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Instrumentation for Astronomy and
Navigation in India at the Advent of
the Portuguese

SREERAMULA RAJESWARA SARMA

multiplicity of knowledge systems, is to trace the inter-relationship
between any two systems of knowledge or, more specifically, the interface
between the theoretical writings in the pan-Indian Sanskrit on the one hand,
and the practices specific to the region and/or caste of the practitioner on the
other. Often it is difficult to say how much a local or caste-specific practice
or technology was benefited by the input from the theoretical deliberations in
Sanskrit; conversely, how far the theoretical writings in Sanskrit were based
on the experiences gained by the practitioners of the art concerned. The second
type of insight would be of great value in evaluating Sanskrit sources.
This problem becomes all the more acute while tracing the history of
navigation in India. Sea voyages are mentioned often in Sanskrit belles-lettres
but Sanskrit theoreticians hardly touch upon the techniques or tools of
navigation. Much was made of the sole Sanskrit text called Yuktikalpataru,'
allegedly from the pen of the polymath Bhoja, who ruled Malwa in the first
half of the 11th century.? However it has been shown that neither was the text
composed by Bhoja nor does the information it contains on ships have any
value for the history of Indian shipping.’ This is a classic example of the
dichotomy between the $istrin’s theory and the Silpin's practice. More useful
information can be gleaned from the Tamil text Kappal Sattiram, but it is a late
text belonging to the 17th century.® In the absence of written records, one has

One of the challenges encountered in any study of India’s past, with its
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to fall back on the ethnographic records of recent times and then project the
data into preceding centuries. The results thus obtained carinot but be tentative.

There is, however, a large body of literature in Sanskrit on astronomical
instruments and a large number of instruments themselves are available.
Luckily, we also have some knowledge of the interaction between the Indian
system of astronomical instrumentation and other systems. Fortunately too,
there are one or two areas where the astronomical instrumentation may have
come close to navigational techniques or tools. However, in all these respects,
it is difficult to draw a continuous and coherent picture; there are many gaps
in our knowledge and gray areas abound. This problematique of the
historiography of instrumentation is the theme of this paper.

Starting from the Vedanga-jyotisa of about the 5th century Bc, the Sanskrit
astronomical texts generally discuss various kinds of instruments for time-
measurement and astronomical observation. In the 5th century ap Aryabhata
described a variety of interesting instruments, in a work that is now lost, save
for the chapter on the instruments.® In the first quarter of the 7th century,
Brahmagupta devoted an entire chapter of his Brahmasphuta-siddhanta to the
instruments, where he gave the first systematic account of a large number of
instruments: water clocks of the sinking bowl type, several kinds of sundials
with the dial projected on plane or hemispherical surfaces, instruments for
measuring the altitude like the quadrant and the double quadrant, and so on.”
He even provided a design for constructing a perpetual motion machine.” But
what is more important is that Brahmagupta elaborately discussed the various
methods of using the instruments with emphasis on the underlying trigonometric
relations. Thus he laid the foundations of gnomonics. Following his example,
subsequent astronomers like Lalla in the 8th century, Sripati in the 11th and
Bhaskara in the 12th, adopted the same instruments as also observational and
computational techniques.

However, instrument making per se did not interest these astronomers as
much as did the underlying theory. One has the impression that instruments
were used more for demonstration than for regular observation. Thus Bhaskara
somewhat arrogantly proclaims that a clever astronomer does not need any
special instrument but just a straight piece of stick with which he can make
all the measurements.”

Contact with Islamic astronomy led to a kind of paradigm shift and
astronomers began to lay stress on the importance of instruments. Thus
Ramacandra Vajapeyin states in his Yantraprakasa:

