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Abstract

Vedanga-jyotisa (c. 1400 BCE), the earliest known Indian astronomical text, introduces one of the first instances in Indian
literature of a formula in the form of a linear equation connecting the length of the day with the number of days elapsed since
the winter solstice. The paper critically examines this equation, highlighting its significance as an early example of abstract
mathematical representation and for igniting a scholarly debate concerning the geographical origins of this text based on
the latitude suggested by its day-night duration calculations. This study contests earlier hypotheses positing Mesopotamian
influence and instead shows that the data optimally fits the lengths of the daytime as observed in the latitudes around 29°
N, located well within India, and is totally inapplicable to Mesopotamian latitudes except at the solstices. The investigation
extends to similar linear equations in subsequent Siddhanta texts, assessing their mathematical and geographical relevance.

Keywords Indian mathematics and astronomy - History of science - Length of the day - Vedarnga-jyotisa - Linear

approximation

1 Introduction

The Vedanga-jyotisa holds a crucial place in the annals
of ancient Indian astronomy. The text, dated in the range
11501370 BCE (Sastry & Sarma 1984, p. 13), is the earliest
extant Hindu treatise dedicated solely to astronomical cal-
culations, marking a significant phase in India’s intellectual
tradition. Among its mathematical formulations is a linear
equation designed to compute the varying lengths of day and
night. This equation not only reflects the abstract mathemati-
cal reasoning present in early India but also provides a rare
glimpse into the application of such concepts for practical
celestial observations. This equation is of great significance
for two reasons:
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(1) It represents one of the earliest known linear expres-
sions in Indian astronomy, offering evidence of them
as early as 1350 BCE.

(2) It serves as a nexus for historical and geographic
inquiry, particularly in the debate over the Vedanga-
Jjyotisa’s place of origin.

This debate is fueled by the equation’s implication of the
latitude of the place of observation based on the propor-
tion of daytime to nighttime at the winter solstice. The fact
that this ratio was 2:3, which is valid around 35° N, led
(Thibaut, 1899) to conjecture that this could be based on
Babylonian sources. Once Babylonian tables with the ratio
2:3 were found, Kugler (1900) made this claim formally
and it was supported by Neugebauer (1952) and later articu-
lated more forcefully by Pingree (1963, 1973). This claim
has been countered by the Japanese scholar (Ohashi, 1993,
2009, 2012, 2019) who has argued that the Vedanga-jyotisa
formula better corresponds to the variation of the duration
of the day as observed in latitudes 27-29° N.

Given the importance of resolving this debate, this study
undertakes a systematic, data-driven analysis to evaluate the
equation’s accuracy across different latitudes. Using a mean
absolute error analysis, the research validates that the equa-
tion aligns best with 27-29° N, reinforcing the argument
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for an independent tradition of mathematical astronomy in
India.

Furthermore, the study examines similar formulations in
later Siddhanta texts, particularly the Vasistha-siddhanta
as summarised by Varahamihira (Sastry 1993; Thibaut and
Dvivedt 1889) demonstrating a continuity of mathematical
thought in Indian astronomical traditions. The Vasistha-
siddhanta’s formulation, which is designed for 23-24° N
(corresponding to Ujjain or Avanti), further supports the
view that these mathematical models were adapted to spe-
cific geographic contexts. The research also challenges the
‘solstitial fixation’ hypothesis by demonstrating that the
Vedanga-jyotisa’s equation was designed for a best-fit across
the entire ayana (6-month period), rather than solely for
solstices (Van der Waerden, 1974).

The paper is structured in the following way. Section 2
examines the astronomical knowledge during the Vedic
period, emphasizing the significance of the Vedarnga-jyotisa.
Section 3 analyzes the text’s linear relation for finding the
day duration. The ensuing subsections also address debates
on its geographic implications and conduct a data-driven
analysis for the latitudes with the least mean absolute error.
Section 4 explores a similar linear equation in the Vasistha-
siddhanta and assesses its mathematical and geographical
relevance. Section 5 concludes with key insights and broader
implications of the study for the understanding of Indian
mathematical astronomy.

2 Vedic astronomy, Vedanga-jyotisa and its
significance

2.1 Prevalent astronomical notions of the Vedic
period

Several terms pertaining to astronomical concepts and
frameworks can be gleaned from the Vedic literature. In
fact, the Chandogya Upanisad (7.1) (Swahananda, 2022)
explicitly refers to the science of astronomy by the word
Naksatra-vidyd while enumerating almost a couple of doz-
ens of different branches of knowledge. This not only indi-
cates the antiquity of these branches, but their pursuit as
independent disciplines.

