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INTRODUCTION
Words of Swamy Vivekananda to youths

Under all these circumstances we find again India reviving
and ready to give her own quota to the progress and civilisation of
the world. And that | have been forced, as it were, by nature, to go
over and preach to America and England is the result. Every one of
us ought to have seen that the time had arrived. Everything looks
propitious, and Indian thought, philosophical and spiritual, must
once more go over and conquer the world. The problem before us,
therefore, is assuming larger proportions every day. It is not only
that we must revive our own country - that is a small matter; | am an
imaginative man - and my idea is the conquest of the whole world
by the Hindu race.

There have been great conquering races in the world. We
also have been great conquerors. The story of our conquest has
been described by that noble Emperor of India, Asoka, as the con-
quest of religion and of spirituality. Once more the world must be
conquered by India. This is the dream of my life, and | wish that
each one of you who hear me today will have the same dream in
your minds, and stop nottill you have realised the dream. They will
tell you every day that we had better look to our own homes first
and then go to work outside. But | will tell you in plain language
that you work best when you work for others. The best work that
you ever did for yourselves was when you worked for others, trying
to disseminate your ideas in foreign languages beyond the seas,
and this very meeting is proof how the attempt to enlighten other
countries with your thoughts is helping your own country. One-
fourth of the effect that has been produced in this country by my
going to England and America would not have been brought about
had | confined my ideas only to India. This is the great ideal before
us, and every one must be ready for it - the conquest of the whole
world by India - nothing less than that, and we must all get ready
for it, strain every nerve for it. Let foreigners come and flood the
land with their armies, never mind. Up, India, and conquer the
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world with your spirituality! Ay, as has been declared on this soil
first, love must conquer hatred, hatred cannot conquer itself. Mate-
rialism and all its miseries can never be conquered by materialism.
Armies when they attempt to conquer armies only multiply and
make brutes of humanity. Spirituality must conquer the West. Slowly !
they are finding out that what they want is spirituality to preserve
them as nations. They are waiting for it, they are eager for it. Where
is the supply to come from? Where are the men ready to go out to
every country in the worlds with the messages of the great sages of
India? Where are the men who are ready to sacrifice everything, so
that this message shall reach every corner of the world? Such heroic
souls are wanted to help the spread of truth. Such heroic workers
are wanted to go abroad and help to disseminate the great truths of
the Vedanta. The world wants it; without it the world will be de-
stroyed. The whole of the Western world is on a volcano which
may burst tomorrow, go to pieces tomorrow. They have searched
every corner of the world and have found no respite. They have
drunk deep of the cup of pleasure and found it vanity. Now is the
time to work so that India’s spiritual ideas may penetrate deep into
the West. Therefore young men of Madras, | specially ask you to
remember this. We must go out, we must conquer the world through
our spirituality and philosophy. There is no other alternative, we
must do it or die. The only condition of national life, of a wakened
and vigorous national life, is the conquest of the world by Indian
thought.

At the same time we must not forget that what | mean by the
conquest of the world by spiritual thought is the sending out of the
life-giving principles, notthe hundreds of superstitions that we have
been hugging to our breasts for centuries, These have to be weeded
out even on this soil, and thrown aside, so that they may die for
ever. These are the causes of the degradation of the race and will
lead to softening to the brain. That brain which cannot think high ]J
and noble thoughts, which had lost all power of originality, which
has lost all vigour, that brain which is always poisoning itself with
all sorts of little superstitions passing under the name of religion, we

must beware of.
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Vajasaneyee Madhayandina Samhita, 8:13) gives the list of a
variety of materials present on the earth in which the metals lile
iron, gold, silver, copper, lead, and tin are also included.

fwd = Ay dg W Ty v 9 W A 9 W
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:

TIAWHE A difeaed difed WY 9EW B 9ol
TEhiHs Y '
Syaamamaya asyamaamsaanti lohithamasya lobitham thrapu
bhasma baritham varna: pushkaramasya gandba:
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
3
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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 is 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 6.

Ancient Indian Mines: earliest mention of mines appears to be
made by Kautilya in Arthasastra. Superintendent of the mines

was called Akaaradhaayksha (Arthasastra 2.12.30)

SHEAE: [ THTRTEATR AR ESse@l o
S = . i .
YA a1 AR AU e RS qhed |
Aakaaraadbyaksha: sulbadbathu saasthrapaakamaniraaga
Jijnasthajjajnasakho vaa thajjaatha karma karopakarana
sampanna: kittamooshangaarabbasmalingam vaakaram

bhoothapoorvamabhootha poorvam vaa bhoomi prasthara rasa
dbatumathyartha varnna gourava mugragandba 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.

5
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Kaakamechaka: kapotharochanaa varna: svetha

raajinidho vaa visra: seesadbaathu

Lead ores are explained by Kautilya (2:12:30). 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)

FHHEL TFTATLAU AT T
Usharakarbura padvaloshtavarno vaa thrapudrathu:

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

T urvglifed: fagaryeant a1 dieoreng:
HTHTUS ATV a7 AhraehTd:
Surumba paandurobitha: sinduvaarapushpavarno vaa
theekshna dbaathu: kakaanda bhujapathravarno vaa
vaikrunthaka 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 metals (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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shows any lines on the surface, but is tranquil like gem and this
pure metal flow out, from furnace.

