes its multiplier to be
the divisor, making the great(er) surd to be first, the setting out is: Dividend: ka 450
ka 75 ka 54 ka 9 (i.e. V450 +/75++/54 +/9). Divisor: ka 2 ka 3 ka 8 (i.e.
V2 +3+4/8 ). Here (when one) has formed the sum of the two surds measured by two
and eight in the divisor, the setting out is: ka 18 ka 3 (i.e. V18 ++/3). Now when the
division is carried out by means of the method (of the verse that begins): “The divisor
when subtracted from the dividend is without a remainder,” what is obtained is the

(previous) multiplicand ra 5 ka 3 (i.e. 5++/3).

wa in the second example (the setting out is): Dividend: ka 675 ka —625 ka 81
ka-75 (i.e. V675 — 625 + 81 —+/75). Divisor: rii 5 ka 3 ka 12 (i.e. =5++3 ++12).
In this case, for the sake of easiness, (when one) has made the sum of the two surds
measured by three and twelve in the divisor and has obtained the state of being a surd of

the rupas, the divisor becomes ka 27 ka —25 (i.e. ¥27 —+/25). When the division is
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carried out by this (divisor) as before from the dividend, what is obtained is the (previous)

multiplicand, rii 5 ka 3 (i.e. 5++/3).

Now because it has been stated: “Multiplication and division are to be effected
(when one) has made for the sake of easiness the sum, as it is possible, of two surds or of
{more than two) surds (present) in the multiplicand or in the muitiplier, in the dividend or
in the divisor,” in the second example, the setting out for the sake of the division of the
surds contained in the result of multiplication is: Dividend: ka 81 ka —625 ka 675 ka —75
(i.e. V81 -625 ++/675—+/75). Divisor: the previous multiplier, ru -5 ka 3 ka 12 (i.e.
—5+43+4/12 ). Here, when for the sake of easiness, the sum of the surds in the dividend
is being made, because it has been stated: “The addition of a positive and a negative
(quantity) is (their) difference,” the difference results. Therefore, when the difference of
the first and the second, and of the third and the fourth (surds) is made by means of the
method “(assuming) the sum of two surds to be the great(er surd),” the two surds which
are produced are ka —256 (and) ka 300. Or else, the difference of these two surds ka 81
(and) ka —625 (is made) also by means of the method because they are in the state of being
square-quantities as follows. When the square-root of these two is taken again to be ru —25
(and) ru 9, in the addition of these two (in view of) “the addition of a positive and a
negative (quantity) is (their) difference,” the difference is produced; this is the sum, ru -16.
Its square, the difference of those two surds, is produced, ka ~256.

Now for the sake of the division of these two surds of difference the setting out is:
Dividend: ka 256 ka 300 (i.e. —v256 ++/300). Divisor: this multiplier, ka 25 ka 3 ka
12 (i.e. 25 +43+412 ). In this case also, when the sum as mentioned of the two surds
measured by three and twelve is made, the divisor is produced, ka -25 ka 27 (i.e.
—25+4/27). When the division of the dividend is carried out by this, when it is

performed by the methods of sutras such as:
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“The divisor, after being multiplied by whatever colours and by whatever
rupas each in its own place in order, having been subtracted from the

dividend, is without a remainder,”

it is seen that the divisor, after being multiplied in this way by the two surds ka 25 ka 3 (i.e.
V25443 ) which occur in the previous multiplicand, (having been subtracted) from the
dividend, is without a remainder as follows. When this divisor ka -25 ka 27 (i.e.
—/25 +/27 ) is multiplied by these two surds ka 25 ka 3 (i.e. V25 ++/3) which occur in

the previous multiplicand, because it has been stated:

“In the multiplications of squares of unknowns and of surds the method of
multiplying parts as described in (the mathematics of) knowns is to be

thought of,”

when the method of multiplying parts: “The multiplicand which is equal to the parts of the
multiplier separately is to be entered,” is carried out, in that case the mu.dplicand is indeed
the divisor. And this is ka —25 ka 27 (i.e. =25 ++/27). The previous multiplicand is its
multiplier. And this is ru 5 ka 3 (i.e. 5+43 ). Here, because it has been stated: “One
should multiply and divide a square by a square,” (when one) has established the state of
being surds of the riipas, the multiplier ka 25 ka 3 (i.e. 25 ++/3) is produced. Here,
(considering) that in the muldplier there is a pair of parts, (when one) has put in two places
the new multiplicand which is in the form of the divisor, the setting out is:

ka-25 ka27 (and)

ka-25 ka27.
When this is multiplied by these two surds ka 25 ka 3 which occur in the (new) multiplier
which is in the form of the previous multiplicand, there is produced

ka-625 ka675 (and)

ka-75 ka8l
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Then, since it has been stated: “When it has been multiplied by these parts in order, it is
combined according to what was said,” when the sum of these (products) is made, since
“the addition of a positive and a negative (quantity) is (their) difference,” the difference
results.

Now for the sake of their difference, the setting out in order is: ka —625 ka 81
ka 675 ka—75 (i.e. —V625 ++/81++/675—~/75). In this case, when the difference of the
first and the second, (and) of the third and the fourth (surds) is made as (already)
described, in the divisor a pair of surds ka —256 ka 300 is produced. (When one) has
caused (it to happen) that this, being subtracted from the dividend, which is the result of the
previous multiplication, this ka —256 ka 300, by the method (of the sutra): “A positive
(quantity) that is going to be subtracted attains negativity,” is without a remainder, what is
obtained is the previous multiplicand; thisisru § ka 3. So it is to be known by a wise

person in every case.

Now, for the sake of the division of surds by another method, he enunciates a sutra
by means of two (verses, beginning): “The reversal of the positivity or negativity of a

chosen (surd).”

<28c-29b. Having established repeatedly the reversal of the positivity or the
negativity of a chosen surd in the divisor, by such a divisor one should
multiply the dividend and divisor until there is only one surd in the

divisor.>

<29c-30b. By that (surd) the surds (which are) in the dividend are to be
divided. If the surds which are obtained are arising from addition, they are
to be made separately by the separation-sutra as they are desired of the

inquirer.>
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The (syntactic) connection is: “In the divisor, of a chosen surd the reversal of the
positivity or the negativity repeatedly having established, by such a divisor, the dividend
and the divisor so long one should multiply.” So long in what manner? Until in the
divisor, i.e. the “cheda,” there is only one surd. In this way by that one surd the surds in
the dividend are to be divided. In that division whatever surds are obtained, if théy are
arising from addition, then by the separation-sutra which will be mentioned they are to be
made separately in that manner. How “in that manner?” It is clear that (it is) as they are
desired of the inquirer, i.e. “pragtuh.”

The demonstration in this case is (as follows). When the reversal of the positivity
or the negativity of the divisor has been made, some third number is produced other than
the dividend and the divisor. The dividend and the divisor are multiplied by that and, when
added or subtracted as described (previously), become small since among a positive
dividend and divisor which are multiplied by a negative divisor, or else a negative dividend
and divisor which are multiplied by a positive divisor, because of the positivity and
negativity some surds whose difference (must be taken) have been produced. Because
when their difference is taken in this way, smallness is produced, therefore it has been said:
“The reversal of the positivity or the negativity of a chosen (surd).” Or else, after one has
multiplied the dividend and the divisor by any number whatsoever, when the division has
been carried out, the result is like the previous result. So the dividend and the divisor are
assumed to be 16 (and) 4. Here, from division the result is 4. So, it has resulted that, after
one has multiplied the dividend and the divisor by two, when the division has been carried

out again, the same result is obtained.

(Considering) that they are to be made separately by the separation-sutra, because
of the obscurity of the separation-siitra wondering what it is, he proclaims (the verse

beginning): “By a (certain) square.”



<30c-31b. The surd of addition when divided by a (certain) square is
reduced (without a remainder). When one has made the parts of its square-
root as desired, the squares of those (parts) multiplied by the previous

quotient become separately the surds.>

The (syntactic) connection is: “The surd of addition by what square when divided
is reduced (without a remainder), of its square-root as desired parts when one has made,
the squares of those by the previous quotient being multiplied these surds separately are.”
By what square—i.e. square quantity—when divided a surd of addition is reduced—i.e.,
becomes without remainder, of its square-root—i.e., of the square-root of the square-
quantity which has become the divisor—parts are to be made as desired. Then the squares
of those parts, when multiplied by the previous quotient, become separately the surds.
Here the meaning of “by the previous quotient,” is whatever is the quotient where a surd of
addition has been divided by a (certain) square.

The demonstration in this case is (as follows). Here the (present) sutra has been
composed by the inversion of this sutra: “The square-root of the great(er surd) divided by
the small(er surd).” As for instance, in this case, when, after the addition of two surds is
effected by this addition-sutra, it is multiplied by itself (and then) multiplied by the small(er
surd), then in that case, considering that (each) of the two square-roots, (one) increased by
one (and the other) diminished by one, is “multiplied by itself,” the square of the square-
root (which was) increased by one was multiplied by the small(er surd). Now if this is
again divided by this square, then by whatever small(er surd the square was) multiplied, it
will arrive at the result. Thus, by this (procedure) from the surd of addition the small(er)
surd is known. Hence it has been enunciated: “The surd of addition when divided by a

certain) square.” Now by whatever square the surd of addition is divided, that square was
made the square of the square-root increased by one (or) diminished by one by means of

(the rule) beginning: “(Each) multiplied by itself.” If by one who has taken its square-root
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its parts are made, then that square-root increased by one or dixﬁinished by one arises.
Therefore it has been enunciated: *“The parts of the square-root of that square.” Now if the
square of this is effected, then the quotient of the great(er surd) divided by the small(er
surd) is known. So it has been demonstrated that if that quotient from division by the

previous square is multiplied by the small(er surd), then it becomes the surd of addition.

Now, in order to see that it is with respect to the operation of the sutra beginning:
“The reversal of the positivity or the negativity of a chosen (surd),” the setting out of the
previously described dividend and divisor is: Dividend: ka 9 ka 450 ka 75 ka 54. Divisor:
ka 18 ka 3. Then by the procedure of the sutra: “The reversal of the positivity or the
negativity of a chosen (surd),” assuming the negativity of the surd measured by three in the
divisor, the setting out of the divisor is ka 18 ka —3. In this case, there is a pair of parts in
the divisor. Therefore, when the dividend is multiplied by those two (parts) in two places,
there is produced ka 162 ka 8100 ka 1350 ka 972 (and) ka ~27 ka —1350 ka —225 ka —-162.
Now, when, for the sake of easiness, the sum of these surds is made, in our mathematics

whose tradition still exists (it has been said) as follows:

“It is a certainty that, in the summing of two equal surds, one (surd) is

multiplied by four; (and), when their difference is to be taken, there is zero.”

And so in the difference of equal surds zero is produced. Therefore they have disappeared.

