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Abstract

The pole star is one of the most prominent features of the night sky. It is known that the star that occupies
the pole changes over the centuries owing to the precession of equinoxes. Despite this, several texts in
the Indian tradition mention in clear words a pole star, usually called dhruva (which means ‘fixed”) or
dhruvatara (tara meaning ‘star’). Researchers have proposed candidate stars for mentions in the Vedas
and Puranas in the past. However, a large number of mentions, which are purely astronomical in nature,
are also found in the siddhantas of Indian astronomers. They have not been discussed comprehensively
until now. This work presents these together and discusses the implications of these mentions.
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Introduction

The pole star is one of the preeminent stars in the night sky. As it appears fixed in the night
sky, the pole star has become a common metaphor for anything changeless and represents
continuity and stability in several cultures. Its Sanskrit name, ‘dhruva’, meaning changeless or
fixed, illustrates well this connotation. Even today, the word dhruva or dhruvatara in Sanskrit
and Indian languages, and the expressions “pole star” or “north star” in English are often used
to denote something that is changeless or fixed, and serving as a guide for others, as this star
can readily be used by travellers who wish to know their location and decide where they wish
to go.

As with other celestial objects, various stories and legends are associated with the pole star, a
prominent and famous one being that of Dhruva, the prince, who won the favour of Lord
Visnu, as stated in the Puranas (for example, in the Bhagavata Purana).

From an astronomical point of view, we know that the earth rotates about its axis every day
and causes the sun, moon, stars and planets to move across the sky from east to west. If the
axis of the earth’s rotation is extended to two points in the sky — one in the north and the other
in the south, all celestial objects will appear to move around these points. These points are
called the celestial poles. Any object located at those points does not appear to move. A pole
star is such a star located at one of these poles, and usually applies to the star located at the
north pole.

A popular conception today is that the pole star remains fixed in the sky. However, astronomy
tells us that over the course of centuries, the north celestial pole changes its position. At any
given point in time, it may point towards a star, or near one, such that that star becomes the
pole star. However, eventually, the north celestial pole shifts away from this point.

Due to the precession of equinoxes (also called axial precession), the earth’s axis changes
position. It is this change that causes the location of the pole to shift continually. Currently,
this occurs at the rate of about 50.3" per year. This change was recognized by several ancient
societies including ancient Indian astronomers who called it ayanacalana.

The precession of equinoxes implies that no star can remain at or near the pole for very long as
it keeps shifting. The current pole star is Polaris. This star came near the pole only in the past
few centuries. However, references to the dhruva in the Vedas, Puranas, astronomical and
other literature, such as in the story highlighted above predate this event. Hence, it becomes
necessary to explore the nature and identity of the star mentioned in these texts.
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Some work has been done in this regard in the past: based on
various factors including the appearance of the constellation
created by nearby stars, various previous authors such as
Jacobi (1894) 11 and lyengar (2011) identify the dhruva
mentioned in the Vedic and Puranic literature as Thuban (a-
Draconis).

The references to dhruva among Indian astronomers (c. 500 —
1700 CE), however, have not been looked at in detail so far.
Some such as Jacobi ! have even denied that such mentions
exist, in contrast to what is found in the texts. The primary
purpose of this work is to bring out these references, present
them together and discuss their implications.

Mentions of Dhruva

Siddhantas are treatises that cover mathematical astronomy.
The oldest datable siddhanta currently available that is
preserved in its entirety, is Aryabhatiya of Aryabhata, dated to
499 CE. It is believed that there were siddhantas prior to as
well. However, they are no longer available. The period of
Indian astronomy when siddhantas have been in vogue is
usually called the Siddhantic period. This period essentially
extends from the first known siddhantas in the fifth century
CE and probably a few centuries before that up until the
colonial era of Indian history.

During the Siddhantic period of Indian astronomy, it is
observed that in astronomical literature, the word dhruva
often indicated the north celestial pole, since it remains fixed
(‘dhruva’). There are however several astronomers who
mention the presence of a pole star in their works. References
to dhruva from these texts are now presented in a
chronological order.

Varahamihira

The Paincasiddhantika of Varahamihira (sixth century CE) is
an important text in Indian astronomy, since it is one of the
oldest available works in the subject and as it summarises and
provides a comparison of five ancient siddhantas which are
now lost. Different chapters and sections in the work cover
different siddhantas or aspects thereof.

The relevant chapter in this context is the thirteenth one,
which is titled “Trailokyasamsthana”, which is not directly
linked with any particular siddhanta within Varahamihira’s
work.

The following verse (Paficasiddhantika 13.26) deals with the
location of the pole star in the sky when viewed from
different places on earth:

FAEHRAT el F9AT AR & Wl |
%J’CJCINI“rI\IE’:lTI JERTASRIIITAT: | |

lankastha bhiilagnam nabhaso madhyasthitam ca
merugatah |

dhruvataramiksante tadantarale'ntaropagatah ||

Those present at the equator (lanka) observe the pole star
as clinging to the earth (i.e., at the horizon). Those at the
(north) pole, see it at the zenith. Those in between, see the
pole star in the middle (i.e., with an altitude greater than
0° but less than 90°).

Since Varahamihira says “dhruvataram iksante” (“see the pole
star”), it may be deduced that this is a star(tara) that he feels
was visible.