K.S. Shukla’s survey (1987) of Vedic literature high-
lights the Sun as the illuminator of the universe and refers
to its role of instigating seasons and governing the world
as the ultimate controller (Rgveda 8.58.2, 1.95.3, 1.164.14)
and the Moon as “Surya-rasmi”, shining due to sunlight
(Taittiriya-samhita 3.4.7.1). The Moon’s path was divided
into 27 segments, identified as naksatras, with the occa-
sional inclusion of 4bhijit constellation (Lyra) making 28.
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The satapatha-brahmana (10.5.4.5) lists 27 naksatras and
their upa-naksatras.

In Vedic literature, the day is referred to as vasara or
ahan. It typically represented the time interval between one
sunrise and the next, acknowledging its variable duration.
The division of daylight duration, measured from sunrise to
sunset, included categorizations into two parts: parvahna
(forenoon) and aparahna (afternoon). Further divisions
encompassed three parts (parvahna, madhyahna, and
aparahna), four parts (parvahna, madhyahna, aparahna,
and sayahna), and five parts (pratah, sangava, madhyahna,
apardahna, and sayahna), as detailed in the Satapatha-
brahmana (2.2.3.9). Days and nights were further subdi-
vided into 15 parts each, termed muhirta. Specific names
were assigned to the muhirtas occurring during both
the days and nights of the waxing and waning fortnights
(Taittiriya-brahmana, 3.10.1.1-3).

2.2 Astronomy in the Vedanga-jyotisa and its
significance

The Vedanga-jyotisa is preserved in two recensions, namely
the Rgvedic recension (arca-jyotisa) and the Yajurvedic
recension (Yajusa-jyotisa). Both versions share substantial
similarity (Sastry & Sarma, 1984). The former comprises 36
verses, while the latter consists of 43 verses, with 31 verses
being common to both. Both recensions expound on the tithi
(lunar day), naksatra, and the month when the Sun embarks
on its northward and southward journeys (uttarayana and
daksinayana) in the 5-year cycle. Additionally, they deline-
ate the variations in daylight during these solar journeys
in terms of a certain measure called prastha of water (see
Sect. 3.1). This implies that they were using water-clock
measurements.

A third recension, the Atharva-jyotisa, emerged later,
introducing the names of the seven grahas, weekdays, and,
in addition to the already known tithi, naksatra, and yoga,
the names of the seven karanas in the Indian traditional cal-
endar (Shukla, 1969). Comprising 162 verses, the Atharva-
Jyotisa spans both astronomy and astrology, attributing its
teachings to Svayambhi and Bhrgu.

During the chronological span from around 500 BCE
to 500 CE, not many scientific works have survived. This
has created a substantial void in the knowledge tradition of
astronomy literature during this period. Thus, the Vedarnga-
Jyotisa presenting the body of prevalent knowledge around
1400 BCE forms a crucial text to appreciate the nuanced
scientific thought process of those times. It is indeed inter-
esting to learn how computations are dictated in this text and
the following section helps understand one such equation
presented in this ancient text.
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3 Algebra:c apprqach to the computation T=124+2 n. )
of a day’s duration 61

3.1 Two verses of Vedanga-jyotisa that are
of interest

Here are the verses that are relevant to the computation. The
first verse (Rgvedic recension v. 7 and Yajurvedic recension
v. 8) (Shamasastry, 1936) reads:

‘aﬁq@?ﬁw:

TR 3T |

gfgrotar! fauate:

YOHEITAA q Il

gharmavrddhirapam prasthah

ksapahrasa udaggatau |

daksinetau viparyasah

sanmuhiirtyayanena tu ||

The increase of daytime and decrease of night-time
is [the time equivalent of] one prastha of water [in
the clepsydra per day] during the northward course
[of the Sun]. They are in reverse during the south-
ward course. [The total difference is] 6 muhirtas
during a half-year.

The second verse (Rgvedic recension v. 22 and Yajurvedic
recension v. 40) (Shamasastry, 1936) reads:

RESRSIRECIRICESIG]

I T STQIUTATS T |

AEHTSAT oot Forvich

BECHRSIECREIEGE]

yaduttarasydyanato gatam syat

Sesam tathd daksinato 'yanasya |

tadekasastya dvigunam vibhaktam

sadvadasam syaddivasapramanam ||

[The number of days] elapsed in the northward
course or remaining in the southward course is dou-
bled, divided by 61, and added to 12. The result is
the length of daytime [in terms of muhiirtas].

