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Abstract

In this paper after a brief review of ancient Indian time units, the ingenious method of Indian astronomers
for calibrating the small time unit of vighatika (24 seconds) phonetically by the recitation of a Sanskrit
verse in the lllakhela meter with sixty gurvaksaras, is experimentally verified by sixty independent sample
recitations. This is followed by exploring the concept of congruence of aksara count and time periods such
as the month and the year in Vedic texts. This leads to the symbolic equivalence of the brhatl meter of
36 syllables to the Year and several other numerical synchronies between phenomenal time and aksara.
The 1000 brhati verses of the prataranuvaka nocturnal performance in the atiratra ritual is the traceable
most ancient origin and inspiration for gauging and estimating lapse of time by recognizing audible
syllable as a time measure. To verify this, apart from text based theoretical estimates, real time information
from a famous $rauta expert on his prataranuvaka performance is presented. It is further demonstrated
empirically that the rate of 3600 gurvaksara per ghatika of siddhanta astronomy is closely correlated with
the speed of present day traditional chanting of the Rgveda, the fidelity of which has remained stable over
millennia.
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1 Introduction

A large number of time measures with a variety of
nomenclature and conversion values are mentioned in
ancient Indian texts. In a recent publication Hayashi
(2017) has presented a detailed review of time units in
ancient and medieval India.
all important texts numbering sixty. There are some ex-
tremely small measures such as anu and truti as well as
some very large time measures such as yuga, and kalpa.
It would be clear that for practical purposes mubhiirta,
nadika (ghatika), ahoratra, paksa, tithi, mdasa, ayana, rtu,
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varsa with their simple multiples should have been in
vogue. The smallest measures samaya, truti, paramanu
must have been proposed by philosophers and mathemati-
cians to imaginatively indicate that Time is continuous
with no gaps in between.

Texts describing instruments for measurement of time
within an ahoratra provide evidences to two types
of devices; the gnomon (Sarnku) and the water clock
(jalayantra). A detailed description of such devices found
in Sanskrit texts with relevant historical background and
available photographs has been presented by Sarma (1994,
2001) (Figure 1). Several of his investigations on the water
clock and time determination in medieval India with in-
sightful discussions are available in his monograph The
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Archaic and the Exotic (2008). Further recently Sarma
(2018) has presented a detailed exposition on how the
Jaina text Jyotiskarandakam by Padalipta Stri (c 100 CE)
describes time measurement using the water clock and
the steelyard.

2 Jalayantra

Two major types of water clocks, with some minor vari-
ants, were popular in ancient India. The nalikayantra,
perhaps the more ancient device, consisted of a tall jar or
a pot with an outflow orifice at the bottom. The device
when filled up with water at sunrise (pratah) would get
emptied at the next sunrise representing 60 nadika. As-
suming that on the equinoctial day, sun at midday (mad-
hyahna) and sunset (sayar1) were observed, two more
time markings could have been done on the device. Mea-
suring finer intervals in such a device would be complex
since the relation between time elapsed from sunrise to
the water level is not necessarily linear. For example, if
a cylindrical vessel of uniform cross section empties in
one ahoratra of 60 nadika (30 muhiirta), the time elapsed
from sunrise to the point when the water is at mid-height
will not be 15 but will be (15/\/2) or between 10 and 11
muhiirta. However, by trial and error one may be able to
mark two more graduations when sun is halfway between
horizon and zenith and when sun is between midday and
sunset.

The other device, namely the ghatikayantra is the
sinking-bowl type of water clock. This appears to have
been popular among astronomers, administrators and
priests who had to specify time periods within a day in
advance to conduct the rituals during prescribed intervals.
In the ghatikayantra, the bowl would sink 60 times in one
ahordtra or once in a ghatika same as nadika that is half
muhiirta. The shape and dimensions of this bowl are men-
tioned in a few texts. This must have been arrived at by
experimentation and continuous refinements. Based on
available textual information, Kulkarni (1986 ) verified an-
alytically, applying the laws of Mechanics, that the spher-
ical pot mentioned in the Arthasastra when filled fully,
would take nearly 24 minutes or one ghatl to discharge
one pala of water.!

1Www&'@§ww: FI R gUTEHTGT 9T AT ||

KAS (22.35).

Whichever device was in use, there must have been
an independent way to calibrate the unit of muhiirta or
of ghatl or some part thereof. Only after such verifica-
tion the water clock could get marked for measuring and
announcing time routinely for administrative purposes.
This was well known to ancient Indian scientific thinkers
who proposed several smaller natural markers of time;
aksara (syllable), nimesa (eye wink), prana or asu (breath
or pulse rate). It is easy to note that these parameters
are dependent on the subject selected for observation and
hence vary from person to person. Whichever fundamen-
tal unit one may prefer, the accuracy of dividing ahoratra
into 30 or 60 equal parts would depend on the accuracy
of equating a convenient longer time unit on the device
to the equivalent number of aksara, or nimesa or prana.
In the medieval texts several equalities for time units are
available, sometimes with same name but with different
equations. Fortunately, all authors belonging to widely
differing time periods and regions, are in agreement that
ahoratra should be taken as 30 muhiirta as in the Vedas,
and reckon it as 60 nadi(ka) or ghati(ka). This must have
helped standardization of time measure with aksara as
the fundamental unit all over India. Before we consider
aksara in detail, a brief reality check on the other units
would be useful.

3 Nimesa, Asu, Prana

Nimesa refers to the time taken for one eye-wink or blink.
This word appears in the Rgveda and in several other
Vedic texts. Notably the Maitrayaniya-aranyaka (c 1800
BCE) which declares sun as the generatrix of Time (siiryo
yonih kalasya), mentions nimesa as a time unit, but does
not quantify the term.? Blinking of eyes is a normal ac-
tivity for all humans, but can be voluntary or involuntary.
The rate of blink is sure to vary since continuous volun-
tary blinking fatigues the muscles. The natural clock with
reference to which the experimental value had to be ob-
tained was the position of the sun in the sky divided into
two, three or four observably equal spatial intervals. The
Visnupurana and the Samarangana-sitradhara of King
Bhoja (1055 CE) report 1 muhiirta = 13500 nimesa. The
famous astronomical text Siddhanta-siromani of 12th

2STATATHRH AT 3T T AN, FIH LTI, AT A H15A |
TG AR T ST Tl | TATRTIET, aref

B | MAU (6.14).
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Figure 1 (a) Copper bowl water clock sinking in half ghati from Uva Province, Sri Lanka in the Pitt Rivers Museum of
Ethnology, Oxford. (photo by S. R. Sarma); (b) Coconut shell water clock sinking in one ghati. Government

Museum, Chennai. (photo by S. Ramaratnam)

Source: Sarma S. R. A Descriptive Catalogue of Indian Astronomical Instruments, 2019, pp. 3821-26.

