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The Units of Time in Ancient and Medieval India

Takao Hayashi
Doshisha University, Kyoto

INTRODUCTION

HIS is a preliminary survey of time units used or mentioned in ancient and
medieval works written in Sanskrit and other Indian languages; the fields
of the works surveyed are jyautisa, pauranika, uttara-vaidika, ayurvedika, smarta,
Bauddha, and Jaina literatures, including Chinese translations of Bauddha works.
No small portion of the data presented in the following sections has already been
taken up and explained in the works mentioned at the end of this section, but I
have newly collected the data from the original sources and arranged them in my
own way according to my own interest.

My main interest lies in the great variety of the names of the units and of the
conversion ratios between them that these texts exhibit. In these texts, they are
mostly given in metrical languages. In this paper, I often put them together in
a table, which is useful for showing the numerical structure of the given time
units. The tabular presentation, however, excludes everything in the texts other
than the names and ratios. I have therefore supplied other important information
also from the texts, if any. For the yuga-manvantara-kalpa system described in
the puranas, I often abandoned the tabular presentation because the mode of the
description itself is interesting even if the resulting table would turn out to be the
same. In such cases I have closely followed the text line-by-line in reproducing
the given numerical relationships.

The sections that follow are arranged by Sanskrit alphabetical order of the
titles of the works. The unit names are spelled out in the first column of each
table but in the top row they are abbreviated to be fitted into the narrow space.
The conversion ratios printed in bold face in the tables have actually been given
in the texts; others have been obtained by calculation. I hope the two indices at
the end of this paper will facilitate the use of this survey.

References For various studies of the measurement of time in India see: Balslev

1999, Chakravarty 1975, Chattopadyay 1992, Falk 2000, Gonzélez-Reimann 2009,
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2010, Misra 1992, Ohashi 1993:168-96, 1994: 273—79, Pande 1992, S. R. Sarma
2008:19—46, 125-75, Srinivasan 1979:118-61, Subbarayappa and K. V. Sarma
1985: 49a—-61a, and Thompson 2007: 203-36.

1 ANUYOGADVARASUTRA
366
UTRA 366 defines the smallest unit of time, samaya, with a metaphor. The fol-
lowing is a free digest of the sitra. For a full English translation, see Hanaki
1970:130.
“Imagine a sturdy young man. Is the samaya equal to the time for him
to tear a piece of cotton or silken cloth?”

“No. One piece of cotton or silken cloth is produced by the integra-
tion (samagama) of the assemblage (samiti) of groups (samudaya) of
numerable number (samkhejja) of threads (tamtu). The time when
each thread is cut is different from each other.”

“Then, is the samaya equal to the time for him to cut a thread?”

“No. One thread is produced by the integration of the assemblage
of groups of numerable number of fibres (pamha, Skt. paksman). The
time when each fibre is cut is different from each other.”

“Then, is the samaya equal to the time for him to cut a fibre?”

“No. One fibre is produced by the integration of the assemblage
of groups of infinite number (anamta) of molecular aggregates
(samghata). The time when each molecular aggregate is broken is
different from each other. The samaya is smaller than that.”

Cf. the Ganitasarasamgraha below, p. 13.

367
Stitra 367 repeats exactly the same description, with minor phonetic changes, of
the same time units with the same conversion ratios as in stitra 24 of the Jambii-
dvipaprajiiapti. See p. 14 below.

368-81

The stitras that follow (368-81) treat the time units that can be expressed only
by similes (ovamia, Skt. aupamika) such as paliovama (palya-upama), sagarovama
(sagara-upama), etc.
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TAKAO HAYASHI 3

2 ABHIDHARMAKOSA

HE Abhidharmakosa with bhasya is also available in two Chinese trans-
lations, one entitled BB (R &M by X%E (T1558) and the other
ff B P (R & B am by BT (T1559).

3.888-89cC

Verses 3.88b-89c¢ (T1558.29.0062b13-16; T1559.29.0220a09-14) give the follow-
ing relationships.

Lk ksa ta la mu a ma sam
ksana FIHB 1
tatksana  HFIR 120 1
lava i 7200 60 1
muhiirta  FMEEE%? 216000 1800 30 1
ahoratra ~ HR 6480000 54000 900 30 1
masa H 30 1
samuatsara® 4 360 12 1

* [& & transcribes muhiirta as ZFK% .

" The unit santvatsara includes 6 finaratras (omitted nights, where a ‘night’ means ‘a
day and night"), which are to be removed for obtaining a lunar year (354 nights).

This table is an extension of that of the Abhidharmamahavibhasasastra, and verses
3.89d—93c, which immediately follow the above passage, describe the same kalpa
system as in that work. See section 3 below.

3 ABHIDHARMAMAHAVIBHASASASTRA

HE Abhidharmamahavibhasasastra, in the Chinese translation [ F2:3 B2 K B 2400

by &4t (T1545.27.0701b08-12), gives the following relationships.

Skt. ksa ta la mu a
FIR ksana 1
THAAE  tatksana 120 1
b lava 7200 60 1

BMEEY muhiirta 216000 1800 30 1
HK ahoratra 6480000 54000 900 130 1

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



4 THE UNITS OF TIME IN ANCIENT AND MEDIEVAL INDIA

Forty-five lines before this passage in the Chinese translation (T1545.27.0700c11—
21), the kalpa system is described.

One cosmic cycle called maha-kalpa (great kalpa, K5) consists of two kalpas,
that is, samvarta-kalpa (kalpa for destruction) and vivarta-kalpa (kalpa for creation);
and each kalpa is divided into two periods, that is, the period of destruction and
the period of non-existence after the destruction in the former case and the period
of creation and the period of existence after the creation in the latter case. Each
period is said to consist of 20 antah-kalpas (inward or medium kalpas, H5) or
HfEl3)) and consequently the mahd-kalpa consists of 80 antah-kalpas, but no defin-
ition is given to the length of the antah-kalpa. See the Dighanikaya below for a
definition.

period of destruction (#4£)) 20 antah-kalpas
period of non-existence (%23)]) 20 antah-kalpas
period of creation (Ji&#)) 20 antah-kalpas
period of existence ({£#)) 20 antah-kalpas

samvarta-kalpa {
maha-kalpa
vivarta-kalpa {

The Sanskrit terms have been restored from the Chinese transliterations and
translations. The words samuvartakalpa and kalpa occur in Prakrit form, samuvata-
kapa and kapa, respectively in the fourth and the fifth rock edicts of Asoka (Sircar

1991: 20—23).

4 ABHIDHANACINTAMANI

VERSES 2.50-52a give the following definitions.

ni ka la ka le ksa na mu a
nimesa 1
kstha 18 1
lava 36 2 1
kala 540 30 15 1
lesa 1080 60 30 2 1
ksana 16200 900 450 30 15 1
nadika 97200 5400 2700 180 90 6 1

muhiirta 194400 10800 5400 360 180 12 2 1
ahoratra 5832000 324000 162000 10800 5400 360 60 30 1

Definitions of paksa, masa, rtu, ayana, and vatsara interspersed in verses 2.61-72
and the yuga-manvantara-kalpa sysytem given in verses 2.73c—74 are the same as
those of the Namalinganusasana. See p. 24 below.

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116
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5 ARTHASASTRA

2.20.29—-38 AND 43-63
PARAGRAPHS 2.20.29—38 and 43-63 give the following relationships.

2.20.29—38
rtu la ni ka  ka na mu a

tuta
lava 2 1
nimesa 4 2 1
kastha 20 10 5 1
kala 600 300 150 30 1
nalika 24000 12000 6000 1200 “40 1

muhiirta 48000 24000 12000 2400 80 2 1
ahoratra 1440000 720000 360000 72000 2400 60 30 1

? After this definition, paragraph 2.20.35 gives another definition by means of a water
clock called kumbha or ‘jar.”

< o ha¥
GATHTHR AT STHHT: HRA=SSHIGRHRAE! 1
A5 |
Or, otherwise, naliki is (defined as the time duration in which) one

adhaka of water (flows out of) a hole of a jar; (the size of the hole is
tested by) four masakas of gold (wire) having a length of four angulas.

References On the two types of water clocks—outflowing type and sinking
bowl type—used in India see Ohashi 1993: 225-36, 1994: 27379 and S. R. Sarma
2008:125—75. Cf. Falk 2000: 117-19.

2.20.43-63
a pamay aoa
ahoratra 1

paksa 15 1

masa 30 2 1

rtu 60 4 21
ayana 180 12 6 3 1
varsa 360 24 12 6 2 1

* After this definition, paragraphs 2.20.47-53 define seven kinds of masa or ‘month’:

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



6 THE UNITS OF TIME IN ANCIENT AND MEDIEVAL INDIA

Kinds of month Number of days (ahoratras)
naksatra-masa (sidereal month) 27
candra-masa (lunar or synodic month) 297
karma-masa (working month) 30

saura-masa (solar month) 303

bala-masa (military month) 32
asvavaha-masa (horse-rider month) 35
hastivaha-masa (elephant-rider month) 40

2.20.64-66

Paragraphs 2.20.64-66 refer to a yuga consisting of five years with two intercalary
months, which are inserted at the middle of the third year and at the end of the
fiftth. Cf. Mahabharata and Lokaprajiiapti below.

1.19.6-8

Paragraphs 1.19.6-8 describe the seasonal hour, which divides the day and the
night into 8 parts (bhagas) each. The divisions are made by means either of
nadika (‘tube,” a water clock of the outflowing type) or by chayapramana (shadow
length). For the division by shadow lengths it says: ‘“Three paurusis, one paurusi,
four angulas, and midday with lost shadow: these are the four eighth-parts of a
day in the former (half). By the same (lengths), the latter (half, too,) is explained’
(1.19.7-8). The word paurusi means ‘of purusa, i.e. ‘(the length) of a man,” where
‘man’ stands for gnomon. The following table suggests that one paurust is here
equated to 12 arigulas. F in his FFEE i NIER (T2125.54.0219c08-15) refers
to the &1 (purusa), i.e. gnomon, of PU45 (four arngulas) employed in Buddhist
monasteries of seventh-century India.

2.20.39

Paragraph 2.20.39 gives more detailed data of shadow lengths.

Time past (d=length of daylight) % ﬁ % % d 3 %d g

4 10

Shadow length in angula 96 72 36 24 12 8 4 O

In the following plot, Figure 1, the circled dots indicate the shadow length at
the end of each one-eighth part (astabhaga) of the daylight except the last. The
midday shadow is “absent” (abhava) in this scheme. It follows that this scheme
is for the day when the sun’s declination becomes equal to the latitude of the
locality and that the latitude of the locality is less than the maximum declination
of the sun (about 23.5 degrees).

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116
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Figure 1: The shadow data in the Arthasastra.

Abraham (1981) points out that the above shadow data recorded in the
Arthasastra follow the formula,

d s

— =41,

2t
where ¢ is the time, s the shadow length, and g the length of the gnomon. He
explains the origin of this formula by assuming the linear relationship between
the shadow and the inverse of time with two constants, a2 and b,

5l=a-5+b.

t 8
By further assuming two particular cases, (f,s) = (d/2,0) and (d/4,g), he obtains
a = b = 2, which lead to the above formula. However, his conjecture is unten-
able not only because the formula in this form is not found in ancient India but
also, more fundamentally, because the concept of ‘the inverse of time” has not
so far been attested in ancient India. The formulas actually prescribed by Indian
authors for rough estimation of time are:

1/2

t:s/g+1

day (BSS12.52),

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



8 THE UNITS OF TIME IN ANCIENT AND MEDIEVAL INDIA

t= z(ngr ) day (Tr 65, MS 15.118, SS 13.53),

t= m day (GSS 9.8cd-gab),
where ‘day’ means the length of daylight. The abbreviations used here are: BSS =
Brahmasphutasiddhanta, Tr = Trisatika, MS = Mahasiddhanta, SS = Siddhantasekhara,
and GSS = Ganitasarasamgraha. All these formulas are equivalent to the above
formula and therefore the Arthasastra’s shadow data follow these formulas, too.
The second form of these, accepted at least by three authors, suggests that the
origin of these formulas lies in the idea that the time (t) is inversely proportionate
to the sum of the lengths of the gnomon (g) and the shadow (s) which consti-
tute the two orthogonal sides of the right triangle produced by the eclipse of the
sun ray. Even though the significance given to this particular inverse propor-
tion in ancient India is yet to be investigated, this conjecture seems much more
realistic than Abraham’s one, which is based on the unwarranted concept of the
inverse of time, as the inverse proportion was actually known in ancient India un-
der the name ‘inverse three-quantity operation’ (vyasta-trairasika, conventionally
rendered as ‘inverse rule of three’; see BSS 12.11ab, etc.).

References Compare the list of shadow lengths in the Sardiilakarnavadana
(p. 79 below). For detailed discussions on the gnomon used in India see Ohashi
1993:206—25, 1994:168—96. For a comparative study of the gnomon of the
Arthadastra and that of MUL.APIN see Falk 2000: 119—29.

6 ARYABHATIYA
3.1-2B

VERSES 3.1—2b give the following relationships.

qu pra vi na di ma va
gurvaksara 1
prana 10 1
vinadika (arkst) 60 6 1
nadi 3600 360 60 1
divasa 216000 21600 3600 60 1
masa 6480000 648000 108000 1800 130 1
varsa 77760000 7776000 1296000 21600 360 12 1

Exactly the same table is given in Sadratnamali 2.1. See Subbarayappa and K. V.
Sarma 1985: 53a. For the measurement of time by means of gurvaksaras (“heavy
syllables’) see S. R. Sarma 2008: 143—46.

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



TAKAO HAYASHI 9

The same author, Aryabhata, in another of his works called Aryabhata-
siddhanta, briefly describes the sinking bowl type of water clock called ghatika
(‘bowl”) or kapalaka (‘skull’). It is filled up with water in a period of 60 palas
and sinks into water 60 times a day-and-night. See Ohashi 1994:274. This
time-measuring device called ghatika, therefore, measures one nadi of the above
table.

3.2CD

Verse 3.2cd alludes to the divisions of arc beginning with a circle (bha-gana)
which are parallel to the above divisions of time. See Brahmasphutasiddhanta
and Siddhantasiromani below. Bhattotpala in his commentary on the Brhatsamhita
(p.23) and the younger Aryabhata in his Mahasiddhanta (1.6) also mention the
same parallelism.

3.7-8
Verses 3.7-8 define higher units: 30 manusa-ravi-varsas (human solar years) = 1
pitrya-varsa (ancestral year) , 12 pitrya-varsas = 1 divya-varsa (divine year), 12000
divya-varsas = 1 yuga (conjunction cycle), and 1008 yugas = 1 brahma-divasa (Day
of Brahma) .

1.5AB

Verse 1.5ab gives the relationships, 72 yugas = 1 manvantara (Manu'’s Period) and
14 manvantaras = 1 ka-aha (Day of Brahma), and the latter half of the same verse
uses the word kalpa in place of ka-aha.

These relationships can be put into one table as follows.

ma pi di  yu ma ka
manusa-ravi-oarsa 1
pitrya-varsa 30 1
divya-varsa 360 12 1
yuga 4320000 144000 12000 1
manvantara 311040000 10368000 864000 72 1

kalpa/brahmadivasa 4354560000 145152000 12096000 1008 14 1

3-9
Verse 3.9 divides the yuga into 4 equal parts of 1080000 years each (Fig.2). The

nomenclature is obviously influenced by the Jaina theory of cyclic time scale. See
the Jambiidvipaprajiiaptisiitra below, p. 14.

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



10 THE UNITS OF TIME IN ANCIENT AND MEDIEVAL INDIA

o dussama 1080000 years
utsarpini { -
o i susama 1080000 years
yug . _( susamd 1080000 years
apasarpini { -
dussama 1080000 years
S S
=t
' =
i o
& &
5 S
8. =
<
D D

S =susama D = dussama

Figure 2: The yuga system in the Aryabhatiya.

4.16-17
Verses 4.16-17 refer to the day-and-night of the gods and of the ancestors based
on the notion that the gods live on the North Pole and the ancestors on the far
side of the moon.

[16] The gods living in the north at the Meru mountain (i.e., at the
North Pole) see one half of the Bhagola as revolving from left to right
(or clockwise); the demons living in the south at the Badavamukha
(i.e., the South Pole), on the other hand, see the other half as revolving
from right to left (or anti-clockwise). [17] The gods see the sun, after
it has risen, for half a solar year; so is done by the demons too. The
manes living on (the other side of) the moon see the sun for half a
lunar month; the men here see it for half a civil day. (Translation by
K. S. Shukla and K. V. Sarma (1976:1.127); Bhagola = the sphere of
constellations.)

7 ARYABHATIYABHASYA OF BHASKARA I

3.2

N his commentary on Aryabhatiya 3.2 (Aryabhatiya: 2.176), Bhaskara gives the
following ‘time division” (kala-vibhaga) as an example of ‘other kinds of time
divisions.’
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na mu ya ah pa ma r ay sam yu

nadika 1

muhiirta 2 1

yama 1

ahoratra 60 “30 4-4 1

paksa 1

masa 2 1

rtu 4 2 1

ayana 12 6 3 1
samovatsara 24 12 6 2 1
yuga 120 60 30 10 5 1

? This ratio is not mentioned in this context but is employed by Bhéskara in his solu-
tion of an example (Aryabhatiya: 2.118).

8 KURMAMAHAPURANA
5.6c—8

VERSES 5.6c-8 of Piirva-khanda give exactly the same table as Visnupurana
1.3.8—-10b. See below. The next half verse (9ab) refers to the night and the
day of gods:
ratri (night) of gods = daksinayana (southward course of the sun),
dina (day) of gods = uttarayana (northward course of the sun).

9c-13
The next four and a half verses (9c-13) define the caturyuga in an unusual man-
ner.
1 caturyuga = krta-yuga + treta-yuga + = 12000 divya-varsas (divine years),
etc.
krta-yuga = 4oo00 divine years,
its samdhya = samdhyamsa = 4oo divine years,
treta-, dvapara-, tisya-yugas = 3000, 2000, 1000 divine years,
their respective samdhya = samdhyamsa = 300, 200, 100 divine years,
sum of the three samdhyamsas other = 600 divine years.
than that of krta-yuga

Here, samdhya and samdhyamsa mean respectively ‘joint” and “part of joint” and
are meant to be ‘dawn’ and ‘dusk’ of each period. The resulting table is of course

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116
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the usual one. See Brahmavaivartapurana, p. 29 below.

14-19

The next verses (14—19) define the manvantara, kalpa, and parardha:

1 manvantara = 71 caturyugas,
day of Brahma = 14 manus = 1 kalpa,
(+ antaras (intervals)”)

day of Brahma = night of Brahma = 1 kalpa = 1000 caturyugas,

1 vatsara (year) of Brahma = 360 kalpas?,
1 parardha = 100 varsas of Brahma“
(= life span of Brahma).

? This is probably implied by the following passage (16c-17b):
ha¥ haiaN AN o~
Heaea{ T <ehel FETUIETNOT F ||
o = =~ = NN
AN d Heqg: hed hed 94 99 [z |

‘By one manvantara all the intervals have been explained. There is no
doubt whatsoever (about it) in each kalpa.

The total duration of these intervals is 6 caturyugas. See Brahmasphutasiddhanta and
Manusmrtibelow. But some texts do not refer to these intervals at all. See Markandeya-
purana and Visnupurana.

" This is the reading of the text (18c-19b):

o o [aNl o VN
T FeqzTaTt<l g q Sefgsia: |
=~ = LN NN

SR THALEAST]: Rl F TGSIAHT: |
But it contradicts the immediately above line, from which we have the relationship,
1 day-and-night of Brahma = 2 kalpas, and therefore, 1 vatsara (year) of Brahma =
720 kalpas. See Visnudharmottarapurana and Siddhantasiromani.
© This is the reading of Nagar and Jos$i’s edition. Gupta’s edition has parikhyam for
parardham, in which case one hundred years of Brahma are ‘called para,” not parardha.

9 GANITAKAUMUDI

1.11C—12A

‘ 7 ERSEs 1.11c—12a give the following relationships.

gha dyu ma va

ghatika 1
dyunisa 60 1
masa 1800 30 1

varsa 21600 360 12 1

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



TAKAO HAYASHI 13

10 GANITATILAKA

11-12B

VERSES 11—12b give the following relationships.

pra vi gha a ma sam
prana 1
vinadr 6 1
ghatika 360 60 1
ahoratra 21600 3600 60 1
masa 648000 108000 1800 130 1

samvatsara 7776000 1296000 21600 360 12 1

12CD

Verse 12cd that follows the above passage says:

The remaining (time) units beginning with pravilaka are to be defined
as those which are universally known.

This pravilaka seems to be a seasonal time unit like prahara and yama though I
cannot so far attest it in Indian literature.