The verse highlights three cases regarding the observer:

1 Jacobi (1894: 158) states ... the Indian astronomers do not name a
pole star”
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1. If the observer is at the equator, the pole star will be seen
at the horizon.

2. If the observer is at the north pole, the pole star will be
seen at the zenith.

3. If the observer is at a latitude between 0° and 90°, the

pole star is visible between the horizon and the zenith.

For those located between the equator and the pole on earth,
the pole star is located somewhere in the middle. For finding
the latitude from the altitude of the star, Varahamihira
provides the following verses (Paficasiddhantika 13.30-33):

aferel A9 Pear g7 Bold I g |
SIS, FAPHMAT FaRATY | |
FRORIG BT AIETAIAT ATHITAT AR |

LCIREU DN TED o ||

g wafd J9 dehRIHa § G-l |

O IraRTel Wots AneaIaA T | |

TAATED] I: WIS TR ASHAIR I |
fayaeacradIsal IrIRRICHFRITEHR: | |

salilena samam krtva tungam phalakam yathadisam drstva,
daksinakotyam sankum phalakapramitam vyavasthapya.
rjusankubudhnavinyastalocano namayettatha sankum,
bhavati yatha sankvagram dhruvataradrstimadhyastham.
patitena bhavati vedho lankayamiirdhvagena tu sumerau,
vinatena cantarale phalake caksordhvasttrasamam.
tatravalambako yah s0'ksajya tasya Sankuvivaram yat,
visuvadavalambako'sau yamyottaradikprasiddhikarah.

An elevated board must be placed in alignment with the
directions, on a place that has been confirmed to be flat
with water. On the southern end, a $anku must be affixed
such that its size (length) is the same as that of the board
(in a north-south direction). It must then be lowered so
that the pole star is observed at the end of the $anku. If it
falls (i.e., is lowered completely), (the observer) is at
Lanka (the equator) and if it points upwards, (he is) at
Sumeru (the north pole). The perpendicular dropped (from
the tip of the sanku onto the board) is the R-sine of the
latitude. The difference between the perpendicular and the
gnomon amounts tothe R-cosine of the latitude. The R-
cosine line follows the north-south direction.

To measure the altitude of dhruva, Varahamihira states that a
board must be placed on a flat place. Whether the place
chosen is flat or not is determined by pouring water on it. If
the water flows to any one direction, there is a slope and that
place cannot be chosen. Once the appropriate place is chosen
or the desired surface brought in to the flat shape, the board
should be placed in such a way that its edges are aligned to
the cardinal directions.

Sanku refers to a gnomon. In the Indian context, this
comprises of a thin cylindrical pole of a fixed length. Here,
however, instead of fixing the Sanku onto the ground, as is
usually specified in Indian astronomical treatises,
Varahamihira essentially asks the observer to attach it onto
the southern end of the board, such that it can be tilted as
required. The length of the board along the north-south
direction and the height of the sanku must be the same. After
this, at night time, the observer must tilt the $anku such that
its end points in the direction of the pole star.

Clarifying his previous point, he states that if the $anku is
lowered completely, the observer is at the equator, as would
be expected. If it is not lowered at all, the pole star is at the
zenith and the observer is at the north pole of the earth.
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A possible error can occur in this reading if the sanku is not
lowered exactly. However, if lowered to the correct angle, the
angle by which the $anku is raised from the board corresponds
to the altitude of the pole star in the sky, which is the same as
the latitude. Hence if a perpendicular is dropped from the tip
of the $anku to the board, its height would correspond to the
R-sine? of the latitude (also called aksajya). The distance from
the southern end of the board, upto the point where the
perpendicular meets the board is the R-cosine of the latitude
(also called lambajya). This will be aligned with the north-
south line.

Varahamihira’s observations of dhruva are intended to
measure latitude and ascertain the directions. However, they
appear to assume the presence of a visible pole star.

Siryasiddhanta

The present Stiryasiddhanta has not been confidently dated.
However, Varahamihira mentions another Stryasiddhanta in
his Paficasiddhantika. Since the parameters of the two systems
are different, it is believed that the present text postdates
Varahamihira.

The Stryasiddhanta mentions dhruva in a few places. One of
them (12.73) is:

I gaAFGATEG JasTiet: |
RIS TIgGT TSDell JATHAT | |
bhacakram dhruvayornaddhamaksiptam pravahanilah,

paryetyajasram tannaddha grahakaksa yathakramam.

The circle of asterisms, bound at the two poles, impelled
by the provector (pravaha) winds, revolves eternally;
attached to that are the orbits of the planets, in their order.
(Burgess, 1935: 292)

This dhruva may be interpreted as the celestial pole or the
pole star, hence this reference is ambiguous. However, the
following two verses (12.43-44) mention the pole star clearly:

RG] AL gaan T9:Rerd |
PRerceRRTTg Y farfisTs ||

3l AP IRARY gl farfasreern: |
TaAfCrel e eI HRIGETeTHIIA | |
merorubhayato madhye dhruvatare nabhahsthite,
niraksadesasamsthanamubhaye ksitijasraye.

ato naksatrocchrayastasu dhruvayoh ksitijasthayoh,
navatirlambakams$astu meravaksamsakastatha.