Reproduced with permission.

century also reports the same value. Quite interestingly
all the above four texts state two smaller units of time
kastha and kala before muhiirta in the same way as 1
kastha = 15 nimesa; 1 kala = 30 kastha and 1 muhiirta
= 30 kala. Several other texts also refer to the nimesa,
but this parameter must have been difficult to count in
practice, particularly for fixing parts of a muhiirta. This
limitation seems to have been circumvented by accepting
nimesa to be equivalent to laghvaksara time. The other
basic unit asu is the breath rate and prana the pulse rate.
But the two words are often used with varying meanings
in different contexts. The Satapatha-brahmana (SB 12.3)
divides muhiirta into four smaller units namely, ksipra,
etarhi, idanim and prana each being 15 times the next
one in the same order.3 The pulse rate as per modern
measurements is about 70 per minute. This gives approx-
imately 3360 heart beats per muhiirta. This value is quite
close to 3375 idanim for one muhirta of SB. It is to be
noted that the same word idani of the Taittiriya Brah-
mana (TB) and of the SB carry different values. Also, the
prana unit of SB in the present context is not the heart
beat. On the other hand the rate of breathing of normal

I T I AEATOTET T A AT gat: | A=t Jgarearar=
TgesTEa: famforl et fanfor aefr sguesea waditen
RIEES R MG |G B S CE o G E 1 SN | G 1 | o
UE3EHe: WIUM:| ITa=T: WTOTRATI=ISTHAT: | ATt STh-Teara=it
Al FEr FAvESt St It SEeTarRara T
TETEAT | AT w7 TWETEAT dra=T Ud e a9t 1l $B (12.3.2.5).

humans is around 15 per minute. This leads to 720 asu
(breaths) per muhiirta leading to 21600 breaths per ahora-
tra, which count is reported in several texts. Some texts
such as the Siddhanta-sekhara (10th cent.) denote asu
as prana and report 21600 prana for one ahoratra, as in
the Siirya-siddhanta. Nimesa, asu and/or prana were not
imaginary units, but were based on experiments. How-
ever, they were not robust for arriving at a scale that can
be impersonally applied for measuring ghati or muhiirta
repetitively like a short rope or stick (Sulba/danda) that
was used repetitively in length measurements.

4 Aksara

It can be easily gathered from the review of Hayashi (2017)
or otherwise, that muhiirta was the older unit inherited
from the Vedas but half-muhiirta or the nadika/ghatika,
was perhaps more convenient for day to day work. A
further interesting shift is in the recognition of aksara
as more practical than nimesa/prana, although the two
units are not independent of each other. The most ancient
traceable text to mention aksara or syllable as a unit of
time is Lagadha’s Vedarnga-jyotisa (LVJ). Both the Rgvedic
and the Yajurvedic recensions (Sastry and Sarma 1985)
mention the length of ahoratra as 30 muhiirta equivalent
to 60 nadika, as in the works of Aryabhata, Varahamihira
and others. However, the relation between the aksara
and the nadika of LV is different from the equation stated
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by later astronomers. In the LVJ the two units are re-
lated as 1 nadika= 6231 aksara, which is different from
1 nadika = 3600 gurvaksara of the siddhanta texts. Even
though Sastry and Sarma (1985) mention that the aksara
of LVJ is equal to one gurvaksara of two matra time du-
ration there is no statement in the original text to that ef-
fect. Here it is to be noted that the word aksara normally
translated as ‘syllable’ carries different shades of meaning
in technical subjects. In the present context it should be
interpreted as the time taken to produce audible sound of
one syllable of a particular type. Unless specified clearly,
aksara can be one of the four types; hrasva (short), laghu
(light), guru (heavy), dirgha (long). The time taken by a
hrasva and a laghu and similarly by a guru and a dirgha
syllable need not be exactly equal. In Sanskrit prosody
it is by definition the long and heavy syllables take twice
the time relative to the short and light ones that are as-
signed one matra measure. The word matra (measure) is
inherited from the antecedent oral tradition wherein the
Pratisakhya texts describe and fix the Vedas in minute de-
tails of chandas, aksara, svara, and matra. In classical
literature the matra is by definition not divisible, unlike
in the Vedic tradition where matra is divided into at least
four fractions. Without further digression, it suffices to
point out that the aksara of LVJ might be referring to a
particular definition of Vedic syllable as a time unit which
need not closely match with the syllabic time of classical
Sanskrit prosody (Tripathi 2008).

There are also references to laghvaksara (light or short
syllable) as in the Purana,* which equate nimesa and
laghvaksara leading to 13500 short syllables per muhiirta.
SusSruta Samhita also equates nimesa and laghvaksara,
but present day texts lead to 9045 syllables per muhirta.’
This seems to be based on the misreading of the word
trimsat as vimsat in later day manuscripts which has
formed the basis for present day printed versions. If we
take the original reading as tririsat, (30 kala per muhiirta)
we get the same value of 13500 laghvaksara per muhiirta
as in other texts. There is also mention of vikrtaksara (dis-
torted syllable) in the Parasara Tantra (Iyengar 2013) as
quoted by Bhattotpala that equates 16000 vikrtaksara to

‘Frvaege g argmer o 9q || Fst e g3 g 39 e
ST TS | HETh@TETy Wa=gied Ra3rar =gt a9
Brahmanda Purana (1. 29.5-6).

ST SERIRITHATSTRNAT:, TIITTAANT: ST, FH3Tensr:
o, Faiferehest gget: TesraaTrTe, BeigmaRT, weresmaRT=tor
weT: | ¥ g 37g: FTe| At AT | Susruta Sarihita (6.5).

one muhiirta.

5 Gurvaksara Scale

Definition of time in terms of different aksara type points
to the wide spread practice of estimating elapsed time us-
ing oral recitation of some texts. This should not be sur-
prising since the learning of the Vedas has remained an
oral tradition to this day. But the time covered naturally
depends on the internal structure of the syllabic compo-
sitions and the speed of oral reproduction. Indian as-
tronomers in their search for accuracy in the use of the
water clock must have experimented with different texts
to finally arrive at the attractive result that 60 gurvaksara
sound-string would need one vinadi or vighati. Sixty of
such vinadi make up one nadika or ghatika equal to the
time needed for the bowl type water clock to sink once.
While the Soma-, Brahma-siddhanta (Dvivedi 1912) and
the Vrddhavasistha-siddhanta (Dvivedi 1917) know the
above relation of 60 gurvaksara being equal to one vinadi,
it is the Paficasiddhantika (PS) that standardizes this for
calibration of the water clock. Varahamihira (¢ 530 CE)
the author of this text gives in the 14th Chapter, a verse
of 60 gurvaksara that can be used as an objective audible
scale for measuring longer time by simply repeating it the
required number of times. The relevant text and the trans-
lation by Sastry and Sarma (1993) are as follows;

qﬁ%ﬁﬁaﬂ?ﬁvﬁmq@nﬁw |
JTATST (FATAT) T AT 3T G 1039 1)