11 GANITASARAKAUMUDI

VERSE 1.11 gives the following relationships.

pa gha di ma va

pala 1

ghadiya 60 1
dinarayant 3600 60 1

masa 108000 1800 30 1
varisa 1296000 21600 360 12 1

12 GANITASARASAMGRAHA

1.32-35
VERSES 1.32-35 give the following relationships.
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THE UNITS OF TIME IN ANCIENT AND MEDIEVAL INDIA

sa a u sto la gha mu di
samaya 1
avali “Inn 1
ucchvasa Cntd 1
stoka ” 1
lava 49 7 1
ghatt 18865 2697 387 1
muhiirta 3773 539 77 2 1
dina 113190 16170 2310 60 30 1

“Inn = innumerable (asankhya), ® Cntd = counted (samkhyata).

Verses 34c—35

di pa ma r a va

dina 1

paksa 15 1

masa 30 2 1

rtu 60 4 21
ayana 180 12 6 3 1

vatsara 360

24 12 6 2 1

The samaya is defined as the time in which an atom (anu) passes over (vyati-
kramati) another atom. Cf. the Anuyogadvarasiitra above, p. 2.

13 JAMBUDVIPAPRAJNAPTISUTRA

24-25

St'JTRAs 24—25 (Vaksaskara 2) describe a cyclic time scale based on the two
imaginary time units, paliovama (Skt. palya-upama, ‘simile of granary”) and
sagarovama (Skt. sagara-upama, ‘simile of ocean’), which can be defined only by

similes.

=
U
U
N
12
Q

Names of periods (abbr.) Duration
susamasusama (SS) fortune-fortune 4kSu

susama (S) fortune 3kSu
susamadussama (SD) fortune-misfortune  2kSu %
dussamasusama (DS) misfortune-fortune 1kSu-42000Y T §
dussama (D) misfortune 21000Y el

dussamadussama (DD)

misfortune-misfortune 21000Y
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SS SS
- Z
g 6
(o8 =]
g1\ s S,
o B.
SD
DS+D+DD DD+D+DS

S =susama D = dussama

Figure 3: The cyclic time scale in the Jambiidvipaprajiiaptisiitra.

The abbreviations used in the last column of the table:
k = kodakodi (a numeral) = (107)> = 10"4.
Y = year
Su = sagarovama = 10kPu = 10'°Pu, where
Pu = paliovama.

Hence follows: 1 osappini = 1 ussappini = 10kSu = 103°Pu. One osappini (avas-
arpini, descending time) and one ussapini (utsarpini, ascending time) comprise
one complete cycle that repeats itself forever. Note that, just like the constituent
parts of the puranic caturyuga, the periods, SS, S , SD, and (DS+D+DD) make
the ratios, 4 : 3:2: 1. See Fig. 3.

The latter half of siitra 24, which includes three verses, gives the relationships
of time units from the smallest unit samaya to the largest countable unit sisapahelia
(see Anuyogadvarasiitra above for a definition of samaya):

avalia (Skt. avalikd) = integration (samagama) of the assemblage
(samii) of groups (samudaya) of innumerable
number (asamkhijja) of samayas,
itsasa (Skt. ucchvasa) = numerable number of gvalids,
nisasa (Skt. nih$vasa) = numerable number of dvalias.

The following table is given in the three verses.
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/ni pa  tho la mu a
usasa/nisasa 1
panu (prana) 2
thova (stoka) 14 7 1
lava 98 49 7 1

muhutta (muhiirta) 7546 “3773 539 77 1
ahoratta (ahoratra) 226380 113190 16170 2310 30 1

 This number is given in the third verse as follows:

forfooT HeedT | 9 TS dai J S|
> o bl . =
T gl WUl e STuiqeite |
Three thousand seven hundred and seventy-three iisasas: this is called
muhutta by all omniscients.

The literal meaning of this verse would be ‘3773 iisasas = 1 muhutta’ but this does
not fit in this table. We have to understand that the word iisdsa (expiration) in this
verse is an abbreviated form of iisasa-nisisa (expiration and inspiration) or panu (a
breath).

After this comes a table for the units from ahoratra to yuga.

ah pa ma u ay sam ju

ahoratta (ahoratra) 1

pakkha (paksa) 15 1

masa 30 2 1

uil (rtu) 60 4 2 1

ayana (ayana) 180 12 6 3 1
samvacchara (samvatsara) 360 24 12 6 2 1
juga (yuga) 1800 120 60 30 10 5 1

After this come the units of longer times: puvvamga = 8,400,000 vassas
(Skt. varsas, years), puvva = 8,400,000 puvvamgas. Similarly, tudiamga, tudia,
adadamga, adada, avavamga, avava, hithuamga, hithua, uppalamga, uppala, patimamga,
paiima, nalinamga, nalina, atthaniuramga, atthaniura, ajuamga, ajua, najuamga, najua,
pajuamga, pajua, cilliamga, ciilia, sisapaheliamga, and sisapahelia (= 8,400,000
vAssas Or years).

Exactly the same description, with minor phonetic changes, of the time units
beginning with samaya and ending with sisapahelia is repeated in stitra 367 of the
Anuyogadvarasiitra. See p. 2 above.

The relationship between the sisapahelia and the ussappini-osappini cycle is not
clear to me.
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14 JYOTISKARANDAKA

7
VERSE 7 refers to two kinds of classification of time (kala):

anagaya (future) samkhejja (numerable)
kala { atita (past) asamkhejja (innumerable)
vattamana (present) anamta (infinite)

8AB-10B

Verse 8ab defines the samaya as the most highly suppressed (parama-niruddha)
time that cannot be divided (avibhajja). Verses 8c—10b give the following rela-
tions.

sa us/nis pa tho la na
samaya 1
ussasa/nissasa *Inn 1
pana (prana) 2 1
thova (stoka) 14 7 1
lava 98 49 7 1
naliya (nalika) 3773 18865 2697 38> 1

*Inn = innumerable (asamkhejja).
The commentator Malayagiri inserts qvalika between samaya and ussasa/nissasa
(Skt. ucchvasa/nihsvasa):

avalika = the lowest level of properly innumerable
number (jaghanya-yukta-asamkhyata) of samaya,
ussasa/nissasa = a numerable number (samkhyeya) of avalika.

Cf. Anuyogadvarasiitra, Ganitasarasamgraha, and Jambiidvipaprajfiaptisiitra above
(pp- 2,13, and 14).

11-15

Verses 11—15 describe a water-clock of the outflowing type called naliya (‘tube’)
after which the time unit naliya was named. Verses 16—29 are concerned with
weight units, steelyard, volume units, and the quality of water to be used for the
water-clock.
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30-32
Verses 30—32 define the time units greater than naliya after stating that the quant-
ity of water necessary for the water-clock to measure one naliya is 2 adhakas.

Water for water-clock

volume  weight

na mu a pa ma sam|indadhaka  in pala
naliya 1 2 100
muhutta 2 1 4 200
ahoratta® 60 30 1 120 by
pakkha 900 450 15 1 1800 45
masa 1800 900 30 2 1 3600 90
samvacchara 21600 10800 360 24 12 1 43200 1080
?Also called dina and raimdiya. YIn bhara (= 2000 palas).

32
Verse 32 gives three qualifiers of this samvacchara (samvatsara): kamma- (karma-,
‘working’), savana- (savana-, ‘civil”), and uu- (rtu-, ‘seasonal”).

The commentator Malayagiri supplies all the quantities of water (other than
‘2”) both in volume (meya) and weight (tolya) listed in the last two columns of
the above table.

34-36
Verses 34-36 defines four kinds of year (samuvacchara):
1 dicca- (aditya-, solar) = 6 uus (seasons),
1 camda- (candra-, = 12 punnima-pariyattas (repetitions of
lunar) full-moon),
1 nakkhatta- (naksatra-, = 12 nakkhatta-camda-jogas (the interval beween
sidereal)  two consecutive conjunctions of the moon and
a lunar mansion),
1 abhivaddhiya- = 13 camda-masas (lunar months).
(abhivardhita-,
enlarged)

The last one, the ‘enlarged year,” means the year that has an intercalary month.
37-39

Verses 37-39 give the lengths of five kinds of month (masa) in terms of ahoratras
(day-and-nights or civil days):
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1 dicca- (aditya-, solar) = 303,
1 savana- (savana-, civil) = 30,
1 camda- (candra-, lunar) = 2922,
1 nakkhatta- (naksatra-, sidereal) = 272—;,

121
124 °

1 abhivaddhiya- (abhivardhita-, enlarged) = 31

The last one, the ‘enlarged month,” means an average (or mean) month when
the ‘enlarged year’ is supposed to consist of 12 months, that is,

(29%)-13 _ 121
12 - 1124

56 AND 58-59
Verses 56 and 58-59 gives the basic parameters of the five year yuga:

1juga = 5 aicca-samvaccharas (solar years)

1860 tihis (tithis, lunar days),

= 1830 ahorattas (ahoratras, day-and-nights),
60 aicca-masas (solar months),

61 uu-masas (seasonal or civil months),

62 camda-masas (lunar or synodic months),
67 nakkhatta-masas (sidereal months),

= 57 abhivaddha-masas (abhivardhita-masas, enlarged months) + 7
raimdiyas (ratridinas, night-and-days) + 1122 muhuttas (muhiirtas).

62-72,73-90
Verses 62—72 define the longer time units from puvva to sisapahelia, and verses

73—90 the cyclic time scale ussappini-osappini based on the two imaginary time
units, paliovama and sagarovama. Cf. Jambiidvipaprajiiaptisiitra above (p.14).

15 TANTRASAMGRAHA
1.2

ERSE 1.2 defines sqvana- and arksa-dina (civil- and sidereal-day):

savana-dina = one revolution of the sun (ravi)
arksa-dina = one revolution of the sphere of stars (bha-gola)
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3—4
The next two verses (3—4) give the following table, which is part of the table of
the Aryabhatiya (see p. 8 above).

gu  pra  vi na di

gurvaksara 1

prana 10 1

vinadika 60 6 1
nadt 3600 360 60 1

dina (arksa-) 216000 21600 3600 60 1

16 TRISATIKA

See Patiganita below, p. 28.

17 KEPEIEGED
T2087.51.0875C 17-20
KIEVEIEL of X8E, in T2087.51.0875¢17-19, gives the following relationships.

Skt. ksa ta la mu pra ah
IR ksana 1
THRIAR  tatksana 120 1
A lava 7200 60 1

BILEES muhiirta 216000 1800 30 1
153 prahara? 1080000 9000 150 5 1
H#&K ahoratra 6480000 54000 900 30 3-3 1

In this table, the day and the night are each divided into three seasonal hours
(IKf) but the next line (20) refers also to another method called vulgar () which
divides the day and the night each into four seasonal hours (I), where one hour
consists of four parts (7).

5 W HE®
9 1
53 4 1
H® 32 4-4 1
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21-23

In the next lines (21-23) X #E says that one month (H) consists of two parts: the
first part called black (57 has 14 or 15 days and the second part called white
(F147) 15 days. Months are therefore of two kinds, small (/)) and large (:X).

T2087.51.0875Cc23-0876A01
Then, in T2087.51.0875c23-0876a01, he gives the following relationships:

Skt. ma r ay va
H masa 1
K rtu 21
1T ayana 6 3 1
K varsa 12 6 2 1

In this table he accepts the common division of one year into six seasons (75f):
WA, BREN, WUIRF, K, W%, and BXFE. In the next lines (01-13), however, he
refers also to two other systems of seasons. One of them divides one year into
three seasons (=IKf): ZAKF, MilF, and €IF; the other into four seasons (PUIRf):
& (spring), & (summer), # (autumn), and % (winter). For the latter see the
Suvarnaprabhasasiitra below, p. 89.

T2125.54.0219C18-15

i in his M IRPMIEE (T2125.54.0219c18-15), in addition to these three
kinds of seasonal divisions, refers also to the Buddhist monastic calendar that
divides one year into five unequal ‘seasons’ (I5f), that is, %K} (winter season)
= 4 months from 16th day of the gth month to 15th day of the 1st month; FIKf
(spring season) = 4 months from 16th day of the 1st month to 15th day of the
5th month; [l (rainy season) = 1 month from 16th day of the 5th month to
15th day of the 6th month; #/f (closing season) = 16th day of the 6th month
(only one day); Kf (long season) = 3 months (less 1 day) from 17th day of the
6th month to 15th day of the gth month.

18 DIGHANIKAYA

T0001.01.0146A10-11 AND 0147B05-06

THE Dighanikaya, in Chinese translation Tooo1.01.0146a10-11 and 0147bo5-06,
gives the following relationships.
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Pali/Skt. kha/ksa la mu u ra
A khana/ksana 1
FEHS  laya/laya 60 1
EEWE S  muhutta/muhiirta 1800 30 1

BYEEE upama/upama

(E1R) rattidiva/ratridivasa

180000 3000 100 1
?7 01

This part of the Dighanikaya is available only in the Chinese translation (apart
from modern secondary translations from it), where the part is called HzC#E.
The Pali/Skt. terms in the above table have been restored from the Chinese trans-
literations and translations. The word ksana is sometimes rendered as &. See

Hirakawa 1973: 141.

About 20 pages before the above passage in the Taisho Tripitaka edition (vol. 1,
pp- 125c29—126a12), K& (maha-kalpa) and ")) (antah-kalpa) are defined as fol-
lows. Let N be the number of #fJ§f (tilas, sesame seeds) contained in a basket
whose capacity is 64 f§ (for which see below). Then,

100N years <
20 life spans of the creatures of H; =

20 life spans of the creatures of H,, =
20 1)) antah-kalpas =

1 life span of the creatures of H,,
1 life span of the creatures of
Hi(i=1,2,..,9),

1 &) antah-kalpa,

1K) maha-kalpa,

where H;(i = 1,2, ...,10) denote the ten hells listed in the following table. I owe
Matsumura 2005: 42 for the identifications of the Pali/Sanskrit terms.

H, H, H, H, H,
iR JEE mE S0 FIG
Pali abbuda  nirabbuda  ababa ahaha atata
Skt. arbuda  nirarbuda hahava  huhuva  atata
He H, Hs H, H,o
[HRCRE  ZHEZER IR fUWEE OFER]  BRUHEE
Pali sogandhika uppalaka kumuda pundari ka paduma
Skt.  sugandhika  utpala  kumuda pundarika padma

Therefore, one maha-kalpa is greater than
20"’ X 100N = 1,024, 000,000,000, 000N years.

The Chinese word ff} stands for a Chinese volume unit but here it seems to be
used, irrespective of its actual quantity, for translating the Skt/Pali term kharaka
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(usually known as khara or khart) used for volume measure from old times. This
is known from two parallel passages in the #EH#E (Too24) and EHAKFE
(Too25). In the EH#E (Too24.01.0329b12), the volume of the sesame seeds
is said to be 20ff} and this fi} is referred to as that of Kosala (e = fitl = ).
Moreover, in the EHARKFE (T0025.01.0384bo9g), the same quantity is said to
be ‘20 kharakas of Kosala’ (A REFER T —+{EWEM). The reason why the
volume of the sesame seeds is 64 ff} in the THECHE but 20 ff in these passages is
not clear.

19 NATVASIVAM

HE Natvasivam is an anonymous Gujarati commentary on the paribhasa section

(weights and measures) of Sridhara’s Tridatika. It begins with an invocatory

verse, starting ‘natvd $ivam...” (‘Having bowed down to Siva, ..."). For the man-
uscripts (H1, H2, O1, O2) used here see the “Primary Sources” (p.98 below).

These manuscripts (H1.6a, H2.33b, O1.7a, O2.11b) first add the three units,
unmilana (or nimesa), prana, and vinadika to the table of Trisatika (see Patiganita,
p. 28 below, where ghati = nadr).

Type A
u pra Vi naa
unmilana 1
prana 20 1
vinadika 120 6 1
nadi 7200 1360 60 1

aharnisa 432000 21600 3600 60 1

Then, they rewrite the same table with different names. The name panivala
used in place of vinadika is very rare.

Type B

ni  pra  pa gha a
nimesa 1
prana 20 1
panivala 120 6 1
Shadi 7200 1360 60 1

ahoratra 432000 21600 3600 60 1

Three of the manuscripts (H1.6a, H2.34a, O2.11b) extend the table up to the
varasa (i.e., varsa) or the year, which is the highest unit in the table of the Trisatika.
The units, parva (Skt. parvan) and adityavara (‘Sunday’), introduced in this table
are quite rare.
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a par a pak ma r va

ahoratra 1

parva (parvan) 6 1

adityavara 75 1i 1

paksa 15 25 2 1
masa 30 5 4 2 1
rtu 60 10 8 4 21

varasa (varsa) 360 60 48 24 12 6 1

Two of them (H2.34a, O2.11b) also give the number of the smaller units of
Type B that comprise one varasa.

nimesa prana  panivala  ghadi ahoratra

varasa 155520000 7776000 1296000 216000 360

These manuscripts (H1.6a, H2.34a, O1.7b, O2.11b) also give a caturyuga-
manvantara-kalpa system, which is an amalgamation of the Manusmrti’s yuga
system and the Arybhatiya’s kalpa system.

va ka dva tre kr caii ma ka
varasa 1
kaliyuga 432000 1
dvaparayuga 864000 2 1
tretayuga 1296000 3 3/2 1
krtayuga 1728000 4 2 4/3 1
caiikadt 43200000 10 5 10/3 5/2 1

manvantara 311040000 720 1360 240 180 72 1
kalpa 4354560000 10080 5040 3360 2525 1008 14 1

20 NAMALINGANUSASANA
1.3.11-13

VERSES 1.3.11-13 define the units from nimesa to vatsara (year).
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ni ka ka ksa mu ah pa ma r ay va
nimesa 1
kastha 18 1
kala 540 30 1
ksana 16200 900 30 1

muhiirta 194400 10800 360 12 1
ahoratra 5832000 324000 10800 360 30 1

paksa® 15 1
misa® 30 2 1
rtu 60 4 21
ayana® 180 12 63 1
vatsara 360 24 12 6 2 1
* They are called piirva-aparau (the former and the latter) or sukla-krsnau (white and
black).
’ They begin with Magha.

“ The sun takes the northward and the southward course in each ayana.

The first half of this table is quoted in Ganesa’s commentary on Lilavati: v. 1, p. 11
(up to verse 12a) and in MS Benares BHU B4394 Supplement §3 (up to verse
12b) (see p. 45 below).

14-20

Verse 14ab defines the visuvat and visuva as the day when the daytime and the
night-time have the same length (samaratrimdive kale). Verses 14c-19 enumerate
the names of the months (masas) and of the seasons (rtus). Verse 20ab states
that the six rtus begin with Margasirsa. Verse 2o0cd gives synonyms of vatsara:
samvatsara, abda, hayana, sarat, and sama.

21—22B

Verses 21—22b contain elements of the yuga-manvantara-kalpa system similar to
that of the Manusmrti.

1masa = 1 paitra-ahoratra (ancestral day-and-night),
1varsa = 1 daivata-ahoratra (divine day-and-night),
1 manvantara = 71 divya-yugas (divine yugas),
2 nr-kalpas (human kalpas) = 2000 daiva-yugas (divine yugas).

The commentator Ksirasvamin on verse 21 gives the relationships,

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



26 THE UNITS OF TIME IN ANCIENT AND MEDIEVAL INDIA

1 divya-varsa (divine year)
1 divya-yuga (divine yuga)

360 divya-ahoratras (divine day-and-nights),
12000 divya-varsas (divine years)

1 laukika-caturyuga (worldly ‘four yugas”),

1 night of Brahma

= 1000 daiva-yugas,

1 day of Brahma

and then cites three verses from Manusmrti 1.69-71 (p. 48 below).

21 NARADIYAMAHAPURANA
5.21—24C

VERSES 5.21—24c of the Piirva-khanda give the following relationships.

ni ka ka ksa gha mu di pa ma r ay ab
nimesa 1
kastha 15 1
kala 450 30 1
ksana 13500 900 30 1

ghatika 81000 5400 180 6 1
muhiirta 162000 10800 360 12 2 1

dina 4860000 324000 10800 360 60 30 1

paksa 15 1

masa 30 2 1

rtu 60 4 21

ayana 180 12 6 3 1

abda 360 24 12 6 2 1
5.24D—31

Verses 5.24d-31 give the following relationships.

1 divya-dina (divine day-and-night) = 1abda,
1 paitra-dina (ancestral = 1 masa,
day-and-night)
1 daivata-yuga (divine yuga) = 12000 divya-varsas (divine year),
1 manvantara 71 divya-yugas (divine yugas),
2 nr-kalpas (human kalpas) = 2000 daiva-yugas (divine yugas),
1 day of Brahma = (1 night of Brahma) = 1000 caturyugas,
1 masa (month) of Brahma = 30 day-and-nights of Brahma,
1 vatsara (year) of Brahma = 12 masas of Brahma,
1 day of Visnu = 1 night of Visnu = 2 X parardha (half of para).
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The parardha in the last line is not defined here but is said to be 100 years of
Brahma in the Kiirmamahapurana (see p.11 above) and therefore equals 72000
kalpas; in mathematics it is usually used as a numeral for 10'7.

