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FOREWORD

‘ Tag following pages comprise s series of monographs
on the Positive Sciences of the Ancient Hindus. In
the present state of Indian chronology it is not possible
to assign dates to the original sources from which the
materials have been drawn. Practically the main body
of positive knowledge here presented may be assigned
to the millengium 500 B.C.—500 A.n. Colehrooke's
account of Hindu Algebrs, and Harnle's of Hindu
Osteology, have made it' unBécessaty for me to’ write
geparste monographs on thesg subjects. The former,
however, requires to be brought up to date. The
progress of Indian Algebra (mainly in Southern India)
after Bhiskara, parallel to the developments in China
and Japan, is a subject that remains for future
investigation.

The chapter on the * Mechanical, Physical, and
Chemieal Theories of the Ancient Hindus " sppeared in
Dr. P. C. Ray's Hindu Chemistry (Vol. IL), and that on
the ** Scientific Method of the Hindus” as an appendix
to the same work.

My direct aim in the present work is to furnish the
historians of the special sciences with new material
which will serve to widen the scope of their survey.
The Hindus no less than the Greeks have shared in the
work of constructing scientific concepts and methods
in the investigation of physical phenomena, as well as
of building up & body of positive knowledge which
has been applied to industrial technique; and Hindu
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scientific ideas and methodology (eg. the inductive
method or methods of algebraic analysis) have deeply
infiuenced the course of natural philesophy in Asia—in
the Hast as well as the West—in China and Japan, as
well gs in the Saracen Empire. A comparative estimate
of Greek and Hindu science may now be undertaken
with some measure of snccess—and finality,

These studies in Hindu Positive Science are also
intended fo serve as a preliminary to my ** Studies in
Comparative Philosophy.” Philosophy in its rise and
development is necessarily governed by the body of
positive knowledge preceding or accompanying it
Hindu Philosophy on its empirical side was dominated
by concepts derived from physiology and philology,
Just as Greek Philosophy was gimilarly dominated
by geometrical concepts and methods. Comparative
Philosophy, then, in its eriticism and estimate of Hindu
thought, must take note of the empirical basis on which
the speculstive superstructure was raised.

I 'have not written one line which is not supported
by the clearest texts. The ground trodden is, for the
moet part, absolutely new. Fortunately, the Sanskrit
philosophico-scientifie terminology, however difficult
from its technical character, is exceedingly preeise,
consistent, and expressive. I may add that [ have
oceasionally used (perhaps with a questionable freedom)
scientific terms like isomeric, polymeric, potential, ete.,
in & broad sense, as convenient symbols to express
ideas nearly or remotely allied.

BRAJEXDRAXATH SrAL
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THE " POSITIVE SCIENCES

OF THE

ANCIENT HINDUS

CHAPTER L

THE MECHANICAL, PHYSICAL, AND CHEMICAL
THEORIES OF THE ANCIENT HINDUS.

L eroPosE in this paper to give n synoptic view of the
mechanical, physical, and chemical theorics of the
ancient Hindus. A chronologieal survey, even if the
materials for it were available, would be here of little
wceount. The origins of Hindu pstural philesophy in
the speeulations of the Brdhmanas and the Upanishads,
or in the mythology of the Purduas, do not come
within the scope of the present exposition, which
relates to the results of systematic thonght as directed
to the phenomens and processes of Nature, I have
therefore confined myself fo an sccount of uatural
philosophy s expounded in the principal systems of
Hmdn  thought. The Saikhya- Pitufijala system
accounts for the Universe on principles of cosmic evo-
lution ; the Vaiseshika-Nydya lays down the methodo-
logy of science, and elaborates the concepts of
B
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mechanics, physies. and chemistry. The Vedduts, the
Pirva-Mimdmsd, and in & less degree the Bauddha, the
Jaina, and the Charvika systems, make incidental
contributions on points of special interest, but their
main vulue in this regard is eritical and negative. The
principal aunthorities followed in this account—the
Vydsa-Bhishya on Pitafijali's Sttras, the Samhitd of
Chiaraka, the Bhashya of Prasastapdda, the Virtika of
Udyotakara, and the Vrihat Samhitd of Vardhamihira
—uall centre round the Hindu Renaissance, the begin-
nings of the anti-Buddhist reaction in the fourth, fifth,
and sixth centuries of the Christisn era. Whenever 1
have made use of later authors, £, Kumidrila, Sankara,
Srfdhara, Vichaspati, Udayans, Bhdéskara, Jayanta,
Varavara, Raghundths, Vijiidna-bhikshu, ete, 1 have
taken care to see (except where the opposite is expressly
mentioned) that no ides is surreptitiously introduced
which is not explicitly contained in the earlier authors.

Tae BANEEYA-Pirassara Svstem

This system possesses a unique interest in the
history of thought as embodying the earliest clear and
comprehensive account of the process of cosmic evolu-
tion, viewed not as 4 mere metaphysical speculation
but as & positive principle based on the conservation,
the transformation, snd the dissipation of Energy.

Prakriti : the Ultimate Ground.—The manifested
world is traced in the Sdikhya to sn unmanifested
ground, Prakriti, which is conceived ns formless and
undifierentiated, limitless and nbiguitous, indestructible
and undeeaying, nngrounded and uncontrolled, without
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beginning and without end.  But the unity of Prakriti
18 & mere abatraction ; it is in reality an undifferentinted
manifold, an indeterminate infinite continuum of infini-
tesimal Reals. These Reals, termed Gunas, may by
another abstraction be classed under three heads:
(1) Sattva, the Essence which manifests itself in a
phenomenon, and which is characterised by this
tendency to manifestation, the Essence, in other words,
which serves as the medium for the reflection of
Intelligence ; (2) Rajas, Energy, that which is efficient
in a phenomenon, and is chamcterised by a tendeney
to do work or overcome resistance; and (3) Tamas,
Mass or Inertis, which counterscts the tendency of
Bajas to do work, and of Sattva to conscions
manifestation.

The ultimate factors of the Universe, then, are
(1) Essence, or intelligence-stuff, (2) Energy, and
(3) Matter, characterised by mass or inertia.

Thesa Gunas are conceived to be Reals, substantive
entities—not, however, as self-subsistent or independent
enfities (swrw), but ss interdependent moments in every
real or substantive Existence,

Even Energy is substantive in this sense, The
infinitesimals of Energy do not possess inertia or
gravity, and are not therefore materisl, but they possess
quantum and extensity (wftrma—ufciamm).

The very nature of Energy is to do work, to
overcome resistance (THwER FTvE), to produce motion.
All Energy is therefore ultimstely kinetic: even
potential Energy (wygwyfwafs) is only the Energy of
motion in imperceptible forms,

B 2
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The Original Constituents and thelr Interaction.—
Every phenomenon, it has been explained, consists of s
three-fold arche, intelligible Essence, Energy, and Mass,
In intimate union these enter into things as essential
constitutive factors. The essence of a thing (Sattva) is
that by which it manifests itself to intelligence, and
nothing exists without such manifestation in the
Universe of Consciousness (wwivgig). But the Essence
is oply one of three moments. It does mnot possess
mags or gravity, it neither offers resistance nor does
work. Next there is the element of Tamas, mass
inertia, matter-stuff, which offers resistance to motion
a8 well as to conscious reflection (wm: 78 Tww= ).

But the intelligence-stuff and the matter-stuffl
cammot do any work, and are devoid of productive
activity in themselves, All work comes from Rujas,
the prineiple of Energy, which overcomes the resistance
of matter, and supplies even Intelligence with the
Energy which it requires for its own work of
conscious regulation and adaptation. (wRT=maTs wegrrat
WETHIGHAA OWETEET: WEWITT Nuiw | @rETeTR - mee-
Wi 1)

The Gunas are always uniting, separating, uniting-
again.  (warafrgn Wi, v s S T e )
Everything in the world results from their peculinr
arrangement and combination. Varying quaatities of
Essence, Energy, and Mass, in varied groupings, act on
one another, snd through their mutual interaction and
mterdependence evolye from the indefinite or qualita-
tively indeterminate to the definite or qualitatively
determinate, (e% 7am wCmKreCERTOTTG AT
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TroCITwGE  uifsgRS: i—=mma 1) But though co-
operating to produce the world of effects, these divers
moments with divers tendencies never coalesce, In the
phenomenal product whatever Energy there is is due to
the element of Rajes, and Rajas alone; all matter,
vesistance, stability is due to Tamas, and all conscions
manifestation to Sattva. (w=rTwfyAsfe sEfemtsn-
frapm—mraeTa | WA Tafasie W TRTH:
wwan fsovmm Tawvy fefrpasses —fawmive, s
on wrawT, ibid. et www dwtE—remtaien, et
on s, (i)

The nature of the interaction is peouliar. In order
that there may be evolution with transformation of
Energy, there must be a disturbance of equilibrium, a
prepondersnce of either Energy or Mass-resistance or
Essence over the other moments. The partieulsr Guna
which happens to be predominant in any phenomenon
becomes manifest in that phenomenon, and the others
become latent, though their presence is inferred by their
effect. Tor example, in any material system at rest
the Mass is patent, the Energy latent, and the conscious
manifestation sub-latent. In a moving body, the Rajas,
Energy, is predominant (kinetic), while the Mass, or
rather the resistance it offers, is overcome. In the
volitional consciousness accompanied with movemant,
the transformation of Energy (or work done by Rajas)
goes hand in hand with the predominance of the
conscions manifestation, while the matter-stuff op Maas,
though latent, is to be inferred from the resistance over-
come.  (WUTNSTIM TETmEGAET o w AT
RNTATAATAT AATTRTAT: — WTasTe | )
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The Starting-point.—The starting-point in the cosmic
history is & condidon of equilibrium or equipoise
consisting in a uniform diffusion of the Reals The
tendencies to conscious manifestation, as well as the
powers of doing work, are exactly counterbalanced by
the resistances of the inertia or Mass: the process of
cosmic evolution (eftwm) is under arrest. (FwTwerat
wreqreen wytn—Pravachana, Sutra 61, Chap, L wwrvan
SEATATRICHTTRT WA Wi wararTen 1w
s — ey, ibid.)

Beginning of Evolutiom—The transcendental (non-
mechanical) influence of the Purusha (the Absolute)
puts un end to this arrest, and initiates the process of
creation. Evolution begins with the disturbance of the
original equilibrium. How this is mechanically bronght
about is not very clear. A modern expounder of the
Sdiakhya supposes that the particles of Sattva, Rajas,
and Tamas possess a natural affinity for other particles
of their own class, and that when the transcendental
influence of the Purusha ends the state of arrest, the
affinity comes into play, breaks up the uniform diffusion,
and leads to upequal aggregation, and therefore to the
relative preponderance of one or more of the three
Gunas over the others. Thus commences formative
combination among the Reals, and consequent pro-
ductive nctivity. (demm wremdan: Rfuwrea wara
#iminiw—Sutra 66, Chap. L, mwsmera—frgring |
gravTmsTat IRGRTAAT FEERTATR CEATH AT TEAT | WAL
g yigETarTed = gww ibid., Sutra 128, Chap, 1)

Formation of Wholes or Systems—Collocation of
Reals.— Creative  transformation sccompanied with
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evolution of motion (wfeg=z) and work done by Energy
(fw) cannot take place without a pecaliar collocation
of the Reals (Gunas). To form wholes or systems
(wazw) it is essential that one Guma should for the
moment be preponderant and the others co-operant.
And this cannot be without an unequal aggrega-
tion which overthrows the original equilibrium (=,
maifwawrs)—in  other words, without unequal forces
or stresses coming inte play in different parts of the
system.  (mofwg—arwmfn | W @i wfesm=wm - - wE
FRITE | W W U JARCAATIRCS § RS | F JOweTA-
Wit Suw AT W W NOUAUNG T GRERATAIEA {— T, Wrge
on Kirikd 16.)

The Formula of Evolution—Differentiation in Inte-
gration.— Evolution (wfcam) in its formal aspect is
defined as differentiation in the integrated {“‘-lﬁi']
In other words, the process of Evolution consists in the
development of the differentisted (¥ww) within the
undifferentiated (=mmree), of the determinate (fsi)
within the indeterminate (wiwww), of the coherent
(gwfig) within the incoherent (wynfwg). The evolutionary
series is subject to a definite law which it cannot over-
step (whcgmmaiwan). The onder of succession is not
from the whole to parts, nor from parts to the whole,
but ever from a relatively less differentiated, less
determinate, less coherént whole to a relatively more
differentiated, more determinate, more coherent whole.
That the process of differentiation evolves out of
homogeneity separate or unrelated parts, which are then
integrated into a whole, and that this whole sgain
breaks up by fresh differentiation into isolated factors
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for a subsequent redintegration, and so on ad. infinitum,
is & fundamental misconception of the cotrse of material
evolution, That the antithesis stands over against the
thesis, and that the synthesis supervenes and imposes
unity ab eetra on these two independent and mutually
hostile moments, is the same radicsl misconception as
regards the dialectioal form of cosmic development, On
the Sdakhya view, increasing differentistion proceeds
pari passu with increasing integration within the
evolving whole, g0 that by this two-fold process what
was an incoherent indeterminate homogeneous whole
evalves into a coherent determinate heterogeneous whole.

The different stadia in the order of cosmic evolufion
are charneterised as follows -—

(1) The inconceivable, the unknowable, the form-
less, of which no chavacter can be predivated
(wfey), ineluding Prakriti, or the Reals in &
state of equilibrium.

(2) The knowable, the empirical universe, cosmic
matter of experience, things as matter or stuff
of conscionsness (fgy), comprising Mahat, the
imtelligihle Fasence of the cosmos, evolved by
differentiation and integration within the form-
less, characterless, meonceivable Prakriti.

(3) Individoal but still indeterminate staff bifur-
eating into two series—Subject-experience and
Objest-experience, comprising on the one hand
the indeterminate unity of sppereeption, or the
empirical Ego, as the co-ordinating principle of
the Subject-series (wferar), and on the other hand
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(though through the mediation of this sub-
jective modification, wfwm or Ahankdra) the
indeterminate muterial potencies, the subtile
vehicles of potential Energy (wwre, gmam), the
ultimate subtile constituents of the Object-series
(the material world). The previous stadium,
the cosmic matter of Experience (feg, wen),
evolves within itself, by differentiation and
integration, an individunted but still indeter-
minate stuff in two co-ordinated series, Bubject
and Object, though the latter is mediated
throngh the former.

(4) Determinnte stufl (frsm) evolved within the
indeterminate by further differentiation and
integration, viz, in the series of Subject-expe-
rience, sensory and motor stuff; and in the
Object-series, # corresponding atomic matier-
stuff actualising the material potencies in the
form of #pecific sensible Energies. The latter
includes the different classes of Paramdnus, the
different kinds of atomic constituents of different
kinds of gross matter (W)

(5) Colerent and integrated matter-stufl, individual
substances, characterised by generic and specific
properties, which however are not rigidly fixed,
but fluent, being subject to a three-fold change
und constantly evolving, (wgnfmamanEmm we
gwinte wwRte—arears, Sutra 44, Chap, 111
mﬁm wal—wravrs, 10, AT
wernt wel, ibid, wiviet whswmTrETY G )
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(6) And so the cosmic seriea moves on in ascend-
ing stages of unstable equilibrium (frsgaafoom)
until the reverse course of equilibriation and
dissipation of Energy (wgwaicam and awqrew),
which even now constantly accompanies the
evolution and transformation of Energy, com-
pletes the disintegration of the Universe inty its
original unmanifested ground, the unknowable
Prakriti.

The order of Cosmic Evolution according ta the

wrawms (Sutra 19, Pada I1.) is shown below in a tabular
form :—

Prakriti, the unmanifested unknowable ground

{M)

Cosmic matter of experience (wew, o)

Svrreer Series (wimw). — Onsper SeRies (wivm) :
evolved in the cosmic
matter of experience but
through the mediation
of theindividuated mind-
stuff wferm (Ahankdra).

Individuated indetermin- Individuated but indeter-
ate mind-stuff (unity of  minate  matter-staff
apperception, empirical (subtile material poten-
Ego (wiem). cies (wera).
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Determinate mind - stuff Determinate matter-stufl
(feuin),sensoryand motor  (fayw), atomic and mole-
psychoses, ete. (wrdfem, cular constituents  of
wwirga and wm). gross matter (woRTg—

=)

Colierent and integrated

matter-stuff (wgafegree:
woE: =T ).

Individual substances, with
generic  and  specific
characters subject to
constant change or evo-
lution, ¢g¢. inorganic
objects composed of
atoms or molecules
(wewrg), vegetable or-
ganisms (), animal
organisms (ywitv). (wgw-
fegraas: wgm WL T
WA A — T, Sutra
44, Pada [I11.)

7 T due fyfras 'IlTﬂ'ﬁlF T wyfnwen ey dgw
fafre, RCITRERTATET, WOT 7Y wivRey qAiwwie Syeiy
fafars, 71 froihw o AETWIRTE FUTY WS WIS T
wreqrieew 1 (mrewrw, Sutra 19, Pada [L)

N.B.—The usual order given in the Bihkhya-
Pitafijala compendiums is as follows :—Prakriti, Mahat,
Ahankira—and then the bifurcation, viz. 11 orgsns
(sensory, motor aund common sensori-motor) from Réjasic
Ahatkirs, and Tanmétras from Tamasic Ahankdra—and
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finally the Parnminus of the Sthils Bhitas. This is
literally correct, but misses the significance of the
doctrine of * differentiation within the integrated,”
according to which the Tanmdtras are all evolved,
through the medium of Ahaikdrs, in the cosmic matter
of Experience (Mahat).

The Conservation of Energy (and of Mazs)—the
Transformation of Energy.—The Gunas (Reals), thongh
assnming an infinite diversity of forms and powers, can
neither be created nor destroyed. The totality of the
Mass (Tamas), as well as of Energy (Rajas), remains
constant, if we take account both of the manifested
and the unmanifested, the actual and the potential. But
the individual products of the evolutionary process—
the concrete phenomenal modes resulting from the
combined action of the original Mass, Energy, and
Easence—are subject to addition and subtraetion,
growth and decay, which are only due to changes of
collocation, and consequent changes of state from the
potential to the actual (in other words, from the future
to the present und from the present to the past, in a
time series)—changes which are illusorily aseribed to the
Reals themselves. The different collocations of Mass and
Energy give birth to the divers powers of things, the
various forms of Energy which may be classed as like
and unlike ; indeed, the course of Evolution from the
Reals conforms to a fixed law, not only as regards the
order of snccession, but also as regurds the appearance
(and mutual relations) of like snd unlike Energies.
And this transformation is constautly going on—the
course of Evolution is not arrested for a moment.
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quTy wFEGETETT W AREE HrqwTaw wiwiaey
m TGN TORATIAERT 1
e (mrarw, Sutra 19, Pada 1)  wfonfafem
maTATR ) wHiwE Tl wieesnemesre | (ibid., Subs 13,
Vada IV.) »3 sam gemwmrag=wmragssargarios (ibid.,
Sutra 19, Pada [L) sfeamestresma (=mmearw, Sutra 19,
Pada I1.) m=at wfcmmred e (Patafijali, Sutra 15,
Pada 111.) wefic: sfcamanten wowaaice=y araimd |

The Doctrine of Causation, a corollary from the con-
servation and transformation of Energy—the Principle
of Collocation—the Storing-up and the Liberation of
Energy :—

The 8dnkhya view of capsation follows at once as a
corollary from this doctrine of the conservation and
transformation of FEnergy. As the total Energy
remains the same while the world is constantly
evolving, cause and effect are only more or less
evolved forms of the same ultimate Euergy. The sum
of effects exists in the sum of causes in a potential (or
unevolved) form. The grouping or colloeation alone
changes, and this brings on the manifestation of the
latent powers of the Gunas, but without ecreation of
anything new. What is called the (mnterial) cause or
sum of material causes is only the power which is
efficient in the production, or mther the vehiele, of the
power. This power is the unmanifested (or potential)
form of the Energy set free (sgwyfw) in the effect.
But the concomitant conditions sre necessary to call
forth the so-called material cause into activity. When
the favourable combination or co-operation of con-
comitants is wanting, there iz no manifestation of the
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effect. The question is=—what is the aid which the
concomitant conditions render to the determination
(and production) of the effect existing in potency in its
material cause?  First there is the merely mechanical
view us illustrated by some commonplace examples,
e.9., the manifestation of the figure of the statue in the
marble block by the causal efficiency of the sculptor's
art, or of the oil in the sesamum-seed by pressing, or
of the grain of rice out of the paddy by the proeess of
husking. In these cases the manifestation of an effect
15 only its passage from potentiality to actuality, a
stadium in the process of evolution from possible
(future) existence to actual (present) existence; and
the concomitant condition (wewifog’s) or efficient
cause (fafwrmray), the sculptor's chiselling, the pressing,
the husking, is a sort of mechanieal or instrumental
help to this passage or transition. wrEmfsTERY F9EH-
BT | W1 iR WTER wWATWITEn 290§ vy fagw (vaw
s W fagw)  wenhe: wrRe warmesn gawd |
(Frarafirg-wawawmw, Sutra 115, Chap. 1) wiirafs: 13-
HTATNET | STCURTATCS W TRATTS AN S |
I frgmaemimT s wiefsmt reatem 9
faeites wrmmgew w wrww « (faeming e,
Sutra 129, Chap. L)

These mechanical examples of the Kapila-Bifikhya
have the merit of simplicity, but the Patafijali-Sdikhya
brushes them aside, and explains csusation on the
basis of the conservation and transformation of Energy
sdvancing it as the liberation of potential Energy
existing stored up in a Guna colloeation (the sum of
material causes), the liberation following on the action
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of the proximate efficient cause, or eoncomitant con-
dition (fafrwwro).

The causal operation of concomitant conditions
(efficient causes) lies only in this, that they supply a
physical stimulus which liberates the potential Energy
stored up in a given collocation. Everything in the
phenomenal world is but a special collocation of the
ultimate Reals (Energy, Mass, and Essence). The sum
of (material) canses potentially contains the Energy
manifested in the sum of effects; and in the passage
from potency to actualisation, the effectuating eondition
(the concomitant cause), when it is itself accomplished,
15 only a step in the evolutionary series, which adds
u specific stimulus, and renders determinate that which
was previously indeterminate. When the effectuating
condition is added to the sum of material conditions
in a given colloeation, all that happens is that a
stimulus is imparted which removes the arrest, disturbs
the relatively stable equilibrium, snd brings on a
liberation of Energy (wzwefwnfs) together with a fresh
collocation (mermfavaiis). w@fwd nurat afewwinmmrs e
woariAr e (wrearw, Sutra 13, Pada IV.) wrw wem
fafad siwrtecd w9d 7 wydiowaA | fad T Sffwes
fygurgued  §&a | ArgEgEeetn o (wmeme, Suta 12,
Pada IV.).

Desoribing the production of bodies (* organie
vehicles ") for individual souls out of matter of Prakeit,
under the influence of their merit and demerit, as
concomitant conditions, Patafijali points out that non-
material concomitants like merit and demerit do not
supply any moving force or Energy to the sum of
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material conditions, but only remove the arrest (the
state of relstively stable equilibrium) in a given collo-
cation, even as the owner of a field removes the harrier
in flooding his field from a reservoir of water. This
description is intended fo represent the super-physical
influence of non-materinl concomitants (or causes) like
volition, merit and demerit, ete., but the causal operation
of a material concomitant condition is essentially the
same ; there is the same reservoir of stored-up Energy
in a given collocation, the same condition of arrest
or relatively stable equilibrium, the same liberation
of the stored-up potential Energy which flows along
the line of least resistance; the only difference being
that in the case of material concomitants the stimulus
which removes the arrest is physical, instead of being
transcendental as in the case of non-material canses
like will, merit and demerit, ete.

The Vydsa-Bhiéshya helps us to s olear mental
representation of the details of this process:—As the
owner of many fields can irrigate, from a field which
is already flooded, others of the same or & lower level,
without forcing the waters thereto with his lands, and
merely by making an opening in the barrier or dyke,
on which the waters rush in by their own fores: or,
further, as the same person camnot force these waters,
or the earthy matters held in solution therein, into
the roots of the rice plants, but only removes the
obstructive grasses and weeds, on which the fluids of
their own power enter the roots;—such is the action
of an effectnating condition (fafry) added to a sum of
muterial causes or conditions,
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fafm wirerd wawtat goopme o wiwsTr o (Patadijli,
Sutra 3, Pada IV.) 57 fz winfz ik oo wis: wEr,
wut graTy vt fowmtay: W fad a1 frewt T oW arioeTs-
38wt g Wt fmfa wem, W mwe: S
sTRTIRiR |
Chain of Causation—Fired Ovrder.—The order of
Evolution with the transformation of the Energies
follows a definite law. The unalterable chain of canses
and effects in the phenomenal world illustrates this
fixed order. Bat though the cosmic order is one and
fixed, it comprehends divers series arising from different
combinations of the original Gunas, which constitute
subordinate or particular laws of cause and effect
tfmﬂ qrCTAT i!:, Patafijali, Sutra 15, Pada IIL).
What we call the qualities of things are only modes
of Energy acting in those collocations.  wrrawrefamy
ufd: §iRY Wh—w W seenEhweRT: |« (mmers,
Sufra 14, Pads IIL) 7 w=#t wi wéwrn wsmwr,
WATATSHPTAT. WeRTeTa: WRTRE JuTal mfevgmrafE qoirier
mavw: . (wmrmm, Botra 5, Pada IV.).  And these
various Energies are sometimes actual (kinetic), some-
times potential, rising to actuality, and sometimes
sub-latent, subsiding from actuslity into sub-latency.
In fact, the original Energy is one and ubiguitous,
and everything therefore exists in everything else,
potentialiter (v w@mwwinin), withont prejudice to the
generic and specific differences of things (wmg=Ew =%
wjwd).  Inorganic matter, vegetable organisme, and
animal organisms are essentially and ultimately one
(wopi: wicofd onfsfowst mmy =¥ wo st
wpy wperAl mraiw) so far as Mass and Energy are

L
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concerned, but the varied forma of Energy and the
generic and specific (ualities (or properties) of things,
which are but modes of Energy, follow s definite
unalterable law in the order of their appearance and
suecession, under conditions of space, time, mode, and
cansality, and hence all effects do not menifest, them-
selves at once, FPRSTHTCANATITAN 7 W FHIARTEN
wsmmtamis: (ibid., Sutra 14, Pada TI1) =t w= v
Wl W WO R | O WIAA WE YNWIAn iR weaie-
WA | SWOTOCHTARA: VZE WARTRATITA THRTANTOR,
foerm  whwrawraTA,  wATmwreme: | (mresmw, Sutra 15,
Pada IIL),

Time, Space, and the Causal Series—A Tanmatra
(infra-atomic particle of subtile matter) is conceived by
our understanding to stand in three relations—(1)
position in Space (Fwrmf=), (2) position in the Time-
series (wrerafmw), and (3) position in the Causal-series
(Fafwrafam).

These three relations are the work of the intuitive
gtage of knowledge (fafiw=wwwr) as opposed to the
conceptual (whra=mwar). But this is not the pure
relationless intuition of Reality (faffwm faf@s=mm),
which may be termed intellectual intuition, but the
intuition that imposes its forms on the Real substrate
(whywrer fafw=awmn) or in other words empirical intuition.

T Y WINGEHSY TRATE AR AT =Ry 7 S
afw: w1 wiqwrs WA | AENe ewgiETTATewRy SfEweEATye
sprgmwTEAATyd  waTimsTaEateen « (mremm,  Suom 44,
Pada L).

Infinite Time is a non-entity objectively considered,
being only o construction of the understanding
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(gfgfasimm) based on the relation of antecedemce and
sequence, in which the members of the phenomenal
series are intuited to stand to one snother. These
phenomenal changes as intuited by us in the empirical
consctousness fall into a series, which the understanding
conceives as order in Time. The Time-series, then,
is & sehema of the understanding for representing
the course of Evolution. The sohema of the under-
standing supervenes on the phenomenal world as order
in Time, and hence in the empirical consciousness the
Time-geries appears to have an objective reality, and
to form s continuum. As there is an ultimate and
irreducible unit of extensive guantity (wfwmg) in the
(Gunas or infinitesimal Reals of Prakeiti, which are
without constitnent parts, so the moment may be
conceived as the ultimate and irreducible unit of this
Time-continuum a8 represented in the empirical con-
sciousness, A moment therefore cannot be thought
of as containing any parts standing in the relation of
antecedence and sequence. If change is represented
by the Time-series, s moment as the unit of time may
be supposed to represent the umit of change. Now all
physical change may be reduced to the motion of atoms
in space, und we may therefore define the moment as
representing the ultimate unit of such change—viz
the (instantaneous) transit of an atom (or rather a
Tanmitra) from one point in space to the next succeeding
point. Even an stom has constituent parts (the
Tanmdtras), and hence an atom must take more than
one moment to change its position. The motion of
that which is absolutely simple and withont parts from
¢ 2
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ore point in space to the next must be instantaneous,
and conceived as the absolute unit of change (and
therefore of time, wa), 1f this is held to be an
irreducible absolute unit, it will follow that what we
represent as the Time-continuum is really discrete.
Time is of one dimension. Two moments cannot
co-exist; neither does any series of moments exist in
reality. Order in Time is nothing but the relation of
antecedence and sequence, between the moment that
i= and the moment that went just before. But only
one moment, the present, exists, The future snd the
past have no meaning apart from potential and sub-latent
phenomena.  One kind of transformation to which a
thing is subject is that it changes from the potential
to the sctual, and from the actual to the sub-latent.
This may be ealled the change of mark (mwaratfoam)
as opposed to change of quality (wiafoum) and the
change due to duration or lapse of iime (wremrafcm).
The present is the mark of actuality, the future the
mark of potentiality, and the past of sub-latency,
in & phenomenon. Only one single moment is actual,
and the whole Universe evolves in that one single
moment. The rest is but potential or sub-latent.
WOAERGATTE WEEATere ¥fr JiEwATETC SERECTEE L 6
it TEEY I WAATER | WOy TEemaeTest | W
waTTwETET | # wrafir wre gfh wrema @i 0 7 W ST
WAt W W, W A FA: WE{ICERITR, JEengRCAT a5
awH wAw ® W | W TN viw ww: A geteomen
FRITH AHTHTE AWATEIC | U § YR wan ¥ wremien
WIEGET: | AAW WOA Sl Sl SmAgaT, TAEareen
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WERT WAL | AU g SO T Ry w e w1
W | UTIAT W1 WHIA WiSW WO YESH W YWTEWY ¥u-
WRET W WIS W, ATy w0 (mreerw, Sutra 52,
Pada ITL).

Vijiidna-bhikshu points out that this does not
amount to a denial of Time. Tt means that Time has no
real (or objective) existence apart from the *moment.”
But the latter is real, being identical with the unit of
changs in phenomens (7qaefcowe wmmewarg ). Dut
even this is real only for our empirical (relative) con-
seionsness (wimweds), which intuits the relation of
antecedence and sequence mto the evolving Reals
(Gunas), in the stage of * empirical intuition ™ (wfrsro
fafiw=mm). The *intellectual intuition " (fafiera
faffw=mw), on the other hand, apprehends the Reals
#z they are, without the imported empirical relations
of Space, Time, and Causality.

Space as Eztension and Space as Position.—Space
must be distinguished as Desa (locus, or rather
extension) and Dik (relative position), Space (Dik)
as the totality of position, or as an order of
co-existent points, is wholly relative to the under-
standing, like order in Time, being constructed on the
basis of relations of position intuited by our empirical
(or relative) consciousness. But there is this difference
between Space-order and Time-order: there is no unit
of Bpace s« position (Dik), though we may conceive a
unit of Time, viz. the moment (wm), regarded as the
unit of change in the phenomenal or causal series
(wormimm—uiae ST —aes, Sutea 51,
Pada TIL). Spatial position (Dik) results only from
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fhe different relations in which the all-pervasive Akdsa
stands to the various finite (or bounded) objects. Un
the other hand, Space as extension or locus of a finite
hody, Desa (3m: femmare), has an ultimate unit, being
analysable into the infinitesimal extensive quantity
inherent in the Reals (Gunuas) of Prakriti. (suwes-
TyNTCT—g e | eAw fAwn fenfe wWmrAfgwl wTE,
ST FrrEToTT | gETRTe frpaiuiis e |
WA STSTOTANEICRESY TR WUUNY | wien
Perd e . e W v, fey 7 Wit T )

The Causal-Seriss.—The relation of Cause and Effect
has been already explained. It only remains to add
that the category of causality is mediated through the
schema of order in Time. The empirical intuition first
superimposes relations of antecedence and sequence on
changing phenomena (the evolving Gunas or Reals), and
the understanding out of these relations creates order
in Time. The empirical intuition then intuits the
phenomenal series of transformations of Energy in this
Time-order, and in &0 doing imports the relation of canse
and effect into the course of Nature. (wTdETTwwTETH!
wauizaAT —arraies, Sutra 51, Pada 111)

The Dissipation of Fnergy (and of Massy—their
Dissolution into the Formless Prakriti—Cosmic Evolu-
tion (afcem) is & two-fold process, creative as well as
destrnetive, dissimilative as well as assimilative, kata-
holic as well as ansholic (wqzweft and fagmed,
femgwfoorm and wgwwfcem).  In one aspect there is
the aggregation (unequal aggregation) of Mass and
Energy, with consequent transformation of Energy,
resulting in the creation of inorganic as well as organie
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matter, and the genesis of worlds. The successive stepa
of this process may be described gs (1) nnequal aggre-
gation with storing-up of Energy in a certain collocation,
under & state of arrest (ie. in a state of relatively
stahle equilibrium), (2) a stimulus removing the arrest
and distorhing the equilibrium, and (3) liberation of
the Energy, moving on to s fresh collocation, fresh
aggregation, arrest, and equilibrium. The process of
the world thus moves on from equilibrium to equili-
brinm, and the result of that process is the develop-
ment of a coherent determinate heterogeneons whole
(fgy, Wiy, fogw, wgeiegTTUTRye, eiegrrayeae) in what
is essentinlly an incoberent indeterminate homogeneous
whole (wfsg).