FWTITHRR aTd 9T H1 9o &g
XS A9 U A ares gt el i |
mﬁwqﬁﬁwmwaﬁ

NTSdhn: i Id TS=T 97 A7 A1 | 3R

(VM)

One-sixtieth of the time taken by water to flow
out through a desired hole during a nychthe-
meron is defined as the duration of a nadi. Or
it is the time of 180 breaths of a man. [131ll

Construct a copper vessel resembling one-half
of a spherical pot and pierce a hole at its bot-
tom. Put it in pure water in a basin. The time
in which the vessel is filled up is the duration
of a nadi. The hole at the bottom of the vessel
should be so small that on account of its small
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size, the vessel may sink into water exactly sixty
times during nychthemeron. Or, it is the time
in which one may recite 60 times a verse com-
posed of 60 long syllables (as verse 32 itself is).
113211

The above verse 32 (denoted as VM) has fifteen gur-
vaksaras in each foot in the meter lilakhela (also called
kamakrida or sarangika) belonging to the class of atisak-
vari chandas. Varahamihira in PS reviews five older as-
tronomical texts (Paulisa, Romaka, Vasistha, Stirya and
Paitamaha siddhanta) but in Chapter 14 there is no attri-
bution to other authors for the above verse on the water
clock. Before we verify the accuracy of VM, it is noted
that there is another verse in the same meter in the com-
mentary by Bhaskara-I (7th cent.) on the kalakriyapada
of Aryabhata (5th cent.). This verse with its correct ver-
sion (B-I) as in the manuscript ghatiyantra-ghatana-vidhi
along with two more in the same meter has been un-
earthed by Sarma (2001).° The verse given by Bhaskara
for calibrating the vinadr is:

AT I TETRATT TATHRIS S5 TR
HIe T g YOI T T T |
4THTH: SIS ATl A0g: F: W

A HTgl~ 5&4«“«1 ST el II(B-I)

In the previous section different aksara types and their
measures were mentioned. In the absence of a clear def-
inition of the syllabic time it would be reasonable to say
that about 13500-16000 short syllables per muhiirta was
the prevalent understanding before the astronomers intro-
duced their refinement. The above approximates to 7375
long/heavy syllables per muhiirta as per the conventional
understanding that laghu and guru are for one and two
matra duration respectively. This evidence of measuring
mubhiirta in terms of aksara counting in the early puranas
and other texts originating before the common era natu-
rally points to Vedic oral tradition as the progenitor of the

6Sarma, S. R. (2018, p. 165). Two more verses in the same meter from
the above manuscript follow:
: Tl e
awﬁ'sﬁéwaﬁ BTIAT I15: ;|
aifer: I
m HAToT I RIS FeHE: 11211
BRI FH: hie: IRigr
AT GRATRIRT AT T: FM gl Fooehl |
T AR TR AT ATH

T 3 Sam asE A=A 130

concept of aksara-kala or syllabic-time. This point will be
further discussed and demonstrated to be so in the present
study.

Astronomers before and after Aryabhata being aware
of the prevalent use of aksara count as a time measuring
artifice, standardized one vinadi (vighati) to the audible
scale of 60 gurvaksaras embedded by verses in a particu-
lar meter known as lilakheld, with 15 long/heavy syllables
per quarter. The speed of recitation is said to be neither
too fast nor too slow but in medium pace as pointed out
by Bhaskara.” This must have existed as a culturally in-
herited trait followed in the medieval schools aptly called
ghatikasthana, where a ghatiyantra the sinking type wa-
ter clock was also operated probably by the students. Ex-
istence of such a school with a time measuring device is
well attested in the inscription dated 1058 CE at Nagai, in
Gulbarga District. This record mentions about the school,
the number of teachers and students and the donation
made for the upkeep of the institution including payment
for the ghatika-prahari, whose work was to announce the
passage of each ghatika by beating a gong.®

6 An Experiment

An interesting question arising out of the above prescrip-
tion is, how accurate are the verses for representing one
vighatika that is equal to 24 seconds in current parlance?
To understand this issue we conducted an experiment
with the help of 30 volunteers drawn from in and around
Bangalore. The group included persons knowledgeable
in Sanskrit as well as some who could not understand the
language, but had the tradition of reciting Sanskrit texts
in their families for religious and spiritual practices. The
members were requested to recite audibly the verse (B-I)
in private at medium pace, as is normal for them, and sub-
mit the audio tracks. After a lapse of several months the
verse (VM) from the Paricasiddhantika was tested in simi-
lar fashion by another group that included a few members

T WATGIIIEoT] « SEIRITOT 9IS $eel Heawray it 9re:
sEeRIeT famifewrae gfa awem | s 7 fagy i gfeg
SATERIT ST WA | e - gerat get 9 TIERIaed T B
T, oA g e B, W A 3o, THE AT HIo |
TS TG RIUEYT FA S | HAFTAATHTTRI, BIhA g | T
D ey EFI'&EWWFIT%: Il Commentary of Bhaskara-I on the
Aryabhatiya.

8The Inscriptions of Nagai, published in Hyderabad Archaeological
Series, No. 8. Calcutta, 1928, p.16.
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from the former group. The time taken for recitation was
extracted from the sample audio tracks. The results ob-
tained for both the verses are shown below in seconds.

Time samples for B-1: 23.28, 23.13, 22.23, 23.76, 22.4,
23.68, 25.2, 23.22, 24.15, 26.65, 23.42, 22.1, 24.72, 25.59,
24.47,23.94,25.91, 22.62, 25.04, 25.74, 23.06, 24.02, 23.31,
24.23,23.19, 24.13, 24.15, 23.29, 24.31, 23.3.

Time samples for VM: 22.61, 21.45, 24.62, 23.81, 23.16,
25.51, 22.52,21.98, 21.35, 23.55, 25.83, 24.86, 23.05, 23.12,
23.84, 23.48, 24.86, 23.07, 23.57, 25.04, 21.95, 25.18, 23.17,
23.5,23.74, 24.24, 23.81, 24.29, 22.68, 23.76.

The average time in seconds taken for B-I is 23.94 with
standard deviation of 1.1 seconds. The average time for
the VM verse is 23.59 seconds, the standard deviation be-
ing 1.12 seconds. The sample variation in both the cases is
about 5%. Verse B-I is easier to recite with lesser number
of conjunct syllables and hence seems to be more accurate
than VM.