Now the setting out of the surds remaining (after the difference has been effected)
is: ka 8100 ka —225 ka 972 ka —27. In this case, in the difference of the first and the
second (and) of the third and the fourth there is produced a pair of surds, ka 5625 ka 675.
Now in accordance with what was said (previously), when the divisor has been multiplied
in two places, the setting out is: ka 324 ka 54 (and) ka —54 ka -9. Here in the
disappearance of the two equal surds and in the difference of the two remaining ones

because of (the instruction): “until there is only one surd in the (resulting) divisor,” there is
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produced one surd in the divisor, ka 225. When the division of this dividend, ka 5625 ka
675, by this (surd) has been carried out, what is obtained is this previous multiplicand ka

25ka 3.
In this way it is also produced by this method in the second example.

Just as the result of multiplication is the dividend of this, ka 81 ka —625 ka 675
ka —75, so this multiplier, ka 25 ka 27, is the divisor. So here, having made as mentioned
the difference, (which is) the sum, of the first and the second surds and of the third and the
fourth in the dividend for the sake of easiness, there are produced in the diQidcnd in order
two surds of difference, ka —256 ka 300. And likewise, in this divisor ka ~25 ka 27 if one
assumes the positivity of the surd twenty-five, the setting out of the divisor is: ka 25
ka 27. Here in the divisor there exists a pair of parts. Therefore, when the dividend has
been multiplied by those two (parts) in two places, there is produced: ka —6400 ka 7500
(and) ka —6912 ka 8100. Then, when the addition of these surds has been made for the
sake of easiness, since “the addition of a positive and a negative (quantity) is (their)
difference,” the difference is produced. |

Thus, in this case, for the sake of (finding) the difference the setting out of the surds
in orderis: ka 8100 ka —6400 ka 7500 ka —6912. In this case, in (taking) the difference of
the first and the second (surds, and) of the third and the fourth there is produced a pair of
surds, ka 100 ka 12. Now, when the divisor (has been multiplied) in two places as was
described, the setting out is: ka —625 ka 675 (and) ka —675 ka 729. Here too, when the
disappearance of the two equal surds and the difference of the two remaining ones (have
been made), because of (the instruction): “Until there is only one surd in the divisor,”
there is produced one surd in the divisor, ka 4. When the division of this dividend, ka 100
ka 12, by this (surd) has been carried out, what is obtained is this previous multiplicand, ka
25ka3.
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Now when, {as) in the previous (i.e. this iast) example, the result of the
multiplication is made the dividend and the multiplicand the divisor, the setting out is:
Dividend: ka 9 ka 450G ka 75 ka 54. Divisor: ka 25 ka 3. Here t00, if one assumes the
negativity of the surd measured by three, the setting out of the divisor is: ka 25 ka -3.
Thus, here in the divisor there exists a pair of parts. Therefore, when the dividend has been
multiplied by those two (parts) in two places, there is produced: ka 225 ka 11250 ka 1875
ka 1350 (and) ka -27 ka —1350 ka —225 ka —-162. Then, when the addition of these surds
has been done for the sake of easiness, since “the addition of a positive and a negative
(quantity) is (their) differcce,” the difference is produced. In that case, when the
difference of the equal surds has been made by the method: “(Assuming) the sum of two
surds (to be) the great(er surd),” just a zero occurs. Therefore, those which are equal surds
are abandoned.

In this way the setting out of the remaining surds is: ka 11250 ka —162 ka 1875
ka -27. Here also, when the difference of the first and the second and of the third and the
fourth has been made as was described, in the dividend a pair of surds is produced, ka
8712 ka 1452. Then, when the divisor has been multiplied in two places as was described,
the setting out is: ka 625 ka 75 (and) ka —75 ka -9. Here too, when the disappearance of
the two equal surds and the difference of the two remaining ones has been made, there is
produced one surd in the divisor, ka 484.

The setting out of the dividend and the divisor which have been produced in this
way is: ka 8712 ka 1452 (and) ka 484. In this case, what is obtained in division is the
multiplier, ka 18 ka 3. Here, in the previous multiplier there was a triad of parts. Therefore
this is imagined to be a “surd of addition.” Therefore the separation is obtained by the rule
of the separation-sutra. And so the surd of addition is just this ka 18. This when divided
by the square measured by nine, (i.e.) 9, reduces without a remainder. In that (division)
what is obtained is 2. Now the square-root of nine, which has become the divisor, is 3. Its

two parts are 1 (and) 2. Their squares are 1 (and) 4. When they are multiplied by what
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was obtained before, by this 2, two surds are produced separately, ka 2 (and) ka 8. Thus,
the multiplier is produced in order, ka 2 ka 3 ka 8.

Here ends the division of surds.

Now he enunciates an example concerning the square of (a sum of) surds (with the

verse beginning): “Measured by two, three, and five.”

<31c-32d. Measured by two, three, and five are the surds. Tell me quickly,
oh learned one, the square(s) of these, and of two numbered three and two
separately, (and) the squares of (those) measured by six, five, three and two
(and) measured by eignteen, eight and two oh friend, and the square-roots

of the squares.>

Here the meaning of the verse is easy to obtain.
Now for the sake of (taking) the square, the setting out of the first example is: ka 2

ka3 ka 5. In this rule for the squares of surds it has been stated by the teacher that (by one)

remembering the procedure for (taking) the square which is told in the Patiganita:

“The square of the last (digit counted from the right) is to be placed, (then
the other digits) multiplied by twice the last,”

the square is to be made. (But) in that there is this difference. Since, when one has carried
out (the rule): “multiplied by twice the last,” (it is observed) that, when it has been done

so, there is no square, because one remembers the special (rule):
“One should multiply and divide a square by a square,”

having made a square in order to make the (number) two, which has the nature of rupa,
into a surd, one should multiply the other numbers. And so, the meaning of the sutra:

“multiplied by twice the last” becomes in this case: “multiplied by four times the last.” It
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is to be known that, when the square of the root-surds has been taken, (then) whatever are
the square-quantities, one should imagine the sum of their square-roots to be rupas.

Thus in this matter, in the square of (a sum of) surds, it is seen that there are
square-quantities which are “sahajas” (produced by multiplication with themselves) and
“nimittajas” (produced by multiplicaticn with an unequal quantity). In that, sahajas are
produced because there is th= multiplication of two equal (quantities) when they are in odd
places. When they are in even places nimittajas are produced arising from the
multiplication of unequal (quantities); so, when four are multiplied by four, the “16” that
are produced are sahajas, (and) when eight or thirty-two are multiplied by two, the “16”
(or) “64” that are produced are nimittajas. Thus the meaning is that here, when the square
of (a sum of) surds is computed, whatever square-quantities are sahajas, one should
imagine the sum of the square-roots of that many to be rupas; but the surds are assumed to
be nimittajas. When their sum is computed as far as possible, since they are produced
from their own qualities (by the rule): “The multiplication of two equal (quantities),” all
the sahajas become square-quantities. Hence it is true that the rupas in the square of a surd
are the sum of the square-roots of all (these), as many as there are, not the surds measured
by (numbers) such as one. In that case there is no breaking off of the operation.
Therefore, since it has been stated by the author of the treatise: “When one has computed
for the sake of easiness as far as possible the sum of two surds (or) of (more than two)
surds, (their) square and square-root should be computed,” so when at any time, after the
square of the given root-surd has been computed, all the square-quantities are sahajas or
nimittajas, likewise whatever is the sum of their square-roots is the sum of all the surds in
the square-roots. When the sum of the root-surds has been produced in this way, when
one has separated (them) as desired by the separation-sutra, they become root-surds. Just

as the root-surds ka 18 ka 8 ka 2, when multiplied by themselves by the method (of the

sutra):
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“In the multiplications of squares of unknowns and of surds the method of
multiplying parts as described in (the mathematics of) knowns is to be

thought of,”

become: ka 324 ka 144 ka 36 (and) ka 144 ka 64 ka 16 (and) ka 36 ka 16 ka 4. All these
sahajas and nimittajas have been produced as square-quantities. Therefore, the sum of the
square-roots of all of them is ru 72. The square of the surds is produced as ru 72. This is
the sum of the root-surds, ka 72. Considering that there was a triad of parts of the root-

surds, computing (according to the sutra):

“The surd of addition when divided by a (certain) square is reduced

(without a remainder),”

it is reduced by thirty-six; what is obtained is 2. The parts of 6, the square-root of thirty-
six, are 3 (and) 2 (and) 1. The squares of these are 9 (and) 4 (and) 1. Multiplied by 2, the

previous quotient, they become the root-surds, ka 18 ka 8 ka 2.

Or else, even in such a place, if one assumes the sum of the square-roots of the
sahaja squares which are measured in the places of the root-surds to be rupas, yet the other
squares are surds. When one has combined them as far as possible, in the square are the
surds which are referred to by (the words): “The sums of (the natural numbers) beginning
with one.” Therefore the square-root is poésiblc by the method: “When one has
subtracted from the square of rupas.” In this way (is the procedure) in every case. When
it has been computed in this way, there are produced in order the squares: ru 10 ka 24 ka
40 ka 60 (and) ru 5 ka 24 (and) ru 16 ka 120 ka 72 ka 60 ka 48 ka 40 ka 24.

Having described the square of the surds in this way, now he enunciates a

karanasutra on the square-root of surds with two (verses beginning): “If in a square, of

one surd or two surds.”
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<33a-34d. If in a square one should subtract from the square of
rupas the rupas equai to one surd or two surds or many (and if) the rupas
are separately increased or diminished by the square-root of the remainder,
in their half there is a pair of surds. Now if in the square there are surds
remaining, whichever is the great(er) surd of those two in the square-root

these are made rupas (to be computed) after that.>

One should subtract from the square of the rupas rupas equal to one surd, two
surds, or many surds—four or five—in a square—(i.e.), a square quantity. Whatever is
the remainder there, the rupas are separately to be increased or diminished by its square-
root. In their half there is a pair of surds. Néw, assuming that, when it has been computed
in this way, if there are surds remaining in the square, then whichever is the great(er) surd
in the square-root, these are made rupas, (one realizes) that one must keep on computing
until the square is without a remainder. If (it is asked): “Is the phrase “equal
rupas” meaningless because the objective is attained by this (rule): “One should subtract
one surd or two surds or (more) surds from the square of rupas™? ”, (the answer is) surely
“no.” In subtracting the surd(s) from the square of the rupas there is excessive occurrence

in what is obtained from the sutra:
“The square-root of the great(er surd) divided by the small(er surd).”

The taking of equal rupas is for the sake of its removal.

The demonstration in this case is (as follows). Here when the square of the surd
has been taken as described (previously), the squares of just as many (surds) occur as there
are surds in the square-root quantity. Thence there are other surds also which are
multiplied by four times the final surd. As many as are the square-quantities produced in

this way in it, the collection of the square-roots of so many is assumed to be rupas.