22 PANCASIDDHANTIKA

THE Paiicasiddhantika does not explicitly give a table of time units but does em-
ploy the following time units (Paficasiddhantika: pt. 2, p. 129).

Ui na mu a

vinadi 1
nadr 60 1
muhiirta 120 2 1

ahoratra/dyunis 3600 60 30 1

The Paficasiddhantika also refers to two kinds of yuga with regard to the
sun and the moon: verse 1.15 ascribes the yuga of 2850 years (varsas) to the
Romakasiddhanta, while verse 12.1 mentions the yuga of 5 years. For other kinds
of yuga reconstructable, see Paficasiddhantika: pt. 2, p. 151.

13.27ABC, 38BCD

Verse 13.27abc says that ‘for those who dwell on the top of the North Pole (i.e.,
for the gods) the sun, having risen once, is visible for six months beginning with
Mesa.” Verse 13.38bcd says that ‘those who dwell on the moon (i.e., the ancest-
ors) see the sun for half a paksa on either side of the disappearance of the moon;
otherwise there is no light.” (trans. by Pingree).

23 PADARTHADHARMASAMGRAHA

RASASTAPADA in his Padarthadharmasangraha (commonly called Prasastapada-
bhasya, see edition p. 63) enumerates the following time units without con-
version ratios:

ksana, muhitirta, rtu, manvantara,
lava, yama, ayana, pralaya,
nimesa, ahoratra, samuvatsara, maha-pralaya.
kastha, ardhamasa, yuga,

kala, masa, kalpa,

Sridhara in his Nyayakandali on this passage gives conversion ratios for the
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first three units (Padarthadharmasangraha: 65):

ksa la ni
ksana 1
lava 2 1

nimesa 4 2 1

Sridhara defines the nimesa as the motion of eyelash.
AR IS AR Tes: |
24 PARASARA

ARASARA’s passage on time units is cited by Bhattotpala in his commentary on
the Brhatsamhita: 23.

ni tru la ksa  ka ka na mu di
nimesa® 1
truti 2 1
lava 4 2 1
ksana 8 4 2 1
kastha 80 40 20 10 1
kala 8oo 400 200 100 10 1
nadika 8000 4000 2000 1000 100 10 1
muhiirta 16000 8000 4000 2000 200 20 2 1
dina 480000 240000 120000 60000 6000 600 60 30 1

* The nimesa is defined as ‘the time during which an altered letter (or syllable) is
uttered” (yavata kalena vikrtam aksaram uccaryate sa nimesah). Cf. Lokaprakasa, p.58
below.

25 PATIGANITA

PATTGANITA 13 (= Trisatika, paribhasa 8) prescribes the following relationships.

gha a ma va

ghatt 1
ahoratra 60 1
masa 1800 30 1

varsa 21600 360 12 1

The anonymous commentator on the Patiganita refers to the units casaka and
yuga: he points out that,
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no worldly procedures (loka-vyavahara, i.e., commercial transactions,
etc.) are made with subtle measures (sitksma-mana) beginning with
casaka and gross measures (sthitla-mana) beginning with yuga.
(Patiganita: 6)

26 BAKHSHALI MANUSCRIPT

HE following table is based on Table 12.1 of Hayashi’s edition of The Bakhshali

Manuscript.
vi li ca gha mu di ma va
vilipta 1
lipta 60 1
casaka 3600 60 1
ghatika 216000 3600 60 1
muhiirta 432000 7200 120 2 1
dina 12960000 216000 3600 60 “*(30) 1
masa 388800000 6480000 108000 1800 900 30 1

varsa 4665600000 77760000 1296000 21600 10800 360 12 1

? This ratio has been restored from the fragments of the solution to a problem on X
18.

27 BRAHMAVAIVARTAPURANA

THE Brahmavaivartapurana mentions time units at three different occasions.

PRAKRTI-KHANDA 7.70-75

First, in Chapter 7 of Prakrti-khanda, verses 70-71a refer to: 7 varas (weekdays),
16 tithis (lunar days, not 15!), 12 masas (months), 6 rtus (seasons), 2 paksas (fort-
nights), and 2 ayanas (half years). Verse 71bcd defines: 4 praharas each for day
and night, and 30 dinas (days) = 1 masa (month). Verse 72a refers to 5 kinds of
varsa (year) and 72cd to the cyclic nature of the ‘four-fold yuga” (yuga-catustaya).
Verses 73—75 give the following relationships.

1 human year = 1 divine day-and-night,
[hence, 360 human years 1 divine year, |
360 human yugas = 1 divine yuga,
1 manvantara = 71 divine yugas = 1 life span of Indra,
1 day-and-night of Brahma = 28 Indras (i.e., manvantaras),
108 years (varsas) (of Brahma) = 1 life span of Brahma.
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PRAKRTI-KHANDA 54.27-30B

Second, in Chapter 54 of the same khanda, verses 29—30b give the following re-

lationships.
da mu ya va pa ma va
danda® 1
muhiirta 2 1
yama® 4 1
vasara 60 30 8 1
paksa 15 1
masa 30 2 1
varsa 360 24 12 1

* Use of the word danda (stick) for a time unit is very rare. Here it denotes half the
muhiirta, which is usually named nadika or ghatikia. The preceding verses (27c—28)
describe the bowl (patra) used for measuring one danda as follows:

Wwﬁmﬂiwnwu
W@@%W |
QIGN'!M%CI qrE d(‘°h|(’> QUSHq el

‘A bowl is made from six palas (of a certain kind of metal (probably cop-
per; see Bhigavatapurana below)). (Its) depth is four angulas. It has a
hole (at its bottom) made by means of one misa of gold (in the form of)
stick of four anigulas (that is to say, the size of the hole is tested by using
a stick of four anigulas made of one masa of gold). The time for which
the bowl is filled with water is the danda.’

See S. R. Sarma 2008: 145—75 for the sinking-bowl type of water clock described in

astronomical works.

" The ratio of yama to muhiirta is given here as 4 : 1, but the former must have been a
seasonal (variable) time unit like prahara defined in verse 7.71bc. See above.

PRAKRTI-KHANDA 54.30C—32B

Verses 30c—32b of the same
night.

1 human month =

1 human year =

chapter define the ancestral and divine day-and-

1 ancestral day-and-night, where the day is
krsna-paksa and the night is Sukla-paksa

1 divine day-and-night, where the day is
uttarayana and the night is daksinayana.
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[
Sukla mid-8 C’.) krsna mid-8
O

Figure 4: The night and the day for the ancestors.

31

In the works surveyed, we find three kinds of definition of the ancestral and
divine day-and-night.

For the ancestors (see Figure 4),

[1] Day = krsna-paksa, i.e., full moon to new moon, and night = Sukla-paksa,
i.e., new moon to full moon: Manusmrti 1.66 = Vayupurana 57.9 =
Brahmandapurana 1.29.8c—9b = Mahabharata 12.224.15 = Matsyapurana
142.6; Brahmavaivartapurana, Prakrti-khanda 54.30c-31b; Ksirasvamin on
Namalinganusasana 1.3.21.

[2] Day = Sukla-paksa, i.e., new moon to full moon, and night = krsna-paksa, i.e.,
full moon to new moon: Brahmavaivartapurana, Krsnajanma-khanda 96.83.

[3] Day = mid 8th day of krsna-paksa to mid 8th day of sukla-paksa, and
night = mid 8th day of sukla-paksa to mid 8th day of krsna-paksa: Visnu-
dharmottarapurana 1.73.14-16b and 2.168 (fol. 295ab); Arybhatiya 4.17cd
(implicit) and Stryadeva on it (explicit); Paficasiddhantika 13.38bcd;
Brahmasphutasiddhanta 21.8cd (implicit) and Prthtidaka on it (explicit).

Note that the Brahmavaivartapurana has the two mutually contradicting defini-
tions, [1] and [2].

For the gods (see Figure 5),
[1] Day = uttarayana or the sun’s northward course, i.e., o point of Makara
to o point of Karkata, and night = daksinayana or the sun’s southward
course, i.e.,, o point of Karkata to o point of Makara: Manusmrti 1.67 =

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



32 THE UNITS OF TIME IN ANCIENT AND MEDIEVAL INDIA

Karkata 0

Tula 0 Mesa 0

Makara 0

Figure 5: The night and the day for the gods.

Vayupurana 57.13 = Brahmandapurana 1.29.13¢—-14b = Mahabharata 12.224.16
=~ Matsyapurana 142.10; Visnusmrti 20.1-3; Brahmavaivartapurana, Prakrti-
khanda 54.31c-32b and Krsnajanma-khanda 96.84; Visnupurana 1.3.10cd;
Naradiyamahapurana 5.25ab; Ksirasvamin on Namalinganusasana 1.3.21.

[2] Day = daksinayana or the sun’s southward course, i.e., o point of Karkata to
o point of Makara, and night = uttarayana or the sun’s northward course,
i.e., o point of Makara to o point of Karkata: Kiirmamahapurana 5.6¢-8.

[3] Day = the sun’s northern course, i.e., o point of Mesa to o point of Tula, and
night = the sun’s southern course, i.e., 0 point of Tula to o point of Mesa:
Visnudharmottarapurana 1.73.12c-13 and 2.168 (fol. 295ab); Arybhatiya
4.16ab + 17ab (implicit) and Siiryadeva on it (explicit); Pasicasiddhantika
13.27abc; Brahmasphutasiddhanta 21.7ab + 8ab.

The third definition [ 3] in both cases seems to have been invented after the In-
dian astronomers adapted the Puranic cosmography with the flat Earth (bhiimi)
and the world axis Meru where the gods live to a spherical astronomy which
retains Meru at the North Pole of the round Earth (bhii-gola).

PRAKRTI-KHANDA 54.32C—40
Verses 32c—40 of the same chapter define the caturyuga.

1 caturyuga = 12000 divine years,
1 krta-yuga = 4000 divine years,
1 treta-yuga = 3000 divine years,
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1 dvapara-yuga

1 kali-yuga

samdhyas (S) and samdhyamsas (SA)
1 caturyuga

1 krta-yuga (including S and SA)

1 tretd-yuga (including S and SA)

1 dvapara-yuga (including S and SA)
1 kali-yuga (including S and SA)

2000 divine years,

1000 divine years,

2000 divine years in total,
4320000 human years,
1728000 human years,
1296000 human years,
864000 human years,
432000 human years.

These relationships may be put into one table.

1 caturyuga

divine years  human years  ratio

samdhya 400 144000

krta-yuga 4000 4800 1440000 1728000 4
samdhyamsa 400 144000

samdhya 300 108000

treta-yuga 3000 3600 1080000 1296000 3
samdhyamsa 300 108000

samdhya 200 72000
dvapara-yuga 2000 2400 720000 864000 2
samdhyamsa 200 72000

samdhya 100 36000

kali-yuga 1000 1200 1360000 432000 1
samdhyamsa 100 36000

Total 12000 4320000

KRSNAJANMA-KHANDA 96.48-56, 58C, AND 62C

Third, in Chapter 96 of Krsnajanma-khanda, verse 48 states that the time (kala)
originates from parama-anu or the ultimate particle and verses 49-56, 58¢c, and
62c give the following relationships.
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Verses 49-51

pa a tra tru  ve lav ni ksa ka lagh
paramanu 1
anu 2 1
trasarenu 6 3 1
truti 18 9 3 1
vedha 1800 900 300 100 1
lava 5400 2700 900 300 3 1
nimesa 16200 8100 2700 900 9 3
ksana 2700 27 9 3 1
kastha 13500 135 45 15 5 1
laghu 135000 1350 450 150 50 “10 1

? 15 in the Bhagavatapurina. See p. 41 below.

Verses 52-56, 58¢, and 62c
lagh da mu pra ti pa ma r ay ab
laghu 1
danda® 15 1
muhiirta 30 2 1

prahara 1

tithi 60 30 44 1

paksa 15 1

masa 30 2 1

rtu 60 4 21
ayana 180 12 6 3 1
abda 360 24 12 6 2 1

* Verses 52-53b give two kinds of definition of the danda as follows.
03 TN N l
< . e S
IR AT Agreageges: IR I
[ .

EIUTHTY: 'iz(‘llr‘\%i QIQCHW\ﬂ(’)%d‘-U

Fifteen laghus constitute one danda. Listen to (my words on) its quantity
(i.e., duration). (The bowl for water measuring one danda) weighs half
of twelve palas and has a hole (at its bottom) made by means of four

masas of gold of four angulas. The time during which (the bowl is) filled
with one prastha of water (is the danda).

The description of the bowl in verses 52c¢—53b resembles the one given in verses
54.27¢c-28 of Prakrti-khanda cited above. Exactly the same verse (dvadasardha...) oc-
curs in Bhagavatapurana 3.11.9, where the bowl is used for measuring the nadika.

The above table beginning with paramanu, except danda and tithi, is the same
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as the table of Bhagavatapurana 3.11.4—12. See below under that work for paramanu,
anu, trasarenu, and prahara.

KRSNAJANMA-KHANDA 57-82

Verses 57-58b of the same chapter list the five kinds of varsa, i.e., samvatsara, pra-
vatsara, ilavatsara, anuvatsara, and vatsara. Verses 58d-63 give the names of 12
masas, 6 rtus and 2 ayanas together with their relationships. Verse 64 refers to the
annual cycle of the increase and decrease of the day and the night. Verses 65—
66a define the sukla- and krsna-paksas. Verses 66b—68b count 15 tithis: pratipada,
dvitiya, ..., caturdasi, and kuhii (i.e., amavasya). Verses 68c—73b enumerate the
names of the 28 naksatras; verse 73cd mentions that the sruti counts only 27 of
those; and verses 74—76 explain the reason why Abhijit was introduced as a 28th.
Verses 78-81a enumerate the names of 25 yogas and verses 81b—82 the names of
11 karanas.

KRSNAJANMA-KHANDA 83—-86B
Verses 83-86b of the same chapter give the following relationships.

1 human masa = 1 ancestral day-and-night, where the day is

$ukla-paksa and the night is krsna-paksa,

[this contradicts verses 54.30c—40 of
Prakrti-khanda cited above];

1 human vatsara = 1 divine day-and-night, where the day is
uttarayana and the night is daksinayana;
1 manvantara = 71 divya-yugas,
1 life span of Manu = 25560 (human yugas) = 1 life span of Indra.

“ I emended the text (86b), AT F=2Id 9H to T¥: T WH, Without the emenda-
tion, the text means 25500, which nothing seems to support. The number, 25560, is
obtained from 71 X 360 by using the relationship, 1 divine yuga = 360 human yugas,
which is stated in verse 7.73 of Prakrti-khanda. See p. 29 above.

KRSNAJANMA-KHANDA 86C—88

Verses 86c—88 of the same chapter say that, since no motion of the sun exists in
the Brahma-loka, the residents know the day and the night through the fall of
Indra (Sakra-pata), and give the following relationships.

Just as 1 human pala = 2 dandas, so
1 Brahma’s pala = 1 fall of Indra,
1 Brahma’s misa = 30 Brahma’s dinas,
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1 Brahma’s abda = 12 Brahma’s masas,
1 life span of Brahma = 100 Brahma’s abdas.

KRSNAJANMA-KHANDA 89—93

Verses 89—93 of the same chapter say that, since there is no motion of the sun,
moon, planets and zodiac in the Visnu-loka, the residents know the time from

1 Visnu's pala = 1 nimesa (twinkling) of Visnu;

and that the day comes when the world is lit by Visnu's brightness (tejas) and
the night comes when he goes back to his palace.

KRSNAJANMA-KHANDA 94—96B

Verses 94—96b say that, for the residents of the seven nether worlds (patalas), the
day is known from the shining jewel on the hood of the serpents, the evening by
lighted fire, and the night by the overwhelming darkness. They know the time
by means of a copper pot (tamri) used as a water clock.

KRSNAJANMA-KHANDA 96C—-106

Finally, for the seven nether worlds, verses 96c—106 repeat the same caturyuga
system as above in a slightly modified fashion.

yugas dvnyrs  hmnyrs

krta-yuga 4000 + 800 1728000

treta-yuga 3000 + 600 1296000
1 caturyuga
dvapara-yuga | 2000 + 400 864000

kali-yuga 1000 + 200 432000

Total 12000  “4320000

“ I emended the text (106a), FHETATRRING: to SaTTATNETE:.
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28 BRAHMASIDDHANTA
1.12C-15A

FOR the time shorter than one day (i.e., a day and night) Brahmasiddhanta 1.12¢c—
14b give two alternative (yadva) tables.

System 1 (verses 12c-13b)

ni  ka ka ksa na

nimesa 1
kastha 18 1
kala 540 30 1

ksana 16200 9oo 30 1
nadi 97200 5400 180 6 1

System 2 (verses 13c-14b)

gu pra vi gha

gurvaksara 1
prana 10 1
vinadt 60 6 1

ghatika 3600 360 60 1

Verse 14c mentions $visa as a synonym of prana. Verse 15a gives the relation,
60 nadis = 1 ahoratra. The common usage suggests that ghatika and nadi are syn-
onymous with each other and this is confirmed by the relation, 60 vinadis = 1
ghatika, in System 2. But, Systems 1 and 2 of the Siddhantasiromani and of the
Siddhantasekhara (see below) suggest that here the ahoratra of System 1 is a civil
day and that of System 2 is a sidereal day.

15B—44
The units higher than ahoratra, that is, masa, rtu (= 2 masas), etc. up to kalpa, with
the same conversion ratios as defined in the Siiryasiddhanta (see below) are also
given in verses 15b—44.
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29 BRAHMANDAPURANA

HE Brahmandapurana (BAP) has a number of passages in common with the

Vayupurana (VP). The verses are exactly the same in many places (some-

times with minor variants). I only give here their concordance. For the details of
the topics see the Vayupurana below, p. 61.

BAP vp Topics

1.13.113¢c-14b 31.26 Five kinds of time divisors, ahan to ayana.
114c—16b 27-28 Five-year yuga.
147cd 49ab Five-year yuga.

1.21.116 (=29.6) 50.169 (=57.7) Time units from nimesa to ratryahani.
117-18b 170 Increase and decrease of day and night.
118c—22 171-75b Five divisions of the day time, pratar etc.
123—24 176—77 Increase and decrease of day and night.
125—-26b 178 Time units from ahan to saura-varsa.
126¢—30b 179-82 On the varamsa (?, caramsa in VP).
130C—32 183-84 Five-year yuga.

133—36" 185-88 Parameters of the five-year yuga.

137 189 Four kinds of time measurement, solar, etc.
1.29.5¢d 57.6cd Def. of nimesa.

6 (=21.116) 7 (=50.169) Time units from nimesa to ratryahani.

7-8b° 8 Sun’s causality of the day and the night.

8c—12b° o—11 Time for ancestors.

12¢-16 12-16 Time for gods.

17-18 17-18 Saptarsi year and Dhruva year.”

19—21° 19-20 Relation between human and divine years.

22 21 Narration: “This was told by the sages (sis).”

2329 22-28 Def. of the yuga system in divine years.

30-31¢,834d—36"  29-32 Def. of the yuga system in human years.

37-39 33-35 Def. of manvantara.

? BAP 1.21.133a reads trimsacchatam instead of vimsam $atam of VP 50.185a. If we
accept this ratio, 130 parvans = 1 yuga, the table would be as follows. Compare the
third table of the Vayupurana below, p. 61.

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



TAKAO HAYASHI 39

ah  pa s-ma s-r s-ay va yu

ahoratra 1

parvan 45 1
saura-masa 30(;) 2g 1
saura-rtu 61 4 % 1

saura-ayana 183 13 6 3
varsa 366 26 12 6 2 1
yuga 1830 130 60 30 10 5 1

" BAP 1.29.7d reads HINSIEHT instead of ﬂﬁ‘ﬁ’ﬁ% of VP 57.8b. Obviously the

former is incorrect.

“ BAP 1.29.12 reads g1 JATRRRT instead of TR of VP 57.11c. The reading of
BAP equates 100 human years with 3 ancestral years plus 10 ancestral months, but
this equation is wrong.

4 VP 50.18d reads i instead of g9 of BAP 1.29.18d.

¢ BAP 1.29.19a reads Sfgzifd instead of ﬂ%ﬂﬂof VP 57.19a. The reading of BAP, 26000
human years, is wrong.

f BAP 1.29.26¢ reads TH=EH instead of THTAEH of VP 57.24c.

$ BAP 1.29.31d-34c¢ do not occur in VP. These verses give the lengths of the freta-,
dvapara-, and kali-yugas in human years: 1080000, 720000, and 360000.

" BAP 1.29.35¢d reads [ERRICE] EIERSIGIIT] RO 3 instead of ﬁgm:iw%m%mﬁ
g ar= 3 of VP 57.32ab. Both are incorrect. This line should be: fFRIaT=aa SfgaTreRETT=
g AT 3. See under Vayupurana, p. 61.

