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recensions of the Jyotisavedanga. Most of the verses of the two treatises convey the
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1. Introduction

The oldest preserved treatises on jyotisa are two recensions,
Rgvedajyotisavedanga (RJV) and Yajurvedajyotisavedanga (YJV), likely
composed in the 5th—3rd centuries Bc' and associated with Rgveda or Yajurveda,
respectively. The first, considered older, is composed of 36 stanzas, and the
latter of 43, but most of them are shared by both recensions.? A few of the
shared stanzas differ in words but convey the same meaning. The authorship of
both treatises is attributed to sage Lagadha or his disciple Suci.?

" The absolute chronology of the Jyotisavedanga has been a bone of contention between

European and Indian scholars. Sen, Weber, Pingree, and Miiller agree that the work was
composed before Common Era. SEn 1971: 78 dates RJV as not earlier than the 7th—6th cent.
BC, WEBER 1852: 222 places it in the 5th cent. Bc, PINGREE 1981: 10 in the 5th-4th cent. BC,
and MULLER 1862: 16 believes it was composed in the 3rd cent. Bc. Filliozat considers it later,
composed between the 4th cent. Bc and the 2nd cent. AD (see SEN 1971: 78). Others recognise
the work as much earlier. NARAHART AcHAR 2000: 173 dates it back to the 18th cent. Bc, while
SarMA 1985: 13 and Dixit 1969: 87 to the 14th cent. Bc.

See WEBER 1862: 2, cf. NARAHARI ACHAR 1997: 21.

3 See NARAHARI ACHAR 1997: 21.
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The content of the treatises is threefold and can be divided into the
following categories: (1) socio-religious (praise of the deities, reference to
ritual, social practices, and authorship of the text), (2) mathematical (units
of time and their proportions, rudimentary calculations) and (3) astronomical
(celestial phenomena, movement of the Sun and the Moon in the sky, sky
topography, characteristics of the five-year lunisolar cycle, i.e. yuga). Although
the astronomical knowledge recorded in both recensions is rudimentary, it
conveys complex yet interesting concepts, like naksatra and tithi, presented
later in the article.

According to the RJV 35 ‘jyotisa distinguishes itself among the limbs of
the Veda, as do the crests of the peacocks [and] the jewels on the heads of the
nagas.” This work belongs to the Vedanga text corpus and conveys knowledge
of the Vedic period in the field of jyotisavedanga. However, its shade of
meaning is fairly comprehensive, as jyotisa translates as ‘the science of the
movements of the heavenly bodies and divisions of time dependant thereon’,®
‘astronomical science’,” ‘astronomy’® or ‘mathematical, astronomical, and
astrological science, astronomy, astrology’.” Given its wide scope and
development, jyotisa is divided into three minor branches (skandhas) in later
astronomical works.'” Varahamihira, in his work Brhatsamhita, introduces the
following skandhas: samhita (‘connected with, agreeing with, conformable
with” = study of omens), hora (‘hour, horoscope’ = divination, astrology),
and ganita (‘counted, calculated, reckoned’ = astronomy).!" Of these three
sub-disciplines, only one can be considered scientific,'? that is ganita. The other
two are less precise and rely rather on guesswork, prediction, and interpretation
of some events, despite the mathematical apparatus sometimes applied in such
activities.'* Although RJV 35 seems to refer to the overall term and hence to
this broad scope of knowledge, the YJV specifies the character of the work as
belonging to ganita-skandha, i.e. astronomy. In the YJV 4, identical to the

RJV 35: yatha sikha mayiranam naganam manayo yatha /

tad vad vedangasastranam jyotisam mirdhani sthitam //.

5 Unless otherwise stated, all translations of the source texts were made by the author.
®  MoNIER-WILLIAMS 1899: 427.

7 BeNrEY 1866: 341, MAcDONELL 1893: 103.

8 CappELLER 1891: 191.

 WiLson 1832: 356.

PiNGREE 1981: 1, cf. SuBBARAYAPPA and SARMA 1985: 2.

SUBRAHMANYA and BHAT 1946: 4.

Scientific as based on any investigation by systematic methods and principles of science.
1 See PINGREE 1981: 8.

YJV 4: yatha Sikhda mayiranam naganam manayo yatha /

tad vad vedangasastranam ganitam mirdhani sthitam //.
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RJV 35, the word jyotisa is replaced with ganita thus its astronomical character
is emphasised. Probably the other skandhas developed later when jyotisa (at
the early stage particularly ganita) had already established its own theories
and primary research methodology. Its high position among the vedangas
presumably comes from the close relationship between Vedic ritual and setting
the time of its performance. This relationship is emphasised in the RJV 3 and
RJV 36:1°

I will proclaim in order the entire [knowledge of] the movements of
heavenly bodies, highly respected by brahmans, [composed] to establish
the proper time of the ritual. [...] For the Vedas were advanced for the
sake of the ritual and the rites were arranged according to the time [of
their performance], therefore he who knows jyotisa, the knowledge
of the measurement of time, knows the sacrifice.