Whatever rupas have been produced in this way, that is known as the sum of the surds in
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the square-root. Now by the method of concurrence, for the sake of separating the surds in
the sum, with respect to the difference rupas equal to the remaining surds are subtracted
from the square of the rupas. When they have been subtracted, the square of the difference
of the surds will be left. The square-root of that is known to be the difference of the surds
because when the product of (two) quantities multiplied by four is subtracted from the
square of the sum of two quantities, the square of the difference of the (two) quantities will
be left. In the case under discussion, whatever are the rupas equal to the surd, that is four
times the product of a pair of root-surds which is going to be produced because the first
multiplied by four times the last is four times the product of those two. When the square
of the sum is less than that, the square of the difference will be left. When the difference is
known in this way, one who has set in two places the rupas known by their being the sum

of surds by the procedure of the concurrence-sutra:

“The sum diminished and increased by (their) difference, when halved, is

those two (quantities),”

and who has caused them to be diminished and increased by difference (and) halved,
obtains a pair of surds. There whatever is the smaller surd, becomes one root-surd. And
likewise whichever is the greater becomes the sum of the remaining surds. Then, when
one has made them rupas (and) again for the sake of knowing the difference has subtracted
the remaining surd from the square of the rupas, the square-root of the remainder is the
difference of the remaining surds. Also, again, when one has made the rupas (set) in two
places to be diminished and increased by that (difference) and these to be halved, again a
pair of surds is obtained. Thus (one continues) until the square is without a remainder.

Hence what was said:
“If in a square, the rupas are equal to one surd or to two surds,”

and so on, has been demonstrated.
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Now the setting out for the sake of the square-root of the first square is: ru 10
ka 24 ka 40 ka 60. Here the form of the sutra is as follows: In this square the rupas equal
to the two surds measured by twenty-four and forty are these: 64. When one has
subtracted (them) from the square of the rupas, from this 100, the remainder is 36. Its
square-root is 6. When one has set the rupas in two places (and) made them to be
diminished and increased by this, there are produced 16 (and) 4. In the halving of these
two a pair of surds is produced, ka 8 (and) ka 2. Now in the square one surd is remaining.
For the sake of its square-root, of the pair of surds in the square-root, the great(er) is this
surd, ka 8. When one has assumed these to be rupas (and) has subtracted from the square
of this, from this 64, the rupas equal to the surd sixty, the remainder is 4. Its square-root is
2. When one has made the rupas to be increased and diminished by this and to be halved,
again a pair of surds is produced, ka 3 (and) ka 5. Thus, the square-root of the surd is, in

order, ka 2 ka 3 ka 5. “It is to be understood in this way elsewhere also.” The remainder

is clear.

Now he describes the special usage of positivity and negativity in the square of a

surd (with the verse beginning): “If having the nature of a negative.”

<35a-d. If a surd in a square has the nature of a negative, when one has
assumed it to have the nature of a positive, the two surds in the root are to
be obtained. Of these two, the chosen one is to be understood by an

intelligent person to have the nature of a negative.>

If there is in a square a surd having the nature of a negative, then when one has
assumed that to have the nature of a positive in order to obtain the square-root, there come
to be two surds in the root. Between these two one (surd) is to be understood by an

intelligent person to have the nature of a negative.
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. The demonstration in this case is (as follows). If in the square of a surd there exists

a surd which is negative, then when the subtraction of the rupas which are equal to that
(surd) from the square of the rupas has been completed, the sum of both takes place (by
the rule that) ‘a negative (quantity) that is going to be subtracted becomes positive.” And
when the sum has been made, there is a breaking off of the operation. Consequently,

positivity or negativity is to be assumed in the square-root as (in the sutra) beginning:

*“The square of a positive and of a negative (quantity) is positive; the two

square-roots of a positive (quantity) are positive and negative.”

But in a square is the state of having the nature of a positive. Hence it has been

demonstrated that there is a superiority of “(the reading) sadhye.”

Here he proclaims an example with half a verse (beginning): “Tell (me) of the two

(surds) measured by three and seven.”

<36a-b. Tell me the square of the difference of the two surds measured by

three and seven and the square-root from the square.>

The (syntactic) connection is: “Oh friend! Of the two surds measured by three and
seven the square of (their) difference tell (me) and also from the square the square-root tell
(me).” The square of the difference (means) the square of that which is negative. And so
the setting out is: ka —3 ka 7 (and) ka 3 ka —7. When the square of these two has been
computed separately by the procedure of the sitra, the square is the same. That is as
follows: ru 10 ka —84. When one has assumed the positivity of the negative surd in this
square, since one of those two root-surds which have been obtained ‘is chosen to be

negative,’ there results ka-3 ka 7.
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Now, with the imagining of more (surds), he again enunciates another example
(with the verse beginning): “The surds measured by two, three and five are positive,

positive and negative (respectively).”

<36¢-37b. The surds measured by two, three and five are positive, positive
and negative (respectively) or have the positives and the negatives reversed.
Tell (me) oh friend, their square and the square-root from the square, if you

know the six-fold (operation) of a surd.>

The (syntactic) connection is: “Oh friend! If you of a surd the six-foid (operation)
know, then the previously mentioned surds measured by two, three and five—when one
has assumed (them) to be positive, positive and negative (respectively), or when one has
assumed (them) to have the positives and the negatives reversed—their square and the
square-root of the square tell (me).” “Svasvarnagah” (means) positive and positive and
negative. The meaning is that there are two positive surds and one negative. So by this
(term) “vyastadhanarnaga™ it is clear that there are two negative surds and one positive.

Thus in this case, the setting out is: ka 2 ka 3 ka -5 (and) ka —2 ka -3 ka 5. The

square of these two is the same, because it has been stated that:
“If in a square a surd has the nature of a negative”

(and so on). Aﬁd so the square is this: ru 10 ka 24 ka —40 ka —60. In this case, riupas
equal to the two negative surds are for the sake of the square-root positive, these 100.
When one has subtracted these from the square of the rupas (and) has made the riipas to be
increased and diminished by the square-root of the remainder, half of them is produced, 5.
Now, when one has subtracted rupas 64, (which are) equal to iwo positive surds,
from the square of the rupas, the two halves of the rupas which have been increased and
diminished by the square-root of the remainder, this 6, are ka 2 (and) ka 8. When one has

assumed the negativity of the great(er) of these two (surds and) has made them ripas in
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accordance with what was said (previously), the two surds are ka 3 (and) ka -5. Thus in

this case the negativity of the great(er surd) is to be assumed. The rest is clear.

Now, with respect to what is possible in the square of surds, he proclaims some
rule (with two verses beginning): “Measured by the sums (of the natural numbers)

beginning with one.”

<37¢-39b. In a square-quantity there are surd-parts measured by the sums
(of the natural numbers) beginning with one. When one has subtracted
from the square of rupas rupas equal to two surds in a square having three
surds, to three in one having six surds, to four in (one having) ten, and to
five in (one having) fifteen, the square-root is to be taken. If in some case it

is otherwise, it is not possible.>

In a square-quantity there are surd-parts measured by the sums (of the natural
numbers) beginning with one. “Ekadi” is that of which the beginning is one. The
meaning is that: “(The series) beginning with one; and the sum of that (series); the surd-
parts measured by these (sums).” Since in the square of chosen surds, there is necessarily
a rule for ﬁe existence of rupas, so that in the square of one surd rupas occur, and if the
square of two surds is made, then rupas (and) one surd would occur, and also, when the
square of three (surds) has been made, rupas and a triad of surds would occur, the meaning
is that there are surd-parts measm;ed in order by the sums of one, two, three, four, five, and
so on (natural numbers).

Then for the sake of removing the doubt of ignorant students in extracting the
square-root of the square of a surd, he enunciates a rule for equal rapas (with the verse)
beginning: “In a square having a triad of surds.” The meaning is clear.

Now when one has taken away, i.e. subtracted, from the square of the rupas rupas

equal to the (previously) described surd-parts, (by the rule): “From the square of the
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riipas,” the square-root is to be taken. Now if the square-root is taken by a rule different
from that mentioned, “if in some cases otherwise,” that is impossible. But this is the rule
as described: When one has first subtracted rupas equal to three surds in (a square) having
six surds from the square of the rupas, then (rupas) equal to two (surds), then to one
(surd), the square-root is to be taken. When one has left aside the method, (i.e. when one
uses an) order other than (the order) described in this way, (as) sometimes in examples
such as “twelve and fifteen multiplied by four,” the square-root is to be taken otherwise.
The meaning is that, as—first rupas equal to one surd, then to two, then to the rest—when
one has made (the computation) in this way, the square-root is taken, that is impossible

because the square of the square-root does not exist.
Now (the verse which begins): “By the one which is going to be produced.”

<39¢-40a. Of whichever (surds) division is possible by four times the
small(er) root-surd which is going to be produced in this manner, are to be

subtracted from the square of the rupas.>

By the small(er) surd which is going to be produced, which is also multiplied by

four, of whichever (surds) division is (possible), only those are to be subtracted from the

square of the rupas.
And now he proclaims the knowledge of the root-surds by another method.

40b-41a. Whatever (surds) are obtained in the division, they too are
certainly root-surds. If they are not produced by the method of the

remainder, then that square-root is impossible.

The meaning of this (verse) is: in the division whatever (surds) are obtained, (i.e.)

have attained numeration, all of them are root-surds. The meaning is that all the root-surds
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become known by such an operation. Tue meaning is that, if they, when they are known

by the method of the remainder which is mentioned (by the verse):

“That which is the great(er) surd of the two in the square-root is (turned

into) rupas,”

are not root-surds, do not agree, do not attain agreement, then this square-root is
impossible. We will explain everything on the occasion of an example.

The demonstration in this case is (as follows). There the sum (of the natural
numbers) beginning with one is the sum of (the numbers) one, two, three and so on in

increasing progression. That is as follows.

4 5 6 7 8 9

28

10 15 21 36 45

Here, since the sum of one is one, then of two three, of three six, of four ten, (and) of five
fifteen, therefore it has been said: “in a square having a triad of surds” and so on.

Now when the square-root of the square of a surd is to be taken (by the rule
beginning): “By (the surd) which is going to be produced,” whatever root-surd is going to
be produced is just the last surd. When it is grasped that, when that is known, the others
are also to be known, a sutra was composed by inverting this sttra: ‘“The square of the last
(digit) is to be placed (above itself; then the other digits) are multiplied by twice the last
(digit).” That is as follows: by this (rule): “The square of the last (digit) is to be placed
(above itself; the other digits) are multiplied by twice the last (digit),” which here, in the
square of surds, (is to be interpreted): “multiplied by four times the last (digit),” the other
surds (which are) different from the last were multiplied by the last multiplied by four.
Now just those, when they are divided by the last multiplied by four, come to have the
remaining (surds) in their own squares. Thence, if, after one has subtracted them from the

square of the rupas, the square-root is taken as before, then, since the root-surds result,
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therefore what was said (in the rule) beginning: “The division of whieh is possible,” has

been demonstrated.

In this place he has mentioned an example (with the verse that begins): “In a

square where the surds (are measured) by thirty-two (and) twenty-four.”

<41b-42a. In a square where the surds are measured by thirty-two, twenty-
four (and) eight, (and) are augmented by ten rupas, tell (me), oh learned

man, what is its square-root?>

Thus in this case the setting outis: ru 10 ka 32 ka 24 ka 8. Here there is a triad of
surds in the square. Therefore since, when one has subtracted the rupas equal to a pair of
surds from the square of the rupas, as the square-root is taken as described (previously) it
is not obtained, when one has computed rupas equal to all (the surds), 64, (and) when one
has subtracted (these) from those (i.e., the square of the rupas), the remainder is 36. The
two halves of the rupas increased and diminished by its square-root, 6, are the two surds,

ka 8 (and) ka 2. The meaning is that, since this is not the square of this square-root, this is

indicated to be faulty.

