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square the result. From this, deduct the square of the difference
in latitude of the two places. Find the square root of the
remainder. This is_ the east west difference in degrees. This divided
by 6 is the time difference in Nadikas (Panchasiddhantika 3-14).

Bhaskaracharya gives a method for the calculation in a
different way.

.. AEAEE H: WRERRY FEgE SRR
Wﬁwmmﬁﬁ I

Lambenaahathya bhoome: sakalagunahruthe
vrutthasankyaam ghateebbirbatvaa desaanthara
bhirgaganarasabruthe yoganaagram vadanthi

Multiply the number of yojanas of the earth's circumference
by Rsine of the colatitude and divide by the radius. The result is
the number of yojanas in the local circle of latitude. Multiply
that, by the longitude in ghatis and divide by 65. The result is
said to the distance in yojanas of the local from prime meridian

(Mahabhaskareeya 2-10 (2)

Parallax in longitude: Parallax in longitude is called lambana in
Sanskrit. The explanation given for the parallax is the same as
the modern observations. Parallax of longitude is explained by

Lallacharya as:

YT T T e feee |
Tfd Teaassr Ered fRd 1
qegid GRSy oA )
T W Ul REdweereTge Ol
drushtaa poorvanatham poorvameva thithyanthaath
pasyathi samucchhithatbaacchasina ravimandalam pibitham

pasyathi sama kala kaalaath paratho antharadbeeyathe gatham neecham
thena praak paschimayo: kudalakalaalambanamrunam svam
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The observer on the surface of the earth sees the disc of the
Sun obscured by the Moon even before the calculated time as he
is elevated above the centre of the earth. But if the Sun is in the
western hemisphere, he sees it after the calculated time when the
Sun has set. Le. after the Sun had disappeared below the horizon.
So the parallax in longitude related to the radius of the earth, is
subtracted from the calculated time of conjuction/eclipse, takes
place in the eastern hemisphere; but added if it takes place in the
western hemisphere (Sishyadhi vruddhi Tantra 16-24, 25)

The position of the actual Sun and the observer's vision
vary due to the parallax. This is because of the parallax in the
measurement of the longitude. Lallacharya further explains the
subject of the longitude and latitude:

R Fom TErfTafEeTa O |
A, fefrsrer 1 sanfanfaterng

Poorvaapare kuvrutthe lambanlipthopapatthirukthaayaa
yaamyodak kshi:b:}l:mtb saa jneyaa avanathi lipthaanaam

Whatever is the reason given for the parallax in longitude
1n minutes related to the eastern and western horizon, similar
reason is to be understood for the parallax in latitude in minutes
related to the northern and southern horizon (Sishyadhi vruddhi
Tantra - 16-27)

If parallax is not taken into consideration while calculating
the astronomical phenomenon, one will arrive at 2 wrong
conclusion. Vateswara tells that a mistake is commonly
committed even by the expert astronomers by following a wrong
method of calculation without including the parallax in
determining the time of eclipses: So great confusion prevails even
amongst astronomers who are well versed in Ganita and Gola,
in the case of a solar eclipse. He says "I shall show an excellent
-omputation which will be immensly astonishing to the
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intelligent”. (Veteswara siddhanta 5(1)-1). After giving a hint on

the mistakes in the above lines Vateswara describes the parallax
phenomenon thus:

TElT FEfsfanf wrefdwe= w1
Vithribhalagnasame dinanaathe lambananaasa ibaabhyadbikone
thadbhavathi kshayavruddbi vidhaayi spashtathithera sakruchha

sakrudravaa

When the Sun's longitude is equal to that of the central
ecliptic point, the lambana (the parallax of the longitude) is non
existent. When the Sun's longitude is greater or lesser, the lambana
exists and cause deficit or excess in the time of apparent

conjuction, no matter whether it is obtained by the process of
iteration or directly. (Vateswara siddhanta 5 (1)-3).

This is one of the finest descriptions given for lambana i.e
parallax in longitude. Bhaskaracharya I correlated the lambana
with other parameters of astronomy. When used in connection

with a solar eclipse, it generally stands for the difference between
the parllaxes in longitudes of the Sun and the Moon.

-

Meridian and time: It is well known that the time at any place
has a direct bearing on its longitude. 24 x 60 min. of duration is
divided into 360°. This gives the time equivalent to each degree
on the circumference of earth. In olden days hours and minutes
were replaced by natika and vinatikas. One day is divided into
60 natikas and one natika into 60 vinatikas. Thus degree

equivalent to this time has to be taken for natika and vinatika,
Bhaskaracharya I explains it:

Jymeedeue ey spfsraeeiony T
GEr e e o P R e
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Desaanthara ghatee kshunnah madbyaa bhukthir dyuchaarinaam

The time is calculated based on the meridian. Divide the
time by 60... and the longitude is calculated. Towards the east
subtract and towards the west add the number

(Laghubhaskareeyam 1-31)
Time correction from meridian : Time correction is given when

there is the longitudinal difference, From the meridian, the linear
distance measurement is adopted for this calculation.

Varahamihira explains it thus:

goamr frpEeegdase =g |
e e e 5 W 1)
Panchaasathaa thribbisthryamsaamyuthatryojanaischa
samapoorva paschimasthairnithyam sodbyaa cha deyaa cha
One nadi for every 53 1/3 yojanas has to be deducted or
added (to Ujjaini) by the people in places east and west,
respectively of the Ujjaini meridian. (Panchasiddhanrika 9-10)

1°1s equivalent to 60/360 of natika and 1° s equivalent to
9.375 yojanas. Hence, one natika is equal to 9.375 x 6 = 56,25,
Thisis correct value when transilated to equivalent modern unit
of measurement,

Calcrlation of distance from prime meridian:
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janapada bbaashitho jagathyaam thatbkruthyor vivara padam
vadanthi kechidadbvaanam grabaganithasya vedithaara:

Subtract the degrees of the latitude of the places (mentioned
in the list of cities in meridian) from the degrees of latitude, then
multiply (degrees) by 3299 - 8/25 and divide the product by the
aumber of degrees in a circle i.e 360 deg: Resulting yojana
constitute the upright Koti, (Mahabhaskareeya 2-3,4).

The rationale of this is 1050 yojana (earth's diameter) x
3.1416 = 3298.68 i.e 3299 - 8/25, In Lakhubhaskareeya this value
is taken approximately as 3299. In Mahabhaskareeya more
accurate value has been used.

Sunrise related to meridian : Countries situated on either side
of the meridian have Sunrise at different times. Standard reference
line for Sunrise is the meridian, and suitable corrections are given
to arrive at the longitude of the places depending upon the Sunrise
of those places as stated earlier: To the mean longitude of the
places in the meridian passing through Lanka, Ujjaini and
Himalaya (are applied) correction for difference in terrestrial
longitudes of the results are for places east or west of the meridian
(Sishyadhi vruddhi Tantra 1-42).

TYEI UYEIEh: WeRue § ARy Emm
AR 9 | W BeE 1)

Paschaath paschaadarka: praak praak cha yathoablbryude thi rekbaayaa:

thaddesaan thara jaatham thena svamrunam grabe kriyathe

As the Sun nises first at a place which is to the east of the
prime meridian line and then at a place which is west. Correction
for terrestrial longitude is applied positively or negatively as the
case may be (Sishyadhi vruddhi Tantra 16-6)

Celestial latitude and longitude: Terrestrial latitudes and the
longitudes were commonly used. Similarly, celestial latitudes and

305

Scanned with EamScaﬁher



longitudes were also used. The celestial bodies were recognised
and their places were fixed according to the celestial parameters.

One example is cited:

TG R I S
YeerrTeTERARE: YA TRe ferquerEr:
Nandasooryarasa soorya bhanavo digguna: sarakalaa kujaaditha:
vedalochana gajangaravendava: paathajaa: syuratha digguna lavaa:
Latitude of the Mars, Mercury, Jupiter, Venus and $aturan
when at their mean distance from the earth are respectively 9,
12, 6, 12, and ......, each multiplied by 10. 4, 2, 8, 6 and 10 each

multiplied by 10 are respectively the degree in longitudes of the
nodes of the above planets (Sishyadhi vruddhi Tantra 10-5)

Here the latitudes and longitudes mentioned are celestial
parameters.

Other parameters related with latitudes and longitudes : Using
latitudes and longitudes geographical parameters could be
calculated, as done in modern astronomical calculations. Two

such examples are given below:

TRTERUAHES] T gl a1 |
Ishtaapakrama gunithaam akshajyaam lambakena bathvaa yaa

The Rsine of the latituds multiplied by the R sine of the
given declination and devided by the Rsine of colatitude gives
the earthsine (Aryabhateeyam 4-26a)

TRISarl fSArSiEa g9 g =9 Sod WiEd |

AYHTY qeyvear waq fafesar Fafadar @ 1

Sphutaarkadorfyaa jinabbaagajeevayaa hathaa hrutha vyaasa

dalena jaayathe apakramajyaatha pala prabhaabatha bbaveth
kshibifyaa ravibhirbruthaa saa

The Rsine of the true longitude of the sun multiplied by
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the R sine of 24 “and dl:‘fi'_i‘-!d by the radius gives the Rsine of the
declination. This multiplied by the equinoctial midday shadow

and divided by 12 gives the earthsine or kutijya (Sidhyadhi
yruddhi Tantra 2-17)

Detailed explanations of this subject are given in Vateswara

siddhanta, Laghubhaskareeya and Mahabhaskareeya.

Given above are only a few examples, on the scientific
knowledge about earth, Much more are available in the books
referred to above. Some of the information still stands novel with
high scientific content.

The Sun and the moon

In puranas many stories of the celestial bodies, particularly
on the Sun and the moon are given. Indian scientific approach of
sstronomy and mathematical astronomy, had absolutely no
bearing on the puranic stories. The fact that the Sun is a globe of
fire was defined thus:

sifiad TR aasHyAr  feeavse |
Spherical shaped Sun with long, diameter is full of fire
(Sankaranarayana-bhashyam for Laghubhaskarecyam 4-4 page 70)

The position of the Sun from the earth was determined
accurately and concluded that the distance between the Sun and
the earth is maximum at 78° from the first point of Aries which
falls on July 3rd. Similarly the nicha point, is 180 to the other
point which falls on Jan 3rd. Detailed discussion on this subject
has been given earlier in this text.

A== TfgaaeRy v !
Ravermandochhasya raasidvyamashtaadasa bbaagaascha

The apogee of the Sun is 78° (Sishyadhi vruddhi Tantra 2-9)
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It has also been explained in signs and degree values

separately. Apogees of the Sun is two sign and 18 degrees
(Mallikarjuna suri 2-9)

The distances between the earth and the Sun and that of
the.moon were calculated. The values are not accurate however
these lines show that efforts were undertaken to find out the
distance of the Sun and the moon from earth. This was not a
subject of interest in puranas, whereas these information have

great significance in the astronomical calculations on eclipse,
positions, rate of motion, etc., of these celestial bodies:

TRy feea: @ deer gf
TUTRTEARar-a: VIRTYTE RS
Vishayanaaga sarankasarabdbayo dinakrutha: kbalu yojanaasruthi:

The mean distance of the Sun from the earth's centre is

459585 yojanas and that of moon is 34377 yojana (Sidhyadhi
vruddhi Tantra 5-4).

There is a scientific basis in the distance calculation given
above, as mean distance. Because the orbit of revolution of these
are known to be elliptical, it cannot be a fixed value. The apogee
distances are 5565574.3km and 416305.5km. The method for
calculating true distance for a fixed time was also known.

fromggate & gt TP 3R vEE: TR
gaorefraearfaar FefreeRemfesfeT: 1

Nijamrudusravanena hatbe sruthee thribbagunena bruthe
bhavatha: sphute sravanamadhyamabbukthibatho athavaa

nijanija sphutabbogavibbaajitha:
When the mean distance are multiplied by their respective
mandasphuta (hypotenuse) and divided by radius, the results,
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are their correct dl5t1l1::~:_s+ Or the mean distances multiplied by
the mean motion and divided by the true motion gives the correct

distance of the Sun and the Moon f ! _ ;
Tantra 5-5) rom earth (Sishyadhi vruddhi

The mean motion of the Sun (infact that of the earth) was
calculated using a complicated method by Manjulacharya in
Laghumanasa. It is based on a previously fixed and corrected
position of the Sun over a period, which is known as the position
of the epoch year. From the corrected position further
calculations are done, for the required time. This quotation shows
how the mean motion of the Sun was calculated.

TN IWTEASRGA: E@ITEat
SREATSRITRIFHIT: Siehf=Tes: e
Dyuganoadbo daraghnaabdayutha: khagaapthavarjitha:
asitaghnaabdonitho arkaamsaa: prakshepyoabdaushtama: kalaa:

Set down the Dyugana in two places - one below the other
-In the lower place add 10 times the years elapsed since the epoch
and divide by 70. Deduct the quotient from the Dyugana put
down at the other place; further subtract eight times the years
elapsed from the epoch year. Whatever is thus obtained is in

degrees. To this, add minutes equal to 1/8 of the number of years
elapsed. This will give the mean motion of the Sun since epoch.

(Laghumanasa 2-3).
This is mathematically summarised as follows
The Sun's mean motion since epoch

D - (D+10Y)/70 - 8Y degrees + y/8 min. Where D is the
Dyugana and Y the number of years elapsed since the epoch.

Similarly the Moon's position is also given by

Manjulacharya in Laghumanasa:

fasrert TN fgeRereTeRTnf:
STTEIATSIeAeRgAl  Teh: TR ||
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Vishaghno dyugano dvishtasthrighnaabdadyuganonitha:
ashtaangaapthajinaghnaabdayutho bbagaadbika: sasee

Set down 13 times Dyugana in two places. In one place
diminish it by 3 times the years elapsed and also by Dyugana,
Divide that by 68. Add what is thus obtained as well as 24 times
the years elapsed to the quantity put down at other place - this

will give the mean motion of the moon since the epoch
(Laghumanasa 2-4),

L.e Mean motion of moon = 13D + (13D- (D+3Y/68) +

24 Y) degrees D is Dyugana and Y, the years elapsed since the
epoch. D and Y are as mentioned above.

Varahamihira gives another method for the calculation of

longitude of the Sun using the number of days elapsed from the
epoch.

Multiply the ahargana with 38100 and subtract 10984 from

the value, then divide by 1040953 to get the exact longitude of

the Sun. (Panchasiddhantika 8-4).

Rationale of this has been discussed in detail, Ahargana is

the number of days elapsed since the epoch date. This approach
1s scientifically correct.

Diameter of the Sun and Moon: Diameters of the Sun and
Moon were calculated and applied in determining different
parameters like eclipse, Sankranti crossing, etc. Diameters of the
Sun and the planets have been given by Aryabhatta:
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T A, TR s, ARt w
USSR SRR L By T R S P
Nr-shi-yojanam njilaa bhuvyaaso, arkendorghinjaa ginaa ka mero:
bhrugn-guri-budba-sani-bhoumaa: sasi ga nja na na maamsakaa

samaarka samag;

8000 Nr make a yojana, the diameter of the earth is 1050
yojana, of the Sun and the Moon are 4410 and 315 yojana, of
Meru 1s 1 yojana and that of the Venus, Jupiter, Mercury, Saturn
and Mars at the moon's mean distance are 1/5,1/10, 1/15. 1/20,
1/25 of the moons diameter (Aryabhateeyam 1-7).

Except for earth, other linear values of diameters given
above are wrong. Linear modern values do not agrees, but angular
diameters agree with modern values. Methods for finding out
the corrected angular diameter are given below:

fraear BvR=sfml niregsan: =i TEIYAT: |
oSt et wwwy fed e
Stvahathaa dvibbabrucchasino gathisthanukalaa:
syurinasya nakhoddbruthaa: gunithayorbhujagai
saralochanai: karabrud vivaram thamaso athaaa

Angular diameter of the moon is obtained by multiplying
its true motion with 11 and dividing by 272, which is in minutes.
The angular diameter of the Sun is obtained by multiplying its
true motion by 11/20. The difference between 8 times the true
motion of the Moon and 25 times of that divided by 60 gives the
angular diameter of the shadow. (Sishyadhi vruddhi Tantra 5-9)

Given here is the direct application of the Pythagorus

theorem.
WHIfsay esdegar: @@Harden:
VAE: E@EYUANTSA<eugyan: ||

n
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Bhanorbimbam raviccheda bruthaa: kha kha kruthaa chalaa:
rasina: kba kba bhooraamaaschandramandabarodbruthaa:

7400 divided by the Sun's divisor is the diameter of the
Sun's disc, in terms of minutes and 3100 divided by the moon’s
manda divisor is the diameter of the moon's disc, in terms of
minutes. (Laghumanasa 6-3)

The manda, cheda-manda divisor are constant which are
arrived at by a series of calculations by the astronomer
Manjulacharya, which are 224, 97, 45, 100, 92, 320 and 63 for the
Sun, the Moon, Mars, Mercury, Jupiter, Venus, and Saturn
respectively and corrected by the half of manda kotijya
(Laghumanasa 3-3). Correction factor given by him is 8° &
cos 6/2.

