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Bhaskara I on the Construction of the Armillary Sphere

Peng Lu

1. INTRODUCTION

he armillary sphere is said to have been invented by the Greek astronomer

Eratosthenes (276—194Bc)." Ptolemy’s Almagest (second century ap) con-
tains a detailed description of the armillary sphere. However the armillary
sphere described in Sanskrit texts on astronomy, from the seventh century
onwards, is substantially different from the Greek armillary sphere.”

In Sanskrit, the armillary sphere is known as gola or gola-yantra. The word
gola denotes primarily the “sphere.” Aryabhata and other astronomers use this
term in the sense of “spherics” as opposed to ganita “mathematical in general.”
Thus Aryabhata’s Aryabhatiya (early sixth century cE, henceforth asn) has four
chapters named Dasagitika (Ten Giti Stanzas Giving Parameters), Ganita (Math-
ematics), Kalakriya (Time-reckoning), and Gola (Spherics). Here the chapter on
Gola,

expounds Aryabhata’s cosmology and geography, explains the ap-
parent motions of the heavenly bodies, and gives solutions for prob-
lems in spherical trigonometry and rules for computing eclipses.*

In addition, the term gola also denotes the armillary sphere consisting of several
rings to represent the orbits of the celestial bodies in the heavens.*

I wish to offer my special thanks to Professor S. R. Sarma for encouraging me to write this paper
and for his constructive comments on the earlier version of this paper. I would also like to express
my gratitude to my teacher Professor Michio Yano for his constant support. Finally my thanks are
due to Wei Liu of Shanghai Conservatory of Music, China, for producing the 3pcc figures for my
paper.

'Bryant 1907: 18.

2Ohashi 1994: 272.

3Pingree 1981: 18.

4 Aryabhata uses the word gola once (aBH 4.22) in the sense of the celestial globe also, but such
usage is rare. All the other uses of the word gola in aBH (1.1, 2.7, 4.5-7, 4.15, 4.16, 4.23, 4.39) refer
to spherics.
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Brahmagupta discusses the armillary sphere in his Brahmasphutasiddhanta
(628 ap, henceforth Bss),” but there he deals more with spherics than with the
actual instrument.” About the same time (629 ap), Bhaskara I also describes the
armillary sphere in his commentary on the Aryabhatiya (henceforth Bas).

Subsequently Lalla (eighth century) in his Sisyadhivrddhidatantra, Sripati in
his Siddhantasekhara (1039), Bhaskara Il in his Siddhantasiromani (1150) described
the construction of the armillary sphere. Interestingly enough Lalla and others
do not discuss the armillary sphere in the chapter Yantradhyaya along with other
astronomical instruments, but in a separate chapter called “tying or assembling
the [various rings of the armillary] sphere” (gola-bandha).

Among the descriptions of the armillary sphere to be found in Sanskrit texts
on astronomy, Bhaskara I's description is unique because it explains in detail how
to construct the armillary sphere step by step: how to prepare a wooden ring by
joining two or three strips of wood after making cuts or indents in the thickness
at the ends, how to assemble two or more rings with appropriate indents at the
points of intersection and so on. In this connection, he mentions three varieties
of cuts (cheda) to be made for assembling the rings. Such practical details are not
given in other Sanskrit texts. At the end of the passage, Bhaskara mentions that
the armillary sphere he envisages is a free-standing one, but some others prefer
to place the lower half of the armillary sphere in a pit dug in the level ground so
that the horizon ring is level with the surface of the ground (see paragraph 20 of
Bhaskara I's text and Figure 20 below).

2. BHASKARA’S DESCRIPTION OF THE GOLA

Before commenting on the Gola chapter of the Aryabhatiya, Bhaskara describes
the armillary sphere (gola) first, because this instrument will be useful in explain-
ing the statements on the spherics (gola) in the Aryabhatiya. In this paper, we fol-
low the text of Bhaskara’s commentary as given in the critical edition of 1976 by
K.S.Shukla (pp. 240—-243) and translate the passage on the armillary sphere and
add explanatory notes. Bhaskara’s description is so detailed that it is possible for
us to reconstruct a gola-yantra with wooden rings. The successive stages of the
construction are shown by different figures. We have added serial numbers to
the paragraphs, and corrected the irregular sandhis that occur in Shukla’s text.