Now he enunciates an example pertaining to the subject of this (rule which begins):
“By (the surd) which is going to be produced in this manner” (with the verse that begins):
“In a square where the surds (are equal to) fifteen, thirteen and three.”

<42b-43a. In a square where the surds are equal to fifteen, thirteen and

three multiplied by four, (and) are united with ten rupas, tell (me), what is

its square-root?>

And so the setting out is: ru 10 ka 60 ka 52 ka 12. Here in the square there exists a
triad of surds. Therefore, when one has subtracted the rupas equal to a pair of surds

measured by fifty-two (and) twelve, these 64, from the square of the rupas, this 100, the
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square-root of the remainder is 6. The rupas are increased and dimidished by this. The
two halves of these are ka 2 (and) ka 8. In this case the small(er) surd which is going to be
produced is this ka 2. When one has made what is equal to four times this, ka 8, usable as
rupas, because division of the two surds measured by fifty-two and twelve does not
proceed, those two surds are not to be subtracted. The meaning is that, since it has been
stated: “of whichever (surds) division is possible are to be subtracted from the square of

the rupas,” therefore this is impossible.

Now he states an example where there is the possibility of this (enunciation) “of

whichever (surds) division is possible” (with the verse that begins): “Eight, fifty-six.”

<43b-44a. In a square where there is a triad of surds, eight, fifty-six, (and)

sixty, augmented Dy ten rupas, tell (me): what is its square-root?>

In this case the setting out is: ru 10 ka 8 ka 56 ka 60. Here the first pair of parts is
ka 8 (and) ka 56. When one has subtracted the rupas equal to this, these 64, from the
square of the rupas, the square-root of the remainder is 6. By this, as before, a pair of
surds is obtained, ka 2 (and) ka 8. Here by the division of this pair of parts by four times
the small(er surd), by this 8, two parts are obtained, 1 (and) 7. Here is the manifestation of
the sutra: “they are obtained from division.” If the surds which are obtained from the
previously described division are not root-surds, then they are to be computed by the
method of the remainder, which begins: ‘By the square-root of the remainder.’ If they do
not come into being by even that, then the square-root is not possible, is not correct; or the
reading is “asannam” (approximate). Thus in the case under discussion, in this pair of
parts, 1 (and) 7, the two surds are not produced by the method of the remainder. The

meaning is that therefore those two are not to be subtracted.

Now he proclaims another example (with the verse that begins): “Four times

twelve, fifteen, five, eleven, eight and six.”
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<44b-45a. In a square where the surds are four times twelve, fifteen, five,
eleven, eight and six together with thirteen rupas, tell (me) its square-root if

you are respected for (your) cleverness in algebra.>

In this case the setting out is: ru 13 ka 48 ka 60 ka 20 ka 44 ka 32 ka 24. In this
(square) having six surds, when one has first subtracted rupas equal to three surds from the
square of the rupas, the square-root is to be taken. When one has afterwards done the
same for two, then for one, there is an absence of the square-root. Now with the intention
of (finding it) possible in another way, when one has subtracted rupas equal to the first
surd, these 48, from the square of the rupas, from this 169, the remainder is 121. Its
square-root is 11. The rupas are increased and diminished by this. Their two halves are 1
(and) 12. Here there is a great(er) surd. When one has made it to be rupas (and) has
subtracted rupas equal to the preceding pair of surds as was described (previously), again
there are two surds, ka 2 (and) ka 10. Here too, when one has made the great(er) surd to
be rupas (and) has subtracted rupas equal to the triad of surds preceding that, these 100,
from the square of the rupas, this 100, the square-root of the remainder is 0. The rupas are
increased and diminished by this. Their two halves are 5 (and) 5. In this way the square-
root is in order: ka 1ka 2ka5ka$5. The meaning is fhat it seems that this is impossible in
this way because it is not its square. Thus in the case of the square of a surd of this kind an

approximate square-root is to be obtained.

So the method of obtaining the approximate square-root has been described by our
father’s feet in the chapter on algebra in the Siddhartasundara that he composed. It is as

follows:

“The (imagined approximate) square-root is increased by that (quotient)

which is obtained from its square divided by the approximate square-root
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_(and the sum) is divided by two; that is a near(er) square-root. Then, (if one

repeats this) again and again, the (nearly) accurate square-root results.”

The meaning of this is: for whatever square quantity or non-square quantity the
(imagined) approximate square-root is to be taken, by that (approximate square-root) its
own square is to be divided. There whatever (quotient) is obtained, the (imagined)
approximate square-root is to be combined with that, and that divided by two becomes the
near(er) square-root. The meaning is that one should proceed in this manner again and

again until the square is without a remainder.

Here, however, is an example. The chosen quantity is 5. Its imagined square-root

is 2. By this its own square is divided: % This (imagined) square-root, 2, is combined
with that which was obtained: %.- It is divided by 2: %. This is the near(er) square-root.
Now, when one has again computed (by the rule): “by the approximate square-root,” the
square-root of five is obtained: 2;14. That is enough because (it becomes) excessively

long.
Now he proclaims another example (with the verse that begins): “Forty.”

<45b-46a. If, in a square there are surds equal to forty, eighty, and two
hundred, (and) they are combined with seventeen rupas, tell (me): what is

the square-root in that case?>

Here the setting out is: ru 17 ka 40 ka 80 ka 200. The square-root (obtained) as
described (previously) is in this case ka 10 ka 5 ka 2.

In the excellent commentary on the Bija(ganita), the Stryaprak@sa, which
is distinguished by all the adornments of the virtuous and the wise, which is
capable of destroying the darkness in the hearts of unintelligent students,

and which has been enunciated by the poet, calculator, and teacher named
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Strya, the son of the astrologer Jiianaraja, a collection of operations with
positive and negative (quantities) and with one and more than one colours

and of the six-fold (operation) with surds has been produced.

Thus in the commentary on Bhaskara’s Bija(ganita), called the Suryaprakasa,

composed by the astrologer, the Pandita Surya, the chapter concerning the six-fold

(operation) has come to a conclusion.
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4. <Text Alpha, Third Chapter> -
<The Chapter Concerning the Pulverizer>

Salutations to Him who has an elephant’s face.

1. Isalute (Ganesa) who has a pendulous belly, for whom la .ghter and
mirth are produced by the humming of the gracious wives of the honey-
drinking (bees) as they playfully frolic on his cheeks beautiful with the
circle of his large trunk, the region of whose hot temples is covered with
flowing, straight (streams of) ichor, and who (wears) garlands of hybiscus

and kalaya-flowers.
<A. The General Pulverizer>

Thus having told of the six-fold (operations) beginning with unknowns and ending
with surds, having now begun the pulverizer because it is useful for such things as the

several colours (varna) of the vargaprakrti which will be spoken of (presently), just

describing its nature he says: “The dividend, the divisor, and the additive.”

<46b-47b. For the sake of the pulverizer, the dividend, the divisor, and the
additive are to be reduced (by a common measure) by a certain (number), if
(there is) the possibility in the beginning. (If) the additive is not (divisible)
by that by which the dividend and the divisor are divided, that is indicated to

be faulty.>

The (syntactic) connection is: “If there is the possibility in the beginning, by a
certain number for the sake of the pulverizer the dividend, the divisor, and the additive are
to be reduced.” That dividend is divided and the divisor is divided “by that,” and the
additive is added. Thus wherever these three are, just there the pulverizer is possible.
Here, by this (phrase) “if there is the possibility,” when there is a possibility of division,
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division is to be performed, when that is not possible, the rule of the pulverizer is to be
carried out with the additive, divisor and dividend just as they are. But (by the words) “just
to be reduced” is indicated “necessarily.” Here “pulverizer” is a conventional word. So he
speaks of the distinction between the possibility and the impossibility of a pulverizer when
reduction has been performed (with the words beginning with) “by what.” By what
number the dividend and the divisor are divided, if divided by just that the additive is not
subtracted (without remainder), then this is indicated to be faulty. This is the meaning: by
what number reduction of the dividend and the divisor was accomplished, if reduction of
the additive by just that does not succeed, then this is indicated to be faulty. The meaning
is: “It was asked fraudulently.”

So, when there is uncertainty about the reduction, thinking “let there be no doubt
for ignorant students whose minds are confused” (as they ponder:) “What are the
dividend, the divisor, and the additive, or by what number are they to be reduced?,” he
speaks a sutra for the sake of knowing the reduction-number: “Of two (quantities)

mutually divided.”

<47c-48b. Whatever is the (last non-zero) remainder of two (quantities)
which are mutually divided, that is their reducer. Whatever two (quantities)
are divided by that reducer, they are the dividend and the divisor called

“confirmed.”>

Of two (quantities) which have been mutually divided whatever is the (last non-
zero) remainder that is their reducer. The meaning is: “of the two (quantities), the
dividend and the divisor.” Here the meaning is: “the reducer is a certain number that has
been measured for division without a remainder.” When the reducer has been produced in
this way, whatever dividend and divisor are divided by their own reducer are called
“confirmed.” Here the dual “dividend and divisor” is used elliptically. The meaning is:
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“the dividend, the divisor, and the additive, when divided by that, are called ‘confirmed’.”

Here the state of being called with the name “confirmed” means unchangeableness.

So, for the sake of achieving the meaning of what is to be explained conceming the
pulverizer, he enunciates a sutra with three verses from the beginning: “One should divide

the confirmed dividend and divisor mutually.”

<48¢c-50b. One should divide the confirmed dividend and the confirmed
divisor mutually until there is one (rupa) here in (the place of) the dividend.
The results (are placed) one below the other; below them is to be entered the
additive. Then zero is at the end. When (the number) above it (i.e. the
antepenultimate) has been multiplied by the penultimate and combined with
the final, one should subtract the final. Thinking: “it should be (done)
again and again” (one finds) a pair of quantities. The upper is divided
(taga) by the confirmed dividend; (the remainder is) the result. The other,

(is divided) by the (confirmed) divisor, (the remainder) is the multiplier.>

The (syntactic) connection is: “One should divide these two, the confirmed
dividend and the confirmed divisor, mutually to such an extent.” With this (word) “these
two,” the meaning is: “whichever two have been obtained by the previous sutra.” In what
way (is meant) “to such an extent?” Until there is the number one (rupa) here in (the place
of) the dividend. The meaning is: “in mutual division one should divide until, in the place
of whatever quantity is obtained by its being the dividend, the remainder is riupa, one.”
The results obtained thus in this mutual division are to be placed one below the other. Then
the additive is to be entered below them; and at the end, below them all, zero is to be
placed. Thus it should be written so as to become a chain of results. When it has been
done in this way, when (the number) above it (i.e., the antepenultimate) has been multiplied
by the penultimate and (the result) has been combined with the final (number), one should
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abandon (that) final. In this way itis to be done “muhu” i.e. again and 4gain until there is a
pair of quantities. Here with this (word) “penultimate” (the definition is): “Penultimate
(means) that it stands “upa” i.e. next to the final.” So here the final (number) is zero, the
penultimate is above it; consequently it is just “the additive.” Then, ascending (the chain
link) by higher (link), one should multiply (the number) above it (i.e., the antepenultimate)
by whatever is the penultimate. Then, when a pair of quantities has resulted in accordance
with what was said (previously), whichever quantity is higher (in the chain) being divided
(tasta) by the confirmed dividend, the remainder is the result (phala). Likewise the other
quantity which is lower (in the chain) being divided (tasta) by the confirmed divisor, the
remainder is the multiplier. So, in whatever division in which there is no use for the

“quotient” (phala) there is a use just for the remainder, the symbolic word “tasta” is

employed.