Jyotisa, as well as other vedarngas, is considered to form primary scientific
knowledge.'® As a scientific discipline, it should have its own terminology and
methodology, although, considering the date of its composition, both could be
quite rudimentary. Hence the aim of this paper is to establish whether Vedic
astronomers introduced a jargon that formed the astronomical/calendrical
lexicon of the early Vedic period. In order to provide the background for this
discussion, the author performs textual analysis of chosen passages from the
early jyotisa treatises. Translation of these passages is done by the author based
on a philological approach. As a result, a primary astronomical/calendrical
lexis is proposed and discussed in the section ‘Calendrical Terminology’.

2. Elements of the Vedic Calendar

The elements of the Vedic calendar explained in both recensions of the
Jyotisavedanga can be divided into two groups: (a) topographic, i.e. concerning
sky topography and phenomena observable in the sky, and (b) calendrical, i.e.
time reckoning resulting from the observation of the movement of celestial
bodies.

RJV 3, 36: jyotisam ayanam krtsnam pravaksyamy anupirvasah /

vipranam sammatam loke yajiiakalarthasiddhaye // [...]

veda hi yajiiartham abhipravrttah kalanupurvya vihitas ca yajiah /

tasmad idam kalavidhanasastram yo jyotisam veda sa veda yajiah //.

These stanzas are shared with the Y.JV2, 3 with few differences. The YJV 2 has punyam instead
of krtsnam in the first pada and differs in the third pada which is as follows: sammatam
brahmanendranam. The fourth pada of the YJV 3 has yajiiam instead of yajiah.

16 Kak 1997: 399.
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2.1. The Sky Topography

Astronomical observations from Vedic times were limited to studying the
movements of the Sun and the Moon along their paths; planetary movements
were not then considered by astronomers.!” Thus, the first group (a) includes
the terms for the sky, stars, the Sun and the Moon with their orbits. Together,
they form the sky topography.

The most general, yet fundamental list of the topographic elements of the
Vedic sky is given in the RJV 30 (YJV 43):'8

somasiiryastrcaritam lokam loke ca sammatim /
somasiiryastrcaritam vidvan vedavid asnute //

Versed in the Vedas [and] skilled in [the knowledge of] the movements
of the Moon, the Sun, and stars reaches the world in which the Moon,
the Sun, and stars reside [and] is highly valued in the world.

These elements are the stars (str), the Sun (sirya), and the Moon (soma).
The terms for the Sun and the Moon also serve as names of personified Vedic
deities. Such an association with Vedic mythology and tradition may emphasise
the importance of this vedarnga and its close connection with ritual, especially
given that this stanza praises astronomers (or brahmans learned in jyotisa).
Their positions in the sky were marked with a reference to the stars, and more
specifically to naksatras.” The term naksatra occurs in the RJV 28 (YJV 35) in
a socio-religious context:

naksatradevata eta etabhir yajiiakarmani /

yajamanasya Sastrajiiair nama naksatrajam smytam //

[...] these are the residing deities [and beings] of the naksatras. [It
is said] by these learned in sacrificial rites that the sacrificer’s name
[should be] associated with the naksatra one was born under.

It introduces an important?®® custom according to which the names of
newborns were associated with the naksatra or its deity. This stanza is preceded

17" See AsHraQuE 1977: 151.

RJV 30 is identical to Y.JV 43 however the latter is slightly corrupted. They differ in the second
pada where in the YJV there is santati instead of sammati, which makes the meaning unclear.
Indian astronomers divided a space of width determined by the arc measure of 13°20” along
the ecliptic into 27 (or 28) equal parts and called them naksatras. These were further divided
into 124 smaller parts (amsas). Together, they formed a conventional reference system used to
determine positions of both the Sun and the Moon moving against the fixed background of the
sky. See SEn 1971: 574 and BasHam 1954: 492, cf. SuBBarRAYAPPA and SARMA 1985: 104, and
ASHFAQUE 1977: 151.

The importance and significance of this tradition are testified by the continuity of its observance
up to date. See SHARMA 2005: 3640, cf. GATRAD et al. 2005: 1095-1096.