[] 1] FISERAR TS, “=NT TGfd T FSERAT TMSH” FIHAT| T
FEASEIRSS M| o JRETEE? TESHuEaRETGeHR = qad) (11 6-8,
p-240)

5Bss 21.49—69.
®Ohashi 1994: 262.
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Penc Lu 3

“Immediately after the [chapter on] reckoning the time (kalakriya) [comes] the
[chapter on] spherics (gola), for it was said [by Aryabhata] that “he discusses
three [topics], [namely] mathematics (ganita), reckoning of time (kalakriya), [and]
spherics.”” [The word] “gola” is derived from [the verb] “gamyate” [which means
by it everything is to] be understood (jiiayate). What then can be understood from
this [spherics]? The revolutions of the planets, the position of the earth, and all
such matters.”

[‘]IZ]QETWWWWWWI mwwmm
fquad, aFRTE waaﬁm[mwa] TELTT: SR
TSN TR wgsramaw«—d TEHATTY HiFca: TR

oSS

AR aamm?rmrq QAT 36 Tfqavl| TR SR agead,

NN

IRTRIERvEEE | 1 f& Ferfaasaeraty feafa) (. 8-14, p. 240)

“Thus those who wish to understand the highest truth (paramartha) will un-
derstand the reality (satya) through the fictitious [assumption] (asatya). For
example, physicians understand piercing (vedhana) the vessels of the body (sira)
or other [treatments] by [practicing] on the lotus stalk (utpalanala) or some
other things; those who know the science of sacrifice [understand] sacrifice and
other [issues] through mock (Suska) rite (isti) (i.e., play-acting); grammarians
understand the correct [usage of] the words (sadhu-sabda) through basic form
(prakrti), affix (pratyaya), elision (lopa), augment (igama), phonemes (varna),
modification (vikara), and so on. In the same manner, here also, astronomers
(samvatsara) comprehend the real celestial sphere (gola) through certain [con-
cepts] of geometry (ksetraganita-visesa) like the ring (vrtta), the rod (salaka), the
thread (siitra), the plumb line (avalambaka), and so on.

Therefore, [here] the demonstration of only the part will be undertaken, for
it is impossible to demonstrate everything. While painting, who can paint the
closing and opening in the flutter of the eyes?”

7 aBH 1.1cd: TEFEITON ITGT TOT Fesferal TSI
8The contents in the square brackets [] in the Sanskrit text are by Shukla 1976.
°In his commentary on the Bss, Prthiidaka uses the same argument with almost the same word-

ing. See Tkeyama 2002: 20: JT JATEH: WWMWWWW%
g oo ¢ ﬂ oo o o
FIAST: FERTIUTTRRIN e h: WWWWWW|
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Figure for ] 3: Assembling the two or three segments into a ring.

[13] aw@qﬁﬁaammﬁﬁ T auqa&é:ejﬂ% fersareaq
dd: gaieangagdd el gulkagaaes: gansd fAHmaEd)l (1. 14-16,
p-240)

“Therefore, he should make the carpenters (krikacika) prepare a half circle (ardha-
ortta) made out of the timber of either Sriparni (Gmelina arborea, Roxb.) or Vaficula
(Dalbergia ougeinensis, Roxb., or Calamus rotang, L., or Saraca indica, L.), [and then]
one [full] circle or ring which has the shape of a wheel. Then he should make
[the carpenters] produce a ring made either with two well-crafted (sughatita) half
circles or three well-crafted segments of the circle.”

[] 4] T TORFRSE = : TGS aTaTa=e 3l | Ao g-
TS 924d] (1. 1618, p. 240)

“In this process, there are three [kinds] of cuts (cheda) for joining the segments
of the circle, called arrow-shaft (Sarapurikha), cutting the side (parsvaccheda), and
cutting half of the component (avayavardhaccheda). With one of these [cuts] the
segments of the circle should be joined with each other.”