3.2 The linear equation given in the verse

The formula for the computation of daytime given above
can be expressed as

! In both the published editions of the Vedarnga-jyotisa (Shamasastry,
1936; Sastry & Sarma, 1984), a typographical oversight occurs in the
reading: 2fgror ai". The critical issue lies in the incorrect segmenta-
tion of the word, failing to recognize that it is a compound word
formed from merging ST4T9T and Tal. In the split form, it doesn’t
semantically fit with the content of the verse. Fortunately, we have
got hold of a manuscript that correctly uses the compounded form, in
line with the emended version of the verse as presented above.

where 7 is the length of daytime in terms of muhirtas and
n is the number of days elapsed from or remaining until the
winter solstice. One muhiirta is 3'—0 of a civil day—or 0.8 h.
Thus, from the above equation, we see that according to
Vedanga-jyotisa, the duration of the day is a linear func-
tion, where the length of daytime changes by roughly one
muhirta during one solar month.

3.3 Significance of the expression and the way it
has been expressed

It is quite fascinating that Eq. (1) not only presents a decent
linear approximation that captures the variation in the dura-
tion of daytime, but it is perhaps the most antique algebraic
equation presented in the Indian astronomy—mathematics
tradition. Variable quantities used to be denoted by many
terms in the Indian tradition. While investigating the earli-
est known sources of representing unknowns in the Indian
mathematical traditions, Datta and Singh (1935) indicate
that in Sthananga-sitra (before 300 BCE) the unknown
quantity was called yavat-tavat (as many as or so much as,
meaning a variable that can take arbitrary value).

The verse under discussion uses yat-tat. This opens up
the scope for Vedanga-jyotisa to be a precursor to the yavat-
tavat and many other terms, such as ya, ka, and ni. This
extends the known history of algebraic abstraction in India
significantly further back than previously acknowledged,
indicating an early engagement with mathematical reason-
ing. There is also another ancient example of a similar alge-
braic formulation using yavat in the Katyayana-sulbasiitra
while presenting the method of constructing a square which
is n-times a given square. Here, the variable nature of # is
brought out by the use of yavat.

3.4 Debate around the place of origin
of the composition of Vedarnga-jyotisa

In order to appreciate this debate, let us take a closer look at
the import of Eq. (1). According to this, the duration of the
daytime (7 in muhiirtas) at the winter and summer solstice
are given by

T=12+0=12
T =124+6=18 (since n = 183 at the summer solstice).
2
Thus, the ratio of daytime and night-time is exactly in the
proportion 2:3 at the time of winter solstice. This propor-
tion is akin to the one given by Mesopotamians and seems
to be valid around the latitude 35° N. It was conjectured by
Thibaut (1899, p. 27) that this formula was transmitted to

(since n = 0 at the winter solstice),
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- Vedanga-jyotisa Formula

Daytime (muhirtas)

12

11
0 30 60 90 120 160

= 27N Lat

28N Lat = 29N Lat - 35N Lat

180 210 240 270 300 330 360 390

Day Count since Vernal Equinox (March 21, 2024 CE)

Fig. 1 Annual variation of the length of daytime in muhiirta starting from the vernal equinox for different latitudes compared to the linear

expression in Vedanga-jyotisa

India from Mesopotamia. Once the Babylonian table for the
duration of daylight with the ratio 2:3 between the minimum
and maximum values was found, Kugler (1900, p. 82) made
the formal claim and this was supported by Neugebauer
(1952, p. 156) and more forcefully by Pingree (1963, 1973),
who asserted that the Vedanga-jyotisa formula was based on
the Babylonian tables. Although this latitude, which passes
through Kashmir, was not inaccessible to ancient Indian
people, the claim that the formula pertained to latitudes
around 35° N and was based on Babylonian tables has been
countered in several publications by the Japanese scholar
(Ohashi, 1993, 2009, 2012, 2019). Some of the arguments
of Ohashi are:

... that formula (1) was not obtained by the interpola-
tion of the Jyotisa-vedanga observations at the sol-
stices, but by the extrapolation from the observations
of the length of daytime around the equinoxes. Practi-
cally, there are two possibilities:

1. If the formula were obtained from one muhiirta’s
difference of the length of daytime during one solar
month after the equinox, the most suitable latitude for
this observation would be around 27° N.