30 BRAHMASPHUTASIDDHANTA

1.5—-6
VERSES 1.5-6a give the following relationships.

pra vi  gha di ma va
prana 1
vinadika (arkst) 6 1
ghatika 360 60 1
divasa 21600 3600 60 1
masa 648000 108000 1800 130 1
varsa 7776000 1296000 21600 360 12 1

According to verse 1.6bcd, these time divisions except prana correspond to
the divisions of the spherical linear space (i.e., arc) as follows.
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Time day Space (arc) degree

vinadika  0;0,1 vikald 0,0,1
ghatika ~ o;1  lipta 0;1
divasa 1 amsa 1
masa 30 rasi 30

varsa 360 bha-gana 360

1.7-8
Verses 1.7-8 define the caturyuga (‘the four yugas’):

1 caturyuga

4320000 ravi-varsas (solar years)
kaliyuga + dvaparayuga + tretayuga + krtayuga,

where
1 kaliyuga = < of caturyuga,
1 dvaparayuga = = of caturyuga,
1 tretayuga = % of caturyuga,
1 krtauyga = -+ of caturyuga.

1.10

Verse 1.10 defines the kalpa:

1manu = 71 caturyugas,
1 kalpa = 14 manus + 15 samdhis.

The samdhi (‘joint”) connects two consecutive manus and is placed also at the
beginning and the end of the kalpa; its length is equal to the krtayuga. Therefore,

1 kalpa = 1000 caturyugas.

This caturyuga-manu-kalpa system is exactly the same as that of the Siirya-
siddhanta (see p. 91 below).

1.11

Verse 1.11 refers to the people ‘who do not want samdhi for the interstices; their
kalpa consists of 994 caturyugas.” Presumably Brahmagupta is here referring to
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some puranas. The Matsyapurana, for example, gives the relationships, ‘1 kalpa
= 14 manvantaras’ and ‘1 manvantara = 71 caturyugas’, without mentioning the
samdhi. See below. Some other purianas, however, add the relationship, ‘1 kalpa
= 1000 caturyugas’, without mentioning the samdhi, in which case the additional
term, ‘+ 15 samdhis,” in the definition of the kalpa may have been understood. See,
for example, the Bhagavatapurana and Markandeyapurana below (pp. 41, 56).

21.7AB + 8

Verses 21.7ab + 8ab say that the gods, who live on Meru (21.3), ‘always see the
northern half of the ecliptic beginning with Mesa going to the right” (7ab) and
therefore ‘see the sun which has risen once for half a solar year” (8ab). Verse
21.8cd says that the ancestors who live on the moon see the sun for half a lunar
month. The Brahmasphutasiddhanta itself does not specify the beginning and end
of the day and of the night but the commentator Prthiidaka defines the day of
the ancestors as follows: ‘From half of the eighth (tithi) of krsna-paksa to half of
the eighth (tithi) of Sukla-paksa the ancestors see (the sun).’

31 BHATTOTPALA

1.19, 7.2 AND 7.12

BHAIIOTPALA on Brhajjataka 1.19, 7.2 and 7.12 refers to the following relation-
ships. The use of casaka instead of pala is noteworthy.

ca gha di ma va

casaka 1
ghatika 60 1
dina 3600 60 1

masa 108000 1800 130 1
varsa 1296000 21600 360 12 1

32 BHAGAVATAPURANA
3.11.4-12

VERSES 3.11.4—-12 give the following relationships.
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Verses 4-7
pa a tra tru  ve lav ni ksa ka lagh
paramanu 1
anu 2 1
trasarenu 6 3 1
truti 18 9 3 1
vedha 1800 900 300 100 1
lava 5400 2700 90O 300 3 1
nimesa 16200 8100 2700 900 9 3
ksana 2700 27 9 3 1
kastha 13500 135 45 15 5 1
laghu 202500 2025 675 225 75 15 1
Verses 8-12
lagh na mu pra ah pa ma r ay va
laghu 1
nadika® 15 1
muhiirta 30 2 1
prahara 6 or 7 1
ahan 60 30 4-4 1
paksa 15 1
masa 30 2 1
rtu 60 4 21
ayana 180 12 6 3 1
vatsara 360 24 12 6 2 1

* The bowl for measuring the nadika is described in verse 9, which is identical with
verses 96.52¢c-53b of Krsnajanma-khanda of the Brahmavaivarta-purana, although the
unit is there called danda. See above.

< = Y o Ny
SIERTT AT Ty |
Y R
EIUTHTY: S[zdlr‘\‘“@ﬁ qmd(ﬂﬂ@%d‘i“ R
(The bowl for water measuring one nadika) weighs half of twelve palas
and has a hole (at its bottom) made by means of four masas of gold of

four angulas. The time during which (the bowl is) filled with one prastha
of water (is the nadika).

This table is interesting in two senses. First, it starts with the three units
named paramanu, anu, and trasarenu, which are usually used for linear measures.
Second, it includes the seasonal hour prahara in addition to the fixed time units.

The word paramanu literally means the “ultimate particle’ but here it is a time
unit defined as follows (verse 4ab):

T FIcs: GATS I1 g GHETIATH | %ab |
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‘The time that enjoys the state of being a parama-anu, (as it were), is
indeed paramanu.’

The commentator Sridhara Svamin comments on this passage as follows:
‘The duration of time in which the sun passes over the space (desa) of one para-
manu (on the ecliptic) is the paramanu’ (siryo yavata paramanudesam atikramati
tavan kalah paramanuh). Cf. the definition of samaya in the Ganitasarasamgraha
above, p.13.

The unit prahara is also called a yama. According to verse 8, one prahara con-
sists of 6 or 7 nadikas depending on the seasons. According to the commentator,
the “four praharas’ for each of the day and the night exclude two muhiirtas for the
dawn (samdhya) and the dusk (samdhyamsa).

T oY aN

HeARMEdEd femifd e

‘It should be known that this excludes two muhiirtas of the dawn and
of the dusk.

Therefore, in winter for example, the distribution of the 60 nadikas of a day is as
follows (see Figure 6).

Day 6 nadikas/prahara X 4 praharas 24 nadikas
Dusk 2 nadikas/muhiirta X 2 muhiirtas 4 nadikas
Night 7 nadikas/prahara X 4 praharas 28 nadikas
Dawn 2 nadikas/muhitirta X 2 muhiirtas 4 nadikas

Total 60 nadikas

Verses 3.11.11b and 11d-12a give the relationships:

1masa = 1 ancestral aharnisa (day and night),
1 vatsara = 1 divine ahani (day and night).

3.11.14, 18-20

Verse 3.11.14 refers to the five kinds of year; samuvatsara etc.
Verses 3.11.18-20 give the definition of caturyuga. It consists of krta-, treta,
dvapara-, and kali-yugas. Let i = 4, 3, 2,1 for the four yugas, respectively. Then,

samdhya of krta-yuga etc. = 100 X1,
krta-yuga etc. = 1000 X1,
samdhyamsa of krta-yuga etc. = 100 Xi.
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Winter 0 Sunrise

pr = prahara = 6 nadikas

Midday

45 15
nadikas nadikas
Midnight

pr = prahara = 7 nadikas

30

nadikas

Figure 6: Relationship of the nadikas and the praharas of a day in winter.

Cf. the table for the caturyuga under the Brahmavaivartapurana, p. 29.

3.11.22-23
Verses 3.11.22—23 give the relationships:

1 day of Brahma = 1 night of Brahma = 1000 yugas = 1 kalpa = 14 manus,
1manu = 71 (caturyugas).

12.4.2

Verse 12.4.2 repeats the relationships:

1000 caturyugas = 1 day of Brahma = 1 kalpa = 14 manus.

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



TAKAO HAYASHI 45

33 BHU B4394

HE following table is given in §3 of the Supplement to the MS Benares BHU
B4394 of Ramacandra’s Kautukalilavati.

ni tru la ksa ki ka mu a
nimesa 1
truti
lava 4 2 1
ksana 8 4 2 1
kastha 80 40 20 10 1
kala 2400 1200 600 300 30 1

muhiirta 72000 36000 18000 9000 900 30 1
ahordatra 2160000 1080000 540000 270000 27000 900 130 1

34 MANJUSRIMULAKALPA

THE Maiijusrimiilakalpa refers to three systems of time units in patalav-
isara 24. In the following tables, G and V indicate respectively the
editions of Ganapati$astri and of Vaidya. A Chinese translation entitled

K7 RS RO AR A G TNAE (T1191) is available.

System 1 (G, pp.279-80; V, p, 218, vv. 192—3; T1191.20.0886b28-c02)

Chin. ac na gha pra di/ra ah
acchata®  HfE 1
nadika W5 100
ghatt HlE 400 4
prahara %o 1600 16 4

divasa/ratri HY 6400 64 16 4 1
ahoratra  EH® 12800 128 32 ‘8 ‘2 1

? This is a Buddhist Sanskrit word. See acchata in Edgerton 1953: 7a. Cf. Pali acchard
(Rhys Davids and Stede 1921-1925: 9). Both words, like the corresponding Chinese
word 74§, mean ‘snapping fingers.” There is another word with the same meaning:
sphotana or anguli-sphotana (-pothana in Pali). This naming is curious because this
unit is equal to 6.75 seconds.

" The Chinese translation does not refer to the ratri or X.

“ The Sanskrit original defines the ahoratra by 8 praharas, while the Chinese transla-
tionby 2 H (divasas).
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Another table is given immediately after the above table in both the Sans-
krit original and the Chinese translation but they are slightly different from each
other. Noteworthy is that the table in the Chinese translation (System 2b) uses
the decimal system of conversion ratios.

System 2a (G, p.280; V, p. 218, vv.194-95)
u/ta ksa mu  pra
unmesanimesa/tala 1

ksana 10 1
muhiirta 100 10 1
prahara 400 40 4 1

System 2b (T1191.20.0886c02-05)
ANEC AR ZHER A

A, (nisvasa) 1

W (laya) 10 1

FHE (ksana) 100 10 1

A, (muhiirta) 100 100 10 1

EK (ahoratra) 10000 10000 1000 100 1

The first two Sanskrit terms, nisvasa and laya, are tentative restorations.
After several verses from this table (G, p.280; V, p.218, verses 198—200b;
T1191.20.0886c08-10), another table for higher units is given as follows.

Chin. di pa ma va ma
divasa HE®R) 1
paksa FH 15 1
masa H 30 2 1
varsa i 360 24 12 1
maha-varsa K 12 1

The last unit in this table, maha-varsa (‘great year’), is peculiar to this work.
The same table without maha-varsa is given also a few pages earlier in the
same chapter (G, p.273; V, p.213, verses 116-17). The corresponding Chinese
translation (T1191.20.0885c03-06) too excludes K4 (for mahd-varsa) but adds
the relationship, 7N or =K =—%, which seems to be a translation of ‘6 or 3 rtus

= 1 varsa. For the 12-year cycle by Jupiter see Visnudharmottarapurana:v.2,
ch. 168 (p. 69 below).
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35 MATSYAPURANA
142.1-23

ATSYAPURANA 142.1-23 correspond to Viayupurana 57.1—28: many of these
M verses are almost the same with each other, although the former (MP)
seems to be more corrupted than the latter (VP). The following are major differ-
ences found in these verses.

e Instead of IR AET: of VP 57.11e, MP 142.8e reads 31 4 eI HIE.
This means that 100 human years = 3 ancestral years + 12 months, which
is wrong.

e Instead of &1 TG AAETH of VP 57.15¢, MP 142.11¢ reads a9 T8 Tl
This means that 100 human years = 3 divine months, which is wrong.

e Instead of %i=: Ta&: (Heron Year) of VP 57.18d, MP 142.14d reads
gadaaL: (Polaris Year), although both verses give the same number.

e Like VP 57.19—20, MP 142.15 deals with the relationship between human
and divine years but the latter misses two verse lines, i.e., 19ef-20ab of the
former. Accordingly, MP 142.15 gives the relationship, 36000 + 60000 (=
96000) human years = 1000 divine years, which does not make sense.

142.24-28

Like VP 57.29-32, MP 142.24—28 define the yuga system in terms of human years
but in different expressions.
1 krta-yuga = (10 + 2+ 5) - 10° + 28 - 103 (= 1728000) human years,
1 tretd-yuga = 1-10% +2-105 + 96 - 103 (= 1296000) human years,
1 dvapara-yuga = 8-103-10” + 64 - 103 (= 864000) human years,
1 kali-yuga = 4-105+ 32103 (= 432000) human years,

where the numbers of years include the samdhya and samdhyamsa for each period.
The decimal expressions with indexes, 10%, 103, 107, 10%, and 107 in this and the
following lists stand respectively for the Sanskrit numerals, sata, sahasra, niyuta,
prayuta, and koti used in the verses.

142.29-36B

Like VP 57.33-35, MP 142.29—32 define the manvantara in terms of human years
but in different expressions.

1 manvantara = 71 caturyugas =
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31-107 +10-10%-103+32-103 +8-10%+ 80 ( = 311032880 ) human years + 6 months.
This is incorrect. The VP gives the correct value, 306720000 human years.
MP 142.33-35 define the manvantara in terms of divine years also:
1 manvantara = 71 caturyugas = n - 103 - 10> + 40 - 103 divine years,

where 7 = 8 can be easily restored by emending the text (33c), sahasranam Satany

ahuh to sahasranam Satany astau. But further corrections of the text are necessary

in order to arrive at the correct number, 852000 divine years, which occurs in

the Markandeyapurana (see below). The Vayupurana does not have verses for this

number, although a half verse (34cd) of this passage coincides with VP 57.36cd.
MP 142.36ab defines the kalpa:

1 kalpa = 14 manvantaras,

which is missing in the corresponding section of the VP.

36 MANUSMRTI

1.64
VERSE 1.64 gives the following relationships.
ni ki ka mu a
nimesa 1
kastha 18 1
kala 540 30 1

muhiirta 16200 900 30 1
ahoratra 486000 27000 900 30 1

1.65-67

Verse 1.65 mentions that the sun divides the day and the night for both men and
gods: the day for action and the night for sleep.
Verses 1.66—67 define the day and the night for ancestors and for the gods.
1 pitrya-ratryahani = 1 masa (month),
(ancestral night-and-day) = where the day is krsna-paksa and the
night is Sukla-paksa,
1 daiva-ratryahani = 1 varsa (year),
(divine night-and-day) = where the day is udagayana and the
night is daksinayana.
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1.69-71
Verses 1.69—71 define the daivika-yuga (divine yuga) as follows.

krta-yuga = 4000 varsas,
its samdhya = samdhyamsa = 400 varsas,
treta-yuga etc. diminish 1000 varsas each and
their samdhyi and samdhyamsa 100 varsas each, and therefore
1 caturyuga = krta- + treta- + dvapara- + kali-yugas
= 12000 varsas
= 1 daivika-yuga (yuga of gods).

1.72,79
Verse 1.72 defines ‘Day of Brahma’ and ‘Night of Brahma”:
1 brahma-aha = 1 brahma-ratri = 1000 daivika-yugas.
Verse 1.79 defines manvantara (Manu’s Period):

1 manvantara = 71 daivika-yugas.

1.61-673

Verses 1.61-63 list the names of only the first seven Manus (Svayambhuva, Svaro-
cisa, Auttami, Tamasa, Raivata, Caksusa, and Vivasvat-suta or Vaivasvata), and
there is no reference to the relationship between the manvantara and the Day of
Brahma (usually called kalpa, which does not occur in this work), but there is no
doubt that the Manusmrti also admitted 14 Manus in a kalpa because the integer
number 71 in the above equation can only be obtained by dividing 1000 by 14
(1000/14 = 71.4 ... ), although it is not certain if it included 15 sandhis also as has
been suggested by the Brahmasphutasiddhanta and Siiryasiddhanta,

1 brahma-aha = 14 manvantaras + 15 samdhis,

where a samdhi comprises the same number of varsas (years) as a krtayuga to-
gether with its own samdhya and samdhyamsa, that is, 4800 daivika-varsas.

37 MAHABHARATA

HE Mahabharata enumerates the names of time units at several places without
T conversion ratios; a table with them is given only once. It is interesting that
intercalary months and days to be added to 13 lunar years are calculated accord-
ing to the 5-year yuga system in the Virata Parvan. (In this section, variants are
cited from the Poona edition.)
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VERSES 1.21.13C—14D

Kadrti, in her prayers to Indra, equates the god with many things including time
units:

You are our best refuge, O best of gods, you are the lord, ...,/13b/ you
are the muhiirta, ..., you are the dina,/ /14// you are the best holder of
wealth (i.e., the earth) accompanied by the mountains and forests, ...

The following time units are included here.

muhiirta, Sukla and bahula (paksa), — samvatsara (year),
tithi, kala, rtu (season),

lava, kastha, rajani (night), and
ksana, truti, dina (day),

VERSES 2.11.27-28

The following time units are included in a list of all kinds of existence personified
who attend Brahma in the Assembly Hall (sabha).

ksana, ardhamasa (half month), which make a

lava, masa (month), yuga,” and

muhiirta, rtu (season), six of which  ahoratra is four kinds.?
divaratri (day-and- make a

night), samoatsara (year), five of

* This refers to the 5-year yuga. See under verses 4.47.1-5 below.

" This seems to imply the day-and-nights of men, of ancestors, of gods, and of
Brahma.

VERSE 3.3.22-23A

The following time units are included in a list of 108 names of Siirya.

krta, kala, masa,

treta, kastha, rtu, and
dvapara, muhitirta, samuvatsara.
kali, paksa,

? These are the names of the four yugas and defined in verses 12.224.18c—20 (see
below), but the word caturyuga does not occur in the Mahabharata.
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VERSES 4.47.1-5

Against the doubts whether Arjuna’s appearance in a battle field broke Pandavas’
oath about the thirteenth year of their exile, Bhisma says:

O Dear One, kalah,” muhiirtah, and dinani (days) are employed (or
joined) (to measure time); ardhamasah, masah, naksatrani, and grahah
too; //1// and tavah and samvatsarah are also used. By this time di-
vision, the wheel of time (kala-cakra) proceeds.//2// But, due to the
excess (atireka) of these (time units) over time and to the deviation
(vyatikrama) of the heavenly bodies (from the uniform motions), two
months are additionally born in every fifth year (paficame paficame
varse).//3// For them, (therefore, who have just finished their exile
of thirteen years,) the additional (time) for the thirteen years is five
months and twelve nights, I think.//4// Everything prornisedb by
them has been done so exactly. Having confirmed this, Bibhatsu (i.e.,
Arjuna) came.//5// (Therefore the Pandavas did not break the oath
for the thirteenth year of their exile.)

* kalds ca tata among the variants is accepted here instead of kaldmsas tata in the text.
! pratisrutam among the variants is accepted here instead of parisrutam in the text.

Verses 1-2 in this passage refers to the ‘wheel of time,” which “proceeds” with
the division of time into various units. The units mentioned here are:

kala, ardhamasa (half month), samvatsara (year).
muhiirta, masa (month),
dina (day), rtu (season), and

The naksatra (lunar mansion) and graha (planet) mentioned in verse 1 are of
course not time units but are important means for measuring time.

Verses 3—4 calculate the additional months and nights (i.e., night-and-days)
for the 13 years of the exile according to the 5-year yuga system (cf. Arthasastra
above and Lokaprajiiapti below). In the calendar based on the the 5-year yuga,
2 months or 60 nights (= 30 X 2) were added to 5 lunar years or 1770 nights
(= 354 X 5) in order to adjust the latter to the 5 solar years of one yuga or 1830
nights (= 366X5); therefore, the ratio of the number of the additional nights to the
former number (summand) is 60 : 1770 = 2 : 59. The number of the additional
nights A(n) for n nights may have been calculated by means of Trairasika (Three
Quantity Operation), thatis, 59:2 =n: A(n), or A(n) = %. Since 13 lunar years
= 4602 nights, we have A(4602) = 156 nights or 5 months and 6 nights, which
may be confirmed by the difference between the numbers of the nights in 13 solar
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years and in 13 lunar years, that is, 366 X 13 — =354 X 13 = 4758 — —4602 = 156
nights. However, verse 4 says that ‘the additional (time) for the thirteen years is
five months and twelve nights’ (TSTRRTIRT HIET: 9= g3 d &4T:).

The translators, Ganguli (1884-1894: bk 4, sec. LII), Dutt (1988: 512), and Gar-
butt (2006: 329) do not comment on this passage. Debroy (2010-2014: footnotes
129 & 130) gives his comments, which however do not help us understand
the passage because they are based on modern calendrical knowledge. But
van Buitenen (1973-1978:3—4, intro.) rightly suggests the possibility that
Bhisma counted 12 nights, which are required for adjusting one lunar year of
354 nights to one solar year of 366 nights, for only the half year after the fifth
intercalary month inserted. This is plausible as it is probable that the shortest
time span for intercalation was taken to be one year.

Another, less plausible, explanation may be that Bhisma redundantly com-
puted additional nights also for the additional nights already obtained by the
Trairasika, A(4602) = 156(= a,), and possibly for the successive results too.