Body without eyes, royal capital sans the king, lakes devoid of lotus flowers, woman
without a lover, night without the moon, river bereft of birds — so is astronomical learning
without instruments.”
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An important outcome of the interaction with !slamic astronomy is the
introduction of the astrolabe into India by Al-Birtni in the 11Fh century. Aft?r
the establishment of the Delhi Sultanate, Muslim. scholars .rmgrated to India
in large numbers from Central Asia in the follou{mg ce.nturxes. These 'scholars
brought astrolabes with them and used them in .lndla for Calendnc_al. and
astrological purposes. By the mid-14th century, the ms_trument was sufficiently
well-known among the Muslim elite of northern India. In the same —centul:y,
astrolabe manufacture also commenced under the patronage Qf FII'UZ. Shah
Tughluq (1351-1388). The Sirat-i Firiiz Shali, an anonymous chronicle of his rule
composed in 1370, has a long account on the astrolabes manufacturgd under
instructions from Firtiz Shah.'" However, none of these nstrola.bes ;Lerler today.
The extant astrolabes pertain to the Mughal period and it is in this peru.)d 1t1hat
astrolabe manufacture reached its pinnacle both in guantity and quaht}f.

The astrolabe was received by Hindus and Jainas with great enthusiasm.
Mahendra Suri, a Jaina monk, wrote the first Sanskrit manual i? '1370 under
the auspices of Firuz Shah at Delhi. In his work, Mahendra.Squ called th_e
astrolabe Yantraraja, “king of astronomical instruments”, and. it is under thxs
name that the astrolabe came to be known in Sanskrit and other IY\dxz_m
languages. Hindu astronomers who came later were no less enthusiastic.
Between the 14th and 18th centuries, more than a dozen manuals were
composed in Sanskrit on the astrolabe.” .

The composition of these Sanskrit manuals must. have been ac.compameq
by the manufacture of Sanskrit astrolabes as well, thatis, e_xstrolak?es with legends
in Sanskrit and the time scale divided into ghatis of 24 minutes instead of hours
of 60 minutes. But again no Sanskrit astrolabes of the 14th, 15t.h or l6th century
appear to have survived." Nearly eighty astrolabes produced in the subsequent
centuries are preserved today in various collections. It mus.t also be r'loted that
astrolabes of both varieties, i.e., with Arabic/Persian and with Sanskrit legends,
continued to be produced until the end of the 19¢h century. .

The 15th century saw the composition of two SaF\sknt texts whlch_are‘
important for the history of instrumentation in India: the Yavlt_rfzratvzfzvalz
composed by Padmanabha in central India in 1423 and the Yn!Itrr'lpmkasa written
five years later by Ramacandra Vajapeyin in northern .Indla in 1428. While
Padmanabha’s work introduces two instruments, one indigenous and the other
a variant of the astrolabe, Ramacandra’s compendium discussgs a large
assortment of instruments, the history of which still awaits a Fietaded study.

The first chapter of Padmanabha’s Yantraratnavali deals with an unusual
variety of astrolabe known as the southern astrolabe.’ The second chapter
discusses the Dhruvabhrama-yantra,” which is a kind of nocturnal and, as I sha_l}
argue, may have been the forerunner of the European nogumai. Th1>
Dhruvabhrama-yantra consists of an oblong metal plate with a horizontal slit at
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the top. A four-armed metal index is pivoted to the centre of the plate, around
which there are concentric circles containing  various scales. At night, the
instrument is so held that one can see the Pole Star and B Ursae Minoris through
the slit. When these two stars are sighted in a straight line by appropriately
tilting the instrument, the arms of the index will point respectively to the
sidereal time in ghatis and palas, to the lagna or ascendant for this moment,
and to the culminating point of the ecliptic. Thus with this instrument one could
read off from the dial, for any given moment at night, the corresponding sidereal
time, ascendant, and culmination. The reverse side of this instrument usually
contained a quadrant (turiya-yantra) for measuring the solar altitude during the
day, or a horary quadrant for measuring time directly. There are extant about
a dozen well-crafted specimens of this instrument in collections in India and
outside. There is much variation in these specimens, not only in the outer form
of the plate and the design of the four-armed index but also in the number
and the nature of the concentric scales. Though all these surviving specimens
belong to the 19th century, the wide variety in the style of execution, in the
specification of the scales, and wide geographical distribution indicate the
popularity of the instrument which may be true in the earlier centuries as well.