In both directions from Meru are two pole-stars (dhruva-
tara), fixed in the midst of the sky; to those who are
situated in places of no latitude (niraksa), both these have
their place in the horizon. Hence, there is in those cities,
no elevation of the pole, the pole-stars being situated in
their horizon; but their degrees of co-latitude (lambaka)
are ninety: at Meru, the degrees of latitude (aksa) are of
the same number. (Burgess, 1935: 286)

The pole star is clearly referred to as such. Not only does the
text suppose a northern pole star but also a southern one.

At the equator (place of no latitude, in the text above), the two
pole stars are located at the horizon. The elevation of the pole
has also been referred to. This is dealt with in another verse
(12.72) as well:

2 |ndian authors use a sine table where sin 90° # 1, hence the word
R-sine is used to express the sines taken in a circle which is not a
unit circle.
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dhruvonnatirbhacakrasya natirmerum prayasyatah,
niraksabhimukham yaturviparite natonnate.

To one going toward Meru, there take place an elevation
of the pole (dhruva) and a depression of the circle of
asterisms; to one going towards the place of no latitude, on
the contrary, a depression of the former and an elevation
of the latter. (Burgess, 1935: 291)

Based on these, it appears that the current Stiryasiddhanta is
acquainted with a visible dhruva and measurement of its
elevation.

Brahmagupta
At the outset of his treatise, Brahmasphutasiddhanta (1966,
1.3), Brahmagupta states:

ARGl aeash Tafaronrral |

NoMRag=<RY: e Teaslvl i ||
dhruvatarapratibaddhajyotiscakram pradaksinagamadau |
pausnasvinyantasthaih saha grahairbrahmana srstam ||

The circle of luminaries (jyotiscakra), attached to the
[two] pole stars, moving clockwise, with Pausna (Revati)
and AS$vini at its ends, was first created, along with the
planets (graha), by Brahma.

This is a clear reference to the pole star as he uses the word
‘dhruvatara’. Brahmagupta refers to the dhruva, without
specifying ‘tara’, in the following verses (21.3b-5):

T TOTERIRTGUIeed gar st | |
gadldg FATHARIN farfaoTaeer gashy |
STTIITHIRIVT HAfcT FaeT-enferas ||

3 el [~ YusoRT gar i |

T gah qaraRy gdl fafas | |

khe bhaganaksagrasthavuparyadhasca dhruvau tesam.
dhruvayorbaddham savyagamamaranam
ksitijasamsthamuducakram,

apasavyagamasuranam bhramati pravahanilaksiptam.
anyatra sarvato diSamunnamati bhapafijaro dhruvo namati,
lankayamuducakram purvaparagam dhruvau Ksitije.

There are for them (the residents of the terrestrial north
and south poles) two poles [located] in the sky, above and
below [the extension of] the axis of the earth. Affixed onto
the poles, the stellar sphere moves propelled by the
pravaha (provector) wind, clockwise, for the gods
(residents of the north pole), along the horizon, while it
moves anticlockwise for the demons (residents of the
south pole). In all other places, the stellar sphere rises
while the pole diminishes (in altitude). In Lanka (the
equator), the stellar sphere moves east to west with the
poles being located at the horizon.

Bhaskara I — Some$vara

Bhaskara 1 (fl. 629 CE) authored a commentary on the
Aryabhatiya of Aryabhatiya. Portions of the Golapada in this
are not available now, however, Someévara (10" — 12t
century CE) prepared a summary to Bhaskara’s commentary.
Two references to dhruva are found in this. The first occurs in
the context of discussing the size of Meru stated by Aryabhata
(Gola 11) and a comparison of this with the ideas of the
Puranas:
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.. TGl STHIqHd Ya: JaTol fHgq | ...

. tasmaddhruvonnatya [anttameva] bhuvah pramanam
siddham. ...

Hence, the size of the earth obtained from dhruvonnati
(elevation of dhruva) is the one that is established
(/correct).

The second reference occurs as a commentary to Aryabhata’s
elaboration of the midnight sun (Gola 16). Somes$vara states:

CUTRAIFITAT I Hashreieei= wafd | &f¥aq
JO: ITRUT T4 QLTRAR T gaguR ARIfed
eI, THHY A UTRT IUR ¢a: wafT |
des$antaravyavadhanat anyatha bhacakrardhadarsanam
bhavati. kascit purusah uttarena gatah desantarameti
tathatve dhruvamupari arohitam pasyati, kramena merum
praptasya upari dhruvah bhavati.

If a person goes to another place (apart from the north and
south poles), the half of the celestial sphere that he
observes is different. A person who goes northwards sees
the dhruva risen in the sky (i.e., with non-zero altitude).
When he eventually reaches Meru (the North Pole), the
dhruva is up (i.e., at the zenith).

This explanation pertains to the situation of an observer who
travels northwards from the equator up to the pole. Although
the word ‘tara’ has not been explicitly used, the text expects
the observer to “see” the pole (pasyati meaning ‘sees’). Thus,
it appears that a visible star is indicated by his statements
rather than the celestial pole.