But there is o second aspect of this evolutionary
process. Unequal aggregations are unstable ; there is a
constant tendency in things to go back to the original
stable equilibrium, the state of uniform equal diffusion
of Renls. This process is called the resolution of like
to like (wgwefcam), consisting in assimilation and
dissipation, and being the exact opposite of the process
of * differentiation in the integrated ” which has evolved
the Cosmos. The collocations of Mass, Energy, and
Fassence are always breaking up, and the Energy, as
wall as the Mass, however slowly, however imperceptibly,
are heing dissipated, ie. dissolved mto the original
formless Prakriti, a sinte of permanent equilibrium and
arrest, from which there is, snd ean be, no retorn,
except under the transcendental influence of the
Ahsolute at the commencement of a new creative eyele.
Not that there is a destruction of the Mass or Energy.
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but a dissipation or dissolution into & condition of equal
aniform diffusion from which there is no return. This
i8 not the phenomenon of kinetic Energy disappearing
and becoming potential or sub-latent, for in such cases
there is vestitution or reconversion by natural means.
‘When this reverse current of ‘assimilution (and dissipa-
tion) prevails over the current of dissimilation (and
imtegration), the Universe will disintegrate more and
more, until it disappears in the formless Prakeiti, its
unknowable source and ground. ( Vide mersw and =tw.)

The Evolution of Matter (wrenias wfe), — The
ultimate constitution of Matter is a question of the
profoundest interest in the Sfklys-Pitafijala system.
Three stages clearly stand out in the genesis of
Matter :—(1) the original infinitesimal units of Mass
or inertia, absolutely homogeneous and ubiguitous, on
which Energy does work, when the original equilibrium
eomes to an end (wmfr—amraregm); (2) the infra-atomic
unit-potentials, charged with different kinds of Energy,
which result from the action of Energy on the original
units of Mass (w=m=) ; and (3) the five different classes
of atoms, the minutest divisions of which gross matter
is capable, but which are themselves complex Tanmétric
sysiems (Fgmaoy).

The first stadium, Bhiitddi, is absolutel y homogeneous
nnd sbeolutely inert, being devoid of all physical and
chemical characters (wurfefrcdgd) except quantum or
mass (withewm, sfomm); and this admits neither of
~addition nor of subtraction, ean neither be created nor
destroyed. The second stadium, Tanméitrs, represents
subtile matter, vibratory, impingent, radiant, ete.,
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instinct with potentinl energy. These “ potentials " arise
from the unequal aggregation of the original Mass-units
in different proportions and collocations with an unequal
distribution of the original Energy (Bajas). (wwm-
wum: fd wTUm 3 W wETogEnl FaiveerEe WA
i pTEY T—a ATt giagrares w 3w 1) The
Tanmitras possess something more than quantum of
Mass and Energy; they possess physical characters,
some of them penetrability (wwwrygm), others powers of
impact or pressure, others radiant heat, others again
capability of wviscous and cohesive attraction. In
intimate relation to these physical characters they slzo
possess the potentials of the energies represented by
sound, touch, colour, taste, and smell; but being subtile
matter, they are devoid of the peculiar forms (firgm)
which these “ potentials” assume in particles of gross
mitter like the atoms and their aggregates. In other
words, the potentials lodged in subtile matter must
tindergo peculiar transformations by new groupings or
collocations to be classed among sensory stimuli—gross
matter being supposed to be matter endued with
properties of the class of sensory stimuli, though in the
minutest particles thereof the sensory stimuli may he
infra-sensible (swifsm but not wggm).  (Aeiwfatsrmmn:
¥ W wianion: | ¥ N WTEE §TASITe: ST
A AT | mrﬂ.-ﬁiwmﬁmw warat
W 1)

The Tanmditras, then, sre infra-atomic particles
charged with specific potential energies. First, the
“ potentisl * of the sound-stimulus is lodged in one
class of particles, Tanmdtras which possess the physicsl
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energy of vibration (wfosw), and serve to form the
radicle of the ether-atom (wremgeesrg); then the
potential of the tactile stimulus is lodged in another
elass of Tanmétras, particles which possess the physical
energy of impact or mechanical pressure in addition to
that of vibration, and serve to form the radicle of the
pir-atom (Viyu Paraminu); next, the potential of the
colour-stimulus is lodged in a third class of Tanmditras;
particles which are charged with the energy of radiant
heat-and-light, in addition to those of impact and
vibration, snd serve to form the nuclens of the light-
and-heat corpuscle ; then the potential of the taste-
stimulus is lodged in other Tanmdtras, particles which
possess the energy of viscous attraction, in addition to
those of heat, impact, and vibration, and which after-
wards develop into the atom of water; and, lastly, the
potential of the smell-stimnlus is lodged in s further
class of Tanmitras, particles which are charged with
the energy of cohesive attraction, in addition to those
of wiscous attmetion, heat, impact, and vibration, and

which serve to form the radicle of the earth-atom.
WA AU WA SEeTd suwerd TeeeT -
TETTN USRIy ey | (sywr,
Sutra 19, Pada I1.) wmﬁ FAGTEETCHETATH,
TEARIN FEERTS wwT | v Ry a=rt

wrww | (wrwwama, Sutra 62, Chap. 1)

wwirETTon: WAt | (wreamm, Sutra 14, Pada IV.) v

TRARI TG WTEWIIA e AT, ew g we-
TOME Wt W mEETn | wd et wsfoan whesmmTa!
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Pada IV.).

Before explaining the genesis of atoms it is neces-
sary to say gomething about Akdsa, which is the link
between the infra-atomic particles (Tanmitras) and
atoms (Paramdénus). Ak#sa corresponds in some
respects to the ether of the physicists, and in others
to what may be called proto-atom (protyle). In one
aspect Akdsa is all-pervasive (), and devoid of the
property of imp-enerrnhility which characterizes even
the infra-atomic potential units (Tanmdtras). In
another aspect Akdsa is deseribed as having originated
out of the mass, or inertia, in Prakriti (Bhutddi) when
the latter became charged with the first potential (the
sound-potential) Vijidna-bhikshu, in the Yoga-Virtiks,
holdly tackles the difficulty. Akdsa, he explains, has
two forms—original and derivative, non-atomic and
atomic. The original Akdss is the undifferentinted
formless Tamns (mass in Prakeiti, matter-rudiment—
Bhutadi), which is devoid of all potentials, and is
merely the all-pervasive seat or vehicle of the
ubiquitons original Energy (Rajas).  This Akdsa must
not be confounded with wacuum, which is merely
negative {muunwcupiednem}, though it must
be conceived as all-pervasive, occupying the same space
as the various forms of gross matter (wwrEwes—
wrarase  wram—avrarias), and therefore devoid of
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the property of impenetrability (aSrrmTETR—
grmariis) which characterises atomic matter, But when
the original equilibrium (avamesn) comes to an end,
nnequal aggregations form colloeations in different
groups and proportions of the three Guaas (afyssmin
W S e — iy, wrewew and i),
The transformation of Ensrgy now begins—working on
a collocation of mass (with Essence) (qamrdrowsd wdym—
framafuy, pmfis); it first gives rise to the sound-
potential (wewaararieTy wfcamir—famraiig), and the
atomic Akdss (proto-atom, protyle) is but an integration
of the original unit of mass charged with this vibration-
potential.  This vibratory (or rather rotary) ether-atom
(wrwrarm) is integrated, limited (wfefam), and as such
cannot oceupy the same space with other (subsequently
integrated) atoms. But this proto-atomic integration
of Akdsa (wreirryr) is formed everywhere, and, itself
residing in the ubiguitous non-atomic Akisa (wrearwms—
wismegarat), forms the universal medium in which
air or gas atoms, light-and-heat corpuscles, and other
atoms move and float about.

ol | a9 Tz wwwEw wraTst 9 @ w gieEy
wraTiey wwwwwrRan 4 | (fravatey, domies, Sutra
lﬂ,PaduMJmImfgmfrmt 9 wreaTET
TRURITIRER Y WA | AT WIS S e -
ATATH | T STCATRTN TG WA WET g nres
WFCORE | TG wEET TR ARTETE, oA
wftfast Friraon Twwd (Treafvy, shenids, Sutra 40,
Pads I11.),

The Genesie of the Infra-Atomic Unit-Potentials
(Zanmdtras) and of the Atoms—The subject of the
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genesis and the structure of the Tanmitras and the
Paraménuz was & [ascinating one to these ancient
thinkers, and a wide divergence of views prevailed. 1
will here mnotice saveral typical views—those of the
Vishnu Purdsia, Pardsara, Pataiijali, and a certain school
of Veddntists reported in the wafaew.

L A famous passage in the Vishnu Purna explains
the genesis and the structure of the Taumitras and of
the Bhiitas (Paramdrnus) in the following manner :—

The first Tanmbtrs originated from the rudiment-
matter (Bhutddi), the individuated but still indeter-
minate potential-less Mass in Prakriti, under the action
of Energy (wuwnm: sfcamaia—nywims, Sutra 62, Ch. L)
by & process of disintegration and emanation (fryamm:—
Frargcrar—wwiaaToa — mreaTe,  Sutra 14, Pada IV,
fescoaTe:  frstiATESTET wrfem If T, SPTTRe on
Pitaiijali's Sutra-—matafed  frsommn ete.) in the
menstruam, or surrounding medium of the unindi-
viduated eosmic mass (Mahat, wewrm:).

This first. subtile matter, the first result of * Mass-
disintegration” and Energy-transformation, is charged
with the sound-potential, the potential of vibration or
oscillation (uwfeerm). It is called the sound-potential
(grzwma).

This is typical of the genesis (and structure) of the
other Tanmétras (kinds of subtile matter). In each of
the remaining cases, an atomic Mass charged with
actunl specific energies (wwaong) disintegrates and
emanates, and thus evolves a form of subtile matter
(s kind of Tanmatra) under the action of Energy, and
always in the same menstruum or surronnding medinm
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—that of Bhitddi, the super-subtile. Fach kind of
subtile matter becomes charged with a new potential in
addition to the potentials already evolved. The genesis
of an atom, a Bhita-Paramanu, is a quite different
process. Here the unit-potential (Tanmdtra) receives
an accretion of Mass, and by a sort of condensation and
eollocation evalves an atom ( Bhita-Paramdnu ).

The genesis and structure of the Tanmitras and the

Bhiita-Paramdnus are worked out below :—

1. The super-subtile inviduated Mass (rudiment-
matter, Bhitidi), under the action of the
original Energy (zw:) disintegrates and emanates
(fesred) in the menstruum or surrounding mediam
(warecw) of Mahat eosmic super-subtile Mass,
and evolves a form of subtile matter (wmrs), which
becomes charged with the sound - potential
(vibration-potestial, wfomwe), and is ealled the
unit of sound-potential (yewmms).

2. This subtile matter, the Mass, charged with
sound-potential, receives an sccretion of Mass
from the rudiment-matter (Bhit4di), and by
condensation and eollocation evolves the Akdsa
Bhitta, the atomic Ak#sa, the proto-atom
charged with the specific Energy of the sound-
stimulus (actual vibratory motion). (= ey arfe:
TE-TH1IH SIEniam F=IUss wreT wWe | Ter
FEgTEEmTat  fafgmr  wae AR —Sie
on the Vishnu Purina passage, Sutra 14,
Pada IV.)

3. This proto-atom, the atomic Akisa, charged with
its actual specific Energy, again disintegrates and
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emanates, under the asction of the original
Energy and in the menstruum of the rudiment-
matter (super-subtile Mass), and thus evolves
another kind of subtile matter (TanmAtra) whick
becomes charged with the touch-potentisl (the
potential of impact or mechanical pressure—
waTRe, weawies) in addition to the sound-
potentinl (vibration-potential —wfoers) and is
ealled the unit of touch-potential (=rfm=m).

4. Next, this subtile matter, the Mass charged with
touch- (and sound-) potential, fe. with the
potentinls of vibration and impact, receives an
aceretion of Mass again from the rudiment-
matter (Bhitddi), and by condensation and
collocation evolves the Viyn Bhita, a kind of
gaseous matter or air of which the atoms are
charged with the wctual specific energy of the
touch-stimulus, .e., with actual energy of impactin
addition to the actual energy of vibratory motion.

5. Next, the atom of Viyu, so charged with the
getual specific energy of impact and vibration,
again disintegrates and emanates, under the
sction of the original Energy, and in the same
menstroum  or  surrounding mediom of the
rudiment-maiter (super-subtile Mass—Bhitddi),
and thus evolves another kind of subtile matter
(Tanmditra), which becomes charged with the
heat-potential (Wrwm—=w, heat-snd-light poten-
tial) in addition to the impact-potential and the
vibration-potential, and is ecalled the unit of
colour-potential (wqw=rs).
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6. Now this subtile matter, this radiant matter,

charged with light-and-heat potential, and also
with impact- and vibration-potential, receives an
aceretion of Mass again from the rudiment-
matter (Bhitddi), and by condensation and
collocation evolves the Tejas Bhita, the light-
and-heat corpuscle, which is charged with the
specific Energy of the colour-stimulus, e
radiates actual heat and light (fefecw) in
addition to manifesting the energy of impact
(impingeney) and of vibration (or oscillation).

. Next, this atom or light-and-heat corpuscle

disintegrates, and emanates as before a form of
subtile matter charged with the taste-potential
(zwwmmw), in addition to the three potentials
already generated, and alzo with the physical
potential of viscous attraction.

. This subtile matter charged with the taste-

potentinl and with the potential of wviscous
attraction condenses, and collocates as before
into the water-atom, which manifests the actual
specific energies of viscous attraction and the
taste-stimulus,

. The viscous water-atom charged with the actual

specific energy of the taste-stimulus disinte-
grates, and emanatés as before a form of subtile
matter charged with the smell-potential in
addition to the four potentials already generated
and also with the potential of cohesive attraction.

10. This subtile matter charged with the smell-

potential and with the potential of cohesive
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attraction condenses, and collocates as before
into the earth-atom, which manifests the actual
specific energies of cobesive attraction and the
smell-stimulus,

Vijiidna-bhikshu, in the Yoga-Vartika, briefly sum-
marises the Vishnu Purdna process as follows :—

Bhitddi as radicle in conjunction with Mahat
produces the sound-potentinl, which as madicle in
conjunction with Blitédi produces Akdsa, which as
radicle in conjunction with Bhitddi produces the touch-
potential, which as radicle in conjunction with Bhatddi
produces Viyu, which as radicle in conjunction with
Bhitidi produces the colour-potential, which as radicle
in conjunction with Bhitddi produces Tejas, and
50 om.

In this brief summary he does not bring out the
force of fegimm: (the disintegrating process) and the
distinction between the genesis of subtile and gross
matter (Tanmdtra and Bhita).

TUT WNTAA FETH, WEAT W AUTR: |
WAt frglmn w1 weniE e )
R T ey y=ww |
WEATR WTEIH Wi W s )
wrwTyeg frglmm: simrd wwdt 7 )
VST, WA T wR S a0 (frago)

II. A famous passage in Parisars takes another
view of the genesis and structure of the Tanmditras and
the Bhita-Paramdnus.  Krishnapida, in the e,
represents the scheme as follows :—

The Tanmitras originate from one another in one

D
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linear series, and each Bliita originates in a separate
line from its own Tanmdtra :—

E‘n]rﬁ.'_ Bhutddi

w=rmry  Sonnd-Tanmitra—as a radicle or centre

surrounded or encircled by Bhitddi

generates Alcdom—

sqirmrs Touch-Tanmitra—as & radicle or centre

encireled by sound-Tanmitra with

Akfss-atom as a help pgenerates

Vityu—

sy Colour-Tanmdtra —as & radicle or
| centre encirled by touch-Tanmaitra

with Viyu-atom as a help generates
Tejas—

wwmrs Taste-Tanmdtra—as a radicle or centre
encireled by eolour-Tanmdtra with
Tejas-atom as & help generates

| Ap—

megmmrs Smell-Tanmaétra—as a radicle or centre
encireled by taste-Tanmitra with
Ap-atom ns u help generates
Prithivi.

The genesia of n Bhits-Paraminu (atom) from the
subfile matter of & Tanmdtra is not here so simple 88
in the view of the Vishnn Purdna. The latter speaks
of condensation and collocation, but in the passage
under reference s Tanmétra is supposed to act as &
radicle, s the centre of u system, surrounded or
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encireled by Tanmdtras of the immediately higher order
in the medium of their own Bhiita.
Thus an atom of Akdsa has the following structure -—

Prukriti—Mahat

2 =
A =
E= =
2 3
{+ 39 [~ ¥

Prakriti—Muhag
Ax Arou o Axkaa,

Sh = Sabda-Tanmitra (vibration-potential)
Bh = Bhatadi,

An atom of Viyu is constituted as follows (this takes
place within the surrounding medivm of Akbsa) —

Alciian

Khehon

Aldian

Ax Atom or Vivo,

3p = Spars-Tanmitra (impact-potential).
8b = Babda-Tanmiétra | '-'i".nru.tinri-}‘nl ential),

D2
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An atom of Tejas (heat-and-light corpuscle) has
the following structure :—
Yiyu

Yikym
Viyu

Yiy
Ax Arom or Tesas
Ep = Biipa-Tanmitra (light-potential).
Sp = SparsaTanmitra (impact-potential).
and s0 on.

A chemist will be disposed to push his chemical
processes into the region of subtile matter. He may
translate wrrow as 8 menstronm, and FEEE a8 4
catalytic agent. In this case an atom of Viyu will be
considered as generated from the impact-Tanmitra as
o radicle, in the menstruum of vibration-Tanmatra,
with Akdsa-atoms as a catalytic agent.

sl T WEWETY WTAW, WA SR,
T WrETH WG, W WS WA AT ATGH, AT
FEAATIATTA R, T WEAATAIAT WIATREraw BTN,
ST, W W ST SRS W, T =i-
wTIATG T, ¥ SRS WTYRErAET A, wl
sri—and s0on. W4 F TETATICE FWARES | TG
Faweae (i) |

A slight variation of the above view is nscribed to
a certain school of Vedintists in the vaTaeTw.
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The scheme may be represented as follows :—

A Bhiita-stom is evolved by integration (condensa-
tion and collocation, ®errmmes) from the corresponding
Tanmétra (subtile matter). This is the same view a3
that of the Vishnu Purdna.

The Tanmétras again evolve from one another in &
lineal series, as in Pardsara’s view. But the process of
this generation is somewhat more complex. A Tanmdtra
first disintegrates and emanates in a surrounding medinm
(s menstrunm) of the Tanmétra just preceding it in the
order of genesis, and, with the help of its own Sthila
Bhiita as & sort of catalytic, generates the Tanmdtra
next in order; e¢g., the infra-atomic impaect-particles
(=dtm=rs) disintegrate or emanate, in a surrounding
* atmogphere " of the vibratory subtile matter (w=m=r3),
and then, with the help of their own atomic integration
Viyn, gas, generate the Tanumdtra next in order, the
subtile matter of radiant light-snd-heat ().

[II. Patafijoli's view, as expounded in the =y

and drmafes, is as follows —

(@) The order of genesis of varions forms of subtile

matter (potentinls) :—

(1) Bhiitddi, the rudiment-matter, original Mass,
acted on by Rajas (Energy) produces the sound-
potential (vibmtion-potential), w=r=mam wegronat
WATERAA TAATERIC WESTEINATE |

(2) This subtile vibration-potential, as s radicle,
with nceretion of rudiment-matter (Bluitidi),
condensing and collocating, and acted on by
Rajes, generates the subtile touch-potential
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(impact-potential), which is impingent ae well &s
vibratory (oscillating).

(8) This subtile impact-potential, again, as a radicle,
with accretion of rudiment-matter (Bhitadi),
condensing and collocating, and acted on by
Rajas, gemerates the subtile light -and - heat
potential (wwwmr) which radiates light and heat,
in addition to being impingent and vibratory.

(4) Next, the light-and-heat potential, as & radicle,
with accretion of rudiment-matter (Blnitadi),
condensing and collocating as before, generstes
the subtile taste-potential, which is charged with
the potential of the taste-energy and of viscous
attraction, n addition to being vibratory,
impingent, and radiant.

(5) Lastly, the subtile taste-potential as a radicle,
witl accretion of rudiment-matter as before;
condensing and collocating, generates the subtile
smell-potentinl, which is charged with the
potential of the smell-energy, and also of
cohesive attraction, in addition to being
vibratory, impingent, and radiant.

(4) The order of genesis of the Bhita-Paramdnus

(forms of atomic matter).

The five classes of atoms are generated as follows =—

(1) The sound-potentisl, subtile matter, with accre-
tion of rudiment-matter (Bhuitidi), generates the
Akisa-atom.

(2) The touch-potentials combine with the vibratory
particles (sound-potential) to generate the Viyu-
itom.
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(3) The light-and-heat potentials combine with
touch-potentinls and sound-potentials (i.e with
impact particles and vibratory particles) to
produce the Tejas-atom.

(4) The taste-potentials combine with light-and-
heat potentials, touch-potentials, and sound-
potentials (ie, with radiant, Impingent, and
vibratory particles) to generate the Ap-atom; and

(5) The smell-potentials combine with the preceding
potentials (i.e. with particles of taste-energy and
with radinnt, impingent, and vibratory particles)
to generate the Earth-atom.

The Akisa-atom possesses penetrability, the Viyu-
atom impact or mechanical pressure, the Tejas-atom
radiant hest-and-light, the Ap-stom viscons attraction,
and the Earth-atom cohesive attraction.

Vijfidna-bhikshu in one passage gives the following
scheme of the geneais of the Bhitas —

A radicle of sound-potential with rodiment-matter
gives A Akésa-atom (Bhiitddi), s radicle of touch-potential
with Akdsa-atom mves Viyu-atom, o radicle of light-
and-heat potential with Viyu-atom gives Tejus-atom,
i radicle of taste-potential with Tejas-atom gives Ap-
atom, and o radicle of smell-potential with Ap-atom
gives Earth-atom.  On this view, an atom

of Akdsa=DBh(Sh)
of Viyu= | Bh(Sh) | (Sp)
of Tejns= } Bh{Sb) | (Sp) Rp

where Bh=wwrfy, Sh=w=w=ms, Sp=w=mm=mw, RBp=
w=aw=rs, and 20 on. ]
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Bluitas and Paraménus—Cosmo-genesis and its
snccessive stages :—

The “five Bhiitas” stand for a elassification of
substances on the basis of their generic properties,
resulting, as the Siikhyas hold, from the structural
type of their constituent atoms—a classification more
physical than chemieal, or properly speaking chemico-
physical, unlike the purely chemical classification of the
so-called elements of modern chemistry. A Paraménu,
again, 18 a type of atoms corresponding to each Bhita
class, and indeed one and the same kind of Paramdnuo
may comprehend atoms of different masses, if only
these should agree in their structural type.

Cosmo-genesis : a Bird's-eye View.—Qut of the all-
pervasive rudiment-matter (Bhitidi) sppeared Alisa
(ether), first as a Tanmitra (subtile matter) charged
with the potential energy of sonnd (vibration-potential),
and theu as an atomic integration of & mono-Tanmdtrie
structure (the A:k:isa-nt-nm—ﬂmm'g] also ubiquitons
and all-enveloping. In the next stage we find a new
kind of Tanmsitras, systems of the infra-atomic vibratory
particles, so arranged as to manifest a new form of
linergy, that of impact or mechanical pressure, and these
Tanmitras (smmemarim) combining with the vibration-
potentials (Akasa-Tanmditra) produced a new kind of
atom, the di-Tanmdtric Viyu-atom, which by aggrega-
tion formed a gaseous envelope composed of impinging
(driving) vibratory particles (Viyun), Next appeared
the third class of Tanmitras, infra-atomic systems of
the impinging vibmtory particles, which by their
colloeation developed n new form of Energy—the energy
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of radiant heat-and-light. These Tanmitras (sewsrarim)
combining with the potentials (Tanmdtras) of vibration
and impact, produced a new kind of atom—the tri-
Tanmitric Tejas-atom, the light-and-heat corpuscle,
which by aggregation enveloped the gaseous world in
huge flames, In the next stage we have the fourth
class of Tanmdtras, new and complex infra-stomic
systems of the radiant impinging vibratory particles,
which evolved the energy of viscous attraction, as well
as the potential energy concerned in the taste-stimunlus.
These Tanmétras (zew=rafar) combining with the three
previous ones, gave rise to another class of atoms, the
tetra-Tanmétric Ap-atom, and the flaming gnses were
thus precipitated into cosmic masses of viscous fluid
matters (Ap). Finally appeared the ffth class of
Tanmaitras, infra-atomic svstems of the viscons radiant
mmpinging vibratory particles which developed new
forms of Energy—the energy of cohesive attraction,
#s well as the potential energy concerned in the
stimulos of smell.  These Tanmdtras (reer=ranfo)
uniting with the other four kinds of infra-atomic
subtile particles, formed another class of atoms, the
penta-Tanmitric Earth-atom. Thus the viseous fluid
matters were condensed and transformed into the
Earth-Bhiits, comprising the majority of the so-called
elements of chemistry.

The Purinas, in their own fanciful way, conceive
that, in the course of cosmic evolution, each snceeeding
Bhita sppeared within an outer envelope of its
immediate predecessor, with a total mass (or volume ?)
o tenth less than that of the latter.
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foam, wTSwEIOTA WY W= |
farmran ST sEAt AT i
weTETTTgTaRt SwTfw- frarn |
FratewhaAr AT IFATET w0
qomis: ARt etSReE

(wratsmieas, Slokas 72, 81, sud 82.)

Examples of the different Bhiitas :—
1. Akdsa, This is ubiguitous.

2. Viyn. Various substances composed of di-
Tanmitric atoms—kinds of VAyn—must have
been formed in the gaseous envelope, in the
second stage of cosmic evolution, out of the
proto-atoms  of Akdsan; but they have either
suffered a fresh trausformation into substances
of & more complex atomic structure, or have
dissipated into the mono-Tanmitric Akésa, out
of which they took their rise. The one familiar
example now surviving is atmospheric air.
Water-vapour (wr=) is but water (Ap), and
smoke, fumes, etc., buf eartli-particles in gaseous
diffusion.

3. Tejas. Various classes of Tejas-corpuscles —
aubstances with tri-Tanmitric atomic structure,
L.e. two grades subtler than the ordinary elements
of chemistry (which are of a penta-Tanmétric
structure)—are even now known (FwT SrwTiEsR

wgimd | o frdl WeE wrETt—ToTote, TEEeTE)

First, there is fire, or the light and heat emitted by
the burning log of wood or lamp (wfrm—gw-id ww).
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Now it is importaut to note that the lame of a burning
log of wood (z=m) or of an oil-lamp is not pure Tejas, &
pure mass of light-and-heat corpuscles, There is chemical
union with Earth-particles (particles of the hard penta-
Tanmétric substance) acted on by Energy ; and then the
Tejas-corpuscles, light-and-heat particles which are latent
(absorbed) therein, come forth as flame (wrfSwiwenm
wEgTAT, Aww: wiaawA—fawmy, wewewr, Sutra 110,
Chap. V.). Then there is the light of the sun and the
stars (fr®d #¢ wifgmnfy) which are flaming masses of
molten viscous matters (wemimed Tw frdd ww gEE—
werwwaTw, wiwawwT) or of molten earthy matiers (g@mifta
witfy #wita miGwgwwEay SR —ETATRY, ATwAWTR,
Sutra 18, Chap. 1IL). There is also the lightning, which
liberstes a kind of Tejas latent in the aqueous particles
and vapours, under the action of Energy, in the same
way as an ordinary fire liberates the Tejas latent in the
wood or other fuel. Next there are the stores of animal
heat derived from the break-up of the nutritive material
(wt=dtt). Lastly there comes the peculiar form of the
Tejas Energy (radiant Energy) stored up in the metalli-
ferous ores and igneous rocks which have been formed
in the subterranean heat. Here earthy matters are
mixed up, but the radiant Energy predominates in the
composition of the metals (Faerfysts Fwarirar gramAl—
fegraiey, wrwwwrs, Sutra 19, Chap, IIL).  Aniroddhs,
a late Bdnkhya commentator, notes in reference to
“jgneous bodies” that the greater part of their mass
18 derived from the Earth Bluita, though the Tejas
particles determine the peculinr chemical combination
which produces them ; and this munst also be his view
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of the composition of the metals (rx wfy (F3w Wit

Wi TEEiEEAs e, WA Ses — e,
Sutra 112, Chap. V.).

4, Ap. This wviscons fluid of a tetra-Tanmitrie
structure has but one pure example, viz., water,
though the various organic acids, the juices of
fruits and the saps of plants, are supposed to be
transformations of watery radicles combined with
different kinds of earthy aceretions.

5. Lastly, the Earth Bhiits, the hard full-formed
matter, with its penta-Tanmitric atoms, com-
prises by far the majority of the so-called
chemieal elements,

The question is,—how does one and the same Bhiita,
of the same formal structure, comprise different kinds
of elements, with different atomic masses and different
characteristic properties? And the answer is not far to
seek. The properties of a thing are only the energies
that are manifested in the particular collocations of the
three Gunas—Mass, Fnergy, and Essence; and a tri-
Tanmitric or a penta-Tanmitric atom, ie. an atom
composed of three or five kinds of Tanmdtras, may
differ from another of the same class in respeet of
the number of constituent Tsnmétras of any particular
kind, as also of their collocation or grouping, and
therefors in mass as well as in generic and specific
characters,

The Séakhya-Pitafijala conceives the properties {or
energies) of substances to result from the grouping or
the quanta of the Tanmdtras, or the Gunas themselves,
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and hence any radical differences in substances of the
same Bhita c¢lass must characterise their atoms,
though in an infra-sensible form. In the Nydya-
Vaiseshika, on the other hand, the atoms of the same
Bhiita class are alike in themselves, homogeneons ;
and the wvariety of substances comprehended under
the same Bhita is ascribed merely to the different
arrangements or groupings of the atoms {-5] and
not of their components, for components they have
none.

As s typical and familiar instance of the variety
of characteristic properties (or energies) that may result
from wvariations in accompaniment or grouping, the
Sinkhyn-Pitaiijala points to the various kinds of frait
acids and juices, all originating from one and the same
Bhiita (water) with different accretions of earthy matters
(qfgmmcr).  In the same way, though we speak of only
five classes of Tanmdtras and atoms, the mmfinite variety
of the world results from the infinitely varied ecollo-
cations of the three original Gunas which underlie
Tanméitra and atom alike. (sETwemst Wit s
ATtia—=TauiiRs, ¥ewar, reporting the Sifkhya
view. wORiagTIey: #@w YR —araeTw, Sutra 44,

Pada IIL mmmm
—mgraare, Sutra 44, Pada IV,  svaemfam wisi: wifsoy

wii—ilid., Sutra 14, Pads 1L w wefy wgemt wmrs-

frgwren  wrsaat  weiT—ibid., Sutra 14, Pada ITL.)
wrEEr—wd TWEAT! JUH wASEG Witn—IaA wie

wrwrw  Aricas-ma-fre- e - frewmies-w o weommn
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wT g WITER WRNTATOT:  fcameeE mERAt | i
wiwRimUTERTTTT, TRy W e e |
(wreeafn—aitget—on Kdriki 16.)

If we take a unit of rudiment-matter (Bhtidi) for
the unit of mase (¢f. the mass of an electron with &
charge of motion, ete.), and represent the first Tanmitra
by t; such units, and if further ty, ty, f, t, units of mass
(Bhitadi) be successively added at each accretion to
form s fresh Tanmétra, then the second, third, fourth,
and fifth Tanmdtras will respectively contain t; + t,
b+t G+h+G+h, and 4 +t+t,+6+1 onits
of mass.

Also the Vayu-stom (hi-Tanméatric system) will
contain t + ( + t3), e 26 + b, units of mass: the
Tejas-atom (tri-Tanmatric system) will contain &, +
(bt (8 +ta4-15), de 3t +2t,4-t, units; the Ap-
atom (tetra-Tanmatric system) ty+(t;+ ts) + (t s+ k)
+ (ty+ te 4+ & + t) te 4t + 3t -+ 2 + t; units:
and the Farth-atom (penta-Tanmdtric system) t, +
(it +..on. +(t+ bttt 6+ 5), he Bt 4+ 3t
4 2f, + &, units,

If t units of mass be added to the first Tanmdtra to
form the atom of Lkdsu, the latter will contain t; + t
unita of mass.

In other words, the numbers representing the mass-
units (Tamas) in the different classes of atoms (gross
watter) will formn an ascending series, viz, £, +t, 26, 4 ts,
ot A+ 20+ by At + 3ty - 26, + 1, and 5t + 4t +
Aty + 26, + o

Now if a follower of the Siikhya-Pitafijala were
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asked to account for differences among Paraminus of
the same Bhita class, he would perhaps suppose t, to
vary from a, to B, t; from a, to B, t; from a, to B,
t, from g, to B,, and t, from a; to B,

Therefore the mass-units contained in the Viyu-
atoms of the different possible Viyu substances would
be represented by 2a;+t, 2ay+1+t, 2a,+ 241
ceenneeee2By -+t in AL P. with unity ss common difference,
there being 2(8;— ;) + 1 possible Viiyu substances.

The mass-units contained in the Tejas-atoms of the
different possible Tejas substances would be represented
by the series Say+2a,+ay, Sa;+2aytay+1, .........
88,4+ 28, + B, inereasing in A. P. by unity as common
difference, there being 3(B,—a;)+ 2(By—a,) +(Bs—a;) + 1
Tejas substances possible.

The mass-units contained in the Ap-atoms of the
different possible Ap substances would form the series
da;+8a; + 2a, + @, doy + Joy + 2+ o+ 1,00nnins
4B, +9B.+28.+ B,, there being 4(8,—a,) +8(8, — as) +
2(By—ag)+(B,—a,)+1 Ap substances possible.

The mass-units contained in the Earth-atoms of
the different possible Earth substances would form the
series in A. P., ba,+da.+ 3a,+2a,+a;, Say+4a,+ Sa,
+2a+as+ 1,00 e 5B+ 48 + 88, 4+ 28, + B,, there
being 58, — a;) + 4{B: — ag) + 3(Bs — o) + 2(Bi—a,) +
(B:—ay)+1 Earth substances possible.

Size (wfermg).—As to size or volume, the Sinkhya
accepts only two kinds—the infinitesimal, which is also
without parts (wq—fareay), and the non-iufinitesimal,
which consists of parts (wex—=smraw). The latter varies
from the excessively small (the so-called Anns, Tan-



4B THE POSITIVE SCINNCES OF

métras, and Paramdnus) to the indefinitely great
(e —fo,—e.g. Akiisa),

The Gunas alone are infinitesimal, with the exception
of those ubiguitous ones that evolve into Akdsa-atoms
and Mind-stuff (sremgy, snd wewan) ; all the rest of
the evolved products (whether subtile or gross matter)
are non-infinitesimal.

Vijidna-bhikshu notes that all the Gunas (Reals)
cannot be ubiquitous. If this were the case, that
disturbance of equilibrium, that unequoal aggregation
with upequal stress and strain with which cosmic
evolution begins, would be impossible. The Gunas,
which give rise to Akdsa and Mind-stuff, must be held
to be ubiquitons, and this will suffice for the ubiquity
of Prakriti. (7 =« womim omemes: oo 1
TR | wwwTETErRET foEw wgEe: | st
oy afn wreNTCowegwEG TR — aeTaTiR e, St 31,
Pada I11.)