Angular diameter of the Sun varies at different times, when
viewed from the earth, like in the noon, at rising, setting etc.
This phenomenon is explained correctly:

o fafremueaen yfigefeord = |
TgE TAEEEEY a1 AT S
Dooraja: kshithija mandalopago bhoomirudvakiranascha

thigmagu: yathsukbam samavalokyathe thathaa
bbaathyurvikiranascha soaruna

When the Sun is in the horizon, it is at a higher distance.
Its rays are not disrupted by the earth and it can be seen without

discomfort. Sun looks big and less hot (Sishyadhi vruddhi Tantra
16-46b, 472)

Angular diameters of the Sun and the Moon given by the
ancient Indian astronomers are compared with modern values.
This is given (p 439) in Vateswara siddhanta:
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Aryabhatta Brahmagupta Suryasiddhanta Modern

& Bhaskara IT
Sun's diameter 3¥ 32 31" 32 25" 322"
Moon's diameter 31°30" 32 - g 318"

Dr. K.S. Sukla, the commentator of the Mahabhaskareeya has
compared the diameter of the Sun and the Moon in his book. (5-2)

Diameter Bhaskaral  Sripati  Bhaskarall Modern
(Yojana) (Yojana) (Yojana) (Miles)
Sun's diameter 440 6522 6522 86400
Sun's distance 459585 684870 689377 92900000
Ratio® 0095%6 009523  .009467 0093
Moon's diameter 315 480 480 2160
Moon's distance 34377 51566 51566 238900
Rato* 009163 009308  .0093308 009

* Ratio : diameter / distance

Since the ratio of the diameter and the distance of the Sun
and the Moon agrees correctly, calculations using distances and
diameters (when they come as a ratio factor) also agree with
modern astronomical calculations, even though the linear values

of the diameters and distances do not agree with those of modern
values.

The Sun projection on rising or setting line: During Sunrise
and Sunset, it can be seen that there exists a projection above the
rising/setting line. This projection is called sankvarga. While
discussing the parallax phenomenon Sankvarga has also been
discussed earlier. Method for calculating Sankvarga is:

FerqesamforT: AT Wewh g |
SrenAEaAs, SfuE: gaeEan |
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Vishuvajyeevaagunitha: sveshta: sanku: svalambakena brutha;
asthamayodayasoothraad dakshinatha: sooryasankvagram

Multiply the Rsine of the Sun's altitude for the given time
by the Rsine of latitude and divided by the Rsine of colatitude,
The result is the Sun's sankvagra (Aryabhateeyam 4-29)

Modern astronomy defines: sankvagra-parllx is the distance

of the Sun's projection on the plane of the observer's horizon
from the Sun's rising and setting line.

Parallax of the Sun and the Moon: The Sun and the Moon
may shift from their true positions due to the parallax on
observation. This parallax has been calculated scientifically.

HAHEAN e SEegd aq T,
THASHAIESE e ead: ||
Madhyafyodaya jeevaasamvarge vyaasadalabruthe
yath syaath thanmadbyayyaa kruthyorviseshamoolam sadrukshepa:

Divide the product of the Madhyajya (Rsine of the zenith
distance of the meridian ecliptic point) and the udhayajya (Rsine
of the amplitude of rising point of ecliptic) by the radius. Square
root of the difference between the squares of that result and the

Madhyajya is the Sun's or the Moon's Parallax-drkshepa -
(Aryabhateeya 4-33)

Declination of the Sun and the Moon: Definition of declination
are given in the beginning of the text.

ey e T |
T AfasrreaerE iR )
Jeevaa adbayardba sathaamsaghnaikaashashtirdinesa kaashtaajyaa
chandrasya savikshepasthadapakramo raasipaadebhya:

The Sun's declination is found by multiplying the sine of
its longitude by 61 and dividing by 150. Its arc is declination.
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The declination of the Moon obtained thus is the mean v_:aluf.:- If
the true declination is to be found out, it is the mean declination
+ latitude. Intervals of the declinations for each quarter signs
(714°) are also given in the,next stanza (Panchasfddhantika 4-16)

Description about the Moon : The Moon is a satellite of emh
and it has a prominent role in the astrological studies. Hence it is
included in the list of Navagrahas. Many mathematical
calculations made by Indians and data, like revolu tion, rotation,
rate of motion, position, ascendj hg nodes, eclipses, horns.... etc.,

related to the moon agree with modern data. About the shining
of Moon, Lallacharya says thus:

Salilam.ye sasini raverdeedbithayo moorcchithaasthamo
naisam kshapayanthi darpanodaranibitbaa iva mandirasyaantha:
Just as the Sun rays reflected by a mirror dispel the darkness

in 2 room, the Sun's rays reflected by Moon dispel the blind
darkness of night on the earth.

This explanation is given by Lallacharya in Sishyadhi vrudhi
Tantra (16-39) and has also given by Varahamihira in
Panchasiddhantika (13-36)

Rising and setting of the Moon: Unlike any other celestial
body, the rising and setting of the Moon vary every day. And
also its size and shape. Hence the study of moon needs a different
approach from that followed for other celestial bodies. The rising
and setting of Moon has been well documented and Varahamihira
gives methodology for the calculation):

RS IEIIE Lk 14 RIS AT e e L R
Eco it EIrRaE| ey 1)
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Yamyodaguikshepadvishuvadbhaganaadravi bhiravaapthaamasaa:
udaye sasino vruddhikshayo viparya sthamasthamaye

Multiply the Moon's latitude in degrees by equinoctial
shadow and divide by 12. Add the resulting degree to the
longitude of the Moon, or subtract from i, according to the
Moon's latitude is south or north, if the times of daily moonrise
is to be computed. If the times of daily moonset is to be found
out, reverse the addition, and subtract.

Le. subtract and add respectively (Panchasiddhantika 5-8)
i.e Moonrise and Moonset can be calcukatéd from its celestial
latitude and shadow.

Visibility correction of the Moon: Visibility correction of the
Moon is applicable for calculating various lunar astronomical
parameters. Hence it is an important observation in the
astronomical studies. Nakshtra (star) of the day is calculated by
finding out the position of the Moon in the group of stars
(constellation). To get the correct position of the Moon, its
visibility is to be corrected.

lambakena yadavaaptha mutthare sodbayedudhaage nisaakare

asthage dhanamusanthi thadvido daksbine vidbirayam viparyayath
Multiply the moon's latitude for the desired time by Rsine
of latitude of the local place and divided the product by Rsine of
colatitude; whatever is thus obtained says the learned, should be
subtracted from the moon's longitude in the case of rising of the
moon (in the eastern hemisphere) and added to the Moon's
longitude in the case of setting moon (western hemisphere)
provided that the moon is to the north of the ecliptic (i.e moon's
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latitude is north). When the moon is south of the ecliptic, the
rule is reversed. This is Drkkarma (Mahabhaskareeya 6-1, 2a).

In modern astronomy Drkkarma is called the visibility
correction. Equation given in the above stanza can be
mathematically summarised as follows: The Ayana Drkkarma
= R vers (m-90°) x R sin © x moon's latitude/ RxR where m is
the moon's longitude and © is the Sun's greatest declination.

Full moon and new moon: Astronomers had the scientific
information on many aspects of the moon which has perfect
rational background..

RIS St TR | Yenven guee, w42

AT o AaAREEe aSfaesEi Ty A

qEud e eyt 5@ geEd |
Kenakaaranenendormandalasya vruddhikshayow drusyathe
naivamandalasya kshayaruddbee, kutha: jyothsnaayaa jyothsnaa
thavadaaditbyaabbimukhasya chandrabimbasyopari dine dine

By what reason the Vruddhikshaya of the moon occurs? It
is never the real change in the growth or destruction of the moon!
For the one who obseves from the earth in the beginning of the
lunar month, the area where the sunrays fall increases steadily
day by day, and thar lighted area of the moon becomes easily
visible (Sankaranarayanabhashya for Laghubhaskareeyam 4-4p

71). No further explanation is required for the commentary of
Sankaranarayana,

homfad T €6 ViVHYEY yaeHiEd uEr
W |
sfaaafed Yo YFd HEETEgy REiy T
WeHEEaYgr 6 fagesd: 1)
Sakalamasitham maoasantbe dalam sasimandale
N7
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dbavala makbhilam pakshaanthe syaannrulochanagocharam
asithamasithe sukle suklam kramadupacheeyathe ravimabbi
yatha: praaleyaamsosthathaa cha vimunchatha:

At the end of lunar month- the lower half of the disc of the
moon, to the people of the earth, is completely dark, but at the
end of the first fortnight (purnima) it is completely shining since
the moon approaches the Sun. In the dark half of the lunar month,
its dark portion gradually increases. Light half of the moon
recedes from the Sun. So the illumunated portion gradually
increases. (Sishyadhi vrudhi Tantra 16-38)

Calculation of illuminated portion of moon: There are two

portion for the moon except on the new moon day and the full
moon day. Method for the calculation, of the illuminated and
non illuminated portion of the moon, was followed as:

FFIF eSS [FaaSeaasiul ¥aq |

HAfaga:; famfad dgea wromseteay ||
Vyarkaseethakarabhaagasanchaya: suklamindudalasanguno bhaveth
vyomanandavibrutha: sithaasitham thadvadeva
bhaganaardhavarjitham

The difference in the true longitude of the Sun and the
moon in degree, multiplied by the radius of the moon and divided
by 9C gives the illuminated portion of the moon (in the light
half). When the above difference is diminished by 180° and the
remainder is multiplied by the radius of the moon and divided
by 90°. The result is the dark portion in the dark half (Sishyadhi

vruddhi Tantra 9-13).

“This method gives the correct radius of the portion of the
moon which is illuminated. Detailed descriptions of this stanza
are given by Mallikarjuna Suri in his commentary to Sishyadhi
vruddhi Tantra. Bhaskaracharya I and Varahamihira have also
discussed the subject with ereat mathematical elaborations.
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5 a

Longitude of the moon: Longitude of the planets and the Sun
have been discussed earlier under the subject of longitudes and
latitudes. Two quotations are reproduced to show that longitude
and latitude of the moon were measured scientifically.

Lallacharya hfus given a method to determine the longitude of
the moon, as 1t was suggested for the Sun:

ITHRIRATYEEd  YfSEanRi=seEy
gl fert Fresifoan waspremivTRE By (0
Bhujanganandaashtavasusvaraahathe saraalkshishadbbaana

sarendslochanai: bruthe dinaanaam nichayoathavaa

bhavenmruganka moorthirbbaganaadbikam phalam

Ahargana multiplied by 78898 and divided by 2155625 gives
mean longitude of the moon (Sishyadhi vruddhi Tantra 1-19).

As mentioned earlier the Ahargana is the number of days
since the epoch era. The time of moon rise and the Sun are
correlated by Lallacharya, by means of degree angle longitude of
sunset and moon rise. If they have the same true longitude and
are apart by 180° then:

VgINCHYe faasam vafs Sq wee fewdifufa:
wefa aurerqigE fRT werHeEfy am
Bhavanashatkayuthena viasathaa bhavathi
cheth sadruso himadeedhithi; samamudethi
thethamupeynshaa nisi mahanamabaaanapi vaasare

If true longitude of moon is the same as true longitude of
the Sun at sunset incresed by 6 signs, moon rises at the same time

as Sun sets. If greater, moon rises after and if lesser it rises before
sunset. (Sidhyadhi vruddhi Tantra 8-9).

* This explanation is given after discussing the two types of
visibility corrections. If the moon rises at the same time of sunset,
it means that Sun and moon are 6 signs (180° apart). This
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observation agrees perfectly with modern scientfic notes. When
the Sun and the mooh are at 180°, that is full moon day.

Eclipse
Ancient Indian astronomical knowledge got a set back in

this subject of eclipse due to the over emphasis on puranic stories,
Many superstitions and rituals were followed on the basis of these

stories. A part of the astrological explanations also played a
negative role. The real astronomical knowledge got camoflaged.
At the same time ancient Indian astrologers could predict the
time of eclipse and prove it by original observation. One has to
predict the eclipse by mathematical calculations, there should be
a sound astronomical background for that. There are ancient
books (in some books a number of chapters) fully devoted for
the studies on the mathematical calculations and predictions of
the solar and lunar eclipses. Puranic stories have never been
quoted anywhere in the astronomical books. Sankaranarayana
even criticises the puranic story while explaining the eclipse.

ey gl HAEIN TeRArd WX 9 T O |
oy dofos gfra | % (e TEieeAd |

Kimartham asura; kaschidraaburnaama saimhikeyoarkam
chandram cha grasatha ithi srooyathe sraapi pouraanika
sruthireva! ka: punariba raaburithyuchyatbe

What does it mean that Asura is responsible for the eclipse?
Others say that a snake Rahu swallows the Sun and the Moon!
Those are puranic stories! Then what is called the Rahu?

(Sankaranarayana in Laghbhaskareeya 4-4) After criticising these
statements, he clearly gives the cause of eclipse:

A @ R IRUETE HU
Atha eva bhoocchayaa chandragrahanasya kaaranam
That is why it is said.that the shadow of the earth is the
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cause for the lunar eclipse (Sankaranarayana 4-4p 71)

Lallacharya declares clearly how the superstition of R
came into existence when so many facts are clearly observal .z in
eclipses:

TRV e WA avesetam |

| V=R wrRumERo it faeq |
Grabane grabamokshadiso ravisasino: kanddakaala vachithryaath
sasibboocchaaye kaaranamakaaranaam raaburithi siddbam

In solar and lunar eclipses, the parts of disc are different
and durations are different, direction of contact and separation
are different, the cause is the moon for solar eclipse and earth's

shadow in lunar eclipse. It is thus esablished that Rahu is not the
cause for eclipse (Sishyadhi vruddhi Tantra 16-34)

fafaemawi ferRifcfiswa frmsomee vafmrea
TS GG Ee A )

Thimiramaavaranam bfmadeedﬁirberdbu;ﬂ
nisaakaramandalam bbavathimandala
khandayuthisthayo sthadabbi dbaavaranaavaraneeyayo:

Shadow 1s the moon's obscuring body and the moon is the
Sun's obscuring body. There are total and partial eclipses of the
obscured body caused by the obscuring body. The eclipse is

named (as grahana means that is holding) after the eclipsed portion
or the obscured body (Sishyadhi vruddhi Tantra 5-10)

Lallacharya also codemns the 'demons theory' of the cause
of eclipse, thus:

FHU AR A ga Pty § s o
MR Fd ¥ @ MeFSd o susaT ||

Asuro yadi maayayaa yutho niyatho athigrastheethi thematham
ganithena katham sa labliyathe grahakruthparva vinaa kathanchana
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If you are of the opinion that an artifical demon 1s always
the cause of an eclipse by swallowing, then how is It that an
eclipse can be determined by means of calculations. Moreover
why is then not an eclipse occur on a day other than the day of

new or full moon (Sishyadhi vruddhi Tantra 20-22).

Even 1500 years ago, perhaps earlier than this, there was a
clear astronomical understanding of eclipse. It appears the first
clear written statement on the eclipse gppeared in Aryabhateeya:

oregfr vt ¥, iy wWedr = =T
Cchadayathi sasi sooryam sasinam mabathee cha bhoocchaayaa

Moon covers (shadows) the Sun and the great shadow of
the earth covers the moon which causes the eclipse

(Aryabhateeyam 4-37)
Nilakanta has defined the shadow:

LEC IR C o i e e e I p R e
Thadbbaaga evaanthareekshe thad rasmiraabithyaad

bhoocchaayethyuchyathe

That portion in the space where the rays/ light is absent is
called the shadow (Nilakanta's commentary to Aryabhateeya,
golapada : 4-37).