Lalla

Lalla has also mentioned dhruva in the context of finding
direction. The following verse segment is from his
Sisyadhivrddhidatantra (4.2):

TF gar gudfaIal wagT
yatra dhruvo dhanapaterdigasau bhavedva

... north, that is, in the direction of the polar star.
(Chatterjee, 1981: 59-64)

This essentially associates the northern direction with dhruva,
translated with “polar star” above.

Lalla criticises the viewpoint of the Jainas who state that there
are two suns and two moons. To do this, he follows
Brahmagupta by referring to the dhruvamatsya, a
constellation of stars in the region of the north pole. Lalla
states (20.44):

fgad famRIBATRRAN: HefaRd dggoid |
e b gaareIaafdad-a qaaRy™: | |
dvitayam dinaratrinathayoh kathamekantaritam
tadudvrajet.

yadi kim dhruvatarakatimerdivasenaiva
bhavetparibhramah.

How can the there be two suns and moons appearing one
after another, if the fish of polar star(s) completes a
revolution in one day itself?

To refer to the dhruvamatsya, Lalla uses the word
‘dhruvatarakatimi’ — dhruvataraka refers to the ‘pole star’ and
timi refers to a ‘fish’ or ‘whale’. Chatterjee (1981) translates
dhruvatarakatimi as ‘circumpolar constellations.’
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Vate$vara
Vate$vara states the following in Vate$vara-siddhanta (3.4):

g vdl 9IS AHAVSENTSIA U1 AT RN |

FHYATORIT AT AT 5 a1 W ||

vrttam ravau praviste samamandalasamjfiitam prabha ya
syat,

samapurvaparaga sa saumya yatra dhruvah sa syat.

When the sun enters the circle called the prime vertical,
the shadow (of a vertical gnomon) falls exactly east to

west. Towards the north-pole, lies the north direction.
(Shukla, 1985: 278)

This description thus serves to find direction. The word
‘dhruva’ is used to indicate north pole.
He also states the following for finding latitude (3.26):

e URGE Yo o f[adibdgeaqgarar |

A GRCYSTARIAIRTIT a1 YTzl | |

sankum parikalpya bhujam tribhujena
vilokayeddhruvamudicyam,

yantrena drstibhujayoravivaragra va palacchaya.

One should observe the Pole Star towards the north along
the hypotenuse of the triangle-instrument, assuming its
base to be equal to the gnomon; then the upright (of the
triangle-instrument), which lies between the line of vision
and the base, will be equal to the equinoctial midday
shadow. (Shukla, 1985: 288)

Vatesvara also places the pole star in the context of nearby
stars (8.16):

AT IRV gaaRT Ta_T #e | |
timyakrtitaranam dhruvatara tanutara madhye. 3
The pole star is the faint (tanu) star located in the middle

(madhya) of the stars that are shaped as a timi (whale or
fish).

As with Lalla, Vatesvara uses the word ‘timi’ and refers to the
dhruvamatsya. However, he mentions the pole star as a faint
star located within this fish. Shukla (1985: 596) has
interpreted the group of stars which is the polar fish or
dhruvamatsya as the constellation Ursa Minor. This is a clear
reference to a faint pole star.

Sripati

Sripati (c. 1050 CE) refers to a method of measuring latitude
that involves finding the elevation of dhruva. The verses in
which this occurs (Siddhantasekhara 4.122-123) are given
below with a translation:

I EHIHd et gegfead -

TS TUNATVHIRICI PIET g Txiel |

Treadd 9afd gar afe da1 FRIgeapiicd

TSR JARAAISAITY TedS - qadq | |
YS! TF I GAURT B SRR o |
TSFTTYRITIRAE IThHASATI TR AGAISTITAT | |
ambhobhih susamikrte triphalake drstyucchrite sthapaye-
cchankum tatparimanamuttaradi$am kotim drsam tattale |

3 Printed editions of this verse show the word ‘tanutara’ in place of
‘tanutara’. However, considering the meter of this verse, the reading
‘tanutara’ seems more appropriate.
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sankvagre bhavati dhruvo yadi tada meravudakkotike
lankayam vasatistato’nyavisaye tacchankuna bhedayet ||
sankvagrato yatra ca siitrapatastacchankumilantaramatra
lambah |

sankvagrabhimyantaramaksa uktastrijyagratastau
bhavato’nupatat ||

A gnomon must be placed on a board (triphalaka) that is at
the height of the eyes and levelled well with water. The
eyes are placed at the base of the board. If the pole is at
the tip of the gnomon, [the observer is] at Meru (the North
Pole). If it is at the base of the northern side, then [he
lives] at Lanka (the Equator). If it is some other place, the
pole must be measured using the gnomon. The distance
between the point where the thread tied to the upper edge
of the gnomon meets [the earth] and the base of the
gnomon, is the lamba (cosine of the latitude), and the
distance between the tip of the gnomon and the earth is the
aksa (sine of the latitude) by ratio.

The standard Indian gnomon is of the shape of a thin cylinder
that is completely vertical. Stipati essentially uses a gnomon
to measure the angles involved. The eyes observe from the
level of the base of the gnomon, where a board is placed. The
observer must ensure that the board is perfectly horizontal by
holding water on it.

As in the case of Varahamihira, the cases of the observer
being at the pole, equator or in between have been indicated
in the verse. Unlike Varahamihira, however, Sripati uses the
word dhruva and not dhruvatara, to refer to the pole star.
Given that he refers to locating the object in the sky, it seems
to indicate that the object must have been bright and therefore
the pole star.