[%]MWHWQHWWWWQWWW
e, TRAFEHTA 9 HUSHgaN=dan (el q Gaisd g8%He I Sead| al

°This sentence seems to be redundant since that a ring has already been produced by the pre-
ceding sentence.

""We do not know the real meaning of the three different types of cuts mentioned by Bhaskara,
because these terms do not appear in any other astronomical text. According to the literal meaning
of the names, we draw the imaginary pictures in the Figure for | 4.

HISTORY OF SCIENCE IN SOUTH ASIA 3 (2015) 1-19
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BT

Figure for ] 4: Three kinds of cuts (reconstructed).

fefeara=sen (ERawaged vaed (Hee frge) > aemiehmeiad| (1. 18—
21, p. 240)

“Set one ring prepared in this manner [by joining the segments firmly] with cop-
per nails (tamrakilaka) in the east-west [direction] and another [ring] in the south-
north so that there are intersections (svastika) [of the two rings] above and below.
Then, at the [two] points of intersections [above and below], join the two rings
after cutting with half cut (ardhacheda) [in the thickness] so that it looks like one
circle (i.e., the thickness at the two joints should be the same as the thickness
of each ring). The two [rings which are joined] by the half cut prescribed above
(vihitardhaccheda) should be made firm with copper nails.”

[(116] \\(;\ \'\N\: o o o o .a_-\ LN o -~
FAGEY T9Rd M9 Mgl (11 1-2, p. 241)

“Then one should [set up] another [ring] like a girdle (parikara) outside [and
around] these two rings so that it has four intersections at the four cardinal direc-
tions; one should insert it by the half cuts [in the thickness of the ring] as before
at the four intersections and make it firm.”

N~

[%]WWWQWWWW 1 d
:| U UREN AUSHEamY, T NORIGEEEd [Fd]| are fag-
Fd[ AR [HUEST | (1. 2-5, p. 241)

“He should mark the east-west ring with 60 marks (arika) so that in each quarter
[of the ring] there are 15 marks. These [marks] are the ghatikas of the day and
night. In the same way, each of the two remaining rings is also [marked] with
360 marks. These [three are called] the equator ring (visuvat), [the meridian or
the north-south ring (yamyottara), and the horizon ring (ksitija)].”

2The words which are put in brackets () are redundant here and not translated, because up to
here we only have got two intersections above and below, not four. These are repeat part of the
next sentence.

HISTORY OF SCIENCE IN SOUTH ASIA 3 (2015) 1-19



Below

Figure for ] 5: Two intersections of two rings.

Above

yamyottara

visuvat it
j ksitija

Below

Figure for 7: Rings of the equator (visuvat), meridian (yamyottara), and horizon (ksitija).
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Figure for {8 & 9: Half cut (ardhacheda) and one-third cut (tribhigacheda).

[ﬂS]mewﬁamawﬁa%amw
WQWWWWI YT 7 HUSHATTHAHHRHT Sad
qIESE: Feda: | (11 5-8, p. 241)

“One should [make] another ring of the same size marked by 360 [marks] and
possessed of an oblique one-third cut at the eastern and western intersections; he
should join the two one-thirds with the intersection of a point of the ring. Or the
cut (avacheda) [in the thickness of the rings] should be made in such way that [the
thickness at] the intersection of the three rings should look like [the thickness of]
one single [ring].”">

[‘][9] < oo \\cs‘a o : ~ . e

el d?MI‘olMQd @i FEA) SRR AR AR R0 [F{I&TUT]W
“fRifeiad R St FRA) (1L 8-11, p. 241)

“Towards the north from the lower intersection of the east-west ring and the
south-north ring, at the distance of 24 degrees on the northern rib [of the south-
north ring], he should make an intersection (svastika) [with the fourth ring] by
the half cut [in the thickness] (ardhaccheda) as before. On the upper part also,
he should make, in the same manner, an intersection on the [southern] rib [of
the south-north ring] at the 24th degree from the upper intersection towards the
south.”