So, considering that this (rule is applied) in obtaining the multiplier and the
quotient, he speaks of a special property in the occurrence of that (rule) in a task (with the

verse that begins): “In this way.”

<50c-51b. Thus (should one proceed) in this at the time when these
quotients are even (in number). If (they are) odd, then the quotient and

multiplier as they are obtained are to be subtracted from their divisor

(taksana); but they are measured by the remainders.>

Thus is (the procedure} at the time when in this pulverizer these quotients are even.
The rule was made by (its) maker considering that the described procedure for the task (is
to be followed) just at that time. This is the meaning. In accordance with what was said
(previously), whatever are the quotients in the mutual division of the dividend and the
divisor by the sutra that begins: “One should divide these two, the confirmed dividend and

the confirmed divisor, mutually,” if they are even—(i.e.), are of an even number—then the
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quotient and the multiplier are to be computed by the described procedure. Now if these
quotients are odd—i.e., of an odd number—then “the quotient and the multiplier as they
are obtained are to be subtracted from their divisor; but”—i.e., again—*“they”—i.e., the
quotient and the multiplier—*are measured by the remainders.” In this rule of the divided
(tasta) the divisor is called “taksana.” The sense is: “When a pair of quantities as
previously described has been produced, (by the rule) “the one higher (in the chain) is
divided (tasta) by the confirmed dividend,” the confirmed dividend and the confirmed
divisor become the divisors (taksanas) of the multiplier and the quotient; and so in
accordance with what was said previously the multiplier and the quotient in a case where
the quotients are odd (in number), when they have been subtracted from their divisors
(taksanas), become the multiplier and the quotient.”

The demonstration in this case is (as follows). Here the quotient and the multiplier
are computed by the pulverizer to such an extent. There the order of instructions is that this
dividend becomes remainderless when it is muitiplied by a certain (number), combined
with the additive, and divided by its divisor. Thus that (number) by which it is multiplied,
is unknown. So it is proposed that, though the dividend is not remainderless when
division of the determined dividend by the divisor occurs, even then mutual division is
made in order to learn how great a remainder there may be after (that) division. That is as
follows. The dividend divided by the divisor does not become remainderless. In that case,
in order to know from what remainder (actually) left over, when it is multiplied how many
times, the divisor is again subtracted (with no remainder), the divisor is again divided by
the remainder of the dividend. There it is seen that the condition of having the forms of the
quotient and the multiplier in order belongs to that which is the chain of results. Thus the
inaccuracy (results) from the fact that the chain of results is derived from a dividend that is
not combined with an additive. Then the pair of quantities that is produced in the presence
of this (chain of results) homogenized By the additive—they are the accurate quotient and

multiplier. But, in respect of the production of numbers that are stupifying because of their
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magnitude, division (taksana) by the confirmed dividend and the confirmed divisor is
carried out in order to diminish them. The teacher, establishing just this in (his) mind,
wrote this other procedure (with the words): “joined each with its own divisor multiplied
by an arbitrary (number).” This is the meaning. When the pair of quantities is divided by
the confirmed dividend and the confirmed divisor, whatever is the remainder—they are the
quotient and the multiplier. So the sense is that, assuming that just that which is the
quotient is the arbitrary (number), by the operation (described by the words) beginning
with “joined each with its own divisor multiplied by an arbitrary (number),” that pair of
quantities again becomes the quotient and the multiplier. So, with respect to the two
(quantities), the multiplier and the quotient, it is effected by just a pair of quantities.
Therefore it is said that the pair of quantities “should be repeated.”

Now the inclusion of the quotient in the dividend is seen (from the rule) that “when
the dividend is divided by the divisor, a result is obtained.” So the inclusion of the
multiplier in the divisor is seen (from the rule) that “the quotient multiplied by the divisor
is subtracted from the dividend.” Therefore it is said: ‘“The one higher (in the chain) is
divided (tagta) by the confirmed dividend; (the remainder is) the result (and the other is
divided by the confirmed divisor, the remainder is) the multiplier.” So it has been
demonstrated here that, when the chain of results is being obtained by (the rule) beginning:
“One should divide the confirmed dividend and the confirmed divisor mutually,” because
the first result is obtained from the dividend divided by the divisor, but the second (result is
obtained) from the divisor divided by the remainder of the dividend, therefore it is made a
rule that “the one higher (is divided) by the dividend.”

So something is made clear by us also by means of concise verses (karikas) under

the guise of stating a conclusion to the (above) demonstration.



1. Some part of the dividend is called “ksepa” (the additive). “These two,

the quotient and the multiplier, are thought to be within (i.e. to depend on)

the dividend and the divisor (respectively).

2. (If onc wonders:) “If there is a multiplier for the chain of the results of a
dividend whose remainder is one, then what is (the multiplier when the

dividend) has as its remainder the additive?,” (the answer is found) from

proportion.

3. The multiplier and quotient are regarded as measured by that which is a

pair of quantities. Then in order to diminish them, division (taksana) is

carried out by the sages.

4. The teacher, keeping just this in view, regarded it as most important: the
multiplier and the quotient, each added to its own divisor multiplied by an
arbitrary (number), become indeed two others (i.e., a multiplier and a

quotient).

5. Something is said which causes admiration in ignorant students (who
wonder): “(Even) when one of two (quantities) is unknown, yet the second

1s arrived at.”

6. When there is knowledge of the multiplier (but) ignorance of the result
(i.e., the quotient), (then) the correct result is obtained (thus): the dividend
is multiplied by the multiplier, (the product is) added to the additive, and
(the sum) is divided by the divisor.

7. When there is knowledge of the result (but) ignorance of the multiplier,
(then) the divisor is multiplied by the result, (the product) is diminished by

307
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the additive, and (the remainder) is divided by the dividend. There is the

correct multiplier.

8. Whenever there arises a confirmed dividend which is less than the
divisor, there an inversion of the quotient and multiplier is to be carried out

by the wise.

9. If, where the quotients are odd (in number and) the additive is

subtractive, whatever quotient and multiplier are there are indeed the correct

ones.

Now he speaks of a special property when it is impossible to reduce one among the
additive, the divisor, and the dividend, which are the previously described causes of the

pulverizer (with the verse beginning): “There exists from the method of the pulverizer.”

<51c-52b. Or else, there exists from the method of the pulverizer a
multiplier of the additive (yuti) and the dividend when they are reduced
together. Again, whatever is (the multiplier) of the additive and the divisor

that is also (the multiplier) when it is multiplied by the reducer.>

Or else, of the additive and the dividend when they have been reduced together,
from the method of the pulverizer a multiplier exists. “Yuti” (means) “additive” (ksepa).
The meaning is: when the reduction of it (the additive) and of the dividend has been made,
even if the divisor has not been reduced, yet a multiplier is obtained. Now: again of the
additive and the divisor, when they have been reduced together, whatever is the multiplier,
that when multiplied by the reducer is the multiplier. The meaning is: when reduction of
the additive (yuti) and the divisor (bhajaka)}—(i.e.,) of the additive (ksepa) and the divisor
(hara)—has been made with the exclusion of a reduction of the dividend, whatever

multiplier is arrived at, that when it is multiplied by the reduction-number is the multiplier.
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The demonstration in this case is (as follows). There, because of the absence of the

use of the quotient, even if the additive and dividend have been reduced, even then the
multiplier is obtained because the inclusion of the multiplier in the divisor is seen. Thus,
because, when the divisor is unalitered, the multiplier also is uraltered, therefore (the verse)
beginning: “There exists from the method of the pulverizer” was said. So, when the
reduction of the additive and the divisor has been done, (according to the rule): “Whatever
is (the multiplier) of the (reduced) additive and divisor,” the dividend with respect to the
divisor is reduction-number-times greater. Thus, because the divisor is less, the multiplier

which is within it also becomes reduction-number-times less (i.e. the new multiplier is
multiplier
reduction - number

). It has been demonstrated that, if it is multiplied by the reduction-

number, then it is the multiplier.

Having enunciated in this way a collection of sutras for the perfection of the
pulverizer, he now proclaims some rule with his intention being in the derivation of the
multiplier and the quotient (with the half-verse that begins): “(In the division) of the

multiplier and the quotient, an equal (result) is to be obtained.”

<52c. In the division (taksana) of the multiplier and the quotient, an equal

result is to be obtained by an intelligent (person).>

By an intelligent (person) in the division of the multiplier and the quotient an equal
result is to be obtained. It has been demonstrated that the meaning is that a rule was made
that, after the multiplication of the chain of results by the previously described operation of
the pulverizer, as a pair of quantities is achieved by (the rule) here: “In the division of the

multiplier and the quotient,” when, according to (the verse) which begins:

“The (successively) higher (number) is divided by the confirmed dividend
(the remainder) is the result, the other by the divisor, (the remainder) is the

multiplier,”
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the pair of quantities is divided in order by the confirmed dividend and the confirmed
divisor, then an equal result for them both is to be taken because, as many times as the
confirmed dividend is subtracted (from the upper quantity), so many times must (the lower

quantity) be diminished by the confirmed divisor.

Now he mentions another peculiaﬁty with the latter half (of the verse that begins):

“Arising from addition.”

<53b. The multiplier and the quotient, which are arising from addition,

when subtracted from (their respective) divisor(s) (taksana), become

(quantities) arising from subtraction.>

Arising from addition the multiplier and the quotient, when they have been
subtracted from (their respective) divisor(s), become (quantities) arising from subtraction.
The meaning is that whatever multiplier and quotient are obtained “arising from addition”
with the meaning: “Having a positive additive,” if they are subtracted from their
(respective) divisor(s) which are named “confirmed dividend and confirmed divisor,” then
they become “(quantities) arising from subtraction” with the meaning: “Having a negative
additive.”

The demonstration in this case is (as follows). It is clear that, if the quotient and
multiplier, which are the remainders from division by the confirmed dividend and .divisor,
are subtracted from their divisors, then they become (quantities) arising from a difference

because the additive is made smaller than the dividend.

Now he enunciates a sutra in (the case when) the divisor is positive or negative

(with the verse that begins): “The two produced by a positive dividend.”
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‘<54a. The two produced by a positive dividend in the same way become
two preduced by a negative dividend.>

The two <produced by> a positive dividend in the same way—as previously

(described)—become < ... (lacuna) ... (two produced by a negative dividend) ...

<53a. When a positive additive has been divided (tasta) by the divisor, yet

the multiplier and the quotient (are found) as previously (described).>

(lacuna) ... > etc. Now, when the divisor is negative, the multiplier and the
quotient are (found) as previously (described). In what (circumstance)? When a positive
additive has been divided (tasta) by the divisor. The meaning is that if the divisor is
negative then, imagining the remainder of the positive additive divided by it (the divisor) to
be the (new) additive, the quotient and the multiplier are to be derived by carrying out the

method of the pulverizer.