Bhaskara I1

Bhaskara II in his work Siddhanta$iromani, which is one of
the most popular works on Indian astronomy, has also
mentioned the dhruva at the outset of his work as follows
(Kalamana 13):

Al Iah HAAGHIT U5 FodgHioniawwe: |
TRgeyH favaygoll fgeh dewdaRr @ O gacd ||
srstva bhacakram kamalodbhavena grahaih
sahaitadbhaganadisamsthaih,

$asvadbhrame visvasrja niyuktam tadantatare ca tatha
dhruvatve.

The Creator having created the stellar circle along with the
planets, placed the latter at the beginning of the circle, put
them in constant revolution, at the same time putting the
extreme two stars (on either side) in a fixed position.
(Somayaji, 1980: 4)

He explains this in his auto-commentary (Vasanabhasya) to
the above verse as follows:

AT TR HYS[OREI Al fRAOIRIGdN a5 I IR I gad
s 11

tatha tasya bhapafjarasya yau daksinottaravantau tatra ye
tare te dhruvatve niyukte.

Two stars, are placed, one at the north pole and the other
at the south, and they are fixed. (Somayaji, 1980: 5)

The word tare (dual of tara) makes it clear that Bhaskara II
intends that there are stars at the pole. He also states in his
auto-commentary, immediately prior to Bhuvanako$a 51,

~ 76~
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“atastatra dhruvarksasamsthanamaha”. Usage of the word
dhruvarksa meaning pole star appears to substantiate this.
He also states (Triprasnavasana 33):

o

FHAGTIAT gar=iiaal Afed AqaiseTer ! |

dt wmfgyaagdsael IS Ader~dl T | |
yantravedhavidhina dhruvonnatirya natisca
bhavato'ksalambakau,

tau kramadvisuvadahnyahardale ye'thava natalamunnata
lavah.

The altitude of the polar star and the zenith distance, as
found by observation, give respectively the latitude and
the lambarhsa, or completement of the latitude. Or, the
zenith distance and altitude of the Sun at mid-day when on
the equinoctial give the latitude and its complement.
(Wilkinson, 1861: 170)

The above verse expects the elevation of dhruva to be
observed using an instrument (yantra) in order to find latitude.
The dhruva is used in the context of finding direction in
another context (in Triprasnadhikara 9a):

TG JRIARIGEGHT IRl gd a1 Hd—

SHEIETY WIAT Il BICIAdl TSdhd: |
tanmatsyadatha yamyasaumyakakubhau saumya dhruve
va bhave-

dekasmadapi bhagrato bhujamitam kotimitam sankutah.
From that fish, the northern and southern ends (directions)
[are to be deduced]. Or, the northern [direction] (is fixed
as being) at the dhruva. ...

The relevant portion of this verse is “saumya dhruve va
bhavet”, i.e., the northern direction can be fixed using dhruva.
The verse that precedes this one mentions a method by which
a sanku (gnomon) is fixed on a flat surface and the eastern
and western directions are fixed based on the shadows during
the forenoon and afternoon of this gnomon. Two intersecting
arcs are thought of as being fish-shaped, hence Bhaskara II
says “from that fish”. From east and west, one must derive
north and south. The deduction is similar to that which is
given by Lalla above.

Instead of using shadows to determine directions, Bhaskara Il
says that the location of dhruva can be fixed as north. The rest
of the verse mentions a method to mark the directions using
the position of dhruva, indicating once again that a certain
degree of accuracy is expected.

Hence, Bhaskara II seems to have been acquainted with a
visible pole star.

Padmanabha
Padmanabha mentions the following regarding the Dhruva in
his Dhruvabhramadhikara (11):

T IIRT ART A7 veArer: farfrerguRar et | aaaRar
ETYARBIAHCRITHRATSAIIART | TR YaaoRIaET
fafgar | T g=0 W RS g WA | qAM AT
IERAT AT YATRRITRAARLRTARGT | A7 Jea=eqT A1 g
FACUAMRIRTARGT aaid | 9 TRER SISTHFRTIIRG
T |

ya tuttara tara sa palamsaih Ksitijaduparito varivarti |
tatparito dvadasatarakabhirmatsyakaramandalam
upalaksyate | tasya dhruvamatsyasamjia vihita | tanmukhe
pucche sthiile tarake dve drsyete | tayormadhye ya
mukhastha sa dhruvatarayastribhiramsairantarita | ya
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pucchastha sa tu trayoda$abhiramsairantarita vartate | ubhe
parasparam sodasabhagantarite stah |

The northern Pole Star lies above the horizon at the
degrees of the local latitude. Around the latter is seen a
fish shaped constellation consisting of twelve stars. This is
designated as the Polar Fish (dhruva matsya). Two bright
stars are visible at its mouth and tail. Of these, the one at
the mouth lies at an interval of three degrees (bhaga) from
the [actual] Pole Star and the one at the tail lies at thirteen
degrees. (Sarma, 2012: 325)

The above text is called Dhruvabhramanakhyatika by
Durgaprasad Dvivedi in his Upapattindusekhara (1936) and
the corresponding section has been quoted by him. This was
translated by Shukla (1985: 596).