20
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by enumeration of the names of the deities and class of beings residing over 27
naksatras.*' Naksatras are listed in a prior stanza that is the RJV 14 (YJV 18):2

Jjau dra ghah khe sve ‘hi ro sa cin mii sa nyah sii ma dha nah /

re my ghrah sva ‘po ‘jah kr syo ha jye stha itt rksa lingaih //

A$vini, Ardra, Piirvaphalguni, Vi$akha, Uttarasadha, Uttarabhadrapada,
Rohini, Aglesa, Citra, Mila, Satabhisak, Bharani, Punarvasi,
Uttaraphalguni, Anuradha, Sravana, Revati, Mrgasiras, Magha, Svati,
Piirvasadha, Pirvabhadrapada, Krttika, Pusya, Hasta, Jyestha, Sravistha—
[these are] the lunar mansions with [their] signs.

The enumeration does not follow any order and is given only by the

designata.” They are here referred to as lunar mansions (rksa). This highlights
a close and clear connection between the stars (and consequently naksatras)
with the Moon, which moves against the fixed background of the sky, residing
in successive naksatras and reaching fullness in them recurrently.

A few more terms for the Sun (sirya, arka) and the Moon (soma,

candramas) are mentioned in the RJV 5-6 (YJV 6-7):

svar akramete somarkau yada sakam savasavau /
syat tadadi yugam maghas tapah Suklo yanam hy udak //

21

22

23

The list is as follows: ‘Agni, Prajapati, Soma, Rudra, Aditi, Brhaspati, Sarpas, Pitrs, Bhaga,
Aryaman, Savita, Tvasta, Vayu, Indragni, Mitra, Indra, Nirrti, Apas, Visvedevas, Visnu, Vasus,
Varuna, Ajackapad, Ahirbudhnya, Ptisa, Asvinas and Yama are residing deities of asterisms....”
[RJV 25-27 (YJV 32-34): agnih prajapatih somo rudro ‘ditir brhaspatih /

sarpas ca pitaras caiva bhagas caivaryamapi ca //

savita tvastatha vayus cendragni mitra eva ca /

indro nirrtir apo vai visve devas tathaiva ca //

visnur vasavo varuno ‘ja ekapat tathaiva ca /

ahirbudhnyas tatha piisa asvinau yama eva ca //].

Some designata are (mis)written in both recensions. Instead of gak (Purvaphalguni) and nyah
(Bharani) given in the second pada of the RJV 14, there are ghah and yah, respectively, in the
YJV 18. In turn, there is ghrah in the third pada of the RJV 14 instead of gha (Magha) as in
the YJV 18. There is probably a misspelling in ittrksa (ityrksa is correct). Cf. YJV 18:

Jjau dra ghah khe sve hi ro sa cin mii san yah si ma dha nah /

re my ghd sva po jah kr syo ha jye stha ity rksa lingaih //.

Both recensions note the designatum of Satabhisak incorrectly. The proper (sak) is given in
Dvivepin 1908 in his edition of Jyotisavedanga, however it (incorrectly) marks Aslesa with
sas and Magha with ghah (jau dra gah khe sve hi ro sas cin mii sak nyah sii ma dha nah / re my
(mre) ghah sva po jah kr syo ha jye stha ity rksa lingaih //). For the proper list of designata see
Dixit 1969: 72.

For the list of naksatras with their designata see Dixit 1969: 72 and Sarma 1985: 56. For the
comparison of Indian naksatras and European constellations see BasHam 1954: 492.
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prapadyete sravisthadau siaryacandramasav udak /

sarpardhe daksinarkas tu maghasravanayoh sada //

When the Sun and the Moon, accompanied with Vasava, rise together
in the sky, [then] with this begin a yuga, [the lunar month of] Magha,
[the solar month of] Tapas, the bright [fortnight], and the northern
pathway [of the Sun]. The Sun and the Moon move northwards [when
situated] at the beginning of Sravistha [and] southwards [when situated]
in the middle of Aélesa. [In the case of] the Sun, [this happens] always
in Magha and Sravana, [respectively].

The Sun and the Moon were recognised as the only moving celestial bodies
in the Vedic period and were believed to occupy a part of the sky called svar.
Svar was also considered the abode of the gods, and therefore both deities, the
Moon and the Sun, could walk within this space in their personified forms.?*

The aforementioned stanzas also explain the arrangement of the naksatras,
the Sun and the Moon in the sky at the time when the periodic five-year cycle
(yuga) begins (RJV'5 and YJV 6) and on the solstices when the Sun changes
the direction of its movement in the sky (RJV 6 and YJV 7). Between two
successive solstices, the Sun advances along one of the two pathways (ayanas),
the northern and the southern parts of'its ecliptic.? The time needed for the Sun
to cover one path equals half a year and may be called ayana as well >