Sankaranarayana has also shown the scientific approach of
explaining the shadow vety systematically -
YHUESHH TR WS iifiers wvRae
SR T Romeen Tigesnn gEfefeaia Rt

Bhoomandalasya golaakara bhapancharamadbya prathishtithasya

kbamadhyasthasya cchaayaa bhoogola parinaahamoolaa gopucchaagraa
sooryadigvipareetha diganusaarinee thatthulyabbramana gathi:

kumbhasyaathapasthasyacchaayeva yaavathaa deerghathvena drusyathe
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As the shape of the earth is spherical and it is placed in the
centre of the space (bhapanchara madhya). Shadow of the earth
having a circumference proportionate to the circumference of
the earth, moves in the opposite to the direction of the Sun's
movement, with the same speed, similar to the shadow generated
by a spherical vessel, and that is the shadow which can be seen
from a distance (Sankaranarayana Laghubhaskareeya page 71-72)

Here Sankanarayana was of the view that Sun is moving.
Hence he has given the statement in the opposite direction of
the Sun. However it is the earth which revolves and essence of
the statement is the same. Aryabhatta has clarified possible days
of the eclipses and the conditions required for the same, and what
causes the eclipse (Aryabhateeya 4-38):

TESINTHE R qare—= 981 Wavmi=;
TeOTl U RIS TEOEE ||
Sphutasasimaasaanthearkam paathaasanno yadaa pravisatheendu:
bhoocchaayaam pakshaanthe thadadhikonam grahanamadbyam

At the end of a lunar month, the moon, lying near a node
enters the Sun or at the end of a lunar fortnight, enters the earth's
shadow, it 1s more or less the middle of an eclipse, in the former
case it 15 solar eclipse and in the latter case lunar eclipse is caused.

More scientific facts on eclipses:

At the end of a lunar month, moon, which is nearer to the
Sun as per degree measurement, enters (shadows-gets covered)
the Sun's disc, similarly in the end of a paksha the moon enters
the shadow of the earth, which results in the eclipse
(Aryabhateeyam 4-39)

This is well known scientific observation. Only on a full
moon day or a new moon day lunar or solar eclipse take place, if
ever an eclipse is taking place. Varahamihira has given an
important statement on eclipse. Showing a thorough knowledge
of the solar system. He says:
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Sooryendu bhaganadbaathree samsthaana vidoadhikrutirya kathayaami
grabanam sadaiva bhaano: sthaanaviseshaath krachidadrusyam

As I know the relative position of the Sun, the moon and
other asterisms, I say that the solar eclipse is taking place always
at some place in space. Due to the difference of place only at
some places they are seen (Panchasiddhantika 15-1)

It is true that the earth's shadow always revolves in the
solar system. Whichever is the planet/body that happens to enter
this shadow, then an eclipse occurs. As long as no body enters
into this darkness, it will not be eclipsed. Possibility of seeing an
eclipse by an observer is mentioned by Varahamihira:

HerpgeeyT: e fEm Je |

It et § 9 W Wl FEm o
Samkshepasoothravasatha: sasinaavriyathe divakaro yeshaam
theshaam sooryagrabanam sa cha desa: prathidinam kvaapi

If a line is drawn between the observer and the Sun, and if
the moon happens to be in the line, whichever place the observer
stands, he can see the solar eclipse, this is happening any day
anywhere (Panchasiddhantika 15-3)

As mentioned earlier, the Sun is observed by people in
different countries in different ways. It may be rising, setting or
midday Sun. When a solar eclipse takes place, observers may or
may not see it as told by Varahamihira:

S E o conolb b I s IR ECREICE
qugmear a1 A qwmfy 7 e |
Asmaakamudayasamaye yeshaamalpaashtthago divasanaatha:
madlyaabno vaa yeshaam theshaamapt na yugapadagrabanam
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If a solar eclipse takes place during sunrise for us, the same
eclipse will not be observed at the same time where the Sun sets,
<o is the case where is noon (Panchasiddhantika 15-8)

He has also mentioned the reason for not seeing an eclipse
in the north pole:

q HEESY WU HETAT Hodl-peer a1 |

Tyt fren: ssavEsfafeaivan 1 |

Na kadaachidapi grabanam merugathaa merusannikrushtaa vaa
pasyanthi thigmarasme: anuchba bbavaadravibimaamsvo:

Those who are in the north pole and near by places, can
never see a solar eclipse. This is because the Sun and the moon
never come in the same line, for them. (Panchasiddhantika 15-5)

Feg gfeaut 7 Sel Fafasy vafa aweEwand
faet wvafq wig = 1
Arkendu drushtivedho na merugaanaam kadaachidapi
bhavathi parsvasthaasthe vivaram pasyantbi sadaiva sooryendo:

In the north pole the Sun and the moon never comes in
the line of the observer's viewpoint. They always see the Sun
and the moon at a difference only. Hence the eclipse is not seen

for them. (Panchasiddhantika 15-6)

Beginning and ending of solar eclipse is explained here:
TeEAfegeTd BIeafd WA Ad: Gl WEUrHe:
gyER WeT R A\
Jaladavadindurdinapam cchadayathi samaagatho yatha:
paschaath prabanamatha: paschaath praagbbaage dinakare moksha:
In asolar eclipse since the moon comes from the west like

a cloud and obscures the Sun, contact takes place in the west and
.eparation in the east (Sishyadhi vruddhi Tantra 16-29)
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TIEHE Fodi qaitaEr gty IRt e |
O Wi, WUV e : vIEH: |
Prathyangmukham vrajanthyaam poorvaa bhimukbo
vrajathi sasi yasmaath
thasmaath praak pragrabanam paschaanmoksha: sasivasme:

In a lunar eclipse the moon moving eastward enters the
shadow of the earth which is moving westward. Contact takes
place in the east and separation in the west. (Sidhyadhi vruddhi
Tantra 16-32)

Horn formation in the solar and lunar eclipses is well
explained scientifically:

AT e[l deaamnfdaisa: |faar |
vafd Rafars @t wfafawd wremmeEm 1)
bhavathe sthithischa laghvee prathivishayam graasanaanaathvaath

(In a solar eclipse) the obscuring body being smaller in size,
the Sun when half eclipsed has pointed horns. The duration of
the eclipse is short and the obscured portion appears differnt on
observation from different places (Sishyadhi vruddhi Tantra 16-30)

Ol agers, faumwmt: wueamite a3fafrg
wed! Wafd 7 = redfasEe 1

Cchaadaka bimba mabathvaad vishaanayo:
kuntathaardba samcchanne chandresthithischa
mahathee bhavathi na cha graasa vaichithryam

As the disc qf the earth's shadow-which is the obscurin
‘body in a lunar eclipse- is big, the horns of moon, in half eclipse
in blunt. The duration of eclipse is long and the obscured portion

loes not appear different from different Places (Sishyadhi vruddhi
Tanrra 16-33)
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Absence of parallax in a Jun
by Lallacharya.

WEET W R Nfe e 3 1
I

Pravisathi yad bhoocchaayaavruttham thrairaasikaath
svakakshyaastham thena na lambanamindornaava nathi

thulyakakshathvaath

In a lunar eclipse, the moon enters the circle of the earth's
shadow, in its own orbit as shown by calculations. Since the
orbit is the same, there is neither parallax in longitude nor in

latitude (Sishyadhi vruddhi Tantra 16-31)

The method for calculating diamerer of the shadow is given
by Lallacharya:

ar eclipse has been described

TS faaffar TRYsasRsTiET 5
AT F T UM s vEfy dem faremnt: w1
Sphutasasisravanena vivarjithaa gaganapanchaka
kushgunithaa kubbaa apabruthaa cha thayaa prabbayaa
bhuvo bbavathi yojana bimbamago: phalan

The length of the earth's shadow diminished by correct
distance of the moon from the centre of the earth, then multiplied
by 1050 and divided by itself, gives the diameter of the earth's
shadow in yojanas (Sishyadhi vruddhi Tantra 5-7).

An equation is given by Manjulacharya for calculating the
diameter of the shadow:

PEATEENEHIfE TS AR
TSAT TSR @@ ||

Cehaayaagrabasyashadbboarka sthanmandalakalaamithi:
chandramaarge sasicchedabruthaa: kbakhagunoragaa:

Longitude of the Sun plus 6 signs (180°) is the longitude of
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the shadow of a planet. Its diameter in terms of minutes, in the
moon's orbit, is equal to 8300 divided by the moon's divisor
(Laghumanasa 6-4).

Le Diameter of the shadow is equal to 8300/(97° + 8°%’
cos 8%). Where 0 is moon's bhuja.

Calculation of the possibility of an eclipse

Prediction of the correct time of eclipse, time of contact,
partial or complete eclipse, places where they are visible, duration

etc. was possible by mathematical calculations. Lallacharya gives
the methods.

it Riaameemar fafesr: wwivewr 3k 9.
e feAmamiagen ¥: v e T
ﬂﬂm-—r‘rﬁaﬁrﬁﬁﬂﬁfqﬁrﬁmﬁ{w

Paathithaa guravichakradalaabbryaam lipthikaa: samadlikaa yadi vonaa:
sambaredinathamo gathtyuthyaa syu: kramena divasaa gathagarmyaa:
thairmaasaantbe bbavathi nikate parva bbaanordivaa cheth

pakshasyaanthe nisi sasabruthasthatbra paathonachandre
yadyamsa: syurbhadalarabithe bhaardhatho vaa visuddbe
chakraacchuddbe bbaganarabithe vaa sphutaa dvaadasaamsa:

Subtract the longitude of the moon's node from that of the
Sun. Find the difference between this remainder and for 12 signs-
(180° or 360°) - divide the result expressed in minutes by the sum
of motions of the Sun and the node. The quotient gives the
number of days elapsed (since the possibility of the occurence of
an eclipse, if the above days are greater than for 12 signs). If less,
the quotient gives the number of days to elapse (before eclipse).
If these days happen to be near amaavasya - new moon day- then
there is a possibility of solar eclipse during day time. If they
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happen to be near purnima - full moon day - then there is the

possibility of lunar eclipse during night. Subtract the longitude
of the moon’s node from that of the moon. If the difference
between the remainder and for 12 signs lies within 12°, there is

possibility of lunar eclipse. (Sidhyadhi vruddhi Tantra 7-1,2).

This method is correct and the parameters utilised for the
prediction of solar / lunar eclipse are scientific.

Varahamihira has explained the method for calculating the
possibility of the eclipse by knowing the longitude of the shadow.

After defining correctly what he means by Rahu (shadow), he
describes the method:

W:Hﬂ?&ﬁmﬁﬁiﬂﬂwﬁaﬁﬁ:l
T AR : YaSy=eaeasy ||

Raabo: sashat kruthi kalaam hithvaamsa thacchasaanka vivaramsais
grabanam thrayodasaantha: panchadasaantha sthamasthasya

Subtract 1° 36’ from the longitude of the Rahu's (shadow)
head or tail whichever is nearer to the moon. Take the angle
difference between the Rahu and the moon. If this comes within
13° a lunar eclipse will occur. If it is less than 15° there will only

be a slight darkening possibility (only grahana chaya occurs)
(Panchasiddhantika 6-2)

Sight darkening is due to the moon entering into the
penumbra part of the shadow. Two parts of shadow i.e. umbra
and penumbra are described in detail in the modern astronomy.
The possibility of eclipse and the spread of shadow near moon
has been well described by Varahamihira. More accurately,
Lallacharya had gone deep into the subject for predicting the
possibilities of eclipses within a duration of 6 months:

IRgRETEaEE TEuiiEEt ey dEEy |
W-Fom- -, dewwd: ol yek-gd-wmEmm 1
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& sfryfr-Tmfey-THerT T FIEEron T |
Tofa 9 @-TAFN A Heeheeenel i @& 1
Yadipunaraaganthumaryadishtam grahana mihaahani madbyame
thadaaneem sara-jina-bha-rasan sabasrarasme: sasini sarakruthi-
soorya-raamabaanaan

Eham athidbruthi-yamaabdbi raamabaanaan sarast saroruha
vairinascha thungai: thamasi cha kba navaakruthi kshanaabdheen

If one wants to know whether there will be an eclipse after
4 months find the mean longitude of the Sun, the moon their
apogee and node on that day. Then add to the first three
longitudinal values these figures, respectively s 24° 27’ 6", 5s
22° 12, 53", 0s 19° 42’ 53" and subtract 0s 9° 22’ 41” from the
longitude of the node. (Sishyadhi vruddhi Tantra 7-9,10). Here s
is sign which is equal to 30°.

Important information given here is that the addition of
the finest angular values, for arriving at a conclusion
astronomically. The orbits of these celestial bodies and shadow
move in well defined (and mathematically calculated) orbits. This
process if reversed, will give whether eclipse had taken place in
the last 6 months. The calculation of the position have also been
given by him.

ity TwaR IR qemterE: WS Saeanrdl
EIRAAET EAE: eS| g fewn:
i gt fasfas dfesdfess faw: o=q g6
wuma™ ydw: @ fGfuem 1
Vyomaindraa sapthavedaa yamoahimakare pakshalabdirgrubaaar.

shatkam saptendavoatho bhuja gabathabhugo yugmavedaa: sasaanke
thunge lipthaa: sutham sathbrisasi vikalikam saimbikeye ashtaveda

lipthaa: paadena beenaa: svamruna mavagame parvana: syaad vidbischa
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If one wants to know whether there was an eclipse before
half a lunar month or there will be one after half a lunar month
one must first find the mean longitude of the Sun, the moon
their apogees and nodes on that day. Then one must add m"
subtract Os 14° 47° 2", 65 17° 38’ 42" and 100’ 13" respectively to
or from the first three mean longitudes according as the eclipse
is after or before half a lunar month. This is the rule for the
determination of an eclipse (Sishyadhi vruddhi Tantra 7-11).

.T_he level ﬂf_ angular accuracy, Lallacharya has gone in
explaining the possibilities of eclipses, is surprising. Varahamihira
in Panchasiddhantika has similar method for calculating the

possibility of lunar eclipse, which has been explained earlier
(Panchasiddhantika 6-2),

The relation between the Sun, the moon and the formation
of shadow is thus discussed by Aryabhatta:

fafaet favsig qftd g dEsfayo
EBTAEIEE Ty spTasheT ||

Bhooraviviraram vibbajed bhoogunitham thu ravibbooviseshena
bhoocchaayaadeerghathvam labdham bhoogolavishkambhaath

Muluply the distance of the Sun from the earth by the
diameter of the earth and divide the product by the difference
between diameters of the Sun and the earth; The result is the
length of the shadow of the earth from the centre of the earth
(Aryabhateeyam 4-39)

This gives the rational and correct method for calculating
the length of the earth's shadow at moon's distance. The diameter
of earth's shadow in angular units 1s given by Lallacharya. It 1s
from this unit of "angula’ that the real 'angular’ measurement
was calculated in olden days. Angula is the average width of the
fingers and it is a linear measurement.
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yrrEaT AT A SR |

et wernAg aq Ted fad wEEifegIes 1
Saraabathaa naagayamairhruthaarko yamaahathaa

chandramaseesbu raamai: gathirviyoga: phalayor bhaveth yath
thadeva bimbam thamaso angulaads.

Multiply the Sun's true motions by 5 and divide by 28.
Multiply the moon's true motion by 2 and divide by 35. The
difference of the two quotients gives the diameter of the earth's
shadow in angulas (Sishyadhi vruddhi Tantra 7-4)

From the distance of the earth and the moon, and that of
the total length of the shadow the length of earth's shadow at

the moon's distance is calculated correctly as followed by

faverd fommq auE: wfassd |
Cchaayaagra chandra vivaram bhoovishkambhena
thath samablyastham bhoocchaayayaa
vibbaktham vidyaath thamasa: svavishkambbam

Multiply the difference between the length of the earth's
shadow and the distance of moon by the earth's diameter and

divide the product by the length of the earth's shadow; the result
is the diameter of Tamas (shadow) in moon’s distance

(Aryabhateeyam 4-40).

I e the diameter of the shadow at moon’s distance is: length
of earth's shadow - Moon's distance multiplied by the earth's
diameter and divided by the length of the earth's shadow.