2. If it were obtained from two muhiirtas’ difference
during two solar months, the most suitable latitude
would be around 29° N.

From the above consideration, I conclude that the
Jyotisa-vedanga was produced at the latitude 27-29°
N or so in north India (most probably the western part
of the plain of the Ganga where later Vedic people
resided) without apparent foreign influence.

@ Springer

Essentially, what Ohashi conveys is that the latitudinal loca-
tion proposed by Pingree is unacceptable. This is because a
jarring difference between the calculation and the reality will
be experienced by all, throughout the calendar year, if a lati-
tude of 35° N is taken as the location where Jyotisa-vedarga
was composed (see Sect. 3.5). Moreover, in the tradition, as
time was considered an integral part of the ritual, the deter-
mination of time of rituals was crucial. Hence only those
latitudes where the curve denoting the actual duration of the
day is close to this linear approximation, given by (1), could
have been proposed. In the next section, we investigate the
latitudes where the error will be the least while using this
linear function.

3.5 Analysis to identify the place of origin

We find that Ohashi’s arguments are mathematically spot on,
as we plot the linear function (1) and compare it to the actual
durations of days for various latitudes. Figure 1 graphically
represents the variations in the actual length of the duration
of day from one vernal equinox to the next vernal equinox at
specific latitudes” and also charts the formula given by (1).

In order to generate the graph depicted in Fig. 1, we need
to know the actual duration of the daytime at a given loca-
tion, which varies with the latitude of the observer. For this

2 It may also be mentioned that Ohashi (2012) also made a graphical
comparison of the linear function (1) with the daytime variations at
these latitudes.
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purpose, the length of the day for different latitudes was
calculated using the well-known equation

O(@,6) = Duration ofday (inh) = 12 + sin_l(tan @ tan 6),
A3)
where ¢ is the observer’s latitude and 6 the Sun’s decli-
nation. The declination was computed using the relation
sin”!(sin € sin A) where ¢ is the obliquity of the ecliptic and
Ais the longitude of the Sun. The data of the longitude of the
Sun for a given day was obtained from NASA Jet Propulsion
Laboratory, California Institute of Technology (2025). For
different latitudes, the length of a day’s duration was com-
puted using (3) and was plotted against the day of the year.
With the intent of determining the latitudes that best cor-
respond to (1) given in Vedanga-jyotisa, the mean absolute
errors are compared. The absolute difference between the
derivative of the actual duration and the derivative of the
linear function gives the estimate of error. The derivative of
linear function yields a constant value of 0.026229 h (con-
verted from muhiirtas). The derivative of the actual duration
is estimated as the absolute difference between the duration
of a day and its previous day. The absolute error at a given
latitude (@) and declination of Sun on the nth day (6,) is
given by
AT, = |T, - 6(g.5,)|, 4)

n

where T, is the duration found using the formula in the text
(Vedanga-jyotisa in this case) and ®(¢, §,)) is the actual dura-
tion of the day at a given latitude ¢. Figure 2 shows that the
mean absolute error is the least for latitude 29° N.

45
40
35
30
25

20

Error in vighatis

10

26 27 28 29

This empirical validation strengthens the argument that
the formulation in Vedanga-jyotisa arose from indigenous
observational traditions rather than being derived from Mes-
opotamian sources. In other words, the numerical analysis
reinforces the existence of an independent Indian tradition
of mathematical astronomy. This makes Ohashi’s estimates
highly tenable, compelling us to reconsider Pingree’s argu-
ments regarding the place of origin of Vedanga-jyotisa, as
they appear less convincing in comparison.

Moreover, the findings challenge the assumption that the
equation was intended primarily for solstices. Instead, the
model exhibits a best-fit across the entire ayana (6-month
period), suggesting that the formulation was designed for
practical calendrical applications rather than only solstitial
observations.

4 Similar linear equations in earlier
Siddhanta texts

The only text that captures the astronomical schools of thought
prior to 500 CE is a compilation by Varahamihira (6th century
CE). Varahamihira in his work Paiicasiddhantika condenses
the contents of the five siddhantas from this period, namely

(1) Paitamaha-siddhanta,
(2) Saura-siddhanta,

(3) Vasistha-siddhanta,
(4) Romaka-siddhanta,
(5) Paulisa-siddhanta.