7 Vedic Prelude

Vedic texts characterize kala (Time) in a variety of ways.
While some of these are abstract and philosophical, oth-
ers are about time as related to the sun, the moon and
the stars. The latter is the miirta-kala (concrete or
phenomenal time) such as year, month, day, night etc.
Maitrayaniya Aranyaka Upanisad (MAU) extols Time as
Brahman, with and without form.? Time with form, that
is nameable time divisions, starts with Sun. The ahoratra
(day-night) based on counting sunrises is the most natural
time unit, so much so the MAU declares sun to be the ori-
gin/generator of time.!® This and such other evidences in-
dicate that with the help of the sun and the moon, longer
periods such as paksa, masa, rtu, ayana, samvatsara were
conceptualized and used. It is no exaggeration to say that
Vedic sacrifices, rites and rituals couched in legends of me-
ters as deities show a deep sense of preoccupation with
time measures, short and long, synchronized with num-
bers and syllables.

o2 1T STV T HSATHSY || MAU (6.15).
10See footnote 2.

8 Prajapati’s Choice of 15 and 30

The concept of masa, the time interval from full moon to
full moon and from amavasya to amavasya is central to
Vedic culture. It is easy to note that sunrise to sunrise is
one ahoratra and hence this can be counted in integral
numbers. But the masa measure of sunset or sunrise as
related with moon will not be a round number but will be
between 29 and 30. The naming of both the piirnamasa
and the amavasya as the Fifteenth that is paficadast in
the Taittiriya Brahmana (TB 1.5.10) is due to the idea of
paksa synchronizing with the number 15. The Satapatha
Brahmana provides the heuristics for selecting the num-
bers 15 and 30 through a legend connected with Prajapati
one of his forms being the Year. After creation of the cos-
mos the joints of Prajapati became slack at the meeting
of day and night and at full moon and at amavasya. His
joints at the syzygy were fixed by conducting the darsa-
piirnamasa rites.!! The text further works out by recur-
sion how the 360 days and 360 nights, that make up the
year of 720 (ahas + ratri), can be factored into integers
starting from 2 and increasing by unity at every step up to
24.

The number 720 is divided by 2, 3, 4, 5, 6, 8, 9, 10, 12,
15, 16, 18, 20 to get 360, 240, 180, 144, 120, 90, 80, 72, 60,
48, 45, 40, 36. The text says, for each of these possibilities,
Prajapati could not envelop (sa naiva vyapnot).}> When
divided by 7, 11, 13, 14, 17, 19, 21, 22, and 23 Prajapati
could not manifest himself (na vyabhavat).’* Then, He
sat there in that 15 boxed figure. Since he settled in the Fif-
teen, there are 15 forms (for moon) in the waxing and 15
forms in the waning fortnight.'* Twenty-four is the num-
ber of ardhamasa (half-months) in a year.!'> In similar-

Uy ¥ WS IS qaier e W ¥ Saam
@Wﬁ:aﬁaﬁm;v&ﬁﬁﬁﬂﬁrm

AHRIRTIET TeaaiT s iRacTq g Y: || SB (1.6.3).

L 2T Stgd ST o T AR ST TN T I o
T | TATATs o | ey ChaeeeH st g~ i
=T [..] femTemrs g Sigsiaaa @ AW || SB(10.4.2;
2-14).

BT T I [..] TR 3Torer srae gifdziasr T st sl
SB(10.4.2; 8-16).

BEGIEEIRLILIEIN %ﬁmﬁsqﬁwwa{gw
EENGES] quﬁmw TgeETIaiEET=T || $B

(10.4.2; 17).

1537 TSRS o, AATE ST aeT: daea<: | SB
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ity with the sukla- and the krsna-paksa (bright- and dark-
fortnight) being presided over by the number 15, the day
and the night in an ahoratra are equated with 15 muhiirta
of time.

This choice of taking ahoratra as equal to 30 muhiirta
must be more ancient than the Brahmana texts. The
word muhiirta occurs twice (RV III1.33.5 & II1.53.8) in
the Rgveda, but from the context of the hymns it is not
clear whether the word stands for one-thirtieth of ahora-
tra or is used in the sense of vague time. However, there
are three instances where the number 30 is invoked re-
ferring to Usas (twilight) or Sun specifically illuminating
and crossing 30 divisions every day.'® In the first instance
(RV 1.123.8) it is 30 yojana which is generally taken as a
distance measure. In the other two cases (RV VI. 59.6 &
X. 189.3) the larger context of the sitkta (hymn) is about
time as aharahah (day by day) and hence Sayanacarya’s
interpretation of 30 dhama and 30 pada as equivalent to
30 muhiirta of time should be acceptable. This conven-
tion of taking parts of time and space to be numerically
congruent is preserved in the Parasaratantra where it is
asserted kala-ksetrayoh samyam.'” This principle is re-
flected in (RV V. 76.3) where the day is divided into five
parts. Starting from sunrise these intervals are named pra-
tah, sangava, madhyahna, aparahna and sayam. Each of
these intervals dependent on the position (ksetra) of sun
in the sky are notionally three muhiirta long, as attested
in the Visnu Purana.'® The Taittiriya Brahmana (TB) fine
tunes this time division to introduce individual names for
the 15 day and 15 night mubhiirta for the dark and bright
fortnights!® separately and also mentions that each such
mubhiirta (48 minutes) is made of 15 further parts called

(10.4.2; 18).
16 T 3Te ST henT shef UTX af=T | RV (1.123.8 b).
Rt BRY forgar arag=Riezeaer =i | RV (VI 59.6 b).
Feregm frrifar areraarga s i awai=e gl RV (X.189.3).
7Quoted by Bhattotpala in his commentary on the Brhatsamhita. Ref:
Parasaratantra (Iyengar 2013).
ST BT <&t |
WTe: JYARA: HIAT WITHTE: T IFH: I
T ATARAATHIAT, g A |

STTIRTE, Sl  HIes: HATE T |
I TG I TEAHT T |l VP (2.8.61-64).
1fRraT: S TAHTHIN T L))

HATETY: T: 30T | 7B (3.10.1.1-3).

mubhiirta-of-muhiirta® also called prati-muhiirta. If such
a small division as the pratimuhiirta (3 minutes 12 sec-
onds) were to be important, what artifice might have been
used to estimate the muhiirta measure in Vedic times?
While there is no direct answer for this question in the
sacred texts, it can be verified that aksara count had signif-
icant role in stating, estimating and keeping vigil through
specific time intervals.