Chemical Analysis and Synthesis—Elements and
Compounds.—What, then, is the equivalent in the
Sanklya-Phtanjala of the distinetion between s chemical
element and a chemicsl compound, or is there none !
Did or did not this physical analysis and classi-
fication of things lead on to a classification based
on chemical analysis and chemical synthesis? These
are questions of singular interest, the apswer to
which will disclose some new points of view from
which the aucient Hindu thinkers approached the
problems.

Aggregates (wmwy:) may, in regard to their structure,
be divided into two classes: (1) those of which the
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parts are in intimate onion and fusion, being lost in
the whole (wgwfegrews: wger), and (2) mechanical
aggregates, or collocations of distinet and independent

A substance iz an aggregate of the former kind, and
may be divided into two classes: (1) the Bluitas and
their “isomeric” modifications (um, stz and ywir=),
and (2) chemical compounds (fafergwm, demmrd).
Chemical compounds, agnin, may be subdivided into
two classes: (1) those composed of stoms of the same
Bhiita ¢lass, 1.e. of different isomerc modifications of
the same Bliita, and (2) those composed of atoms
of different Bhita classes. In the first case, there
is contact between “isomerie” atoms (wwmate-dam),
in the second case between heterogeneons atoms
{Fymato-dam).  The first contact leads to intimate union
(v, —vgrer: = domfoww 7 gaet e owEie—
fawratvs, wewaamw) @ the isomeric atoms by a peculiar
liberation of Energy (ewmtdrqess—the action of similars
on similars) are attracted towsrds one another, and
being riveted, as it were, form the so-called material
eause (summar) of the compound product. The
second kind of contact (that between unlike atoms
of heterogeneous Bhiitas) begins with a liberation of
Energy (=wess), which breaks np each of the Bhiitas:
and taking particles (or atoms) of one as nunclei or
radicles, groups particles of the rest round these radicles
i @ comparatively fres or unattached condition. In
this case, one Bhuta, that which serves to furnish the
radicles, not necessarily that which is numerieally or
quantitatively predominant, gets the name of material
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esuse (wurraarcw), and the others, which by their
collocation cause the liberation of Energy (yuws:, wwent,
or fawat), are called eofficient causes (Fafrwwron)—
(ewRwqmamET  TE  WITER RN
wRGTR— T, ﬁgn on Kériks 16). The illustrations
given (viz. the Rasas as modifications of Ap, water,
with Earth-sccretions) show that this process applies
not only to the Gunas, but also to the Bhitas. (=wr
on Kirika 17, wv =iy (%% w0 wfv)
TERITH,, WA W ST — TR On Sutra 112, Chap. V.
TITHATEER WOATEAE AT, WTRATRRTUIA WARTIq g wwe
TwTEAIEA AreE e \—frEraiey, wreTE 1)

Aniruddha goes so far as to hold that both * isomerie ™
and * heterogenic ' combinations are real cases of consti-
futive contact. (wrwrwigin, ¢4, dfsamEEETTEAT —
wimgg on Sutra 113, Chap. V). But in the later
Séinikhya-Pétafijala the current teaching denied this—
W (Sutra 102, Chap. V.), where freraiag

notes—wzwt fumwmataral ~aTETAA W U WATH G|
LU R Lal LG Rl 8

But besides these transformations of substance
(gwrre-afcams) by “ isomeric ” or ** heterogenic ™ process,
ceaseless changes go on in the characters, the modality,
and the states of substances—changes which are due to
the unequal distribution of force (or of stress and strain
—pressure) among the Gunas, which are in themselves:
constant. (wAFEATTRTITGUTAT W FEEAOL—AGT ZHT . T
AR W TR T, TREWETH, TG AR ) A VT
afem w wwm S—fefammsie Tom fewEEieam —mar,
Sutmn 13, Pada [11.)
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“ Even as the same figure ‘ | ' stands for a hundred
in the place of hundred, for ten in the plice of ten, and
for a unit in the place of onit.™'

Now the question is—in these mixed substances
does the fusion take place by Paramdnus or by larger
masses (or lumps)? Now a Paramdnu is defined to be
the smallest portion of any substance which exhibits
the characteristic qualities of that substance ; in other
words, it stands for the smallest homogeneous portion
of any substance. It is not without parts, and there-

+ Thia conclusively proves that the decimal notation was fanidliar
to the Hindns when the Vyasa-Bhishya was written, f.e. conturies
befors the first appearance of the notation in the writings of the
Aralw or the GrecoSyrian intermediaries. Viichaspati, who com-
ments on the Vyiss-Bhishys, composed his Nyiya-Stchi-Nibandha
in TWEAGEWY, i Samvat 808 or 8492 ap.  This cnnnot he
Baka 508, for apart from the decisive use of wwwT, which by tlis
time had come to signify the Samvat era, Viichaspati's commentator,
Udayana, wrote the Lakshanivali in Baka 906—

TR WA AAHIAY HwTHA |
TNECATR G wwwrwt

and Udayans, who wrote the Parisuddhi on the Tatparyyatiki of
Viachaspati, could not have been & contemporary of the latter, as
will also wppear from the invocation to Sarasvati in the opening
lincs of the Parisuddhi. Vichaspsti, then, preceded Udayana hy
142 years, and must have been himself preceded by the author of
the Vydss-Bhishys by a longer interval still, for Vichaspati
mseribes the Bhishys to Veda Vyien himself (g=mas wifws wrig
wrem Fawrsrd). The internal evideneo also points to the con-
elusion that the Bhishya cannot have been composed lnter than
the sixth century—ef. the quotations from Pafichasmkha, Vir
shaganys, and the BShashihiTantmSdstrs, without a single
reference to levars-Erishaa—which is decisive. 1 may add that
I pemember to have come scross passages of a similar import in
Buddbist and other writings of a still earlior date.
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fore not indivisible. It is subject to disintegratiom.
In a Bhiita or its isomeric modification, the Paramdnu,
the smallest homogeneous component particle, is nn-
mixed, and therefore corresponds to the atom of modern
chemistry. In & mixed substance (Ffgwew, demgd),
whether it be an * izsomeric” or a heterogenie compound,
the qualities are doe to the mixture, and therefore its
Paramdnu (usnally called Arambhaka Paramdnu), the
smallest homogeneous particle possessing ifs charac-
teristic qualities, must result from the mixture of the
Paramdnns (in smaller or larger numbers as the case may
be) of the component substances. In the Sinkhys view,
then, the Paramdnu of a mixed substance (Aramblaks
Paramdnu) corresponds to what we now enll molecule-
(it 7=t thq&ﬂl—m | Fgm e wivRETE=
AT WARTTAA WATER W WUOSA QAT - AT,
wmagresi—Sutra 52, Pada 1[I smgfmm @ faderd o
bl e i SRt S S T ek U LG L L
fammadry | ooy, sowawrm,  Sofrs 88, Chap. V)
That the Paramdinue may form binary moleeules
(srga) in forming substances, is acknowledged by the
Bdnkhyas, as will appear from Gaudapida: wam
wRmEaT FyETren ¢ (ftzew, on Kdrika 12). Even
the Vaiseshikas, with their prejudice against “ poly-
Bhautic ” or * heterogenic” combination, acknowledge
that in ** poly-Bhautic ” compounds the different Bluita
substances unite by their Paramédnus (or stoms), though
they rigidly insist that in such eases only one atom
should be regarded as the “ radicle” (vamm or gmmow=
=) and the others as co-efficient canses (Ffrwron—

TS, L. AWEEE—d FEURY Wqd AERAY  AEWOE
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(rgeramesme—where %ridlmm notes sifeey sa TowEET:
snd Udayaps Fwamt womgat ofsgwiesn wes
feromd faafat).

It was only in the medimval Siikhya-Péitafijala
that under the influence of the Nydyn-Vaiseshika
doctring a radical difference was conceived to exist
between the structure (or constitution) of a molecnle
composed of “isomeric” atoms, and that of one com-
pused of heterogeneous atoms. In the former ecuse
there was believed to take place intimate union (wg),
in the latter case only & grouping of comparatively
free or loosely attached atoms round a radicle atom
(wew) with liberation of Energy (sqwss, w s, or
fewst) and the setting up of unequal stress and strain
{M&——htﬂ). At the same time it was of
course admitted that this distinotion does not apply
th the forms of subtile matter (Tanmitrn—gemm)
which could unite in intimate fusion, whethér homo-
geneous or heterogeneouns. For example, the subtile
body (wemwcic) which is supposed to be the seat or
vehicle of the conscions principle is acknowledged by
Vijiidua-bhikshu to be penta-Bhautic (wsmws) ¢ in
other words, all the five Tanmitras serve as material
causes, though the gross body (the animal organism)
18 stated to be only a * heterogenic” eompound with
the Earth Bhiita as radicle or base, (whmeradt = g
TS WA | s W e
—gawaaTs, Sutmas 11 and 12, Chap I =mewrt
QY Wty s FewnmET—ibid., Sutra 19,
Chup, TI1.)
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But in the original Sdikhya-Pdtafijals it appears
that the production of a new substance by mixture of
unlike Bhitas (fesmatmddtn) was conceded as freely as
in the Veddnta, and was conceived as in nowize differing
from the formation of a compound of atoms of the
same Bhiita class. The Sdnkhya analysis of all change
into transformations of Energy due to collocations of
unchanging Gunas, in other words the prevailing
chemico-physical (or physical) point of view, naturally
recognises no distinetion between colloeations of
“isomeric” and those of heterogeneous atoms, At
bottom they are all collocations of the Gunas Even
Vijiidna-bhikshu, who, as one of the latest expounders
of the Stikhya-Pitafijala, has been most affected by
the Vaiseshika prejudice against * poly-Bhautio ™ com-
bination (fymmataddm), urges that the qualities of a
compound substance are not necessarily the result of
similar gualities in the component elements. (sFwmiE-
ST STETETCRE 3 g At (aridwrt) wie W frees 1)
Elsewhere he explains that, so far from the vital activity
being independent, it is originated and maintained by
the combined operation or fusion of the different sensory
and motor reflexes of the living organism, and notes
that the united operation of mixed (or miscellaneous)
causes, where there is a fit collocation of matter, offers
no difficalty to a follower of the Bankhya-Pitanjala.
(et wETEREITATA, WRGTEATTA Wi WASY IR
TwTT TwAEE wvE M —wrwmy, Sutea 32, Chap. IL)
In the middle of the ninth century we find Vichaspati
instancing some ‘* heterogemic” or * poly-Blautic "
compositions as typieal examples of evolutionary ehange
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(ufrmm) and unhesitatingly accepting the substantive
character of the products. In the Kaumudi he deseribes
the various ncids and juices of fruits as modifications
of the same original water in the presence of different
kinds of earthy accretiona. The process is peculiar, The
water-particle (or atom) serves as a radicle or centre of
a system, and the different kinds of the Earth-Bhita
centering round this as a nucleus become the seat of
forces, which bring in the development of new
energies (and new qualities, ng. tastes) in the water.
(w1 Wi Ted TwTaaty ARpEATSTOR WeTE ATTRS-
ST WiarE-TARa WO AYOHS YO AR R uTaRa]
frw=yi | IW  TRWUESETA WWTTRE  WTTER SR
wframr wwirte (—atget on Kdrikd 16.)  Vichaspati
also points out that different substances may be trans-
formed into one and the same substance (cg. the
production of salt by the cow, the horse, the buffalo,
and the elephant, thrown into the salt-factory of
Sambara in Rajputana, or of the flame of a eandle by
the combination of wick, oil, and fire), (afama=s TEAwiG
v giCUT: T | WEAW TeTSW-NTEwATARTAl ®WiAigRAt
TASTURANTATIE WS GICuT:, TiRA@TAST W Werd giwi—
FEtweet on wmawrw, Pada IV., Sutra 14.)

Earlier still, i.e. not later than the sixth century,
the Vydsa-Bhishya, noting that inorganic matter,
vegetable substances, and animal substances do not
differ from one another essentially in respect of their
potentinl energies and uoltimate constituents, points
out that various bi-Bhantic chemical compounds of
water and earth substances, in the shape of saps, acids,
and juices, are found in plants in their different parts
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(werst. wifconfed Twrigawsst sy gew)  [u other
words, bi-Bhautic compounds are here placed in the
same category as compounds of substances of the
same Bhita eclass, for here the particles of both the
Bhiitas are regarded as forming the matter (material
canse—wurrasTaw) of the smallest homogeneous portions
of the compound substances,

N.B.—Vichaspati naturally interprets this to mean
separate modifications of the two Bhiitas.

The view of the emlier Bankhyas, that atoms of
different Bhitas may chemically combine to form
molecules of compound substances as much as atoms
of different modes of the same Bliita, comes out clearly
in Utpala’s brief reference to the Siiikhya system in
his commentary on Vardhamihira’s Vrihat Sambhita.
(wa: wwm: [remiw:] wwmemmfs swfw | o weift
gﬂﬂﬂll o wewegamarta  worie—Utpala, Chap. L,

loka 7.)

CapMisTRY v THE MEDIoAL ScRo0Is OF ANCIENT
IxDIA.

As a matter of fact, long before the fifth century,
probably as early as the first century A.n., the pre-
vailing schools of medicine and surgery which were
based on the Sdinkhya tewching with' a methodology
derived from the Nyiya-Vaiseshika doctrine (¢f. Charaka,
Sdrirasthius, Chap. L.; Vimdnasthéna, Chap. VIIL; also
Susruts, Sirirasthing, Chap. L) had founded an elaborate
theory of inorganic and organic compounds, which
equally sdmitted iso-Bhautic and hetero-Bhautic com-
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binstions. Like the Vedantists, Charaks held that
ench of the gross Bhiitas (Mahdbhitas) is a peculiar
ultra-chemical compound of five original subtile Bhiitas.
In this sense, every substance is penta-Bhautic, but for
purposes of chemical analysis and synthesis, i.¢. considered
with reference to the Mahdbliitas, all substances in
their chemical constitution belong to one or other of
the following classes: mono-Bhautic, bi-Bhautie, tri-
Bhautie, tetra-Bhautic, and penta-Bhautie, Compounds
of different Bhiitas, again, may combine to form more
complex substances, and these in their turn higher
eompounds still, and so on in progressive transformation,
as is more specially the ecase with organic substances
and prodncts.

Physical Characters of the Bhitas—The prevailing
physical characters of the different Bhiitas and their
isomeric modes are ennmerated as follows ;—

Earth substances: Heavy, rough, hard, inert, dense,
opaque, exciting the sense of
smell.

Ap substances :  Liqud, viscous, cold, soft,
slippery, fluid, exeiting the
sense of taste,

Tejus substances: Hot, penetrative, subtle, light,
dry, clear, rarefied, and
luminona,

Viyu substances: Light, cold, dry, transparent,
rarefied, impingent.

Akésa substances : Tmponderable (or light), rarefied,
elastic, capable of sound

(vibrations).
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Wmm@mqmﬁﬂmﬁi -
faray AR W S Se R aT A Wi | T NE RS-
gEWiTEE TS WA | SN e wETaNe JEei-
-gmf‘nmhl LRt L e U CEL WIRTHIWSTA
(tharaka, Sarirasthdns, Chap. XXVL ; compare Susruta,
Sitrasthina, Chap. XLL

Charaka points out that the primary qualities or
specific physical characters of the five Bhnitas are tactile
qualities, i.0. sensible to touch, e.g. hardness (or rough-
ness) for Barth, liquidity (or yielding to pressure) for
Ap, impelling or moving force (pressure) for Vayun, heat
for Tejas, and vacoum (non-resistance, penetrability)
for Akdsa,

WA WA SASTABATHT
wTRTEA taTAl §Y fo R T |
Fw wiHOAn AT |
(Charaka, Sarirasthina, Chap. L)

(CF. the elaborate enumeration of physical characiers
quoted in Vijiidna-bhikshn, Yogs-Virtika, Sutra 42,
Pada I ; also Varavara's commentary on Tattva-traya,
Achit-prakarana. )

The Mahdhhitas—Mechanical Miztures.—Susruta
notes that each of the gross Bhitas (Mahdblnitas) is
found mixed up with the other Bhiitas—=y., the Malii-
bhiita Akdss is the receptacle (or vehicle) of sir, heat-
and-light, and water vapour; the Mahdibhita Viyu, of
water vapour, light-and-heat, and even fine particles of
earth held in suspension; the Mahdbhita Tejas, of
earth particles in the shape of smoke, and also water
vapour. (wewsTRivntY uimrﬁr ﬁtfﬂml-—ﬁﬂﬂ'ﬂtﬂ
Sdrirasthins, Chap. I. & g wawr =wsw | STeTR
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s | @t Tt e o |
wfrEs Fwfa | Fargm wetowte —Dalvana on Sustuts,
loc. eit.)

Mono-Bhautic Earth substances :—Charaka and
Susruta regard the following as Earth substances:
gold, the five Lohas (silver, copper, lead, iron, and
tin) and their “ rust,” arsenic, orpiment; various mineral
earths and salts, sand, precious stones. (Charaka,
Sttrasthéna, Chap. L; ¢f. also Susruta, Sitrasthius,
Chap. 1. i€ Wﬁm g
17 TfSTAAATEA TERwT TR | TN wWIEwENT
FrenstrarmErorgsTATcetargAmyA At — Dalvana  on
Susruta, loc. eif.)

The salts include commaon salt, saltpetre, ete. Susruta
mentions the alkalis, borax, natron, Yavakshdra (carbonate
of potash), ete. The Audbhids salf, an inflorescence of
the soil, stands for rek (Wt sty awrt wimE ).

Of these Earth substances some were known to
be compounds, e.g. the chemical salts of the metals,
collyrium, etc. Sunsruta deseribes the preparation of
the metallic salts. The leaves of the metals were
pasted over with the salts, and then roasted (wwgfa,
Chikitsasthina, Chap. X.). These metallic salts are
therefore mono-Bhsutic Earth compounds. Susruta
also gives the preparation of mild and caustic alkalis
(Sutrasthdna, Chap. X1).

Origin of precions stones,—Some hazarded the guess
that the precious stones are rocks (or earths) meta-
morphosed by natural process in the course of ages
(Vardhamihira—wton ¥3: womam ifew wgss@mm |
Utpals notes—owmysl wrar srameT 1),
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Ap substances, simple and compound :—

Susruta, following Charaks, enumerntes various
¢lasses of Ap substances (gwgm) as follows: waters,
acids, milks, curds, butters, oils (vegetable as well
as animal), fats, honeys, molasses, aleoholic liquors,
urines, ete.

Pure Ap (Mahdbhiita) is tasteless, and the six tastes
ure developed when the Mahdbhita Ap enters into
combination, mechanical or chemical, with other Mahd-
bhitas. Susruta notes that various kinds of Earths
are dissolved in the waters of different localities, and
where the particles so dissolved are predominantly
earthy, the water tastes acid or salt; where pre-
dominantly watery, the resulting taste is sweet; where
the Earth-particles are mixed up with Tejas, the water
tastes pungent or bitter, ete. Such is the case with
mechanical mixtures. In the case of bi-Bhautic or tri-
Bhautic compounds Charaka mentions that substances
with Mahdbhiits Ap predominating in their composition
taste sweet ; with Mahdbhitas Earth and Tejas pre-
dominating, acid; with Mahibhitas Ap and Tejns
predominating, salt ; with Mahdblnitas Viiyu and Tejas
predominating, pungent; with Mahgbhitas Viyu and.
Akdsn predominating, bitter; and with Mahdbhitas
Véyu and Earth predominating, astringent. (Charaks,
Sutrasthing, Chap. XXVL; ¢f. Susruta, Stitrasthins,
Chap. XLIL)

In fact, with the exception of Susruta's waters,
which are mechanical mixtures, or rather solutions, all
these Ap substances are organic produects, and, as such,
penta-Bhuotie, i.e. compounded of all the five Mahs-
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blidtas; and the particular “ taste” which is developed
depends on the relative proportion of the Mahibhutas
and the predominance of one or more of them in the
penta-Bhautic compound in question.

Qualities of Compounds—The isomeric modes of
each Mahabhiita have specific colours, tastes, ete., due to
their stracture, 1.4, the arrangement of their atoms, and
the physico-chemical characters of compounds, whether
of the same or of different Mahdbhiitas, result from the
colloeation in unequal proportion of the different forces
latent in the atoms of the component substances.
(‘harnka adds that the varied forms (textures) and
colours of organic substances, whether vegetable or
animal, are derived in the same way. (ewawal T&mwl
W:@Tﬁtﬁtﬁﬂ RETAATATR | SWTATINY ETSCAEAE
ATATETE AT |

Sum:um ignores Charaka's distinetion between
Mah4bhiits and subtile Bhita, and views every sub-
gtance as in reality penta-Bhautic, and it is only the
relative predominance of a particular Bhita or
Bhiitas in any substance that determines its class.
(qfeRs TN TR FEETAT FTA Tyl I
watA T wfed 3 owre 3 Rwd ¥ s @ wrwnaieie o
—Susruts, Stitrasthina, Chap. XLL)

The Evtant Charaka and Susruta—Succession of
Medical Authorities—The extant Charaks and Sueruts,
the sources of our present information regarding the
progress of scienfific kmowledge in the medical schools
of mncient India, are both redactions of original
anthorities. The extant Charake is a redaction by

Dridhabals of the genuine Charuka Sambitd, which was ¥
*
r i

LR |
r
r,

]
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itself a redaction by Charaka of the originul work of
Aguivesa, the disciple of Atreya Punarvasu ss dis-
tingnished from Krishnitreya and Bhikshu Atreys,
also well-known medical authoritiess. The extant
Susruta is a redaction by Nagirjuna of an original
work (Veiddha Susruta) by Susruta, the diseiple of
Dhanvantari. That Charaka preceded Susruta is
alnost certain. Négirjuna was probably earlier than
Dridhabala. At dany rate, Dridhabala tmported into
Churska much of the surgical knowledge which had rill
then heen the traditionsl heritage of the Susruta
school.  And in the matter of the surgical treatment of
certain diseases, the genuine Dridbabala is often as
advanced as Susruta’s redacteur himself The latter
was probably identieal with the alchemist Nigirjuna
(Siddha Nigdrjuna), the metallurgist Nagérjuna (author
of n treatise on metallurgy, Lohasistra), and the
Buddhist Nigdrjuna, asuthor of the Midhyamika-
siitravritth.  Charska and Susruta continued to receive
additions after Dridhabala and Nigdrjuna, and even
after Vigbhata, but the whole of the extant Charaka is
probably much earlier than the commentator Chakrapdni,
und the whole of the extant Busruta earlier than
Dalvana, the commentator, and Mddhava, the author of
Rugvinischaya. The extracts in Vighhata make it
certain that the passages I have quoted or shall quote
from the Sttmasthina and Sdrirasthina of Charaka and
Snsruts cannot be later than the sixth century of the
Christian era.

Preparation of Chemical Compounds. —The know-
ledge of chemical compounds snd of their preparation
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continined to make progress in the Charaka and Busuta
schools:  The great metallurgist, Patanjali, in his
treatise on Metallurgy (Srewmw), gave elaborate directions
for many metallurgic and chemical processes, especially
the preparation of the metallic salts, alloys, and amal-
gams, aud the extraction, purifieation, and assaying of
metals. Probably it was Patafijali who discovered the
use of the mixtures called Vidas, which contained aqua
regia or other mineral acids in potentia, Unfortunately
Patafijali's magnum opus appears to have been lost, but
extricts from it are frequently found in mediseval works
on Medicine and Rssiyana which leave no doubt as to
its remarkable scientific value. The metallurgist Ndgdr-
juna advanced the knowledge of chemical compounds
by his preparations of mercury. The Harshacharita, in
the seventh century, relates & fable concerning this
Nigirjuna, and speaks of him as a friend and contem-
porary of Sdtavihana. The relative priority of Patafi-
jali and Nigirjuna is a vexed question in the history
of metallurgy. That Nagirjuna's Lohasistra was earlier
than the final reduction of Patafijali will appear from
the following circumstances :—(1) Chakradatta in his
summary of Nigdrjuna mentions that the chemical
process of testing pure iron must be repeated twice
befors it can be regardoed as decisive, whereas Sivadisu
Sen's extract from Patanjali shows that the latter
directed the process to be repeated seven times:
(2) Patafijali in the Abhraka-vidhi (miea operition)
adds mercury, which in this particular operation is
wanting in Nigirjuna's recipe (¢f. Chakradatts, and
Patafijali as reported i the Yogamtnikars-samuch-
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chaya); and (3) Ndgdrjuna is quoted in the earlier
compilations, Pataiijali in the later.

Chemieal Industrics.—Early in the sixth century,
Varihamilira in the Vrihat Samhitd gives several
preparations of cements or powders called Vajra-lepa,
“ cements strong as the thunderbolt™; and there was
ample use for these in the temple architecture of the
Buddhist period, the remains of which bear testimony
to the adamantine strength of these metal or rock
cements.  (wEETRTENITEEAiATg FITIWUY wAR FTAGD
wimggrgwarat 1« Chapter LVL, thid.) Vardhamihirs also
alludes to the experts in machinery (wwiss:, swmwn)
and the professional experts in the composition of dyes
and cosmetics [‘m'nwgfhﬁr Ch. XVL, also Ch. XV.). 1
would also refer to the interesting chapter on Perfumery
(Ch. LXXVL) where Vardhamihira gives various recipes
for artificial imitations of natural flower-scents, as of the
essence of Vakuls, Utpals, Champaka, Atimuktaks, etc.,
arranges compound scents in a sort of seale according
to the proportions of certain ground essences used in
their preparation, and determines by the mathemsatical
caloulos of combination (Freswe) the number of
variations of the different notes in this scale. To these
classes of professional experts were due three of the
great Indian discoveries in the chemical arts and manu-
factures which enabled India to command for more than
a thousand years the markets of the East as well as the
West and secured to her un easy and universally
recognised pre-eminence among the nations of the
world in manufactures and exports : (1) the preparation
of fast dyes for textile fabrics by the treatment of
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natoral dyes like Maiijishtdd with alum (et fam
Tomeiarat) and other chemicals (e.g. sulphate of iron)
also cow-dung (cf. the * cow-dung substitute,” Roseos) ;
(2) the extraction of the principle of indigotin from
the indigo plant by n proeess which, however erude, is
essentially an anticipation of modern chemical methods :
and (8) the tempering of stesl in a manner worthy of
advanced metallurgy, a process to which the medisval
world owed its Damascus swords. It was this applied
chemistry much more than handicraft skill which gave
Indis ler premier position in the Middle Ages and
entlier (indeed from Pliny to Tavernier) in exports
und manufactures ; for in  handicraft skill, as in
design and workmanship, great as were her merits,
India came to be surpassed by her diseiples China and
Japan, .

The Visavadattd and the Dasakumdrs Charita in
the sixth century allude to the preparation of & mass of
fixed or coagulated mercury (wrezfomsy WS —
WrwEEt) ;o chemical powder, the inhalstion of which
would bring on deep sleep or stupor (Wb —zyrgwresion) ;
a chemically prepared stick or wick for producing light
without fire (Wrrardmr—gwyarcaion) ; and o powder
which, like anesthetic drugs or curare, paralyses sensory
and motor organs’® (wwrredfry IPETTEWM—TrRTIEL_
vitgmawitgamt—Darpana).  Vreinda (circa 950 ap.)
uotices the preparation of sulphide of mereury (Temre),

« ! This last interpretation is doubtful; but in any case the
familinr use of u technical term of alchemistry like Stambhana.
churnam (fxation-powder) shows that already in the sixth century.
this branch of knowledge was widely cultivated.

¥
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composed of one part of sulphur and half its weight of
mercary ; and also of cuprous sulphide (vifzam).  Chs-
krapini (circa 1050 A.D.) mentions the preparation of
the black su}phide of mercury “by taking equal parts
af mercury and sulphur.”

The Rasirnava (eirea 1200 A.n.) notices the colours
of metallic Hames, probably after Patanjali—e.g. copper
gives blue flame; tin, pigeon-coloured; lead, pale;
iron, tawny ; blue vitriol, red. It may be noted that
the Rasirnava regards mercury as a penta-Bhauntie
siubstance.

The Rasaratna-samuchchaya divides the mineral
kingdom (Earth substances, simple and compound) into
the following eclasses: (1) The cight Rasas: mica,
pyrites, bitumen, blue vitriol, ealamine, ete. (2) The
eight Uparssas (useful in operations of mercury):
sulphur, red ochre, green vitriol, alum, orpiment, realgar,
collyrium, and medicinal earth, to which may be
aided the eight Sidhdrana Rases, sal-ammoniae, cowrie,
cinnnbar, rock vermilion, ete. (3) The gems diamend,
emerald, sapphire, cat's-eye, sun-stone, moon-stone,
pearl, ete. (4) The metals gold, silver, iron, copper,
lead, tin, and the alloys brass and bell-metal. Other
Barth substances are six salts, three alkalis, minersl
enrths; and several poisons.

Chemical Compositions and ﬂmruup&ﬁffw&s—-ﬂfeﬂfﬁ
lurgic Processes.—In these writings' we frequently

' From Patafijali's and Négirjuns's Lolmsdstra (cirea 300-500
Anf) downwards—(practically everything material in the enn-
meration that follows was discovered by the end of the sixth
ortitury A.b. ).
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eome avross instances of chemical composition and
decomposition by processes, more or less crude, of
caleination, distillation, sublimation, steaming, fixa-
tion, efe. (wwitwcy, wewrr, sdowm, sz, wR, efe. ),
¢.g. the preparation of perchloride of mercury by taking
common salt and mercury (cwwir—srrm wrwtEE
wfewTar) ; of sulphide of mercary (fex) by taking
sulphur and mercury; of Sindira from lead (

AreeR—Amarakosha, sixth century AD.); of the
medicinal compounds Svarnasindira and Rasasindira
with mereury, sulphur, and gold, where gold may have
been fancied to influence the resulting compound  in
Bome mysterious way, either as & “ dynamic” or as a
eatalytic ; also the extraction by chemical decomposi-
tion of mercury from sulphide of mereury (fege); of
copper from sulphate of copper (77w, w=w) by heating
this substance with one-fourth of jts weight of
borax {Ru.snmtnn-mmuchchaj‘n,-—qf. Bhivaprakisa, yrd
q WrETaT fatew rEw wEatn); of zine (v, waz) from
calamine (T%) ; of copper from pyrites (wifes, fawg), ote.
(though the golden pyrites were supposed to be a
semi-metal of gold, containing some gold along with
the essence of copper); the purification of mercury by
repeated distillation from lead and tin with which it
was wont to be adulterated in the market. The various
metallurgic processes deseribed are—extraction, puri-
fieation, killing (formation of oxides, chlorides, and
oxy-chlorides for the most part), caleination, incinern-
tion, powdering, solution, distillation, Precipitation,
rinsing (or washing), drying, steaming, melting, casting,
filing, ete., to all which each of the known minerals

¥ 2
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was succeasfully subjected by the use of apparatus aud
reagents and the application of heat in different
megsures (@Tars, swpmgrs, and gzars)—methods which,
if often crude, especially from the absence of inde-
pendent and isolated mineral acids, were yet in several
instances remarkably simple and effective, and which,
after all, by the use of various Vidas potentially con-
taining mineral acids (aqus regia, sulphuric acid, hydro-
chloric acid, ete.), virtually accomplished the practical
ends kept in view. To these were added severdl
specinl processes for mercury (e¢. fixation), bringing
up the number of mercurial operations to nineteex.

It may be noted that the mixtures called Vidas,
which potentially contained dilute mineral acids, were
regularly employed not only in killing the metals
(forming their oxides and chlorides), but—what is of
fundamental importance—for purposes of chemical de-
ecomposition of metallic salts, ete, and the extraction
and purification of metals.

Organic Compounds.—Organic compounds are either
vegetable or animal substances (ST WEm %) The
molusses, the fermented liguors, the saps and juices of
plants, fruit acids, vegetable ashes and alkalis, together
with the tissues of plants, are vegetsble compounds
(witfwe, =mec ww). Honey, milk, curd, butter, fat, bile,
urine, and other excreta, together with the organs and
tissues of animsls, are animal substances. Charaka
notices vegetable as well as animal oils. The viscous
(oily) substances are classed under four heads—butters,
oils, fate, and marrows (SfAes w1 wen wE gt!gfﬁ')
Salt may be either mineral or vegetable salt.
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Susruta divides poisons into two classes—vegetahle
and animal, but several poisons expressly termed mineral
poisons (wgfaw) are ineluded in the first olass,

All organic substances, whether animal or vegetalie,
are penta-Bhautie, being compounded of greuter or less
proportions of the five Mahdabhiitas.

Taking the buman body, Charaka finds that the
feetus is composed of sixteen organic substances, viz.
four composing the sperm-cell which comes from the
male ; four composing the germ-cell which comes from:
the female; four sdded by the transformation of the
nutritive material ; and finally, four kinds of subtile
matter, which together form the vehicle of the conseious
principle. As to the four organic substances which
compose the sperm-cell, or the other four which compose
the germ-eell, it is not clear whether in Charaka's view
they are also in their turn compounded of Jess complex
organic substances, or whether their constituent elements
are inorganic penta-Bhautic eompounds,

The tissues that appear in the course of develop-
ment of the fwtus are further transformations (higher
compounds) of these foetal substances. All the com-
pouent substances of the body are penta-Bhautic com-
pounds, though sometimes they are assiened to the
particular Bhitas which predominate in their COmpoRi-
tion, ¢.g. bile to Tejas, lympl, chyle, blood, fat, urine,
sweat, and other secretions to Ap, and skin, flesh, banes,
nails, ete., to Earth, (s TATAGRPTANE T, |
SRt wfdits wnfy wfeesmte et s
% ¢t seg.—Charaka, Sdrirasthina, Chap. 1L, vide also
Charaks, Sirirsthina, Chap. VIL, ¢f Gaigidhara’s
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Julpakalpatary, fow aTd ¥ FATONSRRRANTHISHATTST-
e At tﬁﬂ#m{ WY WIS TR RN
UegATTRICAy | W mmﬁmmm: Cf.
Charaka, Sarirasthins, Chap. IV, #m=masit ==
wEPETETC 1)

Formation of Moleeular Qualities in Chemizal Com-
pounds—The Charaka school, which we have seen was
an offshoot of the Sdhkhya (¢f. Charaka, Vimdnasthina,
Chap. VIIL, wwr wifrm: wamgs: 791 Siemawd qeipaiain),
supplemented the above acconnt of inorganic and
arganic compounds with a characteristically Sankhya
explanation of the formation of molecular qualities by
chemical combination. In Charaka's view, the colours,
tastes, ete., of the molecules of chemieal compounds
result from the colloeation in unequal proportion and
unstable equilibrium of the different forces latent in
the atoms (Paraminus) themselves. (ewwwwt Tamat
AT mr&m ﬂmm'n wm!‘rﬁﬂ T EETAL
m-gﬁuﬂtmr t+—Charaka. }

Chemistry of Colours—As an interesting example
of the way in which n follower of Charaka would
pecount for the colours of chemieal compounds, I may
note the explanation given by the late Gangidbara
Kavirija Kaviratoa in the Jalpakalpatarn, a com-
mentary on the Charaka-Samhitd, published at Caleutta
in 1869, premising that the Kavirija's view is pure and
genuine Charaka doctrine. Gafgddbara begins with a
gimple statement. The qualities of the atom, he writes,
tend to produce similar qualities in the molecule. A
molecular quality is therefore the result of the conjune-
tion or opposition, as the case may be, of the atomio
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tendencies. When, for example, the five Bhitas
combine to produce an organic compound (the human
body), Tejas, Ap, and Earth tend to produce red, white,
and black respectively, but mn the body (compound
substance) the yellow colour may happen to be pro-
duced as the result of these tendencies in that particular
proportion and collocation. The point to mote hers is
that the molecule forms a fresh collocation, redistributes
the Mass and Fnergy, and sets up new forces in the
system, which coming into play modify the potencies
(or tendencies) in the component atoms, and thus
determine the resultant. This is elaborated into a
curions but complete theory of the colours of chemical
compounds.