3This can be achieved by cutting the thickness of the three rings at the point of intersection in
such a way that only one-third of the thickness remains in each ring. When these three rings are
carefully joined, the combined thickness at the intersection is equal to the thickness of a single
ring.

HISTORY OF SCIENCE IN SOUTH ASIA 3 (2015) 1-19



Above

apamandala

Below

Figure for { 10: Addition of the ecliptic ring (apamandala).

[] 10] T (ST dEIGT: | & ERed) saied: | €@ WIS M-
F=d| (1. 11-12, p-241)

“Everywhere the [joints must be] made firm with copper nails. Thus [the circle
of] the zodiac signs (rasi-pada) is placed obliquely. It is called the ecliptic ring
(apamandala).”

[] 11] ESHUHEEHTSS TR, T FwE i : T Fdd TR dd STl
Al AT R T ST T IehAAUSSE Fival Fied a1 faar
QIR FERTaleay, ST | T il 30T Haiaad Wl STaeHT YR TeeaTaeh-
HUSSHH | FAISw ¥dl~d qel Mgemd) (11 13-17, p. 241)

“He should tie another ring of the same size, which is movable (saficarin),'* at
the point where the moon’s node (sampata) is situated and arrange it in such
way that to the north of that [node] at its ninetieth degree there is an interval
of four and half degrees between it and the ecliptic ring (apakrama-mandala); he
should join [it] at the degree of the node (pata-bhaga) at an interval of half a circle

*The word “saficirin” (movable) means that this ring representing the moon’s orbit should not
be fixed firmly in the structure like the ecliptic ring, because the intersection of this ring and the
ecliptic ring, which is called “pata” (the moon’s node), is moving constantly along the ecliptic ring.
According to aBH 1.3¢, the moon’s node performs 232226 revolutions in a yuga, that is to say, one
revolution in 18.6 years. But Bhaskara does not explain how to make this ring “movable.”

HISTORY OF SCIENCE IN SOUTH ASIA 3 (2015) 1-19
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Above

vimandala

Figure for  12: Orbit of the moon (vimandala).

(cakrardhantara). In the same manner, he should arrange [the ring] to the south
of that [node] at its ninetieth degree so that there is an interval of four and half
degrees between it and the ecliptic ring.”

[] 12] W& AfgHUSSH, ded fHeMHUSHHg=ad | THATHMY &hg: &h: id-
ARTAISTY AU | Ferzpsral: FE=ram| (11 1720, p. 241)
“Thus it is the orbit [of the moon] (vimandala); it is also called the circle of deflec-
tion (viksepa-mandala)."> Likewise, rings should be inserted for other [planets] at

their own degrees of nodes. In the case of Mercury and Venus, [the orbit circles
are made] according to their Sighroccas.”*"

[ 13] EEREHTSSANY TNV --- e ST ANIRARTS TN JaTa-
q?i LN haN o, =\ ' ]'_\q_ a
B (e, eI Fhehiteheari; T [fIgadi] SRue Joehiem-
T EERUESH, A TEHH TGP (11 20-24, p. 241)

“[All] the day circles (svahoratra-mandala) are also movable (saficarin). From the
equator (visuvat) towards the north at a distance equal to the arc on the declin-
ation circle (apakrama-kastha) for Aries (mesa), a ring [should be added to the ec-
liptic ring] with stretches in the east-west direction (piirvaparayata); it is the day

Or the latitude circle in modern astronomy.
*In the case of inner planets (i.e., Mercury and Venus), their sighroccas (i.e., apex of fastest mo-
tion) are regarded as the planets’ mean heliocentric positions.

HISTORY OF SCIENCE IN SOUTH ASIA 3 (2015) 1-19
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Below

Figure for {13: Addition of the day circles (svahoratra-mandala).

circle of Aries. At a distance equal to the arc on the declination circle that ends in
Taurus (vrsa), [a ring should be added to the ecliptic ring], it is [the day circle] of
Taurus. At a distance equal to the declination arc that ends in Gemini (mithuna),
[a ring should be added to the ecliptic ring], it is [the day circle] of Gemini. The
same [rings] belong also to Cancer (karkataka), Leo (simha) and Virgo (kanya) in
the reverse order (utkramena). In the same manner, the day circles of Libra (ful),
Scorpio (vrécika) and Sagittarius (dhanus) should be added towards the south
[of the equator]. [The same rings belong also to] Capricorn (makara), Aquarius
(kumbha) and Pisces (mina) in the reverse order.”

