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Abstract. Indian siddhāntic texts are well known for their indigenous approach to solutions of problems
in astronomy which also speaks of their expertise in mathematics. The text Sūryasiddhānta is considered
as an authority and we come across a number of texts as commentaries on this text. They range from
8th Century CE to 19th century CE. The study of the stars that have been listed in the text appears
relatively easy for the 27 stars of the zodiac. However, there are other stars for which optical identifications are
not easy. Here we present possible identifications for two stars called Āpa and Apām
. vatsa, in the constellation
of Virgo. We use the NASA Skyview Survey and other catalogues to see if these two correspond to variable
stars.
Keywords. Star names in Sūryasiddhānta—variable stars—Āpa—Apām
. vatsa.

1. Introduction

2. The citations on Āpa and Apām
. vatsa

Sūryasiddhānta (SS, hereafter) is a text cited by almost
all authors from Āryabhat.a onwards; interestingly, its
author has remained elusive. Although the precise date
has not been mentioned, based on the precession and
other corrections it has been assigned as about 4th to
5th century CE. It lists the coordinates and names of
stars in a chapter called bhagrahayutyadhikāra, pertaining to the conjunction of planets (moon included)
with stars. The 27 stars of the zodiac are identifiable (Venketeswara Pai & Shylaja 2016, 2019; Shylaja
& Venketeswara Pai 2018a, 2019). However, there
have been problems with faint stars (Venketeswara
Pai & Shylaja 2016, 2019). It is also a puzzle that
the star Arcturus which is quite north of the ecliptic
gets included. All the commentaries of this text SS
as well as other independent texts list six more stars.
Most of them are identified without any ambiguity
since these include bright stars like Sirius, Canopus and
Capella. Here we discuss the fainter stars called Āpa
◦
◦
and Apām
. vatsa, recorded at positions 11 and 5 to the
north of Spica.