624

3481 )

The sum of the first two terms (a4, and a,) is 161;—; nights. The next a5 is less than
% and each of the succeeding terms is 5% of the preceding one; therefore the sum

Aay) = s;—; (=a2), A(as) =

of them is very small and ignorable (actually we have a, +a, +a; +--- = 161;—;, but
we cannot expect that the calculators of the Mahabharata could obtain the sum
of the infinite geometric progression). Hence, it may be that, the nearest upper
integer of the sum was taken by Bhisma to be 162 nights or ‘five months and
twelve nights.’

VERSE 12.135.20

The following time units are enumerated in an allegory of three fishes for teach-
ing that one who wants to make success should act with due attention to the time
and space.

kala, nadi, masa,
kastha, ksana, rtu,
muhiirta, lava, tulya”, and
dina, paksa, samvatsara.

* Variants for tulyah: tulyah, kalpah, tatha, kalah.
CHAPTER 12.224

Chapter 224 of book 12 begins Vyasa’s discourse on the cosmic worlds and
peoples’s duties, i.e., on the puranic topics, in reply to the question of his
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son Suka. Naturally, it shows resemblance with puranas, especially with the
Brahmandapurana (BAP) and Vayupurana (VP) and also with the Manusmrti
(MS).

VERSES 12.224.12-173

Verses 12—13 of this chapter (12ab = BAP 1.29.6ab = VP 50.169ab = VP 57.7ab)
define the units from nimesa to samvatsara:

ni ka ka  mu ah ma ay sam
nimesa 1
kastha 15 1
kala 450 30 1
muhiirta 406350 903 “305% 1
ahoratra 12190500 27090 903 30 1
masa 900 30 1
ayana 5400 180 6 1
samuvatsara 10800 360 12 2 1

“ See Vedangajyotisa below, which has: 20 kalds = 1 muhiirta.

VERSES 12.224.14—-16

The next three verses (14-16), which are almost identical with MS 1.65-67, BAP
1.29.7¢—9b and 13c-14b, and VP 57.8-9 and 13, state that the sun causes the day
and the night not only for men but also for ancestors and gods and that

1masa (month) = 1 ratryahani (night-and-day) for ancestors,
(formen)  where the day is krsna-paksa and the night is Sukla-paksa,
1varsa (year) = 1 ratryahani (night-and-day) for gods,
(formen)  where the day is udagayana and the night is daksinayana.

VERSES 12.224.18C—20

Verses 18c—20 of the same chapter, of which 19 and 20 are identical with MS 1.69—
70, define the four yugas:

1 krta-yuga = 4000 varsas,
and its samdhya = samdhyamsa = 400 varsas,
other yugas decrease by 1000 varsas in order and
their samdhya and samdhyamsa by 100 varsas.
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VERSES 12.224.28-29A

Verses 28-29a of the same chapter:

12000 (divine years) = 1 yuga,
1000 yugas = Day of Brahma = Night of Brahma.

The word kalpa in the sense ‘the Day of Brahma’ does not occur in the
Mahabharata. Gonzélez-Reimann (2009: 416) points out the possibility that the
mahakalpa mentioned in 12.323.1 is ‘synonymous with the mahayuga, i.e., the
yuga in the above equation.

VERSES 13.14.22-273

The following time units are included in a list of the objects to which Jambavati
prays for Vasudeva’s peaceful travel.

manvantara” ksapa, nimesa, and
e ksana, yuga.

rtu, lava,

vatsara, muhitirta,

* The word manvantara occurs also in verses 12.337.41 and 52.

VERSES 13.15.18C—19B

The following time units personified are included in a list of admirers of Maha-
deva.

masa, ratri, muhiirta,
ardhamasa, samuvatsara, nimesa, and
rtu, ksana, yuga.

VERSES 13.143.30

Visnu, under the name Visvaksena, is equated with various kinds of things, gods,
etc. including the following time units.

samuvatsara, kala, lava, and
rtu, kastha, ksana.
ardhamasa, matra®,

ahordtra, muhitirta,

? Variants for matra: mamtra, kastha.
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SUMMARY

To sum up, the following unit names, including synonymes, are referred to in the
Mahabharata. Those with asterisks are given conversion ratios to other units.

ayana,* truti, muhtirta,*
ardhamasa (half month),  treta-yuga,* yuga,*

ahoratra* dina (day), rajani (night),
(day-and-night), divaratri ratri (night),
rtu* (season), (day-and-night), ratryahant

kala,* dvapara-yuga,* (night-and-day),
kali-yuga,* nadz, lava,

kastha,* nimesa,* vatsara (year),
krta-yuga,* paksa, varsa* (year),
ksana, bahula(-paksa), Sukla(-paksa),
ksapa (night), manvantara, samdhya,*

tithi, matra, samdhyamsa,*
tulya(?), masa* (month), samvatsara* (year).

38 MAHASANGHIKAVINAYA

THE Mahasanghikavinaya, in Chinese translation FES &, T1425.22.0360a12-
16, gives the following relationships.

Skt. ksa ni ac la mu ah
& ksana 1
Bt nimesa 20 1
S$5 acchata 400 20 1
B laya 8000 400 20 1

X, muhiirta 160000 8000 400 20 1
H# ahoratra 4800000 240000 12000 600 30 1

The Sanskrit/Pali original is not extant. The Sanskrit terms in the above table
have been restored from the Chinese translations and transliterations. For acchata
see System 1 of the Mafijusrimiilakalpa above, p. 45.

39 MAHASANNIPATASUTRA

THE Mahdasannipatasiitra, in Chinese translation X775 K##%, To397.13.0276a25-
27, gives the following relationships.
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Skt. ksa  ka mu a
IR ksana 1
Bl kala 1600 1
RIS muhiirta 96000 60 1
H& ahoratra 2880000 1800 30 1

The Sanskrit original is not extant. The Sanskrit terms in the above table have
been restored from the Chinese translation and transliterations.

The words, H1#)) (antah-kalpa), 355 (samvarta-kalpa), %)) (vivarta-kalpa), and
K& (mahd-kalpa), are also employed in this text, but their definitions are not
found.

40 MARKANDEYAPURANA
46.23-38B

ERSES 46.23—25b give exactly the same table of time units as that of
Visnupurana 1.3.8—10b. See below.
Verse 46.25cd mentions the relation,

1 varsa (year) = 1 daiva-ahoratra (divine day-and-night),

and the next five and a half verses (46.26—31b) define the caturyuga in the same
way as Manusmrti 1.69—71 do. Finally, verses 46.31c—38b give the relationships:

1 day of Brahma = 1000 caturyugas
= 14 manus (or manvantaras),
1 manvantara = 71 caturyugas
= 306720000 manusa-abdas (human years)
= 800000" + 52000 (= 852000) divya-varsas (divine years).

? Temended the text (37b), IdH to AqH; otherwise the text would mean 8ooo instead
of 8oo000.

41 YAVANAJATAKA

79.28-29
VERSES 79.28-29 give the following relationships. See Mak 2013.
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ni pa  ku li: ka na mu dyu
nimisa 1
pala e 1
kudava  129% 3§ 1
lipta 1312 3;—2 14 1
kala 790 195 65 6 1
nadika 7900 1903 61 60 10 1

muhiirta 15800 381% 122 120 20 2 1

dyunida 474000 114375 3660 3600 600 60 “30 1

? This ratio is mentioned in verse 7.

The conversion ratios with various fractions in this table show that the three
units, pala, kudava, and lipta, are heterogeneous to this table. The pala and kudava
are originally liquid measures and liptd, which originates from Greek Aemttdv, is
usually used, synonymously with kala, for a minute of arc in Indian astronomy.
The Bakhshali Manuscript too uses lipti for a time unit but it is equal to one sixtieth
of the lipta of the Yavanajataka.

79-3, 6_9

Verse 3 refers to a yuga of 165 samas (years) and verses 6—9 give the relations,

1yuga =

1yuga

61230 tithis (lunar days),

= 60272 dinaratra (day-and-nights),

1yuga =
1yuga =
1yuga =
= 1980 + 61 (= 2041) indu-masas (lunar or synodic months),

1yuga
1yuga

58231 candra-udayas (risings of the moon),
60272 + 165 (= 60437) bhagana-udayas (risings of asterism),
1980 arka-masas (solar months),

2206 samasa-masas (sidereal months).

79-5

Verse 5 refers to the relations: 1 tithi = 63/64 dina (day) and, conversely, 1 dyu or
ahan (day) = 64/63 tithis.
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42 LOKAPRAKASA
VERSES 1—4

VERSES 1—-4 (Lokaprakasa: pp.74-75) give the following relationships, which
are introduced by the phrase, atha kalakalana kathyate (“Now, the counting
of time is told").

ni tu la -~ ca gha mu ah pa ma r ay sam
nimisa® 1
tuti(ka) 2 1
lava 4 2 1
b
casaka 1
ghatika 60 1
muhiirta 120 2 1
ahoratra 3600 60 30 1
paksa 15 1
masa 30 2 1
rtu 60 4 21
ayana 180 12 6 3 1
samuvatsara 360 24 12 6 2 1

* The nimisa is ‘defined as so much (duration of time) for uttering (one of the short)
letters (i.e., syllables) beginning with a’ (STIER TH=E ara= fAfTS: Ta:).
"The units between lava and casaka are missing.

VERSES 5—10B

Verses 5—10b (Lokaprakasa: p.75) give the following relationships.

1 samvatsara = 1 sura-divasa (day of gods) according to a Churika,
1 samvatsara = 1 divya-ahoratra (divine day-and-night) for Indra etc.,
[ The difference between sura- and divya- is not clear. |
1 kali-yuga = 432000 samuvatsaras,
1 dvapara-yuga = 2 X kali-yuga (= 864000 samvatsaras),

1 tretd-yuga = 3 X kali-yuga (= 1296000 samvatsaras),

1 krta-yuga = 4 X kali-yuga (= 1728000 samvatsaras),

(1 caturyuga = kali-dvapara-treta-krta-yugas

= 43200001 samuvatsaras),
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1 manvantara = 71 caturyugas = 1 dina (day) of Brahma,

and after the day of Brahma come, in order, the days of Visnu, of Keéava, of
Rudra, of Mahesvara, of Sadasiva, and of Maya (probably of the same length).
Obviously, the ‘day of Brahma” defined here is different from that of puranas,
which is equated with 14 manvantaras.

43 LOKAPRAJNAPTI
T1644.32.0196B01—-073

THE Sanskrit original Lokaprajiiapti does not exist except for a few fragmental
folios of manuscripts. But its Chinese translation, & 7 {H ] 2 &5 (Taisho
Tripitaka, no. 1644 ), and its Pali version, Lokapafifiatti (Denis 1977), are available.
The Chinese translation, T1644.32.0196bo1-03, gives the following relationships.

Chinese tr. Pali tr. Skt. la mu ra
HEYE lava 1

iK% muhutta muhiirta 30 1
H& rattidiva ratridivasa 9oo 30 1

The Pali words muhutta and rattidiva in this table are from Denis” edition
(Lokaprajiiapti: 57), which does not give any name to one thirtieth of the muhutta.
The Sanskrit terms except lava have been restored from the Pali names, and lava
from the Chinese transliteration %%

T1644.32.0196C01-03 AND 07-19
Another passage describes the 5-year yuga with 2 intercalary months
(T1644.32.0196c01-03 and o7-19; Lokaprajiapti:58—9). Cf. Arthasastra and
Mahabharata above and Vedarngajyotisa below, pp. 5, 49, 75.
44 VATESVARASIDDHANTA
1.1.7-8

ERSES 1.1.7-8 expand the table of the Aryabhatiya by incorporating traditional
time units with new definitions.
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Verses 7-8a

tru  la ni gu ka as

truti 1
lava 100 1
nimesa 10000 100 1

gurvaksara 45000 450 45 1

kastha 180000 1800 18 4 1
asu 450000 4500 45 10 25 1
Verse 8bed
as pa gha di ma ab

asu 1
pala 6 1
ghatika 360 60 1
dina 21600 3600 60 1

masa 648000 108000 1800 30 1
abda 7776000 1296000 21600 360 12 1

The truti is defined as the time for cutting lotus petal (kamala-dalana-tulyah
kalah). The term gurvaksara means ‘heavy letter’ or a syllable of two morae.

1.1.9

The next verse (1.1.9) gives the following relationships.

1yuga = 4320000 arka-varsas (solar years),

1manu = 72 yugas,

1kalpa = 14 manus (= 1008 yugas; cf.
Aryabhatiya),

1 day-and-night of Brahma = 2 kalpas,
1 life span (ayus) of Brahma = 100 sva-varsas (‘His own years’)

The term sva-varsa (‘His own year”) in the last relationship is not defined here
but has been reconstructed by Subbarayappa and K. V. Sarma 1985: 53 as:

1 varsa (= 12 masas) of Brahma = 12 - 30 day-and-nights of Brahma.

1.2.6

Verse 1.2.6 states exactly the same division of the yuga as in Aryabhatiya 3.9.
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45 VAYUPURANA

THE Vayupurana has many parallel passages in the Brahmandapurana (BAP) and
a few in the Manusmyti (MS). See pp. 38, 48 above.

50.169
Verse 50.169 (= 57.7) gives the following relationships.
ni ka ka mu ra
nimesa® 1
kastha 15 1
kala 450 30 b1
muhiirta 13500 900 30 1

ratryahani 405000 27000 900 30 1

? The unit nimesa is equated, in 57.6¢d, to a laghvaksara (‘light letter’) or a syllable of
one mora.

"I emended the text, both FSH. (50.169b) and FHET: (57.7b) to Fei dl:.

50.170=77
Verses 50.170 and 176-77 refer to the annual increase and decrease of the length
of day and night. The five verses between them (50.171—75) mention the division
of the daytime on an equinoctial day (= 15 muhiirtas) into 5 intervals of 3 muhiirtas
each: pratar, samgava, madhyahna, aparahna, and sayahna.

50.178

Verse 50.178 gives the common definition of the units from ahan (day, i.e., day-
and-night) to saura-varsa (solar year).

ah pa ma r ay va

ahan 1

paksa 15 1
masa 30

arka-rtu 60 4 21
ayana 180 12 6 3

saura-varsa 360 24 12 6 2 1
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50.179—-82

Verses 50.179-82 treat caramsa (?, varamsa in BAP 1.21.183a); the time units,
nimesa, kastha, kala, and matra occur here, but the verses, both in VP and in BAP,
are too much corrupted to be understood correctly.

31.26—288B, 49AB, 50.183-88

Verse 31.26 says that the duration of time (kalavastha) is divisible in five ways, i.e.,
by divasa (day), by ardhamasa (half month), by masa (month), by rtu (season),
and by ayana (course).

Verses 31.27-28b and 49ab refer to the yuga of five years: samvatsara, parivat-
sara, idvatsara, anuvatsara, and vatsara. Verses 50.183-84 repeat the same and the
next four verses (50.185-88) give the following relationships:

1 yuga (of 5 years) = 120 parvans”
= 1830 bhaskara-udayas (sunrises, i.e., civil days or
ahoratras)
= 30 saura-rtus (solar seasons)
= 10 ayanas
= 60 saura-masas (solar months),

where
1 saura-masa = 30(;) ahoratras,
1rtus® = 61 ahordtras,
1 saura-ayana® = 183 ahan (i.e., ahoratras).

" vimsam Satam (18s5a) for 120 is irregular. See the parallel passage in Brahmanda-
purana 1.21.133a, which reads trimsacchatam.

"I emended the text (187d), STERTAT SGH to FEHT FgHI.
° I emended the text (188d), f=rd Ya=E to fasraw@=a.

These relationships may be combined into one table as follows.
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ah  pa s-mad s-r s-ay va yu

ahoritra 1

parvan 157 1

saura-masa 30(3) 1

saura-rtu 61 4 2 1

saurg-ayana 183 12 6 3 1

varsa 366 24 12 6 2 1

yuga 1830 120 60 30 10 5 1
50.189, 57.8

Verse 50.189 refers to the four kinds of measurement (mana) of time, i.e., saura
(solar), saumya (lunar), naksatra (sidereal), and savana (civil).

Verse 57.8 (= MS 1.65) mentions that the sun causes the day for action and
the night for sleep for both men and gods.

57.9—11
Verses 57.9—11, elaborating MS 1.66 (= VP 57.9), define the day-month-year sys-
tem for ancestors:

1 pitrya-ratryahani (ancestral = 1 manusa-masa (human month),
night-and-day) where the day is krsna-paksa and the
night is Sukla-paksa,
1 pitrya-masa (ancestral month)

30 manusa-masas (human months),
1 pitrya-samvatsara = 360 manusa-masas,

100 manusa-varsas (human years)
(= 1200 manusa-masas
=360 X 3+ 30X 4)

3 pitrya-samovatsaras + 4 pitrya-masas

57.12—16
Verses 57.12-16, elaborating MS 1.67 (= VP 57.13), define the divine day-month-
year system:

1 divya-ahoratra (divine = 1 manusa-abda (human year),
day-and-night)  where the day is udagayana and the
night is daksinayana,
1 divya-masa = 30 divya-ahoratras,
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100 manusa-varsas (human years) = 3 divya-masas® (divine months) +
(= 30x3+10 human years) 10 divya-ahas (divine days),

1 divya-samvatsara (divine year) = 360 divya-ahas (divine days).

T emended the text (15b): ATHETH to ATEETH,

57.17, 18
Verses 57.17 and 18 respectively define the saptarsi-vatsara and kraufica-samvatsara:

1 saptarsi-vatsara (Seven-sage year) = 3030 (or 2700") manusa-varsas,
1 kraufica-samvatsara (Heron year) = 9ogo manusa-varsas.

* Brahmandapurana 1.29.17 and Matsyapurana 142.13 also give the same number, 3030
manusa-varsas, but if we slightly emend the text (17c), ottt g to BRI, then
we have 2700 human years, which coincides with the theory that the constellation
Saptarsi (the Seven Sages, i.e., Ursa Major) stays with each of the twenty-seven na-
ksatras for one hundred years.

Vayupurana 99.421—22 read:

gagion g o ga1 T2dd ST | (read T29=)
Tl T = &5 T2Ad Iad g

O TSI R 91 S 20 S T |
TSN = TR TEarE R I 3R

The foremost (or Eastern) (stars) of the Seven Sages are seen (rising) in
the northern direction; through their middle an area (of the ring of the
lunar mansions) is seen on the same level in the sky; the Seven Sages
should be known as connected with it (i.e., the lunar mansion) in the
sky for one hundred years. This indicates the combination of the lunar
mansions and the (Seven) Sages.

Similar statements occur also in other Puranas. Visnupurana 4.24.25 reads:

SN [ o o N

weritort g 4t e ZRad e R
A T AT 239d IoaH |
O I GRS ecgsaRTd O 1% I

Bhagavatapurana 12.2.27-28b read:

FEoT g g 9 T St (G |

A T AT T2 Joad MR liRe |l

Ad T GeRTRAS~dsaaTd U 1*¢ab |
Matsyapurana 273.42—44b read:
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FEIIE] Tdiwd I AGEHTSS |
FENgE] fasfea Tm& 2 S e |

ﬂ(‘ ~ 0%(\ S l
U fe=a: agar: Siefdearsanta g aant: 1ge |
TRY: gadd Fe 4= Tafiheg 31
TEST = 9 gt TR it FRTIeR I
FE g Fe TRad aoa
O GO T gRRT ST Z1d FE T 193 0
AT = A TEATEEeE |9%ab |

Varahamihira, too, in his Brhatsamhita 13.4 refers to the same theory:

TheRRHEIE T 21d o Sfed THIOTH

IR IEAdISHATTaUesTe™id as S@g<a: 113 1|

They (the Seven Sages) move through each lunar mansion for one hun-
dred years; they are connected to it (i.e., the lunar mansion) to which
(the two stars of the Seven Sages) rising in the East without interval (i.e.,
simultaneously) straightly lead.

For discussion on the meaning of these statements see Sule et al. 2007.

57.19—20
Verses 57.19—20: relationship of the manusa- and divya-varsas.

100 divya-varsas = 36000 manusa-varsas,”

b

1000 divya-varsas = 360000° MANUSA-VATSAS.

? T deleted the half verse (19cd), §fe#i9 ..., which coincides with 20cd and which
does not occur in three manuscripts according to the footnote of the text I used.

" T emended the text (20c), TEEIUT to TEETI,

32.58-66
Verses 32.58-66 define the yuga system in terms of divine year (divya-varsa).

1 krta-yuga = 4000 varsas,

its samdhya = samdhyamsa = 400 varsas;
1 treta-yuga = 3000 varsas,

its samdhya = samdhyamsa = 300 varsas;
1 dvapara-yuga = 2000 varsas,

its samdhya = samdhyamsa = 200 varsas;
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1 kali-yuga = 1000 varsas,
its samdhya = samdhyamsa = 100 varsas;
1 catur-yuga = the 4 yugas + their samdhya and samdhyamsa
= 12000 varsas;

total of the samdhyas = 2000 varsas.
and samdhyamsas

57.22—28

Verses 57.22—28 explains the yuga system by citing and elaborating MS 1.69—70
(= VP 57.23-24):

1 caturyuga

krta + treta + dvapara + kali-yugas,
krta-yuga = goo00 (divya-)varsas,
its samdhya = samdhyamsa = 400 (divya-)varsas,

treta-yuga etc. diminish 1000 varsas each and their samdhya and samdhyamsa 100
varsas each,
treta-yuga = 3000,
its samdhya = samdhyamsa = 300 varsas,

dvapara-yuga = 2000,
its samdhya = samdhyamsa = 200 varsas,
kali-yuga = 1000,

its samdhya = samdhyamsa = 100 varsas,

1 caturyuga = 12000 (divya-)varsas.