[114] W?ﬂwﬂmﬂm el a‘:ihﬂl TR | HY-
FEREHISHAFITSSE T3 TS Goawiy ag] e N -HIesH-

T ot | A [yadn T8 ST, a6 SaHesed 9 99 8-
TR AT Tl | Teasi GRTOTeaifel | difel GaioaeRIsTIsRHT: Gfed |
ITERICTCR I, SR | T SE TR R USSR+ AT [afel =] 9-
TEI| I FGGH! I SR A R, Aue@agedl (1. 24-25, p. 241,
and ll.1-7, p. 242)

“One should tie (badhniyat) on the day circles threads which stretch in the south-
north direction. Their halves are the [half-]Jchords of the declination (apakrama-
jya). He should tie one end of the thread at the intersection of the six o’clock
circle (unmandala) and the day circle of Aries, and another end at the intersec-
tion of the six o’clock circle and the day circle of Pisces. He should tie the thread
which passes through the middle of the earth (bhiimadhyavabhedin) to the equator.

HISTORY OF SCIENCE IN SOUTH ASIA 3 (2015) 1-19
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Figure for | 14: Chords of the day circle."”

Where it intersects with the first thread, there is the mid-point (ardha) of the first
thread. In the same manner, the halves of the other threads [are determined].
They are all the chords of declination of the day circles. Because it is impossible
[to tie threads at all the necessary points], they are shown only at certain places
(kvacit tu). These orbit [of the moon], ecliptic and day circles (viksepapakrama-
svahoratramandalani), which have been commented upon,’ are not [all] shown
[in this armillary sphere].”” Otherwise, it would not be possible to rotate the
armillary sphere according to time due to the abundance of the rings.”*"

7The intersection of the six o’clock circle, which is identical with the horizon in Figure 14, and
the day circle of Aries is marked A, the other intersection of the six o’clock circle and the day
circle of Pisces is B. The intersection of the red thread AB and the thread which passes through the
middle of the earth to the equator (not shown in Figure for ] 14) is C. Therefore AC is the chord of
declination of the day circles of Aries while BC is the chord of Pisces.

In the commentary on the aBH 4.3.

“Because the orbits of the moon and other planets and the day circles are said to be movable
(saficarin), they are not drawn in the figures in where those circles are not necessary.

*Bhaskara does not mention how the armillary sphere can be made to rotate according to time.
We assume that he might have used a self-rotating device same as Aryabhata’s self-rotating globe,
for which see Ohashi 1994: 260.

HISTORY OF SCIENCE IN SOUTH ASIA 3 (2015) 1-19
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Above

Below

Figure for {15: Axis with the earth at the center.

[115] aaﬁ%z&vnaﬁlwmmmma@wwmmﬁﬁmﬁ
wmm&mn I W& qHIT JEIS aancu an
TSN S TR0 wﬁwwaqﬁua W&wmmqammamﬁ

NN

W 9| PFIWWQWW AR 3SR AT UF -
QTI'ITI?@T | (1. 8-13, p. 242)

“Then he should insert a very smooth and straight iron rod (ayahsalaka) which
is capable of bearing the weight of the shell of rings (paiijara), whose [two ends
are] oval like the cow’s tail (gopucchayatavrtta)*' and which pierces through the
intersections at the south and the north in such a way that its extremities (agra)
project out on both sides. In the middle of it (i.e., the rod) make a spherical ball
(samavrttd) of clay or of any other [material to represent] as the earth. Thus, only
one shell of rings is [enough] for all the planets. Although the planets are situated
in different orbits, they are indeed seen as moving on a single orbit. Therefore
only one shell of rings is [enough] here. Or, shells have to be shown separately
(prthak prthak) for [each of] all the planets according to the size (pramana) of their
own different orbits (paricchinna-svakaksya).”

