HISTORICAL NOTES

Observational records of stars in Indian astronomical texts — IV

(Cancer and Leo)

B. S. Shylaja and R. Venketeswara Pai

In an effort to search observational records of stars in Indian Astronomical texts, we have compiled all
bright stars in various texts from Suryasiddhanta to Siddhantadarpana by Candrasekhara Samanta of the
19th century. We have used the well-known 27 naksatras on the ecliptic for fixing the coordinates. This has
resulted in unambiguous identification of faint stars. A scale similar to the magnitude scale of brightness in
one of the texts has further helped in identifying the faint stars. Here we discuss the stars grouped under
Cancer and Leo. It is interesting that Pusya is described as one with the appearance of a cloud. Two names
hitherto unknown and a mention of the pole of the ecliptic are also reported.

The coordinate system

As explained by Venketeswara Pai and
Shylaja', the coordinates of stars in all
Indian astronomical texts are expressed
in Dhruvaka and Viksepa, whose exact
equivalent terms are not found in texts
on modern spherical astronomy. All the
sets of coordinates are inter-related by
trigonometric relations to transform one
set of coordinates to another. Similarly,
Dhruvaka and Viksepa also can be con-
verted to right ascension (RA) and decli-
nation of conversion of coordinates. One
of the earliest attempts was by Burgess’;
subsequently, others have come up with
alternate formulae. While comparing dif-
ferent methods, Abhyankar3 discusses
the advantages of the Dhruvaka—Viksepa
system. The coordinates have been de-
scribed in the verses or prose, or encoded
in the form of phrases in various texts.

Our earlier studies'* have shown that
the coordinates are generally provided
for a different epoch. The precession cor-
rections have to be added as and when
required. The comparison becomes easy
upon conversion of the coordinates using
trigonometric relations. This is essential
to compare the coordinates. The ambi-
guity in the identification of stars arises
because the east-west coordinates are
influenced by the shift in the reference
point, the First Point of Aries, owing to
precession.

We examined the identifications of 27
stars named Yogataras (junction stars)
with those that are conventionally known
to us now'. These 27 stars are listed
almost in every book on astronomy, from
Colebrook® for the stars from the
Saryasiddhanta® to Siddhantadarpana of
Candrasekhara Samanta® (the last tradi-
tional astronomer of the 20th century).
Mahendra Stri who translated the
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manual Yantrardja using the astrolabe
into Sanskrit for the first time in 13th
century’. We have examined the works
of Malayendu (commentary on Yantra-
rdja, 15th century)®, Nityananda (who
wrote Siddhanthardja, 15th century)’,
Padmanabha (author of Yantrakiranavali,
16th century)'’, Putumana SomayajT
(Karanapaddhati, between 16th and 18th
century'’.

The texts by Nityananda, Padmanabha
and Malayendu provide direct measure-
ments. Malayendu lists another quantity,
viz. paramonnatamsa, which is a meas-
ured parameter. As explained in our
earlier study', this is the maximum alti-
tude from which the declination can be
directly derived. Since the declination
accurate to seconds also has been listed
separately, we can infer that it is derived
based on calculations. It differs from the
declination derived directly from maxi-
mum altitude, though only slightly. It can
be either treated as an instrumental error,
or a correction deliberately applied
(maybe for refraction). Noticing that all
the values of Dhruvakas (for 32 stars)
end with 33752”, we can infer that they
are calculated and/or corrected. The ex-
act method of application of corrections
is yet to be extracted from texts devoted
to observational records. Thus the meas-
ured quantities are only viksepa and
paramonnatamsa (given values accurate
to minutes).

We have converted the given coordi-
nates of all stars to RA and declination,
as explained in detail in the earlier
study'. Nityananda provides the bright-
ness as a scale called pramana, which is
equivalent of the magnitude scale used
today. The first (prathamapramana or
adyamana) is the brightest; the second
brightest is dvimiti, the third is trimiti;
and fourth is caturtha-pramana. These

scales are specifically described in the
middle of the text as explained later after
the description of stars of Leo.

The stars are arranged in order of in-
creasing Dhruvakas and are grouped ac-
cording to their Dhruvakas. Thus group
Aries contains stars within 0°-30° with
all possible values of Viksepa (north—
south). We have earlier described over
the stars of Aries and Taurus®, as well as
the stars of Gemini'?. Here we cover all
stars under Cancer and Leo.

We have observed that the names pro-
vided in the list are not all necessarily of
Indian origin; some are of Arabic origin.
Malayendu’s list gives the original
names as parasi-nama, meaning the
‘name from Persia’. The Sanskrit names
are literal translations in many cases.