We first compile the coordinates as specified in various
texts. The compilation by Colebrook (1843) provides
the coordinates as 183◦ and 3◦ N for Apām
. vatsa from
different texts as stated in SS: in Grahalāghava (13th
century), Siddhāntasārvabhauma (17th century) and SS
(year not specified) gives 180◦ and 3◦ N. The star Āpa
is cited only in SS with 180◦ and 9◦ N in SS. The text
he used is a copy of SS and its details are not known.
It is to be noted that the coordinates provided are
called Dhruvaka and Viks.epa which differ from the
conventional right ascension and declination as well
as the ecliptic longitude and latitude system. Although
the difference is not much for planets close to the
ecliptic, for the stars the conversion is done as specified in Venketeswara Pai and Shylaja (2016), in our
attempt to compile all the stars listed in Sanskrit
texts. We have scrutinised the compilation of Colebrook (1843, Miscellaneous Essays, online source)
along with SS commentaries of Ranganātha (which
gives a description of the relative brightness also,
see Appendices), Parameśvara (lists the stars with no
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comments), more recent translations by Satyendra
Mishra and Chakravarti and verified that they cite Apā
m
. vatsa and Āpa. Colebrook has also noted that these two
stars are not mentioned in Śākalyasam
. hita and Tatvaviveka, Siddhāntaśiroman.i, Brahmasiddhānta; whereas
Siddhāntasārvabhauma of Nr.sim
. ha cites only Apā
m
vatsa.
(However,
a
manuscript
of
Nr.sim
.
. ha cites both
the stars; see Table 1.) The text Siddhāntaśekhara by
Śrı̄pati (13th century) does not include these two stars.
As stated by Colebrook, the text by Muniśvara (1646
CE) around the same period does not mention Āpa
but only Apām
. vatsa. Ketakı̄ya graha gan.itam, a relatively recent work by Ketkar also does not include
these stars. On the other hand, the most recent text
Siddhāntadarpan.a by Sāmanta Candraśekhara (19th
century) clearly explains the positions of the stars. It
◦
is stated that Apām
. vatsa is 5 to the north of Spica;
Apyavasu-tāra is further north by 6◦ . Dhruvaka of both
these stars is same as Citrā. He further mentions that
Āpyavasu (which also means offspring of Āpa) is very
faint and its alternative name is Āpa. This statement
leads to confusion. Thus we see that some authors have
listed these and some have not. (We have not included
Pañcasiddhāntika of Varāhamihira (Thibout & Dvivedi
2002) because it lists only seven stars – Kr.ttikā, Rohin.ı̄,
Punarvasu, Pus.ya, Āśles.a, Maghā and Citrā.) All these
citations are summarised in Table 1.
Now, we look for books devoted to actual observational procedures. Fortunately, the advent of astrolabes
in the 12th century paved the way for the preparation
of manuals for their use. The star lists were provided
for the readings to be procured from the rete. A complete list with all the information available from the
astrolabes have been compiled by the efforts of Sarma
(2018) and it has proved to be a very valuable source.
The positions of stars though restricted to only bright
ones have been very helpful and the mark of the 1604
supernova also is traced (Shylaja 2019). None of the
astrolabes refer to the two stars Āpa and Apām
. vatsa.
We used the list from the text Sarvasiddhāntarāja by
Nityānanda and an earlier translation of the manual
on astrolabes by Malayendu for our studies (Shylaja
& Venketeswara Pai 2019; Venketeswara Pai & Shylaja 2019). This yielded altogether about 106 stars with
distinct Indian names (Shylaja & Venketeswara Pai
2018b, a).
Ohashi (1997) worked on the instruments and gave
a list of stars in the context of astrolabes. He studied
two manuscripts of Yantracintāmani by Padmanābha
(15th century) and provided the coordinates of the stars
(under study) that do not differ. Although this is a text
written as a manual for the use of astrolabes, none of
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the astrolabes made earlier or later (than this text) refer
to these stars.
In Figure 1, we reproduce the verse indicating the
position of the stars as stated in Yantracintāmani by Padmanābha. It uses the word smr.tah. for the stars, which
means remembered. For other stars, generally the word
stitah. (stands or stays) or bhāti, dr.s..tah. (seen) are used.
It is to be noted that one of the manuscript has a cancelled colophon (Ohashi 1997) with a date much later
than the other manuscript. It is sam
. vat 1634 (usually
sam
vat
is
used
for
Vikarama
śaka),
which corresponds
.
to 1576 CE. The other manuscript has a year 1428 CE.
If we give weightage to the word smr.tah., it implies that
the star was sighted before 1428 CE and its position was
remembered.
From the summary presented in Table 1, we see that
the only clue we have is the mention of coordinates
◦
– Apām
. vatsa as 5 north of Citrā (Spica) and Āpa is
◦
further north by 6 . The conspicuous absence of these
two names in the astrolabes, which were designed for
practical observations, leads us to two possibilities:
(a) The stars were visible at specific times and perhaps
were generally beyond naked eye limit.
(b) The texts aimed at only bright stars and chose to
ignore the fainter ones.
Considering that all the texts and astrolabes have
recorded stars fainter than 4th magnitude like Viśākhā,
Dhanis..thā and Śatbhis.ak, we proceed with the possibility (a).

3. The search for variable stars in the region
The conspicuous absence of the mention of the names
in certain texts also prompts us to approach the problem
from another angle – whether the citation corresponds
to sudden brightening of variable stars like the nova
or supernova. We explain below the various modes of
search we undertook.
Table 2 lists the stars grouped under Kanyā (Virgo)
by Nityānanda; all the stars with the Dhruvaka (150 to
180 degrees) corresponding to Virgo from north to south
are included in this group. The details of deriving the
coordinates (RA and declination) is described in Venketeswara Pai and Shylaja (2016). The catalogues used
are Sarvasiddhāntarāja by Nityānanda (17th century,
unpublished manuscript), Yantrakiran.āvali by Padmanābha (Ohashi 1997), Yantrarāja by Mahendra Suri
(13th century, unpublished manuscript as listed by Pingree) and commentary on Yantrarāja by Malayendu
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Table 1. The references to stars Āpa and Apām
. vatsa in various texts (Dh and Vi correspond to the
coordinates in degrees, arc minutes and arc seconds, specified in relevant texts).
Author

Āpa
Dh

Vi

Apāṃvatsa
Dh

Vi

Year

Source/Reference

AD
5th century

Aryabhaṭa

*

*

Lalla

*

*

5th– 9th
century

Śiṣyadhīvṛddhidatantra of Lalla, ed. and
tr. by Bina Chatterjee, vol II, INSA, New
Delhi, 1981.