We have seen that the astrolabe was adapted for the use of Hindu
astronomers with Sanskrit legends and Indian time units. In the reverse
direction, the Dhruvabhrama- yantra was modified for the use of Muslim
astronomers with Persian legends. Two specimens have come to light so far,
one at the Khuda Bakhsh Oriental Public Library of Patna’ and the other at
the Raza Library of Rampur. In these versions, the obverse side, calibrated as
nocturnal, is called Shanumal, “night indicator” and the reverse side with the
quadrant is called Raznumah, “day indicator”. These two specimens are
manufactured in the 19th century but there must have been forerunners in the
earlier periods of which we do not yet know. Nor do we know at present
whether these are discussed in any Persian or Arabic manual, though it is clear
that this version was inspired by the D/u'uvab/zmﬂm—ymztm and that this
adaptation took place within India itself. However, the exact path of transmission
still remains to be mapped.

The second significant text of the 15th century is the Yantraprakasa
composed by Ramacandra Vajapeyin in 1428 at Patrapunjanagara on the 27°
latitude, close to modern Sitapur in Uttar Pradesh.” In this work, which is
available only in two manuscripts of poor quality, Ramacandra describes the
method of construction and use of some forty instruments, the largest number
ever discussed in a Sanskrit manual. Besides the large number, what really
distinguishes the Yantraprakasa is Ramacandra’s genuine interest in instrument-
making. The Indian astronomers, in general, were not interested in the practical
aspects of instrument construction. In comparison, Ramacandra’s description,
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especially in his commentary, is much more detailcd.‘He first describes the bgsxc
design and then mentions the variants tl_1at are possible. He also pays attention
to the tools needed in instrument-makmg. i I
The major part of the Yantraprakasa, ie. the hr_st four of the six ¢ :;p erz
is devoted to the astrolabe. The fifth chapterAdescnbes the gnomon, sl,tahr axtw
the trigonometric problems connected with their use. The sixth and fuia-f.cdal_) er
discusses some thirty-six varieties of instruments which can be daST ie mto
the following categories: (i) traditional instruments as tagght by Bra_mmagug a
and Bhaskara, (ii) the same with improvements, most 'hkely by Ramacz.in ra
himself, (iii) those inspired by Islamic models, and (1\'). mstrumegts meptxorfled
here for the first time and which must have beex} invented in India a ter‘
Bhaskara during the 12th and 13th centuries, or by I_lamacandra hllmself. Al?g\m
all, Ramacandra’s treatise throws up many challenging.problems In connection
with the transmission of the knowledge about se\'cral. mstrument-ty-pes. In the
following, I should like to examine the case of three instruments, viz., column
i ing dial and sand-glass. _
el Igg:x%acandra is the fi?st Indian astronomer to describe a series of shadow
instruments made in the shape of weapons like the \\jhlp,. scimitar, sword and
arrow. All these are variants of the column dial or cylindrical dial. The column
dial consists of a column or prism made of wood, i\fory or m'etal. At the top
of each facet of the prism, there is a hole for inserting a honzonta'I gromen
‘that throws its shadow on the facet below. The facet is graduated in degfee\s
for measuring the sun’s altitude and/or in hours to measure the localll ’tllmct
directly. But since these two vary according to seasons, the column usually has
twelve vertical scales, one for each month. A rope is tied to t.he top of the column
so that it can be suspended vertically, and this makes it a handy, portable
H 18
lnStrLzleIXclce:r;mg to Ernst Zinner, the column dial was or-iginal.ly invefn.teéi. in
Germany. In the 11th century, Hermann the Lame dgscnbed its construction
for the latitude 48° N." It was quite popular in the middle ages as a tra\.'el]mg“,
clock, evident from its Latin name horologium viatorum.* From Europe, it was
transmitted to the Islamic world through Spain and Morocco. In 1282 Abul
Hasan of Morocco described it for the first time in his celebrated work on
i ents.”! . .
mStr%rencause the cylinder and the suspensory rope look respectively hkeA thde
handle and the lash of the horse-whip, the instrument appea_rs, tp have receive
in the Islamic world the designation cabuk, meaning ‘whip” in Persian. The
instrument reached India either through Abul Hasan’s n'}anual or through a'ctu._ﬂ
specimens, and here the word cabuk was transla'ted !1tera'111y into Sa-nskCrE; z;:
Kasa-yantra, Pratoda-yantra or as the simple tmnsllteré_mc?n into Sans.krm abu
1/m1tr£1. Ramacandra then is the agent of this transmlssxo'n 1.nto India, or more
igrecisely, he is the first Hindu astronomer to adopt this instrument.
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There are, however, problems in this scenario of transmission. Zinner’s
view of its dissemination from Europe to Morocco is contested today. On the
other hand, it seems quite likely that the instrument was brought to India from
the Islamic world. But the expression cabuk for this instrument is not attested
in any source. Is it then a name given in India?