The colours (and other qualities) of a simple sub-
stance (an izomeric mode of any Bhiita) are the result
of the potencies lodged in that particular eollocation
of Mass, Energy, and Essence. Now when two such
substances unite, their colours, ete., tend to be pro-
duced, but the combination brings on a fresh distribu-
tion of Hnergy, Mass, and Essence, and the forees thus
set free may powerfully modify or even extinguish the
separate tendencies or potencies of the component
simple substances, For example, when we prepare a
collyrinm by mixing equal parts of sulphur and mercury
(the black sulphide of mercury) we find the resulting
compdund black. To explain this it has to be remem-
bered that each of the substances (sulphur and mercury)
contains Sabtva (Eszence), Rajas (Energy), and Tamas
(Mass) in different proportions, and that predominant
Tamas (Inertia, Mass) always produces black, predomi-
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nant Sattva (Essence) white, and predominant Rajas
(Energy) red. Now in the black sulphide of mercury
the white of the mercury tends to produce white, and
the yellow of the sulphur yellow, and if these ten-
dencies were not obstructed the result would be a
mixed colour. But, in the particular collocation in
question, the Tamas of the mercury hecomes intensive
(wtmw), and the black of the now intensive Tamas
extinguishes the white in the uncompounded mercury,
which was due to prevailing Sattva, as well as the
yellow of the uncompounded sulphur, which was due
to the combined operation of white-producing Sattva
and red-producing Rajas. Again, when, with proper
apparatus and by the application of heaf, we combine
mercury and sulphur to produce the red sulphide of
mereury, the resulting colour is explained by the fact
that in this nmew collocation the Rajas (Energy)—
probably of the mercury, though Gangddhara does not
specify—becomes intensive (ahww), and extinguishing
both the white-producing Sattva of the mercury and
the yellow-producing Sattva-Rajas of the sulphur,
imparts a red colour to the compound. In these cases,
as also in the formation of red by mixing powdered
turmeric with lime, ¢ whenever & new colour is
produced in the compound, it is to be explained by
the dominance of Tamas, Rajes, or Sattva, or their
combinations, and the extinction of the uncompounded
tendencies (or potencies) by the forces set free in the
new collocation. But there are other cases where the
colour of the compound is a mixed colour resulting
from the colours of the combining substances, ¢.g., when
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sulphide of mercury and calcined tin are mixed, the
resulting colour is evidently a mixed one (Pitala,
pink), which is easily explained by the colours of
the component elements (the red of the sulphide
of mereury and the white of the caldned tin); in
the same way, in a mechanical aggregate, as in &
piece of cloth, the colour is white where the threads
are white.

TAwTATCW  gfOMITTEMIEEETT TS W@, WA
THANNTES WTOMTOT UICEART WEiTWAT] wTH ST
W wegraTrsE Ut wawwr gt wAw guiwq A wAn
warAtd uiTed WA | T ST do wwet
THEE UEE: W NEING WIOWT TUSmN T GIANITH-
WW: GRS AESATOTTE R IO T | WENY s
wEEEitE AR Anes  fIOfT TOR ) Te-
qiAET W Siferyal TTEEAHART TR | wNE gEereRay
FrEmwATAGIT: FEn iAW | I TEmAeTEs W
WAUtAAEAA TN WT qERi AW ATEnpEA YW, aesT
TESITER T 1 24 fegs WRETNSTNINTOWIG SR NOEA
YA THNESUITTSA ATeUA WEAANIAST gEEWT W |
TSR E A saa wri WY« i | -
Ftfed v wiversd o 1 v fcgreddiefe Sifed whomsy
iR TN | WY Wy av— e g T
wa"r&'niﬂ' THATAS WATA U@, 7 W 7% fegew ek
el ytwsd ¥ ST naw | el yEgRTATSITeE v |
(Jalpakalpatarn, Sitrasthdna of Charaka, pp. 198-200;
edition published by Bhubanachandra Basdk, Calcutta,
Bamvidaratndkara Press, Samvat 1925.) This is
quite in & line with Charaka’s explanation of the
tastes of chemical compounds which has been already
noticed.
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Parindma-sida versus Arambha-vida.—Charaka's
~view of the formation of & new quality or a new
substance is based on the Baikhya teaching as to the
conservation and transformation of Energy, and brings
chemical synthesis in a line with evolutionary change
(vfmrm).  On this view, a new substance may arise by
spontancous or isomeric change, i.e. by the interplay
of Energies within the system of any given substance,
in the absence of any action from without. New
qualities like new substances are only readjustments
of the old, and continnal changes are going on by
spontaneous disintegrtion and recombination. Opposed
to this evolutional view of chemical synthesis is the
Nytiya-Vaiseshika doctrine of Arambha-vada, sceording
to which no change of substance or quality, no effect, in
short, can fake place except by the action of one
component element (substance or quality) on another.
A binary molecule, for example, cannot possess any
“ specific quality * (fesws) of a kind not represented
in each of the two component atoms In the cosmic
process no atom ean exist free and uncombined with
another atom, and every “specific quality”™ in a
substance can be ultimately analysed into the mion of
two * specific qualities” of the same class m two
ultimate particles which cannot be further divided. A
single colour, smell, or taste in a single particle, until 1t
can link itself on to another specific quality of its oun
elass in a second particle, cunmot characterise any
substance formed by the union of these particles as
 material causes. Hence an Earth-atom cannot unite
, with an Apatom to form a new substance of which
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both the particles must be equally regarded as material
causes. At any rate, such a compound, if effected,
would be smell-less, as of the two constituent atoms only
one, viz. the Earth-atom, possesses smell, A compound
of Earth and Viyu would be smell-less, eolourless, and
tasteless, and so on. The Nyiya-Vaiseshika does mot
deny that there may be compounds of different Bhiltas,
nor does it deny the cansal operation of specific qualities
as efficient or energising (dynamic) causes (¥wws,
fafwwaraw), but it refuses to place these compounds on
the same footing as compounds of isomeric modes of
the same Bhita: and it accepts the “material™
causality in such cases of only one of the Bhitas,
regarding the others as co-efficients (fafaw=row).

The eavlier Sdfikhyas including the medical schools
of ancient India brushed all this aside as a distinetion
without s difference. The Vedintists, as we shall
presently  see, flouted this doctrine of Arambha-vida.
The Jainaz, in opposing this Vaiseshika view of atomie
combination, hit upon a solution of the problem of
chemical affinity. Others, again, found out & wa
media. They held, as we learn from the reports of
Udyotakara in the Nydya-virtika, and of Vdchaspati
Misra m the Titparyyatikd, that a molecule of the
strncture EA (one. atom of Earth and one of Ap)
would exhibit some variety of colour and taste resulting
from the joint action of the atoms and of their several
colours and tastes. But as in the combination EA only
the Earth-atom possesses smell, and the Ap-atom is
smell-less, and as moreover no quality in a compound
substance can result except from the joint action of the
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similar (potential) qualities of at least two component
elements, it follows that a molecale of the structure EA
would not manifest the energy of smell potentially
contained in the Earth-atom. Hence, admitting the
combination EA for a smell-less ecompound, the npholders
of this view would suppose o molecale of the type E,A
(.. two atoms of Earth and ome of Ap) to explain
any hi-Bhautic compound of Earth and Ap (like the
plant saps and fruit juices) which exhibits smell in
addition to the peeuliarities of colour and taste. €,
Vichaspati's comment on Udyotakara's refutation of
this view -—

wanfunfan | gfewraeory aRd e T
TTHEITHA ATOGIRR WY TECEAIISE | T -
W TR TENA wATOwsAT, Wife afdseoned vwy
uTEtIRCET 3fw WUAWTGHEN  TRTERe: 37wt
STTAT TEA! WATTHEATE, | WU T GEAATT: § SRR |

Measures of Time and Space—Size of Atoms.—Tle
Siddhinta-Siromani gives the following measures of
Time :—
30 Kshanas (w) = | day, 30 Kdshthds = 1 Kald,

2 Ghatikds = 1 Kshana, 18 Nimeshas = 1 Kashtld,
30 Kalds = | Ghatiks, 30 Tatparas = | Nimesha,
and 100 Tratis = 1 Tatpara.

This makes a Trufi of time equal to sydsy of @
second, which is nearly the measure of the Paramdnu of
time 88 given in the Vishnu Purina (vide Bhiskara's
Biddhinta-Siromani—srmwmmsra).

The ahove measures were in use among the astro-
nomers, but the physicists computed according to the
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following table given both in Udayana's Kiranivali
and Sridhara’s Nydya-Kandali .——

30 Muhnrtas = 1 day (24 hours),
30 Kalds = 1 Muhlirta, 2 Lavas =1 Nimesha,
30 Kdsht/ids = 1 Kald, 2 Kshanas = 1 Lava.
18 Nimeshas = 1 Kashthd,

Wi g0 Nw feies e,

werEniAETE ST I AT WS

fiwmee! spk: wm fMagngeet 5 7 )

(Udayana, Kirandvali.)

This makes 1 Kshana of the Nydya-Vaiseshika equal
to # of a second. The Nyiya assumes that the unit
of physical change (or the tume occupied by any single
antecedent step in a causal series before the succeeding
step is nshered in) is equal to & Kshana (or &5 of &
second), The astronomers were familiar with far smaller
measures of time. The astronomical Trufi of time
measures about the thirty-four-thousandth part of a
second. This is of special value in determining the
exact character of Bhiskara’s claim to be regarded as
the precursor of Newton in the discovery of the principle
of the Differential Caleulus, as well as in its application
to astronomical problems and computations, This claim,
as 1 proceed to show, is absolutely established; it is
indeed far stronger than Archimedes’ to the conception
of a rudimentary procesa of Integration. Bhdskars, in
computing the * instantaneons motion ™ (Fmrfeat nfw)
of & planet, compares its successive positions, and regards
its motion as constant duoring the interval (which of
course eannot be greater than a Trufi of time, though
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it may be indefinitely less). This Tétkalika motion is
0o other than the differential of the planet's longitude,
and Bipudeva Sistri claims that both the conception of
the instantaneous motion and the method of determining
it plainly show that Bhiskara was acquainted with the
principle of the Differential Caleulus. On the dats
before him, Mr. Spottiswoode remarks that Bépudeva
éqizt:i “overstates the case” Bhdskara **makes no
allusion to one of the most essential features of the
Differential Caleulus, viz the infinitesimal magnitude
of the intervals of time and space therein employed.
Nor indeed is anything specifically said about the fact
that the method is an approximate one.” * With all
these reservations,” Mr. Spottiswoode continues, “it
must be admitted that the formula he establishes and
the method of establishing it bear a strong analogy
to the corresponding process in modern mathemsatical
nstronomy ” (viz., the determination of the differentinl
of the planet’s longitude—Dby no means the first step in
transcendental analysis or in its application to astro-
nomy). And Mr. Spottiswoode concludes by stating
that mathematicians in Europe will be surprised to
learn of the existence of such a process in the age of
Bhaskara (¢irea 1150 A.5.—born 1114 A.D.). Mr. SBpottis-
woode's second objection, that Bhiskara does not specifi-
cally state that the method of the Calenlus is only
spproximative, cannot be taken seriously. The con-
ception of limit and the computation of ervors came
late in the history of the Caleuli of Fluxions and
Infinitesimals. For the rest, Bhdskara introduces his
computation expressly as a “ correction” of Brahma-
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gupta's rough simplification. The first objection (viz
thut Bhiskara makes no allusion to the infinitesimal
magnitude of the intervals of space and time employed)
would be more to the point if it were well founded.”
But it is not, and Mr. Spottiswoode’s error was due to
the insufficiency of the data supplied to him. As a
matter of fact, even Bhaskara’s unit, the Truti of time
(or Paramdnu), is exceedingly small, as the very name
implies, being about one thirty-four-thonsandth of a
second of time. And in the passage in which Bhidskara
describes the process, he distinguishes between Sthila-
gati and Sikshma-gati (velocity roughly measured, and
measured aceurately, i.e. by reference to indefinitely
small quantities ; for Sukshma, as we have seen, has
always n reference to the Anu, the indefinitely small);
indeed, he expressly mentions that the Sthila-gati
tukes only Sthila-kila (finite time) into consideration,
and that the determination of the Tdtkdliki-gati
(Stikshma-gati) must have reference to the moment
(wiwmmm ), which is an indefinitely small quantity of
fime, being. of course, smaller than his unit, the Trufi.
(Of. 34 T w1 afm w9 §&0 FRSTSST ST ... =y
wATEEAEY] AAatew AT fAfewnel W% gww | wer
FAIGNIEAN | WET § TR TIIEA N7 W AT e
Wl % JNE WSEEAW | TrgAie: wwwn wirwd s 5
wafn wweed w9 Prgparsfafem ;—nothing can be clearer

! It is an error to suppose thab infinitesimals are indispensalile
to the Caleulus, but I am here speaking of the carlier Caleuli,
and oot of the midern developmenta which have made the Caloulus
independent of infinitesimals. My claim on bebalf of Bhiskara is
imited to the historically earlier imperfoet form of the Oalenlos
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than this conception of * momentary " motion.—Bhis-
kara, Siddhénta-Siromani, Ganitddhyiya, Gatisphutipra-
karanu ; of. also wivwsd w1 7 ww wemw, ibid. ; ¢f also
Golddhyiya, Titkdliki-karana-vasani-prakarana, where
Bhaskara points out that the mode of computing adopted
by the Achfryya (Brahmagupta) is a rough simplifica-
tion. The idea of resolved components of motion was
familiar to the astronomers (¢f. =i smrerdio ATy
TEuzieriml niwwgr w& wigwn 1+ ibid.). 1 may add en
passant that Bhdskara's formula for the computation of
a table of sines also implies his use of the principle
of the Differential Calenlus.

Measures of Weight and Capacity.—The Amarakosha
mentions measures of three kinds—weight, length, and
capacity (W geTegfawten).

The Krishnala (Guiiji, Raktiki, the black-and-red
berry of the shrub Abrus Precatorius) was employed
a5 a natural measure of weight. Eighty Krishnala
berries on the average weigh 105 grains Troy, and this
must be taken as the basis of our computation, though
in current practice eighty Krishnalas are taken to be
equivalent to 210 grains, One Krishnala was supposed
to weigh as much as three medium-sized barley seeds
(wwraw), one of the latter as much as six white mustard
seeds (Mrowin), one white mustard as much as three
Réji mustard seeds (ofwwiw), one of these secds ns
much as three Likshas, and one Likshs ss much as
eight Rajas or Trasarenus. -

We now come to conventional measures. One gold
Mishi was the weight of five Krishnalas of gold, one
Suvarna or Told weighed as much as sixteen Mishis,
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and one Pala as much as four Suvarnas or Tolds. A
Pala of gold therefore weighs 320 Krishnalas (Manu,
Chap. VIIL; Vishau, Chsp. IV.; and Yijiavalkya,
Chap, L).

A Mishd of gold therefore would weigh 6% grains ;
a Toli, 105 grains (in current practice it weighs nearly
double, as I have stated); and a Pala, 420 graing
Troy.

The measures for silver were the following :—
| silver Mish4d = 2 Krishnalas, 1 Dharana = 16 silver
Mishis; and 1 Pals = 10 Dharanas. A Pala of silver
would therefore weigh 820 Krishnalas, In other words,
the Pals was a fixed measure of weight, and was equal
to about 420 grains Troy, or double this if we take
the Krishnala of current practice.

A Pala, which equals 320 Krishnalas, was sub-
divided by 4, 16, and 5 successively for gold, and by
10, 16, and 2 successively for silver. A Suvarna (or
Told) of gold ecorresponds roughly to a Dharana of
silver, and a gold Méshd to a silver Mdshd, but the
sizes (or volumes) are not the same, and we must not
therefore conclude that gold was supposed to be heavier
than silver in the proportion of 5 to 2.

We find that 1296 Trasarenus equal one Krishnala.
A Trasarenu, as a measure of weight, therefore, is the
equivalent of 3gyy of a grain Troy, or double this
according to eurrent measures,

But the Trasarenu of physics is a different con-
ception. It stands for the minimum visibile, ie., as
the physicists define it, that which is just discernibls
as a glancing particle in the slanting beams of the

G
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morning (or afternoon) sun coming into a dark room
through o chink or orifice of a window. This is
mensure of size (or rather stimulus lmen).

Measures of Capacity—Here the standard was
furnished by the Kodava (%), a vesssl described
as 3 Angulis long, 4 Angulis broad, and 14 Anguli
deep, with a cubical capacity of 134 cubical Angulis.
4 Kudavas = 1 Prastha, 4 Prasthas = 1 Adhaks,
4 Adhakas=1 Drona, and 4 Dronas=1 Khdirf or Bhira,

24 Afgulis make 1 Hasta, cubit, which may be
taken to be 18 or 19 inches. A Kudava was divided
into 4 Palas, and there can be no doubt that originally
witer of the weight of 4 Palas was found to be actually
contained in & vessel of the cubical capacity of a
Kudava. If we take the anecient cobit to have
been 19 inches, the Kudava would contain nearly
4 Palas of distilled water at 30° Centigrade, On a
cnbit of 18 inches, the Kudava would contamm about
5% Palas.

The Kudava in enrrent medical practice is supposed
to represent a cubical vessel, each side being 4 Angulis.
Thia would give a capacity of 27 cubic inches, if we
take the modern cubit of 18 inches. The Kavirdjas
take n Kudava to contain 8 Palas of water, and as
1 Pala = 320 Krishnalas, and 80 Kprishnalas are now
taken to be equal to 210 grains Troy, a vessel of a
cupacity of 27 enbic inches is aceordingly supposed to
contain about 6,720 grains Troy—which is not very
wide of the mark, being about 1'8 per cent. short for
distilled water at 86° Falrenheit or 30° Centigrade.

Size of the Minimum Visibile; Size of an Atom,—The
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supposed thickness of the just-discernible mote in the
sunbeam (called a Paramdnu in Techunology, Bilpa-
sistrs, and a Trasarenu in Natural Philosophy) follows
directly from Vardhamihira's table:—8 Paramdnus
make 1 Rajas (or Ratharenu,—c¢f. the Manasara), 8 Rajas
mike 1 Viligra (filament of hair), 8 Viligras make
1 Liksha, 8 Likshds make 1 Yiikd, 8 Yikds make 1 Yava,
8 Yavas (the Manasara has 4) make | Adguli (superior),
24 Aiigulis make 1 Hasta (cubit, lesser cubit, 18 inches).
The thickness of the minimum visibile (the finest per-
ceptible mote in the slanting sunbeam) is therefore
taken to be 3.2°%, or yg3ges of an inch. The volume
of a spherical Trasarenn (or Paramfnn of the Silpa-
sistra) would therefore be £ #.3%.2°% of a cubic inch.
It may be here noted that such a Trasarenu is supposed
m the medical schools to contain 80 chemical atoms
(Paramanus of Natural Philosophy) aceording to
one estimate, or G0 according to another. The
size of an atom must then have been eonceived
to be less than =352 of a cubic ineh.!
(TmgEArETie TS wWeEd =i W TR A
st dmgn—Vardhamihira, Veihatsamhitd, Chap. LVIL,
Sloka 2. wemrom Wit STt @t o wfs afram
oy wed afg werarm —ibid., Sloka 1.—Cf. Utpala,
FANCARL R BAT STATAW 0 WAt Wit A weme werd
o | Cf. also wwige fagw fig wEATTE:)
The magnitude of n Paraménu is called Parimandalys
(wfemm=n) in the Nydya-Vaiseshika, the name sugoesi-

! Curiously enough, this is fsirly comparable {in order of
magnitude) with the thres Intest deterninations of the size of the
hydrogen atom !

6 2
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‘ing that the Paramgnus were conceived to be spherical
in shape. The Nydya-Vaiseshika calls a Paramdnu
mere point with infinitesimal dimensions, i.e. less than
any assignable fraction of any finite quantum; but in
the Biikhya-Pitaiijala, n Paraminu, though indefinitely
smnll, had still assignable dimensions, being divisible
into Tanmétras, which were themselves integrations of
Bhitddi. The diameter of a spherieal Paramdnu must
have been coneceived to he less than 3.2 of an inch
(i.e. less than the conventional Paramdnu with which
linear measures begin), and the volume of a Paramino
would, therefore, in accordance with Bhiskara's formula,
be smaller than §m3%.2°% or #.8% 2°™ of a cubic inch,
where == 3§87 The Tanmdtras were conceived as
smaller still.

That these were conventional measures arbitrarily
assumed goes without question, for of course the
Hindus had no physical data for a mathematical
calculation of these minute quantities. A Viligra
(hair-tip, or finest filament of hair), for example; is
taken to be 3.2 of an inch thick, i.e. less than one-
five-thousandth fraction of an inch in thickness; and a
fibril of the networks of Dhamani or Nadi (nerve) that
supply the pores of the skin (papille? gwifs Twwe-
wfwaanfs, Susruta) was supposed to be about a thousandth
part of the finest hair in thickness, or iy of the
minimum visibile, and, therefore, about 3.107*27" of
an inch thick (¢f. germtrem: Ty sEEWTTRT T,
Pafichadasf) ; but it is evident that these measures were
arbitrarily fixed upon, instead of being arrived av by
calenlation or sctual measurement. Indeed, Charaka
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expressly states that the number of Siris and Dhamands
in the body (three million fifty-six thousand nine
hnndred) is only a conjectural estimate (wimdgwm w3
Ry —Sdrirasthing, Chap. VIL).

My account of the chemistry of the Sankhya-
Pitanjala, and of the affiliated Yoga and medical
schools, has anticipated in several points the views of
the Vedinta and the Nydya-Vaiseshika. The chemical
facts, processes, and apparatus are indeed common to
all the schoole In the following account of the
chemistry of the schools other than the Sinkhya-
Pétafijala, I will confine myself to the theory of the
aubject, and even of this 1 will attempt only the
hriefest outline.

Tuae Vepistic View.

The Veddntists believe Miyd to be the “material
cause” (Tugrravcaw) of the world. The power of
Miyd is the power to realise the unreal—to impart
practical Reality or mediate existence to that which
does not and cannot possess ahsolute Reality or self-
existence. Miys is at onece real and unreal, while the
Brahms (Self) is absolute Reality, absolute Intelligence,
and absolute Bliss. The world evolves out of Méyd
(srarafeam), so that Mdyd in the Veddnta replaces the
Prakriti of the Sikhya. But May, and by implica-
tion the world, originate out of Brahma, not by a
process of evolution (wfmm), but of Vivarta (self-
alienation). The self-alicnation of the Absolute, acting
through Miyd, produces in the beginning Akdea—
one, infinite, ubiquitons, mponderable, inert, and all-
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pervasive. The world thus begun goes on evolving,
in incressing complexity. The other Sikshma Bhiitas,
classes of subtile matter, evolve from Akdiss in an
sscending linear order—Akdsa giving off Viyu, Viyu
giving off Tejas, Tejas giving off Ap, and Ap giving off
Barth, Akdsa (one, infinite, all-pervasive) has the
capacity of sound. Viyu (subtile gaseouz matter)
smanates from the universal Akdsa, and is instinet with
the potential of mechanicsl energy (impact, pressura)
(3w, wanfam, Tew, =ew, vy FEACEGRA WETTATY
—Vidvanmanorafijini). Tejas (subtile radiant matter)
emanates from Viyu, and containg in pofentia the
energy of light and heat, Ap (subtile viscous matter)
is the transformation of Tejas, and is instinet with the
energy that stimulates the nerve of taste, and lastly,
Earth (subtile hard matter), which is the transformation
of Ap, possesses the latent energy of smell.

But the subtile rudiments of matter must be com-
pounded in varions ways to give rise to the gross
constituent matter of the world. These forms of gross
matter are called Mahibhitas, There are five kinds of
Mahibhiita (gross matter) corresponding to the five
Sitkshma Bhiitas (subtile matter), and the process by
which a Mahdibhita is produced from the Sikshma
Bluitas is called Pafichikamna (quintuplication). All
the five Sikshma Bhiitas are present as ingredients,
though in different proportions, in each Mahibhita.

The Mahdbluits Barth, gross Earth-matter, is com-
posed of four parts of subtile Larth-matter and one
part esch of the other forms of subtile matter. The
Mahibhita Viyu is composed of four parts of subtile
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gaseous matter and one part each of the other forms of
subtile matter. And similarly with other Mahdbhiitas,

Hence if ak, v, t, ap, e, represent the five forms of
gubtile matter (Akisa, Viyu, Tejas, Ap, and Earth),
snd AK, V, T, AP, E, stand for the corresponding
Mahdblnitas, we may represent the comstitution of the
Mahdbhitas as follows :—

AEK = ak, (v.. t. apy. &), ak, being the radicle.
V = v, (ak, t. ap;. ), v, being the radicle.
T = t, (aky. vy ap;. ;). t, being the radicle.
AP = ap, (aky vi. 4. @), ap, being the radicle.
E =e, (ak. vi. k. apy), & being the radicle.

In forms of gross or compounded matter the poten-
tial emergies (or qualities) become actualised. The
Mahdbhite Akésa manifests sound ; Viyu, sound and
mechanical energy ; Tejas, sound, mechanical energy,
and heat-light ; Ap, the energy of the taste-stimulus in
addition ; and finally, Earth, the energy of the smell-
stimulus added to the foregoing.

The Pafichadasi characterises the different Mahd-
bhiitas by their typical sounds: &g., Akfsa by the echo
(hollow booming sound) ; Vayu (air) by & sibilant sound,
hissing, susurration (imitative symbol, Visi) ; Tejas (fire)
by a puffing (or roaring) sound (imitative symbol, Bhu-
gubhugu); Ap (water) by a liguid sound (imitative
symbol, Culu-culu, gurgle, plash-plash, glut-glut); and
finally, Earth by a splitting or rattling sound, a crack
or a thud (symbol, Kad-kada). (Chap. IL. Bhitaviveks,
Sloka 3, Pafichadast. €7 also Jayanta, Maiijari.)

Others hold that Akdsa (ether) never enters as



R THE POSITIVE SCIENCES OF

component part, and is always one and indivisible, In
this view the four Mahdbhiitas—Viyu, Tejas, Ap, and
Earth—alone are supposed to be compounded, and by a
process which may be called quaternion (cf. the Neo-
Platonist quaternion) :—

V' = v, (L ap. &)
= ty (V1. APy &),
=ap; (vi. t,. e).
=8y ("’1« by apy).

Sl AL
|

These compound forms, as before, are supposed o
exercise their specific energies actively, Others again
hold that the Mahibhitas Tejas, Ap, and Earth alone
are compounded by 8 process named Trivrit-karana
(triplication), Thus T = . (api. &), AP = ap, (t;. &),
E = e, (1, ap)).

The Sikshma Bhitas are forms of homogeneous and
contintous matter, without any atomicity of structure :
the Mahdbhitas are composite; but even these are
regarded as continuous, and without any atomic strue-
ture, The Vedinta speaks of Anu (Parsmdnu) not as
an ultimate indivisible discrete constituent of matter,
bt os the smallest conceivable quantum or measure of
matter. In the Séakhya doctrine the atomic structure
s ordinarily accepted. The Gunas are supposed to be
uftfaw and wm, bounded and indefinitely small in size
(except the Guruas giving rise to Akdsa and Manas,
which are unlimited waftfar) ; and hence the Tanmitras
and Paramdnus must be coneeived to have a diserete
structure.

As I have alresdy noted in my account of the
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genesis of Tanmdtras and Paramdnus, various schools
of Vedintists (eg. the Rimdnujists and the followers
of Nimbirkn) combined, in the orthodox fashion of the
Smyitis and the Purdnas, the Veddntic theosophy with
the Sénkhya cosmology, especially as regards Prokriti
and the order of ereation and dissolution. For example,
the Vedinta-kaustubhaprabhd, fortifying itself with
texts from the Vishnu Punina and the Subala and
Gopdla Upanighads, contends that, at the cosmic disso-
lution (Pralaya), each Mahibhita merges into the one
that preceded it in the order of creation by first
disintegrating into its own proper Tanmiiric form
(7=m=grT), and that the Mahdbhiita Akisa merges into
the original Tanmdtras, which then lapse into Bhitddi,
the super-subtile rudiment - matter, proto- matter
(Chap, IL., Pada IIL, Sutra 14).

Parindma — Feolutionary Process. — When  the
Mahibhiitas are omnce formed, the different kinds of
substance are derived from them by the evolutionary
process called Parindma (wfcam, transformation).
Matter is constantly nndergoing change of state. The
effect is only the cause in a new collocation (wrewery
#wremrd wrdrm ). Change is of two kind —

(1) Change by a spontaneous process, without
external influence, including isomeric change (mmafes
uitam). The Veddntists believe in spontanecus dis-
integration and reintegration. Action from without,
impressed force ab ertra, is not, puce the Naiydyikas,
slways a condition of change of state (whether of rest
or of motion); nor is it necessary that more than one
substance should combine to generate another substance
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or variety of substance (eg. the formation of curds
from milk, of ice from water, ete.), All this is directed
against the Nydya doctrine (Arambhavada).

(2) Change due to combination with other sub-
stances (gmrerdgm), Buch combinstion may produce
() & compound substance possessing like qualities with
the constitnents (werrataets), or (A) unlike com-
pounds with new qualities, * heteropathic effects”
(femraiquis).  Any new quality thus evolved through
(cliemical) combination is called Samhata-bhiita-dharma
(Wwmmww®), e.g. the intoxicating power of the fermented
rice and molasses, which does not exist in the in-
gredients taken separately (movmmat was  wewRWmAIG
wgTas wEwis: gyan).  This Sambhiyakriyd (ssmisar,
#mraE) corvesponds to chemical combination, and the
Vedantists, like the Séiikhyas, explain this only as the
evolution of the latent Energy (wfs, wigmwfs) in a
new collocation (=, wwaw-sfgaw). DBut, unlike the
medival Bdikhya, the Vedinta freely recognises the
combination of heterogencous Bhiitas. Thus Earth,
Ap, Tejas, and Viyu freely combine in different pro-
portions and groupings to produce the variety of
substances in the world. For example, the animal
organism is s compound of all the five Bhiitas (wrs-
wtiww). It is not merely the concomitant or efficient
causes that may be heterogeneons to the material canse,
a8 the Naiyiyikas contend, but several heterogeneouns
substances (or Bluitas) may unite as “ material causes™
to produce a new substance.

The Veddntists resolve all activity—physical, vital,
a8 well as psychical—into modes of motion, subtile
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cosmic motion (ufemm, wEeTwfemm—Sainkars ; ok
AT AT, — A e AR — i WE g v
i s —Suikara) ; but they give u separate
substantive existence to the agents, the vital prineiple
(wrq), and the mind (s7:), though these are also
evolutionary transformations of the Sikshma Bhiitas
(forms of subtile matter) What is common to the
Nydyu, the Veddnts, and the Sinkhya is that Conscious-
ness or Intelligence (¥#=1) transcends Matter ; but the
Nuiyiyikas, as pluralists, hold that vital and psychical
petivities are also immaterial and eannot be resolved
mto motion (wfomrs). The Veddntists resolve these
activities into subtile motion, but ascribe them to a
substantive quasi-material Life Principle and Mind, the
all-mirroring Intelligence (¥w=) alone heing immaterial
and transcendent; and the Sdnkhyas accept the sub-
stantive existence of the Mind Principle (=) as derived
co-ordinately with the Sikshma Bhiitas or Tanmdtras
from individualised Prakriti (Ahankdra), but resolve
Life mto a mere resultant activity of the bodily organs,
viz. the organs of sense and movement and the psychic
principle (7).

weTeTw — fawr faurg Sus wgd wod g
HRAEA IR O oY 7 )

TG FARAGAT TR YA AT TR ATIE TR Iy
faqqetdl wt w37 yAomswigAT Wiy 79 ) wEmT aw st
WTRTH WIS AR TgEAare wiy Sty (et —
wiw f& WO sFwwie ywt sraEEntraiT A RTIEAT-
mﬂmmlmmm
TRl ¥% WWiin fed Fqaealicx wanavRiTeay qwate-
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T A W EiEAT, ERTEAT ¥ WIEIE WA
ufafoin arel | WOwAEE WARTATON | TEEY et
TMITHEATGATY | WA warAl gAt wwTewAe FieA
witsmErR frrswAT W | weR fed Wt T HTASTRIA |
—Vidvanmanorafijini.

T ATAR WATAATATAAT WrewA A Drammisiwie fre i |
AR TR EATTATATGATYw: W wreeee g w
SHARITA | WG WARAT ST ARIHA (AORISTE | SR
TUREHTCATWET | TRw T SOTYT WEETom A gt
deW TRATTR | FETCR 7Y WASTONSATAO I8 WA W Wi
m-maﬁﬁmtmﬂm
SRR | W BT W v et | | W -
R wrT-rw | W whe wAd e Wl W
waufn  xfw i— Safkara, Sdriraka - Bhdshya, Sutra 7,
Pada IT1., Adhydya 2.

