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On Turtles and the Study of Sanskrit Knowledge Systems

For a seminar assembling historians of science and philosophers of science, what
might be most useful from someone in my field is something closer to an expository
survey. For reasons to do with the history of the modern academy, the Sanskrit
intellectual traditions, being a topic of premodern Indian studies, are typically
approached as forms of religiosity, regardless of their actual content. Thus the Sanskrit
knowledge systems have not usually been included in the general discussion of the
history or philosophy of science, and as a consequence less is known about them to
specialists in those fields.

Let me begin, therefore, from an anecdote that most will know in some form or
other. For humanists, it is most famously related by Clifford Geertz in his celebrated
essay on "Thick Description," where he tells the "Indian story" of "an Englishman, who,
having been told that the world rested on a platform which rested on the back of an
¢lephant which rested in turn on the back of a turtle, asked ... what did the turtle rest on?
Another turtle. And that turtle? 'Ah Sahib, after that it is turtles all the way down.™'

Geertz was not the first to relate this story, nor the last. It has been a favorite of
cosmologists, especially of the astronomical sort, and appears in their popular science
writing, for example in the Rrref History of 7imme of Stephen Hawking, who attributes the
anecdote, somewhat uncertainly, to Bertrand Russell.” The episode has also been
assigned to William James and Arthur Eddington.

Among philosophers, versions of the Indians' multiply supported earth are found
earlier, though without the celebrated punchline: in Thoreau's essays "Walking and "Life
Without Principle" for example, and in John Locke's Essay Concerning Human

lnderstandmg,

' C. Geertz, 7he Interpretation of Cultures, (New York, 1973) 28-29.

> RBrief History of Time (New York, 1988) 1. Hawking's study begins from this story.
He seems to have taken it from Fred Hovle and C. Wickramasinghe, Zvedution From
Svace(New York, 1981) 148-49, where it is attributed to Tommy Gold.

¥ "If anyone should be asked, what is the subject wherein colour and weight inheres, he
would have nothing to say but, The solid extended parts; and if he were demanded, What
is it that solidity and extension adhere in, he would not be in a much better case than the
Indian before mentioned who, saying that the world was supported by a great elephant,
was asked what the elephant rested on: to which his answer was, A great tortoise; but
being again pressed to know what gave support to the broadbacked tortoise, replied,



A Google search on the phrase "Turtles All the Way Down" yields thousands of
hits. While most of these retell, with widely varying degrees of accuracy, the Hawking
version, the web-search also shows that the punchline has taken on a life of its own. It
now serves as the title for poems, songs, music albums, books, sermons in churches and
synagogues, and of course learned essays. The pragmatic meaning of the phrase is hugely
variable. Some users appear to be comforted by the thought that there are turtles all the
way down; for others, the assertion of the bottomless turtle-stack is a source of dismay, or
reformatory zeal.

The phrase has served as a point of departure for scientists making a pro-
scientific, foundationalist argument, where it is invoked as an example of un-reason and
the unpersuadability of some people. On the other hand, it has been used by sociologists,
anthropologists, and others who have wished to make an argument for some version of
antifoundationalism, or again to suggest a middle way between foundationalism and
antifoundationalism.

I begin with it here, however, in the spirit of the unabashed nerd. For as it is
usually told, the story insists that it is an Indian who thinks that it is "turtles all the way
down." Geertz, for example, thinks of it as an "Indian story;" and makes use of a telltale
"Sahib" to identify the holder of the testudineous view. The idea is manifestly an Indian
one for Thoreau and Locke as well. In Hawking's version, some editorial hand has
evidently replaced the Indian with a "little old lady," (I think less coherently,) though in
the internet retellings this lady is often then dressed "in a sari."

The implication lurking here, what seems to power the story, is that this is the sort
of thinking one can attribute to Indians (or to little old ladies.) The "Indian" belief is
positioned as alien; it is unscientific and unmodern thinking about cosmology,
ridiculously so; or alternatively, it is unscientific and unmodern thinking about
cosmology, laudably so, a surprising cultural difference that can serve as a bulwark.