The seven stars of the Saptarsi are
divided into different groups according
to their longitudes. The names are not
specified; but stated as the first muni, the
next muni, the one after that ... and so on.
We have included the names as and when
they are available. In the recent cata-
logue of astrolabes by Sarma'’, many
new names have appeared. We have
included these in our tabulation.

The stars of cancer

It is well known that Castor and Pollux
belong to the constellation of Gemini;
however, here they are included under
Cancer. This is due to the fact that pre-
cession corrections are not considered in
the tabulated version. The commentary
bv Malavendu refers to Castor as Pra-
thama Balasirsa/F9ASTaNH, meaning
the head of the first boy (between the
two in Gemini). All texts list coordinates
of not only solar system objects, but also
stars in the Nirayana system. Due to the
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same reason two stars of Leo have
moved into the group under Virgo, as we
shall see later.

Cancer is a constellation devoid of
bright stars. A small triangle with the
star cluster Praesepe (popularly called
Beehive) is generally considered as a
group for marking Pusya/qs3:. The coor-
dinates, in our previous study', point to
this cluster and the earlier identifications
are with the small triangle or with § Cnc
(delta Cancri). However, the text by
Nityananda refers to it as ‘one which
looks like a cloud’, aptly describing the
real situation. It looks like a nebula and
is included in the list of Messier for this
reason. Thus it reiterates that fact that the
list has been prepared by Nityananda
after taking actual measurements.

Although A§lesa/3melT is also a very
faint star, there is no ambiguity in its
identification with & Cnc (Alpha Cancri,
Acubens).

The bright star { Pup (Zeta Puppis)
gets included in this list because its
Dhruvaka is in the boundary defined by
Cancer. It is called Nauka/m\eT, and

therefore can be considered a transla-
tion'*. The word ‘Puppis’ does not cor-
respond to dog litter, but poop deck or
stern of a ship. Therefore, this supports
the observation that many star names
have been derived from the West, as
mentioned earlier'. Interestingly, it has
no bearing with the Arabic name Suhail
Hadar, but sounds similar to the Greek
name Naos. It can also mean that the
name Nauka/al&#T was passed onto the

Greeks, if we assume that this is of
Indian origin. Since the star is visible
from South India very prominently, its
association with the sea (by navigators)
is quite understandable.

A pair of stars, simply called yugmaka/
JeASHA, is also included in this group,
though it is in the constellation of Ursa
Major. There are two more such pairs.
All the three belong to Ursa Major and
are identified as the footprints of Trivi-

krama/f3fasa:.

The stars of Leo

A star named  Ardra-Lubdhaka/
3-113‘@3% appears in many astrolabes. It
gives rise to doubts on the identity as «
CMa (Sirius) itself, or ¢ Ori (Betelguese)
in may astrolabes. It is also listed by
Malayendu. The coordinates point to £
CMa (Beta Canis Majoris). Likewise, we
notice that the name Simhahrdayal

fggedd (heart of the lion) has been
used for @ Leo (Regulus) while the gen-
eral name is Magha/dATdar. Many astro-
labes have got this name engraved for
Magha/®Tar. However, identification has
not been provided in the catalogue, but
left with a question mark. At least in one
case it has been wrongly identified with
¢ UMa (Mizar or Zeta Ursa Majoris).
This is quite understandable considering
the large error that creeps in while en-
graving the tips of the pointers.

In many astrolabes the star o Hya (Al-
pha Hydrae, Alphard) has been marked
with the name Mahdpurusa/ﬂﬁw:.
Similarly, we find the star & Crt (Alpha
Crateris, Alkes) marked in some of the
astrolabes. Since the precise coordinates
are not listed, we cannot include them in
the table. The star # Leo (Beta Leonis,
Denebola) has another name Aryaman/
3TIAT in one of the astrolabes.

The bright star ¥ Vel (Gamma Velo-
rum) has been named Bhujarnga/#sTg: by

Nityananda. A corresponding entry is not
seen in any other astrolabe. This appears
to be an original Indian name since it
does not correspond to any translation.
The origin of the name is not known.

The last statement of the description of
the stars of Leo pertains to the magnitude
scale which is discussed in our earlier
study', followed by the procedure for
correction of coordinates for the given
epoch. It states ‘To start with the
Dhruvamsas have to be (corrected)
brought the true rasis. Afterwards (and
not the other way) saras are decided as
to the north or south as prescribed in the
traditional texts by experts and scholars.’

We have followed the same procedure
in the conversion of coordinates for the
different epochs. Here it should be noted
that sara and Viksepa are different. The
precession correction is added to Dhru-
vaka and then the corresponding Saras
are determined from the measured Saras
values.