2.2. Time Reckoning

Observation of the repetitive phenomena in the sky enabled the Vedic
astronomers to divide the time and arrange such divisions (b) in definite order
for the sake of the religious observances and regulation of daily activities.?’
Such a system of time reckoning was based on a five-year cycle (yuga) in which
all phenomena in the sky visible with the unaided eye are repeated. The further
division of the yuga is explained in the RJV 1 (YJV 1) and RJV 32 (YJV' 5):

paiicasamvatsaramayam yugadhyaksam prajapatim /
dinartvayanam dasangam pranamya Sirasa sucih // [ ...]
maghasuklapravrttasya pausakrsnasamapinah /
yugasya paricavarsasya kalajianam pracaksate //

24 MACDONELL 1893: 371, MoNIER-WILLIAMS 1899: 1281, WiLsoN 1832: 962.

%5 These were called daksinayana and uttardyana, respectively. See SEN 1971: 63, cf. Dixit
1969: 23.

26 Benrey 1866: 46, CAPPELLER 1891: 39, MacponELL 1893: 50, MoNIER-WILLIAMS 1899: 84,
WiLson 1832: 64.

27 See MaLNOwsKI 1927: 203.
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Having bent before Prajapati, the lord of a five-year yuga comprised
of days, seasons, and half-years, [I] Suci [...]. [Scholars] declare
the knowledge about the [division of] time within a five-year yuga
commencing with the bright [fortnight] of [the lunar month of] Magha
and concluding with the dark [fortnight] of [the lunar month of] Pausa.

A yuga is comprised of five years (samvatsara, varsa), seasons (rtu), half-
years (ayana), and days (dina). A year is divided into lunar months and a lunar
month into two fortnights: bright (sukla) and dark (krsna).® However, this is
quite a general statement, without more specific details on how many days
count in a month or months in a year. Y.JV 28 amplifies the information on the
division of a year marked by the journey of the Sun along its ecliptic:

trisyaty ahnam sasatsastair abdah sat cartavo’yane /

masa dvadasa siryah syuh etat paiicagunam yugam //

A [solar] year [comprises of] three hundred and sixty-six days and six
seasons, two half-years, [and/or] twelve solar months. This repeated
five times [makes] a yuga.

Unlike the aforementioned stanzas, the YJV 28 lists time units that only
depend on the movement of the Sun in the sky.* Thus, the full ecliptic cycle
of the Sun, the solar year (abda), is divided into two half-years (ayana), six
seasons (rtu), and twelve solar months (si@rya masa). Accordingly, two solar
months correspond to one season. A solar year (abda) comprises also of 366
civil days (ahan),’® which gives 61 days per season or 30.5 days per solar
month (sirya masa).

Sidereal days amount to sidereal months and other lunar time divisions as
given in the RJV 19:3!

[...] staryan mdasan sad abhyastan vidydc candramasan rtiin //
[...] multiply the starry (=sidereal) months by six, the result will be
lunar (=synodic) seasons.

2 The fortnights reflect the progress of the lunar phases. The Moon waxes during the Sukla

fortnight and wanes during the krsna fortnight. See FReep and FrReep 1964: 68.
2 RJV 1 (YJV 1) were rather general while RJV 32 (YJV 5) mention the names of lunar months
and their division into sukla and krsna fortnights.
30 See Sen 1971: 78.
31 There is svarksan instead of staryan in Dvivedin’s edition of Jyotisavedanga: [...] svarksan
masan sad abhyastan vidyac candramasan rtin // [ ‘multiply own stellar (=sidereal) months by
six, the result will be lunar (=synodic) seasons’]. See DvIvEpIN 1908: 65.
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The adjective ‘starry’ (starya << str ‘a star’) highlights the Moon’s relation
to stars, i.e. its position against their background, thus starry month (starya
masa) is another name for a sidereal month. For the lunar seasons (candramasa
rtu), they are not identical to solar seasons.?? Their number is six times as much
as the number of sidereal months in a yuga, which is 402. However, they were
not as applicable as the Sun’s seasons, marked by its movement along the
ecliptic.’

This movement along one of the pathways (ayanas) lasted six months,
which were further divided into three solar seasons, six solar months, and then
civil days (dina, ahan). One more term for a day is referred to in the YJV 39
(RJV 18):3

sasaptakam bhayuk somah siryo dyiini trayodasa /
navamani ca panicahnah [...] //

The Moon [1: during a yuga or 2: within a day] is connected with
(=resides in) lunar mansions for seven more times [than 1: sixty or 2:
the length of the civil day], the Sun [stays in a lunar mansion] for 13
and 5/9ths of a day [...]