My point here is not to be aggrieved, however: about the deployment of
stereotypes, or about the colonial past that made this representation current; for who
today would be in favor of such evils? My point, rather, is that in fact, this is not
demonstrably an "Indian" opinion about cosmology, not at least, if we are to go by what
we can learn from the testimony of pre-modern Indian intellectuals. Although there were
in the Sanskrit knowledge systems before 1200 C.E. two fully developed cosmological

traditions, one transmitted with the Puranic or mythological literature, and the other

something, he knew not what. John Locke, Az Essay Concerning Human Lnderstandig,
(1690) 2.23.2; seealso 2.13.19.



transmitted with the Siddhantic or mathematical astronomical literature, the doctrine of
turdles all the way dowi is not asserted by either.

True, mythologers did maintain that the (flat) earth was supported by elephants
positioned at the quarters; and that the (egg-shaped) cosmos as a whole rested on a great
serpent floating in an ocean; and true, a turtle was once used, according to legend, to prop
up a tall mountain in order to use it to churn out, from an ocean's worth of milk, many of
the good things of life, though also some of its ills. But it was understood by the
mythologers that the elephants, or serpent, or turtle, required no further support, they
being gods, or various forms of the one god. That was the whole point of their being
placed in their supporting roles.

The astronomers, meanwhile, asserted that the earth was a globe at the center of
the cosmos; it had its own power of fixity, and required no further support. And
philosophers of every school that communicated in Sanskrit agreed on the undesirability
of the infinite regress, as fatal a flaw in a logical argument as there could be. An
argument was to be diagnosed as invalid if it could be shown to have an azarastés, the
fault of no support or bottomlessness; if, that is, it could be shown that it was structured
in such a way that one supporting reason would inevitably require another under it, which
would require another, and so on, without end. To posit endless supporting turtles below
would constitute an azarastaz of the grossest sort, the very metaphor that is embedded in
the technical terminology.*

No doubt one could find someone, somewhere in South Asia at some point in its
long history who, when pressed, would assert that "it is turtles all the way down, Sahib,"
but this is not a view that learned cosmologists, mythological or astronomical, or
philosophical, had maintained.

Now, what good can come from ruining a perfectly good joke? I begin with the
turtle anecdote not solely in my capacity as a servant of pedantry, but because I think it
captures something about the situation in my field as it opens onto the themes of this
seminar: problems of description and comparison, of comprehension and the assessment
of coherence. Though "turtles all the way down" makes for a good story, it incorrectly
isolates rationality, and celebrates mutual incomprehension, in terms of regions of the
world or types of people. In the history of science, however, it would seem that contact,
encounter, and partial comprehension are the general rule, isolation the exception.

There are reasons even internal to the logic of the advancement of scientific

discovery that would lead one to want to investigate the scientific views of other parts of

* On Locke, Indian philosophers and turtles, see B. Matilal, Perception(Oxford, 1986)
3-5.



the world and of earlier periods, among others that such a project might reveal
unwarranted assumptions that are hidden in one's own views, While having any sort of
foil to which to compare one's own knowledge might in this sense be of value, having a
foil that was correctly represented and meaningfully explained would appear to be
potentially more valuable, as bearing more intellectual vitality.

At the same time, once one enters the realm of the description and comparison of
other views, it becomes necessary to reconsider the nature of the otherness attributed to
those views, and to the places and times where they were developed. We mightas a
result become less certain about creating conceptual singularities defined by region or
language, or about creating oppositional knowledges defined by method. But the
unsettling of such compartmentalizations might serve a valuable purpose. One could, for
example, pursue the possibility that the history of science is more meaningfully
comprehended as a long-term, pan-Eurasian (at least) phenomenon. This was a
possibility that was suggested by Otto Neugebauer and his school two intellectual
generations ago (in Princeton among other places). Autazis metandis one might offer a
multi-centered, interconnected version of that historical vision today, freed from the

assumption of a necessary culmination in "Rapid Discovery Science."

Themes, Moments, Excursus
The themes that I propose to explore in this paper, therefore, can be stated roughly

as three propositions:

1. That mutual assessment does not occur between knowledge systems only in the
modern era. This includes interactions with scientific positions that are understood to be

foreign. There are, furthermore, explicitly comparative projects.

2. That there is a historical dynamism that results from the comparisons. influences, and

transmissions which occur in the Indian cosmological traditions.