The next instrument of Ramacandra that I wish to highlight is called Cida-
yantra. Aryabhata and Varahamihira describe a ring dial in which the sunlight
enters a hole in the breadth of the ring and falls on the inner concave surface
on the opposite side, indicating the sun’s altitude.”? Into this archaic design,
Ramacandra introduced great improvements by providing a variable hour scale
to also measure time directly. Furthermore, Ramacandra designed three variants
of different sizes, viz., Valaya-yantra measuring a cubit in diameter, Ciida-yantra
a span or less in diameter, and Mudrika-yantra the size of the finger ring. As
[ have shown elsewhere, the middle one called Cada-yantra was quite popular
at the Mughal court. In a series of Mughal miniature paintings the astronomers
are depicted measuring the sun’s altitude with this ring dial.® Then in the early
18th century, Sawai Jai Singh also used it extensively. In a compilation called
Yantraprakara, Jai Singh provides a long description of the Cuda-yantra together
with an elaborate set of tables prepared for the latitude of Delhi*

Thus, here is a unique case in the history of scientific instrumentation in
India, where literary documents, miniature paintings and actual specimens
converge together and help us map the developments of the ring dial, spanning
some 12th centuries from Aryabhata to Jai Singh. Ramacandra plays a crucial
role in this development because he devised the variant Ciida-yantra in metal.
From its depiction in the Mughal miniatures, it would appear that it was more
popular than the astrolabe at the Mughal court. But unlike the astrolabe this
instrument is never mentioned in Persian sources. The extant specimens also
belie the impression created by the miniature paintings; while there are more
than 150 Indian astrolabes with Arabic/Persian legends and nearly 80 with
Sanskrit notations, only three ring dials are known. Therefore, we ought to be
very cautious in the interpretation of our sources.

But what is its relationship with the ring dial, so popular in Austria and
Bavaria? Ernst Zinner opines that it was invented by Georg Peuerbach (1423-
1461) and improved by his pupil Regiomontanus (1436-1476),” a few decades
after Ramacandra’s writings in India. Is there any connection between the Indian
and European ring dials? It was not known to the Islamic world and therefore
a transmission either way through this intermediary is ruled out. For the time
being we have to rest content with the hvpothesis that the ring was developed
independently in India and Europe.

Ramacandra also gives a detailed and unambiguous description of the sand
clock (kaca-yantra) which measures the Indian time unit of ghati of 24 minutes.
European sand clocks, on the other hand, are made to measure the hour of
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60 minutes, its multiples or fractions. Therefore, if the sand clock was
transmitted from Europe to India, where it was adapted to the Indian system
of reckoning time in ghatis, such a transmission ought to have taken place before
1428. -

In Europe itself the first undisputed mention of the sand §lock‘ occurs in
the English naval records of 1345/46 and its pictorial representation, in a fresco
at Siena in Italy, pertains to about the same period. If Europe had been the
source of the sand clock which was described by Ramacandra in 1428, the only
possible route of transmission, say between 1350 and 1400, should have been
through the Islamic world. But the Islamic world did not know of the sand
clock until the late 16th century when it was imported from Europe. Therefore,
one must conclude in this case as well, that the sand clock developed
independently in India and in Europe.” o

| discussed these three cases in order to illustrate the difficulties in
delineating a comparative and coherent history of several instrument types in
the present state of our knowledge. Historians of technology do not approve
of the idea that the same technique could develop independently in two different
geographical areas and insist that there must be some linkage between these
two places. But establishing mere priority in time does not reveal the whole
story unless one can map the exact path of transmission.