The relation of the motion, latitude, etc. of the eclipsed
and eclipsing bodies are also given in Aryabhateeya (4-44):

fedq tafear Rkt |
m— e I L R A R
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Vikshepa vargasahithaath sthithi madhyaadishta varithaanmoolam
samparkaardhacchedbyam seshasthaathkazliko graasa:
Subtract the ishta from the semi duration of the eclipse; 1o

that add the square of the moon's latitude and take the square

root of this Sun. Subtract that from the Sun of the semi diameters
of the Tamas and the moon, Remainder is the measure of the

eclipse at the given time.
Here the ishta is the moon's motion in longitude, relative
to Tamas after the first contact. Generally ishta is given in time

equivalent of ghatis. Further explanations are also given by
ﬁrynbhatl:a.

From the square of half of the sum of the diameters of that
shadow and moon, subtract the square of moon's latitude and
take square root of the difference, the result is known as the

duration of eclipse in terms of minutes of arc. The corresponding
time is obtained with the help of daily motion of the Sun and the
moon. (Aryabhateeyam 4-41).

This according to modern science gives an approximate
value of semi duration of eclipse.

According to Varahamihira, the diameter of the shadow
can be calculated as follows:

e Tafmn NeeaaRydghear:
U5: WSl @eUArYE wEA:
faeso YT g0 SIS aHeE: 1
Ravikakshaa navathigunaa shadashta sroddbruthendu
kakshaayaa: ccheda shatthrighnaayaa labdhenonascha
shadvarga: viyadarkagune sasi kakshyayaa |
bruthe kaarmukam thamovyaasa: |

Multiply the moon's true distance in its orbit by 36, and
divide by the Sun's true distance multiplied by 90 and divided
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by 286, Subtract this result from 36, multiply by 120, divide by
moon's true distance and get the arc of the resulting sine which
1s the angular diameter of the shadow: (Panchasiddhantika 10-

1,2a). Corrected number given by modern astronomy is 284.4
instead of Varahamihira's value 286.

TEevivigEne faafsar wH gsswefar |/ o
IURAT | WA NI Al VET At el ||
Sphutasasisrvanena vivarjithaa gagana panchakakugunitha kubhaa
apabruthaa cha thayaa prabbayaa bbuvo bhavathi
yoyanabimbamago: phalam

Length of the earth's shadow diminished by the correct
distance of the moon from the centre of earth, then multiplied
by 1050 and divided by itself, gives the diameter of the earth's
shadow in yojanas (Sishyadhi vruddhi Tantra 5-7).

This is the method to find out the diameter of the earth's
shadow in yojanas in the moon's orbit i.e at moon's distance.

True angular diameter of the Sun, the moon and the shadow:
Angular diameter of the Sun, the moon and other planets have
been discussed earlier. Vateswara has given this equation for the

calculation of the true diameter of all those bodies which are
connected with the eclipse:

Faa=mm: wfreaufesen W= fvscegesit:

FHE TEfE SeArE 3 1
Ravichandrathama: pravistharaasthrifyaaghnaa
ravichandrachandrajai: vibbajethspbuta karnakai.
kramaath thadbimbaani kalagathaanivai

Severally multiply the diameters of the Sun, the moon and
the shadow by the radius and divide the resulting products by
the true distance of the Sun, the moon and the moon (again)
respectively. Results are their diameters in terms of the minutes
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of angle. (Vateswara Siddhanta 4-11).

Vateswara has given the exact equation and values for the
diameter of shadow:

fﬂﬂﬂﬁﬁwwﬂfﬁﬁ ﬂaﬁnmmmn

bbalaantbaram vaa thamasa: pramaanam

Multiply 25° 7 by the radius and divide by the Sun's
mandakarna (hypotenuse) and multiply 105" 24" the radius and
divide by the moon's mandakarna. The difference of the results
thus obrained are the measure of the diameter of shadow
(Vateswara siddhanta 4-16)

Here the 105" 24" is obtained from the product of earth's
diameter and radius divided by the moon's mean distance. (Where
radius 15 taken as 3437.7 Le angle in radians= 360 x 60/3.14).
Similarly 25" 7” is obtained from the difference of the Sun's
diameter and the earth's diameter divided by the Sun's mean
distance. These are the same according to the modem astronomy also.

Comparison of positions of the Sun and the moon during
lunar / solar eclipes:

RS RIEAEE dEq wue wgaa o |
A femyfagEfeeaeat e T 1)

Ahardalaadraathridalaavasaanam yaavath kapaalam
kathayanthi poorvam thatho dinaardbaanthamapoorva
mindorbbaanor bhavethaam grabanoanyathaa the

In a lunar eclipse the moon is said to be in the eastern
hemisphere from midday till midnight. From midnight till
midday it is said to be in the western hemisphere. In a solar
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eclipse the contrary is the case. (Sishyadhi vruddhi Ta:i;ra 5-24)
' )| |
gatemEi O YT R | L LR
T WY e FRRREES, rRraRgsd ||
Poorvaasyaam pragraba: seetharasme: paschaanmoksha

sthigma goranyathaa thow / kshepaa: sarvey Vyathyayena
syurindoryadvad bbaanoraagathaasthadvadeva

In a lunar eclipse contact takes place in the eastern portion
of the disc of the moon and separation in the western portion.

Contrary is true in solar eclipse (Sidhyadhi vruddhi Tantra 5-29)

B WO W T TEE
Ry W, wEe EAfa:
Svebhoocchaayaamindu: sprusathyatham sprusyatbe na
paschorddham bhaanugrabearkamindu: praak pragrabanam ravernaatha:

In a lunar eclipse, the moon moving eastwards contacts
the earth's shadow, therefore the first contact occurs at the eastern
limit of the moon and so does not occur at the moon's western

limb. In a solar eclipse the moon meets the Sun and therefore the
first contact does not occur at the eastern limb of the Sun

(Panchasiddhantika 6-14)

The moon's motion rate being thirteen times more than
that of the Sun or the shadow, it moves eastward relative to the

Sun or shadow and contact them at their western limb and its
own eastern part.

TRV Yd: @Usuew YRR waf Fe

WU Hive: WHEOEEEEEE ||
Pragrabanaanthe dhoomra: kbanda grabane sasee bhavathi
krushna: sarvagrase kapila: sakrushnathaamra sthamomadhbye

At the beginning and end of an eclipse, the moon is smoky,

when half obscured it is black, when totally obscured it is tawny,
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when inside the shadow, it is copper coloured (Aryabhteeya 4-46)
Similar explanations are given by Lallacharya

ATAEET YHEEEH W REEESEE L
T T, SR fenEeEd: TERRER v forergm: 1
Aag.iyanﬂﬁayn&_wbufﬁ dhoomralavaanu kaaree kbandagrahe
niyathamanjana punjavarna: graase dalaath samadbibe
arunakrushna varna; sarvagrabe bbavathi seethakara: pisanga:

At the beginning and end of the eclipse the moon is of
dense smoky i.‘:GIDlII'. In a partial eclipse, it is always dark as a
mass of collyrium, when the obscured portion is greater than

half, it is dark red. When it is completely obscured it is ¢
(Sishyadhi vruddhi Tantra 5-36) is tawny

Partial eclipse: However if the extent of the eclipsed portion of
the Sun or moon is small due to the brightness of the Sun, the
eclipse may not be seen. Under such conditions it is sometimes
considered that there was no eclipse in observers' place.

gEYI: WiaqIUEHieS e Wael 7 el afveaf
|y SISYivH: Wesdi H2ud; wonad: ||
Dwaadasa: savithrumandalaamsaka paatavena mahaso

na drusyathe khandithoapi kbalu shodasaamsaka:
svacchathaam vidadbatha: kalaavatha:

When 1/12 of the Sun is obscured the eclipse cannot be
seen because of the Sun's brightness but owing to the moon's
clearness even 1/16 part of it in lunar eclipse when eclipsed can

be seen (Sidhyadhi vruddhi Tantra 6-17)
THReameaiyRorAR It @
Ravidebasyaashtamaamsagrabana manaadesyamithi yaavath

Some say that if the eclipsed portion of the Sun is less than

1/8, then the eclipse cannot be seen (Laghubhaskareeyabhashya
by Sankaranarayana - 4-9)
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Aryabhatta has given the same value for partial eclipse and
the reason for that:

FeaRfEmfaeTIrl TEEee: |
s, EesaTEre Y 1
Sooryendu paridbiyogearkaashtama bhago bbavathyanaadesya:
bbaanor bhasurabbaavaath svacchathanuthuvaachba sasiparidbe:

If the overlapping of the Sun's disc extends only less than
1/8, then eclipse need not be predicted. This is because of the
brightness of the Sun which makes the eclipse invisible-from the
earth- (Aryabhateeyam 4-47)

Bhattagovinda's opinion was different. It has been quoted
by Sankaranarayana.

SROTTE TEv ATAEETRY] SIS vHRTR:
resoinben et
Dwaadasa bbaagaadoonam grabanam thaikshnyaadraveranaadesyam
shodasa bhaagaadindo: svacchatvaadadbikamaadesyam

More than 1/12th for the Sun and more than 1/16th for
the moon when eclipsed becomes clearly visible (Bhatragovind

Khandakhadya sastram surygrahanam Xref Sankaranarayana
Laghbhaskareeyabhashyam 4-9).

qmves grReg Wl RERET e
T3 OFRTETEETEY NS TR wed

Sooryamandale dvaadasaamse grasthaapi rasmi prabhaavaanna
lakskyathe chandrasya saantharasmithvaachbandra mandale
shodasaamso grasthaopi lakshyathe

Due to brightness of the Sun if I/ th of the Sun is eclipsed,
the eclipse cannot be seen. Due to the mild rays of the moon
even !/, th part can be seen. Atnoon even if itis '/ th portion of
Sun is eclipsed it cannot be seen due to brightness (Mallikarjuna
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Suri; commentary to Sishyadhi vruddhi Tanrra 6-17)

ﬂwwmm:
TR T TRy |
Theekshnaamsubimba vasvamsalipthikaakaalasamyutha:
sparsa kaalo bhavethsathyo bhaasurath vaadvivasvatha:

In the case of a solar eclipse on account of the brj ghtness of
the Sun, the time of the actual visibility of an eclipse is the time
of the first contact plus the time corresponding to the minutes of
arc that amounts to '/sthe of the Sun's diamerer.
(Mahabhaskareeya 5-41).

Here this aspect of vision of the partial eclipse is
extrapolated to the first contact roo.

Graphical representation of eclipse: Graphical methods are
supposed to be the modern approach of studying astronomy.
But there are chapters, in books written by ancient Indian
astronomers on this subject. In fact graphical drawing of eclipse
was the method adopted earlier by Indians. Here the methods
on how to draw the path of obscuring bodies are described,
Lallacharya says: "Mark the three extremities of the latitudes - at
the beginning, in the middle and in the end of an eclipse - draw
wwo fish figures - one passing through the first two points and
the other through the last two points - Draw two lines passing
through the mouth and tail of each fish figure. With the point of
intersection of these two lines to be the centre draw a circle passing
through the three extremities of the latitudes. This is the path of
the obscuring body. Then place the hypotenuse from the centre
of the concentric circle just touching the path”. This gives the

methodology of drawing a graph of the eclipsing and the eclipsed
body.

Eclipse and parallax : Aryabhatta has mentioned that due to
the spherical shape of the earth, all the celestial bodies will be
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seen at a different positon due to the influence of parallax. So the

! ' f the parallax
hical presentation needs correction because of t
i?:lpa;}errftiun of visions. This subject has been discussed by

Lallacharya and he advocates.

Bhooprushtagatho drashtaa poorvanatham poorvameva
thithyanthaath pasyathi samucchri thathaacchasinaa
ravimandalam pibitham/ pasyathi yamakalakaalaath Famtha
antbaradbeeyathe gatham neecham thena praak paschimasyo:
kudalakalaa lambanamrunam svam

The observer on the surface of the earth sees the disc of the
Sun obscured by the moon even before - the calculated time for
conjuction - as he is elevated above the centre. This is so if the
Sun is in the eastern hemisphere. But if the Sun is in the western
hemisphere, he sees it after calculated time, when the Sun sets,
i.e. it has disappeared below the horizon. So the parallax in
longitude due to the radius of the earth is subtracted, from the
calculated time of conjunction if the eclipse takes place in the
eastern hemisphere and added if it takes place in the western
hemisphere. (Sishyadhi vruddhi Tantra 16-14,25)

This statement is in agreement with the modern
astronomical approach on the parallax during eclipse.

RO ES YT a1 3fie: |
e afd ®9 7 @ Iy |
wh madbymbm}u:fmsbmrbhnnpmshtagﬁya vaa drushti:
svaabbimukbam yaathi samam na lambanam thena madlryaabne
The line joining the observer at centre of the earth and the

340

Scanned with CamScanner



zenith coincides with the line joining the observer on the surface

of the earth to the zenith, Thus there is no parallax at the mid
day (Sishyadhi vruddhi Tantra 16-26)

From the above explanations it is very clear that much
information on the astronomical phenomena taking place around -
us, were seriously studied by Indjans, These studies were not
philosophical nor were puranic explanations. Bur they used
different types of instruments and calculated the details based
fully on their observations. A sound application of mathematics
can be seen at all instances in these calculations.

Knowledge of Stars

Ancient Indian astronomical knowledge did not confine
to the studies of planets, the Sun and the moon. They had a good
understanding of the star constellations. In Rig Veda, different
star constellations are mentioned. Positions of the stars and a
number of major stars in each constellations have been described
in detail by Bhaskaracharya I Latitudes and longitudes of these
constellations are given accurately. In Laghubhaskareeyam,
Bhaskaracharya I (528 AD) has been following positional dara of
the stars in latitudes and longitudes. The data are for the star
constellation starting from Aswini onwards for the 27 sers

(Laghubhaskareeya 8:1-4):
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Ashtaavashtaadasa diso manavoarkaa dvayorghana:
dvaavimsathischa visve cha nava sakrastbrayodasa
visve vimsathirekonaa dvaadasaarkaa dinaani cha
diso rasaascha visve cha visve soorya dbruthisthathaa
rudraa: sooryasthri sapthatba sailendu thithayastbathaa
poorva poorvayuthaa jneyaa yogabhagaa yathodithaa:
udagdisoarka bhoothaani yaanye panchadiso bbavaa:
udagrasaasthathaa vyomadakshine munayoambaram
udakarkaasthatbaa visve dakshine munayoasvinow
soumye rasakruthi saikaa yamye saardbaasthathaagnaya:
abdbayo vasava: saardhaa: sapthasailaasthatha: param
udag thrimsath krutbi: shannaam yamye lipthaasthrishat
udagarkaascha visve cha dvirabhyasthaa nabbasthathaa
vikshepaamsaa: kramaad drushtaa: pandithairvaajibbaaditha:
8,18, 10, 14,12, 8,22,13,9, 14, 13, 13, 19, 12, 12, 15, 10, 6,
13,13,12,18, 11, 12,21, 17, and 15. Each of these numbers being
increased by the sum of the preceding numbers is the longitudes
of the 27 star constellations. To the longitudes of purvashada,
sravana, mula, magha, dhanishta, bharani and uttarashada thus

obtained, one should further add 30 min. of arc. All these values
are in degrees of angle.

Latitudes of these stars are given by Bhaskaracharya I in
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Laghubhaskareeya (8:6-9). In these lines, also data js o}

ﬂ]:g star Aswini for the 27 numbers, hence there will hsegrle‘:e“&ftli-gi
of positional latitudes on either side of the equator as north and
south.

North 10, 12,5 south 5, 10, 11 north 6, 0 south 7, 0 north
12,13, south 7, 2, north 37 south 1.5, 3, 4, 8.5, 7, 7 north 30 36
south 18" north 24, 26 and 0, are the latitudes of the stars. ’All
these values are degree of the angle and only one value is in
minutes.

Lallacharya in Sishyadhi vruddhi Tantra has given the
following data for the position of the stars in polar longitudes:

TOTEYE: Y[AEAT THE: FAYEl O T@ T
GAIFIBUETE TSTeaRar==/ey gy o
THdal JHE JUEAT TE Al o
FA=G! ATTE: TEOR GRS Fard: ||
FHO TAl: @ENTEEAnear Wi iRy g
Gajaabdhaya: soonyakruthaa raseshava: krutheshavo yugmasaraa
sruthayo gajaadraya: rasarthavo yugmarasaa yamaachalaa
yameshavo ashtaa kruthavo abdbayoabdbaya: navendave
kramena sarvaa: khasasaankathaaddithaa bhabhogalipathaa
munibbi: prakeertbithaa:

The position of the stars are said to be like this by the
ancient sages. This is in the order from Aswini star onwards:
48', 40", 56", 54°, 52/, 20, 72, 70", 44', 48', 36', 44', 78, 66', 62,
E’, 52, 8,6, 4, 4,19, 18’, 40°, 42', 12’ and 74’, each multiplied

10.