57-29-32

Verses 57.29-32 define the yuga system in terms of human year (manusa-varsa):

1 krta-yuga = 1440000 manusa-varsas,
[the next passage (30d—31b) for the remaining three yugas is corrupt;
the corresponding passage in the Brahmandapurana (1.29-36) preserves
the correct verses. |

1 caturyuga without = 3600000

samdhya and samdhyamsa®

manusa-ovarsas,

1 caturyuga with = 4320000 manusa-varsas.
samdhya and samdhyamsa“
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“ I emended the text (31d), faeT @&At@: to famT deizm::.
" T emended the text (32ab), FIATIRSGRIsRETT g dTf & to g sfarferant« g

oo

‘T emended the text (32f), @ GEARATT to TEATREIT.

57-33735
Verses 57.33—35 define the manvantara:

1 manvantara = 71% caturyugas (= 71 X 4320000)
= 306720000 MANUSA-VArsas.

“ I emended the text (33b), TFEAM: to THTHL:.

We do not find any definition of the kalpa in these passages but, in chapter 21,
come across several time lengths related to the kalpa. According to verse 21.12,
‘the seventh kalpa named Padma has already passed and we are presently in the
(eighth) kalpa named Varaha.” This does not agree with other puranas, according
to which the present kalpa named Varaha is not the eighth but the first of the latter
half of Brahma’s life, i.e., the 36001st kalpa (Gonzalez-Reimann 2009: 420).

21.14-16

Verses 21.14-16 give ‘the time length of seven manvantaras’ (14ab), which is "half
of the kalpa’ (16a), as follows.

=~ a . ‘g hnY a\_ aq_g\l_ N e o al
TEHE YT IS g & Fard: 11l
That is,
(A) half kalpa = 7 manvantaras

= (2000 + 800 + 62) koti + 70 niyuta
(= 28627000000 human years).

Strictly speaking, however, a half kalpa and 7 manvantaras are not equivalent since
a kalpa consists of 14 manvantaras and 15 sandhis. See D, and E below.
21.17-18

Verses 21.17-18 give the time length “up to the Vaivasvata-(manu)antara’ (18b),
i.e., the present, seventh manvantara, as follows.
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d 99 g FIEHT BIEATHSHHI: |
& < FAqHEH g A= gt T 2o
That is,

(B) up to Vaivasvata-manu = (100 + 78) koti + 200 sahasra + 9o niyuta

(= 1789200000) human years (cf. D,
below).

21.19-20

And, finally, verses 21.19-20 give the ‘length of the seven (manvantaras) to come’
(STERTAT! QEET THTUT) as follows.

RN TFATI SHTUT: 110 ||
That is,

(C) 7 manvantaras to come = 58 niyuta + 8000 niyuta or prayuta
+ 84 prayuta.

The numeral prayuta usually means 10°, that is, ten times niyuta. See Aryabhatiya
2.2. Here we have two possibilities in interpreting the middle term. If it de-
notes 8000 niyuta, then the total time length is: (C,) 84 prayuta + 8058 niyuta =
889800000 (human years); if 8ooo prayuta, then (C,) 8084 prayuta + 58 niyuta =
8089800000 (human years).

I do not see any significant relationships between these three time lengths, A,
B, and C, or C,. Since 1 manvantara = 306720000 human years and 1 samdhi = 1
krta-yuga = 1440000 human years, the time duration from the beginning of the
present kalpa to the end of the seventh, Vaivasvata-manvantara is:

(D) 7 (samdhi + = 7 X (1440000 + 306720000)
manvantara)

= 2157120000 human years.

If we exclude the seven samdhis from Dy,

(D) 7 manvantaras = 7 X 306720000
= 2147040000 human years.

If 1 kalpa = 4320000000 human years as in other puranas, then

(E) half kalpa = 2160000000 human years,
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which is the time from the beginning of the present kalpa to the middle of the
next samdhi that lies between the seventh and the eighth manvantaras.

We are now in the kali-yuga of the 28th caturyuga of the 7th manvantara of the
8th (or 36001st) kalpa named Varaha. Therefore, the time from the beginning of
the present kalpa to the end of the latest dvapara-yuga is,

(F) 6 manvantaras = 6 X 306720000
+ 7 samdhis ~ +7 X 1440000
+ 27 catruyugas ~ +27 X 4320000
+ krta-treta-dvapara-yugas ~ +1728000 + 1296000 + 864000

= 1970928000 human years.

These time lengths (A) to (F) can be arranged as follows according to their
lengths:

B<F<D,<D;<E<C,<A<(C,,

where A, B, C,, and C, seem to be corrupted.

46 VISNUDHARMOTTARAPURANA

THE Visnudharmottarapurana treats the time units in chapter 73 of the first
volume and in chapter 168 of the second volume.

1.73.1—4B
Verses 1.73.1—4b give the following relationships.
ni tru  pra  vi nd mu a
nimesa 1
truti 2 1
prana 20 10 1
vinadika 120 60 6 1

nadika 7200 3600 360 60 1
muhiirta 14400 7200 720 120 2 1
ahoratra 432000 216000 21600 3600 60 30 1

The unit nimesa is defined as follows in verses 1—2b:

SAGTEHT HE fFHS: Tehifaa: |
A GEHA: FA A9 W I
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A g 5= g aEma: |

‘One matra, which is equal to (the period for uttering) a light letter
(i.e., a short syllable), is declared to be a nimesa. No time finer than
this cannot be recognized, O best of the Bhrgus, just as no substance
finer than the ultimate atom (paramanu) cannot be recognized.’

1.73.5-9
Verses 1.73.5—9 refer to the increase and decrease of the lengths of the day and the

night according to the sun’s motion along the northward course (uttara-kastha)
and the southward course (daksina-kastha) and to their equality at Mesa and Tula.

1.73.11-12B
Verses 1.73.11-12b give the following definitions:

1 saura-masa (solar month) = interval between two consecutive
samkramanas (sun’s entries into the zodiacal
constellations),

1rtu = 2 saura-masas,

1 ayana 3 rtus,

1sama (solar year) = 2 ayanas.

1.73.12C—-13

Verses 1.73.12¢-13 give the definition, 1 samad (solar year) = 1 divine day-and-
night, where the day and the night are respectively when the sun is in the six
constellations beginning with Mesa and Tula.

1.73.14-16B

Verses 1.73.14—-16b give the definition,

1 candra-masa (lunar or synodic month) = 1 ancestral day-and-night,
where the sunrise” occurs at the middle of the 8th tithi of the krsna-paksa, the
midday at the end of the krsna-paksa, the sunset at the middle of the 8th tithi of
the sukla-paksa, and the midnight at the end of the Sukla-paksa.

? T emended the text (14d), T=3ad to T&H.

1.73.17-18
Verses 1.73.17-18 define the caturyuga:
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1 tisya-yuga (Ti) =
1 dvapara-yuga (Dv)

1 treta-yuga (Tr)

1 krta-yuga (Kr)
1 caturyuga

1200 divya-samas (divine years),
2 X Ti,

3 x Tj,

4 x Ti,

Ti + Dv +Tr + Kr

12000 divine years.

1.73.34C=39
Verses 1.73.34¢—39 define the yuga-manvantara-kalpa system:

1 manvantara =
1 kalpa =

1 kalpa =
1 life span of Brahma =

71 caturyugas,

14 manus + 15 samdhis
= 1000 caturyugas, where
1 samdhi = 1 Kr,

day of Brahma = night of Brahma,

100 years of Brahma

(=

2 X 360 X 100 = 72000 kalpas)

= day of Purusa = night of Purusa.

CHAPTER 2.168

Chapter 168 of the second volume (fol. 295ab) deals with the day and night and

larger units as follows.

1 saura-ahoratra (solar day)

1 tithi

1 sqvana-dina (civil day)

1 naksatra-dina (sidereal day)

1 human day-and-night

1 ancestral day-and-night

(the time for) the sun’s passing over one
degree (arka-bhaga-bhoga),

(the day) of the moon (candra),

sunrise to sunrise,

(the time for) the moon’s passing over one
naksatra (candra-naksatra-bhoga),

1 sqvana-dina, where the day is with the sun
and the night without the sun,

1 candramasa (synodic month), where the
sunrise, midday, sunset, and midnight
occur respectively at krsna 8, at amavasya, at
Sukla 8, and at pirnima,
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1 divine day-and-night =

1 saura-abda (solar year) =

1 kali-yuga (Ka) =
1 dvapara-yuga (Dv)

1 treta-yuga (Tr)

1 krta-yuga (Kr)
1 caturyuga =
(=Ka + Dv + Tr + Kr)
1 manvantara =
1 kalpa =

(the time for) the sun’s passing over the
ecliptic (bha-gana), where the sunrise,
midday, sunset, and midnight occur
respectively at the sun’s entry into Mesa,
Karkata, Tula, and Makara; the mean Jiva
(Jupiter) at Mesa etc. determines the (12)
years” beginning with Asvayuja,

(the time for) the sun’s passing over the
ecliptic (arka-bhagana-bhoga),

b saura-abdas,

432000
2 X Ka,
3 X Ka,
4 X Ka,

4320000° saura-abdas,

71 caturyugas,

14 manvantaras + 15 samdhis,
where 1 samdhi = 1 Kr.

? For the 12-year cycle see Mafijusrimiilakalpa above.

¥ T emended the text (fol. 295a, line 17), F ST IO A to TWATIHIUES:
¢ I emended the text (fol. 295a, line 18), IS IHIRIRTEL to rATJSITATHIAGTL,

47 VISNUPURANA

1.

3.8-10B

VERSES 1.3.8—10b give the following relationships.
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ni ki ka mu ah pa ma ay va

nimesa 1
kastha 15 1
kala 450 30 1

muhiirta 13500 900 30 1

ahoratra 405000 2700 900 30 1

paksa 15 1

masa 30 2 1
ayana 180 12 6 1
varsa 360 24 12 2 1

The first half of this table (up to ahoritra) is repeated in 2.8.59 and the latter half,
with 15 ahoratras = 1 paksa instead of 30 ahoratras = 1 masa and with 2 masas = 1
rtu and 3 rtus = 1 ayana instead of 6 masas = 1 ayana, in 2.8.69—70.

The same table, without paksa and ayana, is repeated in 6.3.6-10a, in the
middle of which the definition of nadika, i.e., 15 kalds = 1 nadika and 2 nadikas
= 1 muhiirta, and a description of a water clock for measuring the nadika are
inserted.

SRS @1 J JSEEeaT |

N \\‘\: :\ . aﬂﬁ% ‘\\: |

HETY FHTUTA STHHEIE] | Fd: <

By the quantity of water it (nadika) (measures) twelve and a half palas.
(The bowl) has a hole made (at its bottom) by means of four masas of

gold four angulas (long). It has been ordained to have one prastha of
water by Magadha standard.

2.89.61-65

According to verses 2.89.61-65, the daytime consisting of 15 muhiirtas (on the
equinoctial day) is divided into 5 parts (bhagas) of 3 muhiirtas each; they are
named, in order from sunrise, pratar, samgava, madhyahna, aparahna, and sayahna.
Cf. Matsyapurana 124.87c-91b and Brahmandapurana 1.21.118c—22 = Vayupurana
50.171-75b.

2.8.71-72

Verses 2.8.71—72 refer to the yuga of five years. Cf. Arthasastra, Paficasiddhantika,
Lokaprajiapti, Vayupurana, Vedangajyotisa (pp. 5, 27, 59, 61 and 75).

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



74 THE UNITS OF TIME IN ANCIENT AND MEDIEVAL INDIA

1.3.10CD

Verse 1.3.10cd defines the day and the night for gods respectively as uttarayana
and daksinayana, and the next eleven and a half verses (1.3.11-22b) define the
caturyuga-manu-kalpa system as follows without the word kalpa.

1 caturyuga = 12000 divya-varsas (divine years),
krta-yuga, etc. = 1000i, respective samdhya = samdhyamsa =
1001, where i = 4, 3,2,1 for krta-, treta-,
dvapara-, and kali-yuguas;

1 day of Brahma = 1000 caturyugas = 14 manvantaras,

1 manvantara 71 caturyugas
= 852000 divya-varsas (divine years)

= 306720000 manusa-varsas (human years).

6.3.10B—12B

Verses 6.3.10b—12b repeat the same definition of the caturyuga-manu-kalpa system
without a definition of manu.

1varsa (year) = 1 divya-ahoratra (divine day-and-night),

360 divya-ahoratras = 1 divya-varsa,

12000 divya-varsas = 1 caturyuga,

1000 caturyugas = 1dina (day) of Brahma

= 1kalpa
= 14 manus.

The above table of Visnupurana 1.3.8-10b is repeated almost verbatim in
Kitrmamahapurana, ptrva, 5.6¢-8.
48 VISNUSMRTI
20.1-18

ORDs 20.1-18 define the divine time units from the ahoratra up to the maha-
kalpa:

1 samoatsara (year) (of men) = 1 ahoratra (day-and-night) of gods,
where the day is uttarayana and the night is
daksinayana,
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12 (divine) masas =

1200 divine varsas =
2Ka =
3Ka =

4Ka =

12000 divine varsas =

71 caturyugas =

1000 caturyugas =

100 varsas
(= 2 kalpas X 360 X 100
= 72000 kalpas)

1 (divine) masa,
1 (divine) varsa,
1 kali-yuga (Ka),
1 dvapara-yuga,
1 treta-yuga,

1 krta-yuga,

1 caturyuga,

1 manvantara,

1 kalpa

= Day of Pitamaha (i.e., Brahma)
= Night of Pitamaha,

life span of Brahma

Day of Purusa

= Night of Purusa

1 maha-kalpa (great kalpa).

20.19-22

And then cords 20.19—22 say that ‘the number (samkhya) of the past day-and-
nights for Purusa does not exist (nasti, i.e., countless or asamkhya), nor does that
of the future day-and-nights for Purusa, because time has neither beginning nor

end.

49 VEDANGAJYOTISA

HE Vedangajyotisa, in Sastry and K. V. Sarma’s edition, pp.37-39, gives the

following relationships.
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ak ka pa  ka na mu ah
aksara 1
kastha 5 1
pada 155 31 1
kala 620 124 “(4) 1
nadika 6231 1246% 40% 1055 1
muhiirta 12462 2492% 80% 205 2 1

ahan 373860 74772 2412 603 60 30 1

* The conversion ratio, 4, between pada and kald is not given but inferred from the
meaning of the word pada (‘quarter’) itself.

ah ma r ay ab yu

ahan 1

masa (silrya-) 305 1

rtu 61 2 1

ayana 183 6 3 1
abda 7366 12 6 2 1
yuga 1830 60 30 10 5 1

? In Sastry and K. V. Sarma’s edition, verse 28 of the Yajusa recension reads:
~ s o (N ~
PRId&] H(‘E\)W: EESEINGE
< .
AT BG3 Tl SacT=iol gl

where I supplied ‘S’ in the first line as “®SIE is obviously a typographic error (see
Sastry and K. V. Sarma’s translation and note 1 on p. 39).

In the same context (Sastry and K. V. Sarma’s ed., p.37), the text vaguely
alludes to a water clock for measuring one nadika. Itis most probably the one later
called nadika (“tube’), a clepsydra of the outflowing type. See Falk 2000: 116-17.

The Vedarngajyotisa (Sastry and K. V. Sarma’s ed., pp. 46—47 etc.) also uses
the concepts of the (mean) tithi and the parvan, that is, one thirtieth and a half,
respectively, of a lunar (synodic) month: 1 synodic month = 2 parvans = 3o tithis.
Since the five year yuga contains 62 synodic months (pp. 41—42), the number of
parvans in a yuga is 124. Compare this with 120 in the Vayupurana (3rd table) and
130 in the Bramandapurana (2nd table), pp. 61, 38 above.
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50 SATAPATHABRAHMANA
12.3.2.2-6

PARAGRAPHS 12.3.2.2-6 give the following relationships.

pra i e ksi mu ah ar ma sam
prana 1
idani 15 1
etarhi 225 15 1
ksipra 3375 225 15 1

muhiirta 50625 3375 225 15 1
ahoratra 1518750 101250 6750 450 30 1

ardhamasa 450 15 1
masa 900 130 2 1
samuvatsara 10800 360 24 12 1

The words ana (breath) and nimesa (twinkling) are also mentioned as syn-
onyms of prana (breath).

The Taittirtyabrahmana in 3.12.9.6 refers to muhiirtas as submultiples of the day
and the night: &R TRATAT | G TS e | (‘“The day and the night were
tenders of cattle. The muhiirtas were servants.”); and in 3.9.10.1—3 and 7 lists their
names. Each mubhiirta is given a proper name also in the Sardiilakarnavadana. See
p- 79 below.

51 SANKHAYANARANYAKA

7.21
S ANKHAYANARANYAKA 7.21 enumerates the eleven time units from dhvamsi to
samvatsara without conversion ratios as listed in the first column of the fol-
lowing table while Sarikhayanasrautasiitra 14.75-82 allows us to reconstruct the
conversion ratios as given in the table. See Keith 1908: 49, n. 3. We cannot restore
the conversion ratios of the three units, kastha, kala and ksana.
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dhva ni ka ka ksa mu ah ar ma r sam
dhvamsi 1
nimesa 10 1
kastha 1
kala 1
ksana 1
muhiirta 100 10 1
ahoratra 3000 300 30 1
ardhamasa® 45000 4500 450 15 1
masa Q0000 9000 900 30 2 1
rtu 180000 18000 1800 60 4 21
samvatsara 1080000 108000 10800 360 24 12 6 1

“ The word paksa also occurs in Sarikhayandranyaka 2.5 in relation to the two halves of
L~

= Y =y < D o Y . < . A 2
a month: Al 9T TAT 9&1T AledUHA AR | TJERATdd SIATTITIHTHT: AT |

Chattopadyay (1992: 217) reconstructs the table of Sarikhayanaranyaka 7.21 as
follows without documentation. He lists the conversion ratios printed in bold
face in this table after saying: ‘If dhvamsi is taken as the smallest unit, being —th
part of a muhiirta, the divisions of time with measurement are as follows.’

Chattopadhyay’s reconstruction

dhva ni ka ka ksa mu ah ar ma r sam

dhvamsi 1

nimesa 1

kastha 2 1

kala 10 5 25 1

ksana 50 25127 5 1

muhiirta 100 50 25 10 2 1

ahoratra 3000 1500 750 300 60 30 1
ardhamasa 450 15 1

masa 900 30 2 1
rtu 1800 60 4 2 1
samuvatsara 10800 360 24 12 6 1
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52 SARDULAKARNAVADANA

HE Sardillakarpdvadana refers to three systems of time units. In the following
tables, ‘C-N,” ‘M,” and ‘V’ indicate respectively Cowell and Neil’s, Mukho-
padhyaya’s, and Vaidya’s editions.

System 1 (C-N, pp. 643-44; M, p. 56; V, p. 337)

ta ksa la  mu a masam
tatksana® 1
ksana 120 1
lava 7200 60 1
muhiirta 216000 1800 30 1
ahoratra 6480000 54000 900 30 1
masa 194400000 1620000 2700 900 30 1

samvatsara 2332800000 19440000 324000 10800 360 12 1

? The tatksana is defined as follows (exactly the same passage occurs twice).

Hi: GRS A SeEHiaeT: GEram: | e | (C-N,
Pp- 643 and 644; M, pp.54 and 56; V, pp. 336 and 337: M and V read
- EF%T—«’IIT)

‘Oh Puskarasarin, the tatksana is (the time) of such length, so to speak,
that a spinning lady raises a thread neither too long nor too short.”

System 2a (C-N, p.644)

ak la ki ka na mu ah
aksinimesa 1
lava 2 1
kastha 8 4 1
kala 320 160 40 1
nalika 9920 4960 1240 31 1

muhiirta 19840 9920 2480 62 2 1
ahoratra 595200 297600 74400 1860 60 (30) 1
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System 2b (M, pp. 57-58; V, p.337)

ni la ki ka na mu ra
nimesa 1
lava 2 1
kastha 16 8 1
kala 256 128 16 1
nalika 7680 3840 480 30

muhiirta 15360 7680 960 60 2

1

ratridivasa 460800 230400 28800 1800 60 30 1

System 3a (C-N, p. 645)

ni ka ka mu a ma sam
nimesa 1
kastha 16 1
kala 256 16 1
muhiirta 16384 1024 64 1
ahoratra 491520 30720 1920 30 1
masa 14745600 921600 57600 900 130 1

samuvatsara 176947200 11059200 691200 10800 360 12 1

The conversion ratio 64 in this table is corrupted. It should be 60 as in the next
table. Other numbers obtained by calculation based on it are naturally wrong.
The number of nimesas in a samvatsara is given as follows but the text is corrupted

here also.