Tae Arosmic Tueory oF THE Brpnmsts,

The Buddhists recognise four essentials of matter,
viz. extension (with hardness), cohesion (with fluidity),
heat, and pressure (with motion), and four sensibles,
viz. colour, taste, smell, and touch (vide Dhamma-
sangani, Attha-silini, ete.).

The later Vaibhdshikas hold that the Viyu-atoms
are touch-sensibles, having impact or pressure for
their characteristic property, and by aggregation
form the element Viyu; the Tejas-atoms are colour-
and-touch-sensibles, having heat for their character-
istic; and by aggregation form the Tejas Bhita; the
Ap-atoms are taste-colour-and-touclh-sensibles with a
characteristic viscosity, and form the Ap-element by
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aggregation ; and finally, the Earth-atoms are smell-
taste-colour-and-touch-sensibles possessing a character-
istic dryness or roughness (@), and by their aggre-
gation form the Karth-element. The Bhitas thus
ongmated combine to form aggregates, whieli are
olassed as mmorganic substances, organisms, and organs.
(FmsegaraTs, — ST I SR gy ghes AR
Ifn s —also wTEEwTrENTTIfa W),

Tae Avosmic THRORY oF THE Jarsas

Of the nine categories of the Jainas, that of Ajiva
(the not-soul or non-Ego) consists of five entities, four
of which are immaterial (wg#), viz. merit, demerit,
space and time, and the fifth, materinl (g%, possessing
figure). The last is called Pudgala (Matter), and this
alone is the vehicle of Energy, which is essentially kinetic,
ie. of the nature of motion. Everything in the world
of not-soul (the non-Ego) is either an entity (3=1) or a
change of state in an entity (véw). Pudgala (Matter)
and its changes of state (wadtrw), whether of the nature
of subtile motion (9femrz) or of evolution (wfrem), must
furnish the physical as opposed to the metaphysical
basis of all our explanations of Nature, Pudgala
{Matter) exists in two forms—Anu (atom) and Skandha
(aggregate). The Jainas begin with an absolutely
homogeneous mass of Pudgalas, which by differentistion
(%) breaks up into several kinds of atoms qualita-
tively determined, and by differentiation, integration,
and differentiation in the integrated (dwrama, S=m,
dwrmigr —Umdsviti, Chap. V., Sutra 26), forms aggre
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gates (Skandhas).  An Anu has no parts, no beginuning,
middle, or end. An Anu is not only infinitesimal, but
also eternal and ultimate. A Skandha may vary from
& binary aggregate (@) to an infinitom (wemmgs).
A binary Skandha is an aggregate of two Anus (atoms),
o tertiary Skandha is formed by the addition of an
atom (Anu) to the binary (zrgs), and so on ad mfinitum,
The ascending grades are (1) what can be numbered
(sew), (2) indefinitely large (weamin), (3) infinity of the
first order (wa=), (4) infinity of the secomd order
(wsrerw), and so on,

General Properties of Matter.—The specific charac-
ters of the Pudgalas (Matter) are of two kinds,
(1) those which are found in atoms as well as in
aggregates, and (2) those which are found only in
aggregates. Qualities of touch, taste, emell, and colour
come under the first head. The original Pudgalas
being homogeneous and indeterminate, all sensible
qualities, including the infra-sensible qualities of atoms,
are the result of evolution (wimm), Every atom thos
evolved possesses an infra-sensible (or potential) taste,
gmell, and colonr (one kind of each), and two infra-
sensible tactile qualities, eg. a certain degree of
roughness or smoothness (or dryness and moistness?)
and of heat or cold. Earth-atoms, Ap-atoms, ete., are
but differentiations of the originally homogeneons
Pudgalas. The tactile qualities (mw, fere, wa, win)
#ppear first, but qualities of taste, smell, and colour are
involved in the possession of tactile qualities. An
aggregate (Skandha), whether binary, tertiary, or of a
higher order, possesses (in addition to touch, taste,
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smell, and ecolour) the following physical churacters -
(1) #ound, (2) atomic linking, or mutual attraction and
repulsion of atoms, (3) dimension, small or great,
(4) figure, (5) divisibility, (6) opacity and casting of
shadows, and (7) radiant heat-and-light,

Sensible  Qualitics.—Tactile qualities are of the
following kinds: hardness or softness, heaviness or
lightness (degrees of pressure), heat or cold, and
roughness or smoothness (or dryness and viscosity ?).
Of these the atoms (Anus) possess only temperature
and degrees of roughness or smoothness, but all the
four kinds of tactile qualities in different degrees and
combinations chameterise aggregates of matter from
the binary molecule upwards. The Jainas appear to
bave thought that gravity was developed in molecules
a8 the result of atomie linking. Bimple tastes are of
five kinds—hitter, pungent, astringent, acid, and sweet.
Salt is supposed by some to be resolvable into sweet,
while others consider it as a compound taste. Smalls
are either pleasant or unplessant. Mallishena notes
some elementary varieties of unpleasant smell, eg. the
smell of asafcetida, ordure, ete.  The simple colours are
five—black, blue, red, yellow, and white. Sounds may
be eclassed s loud or faint, bass (thick) or treble
(hollow), elang, or articulate speech.

The most remarkable contribution of the Juinas to
the atomic theory relates to their analysis of atomie
linking, or the mutual attraction (or repulsion) of atoms
in the formation of molecules. The question is raised
in Umdsviti’s Jaina Sitras (circa A, 40 )—what
constitutes atomic linking? Is mere contact (or
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Juxtaposition) of atoms safficient to canse linking? No
distinetion is here made between the forces that bind
together atoms of the same Bhita and the chemical
affimity of one Bhiita to another. The Jainas hold that
the different classes of elementary substances (Bhiitas)
are all evolved from the same primordial atoms. The
intra-atomic forces which lead to the formation of
chemical compounds do not therefore differ in kind
from those that explain the original linking of atoms to
form molecules,

Mere juxtaposition (d#9m) is insufficient ; linking of
atoms or molecules must follow before a compound can
be produced. The linking takes place under different
conditions. Ordinarily speaking, one particle of matter
(wwm) must be negative and the other positive
(Frewmqurgs) ; the two particles must have two peculiar
opposite qualities, roughness and smoothness (sam and
ferum, or dryness and viscosity ?), to make the linking
possible. But no linking takes place where the
qualities, though opposed, are very defective or feeble
(we=mmm). We have seen that, ordinarily speaking, two
homogeneous particles, ie. both positive or both
negative, do not unite, This is the case where the
opposed qualities are equal in intensity. But if tle
strength or intensity of the one is twice as great as
that of the other, or exceeds that proportion, then éven
dimilar particles may be attracted towards each other.
In every case change of state in both the particles is
supposed to be the result of this linking, and the
pbysical characters of the aggregate depend on the
nature of this linking. When particles of equal
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intensity (negative and positive) modify each other
there is mutual action; in cases of unequal intensity
the higher intensity transforms the lower, it being
apparently thought that an influence proeeeds from the
higher to the lower. All changes in the qualities of
atoms depend on this linking. A eude theory, this,
of chemical combination, very crude but immensely
suggestive, and possibly based on the observed electrifi-
cation of smooth and rough surfaces as the result of
rubbing. The interpretation of =w and ferw as dry
and visecous must be rejected in this connection as
untenable. The Tattvirthadhigama of Umdsvati, which
expounds the theory, most probably dates back to the
first half of the first centory a.p.

Cf. Umdsviti-Tattvirthidhigama, Chap. V. :(—

WHITHTN] WRIGATETNURST: | gEiy Wirm | framee-
WiE wEwT | Sfew wa | wrsTwEweiy | frferi v
sEew Ayt | (i afisie) + wife wEam wfw ws
FOATI | ATy el | AT | s g |
T WABEIAE WA Ry W T fen vy 3 o
USRI W WWTSEMYT I | T fyfae qofemrieg o
T wwive: Fuit F1F Sifew v gw 1w

TEE WA SRS TN AT | 7Y g
wgfoe: T o o iyt wel et waw were
w | WrowRY W gt s NTHT: | EmTETRAT fr
tri'ﬁg"‘l TN !ﬂmgmﬂl TWETETI, duTE -
‘!rqml ﬁ‘l‘m‘rm s | 39T SO mml
fevewmmarg dwmm faww: 1w immﬂﬁmm
wAMTAATA] W WERT FTAA R R WETE: | Wm
7 durmfafn | wwre | 4 dmIEY dwE w0 weerie
wigziowm g | w¥rsIR | WiR S e g e farye
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HWEE | F e | feeewa:  greal:  wwdi
sERiN | FeRppteTRt SreoswTt § ToRRw A a-
Aifw 1 % wEw AR fewmt w90 Wt w5 fanim
WE W SFATA | wmg‘mﬁ'mwwﬁlwgﬁl == |
ﬂlmmiﬂmwﬁWMHHﬁIMl
memmmwﬂ'm
mmmmlmwmﬁmmﬁmﬁn
mmmmmmtﬂwﬂﬂ
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fuefmieys fots | sy frpmeivesas =99 )
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ummﬁmqmmlml
WA | GICHETR | WATe EWIY nuwTAatues Wi wd
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FRIEE FAYU: UG WA | WO E T |

Toe Nyiva-Vaisesuriga Cuemicar Tarony: A Brigs
SUMMARY,

I must content myself here with a brief and rapid
aketch of the chemistry of the Nydya-Vaiseshika, which
I ehall elaborate in connection with the mechanics and
physics of the ancient Hindus in a separate paper.

The relation of the specific characters of molecules
(and higher aggregates) to the original atomic qualities
is redaced in the Nyidya-Vaiseshika to the following
canons: (a) =THi ‘ITTWI (&) wremra T T
w7 e (here g is used in a narrow tech-
nical sense, 5o a8 fo exclude the quasi-compound
substances); (c) 1 TR

oy |-y

TR T AT S S YU R T
FEIT: SnegmgEen | (d) s e s -
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gvwwen warwRTowaT: | No separate explanation is
necessary, as the canons are embodied in the following
exposition.

Theory of Atomic Combination.—Atoms are eternal.
ultimate, indivisible, and infinitesimal.

The four kinds of Atoms are Earth, Ap, Tejas, and
Viyu atoms, possessed of characteristic mass, numerical
unit, weight, fluidity (or its opposite), viscosity (or its
opposite), velocity (or quantity of impressed motion—
Vega) ; also characteristic potential eolour, taste, smell,
or touch, not produced by the chemical operation
of heat ( ).
Alkiisa has no stomic strueture (fezaw). and is absolutel
mert (fafema), being posited only as the substratum of
sound, which i3 supposed to truvel wave-like in the
manifesting medium or vehicle of Viyu (air). Only
the other four Bhitas unite (or disunite) in atomie
or molecular forms. The orthodox view is that the
presence of Earth-atoms is necessary whenever chemical
transformation under the operation of heat (wrasirats)
takes place.

Atoms cannot exist in an uncombined state in
ereation ( éivéditym Sapta-padirthi, vide commentary),
where, however, it is noted that still atmospheric air is
believed to be monatomic in structuve, ie. to consist of
masses of atoms in a loose uncombined state {f’qﬁ-lm
TOATWEE ¥ SATCINE:).

The atoms may combine in one or other of the
following ways :—

I. One Earth-atom, by an original tendency, unites
with another to form a binary molecule (zq=). In

H 2
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the same way binary molecules of the other Bhitas
are formed. The atoms are possessed of an inherent
Parispanda (rotary or vibratory motion), and when
they unite in pairs, so long as there is no chemical
operation under the action of heat-corpuscles, the original
qualities of the atoms produce homogeneous qualities in
the binary molecules.

The question 4s to the existence of a triad, & tetrad,
a pentad, ete., of atoms is one of the moot points of
the Nydys-Vaiseshika. The orthodox view is that the
primordial infinitesimal particles (atoms) start with sn
incessant vibratory motion (wesravfemmmTATRICHATAT-
frqomas, Raghundtha Siromani AR TEET, TS
wwantte, Udayans, Kusumaijali) and an inherent impulse
that drives them to unite in pairs—a sort of ** mono-
valency,” as it were, exhausted with the formation of
& binary molecule. The binary molecules now combine
by threes, fours, fives, ete., to form larger aggregates
as well as the variety of elementary substances, the
particnlar collocation in any case being not only deter-
mined by physical causes, but also serving to satisfy
the ends of the moral law in creation (wgw, =)
(Stefroroan Tafe fredn, 7 goat | wEgATAa: | WA
fafarrea xfi ST, FETTgITOaA waTiA wfate
Twd W= | wgETW, W A et =R Tw I Ry
WYTATAG! WA | WEEETCAT  WEATATt gfe: \—Sridhara,
Nyidya-Kandali, gfeatiwawos « CF. Vichaspati's repott,
Bhimati, Chap. 11, Pada IL, Sutra 2.  wqn wgrasarom
w3t mmTAmToswAW))  Prasastapida appears to have
originated this view (vormymsy ygeedem—io TgaT-
fegwa—Prasastapida, sfemofaeeas) ; but that another
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view was also maintained in the Vaiseshika school is
evident from the brief summary of Kandda's system
given in Utpala’s commentary on the Vrihatsamhitd,
and this indeed also follows from Sridhara’s ddmissions
in the Kandsli. On this view, also, atoms have an
inherent tendency to unite ; but some unite in pairs,
others in triads, others in tetrads, ete. This may
happen in two ways—either by the atoms falling into
groups of threes, fours, ete., direct, or by the successive
addition of one atom to each preceding aggregate.

A trind (Tryanuksa), then, holds together three
atoms (Anus), not three binary molecules (Dvyanukas),
as on the orthodox hypothesis. Similarly with tetmads,

pentads, ete. {Tgi'i'wr' o fyfrmetiaaram gl
worgRt gy it iR 1 W
wasTagmamaw: (—Utpala, Chap. L. , Sloka 7; of. also
Q; fidhara’s n:itmsamn. waTr gfe mm& TUEATCA FRTEAT
m AN EATR, G ANTG FW v e ).
Saiitkara séems to speak of two binary molecules in the
Vaiseshika as forming a tetrad (wafy & I‘III
—Sériraka-Bhishys, Chap. IT., Pada XX., Sutra 2, where
the Bhimati gives a forced interpratation).

In Prasastapida's view, these binary molecules are
grouped by threes, fours, fives, cte. (s, wycgs)
to form different isomeric modifications, The variety
of Earth substances is due to differences in the
arrangements of the molecules (ey. their greater or
less density, and, above all, their grouping or ecol-
location, =, wwwwafwaw), which account for the
specific characters (wwvwnfa) manifested by these
isomeric substances. #1 (gfesl) w SEErwvEEwiRTHTTIEE
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1 — Prasastapida, ghewitaegam | i
Fafagrm | wfew=m RiRTGEATIE e | mmn}m
WIS SEETITR WO A Fut e wur wNy AERAY WATATAG
s +—sridhare, Kandalf, ?:Eud'

-

-rﬁlm ) 7 fe TvrgmTAR weETR | W@l nrETameST
FmrrgsratrarTsa sgoan \— Udayana, Kirandvali, ibid.

These original differences in molecular grouping,
leading to distinctions of genera and species, however
mechanically or physically explained, come also under the
operation of moral and metaphysical causes (wge, w),
iv. of ideal ends in the moral government of the
Universe, which are superimposed npon the physical
order, but which do not come within the scope of
Natural Philosophy. An elementary substance thus
produced by primary atomic eombination may, however,
suffer qualitative change under the influence of heat
(wrwwmmuw). The process is as follows :—(1) The impact
of heat-corpuscles decomposes the binary (tertiary, or
quaternary) molecules into homogeneous atoms pos-
sessing only the genmeric characters of the Bhita
concerned ; (2) the impacts of heat-particles continue,
and transform the churacters of the atoms, deternining
them all in the same way; (3) the heat-particles
continue to impinge, and reunite the atoms so trans-
formed to form binary (or other) molecules, in different
orders or arrangements, which account for the specifio
characters or qualities finally produced. The Vaiseshika
holds that there is decomposition into homogeneous
atoms, transformation of stomic qualities, and finally
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re-combination, all under the influence of heat (fagur=).
The Nyiys, on the other hand, thinks that the molecules
and larger aggregates assume the new characters under
the influence of heat without decomposition into homo-
geneous atoms or change of atomic characters (ferzams).

WWMIMWW‘&I
TEE I IS WS TGN SRR F T 9iR-
wmmmiﬁmm&wm
gt e fowm garowsETmiATR: | FTEATIR, T
foam: | BT TORIEETANHEA: TR TR AR —
SEVHERTT: WO Y SRR ATERAT U RTARTO |
T4 FUATAZTIATAY WETERSY ¥H ¥Y Wiw | $I wie yIahm
FAAT TEETAY WASTATEY TARSVTEATNR QTR WSy KT
wimEmaRE ATyt e gfwe (Jayanta, Nydyamafijari,
wrma-ggas.) This is the Vaiseshika view, but Jayanta

himeelf inelines to the opposite view : w,'thﬁta%q

o -

WEEEE WE WIOW SWEWSU IS AR we
fraow=e 1 foreareaw ' ogwen | ihud,  The Nydya
yiew : ¥ TN GERAT SO RIS TSt
= gRaTyTgTRTET FEE WGy A STl Tegel TRy
W T GATTITHTEANRUGHITATONA | GRS A
ATAAY  WiATETE | SETSTSTEN AT A
WA miETtAeEal e waie ST weie ) w9ty
7 = wEriem wwewn —Udyotakara, Chap. IIL,
Ahnika 1, Sutra 4.

IL  Chemical Combination (wwrafwar, sewfam)—
Chemical combination takes place either between two or
more substances which are someric modifications of the
same Bhita, or between substances which are modes of
different Bhiatas.
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A. Mons-Bhautic Compounds—The simplest com-
pounds are mono-Bhautic compounds, i.e. com-
pounds of different substances which are isomeric
modes of the same Bhita.

(a) Mono-Bhautic compounds of the first order.
Under the impact or impulse (wfirqm or
wrgw) of heat-corpuscles, the substances
in chemical contact (wrmem wwwm) break
up into their atoms, These atoms are
homogeneous, possessing only the original
physical and chemical characters of the
Bhita concerned. As the specific dif-
ferences between isomeric substances arise
from the arrangement or collocation of
the atoms, the substances lose their
distinetive marks on decomposition into
the latter. (3 N QAT woTATiAWE! fawa
T W Rty wierie: —
Udyotakara, Chap. 111, Ahnika 1, Sutea 4.
7 % yEyAOTgAt wfgEiEe arilEts-
s —Sridhara, Nydya-Kandali, gt
=vor 1) Under the continued impact (or,
it may be, impulse) of heat-particles [Fmamr
AET™A  TEAT Wi w—Jayanta),
these atoms take on new characters. It
is heat, nund heat alone, that can cause
this transformation of the colours, tustes,
smells, ete, in these original Bhita-
atoms. What particular eolours, tastes,
smells, or physical characters will be
produced in the atoms depends (1) on the
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colours, ete., of the constituent substances
in contact ; (2) the intensity or degree of
the heat (=, 73, or sww wrs) ; and (8) the
species of Tejas-corpuscles that impinge
on the atoms, or the nature of the impact
(Frewarosiam). (7 snsfrasimm, esmm

s 2 wia g g - T
T wﬂaﬁiﬁﬂ'« T U gEEYEEE T e
frywETeET: s WA,
fafwerrom |+ Vide also Udyotakars, IT1,
2, Sutrs 14. (Y, also Véchaspati, L, 1,
Sutra 4. wwrewE wie ToEE Ty

Now when the atoms have all been
determined in the same way, they begin
to re-combine again under the impact (or
impulse) of the leat-particles in binary
molecnles (or tertiary, ete.), and these in
higher aggregates. It seems to he
generally held that at the final step one
or more atoms of one constituent sub-
stance unite with one or more atoms
of the other constituent substance or
substances to form a molecule of the
compound ; but the question is not
of much significance for mono-Bhautic
compounds of the first order, as in these
cases the atoms have before this all lost
their distinctive characters and become
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homogeneously fransformed. The eom-
pound so produced will possess the new
characters of the transformed atoms, so
fay as taste, colour, smell, ete, are con-
cerned, but as the molecular arrangement
or structure (=g, wyaTafaww) may vary,
different compound substances may result
from the same components.

(b) Mono-Bhautic compounds of higher orders.

Agnin, mono-Bhauntic compounds of the
first order may chemically combine to
form higher compounds, and as the
ultimate Bhiuta substratum is the same,
the process of decomposition and re-com-
position will be essentially the same s
before.  The only doubtful point is
whether in this case the component com-
pound substances are hroken up only into
their constituent molecules, or into the
original homogeneous Bhiifa-atoms. Bome
of the later Vaiseshika scholiasts hold
that the latter happens in every case of
chemical composition, however complex,
but the earlier Vaiseshika conceived that
in the case of compounds of compounds the
decomposition does not proeceed so far as
the originsl Bhite-atoms, but that it is
the specifically determined atoms consti-
tuting the molecules of the component
compounds that are transformed under the
impact of the heat-corpuscles; and then
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one such transformed atom (one or more
aecording to another version) from the
molecule of one component unites with
one similarly transformed atom (one or
more according to the other version)
from the molecule of the other component.
Prasastapada, the great Vaiseshika doetor,
holds this view. When, for example,
in the fertilised ovum, the germ and the
sperm substances; which, in- the Vaise-
ghika view, are both isomeric modes of
Earth (with accompaniments of other
Bhites), unite, both are broken up into
homogeneous Earth-astoms, and it is these
that chemically combine under the animal
heat (and biomotor Enery, =mg) to
form the germ-plazm (¥==). DBut, uext,
when the germ-plasm develops, deriving
its nufrition from the chyls (blood) of
the mother, the animal heat bresks up
the molecules of the germ-plasm into its
constituent ntoms (SEarTemeomTD), .6
into atoms specifically determined, which
by their grouping formed the germ-plusm,
and then these germ-plasm atoms as
radicles chemically combine with the
atoms of the food-constituents, and thus

produce cells and tissues.  (wqewgr=m
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TUATATAT: mﬁr Wy wWAg g
ATCAR TAAT A l—éndhnm Kandalf,
gieditwesow 1) In this hypothesis (w=wmr)
1t is assumed that the atoms are similarly
transformed, ie become endowed with
the colour, taste, smell, ete., of the
produet (the cell or tissue) the moment
before the chemical combination takes
place. Similarly, when milk is trans-
formed into curd, one view is that the
transformation takes place (under internal
heat) in the constituent atoms of the
milk-molecules, atoms specifically deter-
mined as milk, and not in the original
atoms of the Bhita (or Bhiitas) entering
into the composition of milk. (Cf. =4

FATTNTCRIR: QOAIET TWTOA | wwATEEy

Nydyabodhini, on Annam Bhatfa’s Tarka-
mmgmha. C/. Dinakari—zan

wamsfy we (zm) 1) In these cases the
atomic contact is called constituent con-
tact (wrenrsddi), and all the atoms are
equally regarded asmaterial causes (yqar-
W@ OF sweriwwrw) of the compound.
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B. Hetero- Bhautic ** Quasi-compounds."—TheNyiya-
Vaiseshiks maintains that in the case of Ii-
Bhautic (or!poly-Bhautic) compounds, which are
only quasi-compounds, there is another kind of
contact between the heterogeneouns atoms of the
different Bhutas, which may be called dynamic
contact, nnd is distinguished in its operutions
a8 Upashfambha, Vishfambha, or Avashfambha
(aqeny, fyems, or waem). In some cases it go
happens that the atoms of different isomeric modes
of the same Bhuta do not chemically combine
under the mere application of heat; they require
to be surrounded (and “excited,” “‘energized ")
by atoms of different Bhiitas. For example, in
the case of the oils and fats, as well as of plant
gaps and froit juices, the Earth-atoms must he
dissolved in water (Ap), and it is only when the
water-atoms (Ap-atoms) congregate round the
former that dynamic intra-atomic forces are set
up, and the Earth-atoms (with the water-atoms
in dynamic contact) now take on peculiar infra-
sengible characters (colours, tastes, smells) under
the impact of the heat-corpuscles, and then,
under further impact, fall into groupings or
collocations (of a very peculiar nature, to he
presently explained) which determine the nature
of the composite substance thus produced. Here
it is the water-atoms that are dynamic (savnrs),
and excite the Earth-atoms, and these substances,
oils and fats (Few® snd wwwd), as well as acids
(wareh) are, because of the Earth-radicles, regarded
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a8 Earth compounds (or Earth substances).
(wrws-werfrerrrE TR ST L
frgmmToR® | 79 W TOEREE TATARATRTIRT urei-
I | AN dgweTae Weweead | fewiiy
wiiveRfeis | Fem itmwwam gwaw—da-
yana.) In the above instances, Ap (water) acts
as dynamic (Upashtambhaks, waents), but Tejas
and Viyn ean also actin the same way on Earth-
particles. Conversely, Earth-particles may set
dynamically on the atoms of the other Blhitas,
For example, in the case of mercury and the
metals which are conceived in the Nydya-
Vaiseshika to be igneous bodies (in fact, they
are supposed to be formed under the subterranean
hieat, wrewca), the Tejas-corpuscles are believed
to form the radicles, and the Earth-particles are
dynamic (swesm). (qgeify frowt wromrfe =
gI=d wWErfA | AHT gETWIW WiATEATR  Tensiy
WITNTITT FEWEN TR, UE SrreTier TSWIONT
ZA AfsEmTNTTR AT | ' ST
wregre 1—Udaysns, Kirandvali, #fmeeny ) Of)
also rfa Fmmiratn qH wATHR G Tqwes
T 1)

It may be here noted that Gangesa, the author
of the Tattvachintdmani, conjectures that even
gold can be evaporated or made to dizappear hy
the apphmtmn of intense heat: ww w
W WA meeTTEReT GREATHIR  FEEAA WA |
But Mathuréndtha notes hare : umwm-
(wfamiwrrem).

But while every Bhita can act dynamically
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A% wyueww, “energizer,” ‘‘execiter,” it is the
Earth Bhita alone which is capable of exercising
(1) the power of arrest or inhibition of moleenlar
motion, or the motion of particles due to gravity
as in fluids (Vishfambha, fyems): or (2) the
power of counteracting the tendency in a given
sot of atoms to fall intoa peculiar order or group
(sefedifiemm ). (7 = arflwem wsit gyt i
viwd w fegwig +— Udayana, Kivandvali, gigei-
Taewws)  Tresmsd ST TRRTRTESTRIOTT AN -
WA | mEiEIHYAE W i
— Vardhamina, Kirandvaliprakisa, ibid.)

Chls, Fats, Millks—Bi-Bhautic quasi-compounds,
with Ap as energizer: Oleaginous substances (wramkem:
wer:) are divided by Udayaua into (1) oils derived from
vegetables, (2) butters derived from milk, and (3) fats
derived from animals. The medical schools, as we have
seen, recognise animal oils as distinguished from
vegetable oils. Vegetable fats (eg. fazgum) are also
mentioned.  Vichaspati and Udsyana contend that
among oils, fats, milks, ete., differences in flavonr and
odour imply differences in kind (sfs) and in molecular
structure, since it 15 only a variation in such structure
that constitutes & variation in netural kind (wews-
Wiy -—wwm AT T T - — Uda yana, Kira-
nivali). Mustard-oil, for example, has not the flavour
and smell characteristic of sessmum-oil (Taila), and is
olassed with the latter only by reason of similarity
of specific qualities and structure. Judged by the flavour
test, Amikahi (the casein substance formed by mixing
milk enrd with hot boiled milk) is to be classed with
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milk substances. So also Takra, whey; but Vijina,
the thin fluid that is left after the Amikahd (casein
substance) is separated, cannot be classed as milk. It
may be added that the milks and curds, as well as oils
and fats derived from different species of vegetables or
animals, are supposed to differ in their ultimate
structural arrangement, and therefore in kind; but
Vallabha thinks that the ghees (clarified butters)
prepared from different kinds of milk are of the same
kind; in other words, the milks and curds are
“* polymeric,” the ghees (clarified butters) “isomeric,”
uzing these terms, as before, in a loose general
sense. (... . A@gmaaTAt WrAMTCTERTAET | WReY ATCE-
swemry fod TwiwRmme g wwmeswg —Udayans,
Kiranivali, grevttasegs 1 Vallabhs notes that ghees
do mot differ in kind as milks (and curds) do: wm

=y afie YWy sfwmerraTy ww 1— Valla-
bha, Lilivati Compsre Vichaspati, IL, 2, 65:
wIRAEAt WIWE AR qT W W WwA | wAed F
T FemnTe | TEESSIEROTaT | ST AEe-
qom: | WICATACTY TRMR[Y | WAewiAmTn: Wie | 7 3
MR AT TEHEE I WA, Wl A ()

III. Mirtures like Solutions, ete.—A solution {(of an
Earth substance in Ap or water) is a physieal mixtare
of a peculiar kind, from which evaporation (or pre-
cipitation) ordinarily sets the water free. Udyotakara
notices gruels, baths, and lyes (alkaline solutions)
ns mixtures of this cliss (wem wewTTsTsTETIG
wmw :—Udyotakara). A soup is also a physical
mixtare, When meat is boiled in water there is the



THE ANCIENT HINDUS 118

application of heat with chemical changes in the meat,
but the combination of meat particles and water
particles in the soup is only physical combination and
not a chemical one. It is, of course, not a true
compound, neither is it a quasi-compound like milk (in
which the water particles are “energizers” of the
Earth particles). Milk, for example, retains its milky
substance when it coagulates or becomes solid (this, of
course, 18 also the case with mono-Bhautic substances
whether elementary or compound, v.g. water, which
becomes ice), but the substance we call a soup or
solution ceases to be a soup or sclution the moment it
solidifies.  (wdt fe am FauwwrwwT gwml wfrETe
WA FEACHYEA! UEAIAET T @6 @ o w 3w we
uwwTeRiTaTroEs:  wasn —Udyotakam,  Vértika,
Chap. L, Ahnika 1, Sutrs 14 Vide also Vichaspati's
comment : TRWUEWIA! W& WUR T feewhaiwmremarat
g A dgwAt TEwmt W W Wt s ok
FShEE WA 0w W Wi dneteien e
e s ipese o AW Y WIREETn g wioamts-
firife g 1 AfocE sty Wiy T | e
3 W 7 gEyiERwEt I w e T srerhi s
TN L ® W wpwiew #Siirefiios —Vichaspati,
Titparyyatikd, ibid. For earthy salts in ses-water,
vide Kirandvali: mn grogfufrgsms sofecfs o qros
IPEE W OISEEUER OISO | wewmwr ey
wautmrws @ ave ¥ —Udayana, Kirandivali, sefs-
wm 1)

Chemical Aetion and Heat.—The operation of heat
16 of course universally implied in chemical combina-
tions. Where the application of external heat is

1
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wanting, Vatsydyana, the great doctor of the Nydya,
points to the operation of internal heat (e.g. yiednmy:
WA eI WA AR W TEge fadkain —
Vitsydyana-Bhishys, Chap. IV, Ahnika 1, Sutra 47).
In the case of combustion we have seen Vijndna-
bhikshu explain the heat as latent in the Earth
sibstance, the fuel, from which it breaks forth.
Udayana points out that the solar heat is the source
of all the stores of heat required for chemical change
in the world, The change of colours in prasses; for
example, is due to Tejas in the form of latent (invisible)
heat, not in the form of Agni; and the cold in winter
cannot take away this store derived from the som.
(pnfefverat fe af syt ARSIy AR
= | L AR s winAd fewfwin | 7 ﬁrﬁqﬁml
7 fe #rom Aww: TSTRYTSEATEATIOT: WAE | WY e
wefeEa faatem: Wity = feveny qoifey @ fdnd snit w1
Wy EUrfrGTIyeATIET Wi WM AEWWS | W ZierE-
wimwam ¥ +—Udayana, Kirandvali, sfrteriufregey i)
Similarly it is under this solar heat that the unripe
mango ripens, Le changes colour, taste, smell, efe.,
showing that there is chemical transformation or subtile
decomposition and recomposition going on ; and this is
alzo the case with the rusting of the metals, which is a
combustion due to the solar heat (yiers) even as the
conversion of food into ehyle and of chyle into bhlood
are instances of chemical action due to the internal
animal heat (sgos or wr=d #=:). But the kind of
contact with heat-corpuseles, in other words, the kind
of chemical action (wrw) which transforms colours, is
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supposed to differ from that which transforms flavour
(frswaramstim and qrs), and this last from that which
produces n change of smell, or tactile quality. (=
A POATATIARCHIT: | ® W ATATATATN: ¢ wuWASD fawmrEa-
durmEEA TawE! frwAn: | et EEEr i wun | wdgwn
faRivaaTATOT: WA STEdgwEE  weAEn | wnfe  juys-
f’afummz"r mmﬁwrﬁm '{h&wtm bahibsi

FEwt AT TATET | AT T T -
TR | W SEpETewa weenesEin —Nydyabodhini on
Annam Bhatta's Tarkasahgraha.) Heat- and light-rays
are supposed to consist of indefinitely small particles
which dart forth or radiate in all directions rectilineally
with a sort of conical dispersion and with inconceivable
velocity. They may either (1) penetrate through
inter-atomic (or inter-molecular) spaces as in eases of
conduction of heat, which when applied under the pot
boils the water or fries the paddy, where there is no
chemical action in the pot, no decomposition and
recomposition of its atoms, no change in the molecular
eollocation ; or, us with light-rays in cases of trans-
lucency or transparency (@), penetrate through the
inter-atomic spaces with Parispanda of the nature of

L2

-~
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deflection or refraction (fwdpma, Udyotakara), in the
game way as when fuids penetrate through porous
bodies (71 wfom=: firdpmd afeen: o gfe—Udyotakars,
commenting on Vitsydyana's wfrereatodr, Sutm 47,
Ahnika 1, Chap. IIL); or (2) impinge on the atoms, and
rebound back—which explains reflection (g, ferafregs
—Vardhamihirs, thmeoia—Vitsydyana), or otherwise
be obstructed by the atoms in their path, which would
explain degrees of opacity, the casting of shadows, ete.,
all these opérations being also physical, and unattended
by decomposition and recomposition or alteration of
molecular grouping ; or (2) lastly, strike the atoms in
a peculiar way, 8o as to break up their grouping, traus-
form the physico-chemical characters of the atoms, and
again recombine them, all by means of continnal impact
with inconeeivable velocity, an operation which explains
all cases of chemical combinstion. (wfe=ir fg awsr
FTEUITATER  SMIRT WA NN AT NIty ¥R Wi
wuEATfEts WAARy wreraTaie Sttewram —Udayana,
Kirsndvali, wafasgawn, taken from Vichaspati, Tit-
paryyatikd, wewEwTge Cf. also wrepd LR
srfras Awen 7 wiweas i— Vichaspatl, wfiEw fofmmie 7
WA WEREt WIAiR | WA, W TAn YYIHAT | s
wRTEy 7 WAyt wREwTes 8 3 Prvig e |
—ibid. Cf. seframeaCAME WY WREEATTRaT BHewT
TRt mrtamrnzargwa— Udsyans, safrsaan,
in reply to the objection: =fy fg wrw metem wiwerfen
wirsgam fresmaam TwiywIs AEET FeTERTRETC WA T
M+—U{Iayana ibid, Definition of w=m—ywr0-
TYRTEEANY: WA | JEETHA T ST AT CAT-

A CHLICRIP mr=ney W wrwwey aswsswrama —Udyo-
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takora, Chap. ML, Abnika 1, Sutra 88. wnfewce:
=frwraicasta rastramm \—Sutra 47, where Udyotakara
notes : WS — TR TUEEN 4 AW W W
AR Gistemeen weteam g | Vichaspati explains
T U WAAAGISE: WO 7 GEA RN w i
TRIMTAASHAIIAEA e 76 (AT T TOE HAAREE-
mmﬁmwm; Cf. Vitsyé-
yana on Sutrs 47, Ahnika 1, Chap. [T On the other
hand, in chemical combination, werwew W

T WA AIEEEw FIEAT WIMWRT W1 Weqsy i, e
fparm:, foarms, wrosrsdEean ete—Jayanta, Manjari,
wrsw=gBew | For opacity, shadows, ete., vide mra 3
TSGR, NS S nmﬁrwu =
wE W = frcgmamerity ﬂ!]wn'trﬁu =T
AT | WER STTRAREAS Wi A
Udyotakars, Chap. IV., Ahnika 2, Sutra 25. For
reflection and its laws, 1 quote passages in my Paper
on Hindu Physics, to which the student of the history
of Optics is referred.)