The corresponding values in degrees will bé 8.8,6.7,9.3,9,
87,3.3,12,11.7,7.3,8,6,7.3,13, 11,10.3,12,8.7,1.3,1,0.7,0.7,
3.2,3,67,7,2,12.3. These values are given in angular dimensions.
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The total of these angles is equal to 360 degrees. Thus the
knowledge that the celestial sphere around the earth was divided
exactly and accurately among these star constellations, existed

clearly in olden times.

Wzmﬁﬂﬂa\nﬂa:ﬁmﬁm:
ﬁﬂﬁmﬂﬂﬁﬁrm@wﬁ
Tl faatsd gd SAIfeEfaT qAT I
WWW:W:WW:W:
mlhmmm:ﬁﬁﬂ#rmw*ﬁqﬁﬁfm{ﬂm

Dasalochana bhoomaya: saraa vishaya vyomabhwva:
pinaakina shadathaambaramadrayo ambar
thrayoabdayoardbena yuthaa bbujangamaa: thribhaagaywkthaa
vishaya sileesukhaa: ‘hathasthribbaagoatha jinaa: shadasvino
nabbascha bbaagasya mithirjanaangulaa:

The polar latitudes of the stars from Aswini measured from
the ends of their respective declination on the ecliptic
corresponding to their polar longitudes are 10°, 12°,5°, 5°, 105
11°, 6°, 0P, 7°, 0°, 12°, 13°, 8°, 2°, 37°, 1°30', 3, 4°, 8° 30/, 5° 20,
50, 30°, 36°, 20, 24°, 26°, 0°, (1°=24 angulas). (Sishyadhi Vruddhi
Tantra (11-5-7)

The position of stars, in relation with the equatiorial line,
has been described in Sishyadhi vruddhi Tantra (11-9, 10):

:
ammvmmmqﬁ@ﬁmﬁru
gﬂ:‘lfﬂdﬂiﬁq‘&aﬁﬂmmma?ﬂvﬁmﬁr

Ay SN waEl e AN 3= 1

Rudrasaarpyapuruhootha bhavesa braabma moolakara
mithrabhachithraa: vaarunapy-mrugaseersha visaakha
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bbaanyamooni khalu yaamya savaani pushyoatha poushnam

pithrudaivatham cha kraanthyagra kaanyuthharatho aparaani

The latitudes of ardra, aslesha, jyesta, utharashada,
poorvashada, rohini, mula, hasta, anuradha, citra, satabhishak,
mrgasira, visakha are to the south, The latitudes of pushya, revati,
and magha are 0° i.e. they are seen at the end of their respective
declinations. The remaining stars have northern latitude.

On the conjuction of the planets Lallacharya gives this
informarion:

RS gt wfedrd frodeirtagr |
Dbruvakaadbike yuthirgathaa bhavithone vipareethagearryathaa

If the true longitude of the planet is greater than the polar
longitude of the star, its conjuction has taken place, if less it will

take place. When planets retrograde the contrary is true
(Sishyadhi vruddhi Tantra 11-4)

Commets

Comets were also mentioned in some ancient Indian works.
A series of superstitions have been associated with the comers on
the basis of puranic stories. However the name given in Sanskrit
dhoomaketu has a sound scientific background associated with
the meaning: having a tail of dust/smoke. Significant information
was known about the comets. Bruhatsamhita of Varahamihira
says thus . "Some people say that the number of comets is 100,
others say it is 1000, but sage Narada says that the same comet
may appear in different ways" (Bruhatsamhita 11-5).

These lines are given in the Indian Journal of the History
of Sciences, "The maximum time period is 36 years and average
time 24 years and the minimum time 13 years for the appearing
of comets" (Bruhatsambhita 21-42).
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All these astronomical information could be gathered with
the excellent brain work. They absorbed only the knowledge
from all over the world. They also delivered the information all
over the world. It is our proud privilege to look further deep
into the astronomical heritage of India.

CHAPTER - VII: ANCIENT INDIAN
CONTRIBUTIONS IN METALS AND ALLOYS

It has of great importance and relevance to discuss the
modern concepts applied in ancient Indian science, related to
metals and alloys. Remarkable evidences have been obtained from
the archaeological studies, on the science of metals, described in
Sanskrit literature of ancient India. For information on metals
and alloys one can go through the authoritative archaeological
findings. The most significant base for collecting ancient Indian
data on the age of the technology is the C'* dating technique.
Through this technique, any sample can be accurately dated.
Hence the dates of production of the old metal samples can be

easily found out.
Technological capability in the past.

More than a thousand ancient metallic samples of many
millennia old were collected from various sites and subjected to
in-depth studies in India and abroad. A variety of Sanskrit books
also pour information on this subject, substantiating the

knowledge demonstrated in Sanskrit literature with the
archaeological evidences. Vedas are the oldest sources of

information which are given indirectly. The direct sources are
the good number of books in Sanskrit on Chemistry and
Ayurveda discussing the metallurgical subject. Susrutha samhita
and Charaka samhita gives important information on various
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eypes of metalic surgical instruments used during the period.
These two books were written in the first part of the first
millennia BC. Artha sastra of Kautilya stands unique, in carrying
remarkable information on metals, ores, alloys, and their
management 10 this country. Perhaps no other text gives this
much integrated information as the Kautilya's Arthasastra, which
was written in the third century, BC. From the available books
on chemistry Nagarjuna's Rasaratnakara stands first, which is
dated 200 AD. It appears that another Buddhist monk, Nagarjuna
has rewritten this book in the 6th Century AD. Bruhatsambhira
of Varahamihira written in the early part of the sixth cen
carries lot of information on this subject, Ashtangahrudaya of
Vagbhata belongs to the 8th century A.D. Rasahrudaya and
Rasarnava, of Govindabhatta, Rasarnavakalpa, Rasendra
choodamani of Somadeva, etc., belong to the period between 9th
and 11th century. Rasaprakasasudhakara, Rasakalpa and
Rasaratnasamucchaya were written before the 13th century. In
fact the study of metals and their products come under the
Rasachikilsa, which is considered a part of the Ayurvedic systems.
Hence all the Ayurvedic books contain some information on
the metals. However, there exist a few books dealing only with
the subject of Lohatantra i.e the science of metals.

The Indian capabiliry in metals are directly available from
the metal works demonstrated in ancient buildings and temples,
These observations are to be correlated with the knowledge that
existed in Sanskrit literature. It goes without saying that unless
the merallurgical and the alloy making process were known, those
metals could not have been mentioned in the ancient books. In
Rig Veda (1.122.14) mention is made on 2 golden ear ring as
hiranyakarnam manigreevam. A golden necklace is mentioned
(1.33.8) as hiranyayena manina srumbbamaana. Thus gold as a
precious metal was known to the Indians even during (or before)

the period of Rig Veda. Sukla Yajurveda (Sukla yajurvedeeya
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Vajasaneyee Madhayandina Sambhita, 8:13) gives the list of a
variety of materials present on the earth in which the metals like
iron, gold, silver, copper, lead, and tin are also included.

T s A AT W I A 9 |
Hiranyam cha meayaschame seesam chame thrapuschame
syaaamam cha me lobam cha me

Names mentioned in this texts are syama, hiranya, mehaja,
seesa and trapu. Each of these metal has different physical and
chemical characterstics and need different types of extraction
processes to get them out of their ores. No superfluous knowledge
on the ore can give such names for the metals, unless they were
produced. All these metals can be obtained by complex processes.
Other than the above mentioned stanzas, occasional mention of
these metals can be seen in the Yajur Vedic texts. The ores and
minerals of metals mentioned in the Vedas are seen in the
archaeological location of the Indus Valley civilisation which
are the referred Vedic sites. Atharva Veda also carries information
on the metals. An interesting stanza (Atharva Veda 11.8.7-8) is

the comparison of the colour of the universal power with that
of metals:

YOHY STEHEE Aifeadsd oifed A9 9N BiE 9ol
TG T

Syaamamaya asyamaamsaani lohithamasya lobitham thrapu
bhasma baritham varna: pushkaramasya gandha:

His flesh has the colour of syama (iron), blood has the
colour of loha (copper), totally he has the colour of tin and has
the smell of lead. This gives us the message that the metals with
that level of purity to be indentified with the exact colour were
available during the period of Atharva Veda.

Chandogya Upanishad which is one of the earliest
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Upanishads, chronologically coming at par with the Yajurveda
Peri-::d, mention the philosophical approach of knnwledge on
everything, by citing an example of a metal instrument. This is
specifically quoted to highlight its importance as a concept
' followed in presenting the subject matter in this text, also

| TEFT wEEwad faEe FUMEH 3T T |
| Nakhakrunthanena sarvakaarshnaayasam vijnaatham

wrsesne RTUSDRGGYGSAM ithyeva sathyam

By knowing the nail cutter all things made of iron become
known......... .iron as such is the reality. (Chandogya Upanishad
6.1.6):

Here, the word Krishnayasm is used for iron. This
statement throws light on the perfected iron extraction process
in the metallurgical studies. Exactly the same words are repeated
in the Upanishad to refer to copper as lohamani. (Chandogya
Upanishad 6.1.5). It also tells the philosophical approach in
literature, even though only a little is given, a lot of information
should have to be gathered from it. It is particularly true in case
of metallurgical knowledge. As in-depth knowledge of the
metallurgical alloying is indirectly presented in the Upanishad
(4.17.7) "One would join gold with the help of borax, silver with
gold, tin with silver, lead with tin, copper with the help of lead
and timber with copper and leather".

T T A EEAREAN T A Y FqOn
HiE W e @Rw Te S s
Thadyathaa lavanena swvarnam sandadbyaathsuvarnena
rajatham rajathena thrapu thrapunaa seesam seesena lobam
lohena daaru daaru charmanaa

Thus is perhaps the best quotable stanza from ancient books
on alloying of metals. This is a technique, adopted even now for
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reducing the melting point of the metals to be alloyed.

Technological details of metals and alloys can also be
discussed with the support of archaeological observations. One
of the findings which exist even now 1s the standing 250 feet,
monument in the Singbum copper mine and the 600 feet deep
vertical shaft in Hutti gold mines. These two indicate the highest
degree of technical competence in ancient mines in India during
the Vedic period. Further descriptions are given by Dr.
Mukherjee in the Indian Journal of History of science .

Ancient Indian Mines: earliest mention of mines appears to he

made by Kautilya in Arthasastra. Superintendent of the mines
was called Akaaradhaayksha (Arthasastra 2.12.30)

IFTUAE: JETURRITEIRARITSEEaseAra@r o
AR a1 TR e IR e |
Aakaaraadbyaksha: sulbadbathu saasthrapaakamaniraaga
jijnasthajjajnasakbo vaa thajjaatha karma karopakarana
sampanna: kittamooshangaarabbasmalingam vaakaram
bboothapoorvamabhootha poorvam vaa bboomi prasthara rasa
dhatumathyartha varnna gourava mugragandha rasam pareekshetha

The director of mines is responsible for the ores, minerals,

chemicals, etc. He should have the knowledge of these things
and he is responsible for the examination and utilisation of three

types of ores. Bhoomi-prastara-rasa dhatus (ores of three types).
He has to know the quality of ores by means of colour, smell
taste, acidic-alkaline and -textural tests.

The metals obtained from mines are said to be gold, silver
etc., and diamonds (Arthasastera 2.6.4). It is also said that the
treasury has its source in mines, from treasury, the army comes
into being. With the treasury and the army, land is obtained.
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with the treasury as its ornament is, the mines. (2.12.37). Twelve
kinds of metals obtained from the mines are mentioned in
Arthasastra (2.12.23 and 35, 36)

In Arthasastra, the melting process is given as dravana

(3.3.27). Melting of the metals was also known as Vipalana. and

the term is particularly used for iron and copper. Solidification
of the metal is described as mruthi. Heating is the most important
pmcﬂssing in alloying metals, It is thus said:

WAE WE G T we
Naathaptham loham lobe na sandbatthe
Without heating metals cannot be alloyed.

C,, carbon studies conducted by the metallurgists have
shown that ancient mines used for the production of silver, tin,
copper, lead and zinc were seen in many locations. A few among
the most ancient are mentioned here. Some of the metalljc samples
obtained from the sites are two thousand to three thousand years
older than the periods given below. Dates given below are the
most active period of the production of metals from these mines.

Rajapura, Dariba, Udaipur in Rajastan 1300 BC

Harti in Karnataka 1000 BC

Rampura, Agucha 700 BC

Zawarmala and Ambamata in Rajastan 500 BC

Iron was extracted from the following mines.

Komaranahalli and Tadanahalli in Karnataka, 1300 BC

Atranjikhera 1200 BC
Pandu Rajar Dhibi in Bengal 1300 BC
Alamgirpur in Rajastan 1000 BC
Varnasr 1000 BC
351
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Descriptions of Mettallic Ores and Minerals: Ores and ﬁirals
are the natural metallic compounds present in the earth. There
are a variety of such compounds from which the respective metals
can be extracted. Arthasastra is the most authentic ancient Text
book describing the ores of metals. Arthasastra (2.12.30):

e ErEE fen et
TTREET @1 <ufigRve e
e, e R
S Efcwa: e e J fire=t
TR AT AT q:
Peethakaasthaamra peethakaa bhoomiprastharadhathavo H:mfm
neelaraajimantho mudga maasha krusara varnaa vaa dadbi
bhindu pinda chithraa hari draahareethakee padmapathra
saivalayakruth pleehaanavadyavarnna bhinnaaschujnajuvalukaa
lekbaabindu svasthikavantba: sagulikaarchisbmanthasthaapya
maanaa na bbidyanthebahuphena dhumaascha suvarnadhathava:
pratheevaapaarthaa sthaamraroopya vedbanaa:

The colour of different ores can be yellow, mixed yellowish
red, when cut, it can be bluish colour of green gram, black gram,
curd, turmeric, terminalia seeds, liver of animal, spleen sand,
jasmune bud, seed of neem. Some of the ores when burnt remains
the same and Surf is formed in some cases. These descriptions

agree well with the information available on minerals and ores
of the metals.

Description of silver ores:

W‘m:
W:m:ﬁmﬁﬂ: ?ﬂ‘ﬂm:m:
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FOMT: VoA W A SR gesm A
F@ﬁﬁg#nﬁwaw:ﬂﬂﬂﬁfﬁﬁﬁqﬁm;

Sankakarpooora sphatikanavaneetha kapotha paaraavatha
vimalakamayooragreevavarnaa: sainyak gomedaka
guddamathsyaandika varnaa kovidaarapadma paataleekalaaya
kshowmaathasee pushpavarnaa saseesa: so yanaavisraa bhinng:
sethaabhaa: krishnaa: krishnaabbaa; svethaa: sarve vag
lekbabindu chithraa mrudvodbmaaya manaana sphutanithi
babuphena dhoomaascha roopyadhbaathava;
sarvadbaathoonaam gouravavruddborw sathvavruddbi:

Native silver ores are of 18 types. They are classified on
the basis of colours: colour of conch shell, camphor, pearl, jewel,
jaggery, lotus flower, etc. Some times they get mixed with lead.
Some are white outside and black inside. Sinoke comes out when
burnt. In all the minerals the density increases with the metal
content in them These observations agree well with the qualiries
noted for silver ores available from different part of North India,

Description of copper ore:  Copper ore is explained in
Arthasastra (2.12:30)

Wiew: e ggve weaarifaum A
fogrenr &fta: wes ifear ar ATHYTY:
Bhaarika: snigdho mruduscha prastharadbaathur bhoomibhaago
vaa pingalo haritha: paatalo lobitho vaa thaamyradbaathb:

This can be translated as Heavy, tawny, green (Chalcopyrite
ore) dark blue (malachite ore) yellowish tint (azurite) pale red or
red (native coper) are the ores (dhatus) of copper. The explanation
given in Arthasastra agree well with the characterstics of the ores
of copper given in bracket.

W:mﬁ:ﬁmmm:m:
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Kaakamechaka: kapotharochanaa varna: svetha
raajinidho vaa visra: seesadbhaathu

Lead ores are explained by Kautilya (2: 12:3{&}. It is greyish
black like kaka mechaka, (galena ore), yellow like pigeon bile
(gossam ore), etc. The characterstics agree with galena and gossam
ore of lead.