Discussion

Table 1 shows all the stars listed under
Cancer and Leo. The first entry punarvasu/

gﬂéﬁ: appears in Paper III (ref. 12), also
as explained earlier. The star Procyon is
named Lubdhaka-bandhu/JsThs=4:,
which clearly depicts its position next to
Lubdhaka/dsae (Sirius). It is also called

Vyadhanuja/eaenedst:. There are three
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pairs of stars identified as Yugmaka/
gaA®H. The reference to Trivikrama/

f3fasa: has been discussed in the con-

text of a hitherto unknown constellation
named Trivikrama/TTasha:,

Pusya/7s3: is usually identified as &
Cnc (delta Cancri). However, in the de-
scription Nityananda clearly mentions
that it looks like a cloud. This refers to
the star cluster visible to naked-eye Bee-
hive or Praesepe, which becomes visible
only if the sky is free of light pollution
and also moonlight. Its magnitude is not
specified. Thus this becomes the first ev-
er observational record of the star cluster
in an Indian text. From Figure 1 (position
indicated by plus mark), it is clearly seen
that any of the three stars can be
matched.

The ambiguity in respect of Aslesa/
3TRAWT has already been discussed'. It

has only the Dhruvaka listed and not the
Viksepa. The largest and most extensively
used astrolabes, numbered D090 in the
catalogue”, provides quite accurate val-
ues of Dhruvakas and viksepas. It is in
the collection of instruments by the Raj-
put King Jai Singh at Jaipur Observatory,
Rajasthan. It has the viksepa as well as
the declinations engraved for all the
stars. The viksepa for A$lesd/3meNT is
zero. This may be the reason that it has
not been specified by Nityananda.

The two stars of Saptarsi are simply
referred to as the first and the next. The
engraving for the star « Ursa Majoris is
read out as Rdhpada/%¥9e in the astro-
labe numbered E003 (ref. 12). (The pre-
fix E corresponds to astrolabes with both
Persian and Sanskrit names engraved on
the rete.) Since there seemed to have
been some difficulty in reading it, a cor-
rection as Rksaprstha/®8&TJso: (meaning
back of the bear) has been suggested.
Similarly, the name of « Crateris is read
as Jamapakst and the suggested correc-
tion is Jama (?) of a bird. The question
mark refers to the uncertainty in the
meaning associated with the word Jama
for a bird. However, presuming that this
is a translated name, for the word Crater
(meaning a bowl) Jamapatra (vessel for
measuring time, Jama = Yama = unit of
time) may be a suitable alternative. This
new name can be included in the table
after the coordinates are read out from
the rete.

The two entries corresponding to
Dhruvaksa/¥Janat: and Pirva-Dhruvaksa/
qagare: (meaning pole of ecliptic)
correspond to stars y Draconis and o
Draconis respectively. A corresponding
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Table 1. Identification of stars from the catalogue of Nityananda and comparison with other texts

Maximum

Star Text Dhruvaka Viksepa Magnitude altitude Identification/remarks
Punarvasu/g=&g: SR 92|30 630N 2 Castor (this is grouped under

SS Mithuna in Paper 111)*?
Prathama Balashirshal SD
EEECICKILE CYR
Lubdhakabandhuldstes=4: SR 95 16 S 1 67/36 Procyon o CMi
Vyadhanujalzarersst: YK

YR

SD
Yugmaka I[g7asha | SR 102 | 20 29N 3 1 UMa and x UMa
Pusyalgsa: SR 106 | 20 1N Magnitude Star cluster Praesepe

CYR is not

SD given* o Cancri

SS
Aslesal3meersT SR 112 30 61558 3 a Cancri

CYR

SD

SS ¢ Hydrae
Dhruvaksalgare: SR 112 73N 2 x Draconis:
Munindralf=li=g: SR 114 49|24 N 2 o Ursa Major
Urdhva-pascimagal YK
FeduiRasar:
Rksaprsthal#&Tqss: AS
Naukalstter SR 116 | 45 58136 S 2 { Puppis
Anyomuni/=arafe: SR 118 |15 45N 3 B Ursa Majoris
Adhah-pascimagal3er:afeasa: YK
Yugmalgsas, SR 119 | 45 29N 3 A UMa and x UMa
Parva-Dhruvéksa/q.\T:"%‘clTH: SR 120 |30 75N 4 d Draconis: location of the pole

of the ecliptic is to its east

Bhujarigals{aig: SR 12550 64|15S 2 yVelorum
Simhasakalfagras: SR 12833 9N 2 yLeo
Magha/#Ter SR 12850 0|10N 1 Regulus: o Leo