[ a NN AN

T JATIRTTTHYUT STS3T FHIST STETHETRTE JAAEEENUT dad JqTdT: |
On the other hand, these are measured by aksinimesa: sixteen
kasthas(?) and fifty-eight hundred thousand. Thus it is.

These are corrected in the editions of Mukhopadhyaya and Vaidya.
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System 3b (M, p.58; V, p.338)

ni ka ka mu a ma sam
nimesa 1
kastha 16 1
kala 256 16 1
muhiirta 15360 960 60 1
ahoratra 460800 28800 1800 30 1
masa 13824000 864000 54000 900 30 1

samvatsara 165888000 10368000 648000 10800 360 12 1

Immediately before the time units the names of the thirty muhiirtas of one
day are listed, fifteen each for the day and the night, where the fifteen for the day
are accompanied by shadow lengths in paurusa (man). For paurusa see paurust
in the Arthadastra (p. 5 above).

Muhiirta no. 1 2 3 456789101112 13 14 15
Shadow length 96 60 12 6 54 3 -3 4 5 6 12 60 96

As the list has 15 mubhiirtas for the daylight, the shadow lengths given here
must be those for the equinoctial days. The same list with exactly the same nu-
merals occurs also in the two Chinese translations with the linear measures =
(fathom) in T1300.21.0408c28-0409a08 and X (feet) in T1301.21.0416b12—21.

The shadow length for the eighth muhiirta, i.e., midday, is not given in the
extant Sanskrit text and in T1301 but T1300 says that at that time ‘the shadow
is the same as the man’ (;#3k A%). This may sugget that the Sanskrit text ori-
ginally listed ‘one paurusa’ (man) for the equinoctial midday shadow. But the
four shadow lengths before midday in this list decrease linearly and those after
midday increase linearly again. This would rather suggest ‘two paurusas’ for the
midday shadow. See the following diagram, where the plot is based on the as-
sumption that the fifteen (in fact fourteen) shadow lengths are meant for the
midpoint of each mubhiirta.

Cf. the list of shadow lengths in the Arthasastra (p. 5 above).

53 SARDULAKARNAVADANA-CHINESE 1
T1300.21.0408Cc25-28

THE Sardillakarnavadana, in Chinese translation FEEI#%, T1300.21.0408c25-28,
gives the following relationships.
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60 ° °

Shadow length in paurusa

Midday

6 ° ° . e © °

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Fifteen muhiirtas of daytime

Figure 7: The shadow data in the Sarditlakarnavadana.

Skt. ksa la mu a
FIH ksana 1
HE%E lava 60 1

Wf  muhirta 1800 30 1
H ahoratra 54000 900 30 1

The ksana (F178) is defined as the time in which a lady spins one fathom (&%)
of thread: s A#i R 5K —= 2 & BRIIFFE (T1300.21.0408c25-26)
54 SARDULAKARNAVADANA-CHINESE 2

T1301.21.0416B07-11 & B28-Cc02

HE Sardiilakarndvadana, in Chinese translation &FEAAT ~+/\1EE,
T1301.21.0416bo7-11 & b28-c02, gives the following relationships.

HISTORY OF SCIENCE IN SOUTH ASIA 5.1 (2017) 1-116



TAKAO HAYASHI 83

System 1 (T1301.21.0416boy—11)

Skt. ksa la mu a
fifi  ksana 1
R lava 60 1

AR muhiirta 720 12 1
=K ahordtra 21600 360 30 1

The ksana (£ii) is defined as the time in which a man cuts exactly three feet
() of thread, neither longer nor shorter: Z41HG AV = R KA R E 55 i
(T1301.21.0416b08-09)

The same passage cited by Entsit (Bukkokurekishohen: 3.40b) reads —1-
(20) instead of 1. (12). The resulting table is as follows.

System 1a (the same passage cited by Entsu)

Skit. ksa la mu a
ffi  ksana 1
R lava 60 1

AM, muhiirta 1200 20 1
EIX ahordtra 36000 600 30 1

Seventeen lines after the above table in T1301, another system is stated:

System 2 (T1301.21.0416b28-c02)

Skt. ni ka ka mu a ma va
Bt nimesa 1
R kastha 15 1
K¢ kala 300 20 1
AR muhiirta 9000 600 30 1
=R ahoratra 270000 18000 900 30 1
H  masa 8100000 540000 27000 900 30 1

£ varsa 97200000 6480000 324000 10800 360 12 1

55 SAMARANGANASUTRADHARA

9.50C=53
VERSES 9.50c—53 give the following relationships.
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ni ki ka mu ah pa ma r ay va
nimesa 1
kastha 15 1
kala 450 30 1

muhiirta 13500 900 30 1
ahoratra 405000 27000 900 30 1

paksa 15

masa 30 2 1

rtu 60 4 21
ayana 180 12 6 3
vatsara 360 24 12 6 2 1

56 SIDDHANTASIROMANI

HAsKARA II defines two systems of time units in the first section called

Kalamana (measurement of time) of the first chapter Madhyamadhikara

(on the mean planets) of the third book Grahaganitadhyaya (on the calculation of
the planets) of his Siddhantasiromani (1150 CE).

System 1 (Verses 17¢—18b)

qu a pa  gha di ma va
gurvaksara 1
asu 10 1
pala 60 6 1
ghatika® 3600 360 60 1
dina 216000 21600 3600 60 1
masa 6480000 648000 108000 1800 30 1
varsa 77760000 7776000 1296000 21600 360 12 1

* The ghatika is arkst (sidereal).
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System 2 (Verses 16—17b)

tru ta ni ki  ka gha ksa di
truti 1
tatpara 100 1
nimesa 3000 30 1
kastha 54000 540 18 1
kala 1620000 16200 540 30 1

ghatiki 48600000 486000 16200 900 30 1
ksana® 97200000 972000 132400 1800 60 2 1
dina 2916000000 29160000 972000 54000 1800 60 30 1

* The muhiirta is substituted for ksana in the auto-commentary.

18cp

Verse 18cd refers to the divisions of arc, i.e., cakra (circle), rasi, amsa, kala, and
vilipta, which are parallel to the above divisions of time from the year (sama =
varsa) to pala in System 1. Cf. Arybhatiya and Brahmasphutasiddhanta above.

19
Verse 19 defines the solar year and the lunar (synodic) month:

1 ravi-varsa (solar year) = one revolution of the sun along the ecliptic,

1 vidhu-masa (lunar month) = interval between two consecutive
conjunctions of the sun and the moon.

These are regarded as daiva-dyuratra (divine day-and-night) and paitra-
dyuratra (ancestral day-and-night), respectively. In his own Visana on this verse,
Bhaskara states that the ravi-varsa is divided into subunits according to the
previous definitions (piirva-paribhasaya), that is to say,

1 ravi-varsa (solar year) = 12 ravi-masas (solar months),
1 ravi-masa = 130 arka-dinas (solar days),
1 arka-dina = 60 arka-ghatikas (solar ghatikas),
1 arka-ghatika = 60 arka-vighatikas (solar vighatikas).

In the same Viasana, he also says: 1 daiva-varsa (divine year) = 12 daiva-masas
(divine months) = 360 daiva-dyuritras (divine day-and-nights).
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20

Verse 20 defines the civil day and the sidereal day.

1 sqvana-dina (civil day) = interval between two consecutive sunrises,
1 naksatra-dina (sidereal day) = one revolution of stars (bhas).

Bhaskara adds that the savana-dina is also called ku-dina (earth day) and that
the interval between two consecutive rises of each planet (graha) defines the ‘civil
day’ (savana-dina) of that planet.

21-25B
Verses 21—25b define the yuga-manu-kalpa system, which is exactly the same as
that of the Siddhantasekhara and eventually the same as that of the Suryasiddhanta.
See below.
1 krta-yuga (Kr) = 432000 X 4 ravi-varsas,
1 treta-yuga (Tr) = 432000 X 3 ravi-varsas,
1 dvapara-yuga (Dv) = 432000 X 2 ravi-varsas,
1 kali-yuga (Ka) = 432000 X 1 ravi-varsas,
1 samdhyaka of krta-yuga etc. = 1 samdhyakamsa of the same yuga

= i of that yuga, [which occupy the
beginning and the end of the respective

yuga,]
1yuga = Kr + Tr + Dv + Ka
= 4320000 ravi-varsas,
1many = 71 Yyugas,
1 kalpa = 14 manus + 15 samdhis = 1000 yugas,
where 1 samdhi = 1 Kr

1 day-and-night of Brahma = 2 kalpas,
1 maha-kalpa = life of Brahma
= 100 varsas of His own (= 72000 kalpas).

25CD

In 25¢d he adds that he does not know how many Brahmas or maha-kalpas have
gone because the time has no beginning.
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57 SIDDHANTASEKHARA
1.11

ERSE 1.11 says that time (kala) is the cause of the Duration, Destruction and
Creation of the world, that it is of two kinds, ‘gross’ (sthiila or ananu) and
‘subtle’ (sitksma or anu), and that the former, which begins with asu (‘breath’), is
also called ‘real” (miirta, lit. “embodied”) and the latter, which begins with truti,
‘unreal” (amiirta, lit. ‘not embodied”).

1.12-13

Verses 1.12—-13 define two systems of the ‘real” time units, where asu is replaced
with one of its synonyms, prana.

System 1 (verse 12)

dvi pra  vi gha a

dvimatraksara® 1

prana 10 1
vinadika (arkst) 60 6 1
ghati 3600 360 60 1

ahoratra (arksa) 216000 21600 3600 60 1

* The dvimatriksara means ‘letter (i.e. syllable) of two matris (morae).’

System 2-real (verse 13)

ni ki  ka gha ksa a

nimesa 1
kastha 18 1
kala 540 30 1

ghatika 16200 9oo 30 1
ksana 32400 1800 60 2 1
aharnisa 972000 54000 1800 60 30 1

System 1 is for the arksa (sidereal) measurement while System 2 for other
purposes related to the civil day.
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1.14

Verse 1.14 gives the relations of the “unreal” time units, which must be connected
with System 2. Cf. System 2 of the Siddhantasiromani, p.84.

System 2-unreal (verse 14)

tru ta ni

truti 1
tatpara 100 1
nimesa 3000 30 1

1.15

Verse 1.15 gives the following relations and refers to the similar structure in the
arc divisions, cakra, ksa (or rasi), amsa, lipta, and vilipta. Cf. Brahmasphutasiddhanta
and Siddhantasiromani above, pp. 39 and 84.

a ma va

aharnisa 1
masa 30 1
varsa 360 12 1

1.16-20

Verses 1.16—20c define the yuga-manu-kalpa system, which is eventually the same
as that of the Siiryasiddhanta.

1 kali-yuga (Ka) 432000 X 1 arka-varsas,

1 dvapara-yuga (Dv) = 432000 X 2 arka-varsas,

1 treta-yuga (Tr) 432000 X 3 arka-varsas,

1 krta-yuga (Kr)

432000 X 4 arka-varsas,
1 samdhya of krta-yuga etc.

1 samdhyamsa of the same yuga
= = of that yuga, [which occupy the
beginning and the end of the respective
yuga,]
1 caturyuga = Kr + Tr + Dv + Ka = 4320000 arka-varsas,
1manu = 71 caturyugas,

1 kalpa = 14 manus + 15 samdhis = 1000 caturyugas,
where 1 samdhi = 1 Kr and 15 samdhis = 6
caturyugas,
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1 day-and-night of Brahma = 2 kalpas,

1 maha-kalpa = life of Brahma = 100 varsas of His own (=
72000 kalpas).

Verse 20d adds that we do not know how many Brahmas (or maha-kalpas) have
gone because of the time’s endlessness (anantya).

58 SUVARNAPRABHASASUTRA

HE Suvarnaprabhasasiitra (v.5 on p.94) refers to the four seasons of three
months each of a year (I owe this information to Yukio Ohashi). They
are called varsa (rainy), $arada (autumnal), hemanta (cold), and grismika (hot).
The two Chinese translations of the same work, &AL (T0663.16.0351c29—~
0352a03) and B YEHARE (To664.16.0395a10-13) render these four seasons
(PUIKF) as B (summer), K (autumn), % (winter), and % (spring) respectively.
Cf. KIEVEIEEL above, p. 20
It is noteworthy that the Suvarnaprabhasasiitra does not use the word rtu (sea-
son) with regard to these four divisions of a year whereas it mentions the concept
of sadrtiini (six seasons) immediately after them (v.6 on p.95), although the
Chinese translations use one and the same word (Ff) for both (P4 and 75Hf).

59 SUSRUTASAMHITA

THE SuSrutasamhita, at the beginning of Chapter 6 on rtu-carya (seasonal
routine) of the first part (Stitrasthana), gives definitions of 11 time units
from aksinimesa (or nimesa in some editions) to yuga.

1.6.3

The first half of siitra 3 states characteristic features of time (kala):

Kala (time) is (all poweful), self-emerged and without beginning,
middle and end. Thereon are dependent derangement and excellence
of rasa (nourishing sap) and also life and death of men. ...//3// (Tr.
Sharma 1981-1994:1.73)

1.6.4

Siitra 4 enumerates the names of time divisions which the sun makes by its mo-
tion:

Of that (Kala) having the identity as samvatsara (year), Lord Sun
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makes further divisions into aksinimesa (blinking of eye), kastha,
kala, muhiirta, day and night, fortnight, month, season, courses,
year and yuga by His specific movements.//4// (Tr. Sharma 1981
1994:1.74; the insertion of ‘Kala’ by me.)

1.6.5—9
Stitras 5-9 first defines the smallest unit aksinimesa as the time for pronouncing a
light letter (i.e. a short syllable) (laghv-aksara-uccarana-matra) and then gives the
following relationships with descriptions of the six seasons also in siitras 6—7.

ak ka ka mu ah
aksinimesa 1
kastha 15 1
kala 450 30 1
muhiirta 9045 603 2055 1

ahoratra 271350 18090 603 30 1

* For this ratio see Vedangajyotisa.

ah pa ma r ay sam yu

ahoratra 1

paksa 15 1

masa 30 “ 1

rtu 60 4 2 1
ayana 180 12 6 3 1

b

samuvatsara 360 24 12 6 2 1

yuga 1800 120 60 30 10 5 1

"Refers to the ‘white and black’ paksas: ...98:1 € = fgfra: ) 3E: Foma) a
qHE: | (1.6.5)
T ATEAT gIgE HIET: WA | (1.6.6).

Note that the table recorded in Mahabharata 12.224.12-13 is part of this table
although the ratio of muhiirta to kald in it is 30; instead of 20.

Hemadri has recorded a similar but slightly different table in his commentary
on Vagbhata's Astarnigahrdaya 1.1.24. Explaining the compound ksanadi (‘ksana
etc.”) that occurs in verse 24, he equates the ksana to aksinimesa, enumerates the
time units that follow the aksinimesa, and states the conversion ratios between
them as follows.
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ak ki ka na mu yaah
aksinimesa 1
kastha 15 1
kala 450 30 1
nadika 9045 603 "205; 1
muhiirta 18090 1206 40% 2 1
yama 678372 45221 150% 72 b4—i 1

ahoratra 542700 36180 1206 60 30 4-4 1

* According to Vogel (1965: 66), Hemadri inserts another unit called bhaga between
kala and nadika with the conversion ratios, 17 kalds = 1 bhaga and 20 bhagas = 1 nadika;
consequently we have 340 kalas = 1 nadika. This unit bhiga has not so far been found
elsewhere. The text used by Vogel may be corrupt here.

’ Here Hemadri adds a conditional clause, tulyaratrimdive rasibhage. This no doubt
refers to the condition for the equation, 3% mubhiirtas = 1 yama, which is correct only
when the night and the day have equal lengths because the yima is a seasonal (vari-
able) time unit (see under the first table of the Brahmavaivartapurana), although I do
not understand the latter term, rasibhage.

¢ ‘By four of them (is made) a day and so also a night’ (A=IgiRET Ulre).

Hemadri’s table after the ahoratra is the same as Susruta’s table up to samuvat-
sara, though it uses the term varsa for samvatsara and gives the relationship 3 rtus
= 1 ayana instead of 6 rtus = 1 varsa. Note that this table contains nadika and yama
which Susruta’s does not.

60 SURYASIDDHANTA
1.10—11B

SGRYASIDDHANTA 1.10 speaks of two kinds of time (kala): that which causes
the ‘end’ of the worlds (lokanam antakrt) and that which is characterized by
counting (kalanatmaka); and says that the latter is of two kinds: real (miirta, lit.
‘embodied”) and unreal (amiirta, lit. ‘not embodied”) according to whether it is
gross (sthiila) or subtle (sitksma). Verse 11ab says that the ‘gross” units begin with
prana and the ‘subtle” units with truti.

1.11C—13B

Then, verses 1.11c—-12¢ give the following table for the former category. The Siirya-
siddhanta does not mention the units of the latter category other than truti. Cf.
the Vatesvarasiddhanta, Siddhantasiromani, andSiddhantasekhara, pp. 59, 84 and 87,
above.
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pra vi na a ma va
prana 1
vinadi 6 1
nadika/nadt 360 60 1
ahoratra 21600 3600 60 1
masa 648000 108000 1800 130 1
varsa 7776000 1296000 21600 360 12 1

The ahoritra (a day and night) in this table is said to be naksatra (sidereal).
Naturally, the masa (month) is also sidereal. Other kinds of ‘month’ too are
mentioned in verses 1.12d-13b: 1 savana-masa (civil month) = 30 sirya-udayas
(sunrises); 1 aindava-masa (lunar month) = 30 tithis (= the synodic month, i.e.,
the cycle of waxing and waning of the moon); 1 saura-masa (solar month) = the in-
terval between two consecutive samkrantis (entries into zodiacal constellations),
which is conventionally equated with one twelfth of a solar year.

1.14-17

Verses 1.14-17 define time units greater than varsa as follows.

1 divya-varsa (divine year) = 360 varsas (human years),
1 caturyuga = 12000 divya-varsas
= 4320000 siirya-abdas (solar years)

1
10

1 kaliyuga = == of caturyuga,

1 dvaparayuga = = of caturyuga,

2
1
1 tretayuga = % of caturyuga,

1krtayuga = - of caturyuga,
caturyuga (four yugas) = kaliyuga + dvaparayuga + tretayuga +
krtayuga.
1.37AB

According to verse 1.37ab, on the other hand,
1 caturyuga = 1577917828 bhiimi-savana-vasaras (civil days

of the earth).

Therefore we can reconstruct the following table.
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va a ka dva tre kr ca
vasara (savana-) 1
abda (siirya-) 36522457 1
kaliyuga 157791782‘—5‘ 432000 1
dvaparayuga 3155835653 864000 2 1
tretayuga 473375348% 1296000 3 3/2 1
krtayuga 631167131§ 1728000 4 2 4/3 1
caturyuga 1577917828 4320000 10 5 10/3 5/2 1

Here we have the relation,

279457

irya-abda = 36
1 sitrya-abda = 365~

= 365.2588 civil days

This shows that, strictly speaking, the ‘year’ (abda) meant here is ‘sidereal’ rather
than “solar.” This is because the precession of the equinoxes was ignored in Indian
astronomy.

1.18-20

Verses 1.18—20 define manvantara (Manu’s Period) as 71 caturyugas and kalpa as
14 manvantaras with samdhi (‘joint”) between them and at the beginning and the
end. The length of samdhi is equal to krtayuga.

1 manvantara = 771 caturyugas,
1samdhi = 1 krtayuga
_ 4
= 1, caturyuga,
1 kalpa = 14 manvantaras + 15 samdhis
= 1000 caturyugas.

This is said to be the length of the day for Brahma, after which the night of the
same length comes.

61 CONCLUDING REMARKS

s I wrote at the beginning, this paper is meant to be a preliminary survey,
which I hope will be useful for future projects to describe at length the
history of time units in India. With this hope in mind I give here a brief sketch
of the history in so far as I understand it at present. Since this survey is not
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exhaustive, the sketch is only provisional.

Already in the Rgvedic period (ca.1200-1000 BCE), the daytime was roughly
divided into five parts from pratar (dawn) to sayahna (evening) (Dikshit 1969
1981: 41-42; Ohashi 1993:188). This division is preserved also in the Purinas
(ca. 4th century ck or later, §29, §45, §47).

The division of a civil day into 30 muhiirtas (of 48 minutes each) were in-
troduced in or before the Brahmana period (ca.800-600 Bce). It has long been
conjectured that the number 30 was chosen on the analogy of one of the most
apparent natural cyclic phenomena, namely a synodic month. The muhiirta was
accepted by almost all later tables of time units excepting those for purely astro-
nomical purpose. The muhiirta in those days seems to have been measured either
by a gnomon or by a water clock (cf. §5).