Description of Tin ore: Tine ore is as grey saline or like brown
burnt earth (cassiterite) (Arthasasthra (2.12.30)

ST TEFaCrReu a1 FYU:
Usharakarbura padvaloshtavarno vaa thrapudrathu:

Description of Iron Ore: Iron ore is explained (Arthasasthra
2.12.30) thus:

T ogdfed: fogamgsrant a1 dieorg:
FEVSHEEEU A1 SFARY:
Surumba paandurobitha: sinduvaarapushpavarno vaa
theekshna dbaathu: kakaanda bhujapathravarno vaa
vatkrunthaka dbaathu:

Greasy stone, pale red, colour of orange limonite or
Sindudrava flower (Hematite). The ore which has the colour of
crow egg or birch leaf is vaikruntaka ore (magnetite).

The qualities attributes to these ores are identified and found
correct. On the.technology aspects also Chanakya has given
descriptions. In Arthasastra he has mentioned that the Director
of mertals (Lohaddhyaksha) should establish factories for the
production of metals and alloys like copper, lead, tin, vaikruntaka,
arakuta, brass and steel, bronze, tala (bell metal) and loha from
the corresponding metal ores. All the business related to metals

also should be undertaken under his supervision (Arthasastra
2.12.30)
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AR THEEAEHAHRN g
Siedhai-ar] ®q ARVVSHTER
Lobaadhyaksha: thaamra seesathrapu vakrunthakaara
kootavrutthakamsathaala loba karmaanthaan kaarayeth
lobabbaanda vyavabaaram cha

An integrated knowledge of the mines, ores and the metal
processing that existed in the time of Kautilya, i.e 350 years before
Christ, is reflected)

Impurities in Ores: Other than the specific metallic compounds
present in the ores, there can be a variety of attached impurities
too. Mention of these impurities is also made in the Arthasastra
text, "thus some of the impurities are attached firmly with the
ore. They can have intense smell and may be alkaline in nature.
These impurities are to be mixed with other things and burnt off

for removal". In modern metallurgy the organic matter present
in the ores is burnt and inorganic impurities are converted into

slag and removed from molten metal.

Furnaces and kilns: Different varieties of furnaces and kilns
were used in earlier days for the extraction of metals from their
ores. A furnace or kiln is defined according to the process taking
place in the furnace. In Sanskrit the furnace/kiln is known as
Musha, which is defined as follows:

qofer Qe A WO

Mushnaathi doshaan moosheyaan saa mooshethi

The vessel which removes or destroys the impurities is
known as Musha.

Furnaces are made of special types of sand as followed in
modern technology. The quality of the sand used for making
furnaces has been defined as follows:
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HfereT YvERYE YU womegl feusmwsf
yurefsfaEad 11

Mrutthikaa paandurasthoola sarkaraa sonapandura
chiraadmaana sabaasaahee mooshaartha mathisahyathe

Yellowish white and heavy sand or reddish white sand that
can withstand high temperature for a long time, is the best for
the manufacture of Mushas/kilns and furnaces. Different varities
of furnaces used for specific purposes are named in Rasaratna
samuchaya:

T AFESEE e E e gaE TR
HeoqF eSS JEeel ... |l

Varja-yoga-vajradravani-gara-vara-varna-roopya-vida
vruntaka-gostani-malla-pakwa-gola-maha-maanduka-
musala are the common furnaceskilns

For extraction, purification and alloy making, suitable
furnaces and kilns from among this list are used. Furnaces
mentioned here are of different sizes, shapes and for different
purposes.

The temperature for extraction of metal is attained
according to the nature of the metals and ores. The process is
sometimes called Kupeepaka vidya. And the process adopted for
getting different levels of heat is by using putas which are generally
cubical in shape. All these putas are able to provide an average
temperature of 750° - 900°C. The duration of maintaining the
temperature and the dimensions of these putas are given below:

Mahagajaputa furnace : 36 width x depth. Duration 150 min

Gajaputa furnace s 22 % i " 100 min

Varahaputa : 16 " ! 50 min

Kukkutaputa : 9 " " 5 min

Kapota puta : earth surface " Low tenperanure
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The above types of putas were made using cubical
arrangement of cow dung cake. For example in mahagajaputa,
2000 cow dung cakes were arranged and for other putas 1000,
800, 40 and 8 cakes respectively were used. The number of cakes
used depend upon the final temperature required and the duration
upto which the temperature are to be maintained. And this in
turn depends on the metal which is to be processed. Every puta
has a definite specificaiton to follow. Thisdefinitely is the modern
approach followed in metal technology. The above temperature
values attainable have been recently reported by experimenting
with modern instruments for each putas, based on the
information given in Rasaratna samuchaya,

Interestingly in the above mentioned archaeological sites
many furnaces/kilns, of measurements ranging from one ft high
to 7ft high and internal thickness upto 1.5 ft were seen. These
kilns had been 1n use during the periods from 2000 BC onwards.

Qualification of pure metals: Each metals has specific colour,
texture and nature. But while producing these metals, the purity

was judged by following general characteristics, which were also
known to ancient Indians.

The qualification of pure metal is defined correctly in
Rasarnava (52-55)

q T 7 9 fEEEvE 1w 7 W wRE TR
o Toad feags 9@ fayped, westa @ 1)
Na visphulingaa na cha budbbudaascha yadaa na rekba na sabda:

mooshaagatbam ratnasamam sthirascha thadaa visuddham
pravadanthi lobam

Pure metal is that which when melted in crucible does not
give sparks nor bubbles, nor spurts, nor emits any sound nor
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shows any lines on the surface, but is tranquil like gem and this
pure metal flow out, from furnace. -

This déefinition stands correct, because all the above
qualification are possible only if impurities are absent in the
molten metal, at that temperature.

Use of flux to remove impurtiry as slag: Metals and impurities
are difficalt to melt directly during the metallurgical process.
Flux, which is a foreign material, 1s added to remove the
impurities as slag. This process was known earlier.

5 afied wieR: FEUE T A
Durdraava akbila lobade: dravanazya ganomathai:

It is mentioned that, to aid melting of otherwise difficult
to melt metals / impurities, lower fusing materials are added
(Rasaratna samucchaya 10.95)

A variety of fluxes have been used to convert impurities
into slags. These slags were obtained from almost all the mine
sites where lead, tin, copper and iron were extracted. Their period
of production has also been estimated. One such archaeological
site is the Rajghat copper mines. Large amount of slag was present
there, which contained 5.4% calcium oxide. The calcium oxide
was specifically brought from far away places to this location for
the specific purpose. It is not available nearby places. The
technology of use of calcium oxide to remove the impurity was
the same as that followed in modern processes. Calcium oxide is
used as flux to remove the silicon dioxide by converting into
calcium silicate. Once, the slag is discarded major portion of the
impurities from the metal is removed. This gives reasonably pure
metal, which can be further purified or alloyed. The quality of
the technology adopted in the metallurgical process can be
appreciated only if the percentage purity of the metal obtained is
compared.
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Purity level of ancient Indian metals : A few examples.

copper - MNalanda 97.9%
copper - Mohan jodara 97.1%
copper - Atranjikhera 97.3%

silver - Mohan jodaro 04 59,

lead - Mohan jodaro 99.7%
copper in alloy - Harappa 98.8%
nickel in copper alloy - Taxila 21.0%

lead - Lothal 99.5%
copper - Harappa 99.0%
bronze - Taxila 85% copper/9.8%tin
brass - Taxila 35.4% copper/34.3% zinc

The archaeological sites noted above were active
metallurgical centres/cites berween 300 BC to 3000 BC. Majority

of these centres existed around 3000 BC and period Lothal was
2200 BC.

Purity of the above mentioned metal samples are very high.
Lead with 99.7% purity could be produced in Mohan jodaro.
Similarly other metals, from this one can imagine the |
technological capability existed.

Thus archaeological evidences of a variety of kilns,
knowledge on production of high temperature, use of flux,
absolute quality of pure metal, are all in full agreement with

what is given in the Sanskrit literaure on the science of metals
and ores.

Corrosion of metals : Degradation of metals by way of
atmospheric reactions with oxygen, moisture, acidic or alkaline
materials are natural phenomena. The knowledge of this subject
was existing in India. This is generally termed as corrosion study,
in modern science. This is mentioned in Rasarnava (7.89-90)
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vl W ATRAlsuET T
wes wfgauy 7= qggd aeerd
Suvarnam rajatbam thaamvra theekshna vanga bhujangamaa;
lobakam shadvidbam thachba yathaapoorvam thadakshayam

Gold, silver, copper, iron, lead and tin are the six types of
metals which undergo self corrosion at a slower rate in the reverse
order of this arrangement.

Le gold is the least corroding and tin the fastest corroding
among the six metals mentioned here. Corroded impurities
formed on the surface of metals such as oxides, hydroxides,
carbonates, etc., are removed by washing with acidic or alkaline
solutions. Present day application is also in line with the above
knowledge. Yajnavalkhya smruti (Acharadhyaya 190(8) refers
to the cleaning of the metals.

TYHIFHATHOT  FEEd ST TS
Fieacer Yfe TEwaE | 11
Thrapuseesaka thaamraanaam kshaaramlodaka vaaribbi:
bhasmaads kamsyalohaanaam suddhi praavodravasya cha

Tin, lead, copper, may be cleaned with alkali and acids.
Iron, bronze and copper alloys are cleaned with ash and water....
The use of acids and alkalies readily decomposes the corroded
impurity from the surface of the metals and cleanse the metals.

Alloy making:

The Indian authority on the production of the alloys has
been well appreicated from time immemorial. Living examples
are available throughout India, in the buildings and temples where
a variety of metallic alloy have been utilised, like bronze and
other alloy. Ashoka is said to have installed 85000 statues of
which 30% are made of metals. In South India, a variety of
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panchaloha idols were made, which have an unusual composition
of a variety of metals ™.

Arthasastra says that the coins are manufactured using
different metal alloys. The nature of alloys in coins are described
in lines 2,12:30 of Arthasastra

RTUTSAET: S FEd Ay e g
FTA | o, eyefuul, yrEmeymiEt
Lakshanaadbyakshaa: chathurbbaaga thaamram roopyarooopam

theekshna thrapuseesaa jnaanaanaamanyatha masha beejayuktham
kaarayeth, panam ardbapanam paadamashtabbaagamithi

The Director of coins should know how to make four types
of coins: i.e one pana, half a pana, one fourth and one eighth of a
pana using copper, silver, lead, iron and if required other metals.

Further, Kautilya explains the alloying of metals to make
the coins and their denominations (Arthasastra 2:12:30)
qRrEE TTHEY HEHHYATYS SRS HTRuiET ||
Paadaajeevam thaamraroopam mashakamardba
maashakam kaakaneemardbakaskaneemithi

The above statement when analysed using the explanations
given in the commentary on the metallic compositions gives this
meaning: Padajeeva type of copper coin contains 4 parts of silver
and 11 parts of copper and 1 part of any metal like iron, tin, lead
or antimony. This coin i1s known as Mashakam. Half of this

composition is known as ardha mashakam, One fourth of this
gives kakani, one eighth of this is ardha kakani.

This gives proof good on knowledge on alloy making
process for the manufacture of coins, which is one of the
sophisticated techniques adopted for getting uniform, size, shape,
weight and quality coins
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Specific metallic alloys

Bronze: Bronze is one of the most common and important
alloys used in India. Archaeological information available on the
bronze is plenty. Bronze and brass are the two alloys obtained
from almost all the excavated sites. This shows that, preparation
of alloys was very familiar throughout this continent. Vedas also
give the descriptions of this alloy. The most common alloys used
in temples of South India were bronze and brass as statues, vessels
or decorated backgrounds of the structures. Specific descriptions
on bronze and brass can be seen in Panini's Astaddhyayee (8.2.3.1)
in which the bronze vessels are discussed:

— . i A
Babuksheeraghrutha modanam kaamsyapaathryam bbunjeerannithi
Brass and bronze vessels can be used for storing ghee, milk, etc.
Panini was a contemporary scholar of the ruler Pushyamitra
Sunga (187 BC). This line gives the information on the use of
copper alloy. Earlier to Panini, the author of Arthasastra, Kautilya
has described bronze while commenting on the duties of the

lohaddhyaksha, which is mentioned earlier (2. 12.30). Rasaratna
samucchaya (5.205) gives the composition of one type of bronze.

st A fevm wfee W fagi e SRR
Ashtabhagena thamrena dvibhaaga kutilenacha
vidruthena bhaveth kaamsyam

Eight part by weight of copper and two part by weight of
tin gives the best bronze. Archaeological observation shows that
bronze obtained from Lothal has 11-12% tin in it. A variety of
bronze tools obtained from Mohanjo daro has copper content
ranging 80 - 90% correspondingly, the remaining part is tin.

Brass : As in the case of bronze, the explanations on brass in
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Sanskrit literature and also the nature of ancient brass samples

give ample proof that the metallurgical knowledge of this alloy
was millennia older than even Christian era. Zinc is also called

suvarnakara because it converts copper into gold like alloy, which
is brass. Earlier quotations given from Arthasastra carries
information on brass. Brass was made in India by directly alloying
the copper with zinc and also by alloying copper with zinc ores.

Brass alloy making observation is thus described. (Rasaramakara 3)
HUfd e BT #re=d
Kimathra chithram rasako rasena kramena kruthvaambudbarena
ranjitha:karothi sulvam thriputena kaanchanam

What wonder is that calamine (zinc ore) roasted thrice with
copper convert the latter into gold (actually brass)

The procedure explained here is the indirect alloying of
copper with zinc ore. The decomposed zinc ore and separated
metal zine, directly but slowly alloys with copper and brass is
formed. Modern studies have shown that the maximum content
of zinc (from calamine) that can alloy with copper under this
condition is 28% (1.e from the zinc ore). Ancient brass materials
have shown that the majority of the samples obtained, contained
less than 28% of zinc. This may be due to the fact that, those
brass samples might have been prepared from zinc ore and copper
metal. Alloying the zinc directly with copper has also been
discussed in Rasarnava (7.34-38)

T Hfeammy w0 Y Byes wrow
Satvam kutilasankaasam karoti subram thriputena kaanchanam

Zinc, a metal like tin converts copper into gold.

Here the use of the term gold is for brass. Panini in
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Ashtaddhyayee has mentioned Suvarnakara for the I:i|1:f“r zinc
(5.1.30) while discussing the coins made of copper or tin by
alloyings with zinc.

Brass samples from Lothal had the composition of 6.04%
zinc and 70% copper. This brass belonged to the period of 2200
BC. The earliest brass piece containing more than 28% zinc was
obtained from Taxila, the period of which is 4th century BC.
This brass was prepared by directly alloying copper and zinc
metal instead of zinc ore (calamine) become more than 28% zinc
was present in it,

Rasaratna samuchhaya (5.191-193) gives description on brass

i Fepqes! 9 fgfod fumer wo o
wa ifeen fgwr qwnn e w10
TS A1 SAEdHNN FHEHQUETd | Har |
T = dardr WO arSagEr |
Reethikaa kaakathundee cha dvividbam pitthalam bbaveth
Santhapthaa kaanchike ksbipthaa thamraabbaa reethikaa mathaa

evam yaa jaayathekrishnaa kaakathudeethi saa mathaa
gurveemruddbi cha peethaabbaa sarangee thaadanakshamaa

Brass 1s of two kinds reetika and kakatundi. The former
when heated and plunged into sour gruel turns into copper
coloured and the latter one turns black. The former is heavy,
soft, yellow, resistant to hammering, brilliant and smooth.

This explanation stands as far as the qualification of brass
is concerned. The brass which contains less than 28% zinc has
the above said property.

This brass according to modern terms is alpha brass.
Whereas the second one contains more zinc in it. It should have
different properties from that of alpha. Mention of crow colour
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(Kakatundi) can be due to the blackeni

Ry ng of brass containing a
traces lead present in zinc,

Thﬂﬁf‘ dﬂﬁ':l'iptiﬂﬂﬁ tl'll"EIW lig].'l.'.'. on L']lE highl}r Sﬂiﬂﬁliﬁ{:
fllE"E’T':""":hl followed in alloy making. The observation made on
the post processing of brass by treating with sour gruel isa quality
analyses parameter of brass.