Vaṭeśvara

*

*

10th century

Vaṭeśvarasiddhānta of Vaṭeśvara,
critically edited with English translation
and commentary, by Shukla K. S., INSA,
New Delhi, 1985.

Śrīpati

*

*

12th century

6 deg. North of
Apāṃvatsa

5 deg. North of
Citrā

Siddhāntaśekhara, ed. and tr. by Sripada
Bhat (INSA Report, unpublished)
Wilkinson and Bapudeva Sastri, 1861,
online digital versions Google books

*

*

Padmanābha
Manuscript B
number 45892

187|40
9|30

Padmanābha
Manuscript A
45888

187|40
9|26

Sūryasiddhānta

Parameśvara

Ganeśa Daivajña

Munīśvara,

Ketkar
Candraśekhara
Sāmanta

??

13th century

Commentary on SS

185|9
2|53

1423 CE

Yantrarāja-Adhikāra
Chapter 1, Yantrakiraṇāvali, Ohashi Y.,
IJHS, 32.3 (1997) 199–295.

185|9
2|53

1576 CE –
this may be
the date of
the copy

Yantrarāja-Adhikāra
Chapter 1, Yantrakiraṇāvali, Ohashi Y.,
IJHS, 32.3 (1997) 199–295.

183

Grahalāghava, ed. and tr. by Balachandra
Rao S. and Uma S. K., 2008.

3

6 deg. North of
Apāṃvatsa

5 deg. North of
Citrā.

1646

Siddhāntasārvabhauma of Munīśvara,
edited by Pt. Mīthālāla Ojhā,
Saṃpurṇānand Sanskrit Vishvavidyalaya,
Varanasi, 1978.

*

*

1855

Ketakīya Grahagaṇitam

6 deg. North of
Apāṃvatsa

5 deg. North of
Citrā.

1864

Siddhāntadarpaṇa.

Figure 1. The extract from Yantracintāmani by Padmanābha; notice that the word smr.tah. is used.

(13th century, unpublished). Malayendu provides the
declination as well as the maximum altitude separately.
We have listed the declination as inferred from the maximum altitude as Decl* in the table, which also indicates
that the errors are of the order of a degree or more.

The accuracy of the positions is only a degree or
a fraction of a degree, and the brightness has to be
above magnitude 3 or 4 since the observations were
done with the naked eye. The simplest approach will be
to search for fairly bright stars 5 and 10 degrees north
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Table 2. Stars grouped under Kanyā.

*From the catalogue of Malayendu two values of declination are provided – one as given in the text
and the other based on the value of maximum declination. There is a small difference between the
two indicating that the first value is calculated from Dhruvaka. All the values of Dhruvaka end with
52 which also means a correction (perhaps for refraction) was added. The explanation for this is not
available in the text.

of Spica. As described in Venketeswara Pai and Shylaja
(2016), the coordinate Viks.epa is not the ecliptic latitude; the declination can be derived using its Dhruvaka
as
δ = β + sin λ sin ε .

Since Spica is close to the autumnal equinox with
l = 180, we can consider δ same as β. This leads us
to the stars Zeta Virginis and 74 Virginis as possible
identifications for Āpa and Apām
. vatsa. Figure 1 shows
the stars identified in Table 2 (except the two in Ursa
Major) and also the locations of Zeta and 74 Virginis
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Figure 2. The stars identified in Table 2 are marked with red circles on the map of Virgo. The two arrows correspond to
Apām
. vatsa and Āpa. Two stars in Ursa Major are not in the map (Map courtesy: Wikipedia). The original chart by IAU and
Sky & Telescope magazine (Roger Sinnott & Rick Fienberg) is from Creative Commons.

Figure 3. AAVSO chart for S Vir. Here we have marked the variables with red circles for S Vir, m Vir and HV Vir. Our
identifications Zeta Vir and 74 Vir (48) are indicated by arrows.

by arrows. Zeta as Āpa is brighter than 74 Vir which
can be Apām
. vatsa. This agrees with the statement in SS
(Appendix A).

Looking at the differences in citations (Table 1) for
Apām
. vatsa and Āpa, we may consider that the names
were coined sometime between the 7th and 12th century.
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Figure 4. The positions of Chinese records of probable novae (Lundmark 1921) are indicated by blue markers. The original
chart by IAU and Sky & Telescope magazine (Roger Sinnott & Rick Fienberg) is from Creative Commons.