#1t is not clear why the rod here is described as a oval like a cow’s tail. We imagine that the two
ends of the rod are made swollen so that they can prevent the shell from slipping off.

HISTORY OF SCIENCE IN SOUTH ASIA 3 (2015) 1-19
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Sara¥andika

kha-kaksya

Figure for 1 16: Addition of the orbit of the sky (kha-kaksya).

[] 16] S1=0aT U= A [QW]mewm%-
wwwmm mawal WWWWW-
HW[ 5] ERITTIIERTIT. ™ qea Tl I3 J9ed ad: TeT-
IS Tl ST, F1 | FNG USRI TeE ARl Wafd| (11 14-18,
p.242)

“Or one should firmly attach a three or four angula’s long smooth stalk of reed
(8ara-dandika) to the iron rod [projecting] out of the two intersections of the shell
of rings.”> Then taking [a ring] of an appropriate dimension representing the
orbit of the sky (kha-kaksyd), a ring in which [two] holes are made at distances
equal to half the circumference (cakrardhantara) on both sides, one should place it
in the south-north direction (daksinottaravagahin, lit., passing through the south
and north [points]), and set the shell inside it by inserting the iron rod into the
holes on both sides, so that that stalk of reed is embedded (avagahin) in the bound-
ary (i.e., interstice) of the two shells [along the iron rod].”

**The stalk of reed (sara, (Saccharum sara, Roxb.)) extends the length of the iron axis beyond the
original shell on both sides. This addition is made in order to prevent the inner shell from shifting
along the axis. This stalk of reed is hollow and smooth like a tube, so it would not hinder the spin
of the axis.
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sama-mandala

ksitija-mandala

Figure for {17: Gola set for use on the terrestrial equator.

[ﬂ[ 17] ~ : . < < Wﬂ ~ ~ . ¢ faN | a_-
[N l N =\ .\ o o\ o o\ . al’ R
RARETASH AT BlERAGTh a2 [ AT diciidsTHISHH | WHY

Tl fagatd @9 w@mEtasd| (11 19-23, p. 242)

“One should affix as before another ring having the same size, which is embed-
ded in the east and west directions, and in which intersections are made above
and below. This is the prime vertical or east-west ring (sama-mandala, literally
“equal[izing] circle”). Again, one should affix another ring of the same size like
a girdle [around the two rings] so that four intersections are produced in each
cardinal direction, make holes at the points of the intersection in the south and
north, insert the iron rod into them and then make [the third ring] firm. This is
the horizon ring (ksitija-mandala). In this way, this armillary sphere (gola) is set
horizontally [in the case of a locality] on the [terrestrial] equator.”

[] 18] fogaa: mewﬁg@m%m -
feTuTazl AECETAY [319:] 9d: | JEaRaT g TS (TR EEaER N TSIl

oo ha¥ \: S ha¥ | qao_ o ~ o e Tﬁg:’ aa_ AN o~ |
(1. 23—25, p. 242, and 1. 1, p. 243)

“One should have a hole made above the northern intersection of the sphere of
the sky (khagola) by so many degrees as the [local] latitude is to the north of the
equator; also one should make a hole in the south at the same interval [from
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Figure for 118: Adjusting the armillary sphere to the local latitude.

the southern intersection]. One should remove the iron rod from the two holes
made before, and insert it into the two holes which are made according to the
degrees of the local latitude (svadesiksa). In this manner, the armillary sphere
is now correctly adjusted to the degrees of the local latitude. On this [armillary
sphere] one should demonstrate everything.”

[]] 19] T TIGTHIVH TATAE IR~ R Tl e iaTd: et
SR fdire ZRoTdl o TR SeREd) O dses o, e gat-

o oy S ~ C == < o \r@% a:l\ P aN | _
H I | TS T SNt ®RAd) (1. 2-6, p. 243)

“Now, one should insert another ring of the same dimension as the sphere f the
sky, which has [two] holes on both sides at intervals of half the circumference, in
such a way that the tip of the iron rod goes out of [the hole in] the north. One
should insert [the same ring] in such a way that the other tip of the iron rod
might go out of the other hole in the south. Having inserted it there firmly, he
should make that ring firm at the east and west intersections by the oblique kind
[of cutting] (tiryagbheda) at its two intersections of the joints on the east and west,
as before. It is called the six o’clock ring (unmandala). All these rings should be
made marked with 360 divisions.”