Bell metal : Sound of the bell has been sacred for all Indian
rituals. It is mentioned that by making the sound of the bell, the
gods are invoked. For making a bell, one should know the
technology of bell alloy making. Unlike the qualifications
required for other metal alloys, the bell metal should give a
perfect, melodious and acceptable musical sound. Hence this alloy

preparation attracts special attention of metallurgists. Bell metal
is a copper alloy mentioned in Arthasastra as rala. Method for

separating copper from bell metal is described in Rasararna
samucchaya (8.37)

L s -
f& aq T e IR
Svalpathaalayuktham kaamsyam vankanaalena thaaditham
muktharangam bi thath thaamram ghoshaakrushtam udaabrutham

Molten bell metal is heated with a little tala or orpiment
blown with a bent tube and freed from Ranga of tin What we get
is bell meral extracted copper. The word ghoshakrushtam is

specific for the sound making alloy which 1s now known as bell
metal. Even 1in Vedas bells have been mentioned frequently.
Millennia old bells can be seen in many temples.

Panchaloha: This is the most common alloy used in the
manufacture of idols. For the last three thousand years"
Panchaloha (which literally means five metals) was used for
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making idols. Panchaloha idols with a historical background of

two millennia could be excavated by archaeologists. Many

ancient Sanskrit and regional literature are important sources of
information on this alloy making, The artists who perfected this
technology are many in South India. The traditions have been 3
maintained and nurtured for centuries. Charaka samhita gives

the explanation of Panchaloha as follows (1.70)

[l HHAT: Ysdeirel: Wiawar: quT |
i e e T dfeoe |
Suvarna samalaa: panchaloba: seesakathaa: sudbaa
mana: silaale manayo lavanam gouri kaanchane

_In Panchaloha, gold and separately copper, silver, tin, lead
and iron are mixed. Its composition is also described as follows:

Kaamsya arkareethi loba abijaatham thath parthalobakam
thadeva panchalobaakbyam lobavidhi udaabrutham

~ Analloy of five metals of tin, copper, brass, iron and lead
is panchaloha (Rasaratna samuchaaya (5.212).

Metal seal : Bruhat samhita (57-17) gives this explanation to the
metal seal:

= T S 2 g
TR A o famar s
Ashtow seemka‘bbagm. kaamsasya dow thureethikaa bhaaga:
mayakathitho yoga: ayam vijneyo va frasanghaatha:
Eight part lead, two part bell metal and one part brass alloy

has been described by Maya as the Vajrasanghatha metal seal.

In modern metal science metallic seal s commonly used.
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Pure metals

Copper : Copper is one of the most common metals known to
human race. Tamra is the word adopted in Yajurveda for copper.
Historically the copper age has been given importance on the
basis of the technological capability in the progress of human
civilization. Keeping away the literature, one can see that
historically copper metallurgy is the oldest in India. Mehargarh
excavation showed that the copper samples extracted belonged
to 8000 BC. One of the many samples obtained from this site
has recorded the production date which can be 7786 +/- 120 BC
i.e 10000 years back! The number of copper and copper alloy

samples obtained from various archaeologically important sites
were about 2500 BC.

As far as the Sanskrit literature is concerned, it appears
that Arthasastra comes first in the descriptions of copper. The
earlier mentioned are the description of ores of copper by Kautilya
in Arthasastra. All the 'pana’ coins inevitably contained copper
as the major component. Mashakam contained 11 parts by weight
of copper (4 parts silver and 1 part other metal). Harappan copper
was 99% pure and Mohanjo daro copper 97%. Ancient technology
should have been excellent to get this level of purity for the copper.

Interestingly, copper kilns used during the post Vedic
period can be seen in the mine sites even now. Kiln residue
ubtmntd from many sites showed that removal of iron from
copper, during the extraction of the latter was carried out by
adding the flux. Large amount of iron silicate could also be seen.
This shows that the copper extraction method followed was
technically high standard.

Iron : Evidences available from Mesopotamia, Egypt, and
Afghanistan show, that during 3000 - 2000 BC efforts were made
to produce iron. Similar trails were conducted in Cyprus during
1600 B C ™. Upto 1600 BC the Greek and the Mediterranean
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people could not produce iron. After putting all the evidences
together, it was concluded that till 1200 BC iron production was
not conducted successfully anywhere in the world. But in
Yajurveda mention of iron as syamam can be seen.

In Susrutha and Charaka sambhita, use of iron to treat anaemia as
an asavam (tonic) is mentioned. This asavam is known as Loha

asavam. It is described as follows:

FFar Aeaqyy fegarf gawfas
Yukthaani lobavathkumbbe sthithaani ghruthabbaavithe
samuvatsara nidheyaaniapalle thathaiva cha....

For years together, ghee is stored in iron vessel and that is
used for the preparation of iron asavam.

Archaeological samples obtained from five regions of North
India shows that by 1200 BC iron was commonly produced in
India. One sample obtained from Ahar was dated at 1300 BC.
C,, carbon dating studies showed that iron samples obtained form
Leobarn, Pirak, Hallur, Tamragarh, Atranjikhera were produced
between 1600 - 1300 BC. The use of iron for making alloy is
discussed in Arthasastra. Iron ores, probably hematite and
magentite have been described in detail in this book. They are
Surumba and Vaikruta dhatus. Their colour and texture resemble
perfectly with the ancient explanations and modern observations.

o2 die 9 w9 ey
Mundam theekshnam cha kaantham cha thriprakaaramayasmrutham

Three important classes of iron has been mentioned in the
text books of Maya Kanta Loha, Teekshana Loha and Mundaloha.
(Rasaratnasamuchhaya 69)

i TEh A9 SR TEE q9T ud
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wqffd & UoFH 9 Youd |
Bbraamakam chumbakam chaiva karshakam dravakam
Kanta Loha, which is soft iron, has the following five

categories: bhramaka, chumpaka, karshaka, dravaka and roma
(Rasaratna samuchhaya 84)

Shadvidham theekshnamuchyatbe ..... kbaralohamudaabhrutham
vnssnsnnns S@aralobam thadeeritham

Teekshna loha (which is carbon steel according to modern
definitions), are of six types: khara, hrunnala, trivrutta, vajra,
kala., etc. (Rasaratna samuchhaya 75)

g H8 Hert Tafed quegemn
Mrudu kuntam kaddaram thrividbam mundamuchyathe

Mundaloha which is the cast iron is of three kinds: mrudu,
kunda and kadara. The quality of roasted iron and rust of iron is
compared here. This gives a very important information of the
knowledge similar to chemical composition of both of the
compounds as iron oxide (Rasaratna samuchaya 148)

RS G L
TE, T quel U waeE |
Ye gunaa maarithe munde the gunaa mundakittake
thasmaath sarvathra mundaram rogasaanthyai prayojayeth

The qualities of air-roasted iron and the rust of iron are the

same. Therefore the latter was also acceprable for medicinal
purposes.

Bruhat samhita (50.26) explains the method of carburisation
of iron. Carburised iron weapons were spotted in many places
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by the archeological study groups. The process of r.::rburisatinn
gives hardness and sharpness for weapons. This subject has been

discussed in detail by Bhatia *®.
g HEe AfagE fefad wiaEad 9 = T
Treaft ¥ wEw 7 SRy o T s

Ksbaare kadalyaa matbithenayukthe dinoshitbe paayitha
maayasam yath sanyak sitham chaasmani naithi
The iron weapon treated with a day old banana drink made
of burnt powder of bananas mixed with butter milk and then
sharpened properly, will not break in stones, nor becomes blunt

on other instruments.

The quality of Indian steel has been referred to by Ktesias
who was in the court of Persia in the 5th century BC. Swords
made 1n India were purchased by Persian kings. Alexander the
great was said to have received 30 pounds of Indian steel in 326
BC from King Porus for making Damascus swords.

Iron metallurgical process and alloy preparations in ancient
India was common. Iron is the common metal known to have
the highest melting point nearly 1500° C. Indians could achieve
this temperature level for iron processing. Nowadays coal is used
for the purpose whereas in ancient period,.fuel combinations
used for achieving this temperature is yet to be found out.

Silver : Metallurgical process of Silver was known at least from
the period of Mohanja daro civilization. Silver articles were

obtained from there. Arthasastra describes silver as follows:
(2:13:31)

3 % P e ¥ o Qﬁwﬁ“m@mﬁ
WWWMHMH
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Thutthodgatham gouddikam kaambuka chaakravalikam
cha roopyam svetham snigdham mrudu cha sresbtam
udgatha choolikamaccham blraajishmu dadhivarnam cha suddham
Silver has the colour of jasmine bud, it contians a lot of
lead, it may have the colour of sky, it is white, soft and also
precious. If mixed with 4 parts of lead, the alloy will have the
colour of fresh curd.

Arthasastra also describes the purification of silver (2:13:31)

Thaaramapasuddbam vac asthithutthe chathu: samaseese chathu:
kapaale thri: gomayadi evam saptha dasathuththaathikraantham
saindavi kayojvalitham ethasmaath kaakanyuttharaa pasaarithaa...

Impure silver is mixed with bone powder, 4 parts lead, 4
parts sand, 4 times cow dung, 3 parts kopal together 17 parts,
mixture is taken in a kiln. It is heated and mixed with salt and
sand and further melted. To the silver, thus obtained some gold
is also added for getting shining appearence.

This is the actual process adopted for the removal of
impurities such as lead, iron, etc. from the silver during its
extraction process. Impurities or 'adulteration’ of silver has been
explained based on physical characteristics, in Arthasastra (2:14:33)

WAl faw wemfe we wedd e @ qeffa e
Rajathaanaam visram malagraahi parusham
prastheetham vivarnam vaa dushtamithi vidyaath

If silver happened to be mixed with lead, it will have a bad
smell. The alloy will be rough, less coloured, low shining, etc.
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This silver is to be purified with the bone powder in a furnace.

The science behind this process says that the addition of
bone gives the source of calcium to remove the 1:1.1lpur:1}lr to
convert them as calcium salts. Detailed description of silver 3{;}@
are given in the above chapter as follows (Arthasastra 2:13:31)

T A e e IRy yRrafilERT TRUTER
Thrayoamsaasthapaneeyasya dvaathrimsath bhaaga |
svethathcaamoorcchitham thath svethalobithakam bhavathi /

thaamram peethakam karothi thapaneeya mujvaalya
raagathribbaagam dadyaath peetharaagam bhavathi svetha thaara
bhaagow dvaaveka sthapaneeyasyaa mudragavarnam karothi
kaalzaya sasyaarddba bhaagaablyaktham krishnam bhavathi
prathi lopinaa rasena dvigunaablbyaktham thapaneeyam
sukapathravarnam bbavathi thasyaarambhe raagauisesheshu

prathi varnikaam grubneeyaath

Three parts of copper and 28 parts of silver give silver with
sweta lohita colour . Three parts gold and 28 parts silver give
silver with peetha raga colour. Two parts of silver and 1 part of

gold give silver with mudga (green gram) colour. Two parts silver,
1 part gold and 1/6 iron gives silver with blackish colour. This

a.lli:qr mixed with mercury gives silver with golden bird's feather
colour,

T g T (e RS SR
aq AEsaid, Yo e, doss
AETHITHING, EaTanT 3o e |
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Roopasya dvow bhaagaaveka: sulbasya thriputakam
thenaakaarodgathamapasaaryathe thath thriputakaapasaaritham,
sulbena sulbaapasaaritham vellakena vellakapasaaritham
sulbaardha saarena hemna hemaapasaaritham

Alloys of two parts of silver and 1 part of copper is known
as triputakam. One part iron and 1 part silver is known as
vellakam. One part iron, 1 part silver and 1 part gold is known
as vellakapasanitham. One part copper and 1 part gold is known
as hemapasaritham.,

Archeological studies have shown that silver from Mohanjo
daro has a purity 94.5%. Alloy of silver is also described in
Sanskrit literature other than Arthasastra: (Rasarnava 12.42.2)

el % fed qgeEr o
Chathurtha saaram kanakam divyam thanmaathrukaa samam

Twentyfive percent gold with silver have the colour of pure
gold (Rasarnava 7.56.2) |

fafrd @ o W fEEEET
Vikriyaartham thu rajatham maathraa viinaayabbaavayeth

For sales purposes the above alloy can be further mixed
with silver (Rasarnava 12.49.2)

Detailed study on this subject has been reported in Indian
Journal of the History of Science ™.

Mercury : Rasachikilsa is primarily focussed on mercury and
its various products. Explanations on mercury can be seen in
almost all the Ayurvedic and rasa books. Among the metals
discussed in Sanskrit literature, mercury gets prominence. A
number of alloys were also prepared using mercury. Mercury
when mixed with noble metals give the amalgam, i.e these metals
get dissolved in mercury. These amalgams or alloys were
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prepared, both for making ornaments and for medicinal purpose.
Unlike other metals mercury has an important characterstics.
Mercury is a liquid metal which is obtained dierectly by
distillation as condensed liquid drops. T!-u: technological
knowledge of mercury and its extraction s different from that
of other metals. Knowledge of mercury definitely goes back atleast
to 700 BC, the period of Susrutha because, Susrutha samhita and
charaka samhita contain information of this metal. The metal
extraction is clearly mentioned as distillation and it is described

in Rasaratnakara (37)

T A Ay S |
Daradam pathnaayanthre paathithascha jalaasaye
Just like drops of water falls, the mercury drops fall from
the distillation equipment. The same is the modern procedure

adopted for the production of mercury. Distillation of mercury
and its amalgam formation have been described in Rasaratna

samucchaya (8.64)

ity TREE FeafedE e swve fadw et
Marditha paaradasya yanthrasthithasya oordbvam adbascha
thiryak niryaathanam paathanam samjnam uktham vangaabi
samparka kanjukaghnam

When the refined ore of mercury (paradam) is heated in a
distillation set up the vapour moving up, down and sides, get
condensed and drops are collected, which when reacted with
vanga gets solidified.

Mercury ore is heated in the modern process to get the
metal vapours. Mercury is amalgamated with gold, silver, and
other metals, resulting in the solid alloy formation.

In Rasaratna samucchaya, distillation of mercury has been
discussed (3.141,144)

i
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@ g fave S a9 O G S e
Darada: paathayanthre paathithascha jalaasraye
thath satlrvam suthasankaasam jaayathe naatbrasamsaya:

When distilled its satwa (essence) is relased by cooling with
water which is suta or mercury. It has the property of fixing
materials.

A commentary on the above lines says that the above
starement is for zinc and not for mercury. Since similar distillation
method is adopted for zinc also, which resembles technologically
mercury production, the statement remains as a scientific fact.
But zinc is solid in nature whereas mercury is liquid. The
explanation 'on drops' is given it appears that the description is
on the distilation of mercury.

Mercury has many other uses, even during olden days. One
such line is mentioned in Aryabhateeya by Aryabhatta [ in 499
AD in which he has directed the use of mercury for a perfect
rotation of the golayantra (globe). The quotation has been given
earlier, in the astronomical part of this book, The most important
use of mercury and its compounds are for the rasachikisa as a
medicine,
Lead: Lead is a blackish flexible metal and solid at normal
temperatures. Rasaratna samucchaya (5.171) gives this definition
for the lead:

A e B SR R af:

FO YA WY I T |
Druthadraavam mabaabbaaram cchede brushna samujvalam
poothigandham babi: krusknam suddbam seesam atha: anyathda
Readily fusible, very heavy, having a black and bright appearance
on fracture, having off, foetida odour and black extension is

naga which is the lead. Lead obtained from the archaeological
sites of Lothal has a purity of 99.5% and that obtained from
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Mohanjo daro was 99.7%. Quotations given earlier fmrp
Arthasastra, refer to various alloys prepared from lead. Thus it
can be seen that lead and its alloys were well known, and alloying
them with bell metal is mentioned in Bruhatsamhita of
Varahamihira (57.1-7) and "An alloy of eight parts of lFad, tWo
parts of bell metal and one part of brass has been mentioned by
Maya as Vajrasankhata, a metal joining seal".

In Rasaratna samucchaya (3.146) the use of lead and 1ts ore
products as hair dye is mentioned.

e ey Teieven endsEi|
Sadalam peethavarnam gurjaremandale arbbudasyaa gire
Seesa satram or cinnabar (?) was known to occur in two
varieties; inferior and super grades, which come from Gurjar

province near the Abida mounrains, coloured yellow with
lamella, yielding lead and for preparing hair tonic.