Now again he mentions another peculiarity (with the line that begins): “United

with the result produced by division (taksana) of the additive.”

<54b. United with the result (produced by) division (taksana) of the

additive is the quotient; but, if there is subtraction (of the additive because it

is negative, the quotient) is diminished.>

Or: the quotient is to be made 1o be united with the result (produced by) division
(taksana) of the additive. “K§epatak§aqam” (means) “division of the additive” (and not
“by the additive”). The meaning is that, whatever is the result (i.e.) obtained in this
(division), with that is the quotient united, (i.e.) joined; (the result) is the (true) quotient.
But this (statement) is about a positive additive. So, (when he says): “But, if there is
subtraction, (the quotient) is diminished,” the meaning is that, when there is a negative

additive, the quotient is t0 be made to be diminished by the result (produced by) division
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(taksana) of the additive. The intention is that, when division (taksana) of the additive is
made by the divisor (in accordance) with (the words): “When a positive additive has been
divided (tasta) by the divisor,” the quotient is joined with whatever is obtained (as the
result) if it is a pbsitivc additive, and diminished (by it) if it is a negative additive; (the

result) is the (true) quotient.

Now again he mentions another peculiarity (with the half-verse that begins): “Or

else by the divisor.”

<55a-b. Or else by the divisor of the additive and the dividend divided
(tasta), the multiplier (is found) as previously, then the quotient (is found)
from the dividend multiplied (by the multiplier) joined (with the additive,
and) divided (by the divisor).>

Or else—by another procedure—by the divisor of two divided (tasta), which are
the additive and the dividend, as previously the multiplier is to be known-—as previously
(means) by the method of the pulverizer—the multiplier is to be known because it was
said: *“There exists from the method of the pulverizer (a multiplier) of the additive and the
dividend.” When this has been done, the multiplier is obtained, but not the quotient. And
so, when the multiplier is known, then the quotient is to be found. The meaning is that the
result (i.e. quotient) is obtained when the dividend is multiplied by the multiplier, joined
with the additive, and divided by the divisor. Or else the quotient and the multiplier are to
be obtained from the dividend increased and divided by the divisor. In this way, all this

will be investigated clearly with demonstrations at the time of (giving) examples.

Now he speaks of the possibility of the absence of (a positive or negative value for)
a multiplier (with the verse beginning): “The absence of the additive.”
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'<56a-b. Wherever there is the absence of an additive or the additive is
reduced (without a remainder) when it is divided by the divisor, in that case,
the multiplier is to be known as zero, (and) the additive divided by the

divisor is the result.>

Wherever there is the absence of an additive, and likewise wherever the additive
divided by the divisor is reduced (without a remainder), in that case—in both (cases)—the
multiplier is to be known as zero. Now he speaks of a special property here also: “The
additive divided by the divisor is the result.” Wherever the additive divided by the divisor
is reduced (without a remainder), just in that case the additive divided by the divisor is the
resuit. And likewise wherever by its very form there is an absence of the additive, in that
case what is to be divided by the divisor? The meaning is that in that case because of this
(absence of the additive) the multiplier and the quotient are just zero.

The demonstration in this case is (as follows). Considering first in that éasc that
there is the absence of an additive, wherever there is the absence of an additive, in that case,
in the chain of results which has been obtained from mutual division by (the rule)
beginning: “One should divide mutually the confirmed dividend and the confirmed
divisor,” bccausc of (the rule) beginning: “When (the number) above it has been
multiplied by the penultimate,” the penultimate is the additive. And that in the case under
discussion is measured by zero. In multiplying (the number) above it by it, since (a
number) multiplied by zero is zero, it is in al! cases zero. Thence it has been demonstrated
that zero is the multiplier in that case. Now (with respect to the words): “Wherever the
additive is reduced (without a remainder),” in that case the additive, being divided (tasta)
by the divisor by the procedure of the sutra: “When a positive additive has been divided
(tasta) by the divisor,” becomes remainderless. And so it is correct (to conclude) that in
the absence of an additive, the multiplier is zero. So, by this (phrase): “the additive

divided by the divisor is the result,” the meaning of the sutra: “United with the result
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(produced by) division (taksana) of the additive” has been establisned. So, (in answer to
the question): “How indeed might the multiplier be zero even when the absence of an
additive has not been effected?,” it is said. If the additive multiplied by one is reduced
(without a remainder) when it is divided by the divisor, then, even though multiplied by
two, three, and so on, (the additive) will certainly be reduced (without a remainder) when it
is divided by the divisor. Thus, when the quantity, which is the lower in a pair of quantities
that is obtained from the chain of results when the additive is multiplied, is divided by the
divisor, then it (the lower quantity) is certainly remainderless. Thence it is correct (to say)
that in that case too the multiplier zero is produced. Now (with respect to the phrase): “the
additive divided by the divisor,” here the result is obtained when the dividend is multiplied
by the multiplier, (the product) increased by the additive, and (the sum) divided by the
divisor. And so in the case under discussion the multiplier is zero. When the dividend is
multiplied by that, a zero results. Since (the result) is obtained (by the rule): “When this is
increased by the additive (the sum) is to be divided by the divisor,” consequently the

additive is to be divided by the divisor. It has been demonstrated that the result is obtained

(in this way) in that case.

Now for the sake of the astonishment of the educable who are lazy in (carrying out)
the previously mentioned operations of the pulverizer at the acquisition of several
multpliers and quotients, he enunciates a sutra (with the verse beginning): “(Each) with its

own divisor multiplied by an arbitrary (number).”

<57a-b. (Each) with its own divisor multiplied by an arbitrary (number)
when joined, the multiplier and the quotient become (other multipliers and

quotients) many times over.>

“Those two, the multiplier and the quotient, (each) with its own divisor multiplied

by an arbitrary (number) when joined, many times over become (other multipliers and
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quoﬁegts).” Whatever muitiplier and quotient have been established by the method of the
pulverizer as described (previously), they are (again) the quotient and the multiplier when
they have been joined (each) with its own divisor multiplied by an arbitrary (number). The
meaning is this: having multiplied (each of) its own divisor, called the confirmed dividend
and divisor, by any arbitrary (number) whatsoever, such as one, two, or three, ihe
previously obtained multiplier and quotient having been increased by them in order become
another quotient and another multiplier. The intention is that in this way there are quotients
and multipliers many times over—i.e.,) numerously.

Here the demonstration is (as follows). In that case, whatever pair of quantities has
been produced from the multiplication of two additives in the chain of results, the quotient
and the multiplier measured by the remainder when division has been carried out by the
confirmed dividend and divisor in order are produced from that (pair). Now, it was
demonstrated that, if the confirmed dividend and divisor, (each) multiplied by one and
becoming its own divisor, are increased by the two remainders which have the nature of a
quotient and a multiplier, then they again become the quotient and the multiplier because

they are greater (each) by the remainder pertaining to it.

Now he enunciates an example pertaining to the subject of the sutra on the

pulverizer (with the verse that begins): “A pair of hundreds combined with twenty-one.”

<57¢-58b. Oh calculator! Tell (me) quickly that multiplier multiplied by
which a pair of hundreds combined with twenty-one, joined with sixty-five,
and divided by a pair of hundreds diminished by five, arrives at the state qf
being reduced (without a remainder).>

The (syntactic) connection is: “Oh calculator! That multiplier quickly tell.” From
reasoning that, from the invariable connection of (the correlative pronouns) “yat” and “tat,”

the word *“tat” anticipates the word “yat,” (in answer to the question): “What (is meant
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by) “tam”? ”, he says: “Yadgunam” (“multiplied by which”). “Multiplied by which a
pair of hundreds combined with twenty-one, joined with sixty-five and divided by a pair of
hundreds diminished by five arrives at the state of being reduced (without a remainder),
that (multiplier).” Thus in this case, from the definition: “That dividend is divided”
(given) with the sutra which begins: “The dividend, the divisor, and the additive are to be
reduced (by a common measure),” a pair of hundreds combined with twenty-one becomes
the dividend, sixty-five (becomes) the additive, and a pair of hundreds diminished by five
(becomes) the divisor. Thus the setting out of these in order is:

Dividend 221 Additive 65

Divisor 195.
Now it was said in the first verse that in order to make them smaller reduction (by a
common measure) is to be performed. And also (it was said) by the procedure of the
second sutra: ‘Whatever is the (last non-zero) remainder of two (quantities) which are
mutually divided, that is their reducer.’ In this case the (last non-zero) remainder of the
mutually divided dividend and divisor, the reduction-number, is obtained (as) 13. The
dividend, divisor, and additive reduced by this (number) become known as “confirmed””:

Dividend 17 Additive 5

Divisor 15.
Now, whatever are the results (quotients) in the mutual division of the confirmed dividend
and divisor until the remainder is one (rupa) in accordance with (the rule) which begins:
“One should divide the confirmed dividend and divisor mutually,” placing them one below

the other, the additive below them, and placing zero at the end, the chain of results is

produced:

S W ) e
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So, when the operation as described (by the rule) which begins: “When (the number)
above it is multiplied by the penultimate” has been carried out, a pair of quantities is

produced:
40
35

This (pair), having been divided (tasta) in order by these two (numbers), 17 (and) 15, the
confirmed dividend and divisor, (the remainders) become the quotient and the multiplier: 6
(and) 5. In the division (taksana) of the pair of quantities in this case, an equal quotient, 2,
is produced in both places. To compute a quotient and a multiplier numerous times from
the quotient and the multiplier obtained in this way, he lays down the sutra which was
previously said (with the words): “Multiplied by an arbitrary (number).” Thus, in this
case the basic multiplier and quotient are 5 (and) 6. Their divisors are 15 (and) 17. (By
one) multiplying these two by the arbitrary (number) one, they, when increased by the
hasic quotient and multiplier, become another quotient and another multiplier, 23 (and) 20.
(Multiplying) by the arbitrary' (number) two (and proceeding) in this way, (they are) 40
(and) 35. (Muitiplying) by three (they are) 57 (and) 50. (One should proceed) in this way

numerous times.

Having thus enunciated an example of imagining the additive to be positive and of
imagining it to be negative, now, having assumed it to be positive or negative, he
enunciates an example (which is) pertaining to the subject of this sutra: “There exists from
the method of the pulveﬁier” (with the verse beginning): “A hundred multiplied by which

when joined with ninety.”