[] 20] 31 T: THETHEA! EEISTLSHIUTHEE Wl asf F91 fferuesqaR 9-
afel dumdfems @ies fam gzt (1. 7-8, p. 243)
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unmandala

Figure for 1 19: Addition of the six o’clock ring (unmandala).

“On the other hand, some people dig a hole in the level ground according to half
the size of the sphere of the sky. Then they place the sphere of the sky there in
such a way that its [lower] half is sunk [in the pit] so that the [entire] horizon
ring (ksitija-mandala) might be above [the ground level]; [with this arrangement,]
they make demonstrations.”

[ﬂ[21] S \_q\_l?szc\ \l ha o o Sg . X ¢
Ties: fehardl| O T AT HaHaTERN Tl SEAEd| (1. 8-11, p. 243)

“Thus this wooden armillary sphere is made. If wood is not available, then the
armillary sphere can also be made with the rings of smooth pieces (saldka) of
[split] bamboo (vamsa) which has a narrow hollow channel (susira) inside and
which is completely dry (paripakva). After [explaining how to] construct the ar-
millary sphere in this manner, all the rest will be explained in [the commentary
on] the text [of the Aryabhatiya].”

3. CONCLUSION

In the preceding section we have followed Bhaskara’s own words. I would like to
add a few words on his method of constructing armillary sphere. The armillary
sphere consists of two concentric shells with a clay terrestrial globe at the centre;
the iron axis passes through the centres of all the three. The later writers call the
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Figure for { 20: Placing the sphere of the sky in the ground.

inner shell “sphere of stars” (bhagola or naksatragola) and the outer shell “sphere
of the sky” (khagola).

As mentioned in q 2, Bhaskara regards the armillary sphere as a fictitious
construction to understand the real celestial sphere. Already at the beginning
of the commentary he states: “the armillary sphere (gola) is a means (upaya) to
demonstrate the revolution of the planets and the situation of the earth.”*> Some-
what later, while commenting on Aryabhatiya 1.10, he asserts that,

the armillary sphere (gola) is a shell of stars (bhapaifijara), in which
the motion of the planets is understood because the armillary sphere
(gola) is a tool for the perception (pratipatti-hetu) of the true motion of
the planets.**

But besides measuring the chords of declination of the day circles by threads,
Bhaskara does not mention other uses of the armillary sphere, whereas Lalla

3BAB 1.1: T FEHHURAEEEaEH) Shukla 1976: 6.
24BAB 1.10: USRI Ti5:, AREHIS dgeiRd Siicdl, IFeRTH, TET0T €hevTd: Sfeqregadi 1is: | Shukla 1976:
42.
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ecliptic ring / i '
b . orbit ring of Mercury Mercury

Adding the orbit of Mercury to the ecliptic.

teaches how to determine time and the lagna (the point of sunrise on the east
horizon) with the armillary sphere.*>

Moreover, Bhaskara does not explain clearly how to add the “vimandala” or
the orbit rings of Mercury and Venus according to their sighrocca scales. Since
these two are inferior planets which always appear near the sun, the rings of
their orbits are not like those of the moon or of the other planets, which are akin
to the ecliptic ring. The rings of the orbits of Mercury and Venus ought to be
smaller and added to the armillary sphere as shown in the Figure above. But if
they are so added, they would hinder the rotation of the rings in the inner shell
of the armillary sphere.

»5See Ohashi 1994: 269.
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ABBREVIATIONS
ABH Aryabhatiya (Shukla, 1976)
BAB Bhaskara’s commentary on the Aryabhatiya (ibid.).
BSS Brahmasputasiddhanta (Ikeyama, 2003).
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