The second and third pada of this stanza determine the number of days
(ahan, dyini - div) that elapse while the Sun measures off one naksatra
(bha) during its journey along the ecliptic. However, the very first pada can be
understood twofold.

Firstly, as an explanation of the number of coincidences of the Moon with
naksatras (bha) within a yuga. Such coincidences determine sidereal months?®
and their number equals 67, while the number of noticeable synodic months*® is
60.3” Hence the difference in the number of sidereal and synodic months equals

32 Rtu, however associated with a season, is considered rather a unit of distance than time. As
SarmA 1985: 38 explains it is ‘the period of the Sun or Moon moving through 4 % segments’ of
the stellar frame, i.e. naksatras. Cf. RJV' 9 (YJV 10): [...] ardhapaiicamabhas tv rtub // [‘[...]
one season equals four and a half parts of naksatras’].

33 See Sarma 1985: 38,

3% This stanza is shared with RJV 18 however there is a possible misspelling in the third pdda

of the RJV 18 (‘bha’ = navabhani instead of ‘ma’ = navamani). Thus, the stanza of the YJV

is considered correct because it adds up to the total number of days (navama means ‘ninth’).

However, bhani might be deceptive as it refers to an asterism (b/a means ‘star, planet, asterism,

lunar asterism or mansion”).

A sidereal month is ‘the time needed for the Moon to return to the same place against the

background of the stars’ (Britannica 2011, ‘month’) that is to come across all lunar mansions.

It is divided further into thirty sidereal days (Sex 1971: 73).

A synodic month equals the time of a ‘complete cycle of phases of the Moon’ (BriTanNICA

2011, ‘month’). Cf. RippaTH 1997: 466.

However, there are 62 synodic months in a yuga, two of which were added to the noticeable

35

36

37
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seven (7 = @7sidereal months _ (ysynodic months) “A 1,0 ig comprised of both lunar time
units however the sidereal ones were less significant for the calculations of the
Vedic calendar and the performance of the ritual.

Secondly, it may be understood as the relationship between solar and
lunar time units. According to jyotisa, a civil day is comprised of smaller time
units, inter alia, 603 kalds.*® Considering the length of the civil day and the
compliance between the Moon’s occupation of naksatra and the length of
a sidereal day, it can be assumed that this stanza explains the difference
between a civil day (solar reckoning) and a sidereal day (lunar reckoning).
In such a case, the latter is seven units (kalas) longer than the former, which
makes a sidereal day of 610 kalas (7 = 610siderealday — 63l day) Y1739 (RJV
18) proves the dual nature of ancient Indian time reckoning as it combines both
lunar- and solar-based time units.

Another lunar-based time unit was synodic days (#ithis), derived from the
lunation, i.e. the time elapsing between successive phases of the moon. There
were thirty tithis in a synodic month and fifteen in each fortnight. They were
named after the ordinals.** According to SEN 1971: 73, synodic days were
calendrical tools of ‘not much astronomical significance except as an artificial
division of the lunation.” However, they were useful for the sake of rituals* as
well as for establishing the days of the important moon phases or equinoxes,
as given in RJV 31:

visuvam tad gunam dvabhyam riipahinam tu sadgunam /

val labdham tani parvani tathardham sa tithir bhavet //

Double the equinox (=the equinoctial ordinal) and subtract one.
Multiply [this] by six. [The number of] full and new moons [that have
passed] are obtained. Half of this [number] gives the lunar day [at the
end of which the equinox occurs].

This stanza gives a mathematical formula for determination of the ordinal
of the sidereal day (#ithi) on which the equinox (visuvat) occurs. By means

number of 60 months. Such an emendation was necessary to align two calendars, based on

solar and lunar observations. See SEN 1971: 78 and NARAHARI ACHAR 1997: 21.

The relationship between diurnal time units is given in the jyotisavedanga: ‘10 and 1/20ths

kalas are equal to muhiirta that comprises [also] of two nddikas, [and] thirty times this

[=muhiirta] makes a day which is equal to 603 kalas’ [RJV 16 (YJV 38): kala dasa savimsa

syat dve muhiirtasya nadike / dyutrimsat tat kalanam tu satchati tryadhikam bhavet //]. For the

division of a civil day see also SEx 1971: 78. Cf. TuBAuT 1877: 419.