Arrangement of Atoms in Space.—The Nydya con-
ceives atomic magnitudes as Parimdndalya, s term
which indicates a spherical shape. (fad SR —
yiormawy  witieam — Sankaramisra),  To conceive
position in space, Vichaspati takes three axes, one
proceeding from the point of sunrise in the horizon to
that of sunset, on any particular day (ronghly speaking,
from the east to the west); a second bisecting this
line at right sngles on the horizontal plane (roughly
speaking, from the north to the sonth); and the third
proceeding from the point of their section up to the
meridisn position of the sun on that day (roughly
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speaking, up and down), The position of any point in
space, relatively to another point, muay now be given
by mensuring distances along these three directions, i.e.
by arranging in a numerical series the infervening
points of contact, the less magnitnde or distance being
that which comes earlier in this series, and the greater
that which comes later. The position of any single
atom in space with reference to another may be
indicated in this way with reference to the three axes.
But this gives only a geometrical analysis of the con-
ception of three-dimensioned Space, though it must be
admitted in all fairness that by dint of clear thinking
it anticipates in & rudimentary manner the foundstions
of salid (co-ordinite) geometry. (wwmsta fom: wiizdiwEy-
TATREIETS W W (ACHTTARSURRWEAnT O g
TN ARREEE TR T W WO,
wT: i At W yEuiwt T wiw W e

s | ST | zw.rq’ri'f frdpERs T W
WA WATEAT WIRTIRAT AT EiRmILr wow | wd e
tﬁqﬁuﬁr&&wﬂ WOE TEEGETYT g | dgsEETe
mw wigwATINSE YEdETITEAA ¥ WA sEmeiEae
w www1—Vichaspati, Titparyyatikd, Chap, IV,
Abnils 2, Sutra 25.)

The original physical arrangement of atoms is also
given. Each (spherical) atom is in contaet with six other
atoms. ¢ fagisie TwEn Wi #9mT T3 W WS ST
e IR FHRRTINGS F TGRS u—t."ud Cr. nlﬁu
the objection in the Buddhist Kariks,

o Wiy | wal weeEwe o wr:gvmrr i This
is the typical primordial arrangement, and variations 1o
the collocation of atoms and molecules (we, wywTwi),
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44 we have seen, were conceived to account for the
variety of isomeric modes of the ssme Blhiita, as well
as of mono-Bhautic and poly-Bhautic compounds.

The molecular arrangement in the case of hi-Bhautic
compounds is very peculiar. Twosubstances, say Earth
and Ap (water), form a quasi-compound first, and each
substance breaks up into atoms; one stom of Earth
comes into contact with one of Ap. But the two do
not form a binary molecule. [Instead, this contact of
heterogeneous atoms leads to a curious result. The atom
of Earth combines with a neighbouring atom of its own
class, and forms a binary molecule. Simultaneously
the atom of Ap combines with another Ap-atom, and
forms a binary molecule. Now the first binary molecule
links on to the atom of Ap, and similarly the second
binary moleculo links on to the atom of Earth. The
moment after, the two binary molecules take on the
physico-chemical characters of Earth and Ap respec-
tively, and simultaneously with the assumption of these
physico-chemical characters, the binary molecnles enter
into complex contect (¥frmddm). In all this process
work is done only in the first instant, in the contact of
an atom of Earth with one of Ap; the resulting contacts,
of atom with binary molecule and of the binary mole-
cules with each other, involve no further expenditure of
Energy. Thus we get a particle holding two binary
molecules (of Earth and Ap respectively) in complex
eontact, and such particles continue to be formed. In
this way the particles of the two substances arrange
themselves, and the peculiarity of this molecular arrange-
ment explains the resulting mixed or compound qualities



120 THE POSITIVE SCIENCES OF

of this class of quasi-compounds  (ddrmg (don)
Ao feOwws w1 fatewa sToodditTEGn SO
mﬁmmw;...mmf
R | W e S wfn wmh i ari s
mtmmmmwm
mwinmnﬁmgmmwmm
mmmmm
#AT greEen | T4 wToew) ok fe waToas T
mﬂmmWiwmﬁimmﬁmm
AT W | mmmﬂmm—f’m-
sastapdda-Bhishys, maeeg ddmrevas )

The whole process may be graphically represented

as lollows . —

MorgovLis oF & s-Broacmio Quasi-compousp
GRAPHIC FOERMULA OF COMPLEX CONTACT.

E = an stom of Earth, W = an atom of water (Ap)-
- _ §a binary molecule of i _ §a binary moleculo of
1l { Earth. =1 water (Ap).

I will conclude this account of ancient (and
medieval) Hindu chemistry with a note on the econ-
ception of molecular (atomic) motion, Parispanda, and
the different warieties of such motion which were
conceived to account for the physical phenomena of
sound, light, and heat. Any sttempt to differentiate
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rigidly between Mechanies and Physics on the one hand
and Clhemistry on the other at this primitive stage
would be an idle affectation. My Paper on Hindu
Mechanics and Physies will give a detailed exposition in
& separate treatise.

Parispa¥pa :—RE20LUTION 0F ALL PHYSICAL
Acrox 1wto MoTtios.

Parvispands sometimes stands for motion molar as
well as molecalar, but more often for the subtile motion
of atoms or molecules. The radical meaning of the
term is whirling or rotary motion, a cireling motion,
but it may also include simple harmonic motion (e.g.
vibration). All action, operation, work (fsur, =mar) 1=
ultimately traced to this form of subtile motion lodged
in the atoms or in the matter-stufl. The Veddnta,
for example, speaks of a cosmic vibratory motion
(witrmnicarsam —Sankara). Akfen, in the Veddnta,
as we have seen, ia the first stadiom in the evolution of
Matter, which gives off Viyu, which gives off Tejas, and
so on; but Akdss (ether) itsell passes through two
stages before the emanation of the Sikshma-bhita
Viiyn : (1) the motionless wubiquitous primordial
matter-stuff (answering to the Sdnkhys Bhitddi) called
Pordnam Kham (gt #) ; and (2) a subtile integration,
the pure un-quintuplicated Sikshma Bhita called
Viyuram Kham (wrgt #), answering to the Sdikhya
Tanmétra stage. It is this subtile Akdsm, in ita
Tanmdtric integration, ie¢. in the derivative form,
which is subject to an incessant Parispanda. The
gaseous stage of matter (the Veddntic Vayu) is indeed
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matter in a state of Parispandic motion (arin sfter-
wwA —Sankara). So also the biomotor and sensori-
motor principles apart from the directive intelligence of
the Self (wwa wfmmwsART—wEm WS o el
watmram —Sankara). The Bdnkhya also conceives
this Parispanda to characterise every process and
phenomenon of cosmic evolution (w# wfwd sfcw=wm —
Vichaspati, Kaumudi), Bhitas, organisms, mental
organs, 8s modes "of Prakriti (considered apart from the
Intelligence of Purusha) are all subject to this Pari-
spunda (vomsr & mww ferwd wueeR g At wfoee: |
syttt W siter: wiwg 79 —Vichaspati on Ka-
riki 10). On the other hand, Prakriti as the Avyskta,
the a-cosmic, the un-manifest ground, with resolution
only of like to like (wgwafeam), is devoid of all Pari-
spandic motion (vef ww=enie siamewa i, Twg
wicer witer +—ibid. on Kérikd 10). The Nydya-Vaise-
shika finds Parispanda in all forms of matter, except
Akdsa, which in that system is non-atomic and in-
eapable of any change or activity (fafesw). DBut all
atoms, from those of Viyu downwards, are in incessant
motion. The world at bottom is an infinitude of con-
tinually whirling (or vibratory) particles (wwaweica=-
srTerchmeTATETmY: — Raghundtha ;  compare alse
Udayans-Kusuméiijali, Stavaka V.—eomen fe nfwi
sAm wwrgey: wwattn ). All physical action consists
in motion. The Nydya-Vaiseshika rejects force, power,
operation (wiw) exespt as modes of motion. Jaysnta,
indeed, states: We do not acknowledge any mysterious
power or operation which the senses do not and cannot
report to ms. But this denial of Force (wfs) and of
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unperceived and unperceivable operation (sifererar)
is put forward as a philosophical (epistemological and
metaphysical) proposition to justify the Nyfya analysis
of the causal nesws into mere invariable and uncon-
ditional antecedence among phenomena without pro-
ductive power or efficiency (wmerfaiggam frargieRm—
Bhésha-Parichehheda). It is not, of course, intended
to question the existence of Parispanda, which is of the
nature of motion, and which, though subtile and there-
fore infra-sensible (ym and wggwe, not wAtiRa), is the
ultimate form of all physical activity, (vfemm =m
e WraTe US| ERIRTE WINTG AT B ) ...
FT WITEWEU WoN WAA WER | A gIeeAwsl Wiuw
sqwwi i—Jayants, Nyiyamafijari, Almika 1) The
effect (no less than the sction) is, in all cases of material
causation, the resultant of the combined motions of the
virious (material and efficient) eauses involved (e.g. in
the case of urs, wfmEEWTERSEATIST A@TIC= 29 fary-
mmmit...“mzhti: #ig ATER |
f4 womwod W wfg wiw w1 —Jayants, Nydya-
madjari, Ahnika 1.)

But, in the Nyidya-Vaiseshika, though sll action of
matter on matter is thus resolved into motion, con-
scious activity is sharply distinguished from all forms
of motion, as against the Biikhya-Vedinta, which, as
we have seen, considered everything other than Intelli-
gence, the Purusha or the tranacendental Self, to arize
in the course of cosmic evolution, and therefore to be
subject to Parispandic motion. (fatfage ward =aTet
AT | TR e R RS S i—Quoted in Ja-
yanta's Nydyamaijori, Ahnika 4.)
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ADDENDA.

Esrricat Recires Fros VARAHAMIHIRA (cirea 550 A.D.)
RELATING T0 CHEMICAL TECHNOLOGY,

A. Searing of hard rocks to ensble them to be cut
(or pulverized) (femram).

Sprinkle on the rock taken red-hot from the fire of
Palasa and Tinduka wood (Butea Frondosa and
Diospyros Embryopteris) :—(a) diluted milk, or (b) a
solution of wood ashes (the ashes of the Mokshaka
mixed with those of reeds), or (¢)a decoction of (the
fruit of) the jujube (Zizyphus Jujuba) kept standing for
seven nights in & mixture of whey, vinegar, and spirits,
in which Kulattha (Dolichos Uniflorus or Biflorus) has
been steeped, or (d)a solution of the ashes of the
Neems bark and leaves (Azadirachta Indica), the
sesame-pod, the resinous fruit of the Diospyros
Embryopteris, and the Guduchi (Tinospora Cordifolia),
with cow’s urine. Repeat the process seven times (in
the last case six times).—( Vardhamihira, Vrihat Santhita,
Chap. XXXIIL, Slokas 112-117.)

B. Hardening of steel (wmam).

(1) Plunge the steel red-hot into a solution of
plantain ashes in whey, kept standing for twenty-four
hours ; then sharpen on the lathe.

(2) Make a paste with the juice of the Arka
(Calotropis Gigantea), the gelatine from the horn of the
gheep, and the dung of the pigeon and the mouse;
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apply it to the steel after rubbing the latter well with
(sesame) oil. Plunge the steel thus treated into fire;
and when it is red-hot, sprinkle on it water, or the milk
of the horse (or the camel or the goat), or ghee
(clarified butter), or blood, or fat or bile Then
sharpen on the lathe.—(Varihsmihira, wwrewww,
Chap. XLIX., Slokas 23-26.)

C. Preparation of cements (for rocks, metals, etc.)
(zmzu)-

Varghamihira gives the following recipes among
others :—

(1) First, prepare a levigated powder with lae,
the resinous exudation of the Pinus Devadara, the
Baleamodendron Mukal, the Feronia Elephantum, the
kernel of the fruit of the Egle Marmelos (the bel), the
Diospyros Embryopteris, the Neem (Azadirachta Indica),
the Mhow (Bassia Latifolia), the Indian madder (Rubia
Manjistha), the Phyllanthus Emblica, and the resin
of the Sals tree (Shorea Robusta); then make a
decootion of this in 256 Palas of water reduced by
boiling to 32 Palas, and apply the decoction hot.

(2) The homs of cows, buffaloes, and goats, asses’
hair, buffaloes’ skin, with guvya (cow’s urine, ete.), the
Neem (Azadirachta Indica), and the Feronia Elephan-
tum, similarly treated.

(3) A mixture of eight parts of lead, two of ** bell-
metal” and one of brass, melted and poured hot
(Maya's cement).

The first, it will be seen, has la¢, gum, and furpen-
tine as principal ingredients; the second makes use of
geltine ; and the third is 8 metallic cement,
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D. Nourishment of Plantz (from Vardhsmihira,
Chap. LIV., on guarge).

The most suitable ground to plant in is soft soil
that has been sown with the Sesamum Indicum, and dug
up or trodden over with the sesame in flower, Grafts
shonld be smeared with cow-dung. For transplanting,
the plauts chould be smeared with ghee (clarified
butter), sesame oil, the honey of the Kshudra variety
of the bee, the oil of the Usira (Andropogon Laniger or
Andropogon Citrarum), the Vidanga (Embelia Ribes),
milk, and cow-dung. Trees shounld be planted at
mtervals of 20 or 16 cubits.

As a sort of general prophylactic, mud kneaded
with ghee (clarified butter) and Vidangs (Embelia
Ribes) shounld be applied to the roots, after which milk
diluted with water should be poured. As a remedy
against harrenness & hot decoction should be made
of Kuolattha (Dolichos Uniflorus or Biflorns), Masha
(Phazeolus Roxburghii), Mudga (Phaseolus Mungo),
Tila (Sesamum Indicum), and Yava (berley), which,
when eooled, should be poured round the roots.

To promote inflorescence and fructifieation, a
mixture of one Adliaka (64 Palas) of sesame, two
Adhakas (128 Palas) of the excreta of goat or sheep,
one Prastha (16 Palas) of barley powder, one Tula
(100 Palaz) of lLeef, thrown into one Drona (256 Palas)
of water, and standing over for seven nights, should be
poured round the roots of the plant. The measures
given are for one plant.

To ensure inflovescence, ete., the seed before being
sown should be treated as follows:—The seeds shonld
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be taken up in the palm greased with ghee (clarified
butter) and thrown into mill; on the day following
the seeds should be taken out of the milk with greased
fingers and the mass separated into single seeds. This
process is to be repeated on ten successive days. Then
the seeds are to be carefully rubbed with cow-dung, and
afterwards steamed in a vessel containing the flesh of
hogs or deer. Then the seeds are to be sown with the
flesh, with the fat of hogs added, in a soil previously
prepared by being sown with sesame and dug up or
trodden down.

To ensure the formation of Ballaria (i.e. sprouting
and the growth of luxuriant stems and foliage), the
seeds should be properly soaked in an infusion of
powdered paddy, Masha (bean), sesame, and barley,
mixed with decomposing flesh, and then steamed with
Haridrd (turmeric). This process will succeed even with
the Tintidi (Tamarindus Indiea). For the Kapittha
(Feronia Elephantum), the seeds should be soaked for
about two minutes (li7. such length of time as it would
take one to make a hundred rhythmic elaps with the
palms—wr@w=) in a decoction of eight roots (Asphota,
Amalaki, Dhava, Visika, Vetasa, Suryyavalli, Syima,
and Atimukta, 7.e. the jasmine, the myrobalan, the
Grislea Tomentosa, the Justicia Ganderussa, the Calamus
Botang, the Gymandropsis Pentaphylla, the Echites
Frutescens, and the Dalbergin Oujeinensis) boiled in
milk. The seeds should then be dried in the sun.
This process should be repeated for thirty days. A
cireular hole should be dug in the ground, a cubit in
diameter and two cubits deep, and this should be fillad
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with the milky decoction. When the hole dries up, it
should be burnt with fire, and then pasted over with
ashes mixed with ghee and honey. Three inches of
goil should now be thrown in, then the powder of bean,
sesame, and barley, then again three inches of soil,
Finally, washings of fish should be sprinkled, and the
mud should be beaten and reduced to a thick consistency,
then the seed previously prepared should be placed in
the hole under three inches of soil, and fish-washings
poured. This will lead to luxuriant ramifieation and
foliage, which will excite wonder. The Agnipurina
adds that the mango is specially benefited by ecold
fish-washings {mﬂ st wrerT % TR—ywigE,
Agnipurdna). It will be seen that these elabarate
recipes are empirical contrivances for supplying the
requisite nitrogen compounds, phosphates, ete., these
being potentially contained in the mixtures and
infusions prescribed.



THE ANCIENT HINDUS 129

CHAPTER IL
HINDU IDEAS ON MECHANICS (KINETICS).

SECcTION 1.
ANALYSIS OF MOTION.

I¥ his Bhisya®' on the Vaifesika' Aphorisms, written
probably in the third or fourth century of the Christian
ers, if not earlier, Prafastapida begins the Section
on Motion (wfwww) with the definition of karma
(motion, lit. work) as the unconditional cansa of con-
junction and digjunction, ie, of change of place in
u particle (domizemfrceeerad) He regards karma
(motion) as instantaneous (wfws) in its simplest form,
distinguishing it from wge (impressed motion,
momentum), which is a persistent tendency, Sanskira,
and implies & series of motions. Accordingly in one
and the same particle there can be only one motion
(karma) at any given moment, since its change of place
at that moment is one and definite (ewgr wwiom 3=
THET WH wET | WEeuEeTw, =@ wEraiaewd),  The
supposition of two (instantaneous) motions in the same
particle is superfluons. They may be so opposed as to
neutralise ench other, in which case the particle wonld
be st rest. If they are not so opposed, and motion
(e. an instantaneous change of place) follows, then,
since this change of place is a definite change, one

! The system of tranaliteration adopted in Chapters TL-VI,
differs from that adopted in Chapter L. and Chapter VIL
E
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motion would be sufficient to account for it, and the
hypothesis of two motions would be meaningless
(ww wfrsgwEawaam: 791 TRsET TN TEATIS SATITER
—Prasastapida). One and the same motion can effect
only one particle, as the changes of place of different
particles must he different (28 %k 7 wa=y sd7—Llid.).

Now motion is always marked by a certain direction
(Fenfafgearirooramre faam:).

(i) The successive motions of a particle may be in
the same direction (rectilinear), #.g. (a) upward or
downward vertical motion, as in throwing upwards or
downwards in the case of ohjects moved by volition
direotly or indirectly (sweiwal, wuswd), or (4) other
forms of rectilinear motion, eontraction, dilation (wread,
waTt) ; or

(ii) the directions of the successive motions may
be different, #s in curvilinear motion (szfraaframes-
st nTeRa 7eTRA), €. W0 (rofatory motion), ®rew
(vibratory motion), ete. All these are varieties of
Gamana (wwa, curvilinear motion).  wwwwifEm=:
WTNENTH WvaER R i wvct awosed yew— i, ;
of- Sankara Mibrs, mad w mrfafasin Swotwwerizvd-
wSsapmammanesia. In another sense, all kinds of
motion in material (inanimate) objects, whether recti-
linear or curvilinear, are ealled Gamana (nw).

(e gafawiia &= FCOTaRy 9 77 wwdy an WA weR-
WRE N | UR WAW WWRAWY 7§ WA W awAnir Prafasta-
pida, =) )

Single particles, then, may have a serial motion.
When particles (wwwsn:) combine to form a body (wwasl),
they may move continuously in a straight line, in
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which case the body is said to move in that direction
(wrafataamn TrEggETEaARAATa, the action of & com-
posite whole is determined by the action of the
comstituent parts taken together). But different
purticles may move in different divections, or again,
the particles may have a curvilinear motion, and in
such cases it appears as if different motions are impressed
on the body, e.g. the falling leaf driven by the wind
may have a rotatory or vibratory motion (www, =)
and a vertical downward motion (qwa) at the same time.
Here each particle of the leaf taken separately has only
one motion or change of place at the same moment, but
from the point of view of the observer 3w, the particles
bave & rotatory or vibratory motion in one relation, and
the leaf asa whole has a downward motion in another
relation. The motion at any instant is really one, but
for convenience of anulysis we consider the rotatory
change of place as separate from the change of place in
the downward direction. wesfory =ity g
SAUAANS NN : H¢ NI | W R WIgRTRaiyA fafraiye-
st e —Lbid.

SectoN 2.

MOTION CONSIDERED IN RELATION TO ITS CAUBES

Various kinds of motion are observed :—

L Movements which are not caused by contact with
matter -—

(1) Movements caused by volition (wam), e.9. the
movement of the hand.

(2) Movement as of a falling body. This is caused

E 2
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by gravity (m&a), which in the astronomieal treatises
of Aryabhats, Brahmagupts, and Bhiskara is ascribed
to the attraction (wrwiw, pulling force) exervised by the
earth on a material body. The force of gravity may
be counterscted by volition (feyremam), as in holding
up the hand, or by contact, as when a body rests ou a
support, or by Vega (W), impressed motion, as in the
flying arrow which is kept from falling by the motion
impressed on it

(8) Motion of fluids, as the downward flow in a
stream (mpes). This is due to fluidity (g%=), which is a
characteristic property of certain kinds of atoms, in
some cases original, in others produced by the contact
of these atoms with the atomic particles of heat (eg. in
the fire). But Sankara Miéra points out that this
property, flnidity, is only a concomitant condition
(wwwariesTom) ; the efficient cause (fafsewraw) is even in
this case gravity (7%=) in the particles of the fuoid
TppTeR WA Ty SR SWATTOSTCT, I, TR
frfrwawm wewaresrcay (Sankara  Misea, Upaskira,
on Sitrn 4, Abnika 2, Chap. V., of the Vaisesika
Siitras),

(4) Certain motions, not due to material confact,
of which the mechanical causes are unknown, and which
may be ascribed to the universal final cause, Adrista
(w3¥), e.9. the first motion in atoms at the beginming
of Creation, the upward motion of fiery partieles or
stoms, and the oblique motion of gaseous particles,
véyu (a13), the movement of iron towards the magmet,
capillary motion (wfwwtm) as of liquid particles from the
root to the stem of s plant. The upward motions
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(wrem) of water-particles in evaporation and in
boiling do not require the hypothesis of Adrista, as
these are caused by the pressure of heat-corpuscles
(7w: weamm) and the contact with air-parti::les (FrearateaR
urwsaTe— Vaidesika Sitra, Chap. V., Ahnika 2).

MEANING OF ADRISTA [T{!]

Adrigta (lit. unseen) stands for “unknown canse”
or “unexplained Nature" in the earlier VaiSesika
writers, Several classes of cases falling under Adrista
are distinguished, a.9.—

(1) The operation of merit and demerit (w# and
wyi), a transcendental cause, which has to be posited
in explaining the conjunctions and disjunctions of souls
with their orgunic vehicles (hodies), which cannot be
ascribed to matural causes, but presuppose the law of
Karma, or the operation of moral causation, as super-
mmposed on the natural order,

(2) Various kinds of motion m the different classes
of elements, ¢.g. their natural modes of operation, such
a8 the dispersion of wiyu (air, gas), the upward motion
of fire, the attraction of the needle by the magnet, ete.,
motions which serve the ends of Creation and of created
beings (womred wamred).  Such natoral properties must
be ascribed to Adrista, finsl causality (svwrcrewrcamy
wgesiich), provided the cause cannot be ascertained by
observation or inference.

L. @ryTwam AT wetaet—hid,  wowtmed
TR, ofc,

2. T WEMRY RS ST T TawT-
TusRERY W Wi wfe wgwsred—lbid.
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Jayanta in the Nydya-Manjari notes that Adrista is
resorted to in explanation of observed phenomena only
when these cannot he derived in any way from the
operation of known causes—ufs wgwwwin 'l;t w7 femiv
wrwrgE Feaw W i wRauat 4 wEew=EA | gefegate

Wyt W= Ay geie \ mrweet—A hnika 1.
Similarly, Jayanta notes that, when anything is put

down as natural (wnnfes), we may mean either that it
has no cause or mo uniform csuse, or no known canse.
OF these the first two alternatives mnst always be dis-
missed ; and **natural” can only mean something of
which the cause has not yet been ascertained (mnnfes 7w

hgmmﬂivﬁwﬁgtwmwwﬂ

SriTEwATACH 1)

This sound interpretation of Adrista was afterwards
obscured. In modern writers of the Nyiya-Vaifesika
school, physical and mechanical ideds have suffered a
set-back, and even the formation of the hail-stone is
ascribed to the operation of moral causes (wires).

II. We eome now to motions produced by contact
(#%m). Suchmotions may be classed as follows, according
to the nature of the contact originating them :—

(1) Motion due to direct contact with a body exer-
cising continued pressure (Fzw), e.9. the motion of an
object pushed or pulled by the hand, the motion of the
mud under heavy stones, the motion of the arrow due
to the pressure exercised by the bow-string, the motion
of the bow-string due to the pressure of the elastic bow
a8 it recovers it4 original shape, the motion of clouds,
of volumes of dust, of balloons, sailing vessels and other
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vehicles under the impelling force (pressure, =, W)
of the wind, ete. wTgFOEwCOETCTfrand: Prasasta-
pids, aryfasww-swrimfen smdmirioresemie T
v, |« Sridhara SeEia wifzgewTy Ferrwrt frwr-
gtat (balloons in the sky) sttt =
wermmanw aftre: (Udayans, Kirandvali, srgfreees ).
N.B.—Udayana makes a similar reference to halloons
filled with gas or smoke (wyfrrwsiyzs) in discussing
the opinion that air has weight (Kiranfvali, wrafH-
wuw). These passages show that balloons were known
m Udayana’s time (970 A.p,—vide wga=, Laksapivali),
(2) Motion due to direct contact for an instant with
& body that strikes and produces an impact (wheara),
£.g. in the cases of a stone falling against a hard object
(ururamifey faﬁwqf‘q Ifﬂh‘i}——&riri&hnm}, the potter’s
rod striking the wheel, the mortar struck agsinst the
pestle. Instantaneous disjunction is necessary to
impack, If there is continued contact, the result is
pressure (#x7). In some cases there may be disjune-
tion (%.#. & rebound) after continued pressure (7w whvenrd
T Yy wiven fafardt Jtn myuir—ahr—amreesl).
(3) Motion due to direct contact with an elastio
body which exercises & moving force by means of its
elasticity (fmfammewm) in the act of restitution of the
original form (wwrferd =reafs), e.g. the motion of the
bow-string due to the force exercised by the piece of
bamboo (the bent bow). This force of restitution in
an elastic body is a kind of sanskira, ie. persistent
tendency (vgwmemmrrnimgTTentey waeefasy fefimm-
umAwTal dEwA—mweraeate, bows, twigs, tooth-bones,
horn, thread, cloth, ete., are noted as elastic).
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(4) Motion due to contact with a body which i
itself in contact with another which possesses Vega
(impressed motion or momentum) (FregEEEgET).
This is the fact of the transmission of pressure or
moving force, and the consequent production or com-
munication of motion, as, for example, in the pulling of
an object by means of & string, the pushing of the
potter’s wheel by the potter's rod, ete.

BecTioN 3.
CAUSE OF MOTION, OR FORCE.

Foree is of the following kinds :—

1. Continued pressure ().

2. Tmpact (whvemm).

3. Persistent tendency (#&), of which there are
two kinds : (a) Vega (¥n, impressed motion, momentum),
the persistent tendency to motion in a moving body,
and (b) the tendency to restitution of shape in an
elastic body (Ferfremsdssrc).

N.B—The psychical sanskira (wrwam) is here
omitted.

4, Transmitted force, as in pulling by a string,
pushing by a rod, ete.

5. Grawity.

6. Fluidity.

7. Volition.

8. Adrista, comprising various nnknown agencies.

In every ease of motion produced by contact, Vegn is
a vontributory cause, as the body originating the motion
must pod’% -\} ggfn-{impressetl motion, momentum).
|

E ]
-“._.— v -t
.
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The Coneept of Vegn (Srmedesrr).

A motion (karma) being conceived as a change of
place in a particle is held to be incapable of producing
another motion; but the pressure, impact, or other
force which produces the first motion produces through
that motion a sanskira or persistent tendency to motion
(Vega), which is the cause of continued motion in a
straight line, i.¢, in the direction of the first motion
(frnfrgfoar Wy wrfgmfvgeia  faeroll waR o W
fenfummain faameTam  Egfcin—wivg, =Te-wwet, -
faewad).

The Vaifesikas accept one sanskira (impressed
motion, momentum) lasting till the cessation of the
motion. Udyotakara and other writers of the Nyiya
school suppose a series of sanskdras, each generating
the one that succeeds it. (#mrtm swirwcwsRwaTAl Wigw
wRAWHANT Ty 7Y WG AT €W ¥ g
WRATATANAE: T FEHEAAT] FWCANTATIG WG —
wgctam 1) It will be seen that the Nylya view i=
adequate to explain acceleration, which it logically
implies. The force of sanskdra (wfs) diminishes by
doing work (wniwcum) against a counteracting force,
and wheu the sunskira is in this way entirely destroyed,
the moving body comes to rest (d=srdr sTeqowmgasd |
Ul T WRE WAwTAT AR WA W A WrEweE AT -
FefaagTTaR — Wi —aTg-was -wmuen).  Vega, it will be
seen, corresponds to inertin in some respects, and to
momentom (impressed motion) in others. This is the
nearest approsch to Newton's First Law of Motion in
the Vaifesika theory of motion.
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Vega (impressed motion), or this tendency to move
on in a straight line, is counteracted by eontsct with
tangible objects (=rirzgmddm), ¢,9. by impact or friction,
including friction with the still atmosphere (fafamara),
as in the case of the arrow.

Vega (momentum) produces work in opposition to
the resisting force, and thereby becomes weaker and
weaker (st #wews) until it comes to an end (7= it
gfiws wwq Ry CAtAwiTReTETy wehan W, R
frmr-mymey: mRTrEwwan-fagutaont Prasastapida, sem-
Tt fafrrny-alrrrve—whe, demdTews).

Causes of Pressure (Wvea) and of Tmpact (wfvm).

Pressure is produced by contact acting in conjune-
tion with Vega (impressed motion), elasficity, gravity,
flnidity or volition, e.g. the Vega of the wind produces
pressure (Wira) on the grass, that of a current of water
on the reed, that of the bow-string on the arrow.
Gravity with contact produces pressure, as when the
eurth sinks under a heavy load.

Impact is produced by contact with a body possessing
Vega (impressed motion) where the contact is instantly
followed by digjunciion (or rebounding). 1f the contact
eontinues, the resalt is pressure (#ig=). (7% #ga T&A-
TARAN-AANTY AW W @ st SR
wfprm-ag zem wdm wwd FET WiE Wi SErgey
wid W ST WETE YR-ATnRy W MR R AT )

It is expressly noted that the four elements, earth,
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water, air, and fire, are all subject to the forces of
pressure and impact, Pressure and impact may be of
different degrees (wtms=foim). So also Vega (impressed

motion, momentum).

Mustrations of Combination of Forees.

(1) Pressure acting concurrently with impressed
motion or Vega, as when the moving hand possessing
Vega throws the quoit or a projectile. (wriewy
i) (78 desrcAATAl ATIR WATAD WNOW 99 EEAmL-
fawrn 2fa—warEaTEEaT 1)

Similarly, in the case of the bow-string impelling the
arrow, or the potter’s wheel impelled by the rod; the
first motion is due to pressure (Wizw), and results in a
sanskira (persistent tendeney to motion, impressed
motion or momentum), but the subsequent motions are
produced by the pressure acting concurrently with the
sanskdra (impressed motion). (wewg #&Tom FEA-RETR
AIA WA waPR ATeR Sy TN A, FEETe—
ad wRTETITY TEeEUTy W TqUEd IWOwWie St
whnaTAT, W, d@Ty W aaRR TEfe 7 W Ty W
dWIET WIS 0 WG W-FEel, =R 1)

(2) Impact (wfearn) with impressed motion (d=);
ss when the mortar thrown by the hand rebounds after
striking the pestle (dmromm Wi 398 ITawa-w9
—myEaTE W),

(3) Pressure (sitga) acting concurrently with impact
(whirarg), as when the mud sinks when we strike against
the ground with the feet. Here, if the feet be not in
contact with the mud, but only with the surrounding
ground, there is transmitted force (dgwigin).
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(wrfafrqerAram e, o el gigat oy da0-
TATATHNRGICRACAE! TS 7§ dywduen | remEia
gfwsrfey wh st 1—Pradastapida.)

(4) Gravity concurrently with sanskira or persis-
tent tendency, as in the case of a falling body in the
second and following instants.  Also the case of & stone
thrown against the mud, where gravity (the weight of
the stone) combines with the Vega of the stone to
produce motion in the mud (Pradastapida). (wrd ==&
TEAT WA 1 WA W d@w: fROR AEet  TETswEm
TERESTTA TR Uy WAE WAy S — %I,
ATa-wwEt, WAy wmne-sRiaeemr)  This case will he
further noticed below.