31 32 33 34 35

Latitude of the place (Deg N)

Fig. 2 Mean Absolute Error when Vedanga-jyotisa formula is applied to different latitudes
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None of these five siddhantas remain independently in their
original form today. Within the extant summaries of these
siddhantas, only (1), (3) and (5) delve into the computa-
tion of day and night durations. Of these, the fifth verse
of Paitamaha-siddhanta (Sastry, 1993) essentially captures
the same linear expression as stated in Vedanga-jyotisa.
However, the eleventh and twelfth verses of Paulisa-
siddhanta (Sastry, 1993) present a relation which captures
the shadow lengths and their variations since the equinoctial
observation.

It is only in the Vasistha-siddhanta that we find an expres-
sion that is different from that of Vedanga-jyotisa. Here is
the eighth verse Thibaut and Dvivedi (1889) of Vasistha-
siddhanta that deals with the duration of the daytime
(dinamanam)*:

HERRTET ORI RATTaTaraedr Jafea: |
FehehITSY g FATHH: AR I ¢ |
makaradau gunayukto bhiisvargatitithimito
raverdivasah |

karkatakadisu satsu trayastrikah sarvarimanam ||

The Sanskrit commentary on this verse presented by
Thibaut and Dvivedt (1889) is:

T [STATTHIE — HERTaIld |

Heprer fat fat spzantfafafafae ¢ chaausaia:
(9439) BTTART: goddwaeT femam wyagaq |
THoheehTal dad FERMAT JEHE wafd |
AU | STaaenTdT Hehral URATI T STAT
TATHS Uehe s dd: Uldie TasasT

CREESEILR
qfegt: SHIUT FEFHI | 31T Heh=Tal Ao T

idanim dinamanamaha | makaradaviti |
makaradau dine dine bhiisvargatitithimita
ekanavaparicaikamitah 1591 tribhistribhih
palairyutastada dinamanam bhavedevam |
karkatakadau tadeva Sarvarimanam ratrimanam
bhavati |

3 The edition brought out by Sastry (1993) contains a different read-
ing of the verse, thereby yielding a formula for the duration of day-
time that is essentially the same as the Vedanga-jyotisa formula.
Thibaut and Dvivedi (1889) however make an emendation to the text
as they felt the text was corrupted in both the manuscripts that were
available to them (which is also mentioned in the Sastry (1993)’s edi-
tion). For our discussion, we have chosen this emended reading given
by them, for it seemed to be fitting much better with the content of
the subsequent verses.

4 The term means planets and denotes 9 in the object-numeral sys-
tem. The compound &I is to be derived as T: ITd: IS d—those
who have motion in the heavens or the space above.

@ Springer

atropapattih | avantikayam makaradau
paramalpadinamanam palatmakam
bhunavaparicaikamitam prakalpya tatah pratidinam
palatrayasya vrddhih kalpita dinamane | atha
makaradau yaddinamanam tadeva karkatakadau
ratrimanam bhavatiti tadeva karkatakadau
Sarvarimanamuditamdcaryeneti sarvam niravadyam
|

English explanatory notes corresponding to this commen-
tary are captured in the same text by Thibaut and Dvived1
(1889) as follows:

At the beginning of Capricorn the solar day (i.e., here,
the savana day) is measured by 1591 palas to which
three palas have to be added for each day; in the six
signs beginning with Cancer three aggregates of three
(added daily) give the measure of the night.

A very rough rule for calculating the length of the day
and the night at any time of the year. The shortest day,
at Avanti, is supposed to have a length of 1591 palas =
26 nadikas 31 palas. In the period intervening between
the shortest and the longest day the days are supposed
to grow by regular increments of three palas and again
to decrease by the same amount in the other half of
the year. The measure of the days in the one period
furnishes at the same time the measure of the nights
in the other period.

The equinoctial day consists of 1800 palas or 30 nadikas
or 15 muhiirtas or 12 h. The verse, by using the phrase
makaradau (“at the beginning of Capricorn”), indicates that
the Sun is at the winter solstice. Thus, the shortest day hav-
ing 1591 palas is equivalent to 13.2583 muhirtas or 10.6067
h. As per the commentary the location of Vasistha-siddhanta
points to Avanti or Ujjain in the latitudes of 23—24° N. This
is evident from the very next verse (Vasistha-siddhanta,
verse 9) which states that the zero-shadow day was observed
when the Sun was at the zenith during the summer solstice.