39 See AsuraQue 1977: 153, Basuam 1954: 494, and Sen 1971: 73. Cf. NARAHARI ACHAR
1997: 21.

40 See MonkiEwicz 2021: 137-155.

38
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of the ordinal of the equinox, the number of new and full moons (parvan)
is obtained. A similar stanza can be found in the Y.JV. Much as its meaning
is similar to that of the R/ 31, the YJV'23 differs slightly in wording (especially
in the third and fourth pada):

visuvantam dvir abhyastam riponam sadgunikrtam /

paksa yad ardha paksanam tithih sa visuvan smrtah //

Double the equinox (the equinoctial ordinal) and subtract one. Multiply
[this] by six. [The number of] fortnights [that have passed are obtained].
A half [of the number of] fortnights [gives] the lunar day termed an
equinox.

The first verse conveys exactly the same meaning. The second explains the
method to obtain the sidereal day (tithi) of the equinox (visuvat) as well, but
by means of fortnights (paksa). The similarity of the two stanzas (R/V 31 and
YJV 23) comes from the use of convergent time units. In a synodic month,
there are two parvans, a new moon and a full moon. The time that elapses
between them is fifteen days, which corresponds to a fortnight (paksa). Thus,
the method of calculating equinoctial tithi in both stanzas is the same; the
difference is due to consideration of particular synodic days (RJV 31) or
synodic half-months (YJV 23).

However, if one wishes to omit the calculations, it is possible to refer to the
RJV 33, which gives the exact tithis on which successive equinoxes occur as
the yuga progresses:

trtiyam navamim caiva paurnamdsim athasite /

sasthim ca visuvan prokto dvadasim ca samam bhavet //

The equinox is proclaimed to occur on the third and ninth lunar days,
and on the day of the full moon [of the bright fortnight, then] on the
sixth and twelfth lunar days [of the dark fortnight]. [This] happens
twice [in a yugal.

The equinox (visuvaf) occurs on a particular tithis, most of which are
named after their ordinals. The tithi of the full moon bears a special name
(paurnamasr), which emphasises that it is the day of the month associated with
the full moon.*!

41 The name paurnamdst is a compound of paurna (<< pitrpa “filled with, full of”) and mast
(a day of the month << mdsa ‘a month’ or mdas ‘a month, the moon’). Cf. MONIER-WILLIAMS
1899: 814, 642; WiLsoN 1832: 549, 660; MacpoNELL 1893: 167, 227; CAPPELLER 1891: 324,
409 and Benrey 1866: 705.
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Aside from establishing the zithi of the equinox and observing the recurring
phenomena in the sky, Vedic astronomers were aware of the regular change
in the length of the civil day. This progress was of vital importance due to the
daily life cycle and activities undertaken during the daytime, such as tillage or
household chores. The problem of the length of daytime is recorded in the RJV
7 (YJV 8):

gharmavrddhir apam prasthah ksapahrasa udag gatau /
daksine tau viparyasah san muhiirty ayanena tu //

Increase of the heat (=daytime) equals [a measure of] one prastha of
water, [which is also a measure of] the decrease of the nighttime. Both
[take place] when [the Sun is on its] northern path [and] when [moving]
towards the south [the duration of a day changes] contrarily. The lapse
[of the increase] is six muhiirtas within [each] pathway of the Sun
(=half-year).

It had long been noticed that the length of the daytime (gharma), understood
as the time between sunrise and sunset, draws in and out between solstices,
that is within half a year (ayana). And the length of the nighttime (ksapa)
changes at the same rate. Therefore, the increase (vrddhi) of the time is equal
to its decrease (Arasa) and amounts to six muhirtas (one muhirta equals
48 minutes).* This lapse was measured by means of the water in prasthas,
a unit of quantity or capacity.* The flow of time was not only admeasured
but also calculated. The formula for estimation of the length of any day in
a year is given by RJV 22 (YJV 40):*

vad uttarasydyanato gatam sydac chesam tu yad daksinato’yanasya /
tad ekasastya dvigunam vibhaktam sadvadasam syad divasapramanam //

What has passed after the northern pathway of the Sun [or] is left in
the southern pathway of the Sun, divided by sixty-one, then doubled
[and] increased by twelve produces the length of a day.

The formula is as follows: the time that has passed after the day on which
the Sun completed its journey along the northern pathway (uttarayana), the
summer solstice, must be multiplied, divided and increased accordingly to get
the length of the daytime (divasapramana). Similarly, if the Sun covered the
southern path (daksinayana), the time that has elapsed after the winter solstice
should be applied.

42 Kak 1998: 32.

4 See MoONER-WILLIAMS 1899: 699, WiLson 1832: 583, MACDONELL 1893: 183, CAPPELLER
1891: 348 and Benrey 1866: 610.

44 RJV 22 is identical to YJV 40 with one exception. YJV has tatha instead of yad in the second
pada.
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3. Calendrical Terminology

The stanzas discussed in the previous part of the article introduce the
basic ideas and terms of early Vedic astronomy termed jyotisa (RJV 35; RJV
3,36 [YJV 2, 3]), or more precisely ganita (YJV 4). The names and concepts
presented there can be distinguished due to various factors, considering their
relationship with time or space, or with a particular celestial body.