Udyotakara, the commentator on the Nyiya-Bhisys,
states that a heavier body falls to the ground with
greater Vega (and velocity) than one that is lighter.
Udyotakara also holds, and Sridhara agrees with him,
that the gravity (7%=) of a body (w¥=s1) as a whole
composed of particles (wwgan:) is not the same as the sum
of the gravities of the particles. There is a difference
m amount which is, however, so small as to be im-
perceptible, The concept of masain the New Mechanies
of Lorenz may lend some countenance to this eurions
metaphysical apeculation, (Sridhara, 7=, Terfrevam)

(5) Volition acting concurrently with gravity, as in
lifting np the hand. This is accompanied by transmission
when an cbject, ¢.g. the quoit, is lifted by the hand.

Sanskiira (impressed motion, momentum), with or
without pressure (#ww) or impact (whvm), may be
transmitted (rmdgwe WATTE FRORCS AT SO
Wl dmrer dgwanmry 1—Sridhara),
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Composition of Gravity with Vega (Momentum).

When s body is let go and falls to the ground, the
farce acting on it is gravity (g&m), which the astronomers
ascribe to the attraction of the earth. Motion is pro-
duced in the first instance by gravity alone, and this
leads to a sanskira (impressed motion) in the same
direction. But the force of gravity continues to operate,
80 that, in the moments following the first, the motion
is due to gravity as well as sansbira. The resultant
motion is one, but both the causes must be coneceived
as contributing to the resultant. The reason for
supposing this combined action is that both gravity and
sanskdra (impressed motion or momentum) sre seen
elsewhere to produce motion separately.

In the case of the falling body, therefore, there is
the composition of the two, gravity and Vega, acting in
the same direction (mwawwmm) from the second instant
onwards. It is as if two motions coalesced and resulted
in one.

Here a good foundation is laid for the explanation
of the accelerated motion of falling bodies, but Galileo's
discovery was not anticipated, as Galileo’s observations
and measurements of motion were wanting. (wre ==&
JeAm WAt T wHm e feuw wmwt TwossTw
TER-EWAEW qOR FERIG WS wAw wWeTRaw —
WIUT, FHUN—T Wi JEeT fERteRity § qesssmas.
—UNEATE, ST 1)

Butin the case of the flying arrow or other projectile,
the impulsive forco which produces Vega counteracts
the force of gravity ; in the end, this Vega is lost through
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friction with air, and then gravity (q&=) brings the
arrow to the ground. The meaning of this *counter-
action " is not clear. Is it intended that the action of
gravity is suspended as long as the Vega continnes?
We have seen that, in the case of a body let fall,
Prafastapida expressly states that gravity (y&=) and
sanskira (Vega, momentum) both act in the second and
following instants, Prasastaplda seems to have thonght
that some sanskiras (e.g. the Vega of an arrow or other
prujectile) suspend the action of gravity (ys& sdvmm
dmrfadif, Prafastapiida, quoe=e1 wm wfmwm s
vefarm gigeTw fagw A wefo swwate 15
dmrtewrewATisie  Prafastapida, wedwew). Other san-
skiras (eg. in the case of a falling body) coalesce
with gravity to produce a single resultant motion.
The later commentators (from Sridhara downwards)
certainly interpret the VaiSesika Sfitras in this sense,

Motion of a Particle in the Case of a Composition uf
Forces.

Any number of motions or Vegas may be impressed
on a particle, but so long as these are in a uniform
direction (frawfenfutae) the resultant motion or Vega
18 in a straight line, and msy be conceived as one
(femtas=rm-3a¥gw, Prafastapdda, ). It is only
when we come to Gamana (curvilinear motion) and its
canises that the question of ecomposition assumes a real
significance. In all such cases, each separate particle
has only one Vegn (impressed motion) in a definite
direction (Frawfemiugem) at any given instant, but the
composition of the successive motions and Vegas in the
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same particle produces the curvilinear motion (7#R),
¢g. the rotation of each constituent particle of the
potter’s wheel. The motion of the body (wwast, ey
the wheel) results from the combined motions of the
particles (wwasm). If pressure or impact produces
motion in an opposite direction to the Vegs already
impressed on the body, the original direction wounld be
changed, as is seen in the case of rebounding (wawww)
after impact (wfwwm). The mortar rebounding after
striking the pestle is a typical instance of such change
of direction in Vega or motion. The impressed foree,
.g. impact (wfaum), produces a changed motion in a
different direction. One view is that the original Vega
(momentum) is destroyed before s new motion and a
new Vega are produced by the impact. Others hold
that the impact does not destroy the original Vega
(momentum), but conjointly with it prodoces the
changed motion and, through such motion, a changed
Vega in a new direction. (Ipwsgweirhrmmm: dEm)-
AESTAIIAUEATG:  WEE TAvEAwA w0 qwfe wrEeded
fome: muife geeigwear dWm GrEAmMEEE: T SEETe-
wifemsnsl ¥3in wuw WS w3 g dwc wiaemm vy
waivqn 3w ef seq., Prasastapida, s=fwg 1)

Typical Cases of Curvilinear Motion ((Gamana).

Vortical Motion—This is due to the contact of two
hodies moving in opposite directions with a like or
equal Vegs, ey. two currents of air or water meeting
from opposite directions. The change of direction is
seen in the fact that water which flows downwards, or
air which moves obliquely, may receive an opward
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motion as the resalt of such collision. (ww fafed dy=id
W swEwEE:  (F=meran)  wenides-fegteTEn  afwom
Prasastapida, srafqesad). The scholinst Udayana adds:
Sreiicfamawa Wyt g fenfgmg) w9 Iw gE-
Fysa, AT TORUTERAR 190 — T, gEistarEat.
Sridhara notes: frlpniwEwTI-gRtEdTAATR  TORTITHER-
FETGFITRAAT, WEAAVTE) dgEd A wwi TRA W
fawarg —Sridhara.)

Vibratory Motion (%=, sr=).
This will be analysed in the chapter on Acoustics.

Rotatary Motion ().

Each particle of the rotating body, e.g, the potter's
wheel (¥%), has, at any given instant, a motion in &
definite direction. The rotatory motion of the body
results from the separate motions of the particles and
their persistent tendencies (#=mtr:), joined with the fact
of the rigid conjunetion of the particles. When the rod
strikes one part of the wheel, the motion in the part
struck is in the first instant produced by impact
(wfwwra); while the other parts move through the
transmission of foree due to the rigid cohesion of parts.
The subsegquent motions in the part struck are due to
pontinned pressure (#@w) and the persistent tendency
(s=x) set up by the first motion ; while the subsequent
motions in the other parta are explained by their own
persistent tendencies and the transmission due to rigid
cobesion. When the rod is disjoined from the wheel
the rotstory motion continues, being due merely to the



THE ANCIENT HINDUS 145

persistent tendencies in the constituent parts and the
resultant persistent tendency in the whole.

Other varieties of curvilinear motion in bodies are
to be similarly explained (f¢ by the composition of
Vegas) (war smifgs swgwmm wisde Riafagaigayaamipn-
Tt EARien AR AR A R SR T AT W e
WA |\ TwrEn) atrsen— P radastapida,—esiweg o« wd
TR, FRAGOTIANAY Wl W F@EADTH | WYREWly W
dwdET TRAgEE WIITE IWNOWORSIW HEIOA AR
w | wuiwl sy dysddET W TETOWE WA wvedn W
dmrcEy WvaTy TvwEEt mAtTRen—Sridhara).

SECTION 4.
MOTION OF FLUIDS.

Current motion (wwm, downward flow in a stream),
upward motion (wrchew, .y, evaporation, boiling, ete.),
and capillary motion (wfmw¥w, as in plants and porous
vessels) are three varieties of fluid motion which require
explanation. To this may be added vortical motion
(#wedw), and \r=A, wave motion, which will be noticed
in the chapter on Acoustics.

1. Current Motion (w=).

This is conditioned by fluidity in particles, but
Sankars Miéra notes that in the downward flow of
water, gravity in the fluid-particles is the efficient cause
(gemmy  fafrwwrcam  wwawifewnay — Saokars  Mides,
wgmne).  When the water is enclosed on all sides, as in
a vessel, the downward flow (mmm) is counteracted.
Here the fluidity does not produce motion, because, in
the case of the particles in contact with the enclosing

L
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body, there i the resistance (wfiwsw) of the latter, which
is transmitted to the other particles, and this counter-
sets the fluidity. (sivngrm mefnietd @ W
TaATy wRAd wd wewT Ow dapm saivgEam Wi
TsteTransgaaa dgwdann  wfeseia— Profastapida,
T 1)

2., Upward Motion (wrirem, ¢.g. evaporation),

In evaporation the fluid-particles are rarefied, and
remain in 4 fine state of suspension ; the rarefaction 18
due to the impulse (¥=w) or impact (whwemm) of the heat-
particles in the suns rays, and the upward movement
i due to their contset with the air under this impulse
or impact, Sankara Miéra notes that in boiling there is
a similar upward movement of water-particles under the
impact of heat-rays, (wmeit srmidomg wwied FEAWITAT
dysdgmmg W 1 Siitras 5 and 6, Abmika 2, Chap. 5, Vaise-
giks Aplorism, W91 =SR] WiT EURTAT TAANR-
wu s Faf—Sonkara Midra, swe 1)

N, B—These two Siitras of Kanlida have been inter-
preted by the late Gangiddhara Kaviratoa in his com-
mentary to refer to the upward conduction of water in
pipes by the pressure of air.

The mention of the transmitted pressure (dgwdam)
of the air seems to lend some countenauce to Gangd-
dliary’s view, and the word Nadi (wves:) offers no difficalty,
being taken in its usual sense, “ pipe” (wfgw, Nalikd),
while the current interpretation dves violence to the
common acceptation of the word.

3. Capillary Motion (wimiw).

Two instances are given—the ascent of the sap in
plants from the root to the stem (whim: w§d g fatasi-
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amrat g§—Sankars Misra), and the penetrative diffusion
of liquids in porons vessels, e.g. of the oil or ghee in
an earthen jar (FoEt wmtdtent fegretat wwd woTw).
Heat-particlea have a like penetrative power (geyenfacnit
HEASUEET AWE: TOETAESqTR A la‘? w fafasrat wal
e o —Jayanta, =rgwmct, Ahnika 8, sframt
ey ).

Thiz is ascribed to adrisfa, as the cause cannot be
ascertained by either perception or inference (including
hiypothesis) (mmrergaTamst wqu@wETTaTCOR—Sridhara).

SECTION 5.

INTERESTING EXAMPLES OF MOTION ASCRIBED TO
ADRISTA (UNKENOWN CAUSE, UNEXPLAINED
NATURE, FINAL CAUSE).

The first motions in primordial atoms at the
beginning of Creation are attributed to adrista.
Among movements in masses of matter so caused are
noted the motion of the globe of the earth and similar
other hodies (wemamat wimwEtt wvd ws7—rada-
stapiida with Sridhara’s commentary, s#u=w). Most
probably this means earthquakes, tides, ete. Aryabhata
and his school wonld no doubt bring under this head
the dinrnal motion of the earth. It is interesting to
note in this connection that DBhiskarn rvefutes the
Buddhbist hypothesis of the earth falling perpetually
in vacwo by arguing that the earth must remain
balanced in space as there is nothing outside to
attract it.

The movement of the needle (iron in general, as
Bankara Misra notes) towards the magnet is aunother

L 2
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exsmple of unexplained motion in matter. Cleaning
and right-placing of the magnet (#wrsiem, FyeTa™y) are
necessary (guiat @tews e, wratwiagam, TR
-mmm—mam Misra).

Similarly, amber attracts grass, straw, ete.  (Fasmwa-
Eurfmﬂ mid—Sankara Mitra, on Sitra 15,
Ahnika 1, Chap. V.)

Involuntary movements of the hand under the
mfluence of the hypnotist’s manfras (incantations) are
also attributed to adrista.

SECTION 6.

MEASUREMENT OF MOTION.—UNITS OF SPACE
AND TIME

The solar day was taken as a natural measure or
division of time. In the Nylya-Vailesika school the
day of twenty-four hours (solar) is stated to contain
B x30x30x 18%x2x2 units of time (ksanasz). The
Nylya unit of time therefore measures 7, of & second.
The smallest measure of time mentioned by the astrono-
mers is the Troti, which is 55355 of a second.

The natural measure of length was the cubit (Hasta),
of which there were two fixed standards, the greater
and the lesser cubit. The smallest measure of length
mentioned in the Silpa-édstra (Technology) is the
Paraminu, which is about 55555, of an inch. This is
the same as the Trasarenu of the Nyfiya-Vaitesika
school, which stands for the thickness of the mintmum
visibile (the finest mote perceptible in the sunbeam as
it comes slanting into & dark room through a chink).
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Average velocity (wemnfe—Bhiskars) was measured

. & & .
m qaccordance with the formula » = 5 but no unit of

velocity appears to have been fixed upon. There was
no idea of acceleration, and of course no measurement
of force. Mahavirhchiryya gives formulm for com-
puting the space travelled over in cases of Sankalita-
gati (velocity with regular increment at stated
intervals), but this does not amount to aceslera-
tion, as the intervals are not indefinitely small
Where the velocity is uniform, the interval of time
may be of any smount (meww), but where the
velocity is variable (wiwet % wamfm—Bhiskars), an
indefinitely emall quantity of time (ywamz) must be
taken ; in other words, the positions of the particle in
two suceessive nstants must be considered, and the
velocity must be supposed to be uniform during this
interval (conceived as indefinitely emall, gm). It was
in this way that Bhiskara determined the instantaneous
motion of & planet (arrefest nf7).

Component of Velocity,

The astronomers measured the motion of a heavenly
body in different directions (longitude, right ascension,
ete.), and caleulated separately the components of
motion (nfresr) in these directions, and they adopted
the device of tranaferring such component veloeities
from one body to another in the computation of
relative motion (ey. =# w7 wrtin Freard vztawia
nfewet w¥  sigwn—Bhiskara, Siddhinta-Siromani,
Ganitddhyaya, Ghatisphuti-prakarans),
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SeoTION T.
NOTION OF THREE AXES,

Motion, we have seen, was defined as the change of
position of a particle in space. To conceive position in
space, Vichaspati takes three axes, and the position in
space of one particle relatively to another may be
indieated by distances measured along these three axes.
This remarkable analysis (cirea 842 AD. W
Vachaspati, Nyyasiichinibandha) anticipates in a rudi-
mentary manner the foundations of solid (co-ordinate)
geometry, eight centuries before Descartes (rude p. 118,
wupra).

The Principle of the Differential Caleulus applied to the
Computation of Motion ( Variable Motion).

Bhiskars (1150 A.p.), in computing what he calls
the * instantaneous” motion (wrranfeat afw) of 4 planet,
gompares its successive positions in two suecessive
instants, and regards the motion as constant during
the interval, which he conceives to be indefinitely small
(smrwws). This is equivalent to the determination of
the differential of the planet’s longitude, and the process
bears “a strong analogy” (to quote the words of
Mr. Spottiswoode, the Astronomer Royal) “to the
corresponding process in modern mathematical astro-
nomy.” I have elsewhere shown that Bhiskara's process
was not merely analogons to, but virtually identical
with, that of the Differential Caleulus, Mr. Spottiswoode’s
eantions reservation having been due to his want of
scquaintance with the original and the insufficiency of
the materials placed before him (vide pp. 78-79 aupra).
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SECTION 8.
BELATIVE MOTION.

The phenomenon is noticed among the hallucinations
of sense (FramEaTyT wew: ARl fewmata ue wwye T
—Kumirila, Sloka-Virtika, p. 520). Astronomers like
Aryabhata and Lalla, who believed in the dinrnal
tevolution of the earth from the west to the east,
explained the apparent revolution of the starry heavena
in the opposite direction by the principle of relative
motion.

SECTION 9.
SERTAL MOTION,

Several Santinas (series) of motions are incidentally
noticed, eg. vibmation (wmm, s#mewm™), wave motion
(wifencg), current motion (=mw).

In an interesting passage, Charaka notes three
instances of serial motion, viz. those of water, sound,
and light (weemm, g=eam and wihwwmm), to which he
compares the course (¥m) of chyle (or chyle-blood) in
the Dhamanis (veins) and other ducts of the body,

Dalvana thinks that downward, oblique, and upward
currents of chyle are respectively intended by the three
illustrations ; but Chakrapini points out that the
Santdna (wave) of sound travels in all directions (the
same is of conrse true also of light), and that differences
in speed (and not in direction) are here meant. In
other words, a Santdna of sound travels more rapidly
than that of water, and less rapidly than one of light
(wfSewwrs), and Charaka's meaning iz that the metabolic
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tourse may complete its circuit with greater or less
speed. Whether, in this paseage, the three Santdnus
ure viewed as waves or currents, is not specified ; but
the difference between a wave (¥1%) and a current
(m==) was well known.

A current of water (mmm, downward How) consists
of particles moving in an uninterrupted geries under
the action of gravity apd fluidity (qsm and 3w,
Sankara Miira). A wave (stfwmcy), on the other hand,
1s constituted by the transmission of vibratory motion
(mmem) in the water-particles (e.g. Jayanta, wwrwTe-
g ermEwa — Nydya-Manjari, Ahnika 2),

A ray of light, on the other hand, was supposed to
imply the rectilinear propagation of indefinitely minute
corpuseles m all directions, with inconceivable velocity,
and a sort of conieal dispersion (wiwwifz Ymfmme 7w
wwatn gyamTy — Udyotakara, Vachaspati),
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CHAPTER IIL
HINDU IDEAS ON ACOUSTICS.

SEoTIoN 1.
ANALYSIS OF S80UND.

The Mimimsakas—In their analysis of Sound, the
Mimimsakas distinguish between three elements : (1)
Nida, a quality of Viyn (air), which is the physiea]
basis of audible sound ; (2) Dhvani, sound as heard,
audible sound ; and (3) in the case of significant sound,
Sphota, * transcendental” or *intelligible " sound,
representing the Platonic ideas or logoi, which are
eternal (f,) ubiquitous (wres), and noumenal (fanas,
fit., without substrate or ground—Kumirila), The
Sphotas are manifested by the Dhvanis (sudible
sounds), of course only in the ease of words (w=, #w).
Upavarsa, the teacher of Panini, rejected the Sphotas in
favour of the Varnas, which ware conceived to be
** phonetic moulds " with natural significance.

As regards sound in its physical aspect and the
mode of its propagation, some of the MimAmsnkas
content themselves with saying that Viyu (air) has a
special quality (NAda) which csuses audible sound
(7t TP wrgd wfr w=w—Kuomirila, Sloka-Virtika :
g AT weyaE frewd, weRif o
Afgwem — Pirtha - Sirathi  Midra, Nyayaratnikara).
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Others, including the teachers of the Siksd (Vedic
chanting), hold that the physical basis of sound is a
series of air movements (srgamm, ¢f. Udyotakara's and
Vichaspati's reports) ; in other words, the air-particles
themselves flow in a current in all directions, Leing
obstructed in their path by the impact of tangible
objeets (i.e. material bodies), and the movement ceases,
as in fthe arrow, when the moving force is thus
exhausted (eg. = TREAEEAE Y TR AT A Liie ]
FrgTRe A gt wEwety . . . (WO SAATWRRS WEATYRA
—Jayanta, Nydya-Manjari). Butthe orthodox MimAmsd
visw is that of the MimAmsA doctor, Sabara Sviimi, who
holds that Nida (the physical basia of sound) is a wave-
motion of air, being the transmission of conjunctions
and disjunetions in the minute particles of air, the wave
ariginating in the first impact, and being continued by
the successive impacts of the minute particles (eg.
dimfsarmAondm  fewonon  geRfawssl wEa=ITEn
(17-1-1) wirema fe wfom wwm fafees SeEwoiE
wfunfiezal | § X TEROEGAT  AGWATT Aeee |
WY ¥X Ay W INSWA | A WAR W wyund 2w
THEER m—gahﬂmfﬂh&sj'u. Sitra 13, Pida 1,
Adhydya 1). In this wview, the particles of air
(amswmawm:) are subject to w vibratory motion (a sort of
parispanda) in the production of sound (sfcerafsswm
—layants, NyAya-Manjari). The Vikyapadiya deseribes
articulate sounds (varnas), and indeed all sounds
(sabdas), as only forms of air set in motion, with rare-
faction and condensation (wea), and capable of variations
of velocity and confignrtion (Fwfen: wwmw wwicany-
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affar WAt ER TR WA ATAOWR | W STCUwrETy
SR #fwaraTy o weantg gam: 1 Vikya-
padiya, Kanda 1, Sloka 109).

Nylya- Vaidesika.—The early Nydys writers hold
that the sound-wave (w=mwmw) has iis substrate in
Akisa (ether) and not Viyu (air). Later writers (¢.g.
Vichaspati in the Tattvavindu) add that sound itsell as
a phenomenon is mot to be conceived as a mode of
motion | ;w-ispanda}. for -ilq‘xén the substrate, is, in
the Nyiya view, incapable of motion (7 Wy wiesee
gemfoafen g6 foife fopd w ¥R pRmAReTE —
Tattvavindn), At the same time the propagation of
sound must be conceived on the analogy of waves in
water (vifewcgama). Udyotskara in the Virtiks,
Vichaspati in the TAtparyystikd, and Jayanta in the
Nydya-Manjari controvert the three views current in
the MimfAmsd school—(1) that Nida, the physical basis
of audible sound, is a specific quality of Viyu (air),
(2) that sound, in its physical aspect, is constituted by
a series of air movements of the nature of a current
(argwwrra), and (3) that it is not air-currents bt air-
waves, series of conjunctions and disjunctions of the
air-particles or molecules (srorvawm, siggonos:), that
constitute the Nida, the sound physical, to which, in
the case of significant sounds, the Mimimsakas assign
the function of manifesting the Sphota, ** transcendental ™
or “intelligible” sound (logos, the word). Vide
Udyotaksra Virtika, Adhydya 2, Ahnika 2, Siitra 14 ;
also Thtparyyatikd, snfm Irgemmt W W gEEE@ A
wom WEs: TNINTE HOMATTAES] aniw fmwee, et
loc. vit. Against these views the early Nydya doctors
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maintain that sound is a specific quality of Akada
(ether) and not of Viyu (air). At the same time
they admit that the impact which originates the sound
phenomenon (wmraars wRrpgmay fawe) in Alkdda
togs so by setting up n vibration in the molecules of
the object struck (e.g. a bell), and that these vibrating
molecules impinge against the air-moleeules in contuct
EITFlm, wnmfmaarg:).  In other words, though
Akisa is the substrate (wrem), the efficient cause of
sound (fafaramew) is to be found in the mechanical
impact (wfawrr) of vibrating molecules of sonorous
bodies against eontiguous molecules of air. As to the
propagation of sound, the early NyAya-Vaidesika writers
coutent themselves with stating that the first sound
thus produced in the substrate Akida by the impact of
the vibrating molecules (e, of & bell) against the
eontiguous molecules of air, produces a second sound in
‘the contiguous AkAda, and the second sound a third,
and 5o on, in the same way as waves are generated in
water, until the last sound sets up a vibration in the
ear-drum (wyesfs).  Of course, this propagation of
sound-wave in Akdsa (ether) is effected by means of the
nir-wave as its vehicle. This is the Nyiya-Vaisesika
hypothesis (w=mn) of an independent sound-wave
(=), Akisa (ether) is motionless, but the air-
wave would not be transmitted if the air-molecules
were not interconnected by Alda, Prafastapida, the
Vaisesika doctor, for example, deseribes the first sound
s giving off a second, the second a third, and so on,
expanding in Akdfa, in the 8aMe WAY as waves are
supposed to propagate themselves in the oesan.



s dmfeem . . . . T
WOTETEAT AN | WS o L
SETETRGIT, TR | SgEEtTTy ST =

AN TATT TEUR Prafastapida, wo w@stan memafes
T TR AR AR wAe S
WUTR WY WA WREATAl WU | AN w= §w fawwinn
ete, (Sridhara, #id.). On this hypothesis the locus of
the sound at any moment forms a circle in Akids, and
the propagation is carried on in the air by means of
ever-expanding cireles, as in the case of waves in water.
But this analogy is rejected by some (e.9. Udyotakara),
who hold that the first sound gives off not one sound
in o circle, but an indefinite number of sounds in all
directions, and each of these again gives off another,
und so on, so that sound may be said to expand by
successive concentric spherical layers, even as the
Eadambakoraka (the so-culled bud of the Nauelea
Kadamba) expands by successive concentric spherical
layers of filaments which shoot forth from one another.
Un the first of these two hypotheses, the air-wave
mplied in the transmission of sound is of the nature of
what we call transverse waves ;: on the second, of the
uature apparently of longitudinal waves. Inany case, it
is clear that the orthodox Mimimsa view of Sabars Syimi,
that the air-wave constituting physical sound means
n series of mere conjunctions and disjunctions of air-
particles with rarefaction and condensation (e.g., =
dimtemAadie, Sabara, wws, Vikyapadiya), implies
longitudinal waves, wifercg=mm TEATRE SiWaT Sruscs
Amgiw: wwfwwa (Visvanitha, Bhashi Parichheda,
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Sloka 165); wiryiery wwrafafe: | warg: y= s foam-
TWE | TEW YOG weeTewaran saemtn
AREARE W Wmmm wIETie |
TRISREITRRTATR, TR R — FOR AT 47 wArwy Wagamy
wafe (Udyotakara, IL, 2, 14). As the momentum of
the impact series (which constitutes the efficient cause
of the sound-wave) grows feebler and feebler in the
eourse of transmission through the air-particles, the
sound at last dies away. Gange$a, in the Chinthmani,
holds that the propagation is not from molecule to
molecule, but travels in ever-expanding circles as in
water-waves, perhaps in spherical layers by compression
of magses of air; and these air-waves, the vehicles of
sound, are exceedingly swift. This explaing the veloc sty

of sound. TEA N WO AN INEAAT | o 39
awaiy gt Wﬂ 7w | few Aemmieed
BARPIT-AENTARET  EW  wom-fathwATRT®  wrawew w4
formy=: o= o3 lﬁﬁ INTWIWTIY WINSITUAyT: 94s eas
TR W FTSACEIIIONA STNIYY FUAYA, AETRAAT NiwmieE
WA= WTEW=TAAT Wi WENgW: | qrhay W
ARACIRITTINT  ARTETIEIATN 9 W W sTeiiewTE
TWRETE ZEwen wRAww Wyw Twwe wwowm in (Gangeds,
Tattva Chintimani),

But how does the first sound produce the second,
the second the third, and so on? At every step the
efficient cause, the impact of some vibrating molecule
aganst a contiguous molecule of air, must be posited,
and. this is equally applicable to a sound produced hy
a sound (w=ww=) as to one produced by conjunction
and disjunction (d8vm or fmm).  In other words, the
sound-wave (w=wwm) in Akisa necessarily implies an
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air-wave. The Mimimsaka view, then, that explains
the propagation of sound by the transmission of the
original oscillatory motion through the successive layers
of sir by means of successive impacts or pressures
producing conjunction and disjunction of air-molecules
(arawtan sgmfnom—Sabarabhisya), or rarefaction and
condensation (weg—Vikyapadiya), is also implied in
the Nydya-Vaifesika doctrine of the sound-wave
(w=wmmw), the difference being that in the latter the
air-wave, which 13 conceived as a mode of serial motion
(nfa-wer), is only the vehicle or medium of propagation
of & so-called sound-wave in AkAds, which is not itself
a mode of motion. This is what we find expressly and
elaborately formulated in the latér Nyfiya-VaiSesika
(vide Gangesa, Chinthmani, supra),

SEcTioN 2.

ANALYSIS OF VIBRATORY MOTION, eg. OF A BELL
(IN AIR).

The molecules of a bell vibrate when the bell is
struck. The question is—what is the nature of this
vibratory movement? Vatsyiyana and Udyotakar
answer that, when the hand strikes the bell, some of the
moleeules are displaced (from their stable position—i.e.
there 18 karma in the molecules), and thus a Sanskira
(here a kinetie Sanskiirs, momentum) is generated
(#ere, w=wmdEe— Viltsydyanun and Vichaspati), and
the molecules swing forward under the action of this
Sanskiira until they strike the contiguous molecules of
uir. This now is a case of mutual impact, which divides
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the momentom between the colliding masses, and the
bell-molecules begin to swing backward, the motion
continuing under the action of the diminished Sanskilea
until they come in collision again with other air-
molecules; and then the process is repested, and the
hell-molecules begin to swing forward and backward
until the origipal energy which is parted with in some
mensure st each impact becomes so feeble as to he
unable to produce any kinetic disturbance (s&).
Similarly, the air-molecules themselves are set vibrating
by means of these impacts, and the transmission of the
motion would form the wave of air, which the later
Nyéya-VaiSesika expressly posit as the vehicle of the
sound-wave. But Udyotakara never conceived vibration
i vacuo, nor does it appear if he meant to inelnde the
second species of Sanskfira (elasticity, Sthitisthipaka-
sanskira) as converted from its potentinl state (waiferam)
mto kinetic energy, and thus contributing to the
momentum (vega). He uses the generic term Sanskira,
which comprehends elasticity as well as momentum due
to impressed force. His commentator, Vichaspati, does
not go into details, and does not analyse the momentum,
Later writers, however, expressly state that elasticity
(Sthitisthiipaka-sanskiira) is one of the causes of vibration,
and that elasticity resides not only in the element of
earth, but also in air, water, and fejas (¢f. Visvanitha).
TETAHIHERAATIE ATTHATCACY F1 FeaT IR GiAagari-
s Wi wan (Vatsydyana, I1, 2, 3, 6) wrfarsfen-
wirwrhmq aifeTATeET, Vet w6
THES WA TTAAAgR  fowvrARwTd dwwd wOiR | W
wFmTATTME TR A 9 WATWEAT A W WOE |



THE ANCIENT HINDUS 161

W W dETC WwRT g wW gedewE gReeTmme
FETT TAOWR | TN WRETANCGATINETE! AR wE AT
WAl wmunErse: wwdmwem 1w (1) Udyotakars Virtiks,
Adhyiya 2, Ahnika 2, Shitra 36. (wmmnin-r
NIUATE ¥ wnariww) a1g—Vichaspati, T&tparyynttkﬁ
log, eit., also dwmt wmred w0fw). But ¢f. Vikvanitha,
HwmTon! Fitee fefreTesSTed | giwTNg ¥ =T s
By | Pefrereedee fgat sfsageiiy | satteg st
wwe sty wrrow— Bhishi-parichchheda, Slokas 157-
150.

As the air-wave forms the vehicle of the sound-
wave, if it does not constitute the sound-wave itself,
the favourable or retarding influence of currents of wind
is easily explained. The presence or absence of water
(and other intervening objects) offering greater or less
resistance to the transmission of the wave-motion also
easily accounts for the greater or less distance to which
the sound is carried.

SECTION 3.
ECHO,

ufmaty (Echo) was supposed to be a reflection of
sound. Some consider it to be an after-sound, a sound
generated by sound. Others suppose it to be due to
the reflection of sound in the same way as an image in
water or in o mirror (afefess) is due to the reflection of
light. There is an element of hallucination in either
case (yigufcamingie:}—the image in water is not a real
image, neither is the echo the real sound it is taken to be.

(el = 7 wwram: wiafeawens sy wfrafeanifesy
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7R | A § WEAANLAAY WRaiAion T szss -
nTi wOTATASTATOT W RTAr TR SgTA WA TN | niaivay
wgiy Sfcmians) fewrar wEfem 2w w1 — Vijnina-
bhiksu, Pravachana-Bhisya, Chap. L., Sutra 87.)

SEcTioN 4.
PITCH, INTENSITY, AND TIMBRE.

Sounds differ from one another by their pitch
(wrorefewe), by their intensity (wrawenfeds), and by
their quality or timbre (wamarew wdi). When a bell is
struck, an indefinite number of notes (mfmiz, tones and
overtones) are emitted, of varying pitehes; and the
notes die away, becoming less and less intense. Now,
we know that the molecules swing to and fro, and thas
the Sanskira (momentum, wega) of the wibrations
(s=memsimsrt) grows feebler and feebler. The differ-
ences in pitch (tones and overtones) as well as in inton-
sity must be dne to varistions in the Sanskdras of the
vibrations. The distinguishable pitches (ealled Srutis,

wr) as well as the degrees of intensity (Wramwriz)
must be aseribed to variations in the wege (momen-
tum), and, by implication, the frequency, ete., of the
vibrations.

Cf. Vitaydyana, 11, 2, 36—vmed swrmfwdmoygd
At TER AR WEEAATIN g
whprzm wWem wpears gimve Vide also Udyotakara's
analysis of vibration based on VitsySyans: wemm-
frmmmraT! AR et ITA Wi e
wfr=sn WUR | WATIARATR  REWCRmAATE AT e
wegmuzaiw W Wl dwc—Udyotakara, Virtiks,
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AdbyAys 2, Alnika 2, Sitra 36. wwvRwfen =R
afwas ratw— Vilchaspati, Titparyyatiki, foc. cit,

Sounds also differ from one sunother in volume or
massiveness in the case of coalescence (wmamrataieey).
A sound both loud and massive is called mer (large)—
T WERWA U9 AIG REY INWA AENiE BRIAWTAIGISS:
wid ¥ wEa wemie sgac | wwfe T iy s —
Vichaspati, 11., 2, 36.

Sabara, the MimAms4 doctor, explaing massiveness
(7ew) as due to wrzgfe, the conlescence of different aip-
waves, which by their simultaneous impact affect g
comparatively large tract of the ear-drum (wimn
SENCIIATR: FERSRAANET W IR A wEe
W | GETEA SETHEISTEETY AT LU L S
wit At wgEiE ARG e TeTy Liae il ¢
mmm: ﬂﬁwﬁmmﬂmﬁufmmm
AEWEAT: | AW AeEw aE 7 wwm—Sabara on Jaimin,
Siitra 17, Adhydya 1, Pida 1). The Mimimsakas. who
resolve sounds into air-waves, attribute all differences,
whether of pitch, intensity, or massiveness, to differences
m the series of conjunctions and disjunctions of air-
particles that form the waves (vide Vachaspati's report,
y=Tal § demimEETAt gwweeea w=wi; o also the
later Nyidya-Vaifegika, which accepts air-waves as
vehicles of sound-waves: sy wewoamfesde  sepe-
wemuim—Gangeds, Tattva Chintdmani). It may be
noted that the terms wtw and w= are oceasionally used
in & general sense, and applied to express higher and
lower degrees of pitch as well as of intensity.