9 Aksara Congruence

The two prominent meanings of the word aksara are
i) imperishable, ii) syllable. Without going further into
etymology, nuances and definitions of the word, we note
that there is a hoary tradition of preserving the counts
of the chapters, subdivisions, hymns, verses, words and
the syllables of Vedic texts (Vaidya 1930). In some of the
sacrificial rites the sacred formulas ritualistically state the
number of syllables a particular hymn or a set of hymns
contain. These statements are like recognizing equiva-
lence between the number of aksara and some important
character and distinctive property of the deity that is in-
voked through the laudatory hymn. A typical example
is about statements that enunciate connections between
samvatsara as Prajapati and the number of aksara in
a hymn or the number of stanzas in a ritual. Here we
cite only a few such cases to illustrate the germination
and growth of the idea of linking phenomenal time mea-
sure with syllable counts. The Taittiriya Samhita refers
to 15 Samidhent verses that together make up 360 sylla-
bles to obtain the year of 360 days.?! Aitareya Brahmana
(3.41) synchronizes 360 hymns with the length of the year
counted as 360 ahoratra in the ukthya sacrifice:??

This ukthya sacrifice has fifteen stotras and fif-
teen Sastras. These make, if taken together, one

20 AgHIHATS ISR |

ST HOT gaataga |
TERRETATIT STIRTEATSE: | TB (3.10.1.4).
T eI | T TT A |
TR o qEA™T ggat: || TB (3.10.9.9).

YT A EIRATE T3 a7 ST I |
STTHTRT: AR ST 19T ST < Fran
SIS TSIRITOT dTae: HaedR= =4 |
STETRZT UF TTARATAI| TS (2.5.8).

22This is the summary as per the Mysore Palace Edition of the Rgveda,
MPRYV, Vol. 31 pp. 858-62.
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month of thirty days. By performing this sac-
rifice they commence the year as divided into
months. This ukthya sacrifice has 360 stotriya
verses as many as the year has days. By per-
forming this sacrifice, they commence the year
as divided into days.

A special character stated for the year is the number 36
made of 12 full moons, 12 astaka (half-moon in the dark
fortnight) and 12 new moons. This is said to be homol-
ogous to the brhaii meter that consists of 36 syllables.?3
Such concepts built around the number 36, 360, 3600,
36000 and the brhati meter appear in several Vedic texts.
The Aitareya Aranyaka represents 100 years each of 360
days, in terms of 1000 brhati verses each of 36 aksara.**
Since the total number of days and the total number of syl-
lables are both equal to 36,000, apparently here one day is
matched with one syllable. But there are instances where
the match is made differently; the constant component
being brhati the 36-aksara and its simple multiples.

We have seen above how the numbers 15 and 30 were
arrived at in SB (10.4). The text in similar fashion contin-
ues to state the number of muhiirta in a year as 10,300.
Along with the year, seasons, months, fortnights, day and
nights, muhiirta is also a form or limb of Prajapati. In the
construction of the sacred Vedic altar described in minute
detail in the SB, the 10,800 muhiirta are represented by
that many lokarmprna bricks which fill the small space in
between the specially consecrated bricks which represent
longer time elements. In addition to such a theoretical
equivalence between Prajapati as Time (year and its parts)
and Prajapati as Space (mahavedi and other altars) one
more equation in terms of the syllables of the three Vedas
is stated. As per SB the Rgveda has 432,000 aksaras; the
Yajurveda and the Samaveda have 288,000 and 144,000
aksaras respectively.?> These together, adding to 864,000

ST FARRATHIATT AGaAAT e
e g TTI_T gTEeT TIvHIRAT ZIesmest
ETESTATaRAT I 53T SIS3Te8TRT gal.. || SB (6.4.2.10).
STITATOTHTET: | ZTE3TEET: | ZISSTHTEaT: |
ST AT AT JAERTFET || 7B (1.5.12.2).
29gT 3¢ YEdibed WY a9 97 UGS EdNgse ey
Wy~ Aitareya Aranyaka (2.2.4).

RIS E I

37w SAGEEI JEAgETAdETAr gar

m%mmm%smm
TS Teagy ARATCATg: ARl ST I TgATSHaT
I SRy der aﬁ%‘c[ 3@3 TEAGEAIST IS TR

syllables, too form the body of Prajapati. This number is
80 times 10,800 the number of muhiirta in a year. Thus,
an aksara is smaller in its esoteric magnitude than the
muhiirta. Following such an argument the text discerns
congruence between one muhiirta and 80 Vedic syllables.
This is not still an equation suggested or speculated for the
real time muhiirta. SB mentions about Prajapati’s 1000-
year sacrifice and asks the performer to imagine scaling
up all the parameters of the sacred altar by 1000. Here, the
mubhiirta and the corresponding syllable relation remain
same at 80 aksara. But the total lokamprna space filling
bricks become one crore eight lakh (1,08,00,000) hair pits,
on the body of the self-similar Great Prajapati, that are
stated to be equal to the number of stars seen in the sky.?
We need not digress on the doctrines and theories of the
Vedic Brahmana texts. It suffices to point out that an un-
derlying axiomatic relation between time and the Vedic
chants forms the doctrinal basis for maintaining temporal
sequencing and work flow discipline in the rituals carried
out in real time.

Though muhiirta was given prominence as a division
of the day, it was not the smallest such Vedic measure.
TB defines prati-muhiirta that divides ahoratra into 450
parts. As per the SB legend about Prajapati and the num-
ber 15, muhiirta was divided further by fifteens several
times. In the 12th kanda of SB this division goes up to
50625 parts of ahoratra. The Sankhayana Srautasiitra a
later text is an exception to the above rule of sequential
division into 15 parts. This text divides muhiirta into 10
nimesa which is further divided into 10 dhvamsi. The
commonality among the different Vedic texts is in the
ahoratra divided into 30 equal muhiirta parts and an ef-
fort to visualize close affinity among day, night, month
and year with the number 36 of the brhati meter.

10 Real Time

Leaving aside ideological musings about very long and
very small time periods, division of the ahoratra should
have been a practical necessity in the conduct of the sac-

AHMHATE A A STaa_IE df Breas oy qfgsatasary | af
Fiererad g sfasar TEeRHEE I3T: | 377 TAgY aTdrg:
WSTTITIAT STETIAHT AT TATSHIT SB (10.4.2.23-24).