The article proposes four groups of calendrical terminology that include
vocabulary relating to: (a) sky topography and phenomena visible in the sky,
(b—c) time units, and (d) quality (adjectives). The vocabulary is grouped in
tables. In each table, there are words belonging to the particular group (a—b),
their Sanskrit names, and references to the stanza in which they occur.

3.1. Celestial Phenomena and the Sky Topography

Among the vocabulary describing the topography of the sky, there are those
words that refer to its static or moving elements. This first group is comprised
of words for stars (2. row in Table 1), parts of the ecliptic (3.-5.), pathways of
the Sun (9.), and the sky itself (1.). The second group includes different names
for the Sun (6.-8.) and the Moon (10.—11.) as well as the phenomena resulting
from noticeable changes in the lunar phases (12.—13.).

Table 1. Calendrical terminology due to the sky topography and celestial

phenomena

No Element of the sky Term Occurrence in the treatises

1. the sky svar RJV'S (YJV 6)

2. a star str RJV 30 (YJV 43)

3. naksatra RJV 28 (YJV 35)

4. 1/27th of the ecliptic rksa RJV 14 (YJV 18)

5. bha RJV9 (YJV 10), RJV 18 (YJV 36)
6. suryd RJV 18 (YJV 36), RJV 30 (YJV 43)
7. the Sun siarya RJIV 6 (YIVT)

8. arka RJIV 5-6 (YJV 6-7)

o (tthlfep;ﬁlf“gh‘fi‘ﬁ;g ayana | RIV'S (YJV 6), RIV 22 (YJV 40)
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No Element of the sky Term Occurrence in the treatises
10. soma RJIV'S (YJV 6), RIV 18 (YJV 36),
the Moon RJV 30 (YJV 43)
11. candramas RIV 6 (YIVT)
12. moon phase
(full moon or new moon) parvan RIV31(VJV23)
13. full moon paurnamasi RJV 33

Altogether, there are six terms for the (static) sky elements, i.e. topography
(1.-5.,9.), two for celestial phenomena (12.—13.), and five for moving elements
of the Vedic sky: three for the Sun (6.-8.) and two for the Moon (10.—11.).
Hence these elements are solar (6.—9.; four terms in total), lunar (10.—13.; four
terms), or stellar (1.-5.; five terms).

3.2. Calendrical Time Reckoning

The first group of time units proposed in the article is comprised of those
that allowed time reckoning and arranging it in a calendrical system applied
to organise the life of societies in accordance with their customs or everyday
practice.*

The Vedic calendar was based on a five-year cycle called yuga (1. row in
Table 2), and the yuga comprised of five years (2.—4.). A year was divided
into two half-years (5.) or seasons (6.).* The year consisted also of months
(7.), their number varied depending on whether the solar, sidereal or synodic
months were considered. Each month was divided into days (11.—16.) or in the
case of synodic measures also into fortnights (8.—10.).

Table 2. Calendrical terminology due to the calendrical time reckoning

No Time unit Term Occurrence in the treatises
1. a five-vear cvele oa RIV 1 (YJV 1), RIV 5-6 (YJV 6-7), RJV 32
year cy yug (YJV'5), YJV 28

4 See MaLNowskr 1927: 203.
46 1t should be remembered that a distinction was made between lunar and solar seasons, and the
latter were generally used.
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No Time unit Term Occurrence in the treatises

2. samvatsara RIV1(YJV])

3. a year varsa RJIV 32 (YJVS)

4. abda YJV 28

S. a half-year ayana RJIV 1 (YIV 1), RIVT (YIV ), YTV 28
6. 4 season rtu RIV 1 (YJV1), RJV92(8YJV10), RJIV 19, YJV
7. a month masa RJIV 19, YJV 28

8. a fortnight paksa YJr23

9. |a bright fortnight Sukla RJIV 5 (YJV 6), RIV 32 (YJIV5)

10. | 4 dark fortnight krsna RJIV 32 (YJV'S)

11. ahan RJV 18 (YJV 36), YJV 28

12. dina RIV1(YJV1)

13. a day div RJV 18 (YJV 36)

14. divasa RJV 22 (YJV 40)

15. tithi RJV 31 (YJV23)

16. the equinox visuvat RJV 31 (YJV 23), RJV 33

These time divisions are solar- (2.-5., 11.—14., 16; nine terms in total) or
lunar-based (8.—10., 15.; four terms) but some of them combine both counts
(1., 6.=7.), hence confirming the dual character of Vedic time reckoning.