This definition 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 difficult to melt directly during the metallurgical process.
Flux, which is a foreign material, is added to remove the
impurities as slag. This process was known earlier.

TE AfEd AER: TEUE T HA:
Durdraava akhila lohade: dravanaaya 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.

13
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gavl oI AIHCESrET ST
des wfeauy wea JAgd qREd
Swvarnam rajatham thaamra theekshna vanga bbujangamaa;
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.

SEEHATHTT SR TR S
FiegaeH (e wEEaE d 1|
Thrapuseesaka thaamraanaam kshaaramlodaka vaaribhi:
bhasmaadi 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
2 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

15
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Pure metals ’

Copper : Copper is one of the most common metals known o
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 humag.
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
L.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 partssilver 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
obtained 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 i
1600 B C *. Upto 1600 BC the Greek and the Mediterranean

22
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Thus silver is to be purified with the bone powder in a furnac:.

The science behind this process says that the addition of
bone gives the source of calcium to remove the impurity to
convert them as calcium salts. Detailed description of silver alloys
are given in the above chapter as follows (Arthasastra 2:13:31)

wafd ad diae w1 T WEE @
o vafa YAqaREr geRsEHEas e R
FAATAGATTRFT 0 afq wfefa ©F fEpmesrd
TS Y@ afd TRrey [Ny et e

Thrayoamsaasthapaneeyasya dvaathrimsath bbaaga
svethathcaamoorcchitham thath svethalobithakam bbavathi /
thaamram peethakam karothi thapaneeya mujvaalya
raagathribhaagam dadyaath peetharaagam bbavathi svetha thaara
bhaagow dvaaveka sthapaneeyasyaa mudragavarnam karothi
kaalaaya sasyaarddha bhaagaabbyaktham krishnam bbavath:
prathi lopinaa rasena dvigunaabbyaktham thapaneeyam
sukapathravarnam bbavathi thasyaarambbe raagavisesheshu
prathi varnikaam grubneeyaath

s BN T A s R 2

E——

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 partssilver,
1 part gold and 1/6 iron gives silver with blackish colour. This
alloy mixed with mercury gives silver with golden bird's feather
colour.

T B IEE: (e HUeh TR
FoeTFTIaTd, YEHARY ¥ RIS |

27
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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. The technological
knowledge of mercury and its extraction is 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)

@ e Uifaave Sene |
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)

Aied TREE Fwftuae Sy enve fidwm fata E
AT WY S dlfe T HogEHETH |
Marditha paaradasya yantbrasthithasya oordbvam adbascha

thiryak niryaathanam paathanam samjnam uktham vangaahi |
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. f

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)

29
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@ YR R s T e GeehRT ST
Darada: paathayantbre paathithascha jalaasraye
thath sathvam suthasankaasam jaayathe naathrasamsaya:

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 t!ne-,ab?ve
statement is for zinc and not for mercury. Since similar dlstlll.amon
method is adopted for zinc also, which resc:mbles technologically
mercury production, the statement remains as a.sat::ntl.ﬁc fact.
But zinc is solid in nature whereas mercury Is l1qu-1d.‘ 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 I 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:

ZaeE HelIR ®% FOEHeEd iy dfe:
FW Y[ HE A T |
Druthadraavam mabaabbaaram cchede krushna samujvalam
poothigandham babi: krushnam suddham seesam atha: anyathaa

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

30
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Mohanjo daro was 99.7%. Quotations given earlier from
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 lead, 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 its ore
products as hair dye is mentioned.

oo diqay, eRAved STHEREi
Sadalam peethavarnam gurjaremandale arbbudasyaa gire
paarsve jaatham mruddarasrungakam seesasathvam janamutthamanm

Seesa satram or cinnabar (?) was known to occur in two
varieties; inferior and super grades, which come from Gurjar
province near the Abida mountains, 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 (descnbed 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,
calcium silicate. In modern times calcium is directly used as
calcium carbonate, oxide etc. for the production of lead.

Zinc : Zinc is an ash coloured flexible, low melting metal.
Detailed description of this metal has been given under brass.

31
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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 coloured
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 zinc
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 1s 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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Thapaneeyam fyeshtam suvarnam suraagam
samaseesaathikraantham paakapathra pakvam saindavi
kayopvalitham neelapeetha svethaharitha sukapotha varnaanaam
prakruthirbbavathi theekshnam chaasya mayoora greevaabbam
svethabbangam chimichimaayitham kaakanika: swvarnaraaga:

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:

BIPRISTEGYE FEAwMAa: e e a58 TR
Thaamrashodasake choolethamra shodasakam thathaa
dvaadasa svarnalobeshu hiranyaashtameva cha
godanthee thaala shatkam cha sootha panyakamevacha
sooryakaantha silaashatkamethaan samyofya bhaagasa:
kramaanmaaghimamooshaayaam sampooryaathaa yathaavidhi
koorma vyaatikaa madbye sthaapyengalaadbibhi kramaath
dvaathrimsaduttharachathussatha kakshyoshnamaanatha:
gaalayithvaa yanthramukhe thadrasam poorayethkramaath

Eight parts of potassium iodide, 16 parts of coppetl of
chulithamra grade, (one of the 16 grades of copper known), 8

38
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