In a section prior to this, the text describes two dhruvas being
established in the sky — one at the north pole and one at the
south. Padmanabha uses the word °‘sthilla’ (large, big) to
characterise these stars and additionally states that the fish’s
mouth is located 3° away from the true pole star (dhruvatara
in the quote above). The choice of words leads one to believe
that he feels there is a faint star located at the pole itself.
Sarma (2012) identifies the two bright stars of dhruvamatsya
as Polaris (o0 Ursae Minoris, at the mouth) and Kochab (8
Ursae Minoris), also called Markati in Sanskrit (at the tail) of
the fish.

Parame$vara

Parames$vara (c. 1350 — 1450 CE) is one of the members of a
long tradition of astronomers who lived in Kerala during the
141-17" centuries, often known by the name the Kerala
school of astronomy. It is known from Parame$vara’s own
writings and those of his successors that he observed the sky
for about 55 years and introduced various changes based on
his observations.

In the following verses, Paramesvara indicates the presence of
a northern and a southern pole star (Goladipika 3.26-27):

TR ITATITGH TR dRET YariaT |

TRIRENTATITEE: Rerdr= FARIART R | |

gagHigE MIISIEUSRIgHEig W |

RPEEd: URAl dEH ™l TEE qafd Tet: | |
merorirdhvagatagradiirdhvastha taraka dhruvakhyaika.
meroradhogatagradadhah sthitanya dhruvakhyatara syat.
dhruvayugmamidam  golasyasrayadandagrayugmamiva
merau.

raganavadatah parito lankayam tirdhvago bhramati golah.

Above the upper extremity of Meru is a star named
Dhruva (Pole-star, Polaris). Below the lower extremity of
Meru must also be another star called Dhruva [South Pole-
star]. These two Pole-Stars are, as it were, the extremities
of the [central] axis supporting the [Celestial] sphere.
Hence as seen from Meru the sphere [seems to] rotate
around like a waist-band [of the Earth]; as seen from
Lanka, however, it [seems to] rotate passing overhead
[from east to west]. (Sarma, 1957: pp. 86-87)

The relation of the pole star with latitude is given in the
following (Goladipika 3.8-11):

el fafcrerer ga SuR w@He T 9 W /I |
el fayawe faaed armeT g ||
g 9 Tg woRe g ferfroriRerdr waf |

o

g dhId \%Q“I“I"IIc&bCH"'Id{\I RIGART deId: | |
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TSI TR WTgvar-faay |
feTSATHIaAfcrear=Tal Hagadig: ||

TS GG A TS DI |

R TAT TS MSETRIRA ARHEAN | |

lankayam ksitijastho dhruva upari svamadhyagah sa
merau syat.

lankayam visuvastho dinamadhye vyomamadhyagah
stryah.

bhanuh sa eva merusthane tu ksitijasamsthito bhavati.
lankata udaggamanaddhruvonnati ravinati$ca kalpyatah.
sarkavanatirdese sve'ksajya syaddhruvonnatirvapi.
aksajyarkavanatidhruvonnatinam kramadudagvrddhih.
aksajyavrddhivasaduttaragamanam tatastu lankatah.
jAeyam tatha svadesadaksadhikyena saumyagamanamapi.
The Pole-star is [seen] at Lanka on the horizon [at the
north point]; it will be right above at the centre of the
heavens [as see] from Meru. The Sun on the Celestial
Equator will be at the centre of the heavens at midday at
Lanka. The same Sun will be on the horizon [as seen]
from Meru. Hence as we go northwards from Lanka, we
have to postulate the increase in the altitude of the Pole-
star and the zenith distance of the midday Sun. This zenith
distance of the Sun or altitude of the Pole-star will be
equal to the latitude at the place [of observation]. The
latitude, zenith distance of the Sun and altitude of the
Pole-star gradually increase [as one proceeds] towards the
north. Hence from an increase in the latitude, northward
displacement from Lanka has to be inferred; and in the
same manner, by an increase in latitude from one’s own
place, northward displacement from that place [can also be
inferred]. (Sarma, 1957: pp. 83-84).

Nilakantha

Nilakantha SomayajT (c. 1444 — 1545 CE) was also one of the
members of the Kerala school. He mentions the dhruva in
Golasara (2.4-5) as follows:

T yAfT I3 HAeT g Wiy |aifon |

urefeRe) gadr FResr I gaer & |

I CHHAVSAAZETS JSTHHAT TG |

ARSI = TEUHAT WAl AT g e | |

tatra bhramanti yatra kramena drsyani bhani sarvani,
par§vasthe dhruvatare niraksasamjfio bhuvi pravesah sah.
ghatikamandalamahustatra yadadhatirdhvagam bhramad
vritam,

abhito'pi ca tad bhramatam bhavanti nana dhruva
dyuvrttani.

That region upon the earth where all the stars revolving in
that (Pravaha) region can be seen rising one after another,
and where the Pole stars are (exactly) on the two sides, is
called the region of Zero latitude (i.e., the Equatorial
region). The revolving vertical circle there (i.e., the Prime
Vertical at that region) is called the Ghatika-mandala
(Hour Circle). On both sides of that are the different fixed
Diurnal Circles of the heavenly bodies. (Sarma, 1970: 8)

He uses the word ‘dhruvatare’ (dual of dhruvatara).