The Satapathabrahmana’s table (§50) consists of the year, month, half-month,
day-and-night (civil day), muhiirta, and four sub-units defined successively by
quindecimal fractions of the muhiirta. This number 15 must have originated in
the analogy of the days in a half month. The smallest unit in this table, prana or
‘breath,” is approximately equal to 0.057 second, which anticipates the unreal or
imaginary portion that most of later tables, except again those for astronomical
purpose, contain.

The muhiirta was divided into two nadikas by the time of the Vedargajyotisa
(ca. 500 BCE, §49). The new unit was so called because it was measured by the
water clock called nadika (‘tube’ or cylinder). It was of the outflowing type. By
the 4th century ce another type of water clock called ghatika (‘bowl’), i.e., the
sinking bowl type, was introduced to measure one nadika (S. R. Sarma 2008:147).
Aryabhata (b. 476 cE, §6) uses the unit name nadi (i.e., nadika) in his table of time
units in one of his two works and in the other refers to the new device ghatika. The
outflowing type was gradually replaced by the sinking bowl type and the unit
was renamed after the new device (ghatika) but even then the old names, nadi
(or nalt) and nadika (or nalika), continued to be used side by side with the new
names, ghati and ghatika.

The tithi, which played, and still plays, a very important role throughout in
the history of calendars in India, was also introduced in the calendrical reckoning
by the time of the Vedangajyotisa (§49).

Aryabhata, or someone else shortly before him, introduced a purely sexages-
imal divisions of a sidereal day in such a way that the time units from the varsa
(‘rain’ or year) down to the gurvaksara (‘heavy syllable”) exactly correspond to
the divisions of the ecliptic on the celestial sphere from the circle (360°) down to
the 3rd of a degree (0;0,0,1°). This table, that does not include muhiirta, was ob-
viously meant for astronomy and adopted in almost all later astronomical works.

Bhaskaral (fl. 629 ce), commenting on Aryabhata’s table, refers to an example
of ‘other kinds of time divisions,” which includes the muhiirta and the seasonal
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time unit called yama; the day and the night were each divided into 4 yamas (or
praharas in some texts) for daily life (§7). The Bhagavatapurana (§32) provides us
with interesting information about the relationship between the seasonal (vari-
able) unit, prahara, and the fixed (constant) units, muhiirta and nadika.

The unreal or imaginary nature of part of Brahmana tables of time units was
inherited, with different names and conversion ratios, in all fields, that is, in the
puranas (8§27, §32), in the epic (§37), in Bauddha texts (§2, §3, §17, §18, §38, §39),
in Jaina texts (§12, §13, §14), and even in arithmetical and astronomical texts.
The oldest extant arithmetical text, Bakhshali Manuscript (§26), which seems con-
temporaneous with Bhaskara I, used four sexagesimally defined subdivisions of
a day; the smallest unit vilipta is 0; 0,0, 0,1 day, which is approximately equal to
0.0067 second. The smallest unit truti of the VateSvarasiddhanta (9o4 ck, §44) is
approximately equal to 0.0000089 second.

Some astronomers seem to have felt it necessary to distinguish real, practical
time units from unreal, imaginary ones. Thus, the Siiryasiddhanta (ca. 800 cg, §60)
first distinguishes two kinds (or aspects) of time (kila), thatis, the time that causes
the end of the worlds (lokantakrt), a notion whose germ may be traced back to the
kala as destroyer of human life in the Upanisads (Gonzélez-Reimann 2009: 413—
14), and the time that is characterized by counting (kalanatmaka), and then di-
vides the latter into two groups, real (miirta) or gross (sthiila), which begins with
prana (also called asu; this is not the prana of the Satapathabrahmana mentioned
above but the unit of the same name used in the astronomical works), and unreal
(amiirta) or subtle (sitksma), which begins with truti (cf. the two tables in §44).
A similar classification of time occurs in the Siddhantasekhara (ca. 1040 cg, §57).

In the Jaina literature also mentions have been made of the nature of time
(kala). The Jyotiskarandaka (5th century cg, §14), for example, divides the time, on
the one hand, into future (anagaya), past (atita), and present (vattamana), and on
the other hand, into countable (samkhejja), uncountable (asamkhejja), and infinite
(anamta). The people of the Jaina faith also speculated about the ultimate unit
of time, which they called samaya or ‘instant’ (§12, §14). Mahavira (ca. 850 cE), a
Jaina mathematician, defined it as the duration of time in which an anu (a small
particle or atom) passes over another anu (§12). In some of the puranas (§27,
§32), the anu and paramanu (ultimately small particle) occur as the names of the
two smallest time units.

Thus, the tables of time units up to the year recorded in the texts surveyed
here can be boldly classified into two groups, that is, those with muhiirta and
those without muhiirta. The former is obviously meant for various purposes
of ordinary life, especially for religious rites, and the latter for technical, espe-
cially astronomical, computations. Some of the major works in astronomy such
as Siddhantasiromani (1150 cg, §56) and Siddhantasekhara (§57) contain tables of
both types.
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Time units for various periods longer than the year also abundantly occur in
the texts surveyed here. Already in the Vedic literature, grouping of two, three,
four, five, and six years was mentioned, among which the group of five years
seems to have been most popular since each of the five years was given its own
name (Pingree 1981: 534—35; Sastry and K. V. Sarma 1985:11); these names are
preserved also in the puranas (§27, §45). It seems this five year period called
yuga that was employed, by the time of the Vedangajyotisa (§49), for the first time
as a basic unit for systematic, though crude, intercalation of month in their lunar
calendar, although sporadic allusions to the intercalation itself are found already
in the early Vedic literature.

The five year yuga, with or without two intercalary months, is mentioned
also in various texts composed in the period covering a few centuries before and
after the Christian era such as the Arthasastra (§5), Susrutasamhita (§59), Maha-
bharata (§37), Jambhiidvipaprajiiapti (§13), Jyotiskarandaka (5th century, §14), Loka-
prajiiapti (6th century or earlier, §43), Pasicasiddhantika (6th century, §22), and
puranas (ca. 4th century or later, §29, §45, §47).

In the former half of the same period, i.e., in the few centuries before the
Christian era, the concept of an enormous time called kalpa was growing presum-
ably in some Bauddha circles. The fourth and the fifth rock edicts of king Aoka
record its Prakrit form kapa in the sense of the whole duration of the worldly ex-
istence (Sircar 1991: 20-23). The Bauddha texts of this and later periods mention
a cosmic cycle called maha-kalpa (“great kalpa”) consisting of kalpas and sub-kalpas,
each characterized by creation and destruction of the worlds (§2, §3, §18, §39).
The Jaina texts of the same period also mention a huge cyclic time scale consisting
of an ascending (ussappini) and a descending (osappini) periods (§13).

Presumably in the latter half of the same period, i.e., in the early few cen-
turies of the Christian era, another yuga appeared in Hindu texts with a totally
new look. It is often called caturyuga (‘four-fold yuga”) as it consists of four yu-
gas whose durations decrease in the ratios, 4 : 3 : 2 : 1, in harmony with the
decrease of morality and social order. The numbers {4, 3, 2, 1} for the ratios and
the names of the four constituent yugas (krta, treta, dvapara, and kali) originate
from the four kinds of throws in a gamble with the vibhitaka seeds (Terminalia
bellirica) played since the Rgvedic time.

On the analogy of the day and the night of a civil day of human beings, the
day and the night for gods were defined as the two periods for the sun’s northern
and southern courses on the eastern or western horizon and naturally one year
for them was defined as 360 divine days or 360 human years (§27). The smallest
yuga in the caturyuga was then defined as 1000 divine years and each constituent
yuga was made accompanied by its own dawn and dusk, their lengths being one
tenth each of that yuga. Consequently, the caturyuga (also called the divine yuga)
was equal to 12000 divine years or 4320000 human years. Brahma’s day and
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night were severally regarded as lasting for a period of 1000 caturyugas (§36).
This period of 1000 caturyugas was often called kalpa, and Brahma’s year and life
span (called maha-kalpa) were regarded as consisting respectively of 360 of his
own days and 100 of his own years (§44, §48, §56, §57; 108 in §27). Therefore, 1
kalpa = day of Brahma = night of Brahma = 1000 divine yugas = 12 X 10° divine
years = 432 X 107 human years, and 1 maha-kalpa = life span of Brahma = 72000
kalpas = 864 X 109 divine years = 31104 X 10'° human years.

Into this yuga-kalpa scheme the concept of manvantara (‘Manu’s Period’),
which originated from the Rgvedic Manu (the father of mankind), was fitted
presumably some time after the Mahabharata (§37) and before the Manusmrti
(§36). Since 14 Manus of the same life length were assumed to appear in
one kalpa, if the kalpa consists of 1000 caturyugas, one manvantara must be 71
caturyugas and a little more in length. The Manusmyrti and some of the early
puranas (e.g., §35, §45) do mention the relation, 1 manvantara = 71 caturyugas,
but do not refer to the small surplus; these puranas do not even refer to the
1000 caturyugas. Presumably, this caused Brahmagupta’s criticism (628 cE)
that some people ‘do not want samdhi for interstices; their kalpa consists of 994
caturyugas’ (§30). Some other puranas (§32, §40) added the relation, 1 kalpa =
1000 caturyugas, without explaining how to treat the surplus.

The problem of the surplus had been solved, either by Brahmagupta himself
(§30) or by someone else before him, by distributing it as 15 samdhis (‘joints”),
each equal in length to one krtayuga, for the 13 interstices between consecutive
manvantaras and at the beginning and end of the kalpa (1000-14-71 = 6 caturyugas
= 15 krtayugas). Aryabhata (§6) got an integer solution to the problem without
resort to the samdhis. He slightly modified the framework of the kalpa itself: 1
kalpa = 14 manvantaras = 1008 yugas (i.e., caturyugas), and therefore 1 manvantara
= 72 yugas. But this scheme obtained only a few followers including Vatesvara
(904 cE, §44) and the anonymous author of the Natvasivam (§19); the caturyuga
of the latter, however, was not that of Aryabhata, which consists of four parts of
equal length, but the commonly accepted one, which consists of four parts in the
ratios, 4:3:2:1.

These yuga-kalpa systems were necessary in India not only for the Puranic
speculations and descriptions of the creation and destruction of the worlds but
also for astronomical computations of the mean motions of movable bodies on
the celestial sphere.
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brahma-ratri, 36
brahma-divasa, 6

bhaga, 59
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30-32, 34, 36, 37, 42, 44, 45, 47, 48,
50-52, 54-57, 59, 60 See also
abhivaddha, abhivardhita-, aicca-,
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daiva-, nakkhatta-, naksatra-,
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muhutta, 13, 14, 18, 43
mubhirta, 2-5, 7, 12, 13, 14, 17, 18,
20-24, 26, 27, 32-34, 36-39, 4143,
45-47, 49-56, 59, 61

yama, 7, 10, 23, 27, 32, 59, 61

yuga, 4-7, 13, 14, 19—23, 25, 27, 29, 30,
32, 35-37, 41, 43-47, 49, 56, 57, 59,
60, 61 See also caiikadi, caturyuga,
juga, yuga-catustaya,
laukika-caturyuga, kali-yuga, krta-,
tisya-, treta-, divya-, daiva-,
daivata-, daivika-, dvapara-.

yuga-catustaya, 27

rajani, 37

rattidiva, 18, 43

ravi-udaya (ravyudaya), 46

ravi-masa, 56

ravi-varsa, 30, 56

raimdiya, 14

ratri, 8, 34, 37, 59 See also
brahma-ratri.

ratri-dina, 14

ratri-divasa, 18, 43, 52

ratryahani, 29, 37, 45 See also
daiva-ratryahani, pitrya-.

laghu, 27, 32

laya, 18, 34, 38

lava, 2-5, 12-14, 17, 23, 24, 27, 32, 33,
37,42-44, 52-54

lipta, 26, 30, 41, 57

leda, 4

laukika-caturyuga, 20

vatsara, 4, 8, 12, 20, 21, 27, 32, 37, 45,

55
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varsa, 5, 6, 8, 9, 13, 17, 19, 20, 22, 25-27,
29-31, 34, 36/ 37,40, 44, 45, 47, 48/
54, 56, 57, 59, 60, 61 See also
arka-varsa, divya-, daiva-, daivika-,
pitrya-, maha-, manusa-ravi-,
manusa-, ravi-, saura-.

vassa, 13

vara, 27

vasara, 27, 60 See also
bhiimi-savana-vasara.

vidhu-masa, 56

vinadika, 6, 15, 19, 30, 46, 57

vinadi, 10, 22, 28, 60

vilipta, 26, 56, 57, 61

vivarta-kalpa, 3, 39

vedha, 27, 32

Sarat, 20
$vasa, 28

samgava, 45, 47

samdhi, 30, 36, 45, 46, 56, 57, 60, 61

samdhyakamsa, 56

samdhya, 8, 27, 32, 35-37, 45, 47, 57

samdhyamsa, 8, 27, 32, 35-37, 45, 47,
57

samvacchara, 13, 14 See also
abhivaddhiya-, abhivardhita-,
aicca-, aditya-, uu-,

kamma-, camda-, nakkhatta-,

naksatra-, savana-, savana-.

samvata-kapa, 3

samvatsara, 2, 7, 10, 13, 14, 20, 23, 27,
32, 37, 42, 45, 48, 50-52, 59 See also
samvacchara, kraufica-samvatsara,
divya-, pitrya-.

samvarta-kalpa, 3, 39

saptarsi-vatsara, 45 Cf.
kraufica-samvatsara.

samaya, 1, 12-14, 32

sama, 20, 41, 46, 56 See also
divya-sama.

samasa-masa, 41

sagara-upama (sagaropama), 1, 13

sagarovama, 1, 13, 14

saya-ahan (sayahna), 45, 47, 61

savana(-masa), 14

savana(-samvacchara), 14

savana-dina, 15, 46, 56

savana(-masa), 14

savana-masa, 60

savana(-samvacchara), 14

sisapaheliamga, 13

sisapahelia, 13, 14

sura-divasa, 42

susama, 6

susama-dussama, 13

susama-susama, 13

susama, 13

stirya-abda (stiryabda), 60

stirya-udaya (stiryodaya), 60

stirya-masa, 49

saura-abda (saurabda), 46

saura-ayana (saurayana), 29, 45

saura-ahoratra (saurahoratra), 46

saura-rtu (saurartu), 29, 45

saura-masa, 5, 29, 45, 46, 60

saura-varsa, 29, 45

stoka, 12—14 See also thova.

hastivaha-masa, 5
hayana, 20
hihua, 13
hitthuamga, 13
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aksara, 45, 59

angula, 5,27, 32, 47
atata, 18

anamta, 1, 14, 61
anagaya, 14, 61

anu, 12, 27, 32, 57, 61
atireka, 37

atita, 14, 61

ananu, 57

antakrt, 60

antara, 8

apara, 20

apara-ahan (aparahna), 45, 47
ababa, 18

abbuda, 18

abhava, 5

Abhijit, 27

amavasya, 27, 46
amirta, 57, 60, 61
arka-bhagana-bhoga, 46
arka-bhaga-bhoga, 46
Arjuna, 37

arbuda, 18

avibhajja, 14
asamkhijja, 13
asamkhejja, 14, 61
asamkhya, 12, 48
asamkhyata, 14
ahaha, 18

adhaka, 5, 14
anantya, 57
ayus, 44
arksa, 15, 57
arksi, 6, 30, 56
Asvayuija, 46

Indra, 27, 37

uccarana, 59

113

uttara-ayana (uttarayana), 8, 27, 47, 48

uttara-kastha, 46
utpala, 18
udag-ayana, 36, 37, 45
udaya, 46, 60
uppalaka, 18

tnaratra, 2

rksa, 57
rtu-carya, 59
rsi, 29

ovamia, 2

Auttami, 36
aupamika, 1

Kadrt, 37
kapalaka, 6
karana, 27
kamala-dalana, 44
Karkata, 27, 46

kalana-atmaka (kalanatmaka), 60, 61

kala, 41, 56

kala, 14, 27, 44, 57, 59, 60, 61
kala-avastha (kalavastha), 45
kala-kalana, 42

kala-cakra, 37

kala-vibhaga, 7

kastha, 46

kumuda, 18
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kuht, 27

krsna, 20, 27, 30, 46, 37, 45, 46, 59

Kesava, 42

koti, 35, 45
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kraunca, 29, 35
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khara, 18
kharaka, 18
khari, 18

graha, 37, 56
grismika, 58

ghatika (‘bowl’), 6, 61

camda, 14

cakra, 37, 56, 57

catrudasi, 27

candra-udaya (candrodaya), 41
candra-naksatra-bhoga, 46
carams$a?, 29, 45

carya, 59

Caksusa, 36

candra, 5, 46

chaya, 5
chaya-pramana, 5

jaghanya-yukta-asamkhyata, 14
Jambavati, 37

Jiva, 46

jaina, o, 6, 61

joga, 14

jyautisa, o

tamtu, 1
Tamasa, 36
tamri, 27
tila, 18

Tula, 27, 46
tulya, 59
tejas, 27
tolya, 14
trairasika, 37

daksina-ayana (daksinayana), 8, 27,

36, 37, 45, 47, 48
daksina-kastha, 46
danda, 27

dvitiya, 27

Dhruva, 29
dhruva, 29, 35

nakkhatta, 14

naksatra, 27, 37, 45, 46
naksatra, 45, 60

nadika (‘tube’), 5, 49, 61
naliya (‘tube’), 14
niyuta, 35, 45
nirabbuda, 18
nirarbuda, 18

niruddha, 14

paksman, 1
paduma, 18
Padma, 45
padma, 18
pamha, 1

parama, 14
parama-anu (paramanu), 27, 32, 46
paribhasa, 25, 56
pariyatta, 14

pala, 14, 27, 32, 47
pata, 27

patala, 27

patra, 27

pada, 49
Pandava, 37
Pitamaha, 48
pundarika, 18
punnima, 14
purana, 25, 28, 42, 45, 61
Purusa, 46, 48
purusa, 5
Puskarasarin, 45
purnima, 46
purva, 20
pothana, 34
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paurusa, 52
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pratipada, 27
pramana, 5
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prastha, 27, 32, 47
pratar, 29, 45, 47, 61
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bahula, 37

Bibhatsu, 37

bauddha, o, 61

Brahma-loka, 27

Brahma, 6, 8, 20, 21, 27, 32, 36, 37, 40,

42, 44, 46-48, 56, 57, 60
brahmana, 61

bha-gana (bhagana), 6, 30, 46
bhagana-udaya, 41

Bhagola, 6

bhaga, 5, 46, 47, 59

bhara, 27

Bhisma, 37

bhii-gola, 27

bhtmi, 27, 60

Bhrgu, 46

bhoga, 46

Makara, 27, 46

Magadha, 47

madhya-ahan (madhyahna), 45, 47
Manu, 27, 36, 61

Mabhesévara, 42

Magha, 20, 59

mana, 25, 45

Maya, 42

Margasirsa, 20
masa(ka), 5,27, 32, 47
mirta, 57, 60, 61
meya, 14

Meruy, 6, 27, 30

Mesa, 30, 46

yoga, 27, 36

rasa, 59
ratrimdiva, 59
rasi, 30, 56, 57, 59
Rudra, 42
Raivata, 36

laghu-aksara (laghvaksara), 45, 59
lipta, 30, 41, 57

loka, 60 See also Brahma-, Visnu-.
loka-anta-krt (lokantakrt), 61
loka-vyavahara, 25

vattamana, 14, 61
varamsa?, 29, 45
Varaha, 45

varsa, 58
Vasudeva, 37
vi-ati-Vkram (Vyati-\/ kram), 12
vikala, 30
vibhitaka, 61
vilipta, 56, 57
Vivasvatsuta, 36
visuva, 20

visuvat, 20

Visnu, 27, 37, 42
Visnu-loka, 27
Visvaksena, 37
vaidika (uttara-), o
Vaivasvata, 36, 45
vyatikrama, 37
vyavahara, 25
vyasta-trairasika, 5
Vyasa, 37

Sakra-pata, 27
Sata, 35
sarada, 58
Suka, 37

Sukla, 20, 27, 30, 36, 37, 45, 46, 59
Sruti, 27

samkramana, 46
samkranti, 60
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samkhejja, 1, 14, 61
samkhya, 48
samkhyata, 12
samkhyeya, 14
samgava, 45, 47
samghata, 1

Sadasiva, 42

Saptarsi, 29, 45

sabha, 37

samagama, 1, 13

samii, 13

samiti, 1

samudaya, 1, 13
sahasra, 35, 45
saya-ahan (sayahna), 45, 47, 61
savana, 15, 45, 46, 56, 60

stiksma, 57, 60, 61
siiksma-mana, 25
sugandhika, 18
sogandhika, 18
saumya, 45

saura, 5, 29, 45, 46, 60
sthila, 57, 60, 61
sthiila-mana, 25
sphotana, 34
smarta, o
Svayambhuva, 36
Svarocisa, 36

hahava, 18
huhuva, 18
hemanta, 58
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