However, there is no denying the fact that towards the end of the..’ 15th
century or the advent of the Portuguese, India had a rich repertoire of
astronomical and time-measuring instruments. Some had been developed
indigenously, some had been borrowed from the Islamic world and yet others
were modified versions of the Islamic prototypes. Rimacandra’s compendium
of instruments provides only a partial glimpse of this rich repertoir.e‘

At the beginning of this paper I said that there are one or two instances
where the astronomical instrumentation may have had a consonance with
navigational techniques and tools. One of these is the water clock of‘ the sinking
bow!l variety? This consists of a hemispherical copper bowl with a small
perforation at the bottom. When this bowl is placed on the surface of water
in a larger basin, the water enters the bowl from below through the perforation.
As soon as the bowl is full, it sinks to the bottom of the basin with a clearly
audible thud. The weight of the bowl and the size of the perfox:ation are so
adjusted that the bowl sinks sixty times in a day-and-night. That is to say, the
duration between each two immersions is 24 minutes. The instrument was in
use throughout India and the neighbouring regions for about sixteen hundred
years from the fourth century Ap to the beginning of the 20th century. Even
now it is occasionally used for ritual purposes by all the major religions at
Mathura in a Krishna temple, at Jhalesar in a Jain temple, across the border
in Sind, at the mausoleum of Qalandar Saheb, and so on.
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Considering its widespread use, there ought to be hundreds of specimens
extant but unfortunately it is not so. The Pitt Rivers Museum at Oxford has
the largest collection, consisting of seven pieces. One of these is made of a
coconut shell. In the Madras Museum also there is one made of coconut shell.
This fact suggests the genesis of this instrument. Coconut shell is naturally
endowed with a hole at one end and this might have provided the inspiration
for designing this instrument. Therefore, its origin must be sought in the Indian
Ocean region.

Was it ever used on ships for time-keeping? A.J. Qaiser answers in the
negative. “We do not know what time-keeping devices were used by Indians
aboard a floating ship. The sinking-bowl clepsydra was known, but it could
not have been used on a ship rocking on unstable waves”.* However, a very
good authority saw its use on ships in the Malay archipelago in the last century
and left a graphic report. A.R. Wallace states as follows:

. a watch of two or three on the poop look after the trimming of the sails and call
out the hours by the water clock. This is a very ingenious contrivance, which measures
time well in both rough weather and fine. It is simply a bucket half-filled with water,
in which floats the half of a well-scraped coconut shell. In the bottom of this shell is
a very small hole, so that when placed to float in the bucket, a fine thread of water squirts
up into it. This gradually fills the shell, and the size of the hole is so adjusted to the
capacity of the vessel that, exactly at the end of an hour, plump it goes to the bottom.
The watch then cries out the number of hours from sunrise, and then sets the shell afloat
again empty. This is a very good measurer of time. I tested it with my watch and found
that it hardly varied a minute from one hour to another, nor did the motion of the vessel
have any effect upon it, as the water in the bucket of course kept level. It has a great
advantage. For a rude people in being easily understood, in being rather bulky and easy
to see, and in the final submergence being accompanied with a little bubbling and

commotion of water, which calls attention to it. It is also quickly replaced if lost while
in harbour.”

AR. Wallace thus attests to the use on the sinking-bow! water clock, made
of coconut shell, on ships in the Malay Archipelago in 1869. Recently, a Latin
manuscript was discovered which suggests that the sinking bowl was used at
a much earlier date aboard the ships.*” This manuscript (probably untitled) from
the Abbey of Mont Saint Michel (numbered, “Avranches 235”) of the 12th
century describes a device known as the “lineless sounder” used for measuring
the depths of the sea or the rivers.

The apparatus consists of two parts: a buoy and a ballast. The buoy is
a metal sphere with a ring. The ballast is an iron plate with a hook and leg.
The buoy is hooked to the ballast and the whole system is let down into the
water. When it touches the bottom of the sea, the leg of the ballast rotates which
causes the buoy to get unhooked and go up. The depth is deduced from the
total immersion time, i.e. from the moment the system is immersed to the
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