6T TICITE TF ST SHE SO SEEdan ai
SHTATSAT AT TETAOT | AT TTToT ATl SIHTar, ATt
BRI TR gat: | SB (10.4.4.2).
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rifices that were of various durations, from one day to
one year and even longer. We have already seen that RV
(V.76.3) attests five divisions of the day. These five di-
visions are elaborated qualitatively further in TB (1.5.3).
Such a description with demarcation is not explicitly avail-
able for the night even though all the 15 day and 15 night
mubhiirta of the dark and bright fortnight are named sepa-
rately in TB (3.10.1). However, allegorical explanation of
how the night rites are to be carried out during the Atira-
tra sacrifice, which is a one-day soma-yaga already cited
in RV (VIL.103.7), is available in the Aitareya Brahmana
(16.5). This starts with the legend of Indra clearing away
asuras through the night with the help of the seven chan-
das (meters), that are defined in terms of the number of
syllables contained in the hymns. This night ritual is car-
ried out by the ordained group of priests in three cycles
(paryaya) each comprising four camasa-gana. The text
reads:

LI B CER DL B CREICS Coulik s

HW(IﬂI%ﬂHﬂlqiﬁlﬂldJ

Here, there is clear mention of three-part division of the
night each of which was taken to be of equal duration.
Sayanacarya the renowned representative of the practic-
ing sacrificial tradition explains that each division of the
night is meant to be of ten ghatika (five muhiirta).?” The
time unit ghatika is not met in Vedic texts, but widely
used in the medieval period as measured by a water clock.
Hence we can infer that Sayanacarya’a commentary refers
to actual practice among yajriika groups during his time.
Vedic rituals continue to be performed in India to this day
and it should not be surprising to find modern time keep-
ing methods in vogue. How equality of time periods was
kept up in the most ancient period is not known but men-
tion of paryaya indicates chanting, oblations and ritual
acts that should have been nearly identical in the three
cycles and carried out at the same speed. Section (16.6)
of the above Brahmana text describes in detail the hymns
to be sung in the three cycles on the night of the Atiratra-
yaga which is a type of Agnistoma sacrifice. But this does
not make any direct or indirect statement about aksara
and the purported time divisions. However, the immedi-

27T T RRTHRRITHERR T3 T - S3TE3T Hic el Uhehl WIT T a4l
AT R THETOT Teh: TA T TS SIE3THT Sa=e o1 919 G914, O
THHOT I RTSATEIR IS || Sayana Bhasya on the Aitareya Brah-

mana (16.5).

ate next Chapter 17 of the text prescribes the Asvinasas-
tra hymns to be chanted covering a part of the night till
sunrise. These lauds are made up of all the meters such
that the recitation consists effectively 1000 brhati verses.
This is a modification of the standard prataranuvaka com-
posed of 1000 brhati verses which is chanted in the night
during the somaydaga and several other Vedic sacrifices. A
brief review of this leads to interesting new results on the
measure of Vedic aksara in real time, going beyond hym-
nal congruencies.

11 The Prataranuvaka

The Aitareya Brahmana and the Aitareya Aranyaka ex-
pound the legends, doctrines and theories connected with
the prataranuvaka. Several Vedic Brahmana and Srauta
texts also describe in detail the composition and chanting
of the prataranuvaka during different Vedic sacrificial ses-
sions. An in depth study of this set of Vedic hymns has
been carried out by Gonda (1981) in his monograph The
Vedic Morning Litany, by collecting and comparing differ-
ing details as stated in several ancient texts. For our pur-
pose it is sufficient to determine as closely as possible the
starting time and ending time of this important nocturnal
recitation.

The earliest reference to the prataranuvaka is in the
Taittirtya Samhita (TS) where it is enjoined that this
should be completed before other voices are heard, indi-
rectly meaning the chant should end by early morning
before sunrise.®® The same text in another place men-
tions that the chant should commence in the deep of the
night.?? Both the commentators of TS namely, Bhatta
Bhaskara and Sayanacarya take the phrase mahati ratryai,
for the beginning of the chant, as the vague middle part
of the night. This is elaborated in the Aitareya Brahmana
(7.5) with the injunction mahati ratrya aniicyah repeated
four times. The commentary of Sdyanacarya leaves no
doubt about the approximate beginning and ending time
of this litany.*® The chant had to start after midnight
when large part of the night was remaining and should
end before the birds started chirping early in the morn-

28T JT: WAt FTARATRaTHITT

AT qTE AT | TS (6.4.3).

2091 AT AT SATAT AT AT TR I E AT | TS (7.5.5).
30373 AT 3 g e fasq ™ |

WW@W: Il Sayana Bhasya of AB (7.5).

211



ARTICLES

IJHS | VOL 55.3 | SEPTEMBER 2020

ing. The Siitra texts that give the procedural details also
say that the chant starts in the maharatri part of the night
such that the 1000 verses could be completed (before sun-
rise).3! What is maharatri; is it a particular marker like
madhyaratri the boundary that divides the night into two
equal parts? From the different texts, commentaries and
introductory essays in the MPRV (1950) by practition-
ers of the Srauta tradition, we can gather that in Vedic
parlance this means some time after midnight but not
too far away. The Sabdakalpadruma (Deva 1822) quotes
an anonymous Tantra, stating that maharatri starts two
mubhiirta after midnight.>?> Even though the speed and
time limits mentioned in the Vedic texts are qualitative
and at best intuitive, the prataranuvaka is a rare instance
where the texts, in letter and spirit, exhibit tendency for
synchronization with time shorter than ahoratra by ac-
tual real time chanting. This is not the same as the ax-
iomatic aksara congruence with lunar and solar cycles in
longer than ahoratra time scales such as the month and
the year. Since the brhatl-sahasra is a long litany with
a specified number of aksara it would be interesting to
find what might have been the duration of the chant even
though the texts provide only vague starting and ending
times. If we take the night (sunset to sunrise) to be of 15
mubhiirta, the chanting had to start 2 to 1 muhiirta after
midnight and end %2 to 1 muhiirta before sunrise. This
essentially means the time taken for chanting would have
been 5V to 62 or on average 6 muhiirta, at the rate of
6000 aksara per muhiirta. This number, it may be noted,
is based on the equinoctial night of 15 muhiirtas. But, in
summer due to shorter nights the 1000 verses perhaps got
completed in about 5 muhiirtas whereas in winter nights
the rendering might have got extended. This conjecture,
leads to a recitation speed of around 7000 to 6000 aksara
per muhiirta that is at best theoretical. However, in prac-
tice this may vary as the processes of the rituals, though
not the Rgvedic hymns, differ in schools that branched off
long before present.

It is known that the Rgveda (Sakalya branch) text has
been maintained accurately all over the country for sev-
eral millennia. For maintaining the fidelity of the tradi-

3137 TERTS TR TR TR At~

TAT IRAGHILAT | Sarikhayana Srauta Satra (17.7).
PUGRI: - ST TR g5 |

AT, “ AGRTATT T T A GaTAd |

T AERITB AT dgHe™ waall”

gﬁ'ﬁ?ﬂ{ Il Sabdakalpadruma, vol.5.

tional chanting a variety of techniques are adopted the
theory of which is described in the ancillary pratisakhya
texts. As discussed previously the concept of aksara as
a countable discrete entity in a hymn is central to Vedic
rituals and practices. However, the traisvarya (tri-tonal)
and even the ekasvarya (mono tone) Rgveda chanting is
a continuous process in time and hence marking aksara
boundary, for counting purposes, is a matter of definition.
The traditional anukramani texts have preserved the me-
ters of all the hymns with the stipulated number of aksara.
This is the only unambiguous definition we get for count-
ing syllables in continuous recitations or records of the
Rgveda.