Jyesthadeva

Jyesthadeva (c. 1500 — 1610 CE) was a junior contemporary
of Nilakantha and the author of Yuktibhasa, a treatise in
Malayalam, that discusses mathematics and astronomy. The
reference pertaining to dhruva is given below:
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avrttamarggattinkal ellatattinnum  dhruvan enna oru
naksatratte bhiparsvattinkal tekkurh vatakkum
anudayastarn  kapam. 1 prad&$attinkannu vatakkottu
ninniyal vatakke dhruvané kanavi. vatakku ninniyolarm

uyarnnirikkurh 1 dhruvan. 1 dhruvonnatiye aksarh ennu
collunnii. (Chapter 9, p. 899)

From all places on that (equatorial) line, can be seen two
naksatra-s (stars) called Dhruva-s (pole stars), one in the
north and one in the south, which have no rising or setting.
If one moves to the north from this line one can see only
the northern Dhruva. This Dhruva would have as much
altitude as one moves towards the north. This altitude of
the Dhruva is called aksa (the terrestrial latitude). (Sarma
et al., 2008: 510)

It is observed here that Jyesthadeva essentially defines
latitude based on the elevation of the pole star.

Nityananda

Nityananda (c. 1630 CE), who was the court astronomer of
the Mughal Emperor Shah Jahan, mentions the following in
his Gola (verse 29)

FReIT=ATTT: AT I KRGS I qii=Td gaq |
faersI=EwiE dvd TRAATeTIf M ITRIReIdH | |
niraksadesaccalitah puman yatha kuberakastham ca
tathonnatam dhruvam,
vilokayennamramaytha
nabhastaladyamyavibhagasamsthitam.

To the extent that a man moves from the equatorial region
(niraksadesa) and to the northern region, by that amount
[he] should regard the pole star (dhruva) -elevated
(unnatam) [above the northern horizon]. He should regard
the celestial equator (visuvavrtta) going downwards from
the zenith (nabhastala) directed towards the southern part
[with equal relative displacement]. (Misra, 2016: 153)

vaisavam

Misra (2016) interprets this star as Polaris.

Discussion

From the above mentions, it is clear that references to dhruva
are of several kinds. It would thus be useful to classify their
approach and understand those which refer directly to the pole
star.

Classification of References

From the mentions of dhruva quoted above, it is found that
references to dhruva are for primarily three purposes:
Latitude: the elevation of the pole star indicates the
latitude

Direction: the pole star and pole in general is the northern
direction

Cosmology: that there are two poles, fixed in the north
and south, around which the sky appears to rotate.

Looking at these in another way, in their allusion to the pole,
these references are of two kinds:

1. Ambiguous: these can be interpreted as pertaining either
to the north pole or the pole star, e.g. Lalla who states
that dhruva indicates the northern direction.

2. Definitive: these state explicitly that the object under

question is a star, e.g. Vate$vara’s dhruvatara.

Those references which expect measurement or observation
of some kind so as to arrive at latitude, but do not explicitly
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use the word tara (e.g. as stated by Sripati), should be
considered as referring to a star, as it is obviously impossible
to make a measurement with reference to the empty night sky.
Therefore, definitive references (where a star is clearly stated
or implied) are of the following types with increasing degree
of precision:

1. Cosmological: that two stars are present in the north and
south celestial poles respectively (e.g. the Kerala School
astronomers)

Measurement: when the author mentions the procedure to
measure the latitude using the dhruva (a star may be
explicitly mentioned or implied, e.g. Varahamihira)
Fuzzy location references: where the dhruvatara is
mentioned as being roughly located in an area (e.g.
Vate$vara)

Precise location references: where the
mentioned with a measure of degrees.

location is

One may assume that latitude will have to be known to a
certain degree of precision in order to arrive at astronomical
parameters correctly (e.g. in Bhaskara’s observation with a
yantra), hence, those authors who find the latitude based on
dhruva would have preferred a star closer to the pole than one
farther away. This would indicate a higher degree of precision
being expected. However, this is an assumption and accuracy
of the parameters stated in individual texts would have to be
examined as a separate study.

Out of the four categories in definitive references mentioned
above, the cosmological references may not be of particular
benefit for pinpointing a star, since this may represent a world
view, rather than an empirical statement. However, the other
three categories hold information that is useful in the present
study.

Although the references are not always precise, as seen above,
there is an indication of one or more stars. This star may have
been close to or somewhat displaced from the pole, it may be
bright or faint, however, it is clear that some visible star is
intended. Given that most authors in the Siddhantic period
have references that fall in these categories, it appears that
one or more stars had the identity of ‘dhruvatara’ during this
period. It is therefore worthwhile to examine the references
above and the available evidence to bring together
information about the nature and possible identity(ies) of this
star.

In Focus
Some specific references will be considered below:
1. Vatesvara

Vate$vara mentions the pole star as being a rather faint one
(tanutara) somewhere in the middle or within (madhye) the
polar fish (timyakrtitaranam). The polar fish (dhruvamatsya)
is discussed in many other texts as seen from the quotes
above. The exact identity of this constellation is not known;
however, it is evident from the name that it comprised of stars
somewhere around the pole.