Now we proceed with the search for eruptive variables
recorded elsewhere and try to match with the position.
Chinese and Korean records are of great value here.
Stephenson (1976) and Green & Stephenson (2003)
listed a number of variable stars based on the records
from China and Korea which include records of the
supernovae. While some of the other stars match with
comets, others are indicated as possible novae.
It is more or less clear that all the commentaries on SS
and similar texts are copies of the original without a specific discussion on the identity of Āpa and Apām
. vatsa.
The commentary by Ranganātha on SS states the difference between the brightness of the two (Appendix 1).
We may take this as an observational detail to identify
the stars with Zeta and 74 Virginis.
Zeta Virginis is a A3V star with a mass twice that
of the Sun with a parallax of 44 mas (milli arcsec) and
brightness of 3.4 magnitude. The recent discovery of
a very low mass companion (Hinkely & Oppenheimer
2010) has generated interest on the possibility of planets
among binary stars with extremely low mass ratios. The
star is used as a source for calibration and radial velocity.
Its proper motion analysis renders it as a member of the
Hyades moving group with an estimated age ranging
from 505 to 650 million years. It is unlikely to have
been very bright in the recent past.
74 Virginis is a M 2.5 IIIB star of magnitude 4.69
and high proper motion. It is included in the catalogue of Korea from 1396 AD (Jeon et al. 2015), in the
catalogue of Ulug Beg (Verbunt & van Gent 2012) and in
Ptolemy’s catalogue (Dambis & Efremov 2000). It has

evolved away from the Main Sequence. It is suspected
to be a variable with an amplitude of 0.07 magnitude.
It is about 2.9 billion years old and has expanded to 78
times the radius of the Sun. It is unlikely that it was very
bright enough to be recorded with the naked eye in the
last three or four thousand years.
We used several surveys from Skyview NASA (DSS,
IRAS and UV) for checking the possible eruptive
sources in the region. The region 5◦ N of Spica was
searched for X ray sources using Sky Survey (see
Appendix B). The search did not yield any source with
signatures of recent eruptions.
The high proper motion star m Vir is classified as
symbiotic nova (Allen 1980); the members of this group
have a M type star as one of the components. These are
considered as very slow novae and remain visible for a
fairly long period after the eruption. Based on its proper
motion of 90 milli arcsec per year to the West, we can
roughly estimate its position 1500 years ago by shifting
it so that its RA would be 13h 41m 27.77s. Likewise,
the declination can be estimated as –08◦ 41 14 , which
brings it closer to a strong UV source as inferred from
Skyview surveys. Its past history on eruptions is not
recorded and a sudden brightening is not improbable.
The second probable candidate is the high proper
motion classical nova HV Vir; this was classified as
a dwarf nova and a recorded eruption in 1992 provided
an opportunity for a closer analysis (Leibowitz et al.
1994). Its earlier brightening events occurred in 1929,
1939, 1970 and 1981. Star maps from Skyview NASA
show very close to its position, the variable stars RZ Vir
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and a newly discovered variable star LINEAR 8923177
(Palaversa 2013) whose past history on eruptions are
not known.
HV Vir appears to be a potential candidate for yet
another reason. It has a very short orbital period (about
83 minutes) implying that the stars are almost in contact,
which can be classified into the class of novae that have
gone into hibernation. It may be similar to the recently
studied variable CK Vul, a classical nova, which was
shown to have had a brightening not because of eruption
but as an event of merger of two stars in a contact binary
system (Shara et al. 1986).
S Vir is another Mira type variable close to the position of 74 Vir with the range of brightness variation
as 6.3 to 13 (Pojmanski 2002). It is known to have a
periodicity of about 376 days and it is unlikely that this
information will help us with the identification since
none of the texts hint on possible date of observation.
We now look for the stars from the records of China.
Lundmark (1921) provided a long list from which a few
are relevant here. Number 5 in their list is a record of
May 3, 64CE, south of η Vir. Number 13 corresponds
to November 4, 222 CE, seen between η and β Vir.
Number 27 in their list is recorded on May 3, 837 CE,
near ν Vir. Number 39 occurred in CE 1139 June near κ
Vir. All these are placed in their approximate positions
as blue markers in Figure 3. Even though the positional
accuracy is not well defined, we see that these records
cannot match Apām
. vatsa and Āpa.
All these stars are identified in the AAVSO chart for
S Vir with red circles, since the scale of Figure 2 cannot
show the difference in the positions (Figure 3).
Therefore, we resort to Zeta Virginis and 74 Virginis
as the identifications for Āpa and Apām
. vatsa till we
have new sources identified in the region (Figure 4).
Since the episodes of brightening of these are not
known in recent times, the wait will be over only
when some old nova shells are identified around these
objects. On the other hand, an optimistic view anticipates another eruption by one or both of these two to
solve the riddle.
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astrolabes for practical observations. It is to be noted
that none of the astrolabes include these two stars. The
absence is taken as a hint at varying magnitude. The
dates of the texts range from 8th century CE to 19th
century CE. The identification with relatively bright
variable stars like Zeta Vir and 74 Vir or other fainter
variable stars in the vicinity such as m Vir, HV Vir and
S Vir cannot be confirmed. Since the dates of observations need not be the date of composition of the text and
the magnitudes are not mentioned, the identification of
the two stars remains ambiguous.
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Appendices
Appendix A
From the commentary on SS by Ranganātha, the coordinates are given as below. Verse from SS which talks
about Āpa andApām
. vatsa is as follows:

apām
. vatsastu citrāyāmuttarem
. ’śaistu pañcabhih. |
br.hatkiñcidato bhāgairāpah. s.ad.bhistathottare ||
Commentary by Ran.ganātha (gūd.hārthaprakāśikā)
on the above verse:

4. Conclusions
Here we present possible identifications for two stars
called Āpa and Apām
. vatsa, in the constellation of Virgo
as mentioned in the text Sūryasiddhānta. We use the
NASA Skyview Survey to see if these two correspond
to variable stars, based on the idea that not all texts
(commentaries on SS) include them. The texts studied
for the purpose include manuals prepared for the use of

citrāyāh. sakāśādapām
. vatsasam
. jñakah. tārātmakah.
pañcabhirbhāgairuttarasyām
sthitah
.
. |
prathamatukārah. citrātulyadhruvakārthakah. dvitı̄yatukāraścitrāviks.epasya
daks.in.abhāgadvayātmakatvādapām
. vatsaviks.epa uttarastribhāga iti sphut.ārthakah. |
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Figure B1. X ray sources identified near Āpa and Apām
. vatsa.

ato’pām
. vatsāt kiñcidalpāntaren.a br.hat sthūlatārātmaka āpasam
. jñakah. | tathā apām
. vatsāt s.ad.bhiram
. śairuttarasyām
. sthitaścitrādhruvaka eva āpasya dhruvakah.
viks.epa uttaro navām
. śā ityarthah. ||
Translation:
From the neighbourhood (sakāśāt\) of Citrā (Spica), to
its north by 5◦ , the star named Apām
. vatsa is situated.
The term “tu” used in the verse is to emphasise that the
dhruvakaof the star [Apām
. vatsa] is same as that of the
Citrā. The second “tu” is to emphasise that the latitude
of the star] Apām
. vatsa is along the north [of the ecliptic]
as the latitude of the [Citrā] is along the south by 2◦ .
[Also,] there is another bigger [brighter] star named Āpa
is situated just besides the Apām
. vatsa. This [star] Āpa
is situated along the northern direction by 6◦ from the
Apām
. vatsa. The dhruvaka of the Āpa is same as that of
the Citrā and the viks.epa is 9◦ towards the north.
The date of the text can be read out at the end of the
chapter as
This corresponds to saka 1525, caitra masa, suklapaksa, 11th tithi (corresponds to March 23, 1603 CE,
Wednesday, dawn).
Appendix B
Figure B1 shows the X ray sources identified near Āpa
and Apām
. vatsa.
Using NASA Sky Survey, X ray sources near the
region 5◦ N of Spica was searched. The field-of-view
is about 40 . The figure shows the identifications superposed on DSS as blue and red arrows. The bright star at

the centre is m Vir. The DSS image is not able to show
any optical counterpart for the X ray sources identified with blue arrows. The red arrow corresponds to an
entry in the GALEX catalogue whose past history is not
known.
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