In addition to making the observation of the time on the
shortest day, probably using the time-measuring instruments
such as clepsydra of the unknown era of Vasistha-siddhanta,
there is a linear expression which is implied in the verse
which states that the increment of 3 palas happens per day,
all the way to the longest day over 6 months. The verse also
states that in the ensuing 6 months the night elongates by
the very same 3 palas. The rule given in the verse can be
expressed as follows:

AT =3 palas, T,

= 1591 palas. %)

It should be noted here that 7" is 1800 palas on an equinoctial
day. Figure 3 graphically represents the variations in the
actual length of the duration of day from vernal equinox to
the next vernal equinox at specific latitudes and charts the
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linear function of the equation given in Vasistha-siddhanta.
Figure 4 shows that the mean error of the derivative is the
least for latitude 23° N. Since the observations were con-
ducted from Avanti, known today as Ujjain whose latitude
is close to 23° N, it establishes a clear and direct correlation
between the two.

This makes it amply clear that the conjecture made by
Pingree to propose the location of the composition of the
text based on the fitting of the curve at the extreme solstitial
points is a limited view. The verse from Paricasiddhantika
that has been analysed shows that such linear expressions
were given in the early Indian texts to capture the non-linear
change based on the best fit for the entire range of the two
ayanas and not by merely looking at the lengths of day and
night at solstices. In other words, the data-driven analysis is
not in favor of Pingree’s conjecture.

Moreover, the presence of similar linear formulations in
the Paitamaha-siddhanta, Paulisa-siddhanta, and Vasistha-
siddhanta in the Panicasiddhantika—Dby virtue of this text
being a mere compilation of earlier works—underscores a
continued mathematical tradition in Indian astronomy.

5 Conclusion

This study undertook an empirical examination of the linear
expressions in the Vedanga-jyotisa and Vasistha-siddhanta
to analyze their mathematical and geographical relevance
in computing day and night durations. A key finding of this
research is the identification of yat-fat as an early instance
of variable representation in Indian mathematics, which

- Vasistha-Siddhanta Formula - 23N Lat

Daytime (muhurtas)

0 30 60 90 120 150

suggests that, in the tradition, Vedanga-jyotisa contains one
of the earliest known conceptions of a formula containing
a variable, which in this case is the number of days elapsed
since the winter solstice.

Our data-driven analysis validates that the Vedanga-
Jyotisa equation aligns most accurately with latitudes of
27-29° N, reinforcing (Ohashi, 2009)’s argument that its
formulation was related to the duration of the day in the
latitude region around 29° N and has nothing to do with the
duration of the daytime in the Mesopotamian region or with
their tabulations in Babylonian texts as claimed by Kugler
(1900), Neugebauer (1952), Pingree (1973), and Van der
Waerden (1974) and others, by considering the values of
the duration of the day merely at the two solstices. The
study also provides the first systematic error analysis of the
Vedarga-jyotisa equation, using mean absolute error analy-
sis to demonstrate that its linear approximation was designed
to best fit the entire ayana (6-month period) rather than just
solstitial days.

Furthermore, our examination of the Vasistha-siddhanta
shows that the formulae given therein for the variation of the
day time expressions is different from the one in Vedarnga-
Jyotisa and actually aligns well with the durations associ-
ated with latitudes around 23° N, corresponding to Ujjain or
Avanti, further emphasizing how Indian astronomical mod-
els were adapted to specific geographical contexts. The pres-
ence of similar linear expressions in later Siddhanta texts,
including the Paitamaha-siddhanta and Paulisa-siddhanta,
demonstrates a continuous tradition of mathematical astron-
omy in India, providing insights into the evolution of these
traditions.

29N Lat -21N Lat

180 210 240 270 300 330 360 390

Day Count since Vernal Equinox (March 21, 2024 CE)

Fig. 3 Annual variation of the length of daytime in muhirta starting from the vernal equinox for different latitudes compared to the linear

expression in Vasistha-siddhanta
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Fig. 4 Mean Absolute Error when Vasistha-siddhanta formula is applied to different latitudes

These findings collectively suggest that ancient Indian
scholars were not merely recording observations but were
actively engaged in mathematical modeling to approximate
nonlinear celestial phenomena. By situating Vedanga-jyotisa
within the broader tradition of Indian astronomical sciences,
this research contributes to a deeper appreciation of the
methodological rigor and indigenous foundations of early
Indian mathematical astronomy.
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