3. That the Sanskrit astronomical systems have modes of reasoning and argument from
evidence that bear a complicated relationship, of partial independence, to the systematic

philosophical systems in Sanskrit.

After providing some background, I propose to follow these themes in learned
cosmological discussions in Sanskrit at four historical junctures, given in chronological

order. These are the moments a) of the first obvious dispute, in the mid- and later first



millennium C.E.; b) of the attainment of a standard view in ca. 1150 C.E.; ¢)of
disturbances to this standard view in the early modem period, and the search for further
reconciliation; d) of a British colonial period resumption / reformulation of controversies
fought out earlier. The sequence of eras is not mean to constitute a proper periodization
or historical narrative. My own research has focused on the early modemn period, and
hence this section is the most detailed.

If space permits, it will be useful to include in this survey an excursus on the
place of "foreign science" - both that which has been incorporated and that which has not.
To return for example to the telltale "Sahib" of Geertz' story: though "Sahib" serves as the
chief marker of the story's Indianness, it is of course an Arabic word that made its way
through Persian into the North Indian commeon speech, along with many other words,
ideas, practices, and cultural forms. Another excursus would be warranted on the problem

of contradiction in its more careful definition among the philosophers.

Background: Cosmological Models in Puranas and Siddhantas

Here I will not discuss the accounts of the origins of the cosmos or the analysis of
the constituent elements of the cosmos, though these are topics discussed in the religious
mythology and in the systematic philosophy as well. They are not topics of central
concern to the astronomers however, while the size and shape of the earth, and the orbits
of planets and stars, the relative position and movements of these bodies, are. To restate,
the two intellectual traditions whose cosmologies come into competition belong to the
mythological literature of the Puranas on the one hand and the astronomical literature of
the Jyotis Siddhantas on the other.’

Puranas

The Puranas are the great compendiums of Hindu mythology in Sanskrit. Their
name means “old™ or “ancient,” but they are far from Sanskrit's oldest literature. (That
honor belongs to the sacred Vedic literature, some of which is datable to the second
millenium B.C.E.) The Puranas appear to have been compiled in something like their
modern form in the fifth to ninth centuries C.E., though some of their materials date to an
earlier period. They served as the locus for the articulation of widely-held versions of

"Hindu" mythology, religious practice, and theology, in which a synthesis of Brahminical

> The "exact sciences" in Sanskrit: mathematics, astronomy, and astrology are

collectively referred to as the science (siZszra) of Jyotis or Jyotisa.



ideologies with devotional cultural movements was developed. These mythological texts
were not highly authoritative in the early centuries of the Common Era, especially by
comparison to the Vedas, but they grew in cultural importance over the next thousand
years. They were written in an accessible form of Sanskrit. Their readership became
very broad, and included, I would venture, the astronomers. From the text-critical point
of view they are clearly the work of many hands, and different Puranas have had different

destinies in different regions of the subcontinent.

The Puranic Cosmos

Despite their many other differences in content, the Puranas are consistent in
presenting a cosmological model in which the earth is a flat horizontal disk in a vertical,
egg-shaped cosmos, in which there are seven heavens above and seven underworlds
below. Mount Meru stands at the center of the earth’s disk, and above Meru are
suspended a series of wheels, with the Sun, Moon, the constellations lying along the
moon’s path (zadsatras,) Mercury, Venus, Mars, Jupiter, Saturn, and the stars of the
seven sages (that is, the Big Dipper,) in that order, riding on them. Above the seven sages
and directly above Meru is the pole star.

Viewed from above, the disk of the Earth is made up of seven concentric ring-
shaped continents with seven intervening oceans. The central continent is the Island of
the Rose-Apple tree (Jambu-dvipa,) which is surrounded by the salt ocean. Other oceans
are made of other liquids such as sugarcane juice, wine, gbee, and curds.’ The
southernmost region of the central continent is the location for the land of Bharata
(India). As far as distances are concerned, Mt. Meru is 84,000 posamas high, Jambu-
dvipa is 100,000 posanas in diameter, Bharata is 9000 poyazas in extent, while the disk of
the earth as a whole, including all seven continents and seven oceans, and what lies
outside them, is 50 crores or 500 million pozzzas in diameter. The length of a posazais
not fixed, as we shall see, but judging by its relation to other measures in the Puranas it
would appear to be something between five and nine miles in length.’