3.3. Diurnal Time Units

The second group of time units comprises of variable measures (rows 1.-3.
in Table 3) and diurnal time divisions (6.—8.). These units (six terms in total)
divided the day into smaller parts and made it possible to determine important
moments during the day, e.g. sunrise or sunset.*’

47 The rule to determine the beginning and end of the daytime, as well as its length, is given in
stanzas RJV 7,22 (YJV 8, 40).
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Table 3. Calendrical terminology due to the diurnal time units

No Time unit Term Occurrence in the treatises
1. gharma
daytime
2. divasapramana
3. nighttime ksapa RJV 7 (YJV 8)
4. increase vrddhi
5. decrease hrasa
6. muhiirta RJVT (YJV 8), RIV 16 (YJV 38)
7. nadika
RJIV 16 (YJV 38)
8. kala

In addition to diurnal units, this group also includes terms denoting the
increase (4.) and decrease (5.) of the time.

3.4. Quality of the Calendrical Elements

The last group includes adjectives that occur in the discussed stanzas and
determine the quality of the elements of the Vedic calendar, especially these
of a dual nature such as months (rows 1.-2. in Table 4; two terms in total)
and seasons (4.). One adjective referring to sidereal reckoning (3.) might refer
both to days and months, as proven in Part 2.2 of this article.

Table 4. Calendrical terminology due to the adjectives

No Adjective Term Occurrence in the treatises
1. solar sarya YJV 28
2. sidereal starya RJV 19
(related to the moon,
3. | residing in the moon) bhayuj RJV 18 (YJV 36)
4. lunar candramasa RJV 19
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No Adjective Term Occurrence in the treatises
5. southern daksina RJV 22 (YJV 40)
6. northern uttara RJV 22 (YJV 40)

Some adjectives discussed in the previous paragraph refer to units of time
(1.-4.), i.e. they characterise time elements of the calendar. There are also
adjectives in the treatises describing the spatial elements. These distinguish
the pathways of the Sun (5.-6.).

4. Conclusions

The stanzas discussed in this article are excerpts of the Jyotisavedanga
treatise, namely of its Rk- and Yajurveda recensions. Both texts give a lecture
on the measurement of time and its division based on a cycle of yugas, lunisolar
(solar, synodic, and sidereal) units such as months and days, the naksatra
system, and sky observations. Some basic mathematical operations are also
applied in order to calculate the flow of time (RJV 22, YJV 40), the number of
lunar units (RJV 19 and RJV 18, YJV 36) or the relationship between the solar
and lunar time reckoning (RJV 18, YJV 36). References to tradition are given
as well (RJV 28, YJV 35). Thus, the work has threefold nature and served for
the purpose of astronomical considerations, observance of religious practices,
and time reckoning.

The old Indian time reckoning was based on the astronomical concepts
discussed in Section 2.1 of this article, such as the movement of the Sun along
its pathways, the movement of the Moon and its phases, the division of the
sky, and the naksatra system. The Sanskrit names for these astronomical ideas
presented here form a basic astronomical vocabulary of jyotisa.

The notion of the passing of time resulted in arranging it into measurable
units that depended on the aforementioned astronomical phenomena. Thus, the
calendar comprised of solar- and lunar-based divisions was established. Based
on these lunisolar units, some mathematical calculations within jyotisa were
made. Sanskrit names of these time units were summarised in Section 3.2-4
of this article.

Some of'the Sanskrit terms found in the Jyotisavedanga denote topographical
names (svar, str, rksa, bha, sirya, arka, soma, candramas), observable
celestial phenomena (parvan, paurnamasr, visuvat), and astronomical concepts
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(naksatra, tithi, ayana) that have been developed in later astronomical works.
Others (such as muhirta, nadika, kala, samvatsara, varsa, abda, masa, paksa,
ahan, dina, div, and divasa) define a system of measurement within a narrow
field of application (calendrical time reckoning). There are also terms specifying
the relations between concepts and phenomena and classifying them, e.g. the
group of adjectives summarised in Table 4 and highlighting the origin (sirya,
starya, bhayuj, candramasa) or position/direction (daksina, uttara). Together,
they form a group of specialised words referring to the field of astronomical
observations and calendrical calculations. This meets the definition of
terminology formulated as ‘the set of technical words or expressions used in
a particular subject’ (OLDAE, ‘terminology’). Hence my closing conclusion
is that both Vedic astronomical and calendar naming systems together form
a common terminology that can be considered a primary jyotisa lexicon.
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