The use of lead, their oxides and a variety of derivatives
for dyes is a common practice now. In Rasarnavam (7.112b)
extraction method of lead is thus mentioned while explaining
the metallurgical process for tin (described earlier). "....... Similarly
lead can be prepared from its ores using bones of elephant”. The

first part of these lines refers to the reduction of tin oxide (ore of
tin) using buffalo bones.

Here too the role of the calcium present in the bone (acts
as flux) is to remove the impurities after converting it into slag
c:lcium silicate. In modern times calcium is directly used a;
calcium carbonate, oxide etc. for the production of lead.

Zinc : Zinc is an ash coloured flexible low melu
_ S ar L elt :
Detailed description of this metal has been given u:llﬂdErnl:::i.
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Zinc components and its alloys with the copper dating back to
3000 BC, were obtained during excavation. These samples have
very specific composition of copper and zinc.

The distillation process of zinc extraction is described in
these verses in Rasaratna samucchaya

WWWWMW TeEg 9 St
'ﬁwﬁmWamW
FAEYH S WUUEH A WeE i,
Vryunthaaka aakaara mooshaayaam naalam dvaadasakaangulam

datthura pushpavath cha oordbvam sudruddam silastta pushpavath
lam cha sacchidram saasyaath vrunthaakamooshiko

anayaa kbarparaadeenaam mrudunaam satvamahareth

Brinjal shaped crucible is attached with a 12 angula (average
diameter of a finger) long tube over it like an inverted flower of
dhattura. A hole of 8 angula is made in the tube. This crucible is
used for the extraction of satva (metallic Zinc) from soft drug of

Kharpara (Rasaratna samucchaya 10.22-23)

A series of such crucibles were arranged in a big heater and

the crucibles were connected together. The conical datura flower

l shaped condensers, converge the vapours during the process of
condensation. Thus the solid zinc is obtained when the vapour

condenses.

Dozens of zinc crucible furnaces were found in different
parts of Rajasthan, many of them, dating back to 3000 to 2000
BC. The Sanskrit lines given above and the observation agree
each other. Modern process is also the same, but larger crucibles

are used.

In Rasaratnakara (31,32) details of zinc production is given:

Mookamooshaagathadbmaatham tankanena samanvitham
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satvam kutila sankaasam pathathe naathra samsaya:

There is no doubt that this process yields an essence of
metal of the appearance of tin.

Tin prior to purification resembles the metallic zinc. Zinc
is like tin and it convertes copper into gold (golden coloureq
brass). Dr. A. K. Biswas * in the Indian Journal of the History of
Science, gives the explanation on the composition of different
types of brass obtained from the various archaeological sites of
the Indus valley civilisations during the Vedic period, Which
was produced alloying copper with metallic zinc. Hence zin¢
metallurgy was known even to the vedic people.

A sheet of zinc was excavated from Agora, a town in
Athens, Greece. It has been proved that the metal was taken
from Taxila, India. This sheet was produced in the 3rd century BC,

Hundred metre deep mines of South Lode when examined
using C" dating studies revealed that, the mine was functioning
in full swing in 1260 BC. This mine is situated in the modern
Rajpura Dariba area of Rajastan.

It has been explained by the experts that the metallurgy of
zinc and related technology was taken to the West from India
during the 5th - 6th century BC and further later during the 18th
century AD.

There is a history of 'smuggling' the technology of zinc
production to the West. The details are well documented. In
1597, Libavius received Indian zinc which he called Indian/
Malabar lead *'. He was uncertain what it was. Paracelsus in 1616
AD is generally credited to have given the name 'zinc' to this
"Malabar lead'. Large-scale export of metal from India to the West
was common during the latter half the 17th century. Detailed
study of zinc was reported from Europe only in 1695 by Rosco
of Hamburg. He produced the metal from its ore, calamine. In
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1751 Postlewayt's Universal Dictionary of trade and commerce
has to admit ignorance how zinc was made in the East. showing
hat till then knowledge on the zinc metallurgy ha_d not }'Em:hed
she West. William Champion of Warmley of United Kingdom
experimented and applied for a patent for the zinc meta.ﬂ:urgy in
1743, It was found later that Indian kﬂﬂ!‘ﬂ-’hﬂ'?u'_ﬁ:f:is copied and
the patenting plagiriasm was reported with criticism as follows:
Champion was notoriously close with Fletaﬂs nf the Indian process
,r Zawar mines (in Rajastan), and possibly a th_lrd party described
the general principle of the process to Champion" and the patent
application was reported rejected.

The technology for zinc production was exported from
India in a similar way the metals and ores were exported. Many
tourists and travellers have played the role of "knowledge
carriers'.

Beckman a scholar from the United Kingdom has reported
that an Englishman has gone to India, the 17th century to discuss
the process of manufacture of zinc and returend with details of
distillation. Prof. Poster wrote : "A Dr. Lane seems to have
smelted zinc at his copper workshop in Sansea as early as 1720
and this was done after visiting Zawar in India"". these writings
show that the knowledge of the zinc metallurgy has been
transferred from India to the developed nations. The technology

might have modified and updated but the essence of discovery 1s
basically remain INDIAN.

Tin: Tin has been discussed in almost all the Lohatantra books
' as trapu or vanga. Tin alloyed with copper to get bronze has
- been discussed in the first part of this chapter. Two types of tin
exist in nature which are interconvertible with temperature and
they are alpha and beta tin. Explanation of two types of tin in
Rasaratna samucchaya (5:153-154) is as follows:
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qEe | s sy
Kshurakam misrakam chethi dvividbam vangamuchyathe
kshurakam thathra gunai: misrake na hitham matham
dhavalam mrudulam snigdbam danthadraavam sagouravam
nissabdbam kshuravangam syaan misrakam syaamasubhrakam

There are two types of tins known as kshurakam and
misrakam. High quality tin is known by the name kshurakam
and not much accepted one is misrakam. White, soft, flexible,

tooth types, dense, without making metallic sound is the
Kshurakam and the misrakam is blackish white and clean.

According to the descriptions given, it can be concluded
that kshurakam is beta tin and the misrakam is alpha tin. It is in
this century that the modern world came to know about the

two types of tin.

Excavated samples of bronze were available even from
Mohanjo daro and Harappa. The percentage proportion of tin
present in bronze alloy was 4.5 to 13.2% and 23 numbers of such
articles were excavated from there. Tin metal extration, from
the period of the Mohan Jodaro civilization, is existing here.

Rasopanishad is a book written in the beginning of the
11th centruy whose 13th chapter exclusively describes the method
of tin extraction. The title of the chapter of Vangastambhana
sodhanam which means the production of tin.

Rasarnava a book written in the 11th century gives the
extraction process of tin as follows:

AR AT, SRS
qﬂﬁ“ﬁ‘l’l"ﬁmﬁ;ﬂ"ﬁlﬂ
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Maabhishyasthi choornena vapaatthanmoothra
By the use of powdered bones of buffalo in the crude

molten metal and by sprinkling its urine over it, tin is produced
and purified (Rasarnavam 7.112)

As explained earlier the addition of the bones, the flux of
calcium is obrained which gets reacted with sand, the impurity,
to form calcium silicates which can be removed as the slag from
molten tin. The organic matter present in the bone acts as carbon
source to reduce the oxides of tin, to get refined metal.

The modern tin metallurgy came to be known in Europe
only in the 16th century during the period of Agricola *, whereas
the Indian descritpions of the processare centuries older than this period.

Vijay Deshpande has reported a series of scientific studies
carried out in tin metal, on the basis of the explanations given in
Rasopanishad (Indian Journal of the History of Science)®. In the
13th Chapter of Rasopanishad, a series of plant products used as
flux and reduction process of tin stone (tin oxide) are discussed.
These plant products act as carbon for reducing the tin oxide.
[nstead of plant products, carbon/coal 1s directly used in the
modern method. All the alloys mentioned in the text were
prepared by Prof. Pandey and proved that those explanations
are true. A variety of the process are given for converting tin
into golden coloured alloys. These alloys are produced using
different proportions of mica, copper, silver, mercury, etc.

Product obtained from tin 1s also described on Rasaratna
samucchaya (20-2, 21-1)

Vangaamabemaahitham vimalam chaandhamooshitham
nirvabitham koorpathutthe bhavenmarathaka prabbam
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Tins with mica and equal amount of gold is placed in a
closed crucible along with vimala (a plant product) and roasted.
It is accomplished in the koorpathootha to get a matenlal
resembling emerald in colour and lustre. Possible elements in
this alloy are gold, zinc, copper and some extractive from the
crucible. Here the crucible also act as a source of fine components.
Tin-alloys were obrained from Lothal, Mohanjo daro, Harappa
and other archaeological sites, substantiating the knowledge of
tn and its alloys.

Gold : In Vedas, frequent use of the synonyms of gold stands as
ample proof of knowledge. A variety of gold alloys were also
mentioned. Arthasastra describes five types of gold (2:13:31)
afagrEgd 9 gauf
Jaambunadam saathakumbbam, baatakam

vainavam srungasukthijam, jaatharoopam
rasaviddhaakaarothgatham cha suvarnam

Jambunadam, satakumbham, hatakam, vainavam,

srungasuktijam are five names given in the above lines for five

types of gold, based on the process or the place from where these
gold are obtained and produced.

Minor compositional variation can be possible in processing
methodology adopted. Similarly composition can also vary
depending on the mineral/used for the gold production which
might have resulted in the variation of quality. Gold purification
has been explained in Arthasastra (2:13:31)
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Thapaneeyam [yeshtam SUUATNAIR SUTAAZAM
samaseesaathikraantham paakapatbra pakvam saindavi
kayojualitham neelapeetha svethabaritha sukapotha varnaanaam
pnrkm!bir&hawrbf theekshnam chaasya mayoora greevaabbam
svethabbangam chimichimaayitham kaakantka: suvarnaraaga:

Different types of gold having various colours mixed with
lead and made into sheets, mixed with cow dung cake, sand of
Sourashtra and salt and burnt. This will give the best colour for
| gold, in bluish white, greenish, dove coloured, etc., as desired.
. Additions of iron gives many other colours including yellowish
black, etc.,

| Many alloys of gold for coin making are described earlier
in this chapter. One such alloy referred to in Bharadwaja's
Amsubhodhini ¥ is prepared as follows:

Thaamrashodasake choolethamra shodasakam thathaa
dvaadasa svarnalobeshi biranyaashtameva cha
godanthee thaala shatkam cha sootha panyakamevacha
sooryakaantha silaashatkamethaan samyojya bhaagasa:
bramaanmaaghimamooshaayaam sampooryaathaa yathaavidbi
koorma wyaatikaa madhbye sthaapyengalaadbibbt kramaath
daathrimsaduttharachatbussatha kakshyoshnamaanatha:
vaalayithvaa yanthramukbe thadrasam poorayethkramaath

Eight parts of potassium iodide, 16 parts of copper of
hulithamra grade, (one of the 16 grades of copper known), 8
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parts of gold namely hiranyaka grade one of the 12 grades of
gold known 6 part of arsenic sulphide, 5 parts of mercury, 6
parts of quarts in a crucible of tortoise shape .and melted at 432°
temperature and then pour the molten alloy into the mould......

Detailed study on this carried out by Gore has been
published in the Indian Journal of the History of Scie nce & Thus,
the golden (and other metallic) alloy preparation is given for
different applied purposes too.

Sanskrit literature carry a lot of information on this subject.
Many of these alloys and some of these methods might not even
have come to the notice of the modern scientists. Hence 1t 1s
worth-while to peruse into the subject by which one can fetch
better and more useful information on metals and alloys.

Thus the evidence on the theoretical and technological
metal processing capability existed in ancient India is an important
and novel source of 'new old knowledge' to the modern
metallugrists and scientists. It is not only a matter of pride but
also many new ideas still exist unexplored in these books. Let
the modern scientst look into these literature as one among the
sources of knowledge to discover and rediscover new products
and technologies from ancient treasures.
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Thus, anyone can see, from the information presented
here, that:

There were hundreds of original books written in
sanskrit dealing with the subjects of mathematics, astronomy
and metallurgy.

Hundreds of commentaries were written in different
languages and in Sanskrit by ancient Indian Scientists on the
above books, which also contained original scientific matter.

Many of these scientific books and information were
transported / smuggled / taken / donated / to foreign countries
cluring, before and after the renaissance period.

Many of these books were translated into foreign
languages by schelars. Original and translated books were
spread to different countries.

During the renaissance period many European scholars
studied these books and brought into light the original
scientific content in them, some of which have been utilised

b the Europeans and others, for developing new knowledge.
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In these books, information starting from numerals to
most complex theorems and a variety of their applicutions
are presented very systematically.

Many of these discoveries are original contributions of
Indians, which are at present known in the names of the
European or Western scholars, Many more theorems arce still
unknown to the world of mathematics even now.

The Indian concept of astronomy and geogruphy is

perfect modern knowledge, which are at par with the latest
observations.

Many details available in the modern astronomical books
are also available in the ancient Indian astronomical books,
some of which may need more refinement

Much of the modern dstronomical information has its

base in the Indian ustronomical knowledge perfected rhrough
scientific observations.

Some of the latest views on modern astronomy perfectly
agree with the knowledge which originated in India thousancs
of years ago.
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Much of this knowledge, has been obtained as 2 result
of the original experiments, studies and keen observations

A variety of instruments have been explained for the
calculation of the astronomical dita and v
parameters. .

arious  other

Mines, minerals, metals, ores, ete. are described in detail

1

in Sanskrit literature which are substantiated by the
archaeological observations, and literary descriptions.

The solid proof of the metallurgical capability available
are from the archaeological sources of these metals and alloys
from sites spread over this nation.

Detailed descriptions available in Sanskrit literature stand
as added support to the science of metals, and alloys.

Thus it can be concluded that hundreds and thousands

of modern scientific concepts were known to the ancient
Indians....... I '

Let us study more about it. Understand every merits
from that, utilise all useful information for a bettcr
modern life. Qur, scientific heritage is the fruits of the
experiences of great scientists whom we call Rishis.
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About the Indian Institute of
Scientific Heritage.......

Indian Institute of Scientific
Heritage has its inception in 1999, with
the aim of learning and teaching the
ancient Indian Sciendfic heritage in the
truc spirit of scientfic vision and
temper. Physical, biological, spititual,
soctal and management sciences and
technologies are focussed in the learning
and teaching programmes. Through
seminars, lectures, recorded audio and
video cassettes and CDs, brochures,
books, etc., the Institute is spreading the
message of our motherland to millions
of people world over directly and also
indirectly in collaboration with

academic and voluntary instdtutions,
As on the date the insdtute has

taken the message through thousands
of lectures, seminars and 56 books and
audio and video cassettes in 150 subjects
to millions of people world over.
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...... Inthis volume, Dr. N. Gopalakrishnan, who has basic training
in scveral aspects of chemistry. pharmaceutical chemistry and
biochemistry, has undertaken this task. [t1s mdcl?d a very daunting
task and 1t is particularly heartening that a trained _5':1':"“5" hass
taken up this work. He has concentrated on the basic science related
skills especially in the arcas of mathematics, astronomy and
metallurgy. This should instil a sense of pride in all of us and also
the feeling of redediction to a rebuild that innovative India again.
| wish to congradulate Dr. Gopalakrnishnan for this painstaking
effort. 1 do hope many more scientists would be enthused into
carrying out similar work, which should result in a greater
awareness of the great knowledge and wisdom prevalent in India
sinceancient Limes.
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Dr. R.A. Mashelkar, F.R.S
Director General CSIR & Secretary to Govt. of India

L I

“Full many a gem of purest ray serene. The unfathomed caves of the
ocean bear” from the famous poet Gray in his composition ‘Elegy
written in a country Churchyard”

Full bright and rarest of rare gems appear in the unfathomed caves
of Sanskrit lore, literature and scriptures. Discerning, enterprising
seekers do {ind them after delving deep into them and bring to the
notice of the present world. Dr. Gopalaknishnan has been driving
into the oceans of the technical lores of Sanskrit and has brought to
the surface many gems. He has compiled them in this book
“Indian Scientific Heritage”. And it has been presented
beautifully. | am sure this book will inspire the young and old alike
do that more seekers will follow into the old beaten paths and come
out with new finds.
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Dr.M. Sambasivan, M.S, (Gen.),M.S. (Neuro), FA.M.S..FR.CS.
Honorary Surgeon to the President of India & Vice President, World
Federation of Neurosurgical Societies (& Vedic Scholar)
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