The German Indologist Kirfel demonstrated that this same account of the cosmos
is found in a number of the older Puranas and can be traced to a common source.® David

Pingree has argued that this common source text must have been completed later than the

® These are the “seas of treacle and seas of butter” of Thomas Macaulay’s infamous

"Minute on Education." of 1835.

" This would put the edge of the Puranic earth disk at a distance from us that we today
suppose to be roughly the distance to the orbit of the planet Neptune.

¥ Willibald Kirfel, Das Puzana vom Weligebsude, Bonn 1954,



second half of the second century, and earlier than about 400 C.E..” Pingree also showed
that the Puranic model depends for some of its features on the Greco-Babylonian and
Hellenistic astronomical principles that were introduced into India beginning in the
second century C.E.. For example, the signs of the zodiac, (which are of Babylonian /
Hellenistic origin,) are mentioned in this account as a way of dividing up the ecliptic.
Furthermore, although the overall order of all planets and stars is not the same, the five
planets from Mercury to Saturn are placed in the order worked out for them by the
Hellenistic astronomer Hipparchus. Hipparchus’s order underlies the order of planets in
governing the days of the week, and this order of weekdays is introduced into Indian
astronomy in the same period, and also turns up in the Puranas. On other points the
Puranic model is aware of the older Indian astronomical tradition, as for example in the
lunar constellations mentioned above, which are found already in Vedic sources, and as
for example in the number of separate tracks followed by the sun in its daily motions -
183, a figure that appears to be drawn from the astronomical text attached to the Vedic
tradition, the fJotisa-vedariga

The point here is that already with this early Puranic model we are far from a
"naive" or "pristine" mythoelogical cosmology. The Puranic model has taken into account
the thinking of astronomers. Parts of the model are clearly designed to try to explain
some problems of motion and timing that concern astronomers — sunrise and sunset,
explained by the shadow of Mt. Meru; the changing length of the day in the course of the
vear, explained by the different tracks that the sun follows on different days; seasons,
explained in the same way; the sun’s motion through the ecliptic and the different speeds
at which the planets move through the sky, explained by the different speeds with which
the planetary and astral wheels revolve in the heavens; and eclipses, explained by the
behavior of a quasi-planet and demon called R3hu; more on whom below. Furthermore,
the Puranic model has quietly incorporated influences from Mesopotamia and the eastern

Mediterranean.

Jyotisa Siddhantas

There survives some astronomical literature in Sanskrit that comes from an earlier
period, but a decisive change in astronomical thinking began after the contact with
Greco-Babylonian and Hellenistic astronomy in the late second century C.E., with the
most productive period running from the fifth to the eighth and again eleventh to twelfth

centuries, when the Siddhantas, the great magisterial treatises of astronomy, were

* David Pingree, "The Puranas and Jyotihdastra: Astronomy," .Jowzal of the American

Crrentad Sociery 110 (1990): 274-80.,



produced. All of the Siddhantas belonged to one or other of five dominant schools of
thought. Unlike the Puranas they were very much a specialist literature, and intended for
a limited readership. In fact, not even the average, practising astronomer / astrologer in
an Indian village would have been able to make sense of them. There was an
intermediary literature created for more practical use, and an informal literature of tables
based on simplified parameters. The Siddhantas are the only texts that occupy
themselves with the foundational cosmological questions necessary to explain the
mathematical models. They were written by the premiere astronomers, who were, in
writing these texts, founders or reorganizers of one of the astronomical schools. They
were written with the knowledge of the Siddhantas of their predecessors, and engaged

polemically with competitors.

Siddhantic cosmos

The Siddhantic model looks very much like the Ptolemaic one, (though the model
and method specific to Ptolemy himself were not known to early Indian astronomers.) In
the Siddhantic model, the earth is a fixed, nonrotating sphere at the center of a set of
concentric, internesting, circular orbits along which the sun, moon, and the various
planets and stars revolve around the earth. In this model the planets are ranged above the
earth in this order: Moon, Mercury, Venus, Sun, Mars, Jupiter, Saturn, and (all) stars. In
this model the diameter of the earth is calculated to be about 1600 posamss, with a
circumference of about 5000 pozazas. This is the model articulated already in the
Lartzmata-seddbhantz of the 5th Century, and it is the model taken up in all other
astronomical Siddhantas in India, regardless of their other differences.'