Even though versification was the fashion among the
siddhanta astronomers, the syllabic time in classical po-
etry remains notional and hence syllable counts can be
based on orthography. But, the time of the astronomers
being real their 60 gurvaksara audio scale had to be
made phonetically accurate by selecting a particular me-
ter, among many possibilities, such that 3600 syllables
span half-muhiirta. For arriving at such specific refine-
ment there must have been some precedence for quanti-
fying a part of the day or night by a long count of aksara.
The readily traceable source for such an effort is the im-
portance given in the Vedas for the meter brhati of thirty-
six aksara for representing time intervals. This cannot be
treated as a fortuitous coincidence since the astronomi-
cal half-muhiirta of 3600 aksara is numerically congru-
ent, in true Vedic style, with 100 brhati verses. Neverthe-
less, such comparison remains qualitative. Hence for get-
ting a better picture of the influence of the Vedic tradition
on measuring time with the gurvaksara scale we have col-
lected information on present day chanting of Rgveda by
orthodox Veda specialists.

12 Prataranuvaka of the Kausitakins

Srauta practices are preserved in India by followers of the
Veda who perform soma-yaga and such other rituals oc-
casionally apart from regular grhya rites. Sri Itti Raveen-
dran Nambudiri, (Head of the Veda Srauta Gurukulam of
Edappal, Kerala) is a venerated scholar renowned for his
lifelong devotion to Vedic tradition and his expertise on
Vedic practices. He has participated and conducted sev-
eral Atiratra as per the Kausitaki School. We contacted
him to know about the details of prataranuvaka as re-
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cited by him in long Vedic rites. He readily explained the
procedure and mentioned that his recitals started in the
night at 3 a.m. and got completed sometime after 4 a.m.
We gathered that the chanting from start to end would
need one hour and fifteen/twenty minutes. The chanting
is enjoined to be done always in ekasvara (single tone),
in medium pace maintaining medium loudness. When
queried about the number of brhati verses as mentioned
in the Aitareya Brahmana, he was quite clear that he fol-
lows the Kausitaki Vidhi inherited from his teachers and
not any printed book. He agreed to share all the Rgveda
hymns that appear in the prataranuvaka that consists of
three subsets: agneyam, usasyar1 and asvinam. He sent
a written document noting down the mandala and the
siikta so that we could identify all the 348 hymns and their
canonical meters in the Rgveda. The number of aksara in
the litany as per the Kausitaki School adds up to 12,396.
This gives the speed of chanting of prataranuvaka to be
7500-7900 aksara per muhiirta.

13 Recorded Rgveda

The other data collected comprises of audio records of
Sakalya-sarhita Rgveda traisvarya (tri-tonal) samhita
patha that maintains continuity within a siikta, from
Mysore3® and Varanasi.>* The chanters are professionals
trained since their younger days, in the age old oral tra-
dition, inheriting the knowhow of their teachers. Thirty-
eight siikta distributed over different mandala that con-
sist of varying number of verses are selected for noting the
durations of the chant. The aksara (syllable) count and
time taken for each siikta of this sample data is presented
in the Appendix. In Figure 2 for a quick appreciation of
the results, the time taken for each siikta is plotted against
the syllable count. From the table in the Appendix, the
mean and standard deviation of the chanting speed can
be computed. It is found that the southern chant (Mysore)
speed is on average 7296 aksara per muhiirta, whereas for
the northern chant (Varanasi) the average speed is 14457
aksara per muhiirta. In both the cases the standard devi-
ation is about 10% of the average value.

3 Rgveda audio record of S. S. Sharma and S. K. Bhatta. Published by
Sri Ranga Digital Software Technologies, (Pvt.) Ltd. Mysore, 2012.
34Rgveda audio record of Vishvanatha Sharma from Varanasi, Private
Collection.

14 Discussion

Several interesting results emerge out of the above study.
Firstly, the average recitation rate of 7296 aksara per
muhiirta, of the Mysore school in medium pace, is in mag-
nitude close to the 7200 gurvaksara rate of siddhanta as-
tronomers that was the basis for time measurement in In-
dia till modern times. This is not a chance result nor a sub-
jective opinion but what can be verified objectively. This
close quantitative match, beyond reasonable doubt, leads
us to infer that the oral tradition of Vedic learning and
chanting, by design or by its very nature, was getting syn-
chronized with numbers 15, 30 and 36 and their simple
multiples, as time measures related with day/night, aho-
ratra, pak_sa, masa, and samvatsara.

The result of 14457 aksara per muhiirta of the Varanasi
tradition is twice of its southern counterpart, the differ-
ence being less than 1%. This is easily explainable since in
the Vedic and in the music tradition, three speeds vilamba,
madhyama and druta; each twice faster than the previ-
ous one, are recognized. If recitation of a particular fixed
text material in the madhyama (medium) speed takes one
muhiirta, the same will take two muhiirta in the vilam-
aba (slow) speed, whereas in the druta (fast) speed only
half muhiirta would be sufficient to complete the recita-
tion. Bhaskara-I, the commentator on the Aryabhatiya
elaborates the importance (see footnote 7) of the speed
being in the medium pace (madhyama vrtti) for the cal-
ibration of one vighatika by 60 gurvaksara of the verse
B-1, already experimentally verified for its accuracy in the
present study. Bhaskara’s comment quite well points to
the Vedic origins of the aksara count method of time mea-
surement that was only fine-tuned by the astronomers us-
ing classical Sanskrit prosody.

Tracing the aksara concept backwards takes one to the
Vedic Brahmana texts, which propose congruencies be-
tween a variety of aksara counts and time periods and
spatial designs of the altars. Jan Gonda (1984) cites more
examples of this type of syllable congruence or homolo-
gation. The congruency relations are neither figurative
nor realistic in present day parlance, but indicate grad-
ual growth of an idea following an urge to understand
or characterize abstract time in terms of active rituals
that use hymns already available to the followers of the
Vedas. This represents a stage in the evolution of math-
ematical concepts in India wherein the mystical unitary
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Figure 2 Rgveda chant time in seconds vs Aksara count.

vision of the cosmos of the Vedic seers was transforming
into tangible realities for the community through num-
bers and similarity relations, particularly in rectifying the
year, months and still smaller intervals of time.