CYR

SD

SS
Simhahrdayal/fgeeaa AS
Puratomunindra/qiatseiee: SR 129]|7 47 N 3 y Ursa Major
Tatpuratomunindral SR 130 51|30N 3 ¢ Ursa Major
FeIRAHAE: YK
Pragmunifsmeefer:
Yugmaka ll/gzsesa 1| SR 137 ]0 25N 3 vUMa and £ UMa
Vasisthal/afs: SR 137 |10 54 N 2 ¢ Ursa Major
Simhasyaprsthalfgeaqsan SR 140 148 2 6Leo
Purva-PhalgunilqawTeaTsit SR 142 |15 930N 3 oLeo Zosma
Muni/fer: SR 14440 56| 15N 2 n Ursa Major

*It is told that the star shines like a cloud star cluster; megha-pratimo vibhati.

SR, SiddhantarajalSarvasiddhantaraj of Nityananda; YR, Yantrardja by Mahendasiri (identifications by Pingree); SS, Sdryasiddhanta;
CYR, Commentary on YR by Malayendu; YK, Yantrakiranavali by Padmanabha; SD, Siddhantadarpana by Samanta Candrasekhara;
AS, Catalogue of astrolabes.
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0.

Fiaure 1. Field of the small trianale ABC
of stars representing Pusya/qsa:, whose
position according to the coordinates is
indicated by the plus symbol. A is delta
Cancri and C is the star cluster Praesepe.

entry is not available in any other refer-
ence. It is mentioned that the first star is
situated to the west of the Dhruvaksa/
araT:. Pﬁrva—Dhruvdk,sa/ﬂ\é’i_])ﬂT&T: may
indicate that this was the -earlier
Dhruvaksa/¢Jaiat:, or the present pole is
to the east of this star. Either way, the
two stars serve as references for the pole
of the ecliptic. The separation in Dhru-
vaka between the stars is 8°.

The nutation causes a small change in
the pole of the ecliptic as well. The shifts
of the longitude of the ecliptic I1, and
the annual rate of rotation 7, owing to
precession, have been determined'®. The
value of 7, is only about 0°.0001305 per
year and I, is about 174° for J2000 and
the precession motion is given by'®

sin 7, sin [Ty = 47.199094T
+0”.1939877° — 0”.00022466T°,

sin 7, cos [T, = —46”.811015T
+07.0510287° + 0”7.00052413T°,

where T is the number of centuries. This
cannot be extrapolated beyond 4000
years. It may be seen that the shift is
about 1° over 4000 years and therefore,
barely noticeable in 500 years. There are
not many observational details available
for measuring the shift of the ecliptic
pole. Therefore, it is a puzzle as to how
this was determined and introduced in
the catalogue. That leads us to the ques-
tion — is Nityananda indicating the shift
of the pole of ecliptic? If so, how was
this observed? Or, is it a mere mention of
the position of the pole between these
two stars?

Avoiding speculations, a plausible
explanation is that Nityananda identifies
x Dra as the bright star close to the eclip-
tic pole (Dhruvaksa/gaet:) and J Dra as
the star to the east of or before the ecliptic
pole (Pirva-Dhruvaksa/qaYarei:). The
stars y Dra and O Dra are important
because the ecliptic pole lies almost on
the straight line connecting them.

Conclusion

We have presented a list of stars grouped
under Cancer and Leo. Although the
coordinates have yielded correct identifi-
cation for most of the stars, it is not true
for the faint star Pusya/qsF:. The

description that it looks like a cloud is in
agreement with the star cluster Praesepe
rather than the star delta Cancri, and it
also corroborates with the idea that the
list was prepared based on actual obser-
vations. Names for the bright stars ¢ Pup
and y Vel are found as Nauka/sitet and
Bhujangal/qTg:
unknown). While the former appears to
have been derived as a translation (Pup-
pis means the stern of a ship), the latter
appears to be an original Sanskrit name.
We also notice two stars as markers of
the poles of the ecliptic. The words used
Dhruvaksa/qaiet: and Pirva-Dhruvaksa/

EIﬁ‘ﬁgHT&T: correspond to stars y Dracnis

respectively  (hitherto

and J Draconis respectively. It is not
clear if the words mean the poles of the
past and present, or their location to the
cast and west of the pole. It has also been
possible to suggest corrections to the
illegible names from the catalogue of
astrolabes. Some new names have been
identified in the rete. A physical mea-
surement will give the coordinates of
these stars precisely and help in their
identification.
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