Vate$vara also states that the pole star is fainter or “rather
faint” (tanutara). This could indicate that the star is faint in
comparison to brighter objects such as planets (i.e.,
comparing across the sky), or that it is faint in comparison to
the stars in its neighbourhood.

In the first interpretation, this can be compared to the
brightness of dimmer visible planets: the mean magnitude of
Mercury is about 0.1 and that of Saturn is 0.5; their faintest
magnitudes are 5.6 and 1.2 respectively (Mallama & Hilton,
2018). Any star in the range of perhaps 2.0 to 5.5 would count
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as faint. This includes Polaris, whose apparent visual
magnitude is around 2.0, and most other stars that are in the
polar region.

In the second interpretation, the range occupies a much lower
level on the scale. Polaris, one of the brightest stars in the
region has magnitude 2.0. Thuban, which is believed to be the
pole star of the VVedas, has a magnitude of about 3.7.

In both cases, the lower bound of magnitude must be 6.5,
since in a clear sky that is devoid of light pollution, the
average unaided eye is only capable of viewing objects that
have magnitude up to 6.5 (Curtis, 1903).

Thus, Vate$vara probably referred to a faint star located close
to where the pole was during his time.

2. Padmanabha

Padmanabha refers to the polar fish and then states the
distance (in degrees) of mouth and tail of the fish from the
pole itself. These stars have been identified as Polaris and
Kochab, and this can be verified from the distances he has
given for his epoch.

However, Padmanabha also refers to a “pole star” distinct
from this, calling the other stars ‘sthiila’. This would mean
that the star in question is fainter than Polaris and Kochab
(both having magnitude ~2.0).

As the separation from the pole of Polaris and Kochab have
been given in degrees, we can assume that the pole star is
within a degree of the actual pole, hence it has been named as
such. This would put this reference in the ‘Precise location
reference’ category.

Stars within a Degree

Based on this, a list of stars that approached within 1° of the
celestial pole during the Siddhantic period, has been compiled
in Table 1. As is evident, although close to the pole, most of
the stars are very faint and only barely visible. The brightest
before Polaris is 1694, which was close to the pole during
most of the period under consideration.

Table 1: List of visible pole stars after 1 CE with year of closest
approach, declination in this year, and magnitude (from Stellarium).

Star name / | Year of closest | Declination in .
designation approach this year Magnitude
HIP 62170 314 CE 89° 58’ 6.30
HIP 59384 553 CE 89° 3’ 6
>1694 806 CE 89° 27’ 5.3
HIP 58874 1207 CE 89° 43’ 6.25
HIP 59879 1358 CE 89° 59’ 6.3
HIP 59767 1587 CE 89° 57’ 6.25
Polaris 2100 CE 89° 33’ 1.95

The bound of 1° has been assumed keeping in mind
references like that of Padmanabha, and considering that the
latitude was known to the nearest degree. However, there is
scope to expand these boundaries and consider other stars that
can approach close to pole. The possibilities indicated on
expanding this bound, and their viability would have to be
undertaken as a separate study.

It is unlikely in case of most references that Polaris could
have been the intended star. This is because at Bhaskara II’s
time, it was about 5.4° from the pole, this value being greater
before his time. Further, the statement of Vate$vara about the
star being ‘tanutara’ is unlikely to match with Polaris. In case
of Padmanabha, as he has stated that the star is different from
Polaris, hence the question does not arise. In case of the later
authors, there is scope for doubt.
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During the period 600 — 1000 CE, the brightest star among
those that were visible and close to the pole, as seen above,
was X1694. This star is still faint, and fits the adjective of
‘tanutara’ that Vate$vara ascribes to the pole star of his time.
HIP 59384 was closer during Varahamihira’s time by about
half a degree than X1694. HIP 59879 is the closest during
Padmanabha’s period. After 1500 CE, Polaris emerges as the
primary candidate.

It is possible that knowledge of the exact location and identity
of the pole star was passed down through the guru-sisya
parampara (i.e., from teacher to student), as an oral tradition.
The identity of dhruva may have also been different in
different places and time periods. A more detailed analysis
into the available literature may shed more light on this.
However, with the available information, some possibilities
have been explored.

Conclusion

The search for the pole star in the Siddhantic literature is
indeed fascinating. Several texts across centuries mention it
even though, as we know, the pole keeps moving, and several
stars have occupied the position of the pole star. This is in
contrast to the prevalent opinion that the siddhantas are not
acquainted with a pole star.

The texts considered here date from the sixth to seventeenth
centuries CE. Various mentions of the pole star in Indian
astronomical literature during this time period have been
brought together.

It is observed that dhruva is often used to measure latitude
(through the elevation of the pole) which cannot be
accomplished without a visible star (or object) at the pole.
Although dhruva often connotes the north celestial pole, the
use of the word dhruvatara in several texts and the practical
use of dhruva for latitude measurement, seem to indicate that
a visible star would have been observed close to the pole.
Considering the different statements and the locations of the
stars in the sky during the period under consideration, the
preliminary study conducted here identifies £1694 as a likely
candidate during the period 600 — 1000 CE, and various stars
during other time. However, there is scope for further study
and more evidence needs to be gathered for arriving at a
proper conclusion. We would like to call the attention of
researches to this matter.
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