The principle of correspondence of aksara in sacred
hymns to abstract and concrete objects was not limited
to time divisions only. The Aitareya Brahmana (5.3)
refers to this as a general principle called riipasamrddhi
(fullness-of-form). This principle appears to be the motive
force behind some ritualistic actions striving for accuracy
in minute details tending towards rigour of a mathemat-
ical kind. Aksara, no doubt played a very important role
in handling phenomenal time, but it involves discretiza-
tion in the sense of counting by integer numbers. Going
beyond such integral aksara, Vedic texts in many places
exhibit deeper analytical ideas about the aksara-kala it-
self being further divisible, as many times as one wishes,
so much so time in reality is extolled to be continuous with
no breaks. The Taittiriya Aranyaka (1. 2.4-5) in the very
beginning describes that time is due to sun and that it is
continuous like a river flow and is irreversible. Previously,
we have referred to the Samidhent verses and their per-
ceived syllabic congruence with the year. The Satapatha
Brahmana enjoins that these hymns should be recited
continuously without breaks because ahoratra flows con-
tinuously uninterrupted.®® This continuity of time that is

3 AFMIN HaeRETERTANT Saaraaa s aRga— || SB

(1.3.5.16).

linked with the continuity in the observable movement of
Sun might be leading to congruencies of a different kind.
This aspect needs further investigation.

15 Summary and Conclusion

Any physical measuring instrument needs to be calibrated
by independent methods to maintain its accuracy. Indian
astronomers of the various siddhanta texts recognized the
necessity to calibrate the water clock that was used to mea-
sure time by a bowl sinking exactly 60 times from sun-
rise to sunrise. It was important to measure one ghatika
that is (1/60th) of an ahoratra by independent means so
that the bowl could be fine-tuned properly. An ingenious
method of calibrating using an audible oral scale of one
vighatikd was developed in the form of a Sanskrit verse in
the lilakhela meter composed of 60 gurvaksaras. Sixty rep-
etitions of this verse in medium speed would indicate pas-
sage of one ghatika equivalent to 24 minutes in modern
parlance. In the present study the accuracy of this scale
has been verified and shown to be very good. It is noted
that the time value of this gurvaksara in the particular me-
ter gets fixed phonetically as equal to 0.4 seconds. Such a
practice of recitation to estimate passage of time is trace-
able to the Vedic oral tradition, wherein many ritualistic
texts describe congruence relations between aksara and
time. We find that in the legend of Indra crossing over the
night with the help of the seven chandas, followed by the
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starting and ending time prescriptions for the prataranu-
vaka chanting of 1000 verses, adding to 36,000 aksara
(Vedic syllables) there is evidence to the ancient practice
of estimating passage of night-time by Vedic recitation at
medium pace.

Quite interestingly the theoretical estimate from the
books and the actual speed in real performances, al-
though approximations, match well with the classical
count of 7200 gurvaksara per muhiirta of the astronomers.
The prataranuvaka was not always recited with pitch ac-
cents. The count of verses to be chanted perhaps varied
among the different branches of the Vedic schools. With-
out the three pitch accents an oral performance would be
a mix of only laghu and guru syllables almost like in clas-
sical poetry. This is borne out by the personal informa-
tion provided by Itti Raveendran Nambithiri. In such a
chant the time measure of an arbitrary aksara would be
less than that of the astronomical gurvaksara. But with
the Vedic pitch accents included as in the Mysore record,
the basic aksara magnitude approaches that of the gur-
vaksara time of Aryabhata, Varahamihira, Bhaskara and
others. The Varanasi performance rendered at twice the
speed corroborates this observation.

The above analysis and discussion makes a case for
recognizing the night-time recitation of the prataranu-
vaka in different Vedic schools as the precursor for a va-
riety of aksara time units appearing in the works of La-
gadha, Parasara, Susruta, Vrddha-Garga, the Brahmanda
Purana and other texts. The very diversity in the defini-
tion of the basic aksara and its time value is a clear indica-
tion of the intellectual tradition in India striving to stan-
dardize the vague time-keeping methods inherited from
antecedent sources. This eventually was achieved with
the calibration of the vighatika by the medium pace recita-
tion of a verse with sixty gurvaksara which only could
have led to the final design of the sinking bowl type wa-
ter clock.
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Abbreviations

KAS - Kautiltya Artha Sastra
VM - Varahamihira

B-I - Bhaskara I

MAU - Maitrayniya Aranyaka Upanisad
SB - Satapatha Brahmana

TB - Taittirtya Brahmana

AB - Aitareya Brahmana

RV - Rgveda

LVJ - Lagdha Vedanga Jyotisa
VP - Visnu Purana

TS - Taittiriya Samhita
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Sample analysis of 38 RV Siiktas with their Aksara count as per ascribed meters.

Columns 4 and 5 show the chanting time taken in seconds. The last two columns show the

resulting rate of chanting of aksara per muhiirta. 1 muhiirta = 2880 seconds.

No Sukta Number of | Chant time seconds Aksara per muhiirta
aksara Southern | Northern | Southern | Northern
1 1.1 216 112 55 5,554 11,311
2 1.3.(10-12) 72 39 21 5,317 9,874
3 1.9 240 121 56 5,712 12,343
4 1.72 440 194 91 6,532 13,925
5 1.164.(15-52) 1676 678 301.5 7,119 16,010
6 1.165 660 275 133 6,912 14,292
7 1.166 712 290 134 7,071 15,303
8 1.167 484 199 93 7,005 14,988
9 1.180 440 171 85 7,411 14,908
10 2.1 768 286 143 7,734 15,467
11 2.7 144 63 30 6,583 13,824
12 2.32 336 135 60 7,168 16,128
13 2.33 660 268.5 121 7,079 15,709
14 3.35 484 180 96 7,744 14,520
15 4.6 484 197 104 7,076 13,403
16 4.7 428 170 81 7,251 15,218
17 4.8 192 84 41 6,583 13,487
18 4.9 192 82 41 6,743 13,487
19 4.10 228 94 46 6,986 14,275
20 4.33 484 192 96 7,260 14,520
21 4.34 484 183 90 7,617 15,488
22 4.35 396 139 75 8,205 15,206
23 4.36 428 154 84 8,004 14,674
24 4.37 304 117 58 7,483 15,095
25 4.38 440 161 85.5 7,871 14,821
26 5.74 320 123 68 7,493 13,553
27 5.75 360 131.5 68 7,884 15,247
28 5.76 220 79 39.5 8,020 16,041
29 5.77 220 79 40 8,020 15,840
30 5.78 288 99 66 8,378 12,567
31 5.79 400 143 79.5 8,056 14,491
32 6.13 264 98 56 7,758 13,577
33 6.14 216 81 41 7,680 15,173
34 6.15 886 309 158 8,258 16,150
35 6.16 1192 491 237 6,992 14,485
36 6.61 452 204.5 90 6,366 14,464
37 10.85 1644 604 332.5 7,839 14,240
38 10.164 180 61 34 8,498 15,247
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