<58¢c-59b. If you are very clever in the pulverizer, tell me correctly that
multiplier, by which when one hundred is multiplied, (the product) is added
to or diminshed by ninety and (the sum or difference) is divided by sixty-

three, there is no remainder.>
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The (syntactic) connection is: “Oh mathematician! If in the pulverizer you are very
clsver,} then tell me that multiplier correctly.” “Patiyan” (is defined as) “excessively
clever”; the meaning is “skillful.” Now, (in answer to the question): “What is (the
pronoun) ‘that’? ”, he says (the correlative): “by which.” (The syntactic connection is):
“By which multiplied one hundred increased or decreased by ninety (and) by sixty-three
divided is without a remainder.”
Thus, here the setting out is:
Dividend 100 Additive 90
Divisor 63.
Here because of the impossibility of the reduction, just these are the confirmed dividend,
divisor, and the additive. So here also, when the method of the pulverizer is being

performed as previously, a chain of results is produced:

Ogt—-NNo—‘u-ar—A

In accordance with what was said (previously), the multiplier and the quotient are 18 (and)
30. Now, having imagined the negativity cf the additive (which is) ninety, by the
procedure of the sutra: “The multiplier and the quotient, which are arising from addition,
when subtracted from (their respective) divisor(s) (taksana), become (quantities) arising
from subtraction,” the multiplier and the quotient that have been obtained, when they have
been subtracted from their (respective) divisors (taksana), again become the multiplier and
the quotient, 45 (and) 70.
Now, again, the setting out of the dividend, the divisor, and the additive is:
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Dividend 100 Additive 90

Divisor 63.
In this case, in order to display the working of the sutra: “There exists from the method of
the pulverizer,” when one has reduced the dividend and the additive by ten, the setting out
is:

Dividend 10 Additive 9

Divisor 63.

Here from mutual division a chain of results (is produced):

In accordance with what was said (previously), the quotient and the multiplier are 7 (and)
45. Now the quotients in the chain of results are odd (in number). Therefore, proceeding
(in consideration of the fact) that “the quotient and the multiplier as they are obtained are to
be subtracted from their (respective) divisor(s) (taksana),” the multiplier is obtained as 18.
There is no use for the quotient because the multiplier alone is indicated in the sutra: “Or
else the multiplier of the two (i.e., the additive and the dividend) when they are reduced
together.”

Now, in order to show working of this (in the sutra): “Again, whatever is (the
multiplier) of the additive and the divisor,” when one has reduced the divisor and the
additive by nine, the setting out is:

Dividend 100 Additive 10
Divisor 7.

In accordance with what was said (previously), a chain of results (is produced) in this case:
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14
3
10
0

And so the quotient and the multiplier are 30 (and) 2. Here this 2 is the multiplier.
Multiplied by this reduction-number 9, the (true) multiplier is produced; it is 18 because it
was said: “That is also (the multiplier) when it is multiplied by the reducer.” So the
multiplier and the quotient produced by the negative additive ninety are 45 (and) 70. Here
by (application of the sutra) beginning: “(Each) with its own divisor multiplied by an
arbitrary (number) when joined,” the multiplier and quotient are again 108 (and) 170; 171

(and) 270. In this way (one may proceed) variously.

Now in order to display the workings of the remaining sutras, he again, assuming
the negativity of the dividend, enunciates another example (by the verse beginning): “By

which multiplied negative sixty increased.”

<59¢-60b. Oh mathematician! Tell me separately the multiplier(s) by
which when multiplied negative sixty, if it is either increased or diminished

by three, is, when divided by thirteen, without a remainder.>

“Tell me the multiplier(s) separately.” The purpose of the verse is just as in the
previous (case). And so the setting out is:
Dividend -60 Additive 3
Divisor 13.
In this case the chain of resuits (is):
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0
In accordance with what was said (previously), the muitiplier and the quotient are 2 (and)
9. When one has operated (in realization of the fact) that the quotients are odd (in number)
in this case, the quotient and the multiplier subtracted from their (respective) divisor(s)
(taksana) become 51 (and) 11. Here, when one has assumed the positivity of the additive,
when that additive is combined with the negative dividend, then, when one has operated (in
realization of the fact) that “the addition of a positive and a negative (quantity) is (their)
difference,” the multiplier and the quotient become 2 (and) -9. Now, when one has
assumed the negativity of the additive, when that additive is combined with a negative
dividend, then, when one has operated (in realization of the fact) that ‘in the addition of two
negative (quantities, their) sum occurs,’ the multiplier and the quotient (become) 11 (and)
—51. Thus all has been accomplished by just this (verse): “The multiplier and the quotient,
which are arising from addition, when subtracted from (their respective) divisor(s)
(taksana), become (quantities) arising from subtraction.” But for the sake of teaching the
dull, it is enunciated by the teacher (Bhaskara): “The two are produced by a positive
dividend in the same way.” The remainder, which is clear, is understood from the treatise

also.

Now, having assumed the negativity of the divisor, he enunciates another example

(with the verse that begins): “Eighteen multiplied by what?”
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<60c-61a. Eighteen multiplied by what, (if) increased or diminished by ten

and divided by negative cleven, becomes (a number) without a fractional

part.>

Here the meaning of the verse is easy to be understood. And so the setting out is:
Dividend 18 Additive 10
Divisor -11.
Here, when one has assumed the positivity of the divisor, the chain of results (is produced)

by mutual division:

pood  emd ek b

10
0

Thus in accordance with what was said (previously), the quotient and the multiplier, which
are arising from addition, become 14 (and) 8. So, when one has operated (in realization of
the fact that): “The multiplier and the quotient, which are arising from addition, when
subtracted from (their respective) divisor(s) (taksana), become (quantities) arising from
subtraction,” the multiplier and the quotient arising from subtraction become 3 (and) 4. In
this example, the quotient is to be understood to be negative because the divisor is negative;
(hence the multiplier and the quotient are) 3 (and) -4. (This is) because it has been said
previously: “In the multiplication of two positive and of two negative (quantities, the
product is) positive, (but it is) negative in the multiplication of a positive and a negative
(quantity). But it is also explained in the same way in the division (of positive and negative

quantities).”
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ANow he enunciates another example pertaining to the subject of this (rule which
begins): “When a positive additive has been divided (tasta) by the divisor,” (with the verse

which begins): “By which are multiplied five.”

<61b-62a. What is that multiplier, by which multiplied five increased or

decreased by twenty-three (and) divided by three is without a remainder?>

The meaning of the verse is easy to be understood in this case also. Thus here the
setting out is:
Dividend 5 Additive 23
Divisor 3.

Here the chain of results (is):

and a pair of quantities is produced:
46
23

Here, when the upper quantity has been divided by its divisor (taksana), the number five,
nine is obtained. So when the lower quantity is divided (tagta) by three, seven is obtained.
Thus this (method) is improper because the quotients are unequal, since it was said
(previously): “(In the division) of the multiplier and the quotient, an equal (result) is to be
obtained.” Therefore here the achievement of the purpose is by another sutra. So, from
the rule of the sutra: “When a positive additive has been divided (tasta) by the divisor, yet
the multiplier and the quotiert (are found) as previously (described),” in this case, when

one imagines the remainder of the additive divided (tasta) by the divisor to be the (new)

additive, the setting out is:
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Dividend 5 Additive 2
Divisor 3.

Here, from mutual division, the chain of resuits (is):

[ 3 I SN

0

From this the multiplier and quotient become 2 (and) 4. When they have been subtracted
from their divisors, they become the multiplier and the quotient, 1 (and) 1, arising from
subtraction. Now in just this example, the subject of this sutra: “United with the result
(produced by) division (taksana) of the additive, is the quotient; but, if there is subtraction,
(the quotient) is diminished,” is seen. So here, when the division (taksana) of this additive,
23, is made by this divisor, 3, the result is 7. United with this, this quotient (produced by)
addition, 4 becomes the (true) quotient, 11, and the multiplier is just the previous one, 2.
Now (in view of the rule): °If there is subtracticn, (the quotient) is diminished,’ in that case
the quotient (produced by) subtraction, 1, when diminished by this result, 7, (which is
obtained) from division (taksana) of the additive, again becomes the (true) quotient, -6, and
the multiplier is just the previous one, 1. Or else, when one has multiplied by this result, 7
(produced) by division (taksana) of the additive, these two, the dividend and the divisor, 5
(and) 3, become divisors (taksana); when one has subtracted (the products) from this pair
of quantities previously obtained, 46 (and) 23, again there result-the multiplier and the
quotient, 2 (and) 11.

The demonstration in this case is (as follows). When the additive is divided (tasta)
by the divisor, yet the additive is small. Then the quotient which is produced from it also is
small. That (quotient), however, (is obtained) employing a small additive, but not when
the additive is large. So, it has been demonstrated that, if the previous quotient is combined
with that (number) by which multiplied the divisor is subtracted from the additive, then the
quotient is large, because the additive is to be added.
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Now he mentions an example pertaining to the subject of this sutra: ‘When there is
the absence of an additive and wherever the additive is reduced (without a remainder) when
(it is) divided by the divisor,” (with the verse that begins): “By which (when) five are
multiplied.”

<62b-63b. Oh mathematician! Tell me quickly that multiplier by which
(when) five are multiplied and zero is added to or sixty-five is combined
with (the product, the two sums) are without a surplus when they are

divided by thirteen.>

Here the meaning of the verse is certainly easy. And so the setting out is:
Dividend 5 Additive 0
Divisor 13.
In this case when there is the absence of an additive, the multiplier and the quotient are 0
(and) 0. Or else, on account of (the verse) beginning: “(Each) with its own divisor
multiplied by an arbitrary (number),” when that which is to be added is their own divisor

multiplied by one, the multiplier and quotient are 13 and 5 (respectively).

In the second example, the setting out is: _
Dividend 5 Additive 65
Divisor 13.
Here considering that ‘the additive reduces (without a remainder) when it is divided by the
divisor,” the multiplier becomes 0. And on account of (the rule) beginning: ‘The additive

divided by the divisor becomes the result,’ the result is 5.
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<B. The Constant Pulverizer>

Having investigated the pulverizer generally in this way, now for the sake of
effecting the constant puiverizer which is useful in the computation of (the longitudes of)

the planets, he recites a sutra (with the verse that begins): “If one imagines the additive

rupa to be subtractive.”

<63c-64b. If one imagines the additive rupa to be subtractive, whatever are

the multiplier and the quotient of those two separately, when they have been
multiplied by an arbitrary additive or subtractive (and) divided (tasta) by

their divisors (taksanas), become their (multiplier and quotient separately).>

The logical order is: “If one imagines the additive rupa to be subtractive, whatever
are the multiplier and the quotient of those two separately, (when) they have been
multiplied by an arbitrary additive or subtractive and divided by their divisors, they become
the multiplier and quotient.” The meaning is that the subtractive (visuddhi) is the additive
which has become negative; if one assumes that rupa to be the numeral one. The

remainder is clear.

Thus, here in the first example, if one assumes ruipa to be the additive, the setting
out is:
Dividend 17 Additive 1
Divisor 15.

So the series of results (is):
1
7
1
0

The multiplier and the quotient are 7 (and) 8. When these two are subtracted from their

(respective) divisors (taksanas) because the additive is negative, the multiplier and the
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quotent are 8 (and) 9. Because of (the rule) beginning: “Multiplied by an arbitrary
additive or subtractive,” here the arbitrary previous additive is this 5. When the muitiplier
and the quotient are multiplied by this, (there are produced) 40 (and) 45. And when they
are divided (tasta) by their (respective) divisors, there are produced the quotient and the

multiplier (arising from the subtractive), 11 (and) 10.