This Siddhantic model is directly tied to astronomical explanations of celestial
phenomena, and what would strike most of us, I would wager, as better explanations. The
rising and setting of the sun, moon, planets and stars is accounted for by their rotation
around the earth, and their appearance above our local horizon and subsequent
disappearance below it. The variation in the length of the day is explained by the
movement of the Sun north and south of the celestial equator in the course of the vear.
The moon is understood to reflect the light of the sun, and its waxing and waning is
explained by its relative position to the sun and to the observer on earth as the sun and

moon revolve around the earth at different speeds.

' Pingree, "Puranas and Jyotihéastra," 276-78. Note however that the astronomers of
one school, the Aryapaksa, assumed the circumference of the earth to about 3300
Ve/anas.



In the same way, the eclipses of the sun and moon can be explained by the
shadow cast by the moon and earth, respectively. The planets® movements in forward
and retrograde motion are explained by a variant of the epicycle theory, (with a double
epicycle on a concentric deferent circle, rather than a single epicycle on an eccentric
deferent). This model is a powerful one for the calculations necessary for positional
astronomy, as evidenced by its longevity in the international scientific traditions
communicated in Greek, Sanskrit, Arabic, Persian, and Latin. While certain features of
this Siddhantic model were themselves the basis for computation of planetary positions,
by comparison, the Puranic model was not amenable to calculations that could determine
the positions of planets with anything like the same degree of accuracy.

That certain features of this astronomical model came from elsewhere was
explicitly known and remembered within the Sanskrit astronomical tradition. There are
Sanskrit texts extant from the third century with titles like the "Astrology of the Greeks,"
( ¥avana-jataéa). A sixth century treatise by Varahamihira presents a survey of five
astronomical systems, two of which are known by foreign names, the "Roman" {romata),
and the "Pauline" (paz452)." The use of Greek terminology dates from this early period,
and the mention of Greek authorities ( pevaniczya) as well. Furthermore, an argument
for why the science of the foreigners was to be valued despite its source was developed in

this period.”

Inconsistencies

Both cosmological positions have been constituted in awareness of the other. The
mythological model has already incorporated some earlier astronomical understandings,
while as we shall see, some features of the standard astronomical model were constituted
as an accommeodation to the mythological understanding. For example, in the
astronomical cosmology, the force that moves the planets and stars on their orbits is
declared to be the prziadawind, a form of wind that is basic to the Puranic cosmological
explanation of planetary motions. Furthermore, the lengths of the Puranic ages in the

cycle of the cosmos are adopted by the astronomers as the basis formulating their

' The other three are known by Sanskritic names: "Patriarch" ( pa#amala), "Sage

Vasistha" ( rasistha), and "Sun" (swzzvz,) though these also include Greco-Babylonian and
Hellenistic astronomical models, methods, and terms. See O. Neugebauer and D.
Pingree, 7he Paficasuddbianii&s of Vardhamithirg 2 vols. (Copenhagen: 1970).

2 Varahamihira, Brbat-Sambiz 2.14.
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mathematical parameters for the speed of planets and stars. Nevertheless there are

important inconsistencies. I list ten of them here.”

1) Shape: In the Puranas the earth is flat, while in the Siddhantas it is a sphere.

2) Size: In the Puranas the earth is 500 million pesazas across, while in the Siddhantas it

is ca. 1600 posaras in diameter.

3) Support: In the Puranas the earth is supported by an elephant, or eventually a serpent,

while in the Siddhantas the earth has no support, and requires none.

4) Order: In the Puranic order the moon is higher than the sun above the earth, while in

the Siddhantas the moon is lower than the sun, and closer to earth.

5) Moon’s disk: Point 4) means that in the Puranas the moon’s waxing and waning
requires a non-kinematic explanation, which is not the case for the Siddhantas. (The
Puranas' explanation is that the departed ancestors, who live in the moon, consume the
substance Soma of which the moon is filled, only for it to be replenished each lunar

month.)

6) Eclipses: With the moon higher than the sun, a similar problem presents itself for the









































