The demonstration in this case is (as follows). There, when the additive rupa has
been assumed to be subtractive, when the multiplication in the chain has been performed
by (the sutra) beginning: “When (the number) above it (i.c. the antepenultimate) has been
multiplied by the penultimate,” because it has been stated: “If it is multiplied by one, it
remains the same,” that chain of results remained as it was. In that case, in accordance
with what was said (previously), whatever are the (new) quotient and multiplier, those two
multiplied by the additive become less with respect to the former quotient and multiplier.
If, when one has multiplied those two by the additive, the two (products) are divided by
their own divisors, then they become the former quotient and multiplier. Here, whatever
two (numbers) are produced when they are multiplied by an arbitrary additive, are the
quotient and the multiplier. But in order to diminish them it is said: “Divided by their
(respective) divisors.” Thus another procedure has been described; otherwise the purpose
was accomplished by this (rule beginning): “Those arising from addition, when subtracted
from (their respective) divisor(s).” And also here proportion is observed. (If it is asked):
“If these two are the multiplier and the quotient by means of a negative additive (which is)
measured by one, then what is the use of an arbitrary (additive)?,” here the imagining of
the negativity of the additive rupa is for the sake of illustrating the variety of the procedures.
Thereby it has been demonstrated that even if one does not assume this, the quotient and

multiplier remain the same.

Now, indicating the usefulness of (his) endeavour in describing the pulverizer, in

order to compute (the position of) a planet by that, he enunciates a sutra with a verse and a
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half (which begin): “Now, the subtractive is to be assumed to be the remainder of the

seconds.”

<64c-d. Now, the subtractive is to be assumed to be the remainder of the

seconds, the dividend to be sixty and the divisor to be the civil days.>

<65a-d. The result produced by them is the seconds, but the multiplier is
the surplus of the minutes, and from this (are derived) the minutes and the
surplus of the degrees. In this way (one proceeds) higher than that. And,
from the surpluses of the intercalary months and the omitted tithis, days of

the Sun and the Moon (are to be found).>

So the subtractive is to be assumed to be the remainder of the seconds, and the
dividend is to be assumed to be sixty and the divisor to be the civil days. In this way, with
the dividend, the divisor and the additive, the pulverizer is to be accomplished. Here it has
been said previously that the subtractive is the additive which has become negative. Then
the result produced by them is the seconds. But the multiplier is the surplus of the
minutes. The meaning is that whatever quotient and multiplier have come from the
pulverizer, between those two the quotient is the seconds, but the multiplier is the
remainder of the minutes. Now, if one assumes the remainder of the minutes to be the
subtractive, sixty is the dividend and the civil days the divisor. In that case too whatever
multiplier and quotient (are obtained) with the method of the pulverizer, between those two
the quotient is the minutes, but the multiplier is the surplus of the degrees. Now, if one
assumes the surplus of the degrees to be the subtractive, thirty is the dividend and the civil
days the divisor. Again, whatever multiplier and quoﬁcnt {(are obtained) with the method
of the pulverizer, between those two, the quotient is the degrees, but the multiplier is the
surplﬁs of the signs (of the zodiac). Now with respect to the signs, twelve is the dividend,
the surplus of the signs the subtraction of the additive, and the civil days the divisor. In this
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case also, in accordance with what was said (previously), whatever multiplier and quotient
(are found), between those two the quotient is the signs, but the multiplier is the surplus of
the revolutions. In this way, revolutions, intercalary months, omitted tithis, (civil) days,

and days of the Sun and the Moon, and so on, are to be derived.

Thus, the demonstration in this case is (as follows). There in the sutra for
computing the mean (longitudes of the) planets mentioned in the Siddhanta(siromani):
“The sum of the (elapsed) days is multiplied by the revolutions of a planet and divided by
the civil days; the result in revolutions and so on is (the longitude of) the planet,” there is
just proportion. (If it is asked): “If the revolutions (of a planet) in a Kalpa are obtained by
means of the civil days in a Kalpa, then what (is obtained) by means of the days in an
arbitrary ahargana?,” the civil days (in a Kalpa) are seen to be the divisor because they are
the criterion, and the ahargana to be the multiplier because it is arbitrary. Now, as soon as
(the longitude of) the planet is computed by the method of this sutra, the revolutions of the
planet are obtained first because revolutions are the result. Then with respect to the signs,
if, when one has multiplied the remainder of the revolutions by twelve, (the product) is
divided by the civil days, then signs are obtained. Now, when one has multiplied the
remainder of the signs by thirty, as soon as (the product) is divided by the civil days, the
degrees are obtained. Then, when one has multiplied the remainder of the degrees by sixty,
as soon as (the product) is divided by the civil days, minutes are obtained. Now, when one
has multiplied the remainder of the minutes by sixty, as soon as (the product) is divided by
the civil days, seconds are obtained. Thus, the remainder of the seconds remains. And so,
from the remainder of the revolutions the result is the signs; from the remainder of the
signs the result is the degrees; from the remainder of the degrees the result is the minutes;
from the remainder of the minutes the result is the seconds. In general the idea is that, in
this way, when one has put the revolution first, with respect to each preceding one, the

result is seen to be each succeeding one. So, when one has put the remainder of the
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revolutions first according to that procedure, their own dividends measured by one, twelve,
thirty, sixty, and sixty (respectively) are multiplied by as many remainders as have been
produced, for the sake of computing the results. Consequently, since it has been seen with
respect to each succeeding remainder that each preceding (one) is the multiplier, this sutra
has been composed by the acarya.

Now, on the other hand, precisely by inversion of the operation in the sutra for
computing the mean (position of) a planet, the computation of (the position of) a planet
from the remainder of the seconds, has been told. In that, the remainder of the minutes
multiplied by sixty was divided by the civil days; what was obtained was seconds. There
the remainder that was produced was the remainder of the seconds. Now the remainder of
the seconds was more than (i.e.) in excess of this, because it was a remainder. Now,
because, when this has been subtracted from the dividend, the dividend in the division will
be remainderless, therefore it has been stated: “The subtractive is to be assumed to be the

remainder of the seconds.”

Now by whatever remainder of the minutes sixty was previously multiplied, that is
described as unknown. For the sake of knowing it the sixty which was previously the
multiplicand now is imagined to be the dividend by inversion. In that case, however, since
the state of being a divisor pertains to the civil days, therefore it has been stated: “Sixty is
the dividend, the civil days the divisor.” In this way, when the dividend, the divisor, and
the additive have been determined, whatever multiplier is produced by the method of the
pulverizer is the remainder of the minutes; because previously sixty was multiplied by the
remainder of the minutes. Now here the quotient which is-produced is seconds because,
considering that, when previously sixty multiplied by the remainder of the minutes was
divided by the civil days what was obtained were scconds;, therefore it was said: “The
result produced by them are the seconds, but the multiplier is the surplus of the minutes.”
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Now it has been demonstrated that it should be applied in the same way in the case of the

surplus.

Now this (procedure) is clearly demonstrated for the sake of teaching students by
there being an example. In that, first, for the sake of knowing the remainder of the
seconds, (the position of) the planet is determined by (the rule) beginning: *“The sum of
the (elapsed) days is multiplied by the revolutions of the planet.” Thus here the revolutions
of the planet are imagined to be 3, the civil days to be 11, the number of (elapsed) days to
be 3. Now by the method of the sutra there is produced (the position of) the planet

beginning with revolutions (as follows):
0
9
24
32
43

Here the remainder of the seconds is 7. When one has assumed this to be the subtractive,

the setting out for the sake of the pulverizer is:

Dividend 60 Additive ~7
Divisor 11.
Here the chain of results is produced:
5
2
7
0

The quotient and the multiplier are 17 (and) 3. These two, which are arising from addition,
when subtracted from (their respective) divisor(s), are arising from subtraction: 43 (and)
8. Here this quotient 43 is produced as seconds.

Now for the sake of deriving the minutes, the divisor is 11, but the multiplier,

(which is) the remainder of the minutes, became 8. When one assumes this to be the
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subtrac;tive, by (the rule) beginning: “The dividend is sixty (and) the divisor the civil
days,” again the setting out for the sake of the pulverizer is:

Dividend 60 Additive -8

Divisor 11.
Here as previously there are produced the quotient and the multiplier: 32 (and) 6. Here
also, the quotient became minutes, the multiplier is certainly the remainder of the degrees.
When one imagines this to be the subtractive, (and) imagines (a quantity) measured by
thirty to be the dividend, again the setting out is:

Dividend 30 Additive 6

Divisor 11.
The multiplier and the quotient are produced as before: 9 (and) 24. Here the quotient
became degrees, but the multiplier is the remainder of the signs: 9. When one assumes
this to be the subtractive, (and) twelve the dividend, again the sefting out is:

Dividend 12 Additive -9

Divisor 11.
Here the quotient and the multiplier are 9 (and) 9. Here the quotients are odd and the
additive is negative. Therefore, the quotient and the multiplier are just as they were: 9

(and) 9. Moreover, it was said (previously):

“If, where the quotients are odd (and) the additive is subtractive, whatever

quotient and multiplier are there are indeed the correct ones.”

In this way here this quotient 9 is produced as (zodiacal) signs, but the multiplier is the
remainder of the revolutions, 9. When one imagines this to be the subtractive, the
imagined revolutions to be the one dividend, and imagines the civil days to be the divisor,
the setting out is:

Dividend 3 Additive -9

Divisor 11.
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The chain of results (is):

© O = w O

The multiplier and the quotient are 3 (and) 0. Here this quotient Q0 became revolutions; this
multiplier became the number of (elapsed) days: 3. In this example, when one proceeds
so that (the position of) the planet is derived by an act of imagination, the dividend is
imagined to be, the imagined revolutions for the sake of deriving the revolutions.
Otherwise, the dividend is to be assumed to be the revolutions in a Kalpa. And so it is in
this case, but the multiplier is the remainder of the intercalary months. Considering that
intercalary months, omitted tithis, and so on further and further, are to be computed in this

way as was (previously) said, there is no need for excessive details.

<C. The Conjunct Pulverizer>

Now for the sake of the accomplishment of the “conjunct” pulverizer he proclaims
a sutra (with the verse that begins): “If there is one divisor, (but) two different

multipliers.”

<66a-d. If there is one divisor, (but) two different multipliers, then, when
one assumes the sum of the (two) multipliers to be the dividend, (and) the
sum of the surpluses is made the surplus, in accordance with what was said

(previously), the accurate pulverizer is the one which is called “conjunct.”>

When there is one divisor and two different multipliers, then the dividend is to be
assumed to be the sum of the two different multipliers. Likewise, one should assume the
sum of the surpluses—i.e., the sum of the remainders—to be the surplus—i.e., the

additive. That additive, even when it is not said, is to be understood as negative. In this
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way, when the dividend, the divisor and the additive have been determined, in accordance
with what was said (previously) that accurate pulverizer which is called “conjunct” was
devised by the teacher. “Samslesa” means “combination” (samyoga), “non-disjunction”
(aviélc_sa). The “conjunct” pulverizer (sarpéliggakuggaka) (is a compound in which the
word “kuttaka”) is preceded by that (samslesa). The meaning is that it is accomplished by
the sum of the multipliers and the remainders. The intent is that when one has established
the dividend and the additive from the two multipliers and the two remainders, one should
compute the multiplier by the method of the pulverizer, because it has been said previously:

“But the additive is the remainder from the dividend.”

<Here he enunciates an example (with the verse beginning): “What is (the quantity

which), when multiplied by five?” >

<67a-d. What is (the quantity which), when multiplied by five and