There are also differences of quality  (sree
warvrrre:).  The same sound gu (n), of the same piteh

M2
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and intensity, uttered by men and parrots, can be
distinguished ; =0 also the sounds, even the same notes
of the scale, given out by a wind instrument like the
venu and a stringed instrument like the vina. Similarly,
there are sexual and even individual differences of voice
(wier T mﬁmqmmngmm BEAT SONEAAN
dam | T wiEwy wigeiemey 5—Vichaspati, Tal-
paryyatiki, IL, 2, 14. ﬂhmwﬁiw
amyrent wn— Udyotakara, 1L,

SR !rmqumﬂ—ﬁmwm and Ma-
thurinitha), The sounds emitted by impact of the
different Bhiitas (echo from Akida, hissing from the
wind, puffing from fire, bubbling from water, and
splitting or cracking from earth) are characteristic
examples of such differences of timbre (vide Pan-
chadaél, Bhittaviveka, Sloka 3).

The Vikya-padiys (Einda I, Sloka 109), as we have
seen, ascribes all differences (whether of pitch, volume,
or timhbre) to the characteristic forms of the air-waves,
which differ from one another by their configuration
(wiguramy fewswR giw), and are capable of variations
of velocity (momentum, vega) as well as of mrefaction
and eondensation (wrooenrdrg ) wawuivia:

There are passing references to the obscuration
(wfwws) of sounds in Vitsyhyana, Udyotakara and
Vichaspati, but the subject is treated more from 8
psychological than from & physical point of view.
(Frmichye: weARis=AlaYTA 7 % | ATAMAY F=EATAY
W WI-TATETRNTA SR e AtEm e Wi g
—Vitsyiyana, 11, 2, 14; vide Udyotakara and Vicha-
spatl, oo, eit, Here a1 = loud, and s = low.)



THE ANCIENT HINDUS 165

SECTION 5.
MUSICAL SOUNDS,

Srutis and Svaras.—We have already seen that
the distinguishable pitches are called Srutis, snd they
are proportioned to the vega (momentum) of the kampa-
santana (vibration). Now the ratio of a note to its
octave (in respect of pitch) is given as 1:2; we may
therefore conclude that the vega of the vibration in the
latter case was considered to be twice as great as in the
former. An indefinite number of Srutis could be inter-
posed between a note and its octave (wrst fe gatat =
gt faufgm: o afafogoomsd w1 StmosmsT )
of. dmtmaricaTs « SyrewTTTT TEEte W A—dr-
forrw, Sloka 40). Twenty-two such are named and
recognised for musical purposes. But a Sruti as such
cannot constitute 4 musical tone (Svara). A Srutiis a
simple (nnmixed) and fundamental tone of & certsin
piteh, whereas an ordinary musical tone (Svara) is
really composed of a fundamental tone (Sruti) and
certain purtial tones (harmonics, Anurananas, W ).
The musical tones (Svaras), vocal or instrumental, are
therofore of the nature of what we call clangs, becsuse,
either accompanying or following the Srutis or simple
fundamental tones (gmnfawry), are always found certain
purtial tones (wiymam). wwert mst Wt gz wEey |
W mal §fRmd frperiwe (dtrore)  gRmeemEmat
wfit a1 3 wamg 1 femt wigteTy —Damodars, Sangita-
darpapa, Chap. L, Sloka 49. wwawom? ¥ fardsgor-
AT | @ WG yaE—Sangita-ratnikare. @ w® @y
R, ETws: (@it oiefiied et W
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qh W = TEE mm wwe GNneW | W I AWS
wreETew fEgwem —Sangita Samaya Sira, 1. FETe
AT WETEW: WEAEW WO | ACARTTEw; PO pEATT:
W i WG SUIGISTE | eI s e
| wiafege—Dimodara, Sangita-darpasa, Chap. I,
Sloka 51. The relation between a Sruti and a Svara
is wariously conceived us (1) wfegm modal change; (2)
wa manifestation ; (3) wrmeem wifwwscs the relation
of genus and species ; (4) fawdw (g w3 7oy feafad)
reflection ; (5) =md=rmgwm, the relation of cause and
effect ; of. #ntmmfoarw by Abobals, gwuwg =wr fimm
WIHARE T WEgWETA AW Welw: §ieesn | —ania-
wifcam: Sloka 38,

SEcTION 6.

THE NOTES OF THE DIATONIC SCALE: DETERMINA-
TION OF THETR RELATIVE PITCH.

The piteh of a note is inversely prupurtiunﬁl to

the length of the wire (vatwgad s WA
—wmsteraat. quoted by Mr. Devala in his * Hindn

Musical Scale").

The pitch of the fundamental note to that of its
oetave 18 as 1:2 (mamraen wrw frqeew: — omigeiy,
guoted by Mr. Devala),

The pitch of the fourth note (F) to that of the
fandamental (C) is as 4 : 3 (woni: wzsravng yupl SoTes —
wntwarieam, quoted by Mr. Devala),

The vibrations of the fifth note (G) to those of the
fundamental (C) are as 3 : 2 (fevommestomt o wre-
afed (—dntwmfoame, quoted by Mr. Devala).

Concord (srfem) is either perfect or imperfect. The
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ratio of perfect comcord is 3:2; that of imperfect
concord, 4 3 (®-g-ws gmn #mfem = TsEwEn Ow
—mrfaam, quoted by Mr. Devala) ; e.g. if D be the Vadi,
A would be a Samvidi ; if E be the VAdi, B would be &
Samvidi: in each case a perfect concord. The pitch of
D) is determined from that of G, and the pitch of A from
that of D, in each case, by the rule of perfect concord.

Determination of the pitches of E and B (after
Mr. Devala). This may be done in either of the
following ways :—

(1) E may be determined from A, and B from E, by
the rule of perfect concord. This would give 305§ as
the value of the pitch of E, and 455¢ as that of the
pitch of B, if the pitch of C be taken as 240; or

(2) E may be determined from C by reduction of
the fifth harmonic by two octaves, a sort of imperfect
concord ; and then B may be determined from E by
the rule of perfect eoncord. Thiz would give 300
for E, and 450 for B, if C be taken a= 240.

M. Devala, in his investigations with the * Sono-
chord,” finds that Hinde musicians (and Sauskrit
writers on music) adopted the Intter values for E and B,
gs they tested their notes by harmonics (Femrawyer-
dfswEa—amtaee, quoted by Mr Devals),  The
Hindus therefore followed just intonation.

SectioN T.
MUSICAL [INTERVAL=

Musical tones are related to one another in four
ways as Vidis, Semviidis, Vividis, and Anuvidis. The
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medieval compilations explain these in reference to
melody, and harmony is altogether unknown, but the
terms might be nsed to indicate relations of harmony
ag well. The VAdi might in that case answer to the
key-note (or tonic), and the Samvidis to the two
consonances, the fifth (2 : 3), and the fourth (3 : 4).

The rule given for the determination of a Samvidi is
12 or 8 Srutis intervening, the intervals being, therefore,
13 and 9 Srutis respectively (giving the ratios  and §).

C being the VAdi, G and F are stated to be the
Samvidis.

In the same way, it is stated that if D be the Vadi,
A would be a Samvadi. If E be the Vidi, B is given
s a SamvAdi

On the other hand, a two-Sruti interval (ie a
difference of a semitone) gives a Vividi, which would
thus answer to & dissonance. This is given as a general
rule (frgmmctadtianfeat Matanga). Other cases are
also noticed, ¢.g. E ia a Vividi to D, and B to A, and
vice versa (ratio of 9 : 10).

The notes that do not come under these heads are
Anuvidis (eg. the sixth); ¢/ Bharats, Nitya-Sistra,
Chap. XXVIIL, Slokas 23-24.

Also Sangita- —

i '\ ARt st fomefy wgette o ety aa
TEFHT WASt TN T IGrONTIEnE i wepiAt ot e
Pt « fordRe o mm @ wefoendy ) S
wgwfemm 1 (wor).
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CHAPTER IV.

HINDU IDEAS ABOUT PLANTS AND
PLANT-LIFE.

SecTioN 1.
CLASSEIFICATION OF PLANTS.

Charaka :—Plants according to Charaks are divisible
* into (1) Vanaspatis, trees bearing fruit without flowers ;
(2) Vianaspatyas, trees bearing flowers as well as fruits ;
(3) Aupadhis, herbs that wither after fructification
and (4) Virudhs, other herbs with spresding stems.
Chakrapdpi notes in his commentary on Charaka :
The Virudhs comprise two classes, (1) Latds, creepers ;
(2) Gulmas, herbs with succulent (or cactaceons)
stems and shrubs. The Augadhis are sub-divided into
(1) annnals or perennials, bearing fruit, and (2) plants
that wither away after maturing and without fructifica-
tion, e.g. grasses like the Dirvd (Cynodon dactylon).
Suéruta +—Subruta’s division is identical with
Charska’s. Dalvana, the commentator, gives some
details. The Plaksa (Ficus infectoria) and the
Udumvara (Ficus glomerata) are given as instances
of trees bearing fruits without flowers ( Vanaspatis). It
appears that plants with naked and incomplete flowers
(achlamydeous plants) were considered as flowerless, as
also trees whose flowers, like those of the fig, are placed
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ou the internsl walls of u common receptacle. Of the
Briksas, flower- aud fruit-bearing trees, the mango-tres,
the Jambu-tree (Eugenia jambolana), ete., are given as
examples. The Virudhs are of two classes, (1) creepers
with stems spreading on the ground (wwrwa:), and
(2) herbs with succulent (or cactaceous) stems (fem
or wigm wgeEAwwiataiwen).  Awusadhis are those that
wither awny after fructification, e.g. wheat, barley, ete.
(wewrsfaer wres:).  Some divide Ausadhis into two
classes, (1) those that wither after bearing fruit,
eg. paddy, linseed, pulses, efe.,, and (2) plants that
wither after maturity, and bear neither flowers nor
fruits, eg. the mushroom, ete.

Prafastapida :—Pradastapdda, the Vaisesika doetor,
classifies plants as follows :—(1) Trinas, gTASEes ;
(2) Augadhis, herbs that wither after fructification :
(8) Latds, spreading and creeping herbs ; (4) Avatinas,
arboraceous plants and shrubs: (5) Briksas, trees
bearing. flowers and fruits ; and (6) Vanaspatis, trees
bearing fruits without flowers.

Sridhara in the Kandall gives Ulapa as an example
of a grass,! wheat as an example of Augadhi (annusl),
the Ketaki (Pandanus odoratissimus) and the Vijapura
(Citrus medica) ns examples of Awatinas (Vitapas,
arboraceous plants), the Koviddra (Bauhinia) as an
example of flower- and fruit-bearing tree, snd the
Udwmnvara (Ficus glomerats) as an example of a
Vanaspati (flowerless fruit-bearing tree).

Udayana in the Kivapdvali notes the Kusménda (s
species of Cueurbita) as an instanceof a creeper ( Latd), and
the palms wrews; as modifications of the grasses (Z¥inas).
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Amara :—Amara, the lexicographer, in the Vanauga-
dhivarga and the Vaisyavarga (enumeration of wild plants
and of food-grains) pives some interesting particulars.
(1) The trees (the flowering Bribses and the Howerless
Vanaspatis) are fruit-bearing, and possess woody stems
wTPETE or trunks (FERE—UwTER WAL mTEeT wEifTe).
Next come (2) arboraceous plants and shrubs (wm,
gagTigw gw) bearing flowers as well as fruits. (3) The
Latls are next noticed, flowering plants with herbaceous
stems, some of them creeping on the ground (wmfsat),
others suceulent (nfsiwt), others twining or veluble
(gerardmar &, gemfat gm — Amara, of. Mukuta,
WERET] Wi TETAwAW AW TEwy @anw wwie: —others
call this fym). Cf. Sudrutsa—gw: wwesa: 7,
{4) Next come the Ausadhis (in the narrower sense),
herbaceous plants bearing fruit with or without flowers,
and dymng or withering away after fructification. Some
instances of Kandadila (tubers, rhizomes, corms) are
noticed, ¢.g. the Palindu (the onion, SETEE gaae:), the
Lafuna (garlic, wers=y), ete. But the graminaceae
enumerated in the Vaidyavarga are the chief instances
of the Auwsadhis—plants that die after fructification.
Theae are cultivated Ausadiis, but their affinities with
the next class, the grasses (7Tripas), are also noted
(¢.g. vt Fife o=t WEEWAETAT | QTR AT
argtere W wrwns).  Next are enumerated (5) the Tripas,
grasses, of which the characteristic is the formation of
gulmas (culms of grasses with annular knots from which
leaves spring—w& = R tReTR g yEa). It s
wortliy of note that, in the enumeration of the grasses,
the bamboo is considered as a sort of giant grass
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(qwsw, grass fiag, 7oy &= #3). The reeds (wemwm) are
also placed among the grasses (F@rzesm nivaryrangamia
waEyery Atyen).  (6) Finally, the Palmaces (includ-
ing the cocoanut, date, areca, and other palms) are
classed as Tree-grasses, probably because, like the
grasses, they are endogens characterised by spikes and
parallel veins. wwEm 1 (rTnETene: Wasy ol
ete., ¥R ¥ fimmwiemam Wi sIAET MBS WHT | FUEA
—cf. also the Rijanighantu).

| may add that Amara places parasitical plants
among the Latds (smn gumeat THEE | Winfwww).
They climb trees and feed upon them. These are to be
distinguished from elimbing plants, like the Guduchi
(Tinospora cordifolia), which have separate roots of their
own. They are also to be distinguished from the
adventitious roots descending from the branches of trees,
like the Ficus religioss, which are usually termed
avarohis (wwdren). The name #iphd is ordinarily
applied to the rootlets and suckers by which the
tendrils of various creepers are attached to the soil
(g wvie @) wR: g wwetent
TETNTH W @W ) Amrgdd T gwr wmm—Amara with
Bbinuji Diksita’s commentary. But the Mukuta
notes :—wEwET MW JuTEwEETT qyETE Sl Wy )
The Guduchi is also called wyamest, fawser)

The Hindu Materia Medica mentions Akddavalli,
lit. sky-creeper, a name which seems to have been
originally intended for some orchids: also Plawa
(Zie. floating), weeds that float in stagnant ponds, and
Saivdla, mosses snd lichens (e.g. rirwvemviivg waw wod
o wweTEd — Chakrapini - Samgraha, alzo Bhivas
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Prakisd). These are not classified, but like the mush-
rooms must come under the Pikanistha ausadhis,
Ausadhis that die after maturing, without bringing
forth flowers or fruits.

SEcTION 2.
ELEMENTARY IDEAS OF PLANT PHYBEIOLOGY.
Characteristics of Plant-Life.

The Nydya-vindu-tiki of Dharmottara, the Buddhist
seholiast, notices the phenomenon of sleep (contraction
of leaves in the night) m certain plants (@ ot
TTEET).

Udayana notices in plants the phenomena of life,
death, sleep, waking, disease, drugging, transmission of
specific characters by means of ova, movement towards
what is favourable and away from what is unfavourable
(gams:  afeframiesiviem  SirmcrETETE T -
WHEATA TS TOAR A SSTOmIga:  gragweity —
Udayans, gfewtfaswe). | may add that metaphors
drawn from the heliotropic movementa of the Sitryya-
mukhi-flower are among the stock-in-trade of Sanskrit
poetry and belles-lettres

The Jaina writer Guparatna, in his commentary on
the Saddarfana-Samuchchaya (circa 1350 A.p.), enu-
merates the following characteristics of the plant-life :
(1) stages of infancy, youth and age; (2) regular
growth ; (3) various kinds of movement or action
connected with sleep, waking, expansion and contraction
in response to touch, also movement towards a support
or prop; (4) withering on wound or lacerstion of
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organs; (5) assimilation of food according to the nature
of the soil ; (6) growth or decay by assimilation of
suitable or unsuitable food as prescribed in the seience
of the diseases of plants and their treatment (gama¥z);
(7) disease ; (8) recovery from diseases or wounds hy
the application of drugs; (9) dryness or the opposite,
due to the sap which answers to the chyle (@) in
animals ; and (10) special food favourable to impreg-

uation.  (fefgestgmisesl fafpemtocom oo @hwcos

guuetfenesd ) Even the Vanaspatis {ﬂnwerlm. but
fruit-bearing trees) may be made to flower (¢f. Virahn-
mihira’s recipes for the treatment of plants for similar
purposes ; of. Guunaratna, Tarfarakasyadipikd, Jaina-
idita, Sloka 49).

Bankara Misra in the Upaskira notes as an addi-
tional characteristic the growth of organs (or tissues)
by mnatural recuperation after wound or laceration
(wrmmécten =, Upaskdra, Chap. IV., Ahnika 2, Siitra 5,
S. B H., Vol V1)

Gunaratna gives a list of plants that exhibit the

phenomena of sleep and waking (wwimgarfegscages-
AT TR (&t At wrawee:, ibid. ). He also notices

the gensitiveness to touch of plants like the Mimosa
pudica, et #m, which show a manifest reaction in

the form of contraction, ; L
wgrwiiran afcaeian sus (ibid.),
ﬁ:rmhe‘y

Very vague ideas were entertained as to the sexual
characters of plants. The pollen is called Hajas, puspa,
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prasune—names which arve also applied to the female
menstruum—and Amara expressly states that for
females and Howers these elements (and the terms
signifying them) are the same (wtwt gt gt wad w9 —
Amara, Vanausadhivarga). Charaka (Dridhavala), in-
deed, distingnishes between the male and the female
vatsa (or twtaja), considering the variety that bears
white flowers and large fruits as male (yeaewags:
garet, Holarrhena antidysenterica), and that which bears
red or yellow flowers and small froits as female
(vwrersamgywt wt—wfawsza, Wrightis tinctoria ; Cha-
raka, Kalpasthina, Chap. V.; but this is hopelessly
wrong., Even these vague ideas were afterwards com-
pletely lost, and the Rdjanighaniu tells us of a grotesque
division of plants into male, female, and hermaphrodite,
based on the slender or stout, the soft or hard, the long
or short, the simple or mixed character of the stems
and fowers! (Réjanighantu, wAATE BN I @A
sfndt mmITAry, ete,).

Conactousness,

The Hindu Scriptures teach that plants have a sort
of dormant or latent consciousness, and are capable of
pleasure and pain (wwsw sww gezwestam).  Cha-
krapdni notes in the BAdnumati that the consciousness
of plants is s sort of stupefied (darkened or comatose)
consciotsness (AT SwATTWSTY myEESTIRE STERE-
fwar ww).

Udayana also notes that plants have a dormant
unmanifested consciousness which iz extremely dull

(wivmmrndienm, ete.).
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The Mahibhdrata adds that plants are sensitive to
heat and cold, to the sound of thunder, ete., as well as
to odours both pleasant and unpleasant . —

TwA FTOR UH AW B gEeY ¥
ETqR AR WTq FEATY (AU
wropayta-frdie: v gt fagrta |
WYY A WS T |
w1 qraR 79 wgwaw Tl )

AT AT TR TYEA qIEan .
gETgEEe Ty fafaa )

Wi giewn s weerEuta OrEen o
qiE: WiSE-TIATY WIWTATRIG ZHAT )
mrfyRTaimeaTe frad oad 29 0
TGS T wEAE |

wuT grwdgs: we: faafn o
yugwary wEaTy Pewe W fadew |
Wi qyarie SeTgTNe 7 fawd o @R, FEnTn
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CHAPTER V.
HINDU CLASSIFICATION OF ANIMALS.

SecTION 1.
OLASSTFICATION OF ANIMALS,
Charaka,

Cliaraka mentions four primary divisions —

(1) Jardyuja, born from the uterus, or, rather,
placentalia, viviparous (no a-placental mammals were
known), e.9. man, the quadrupeds, ete,

(2) Andaja, born of an ovam (egg), COMprising
fishes, reptiles, and birds.

(8) Svedaja (or Usmaja), born of moisture and heat,
spontaneously or a-sexually generated, eg. worms, mos-
fuitoes, ete.

{(4) Udvijja, born of vegetable organisms (st
gt Wifwite wtrevwae e —Sdrirasthing, Chap. TIL
waw ditw: woftHRrTET Wt AT tRiTa wicheTAT
—Ibid.).

Prafastapida.

Prasastapiida begins with two great divisions: (1)
Ayonija, animals that are a-sexually generated, of small
dimensions (wgw®); (2) Yonijs, sexually generated,
i.t. from the union of a sperm and a germ eclement.
The latter are subdivided into (a) Jardyuja, lit. placen-

N
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talia, viviparous (no a-placental mammals were known),
and (b) Andaja, ovipsrous. Man, the quadrupeds
(domesticated and wild), etc., are given as examples of
viviparous animals, and birds, Sarfsripas (reptiles, ete.)
of oviparous animals. Udayana in the Kirapivali notes
that Jordyu means the placenta (miewwsigs wog:,
of. Sridbara in the Kandali, wurgfefs wryes s #7
Ifed wrad gfn wogwm ). Udayans adds that the term
Sarisripa includes insects and fishes as well as reptiles,

these being all oviparous (sctgen witm wedEwiem
wir T —gfee e ).

Patangali.

The a-sexually generated animals, as we have seon,
are also called Ksudrajantus (lit. small animals).
Patanjali in the Mahdbldgya gives several alternative
definitions (or descriptions) of this class of animals.
They are defined (1) a5 animals without bones, weferar:
wewww:; or (2) as animals that do mot possess any
hlood of their own, ¥t = sifad e & W ; OF (8)
a8 numbering more than a thousand in a palmful, Le.
minute in size; or (4) as not easily crushed ; or (5) as
comprehending all animals up to the ichnenmon (in the
animal series), wwm wAgwwawn wywwn—Makibhdsya,
2-4-1.

Suéruta.

Suérata mentions four great divisions: (1) San-
svédaja, born of moisture and heat: this division is
mentioned first, as Dalvana notes, lecasuse moisture
and heat are essential factors in the generation of all

forms of animal life, ineluding the classes that follow;
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(2) Jardyuja, viviparous or placental ; (3) Andaja,
oviparous; and (4) Udvijja, bursting forth (from the
ground, or perhaps from some previous unmanifest
shape, e.g. frogs, coccidm, ete.). The second, third, and
fourth classes are mentioned in the order of their
umportance. Subsequently the order of enumeration is
changed : (1) Jardyuja, (2) Andaja, (3) Svedaja, (4)
Udvijia. One reading gives the order : (1) Svedaja,
(2) Andaja, (3) Udvijja, and (4) Jardyuja.  Some
commentators point out that the order in the text
(whatever that may be) is intended to indicate the order
of creation by Brahma.

Suirata mentions man, Vydla (carnivorous quad-
rupeds), and Pasu (herbivorous quadrupeds) as examples
of the viviparons; birds, snakes, and Sarisripas as
examples of the oviparous ; Krimis, Kitas, and Pipilikis
(worms, insects, ants, ete.) a8 examples of the moisture-
born ; and frogs and the coccidie (the coecinella) as
examples of the animals that “burst forth " (eruptive
or metamorphic?). Dalvana notes that the divisions
are really cross-divisions (difa), and intended to he
such, as the natural divisions of Jiva and species
are not all exclusively oviparous or exclusively wivi-
patous.  For example, among birds (ofer, winged
animals), bats and Valdkis are viviparons (warey
wgaTm woger:); indeed, Valikis are some of them
oviparous and some viviparous (vfay worsr oy
wmwg).  Among snakes, the Ahipatikis, a spocies
of non-venomous colubrines snakes, are viviparous
(ovo-viviparous 7).  Among the moisture-born, there
are some kinds of ants (feuifam:) which also Iay

N 2
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eggs or burst forth (from the ground, or perhaps from
some previous unmanifest shape) (Wegweafs wfgn
Tavifear w@w sirsma).

The oviparons animals are divided by Susruta mto
birds, snakes, Sarisripas, ete, Dalvana notes that the
Sarisripas include fishes and Makaras (sea-fish with
fierce teeth, féwdgan:), and the “ ot cetera” comprehends
tortoises and crocodiles (wctgun whenfom SRR
AtwTEt T wytmewa wwwett weew) ! The
“ moisture-born " are doe to the moisture and heat
either of the earth or of organisms (sr=gam gw: wia =
e we: wn). Of these, the Krimis (worms) arise
from the moisture of the fmces in the bowels (w:
wivgorariramswsmn—Dalvana) ; from  putrefying dead
bodies (yw—Sofmta; of. w7 fow TETHAL wREETA!
st w4 Swam—CGunaratns, Tarke-rahasya-dipika
(Jainamatam) ; from decomposing curd or milk (g
T W WEEAT wAiEEIEEY STeW TWneesT T W
bLEUES Lo TugwA—Jayanta, Nydya-Manjari, Almika
7, Wj

The second class, Kitas, noticed among the moisture-
born, include the scorpions, the six-spotted venomous
insect gadvindu, ete. ('t ghgwwgivg wmw—Dalvana).
Of these the scorpions arise from cow-dung, excreta of
snakes, rotten wood (w¥ Mwur gfws: wmw—Patanjali,
Mahablisya, 1-4-8); of. also Suéruta, Kalpasthina,
Chap. VIL

The third class, Pipilikis, ants and the like insects,
Dalvana notes, are born of moisture and heat, as well
as of eggs, and sometimes burst forth from the ground
(ywgziwm wom =fgmr—Dalvana). The gnats and mos-
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quitoes (fwwwwma:) are also usually placed among the
moisture-born.  An anda (egg) is deseribed as oval, of
the form of a pesi (wat Twrrcediz—Dalvana; of.
Stidhar, Kandali, wat foed % Sfed wron =,
gfasifrevd).

Chhdndogya and Sankara,

It may be noted that the Chhdndogya Upanisad
classifies animals on the basis of their vije (ovum or
seed) as three-fold :—(1) 4Andaja, born of eggs; (2)
Jivaja, viviparous ; and (3) Udvijja. Sankara explains
that the udvijja animals arise from vegetable organisms
(wfim =mrwt 7 wwR wiesm ). which is also Charaka's
view, as we have seen; but unlike Charaka, Sankara
holds that the svedaja animals must be included partly
under the oviparous, and partly under the wdvijja
(vegetable-born) class (wmsifrmdRs SR —
Chhindogya, Prapithaka 6, part 3).

Evidently the idea is, that though vegetable
organisms may pass off into animal, there cannot be
generation without vija (seed or ovam), and inorganic
matter without vija (seed or ovam) cannot give rise to
anmimal life.  Pitanjali, in the Makibldsya (eirea
150 ®.c.), mentions the opposed view, which holds that
not only animal organisms but also vegetable organisms,
.. grasses, grow from inorganic matter. The Ditrvk
grass, for example, can grow from deposits of the hair
of goats and cows, just as scorpions are seen to develop
out of cow-dung. Pitanjali notes the orthodox Sinkhya-
Vedinta explanation that these are not cases of growth
(or transformation) but merely of coming out (wwmmia),
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w4 A giaw ST MEmITTS e 2T WTeR I Wemmen
n s —Mahdbhdsya, 1-4-3.

The Dietary Animals in Charaka and Sufruta,

In moticing different kinds of meat for dietary
purposes;, Charaka gives a classification of animals
(mammals and birds) which has only a practics] (thera-
peutic) significance,

The dietic value of the flesh of any animal was
conceived to depend mainly on its habitat and mode of
life. Dietaryanimals (mammals and birds) were accord-
ingly divided into eight classes (wwfar Sifsem) :—

(1) Prasaha, carnivorous as well as non-carnivorous
(Chakraplni), comprehending land quadrupeds and birds
that fall on their food with force.

(2) Anfipa, animals that live in marshy or water-
logged lands or graze on river-banks.

(3) Bhiigaya or VileSaya, animals that live in under-
ground holes.

(4) Vdridaya, aquatic animals, both fresh-water and
OCeanic,
 (5) Jalachara, smphibious animals.

(6) Jingale, animals that live in dry and elevated
(Lilly) jungle lands, mostly species of deer.

(7) Vigkira, hirds that seatter their food in picking
up; nnd

(8) Pratuda, birds that pierce or torment their food
(worms and fruits) with the beak,

In the chapter on articles of diet, Subruta gives a
practical elassification of (vertebrate) animals for dietary
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purposes. Animals that find a place in this dietary are
first divided into two classes: (1) Anipa, animals that
live in marshy or water-logged land (or in water);
(2) Jingala, animals that live in dry (hilly) jungle land.
The Jingalas are divided into five classes, and the
Aniipas into eight. The thirfeen classes are based on
veal and natural distinctions of food and habitat; they are
for dietary purposes arranged under six conventional (or
artificial) classes (weivemie wzg w7 wwiam: | d@ny fAEwET
wedegral waral wgwesw A wgwAr gfn fqgares —Dalvana,
Sitrasthina, Chap. XXVIL). These thirteen classes of
di¢tary animsls may be enumerated as follows :—

1. Jingala snimals—Janghila, Viskira, Pratuda,
Guhdsaya, Prasaha, Parpamriga, Vilefaya nsnd
Grimya, and

[I. Anipa animals—Kulechara, Plava, Kosastha,
Pidina, and Matsya.

Of these, the Matsyas (fishes) are divided into two
groups—fresh-water (lit. river-water) and sea-water
fishes. Among the sea fishes, the fimi and the fimn-
gala (whales? fafmewst wan:  fafgreemnfe  sswn—
Dalvana) find a place, as also the makara (shark,
féwdgre;—Dalvana).

The Koéastha (living in shells—mollusca) are dis-
tinguished from the Matsyas (fishes). In this class
are enumerated fankhas (Conchifera), fanithana (smaller
Conchifera), fukti (pearl-mussels), sambuka (Helix) with
spiral shell (wreimtm—Dalvana), valluka (a species of
Helix, according to some, w= sqwsgae—Dalvana), ete.
Dalvana adds vodika, jalasukti, and various species of
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The Padinas, aquatic animals having pedal (or long
dorsal) appendages, comprise kurmas (oval or oblong-
shaped fortoises, turtles), the Aumbhiras (erocodiles,
Emydosauris, Reptilia), karkatas (white and black erabs,
Crustaces), the #ifumdra (a species of the Delphinid:e
eetacen), muscular, with a sharp protruding snout,
breathing with the blow-hole owt of the water, probably
8 dolphin, as the long dorsal fin was taken for a sort of
pedal appendage (geramtidam: wfefiwm gufn wni et
TRgrtdem—Dalvana). The Pidinas do net represent
any natural division.

Of the other Aniipa animals (aquatic or amphibious
animals), the plavas ({it. floating on the water) represeut
& class of birds (the Natatores and the Grllatores)
exemplified by geese, ducks, cranes, ete.

The Kulecharas are herbivorons quadrupeds that
frequent the banks of rivers and ponds, and comprise
the elephant, the rhinoceros, the Givaya (Bos gavanus),
the buffalo, various species of deer, ete.

Of the land animals (Jingala), three of the sub-
divizgious represent birds, and five, mammals. The
land birds are: (1) the Prasada birds, birds of prey
proper (Raptores), comprising the vulture, kites, hawlks,
owls, ete. (Charaka's Prasaha is a mueh wider elass);
(2) the Vigkiras, birds that scatter their food in
picking up; and (3) the Pratudas, birds that pierce or
torment their food (fruits or worms) with the beak
The last two classes comprehend between them the
Passeres (proper and so-called), the Scansores, the
Lasores and the Columbe.

The remuining five classes of Jingala animals are
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mammals, with the exception of several species of
Viledayas, which are veptiles The Parpumrigas
(arboreal animals) comprise the apes, sloths, squirrels,
as also some of the reptiles and carnivora. Among the
Parpamrigas, the Putighasa 15 a kind of tree-cat
giving out a pungent odour; the Madgumusite and
the Briksadlyika ave arboreal rodents; and the
Avakusa is s species of cow-tailed monkey (wvide
Dalvana). The Janghdlas are wild animals, herbivorous
quadrupeds that are strong-legged nnd quick-footed,
comprising various species of deer and antelopes.

The Grdmyas (lit. living in or about villages,
domesticated quadrupeds) comprise the horse, the
mule, the ass, the camel, the goat, the sheep, ote.
They are non-carnivorous, being distinguished from
the carnivorons quadrupeds (wemm—Sufruta, wtwE—
Charaka). Some are Ekasaphe (animals whose hoofs
are not cloven) {'Imrﬁv: W TEWSTEA W U —IH T
—Dalvana).

The (Guldéayas ave carnivorous quadrupeds (werm)
living in natural eaves or hollows. They comprise the
lion, the tiger, the wolf, tho hyena, the bear, the
pauther, the cat, the jackal, the mrigevaru, ete.
The vrika (wolf) is defined as a dog-like animal,
small-sized (in comparison with the lion and the
tiger). By the cat, here, wild-cats are meant. The
mrigevarn i3 described as a jackal-like animal that
kills deer.

Finally come the Viledayas, snimals that live in
holes or burrows, comprising various species of Rodents
and Insectivora, and several species of Reptiles.
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Snakes in Sudruta-Nigdriuna,

The Snakes (Ophidm) arve especially noticed by
Busruta-Nigirjuna in the chapters relating to Toxi-
cology (Kalpastliina, Chap. IV.). Five different genera
or families are noticed, of which one is non-venomous
and four venomous, including one hybrid and three pure
or unmixed families. Of the last, (1) the Darvikaras
(g, seromn, wgw, sevogw, wygwarst—Nais Tripudians,
Nais Bungarus) are hooded, swift in their movements,
dinrnal in their habits, and bear on their hoods
or their bodies the marks of chariot-wheels, ploughs,
umbrellas, thombs or cross-bands, goads, ete. (2) The
Mandalis (Vipera, Viperidee ?) are thick {31“:_}, slow=
moving, nocturnal in their habits, and bear circles or
rings on the body (wrdiwers). Charaka adds that they
are withont hoods. (8) Rajimats also are without
hoods, and noeturnal, and bear series of dots or
marks, and are often of variegated colours on the
upper parts and sides. Twenty-six varieties are
named of the first, two of the second, and ten of
the third.

Of the MNirpizas, non-vemomous snakes, twelve
varieties are mentioned, including Boide (wwe) snd the
Colubrine Dendrophis (yaww). Of the Vaikerawja
(hybrid) snakes, there are ten varicties, of which three
are produced by the union of certain venomous species,
and seven are secondary derivative forms

The Darvikaras are most deadly when young, the
Mandalis when middle-nged, the Rajimats when aged.
Their poisons act differently, and an elaborate descrip-
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tion is given of the action of the venom of each of the
three venomous families.

Snakes in the Purdnas.

The Bhavisya Purine gives the following addi-
tional information. The MNigas (Naim) copulate in
the month of Jyaistha or Asidha (May or June),
gestate during the rainy months that follow, and bring
forth about two hundred and forty eggs in the month
of Kirtika (November). Most of these are devoured
by the parents, but those that are left break forth
from the shell in about two months (or one month,
according to the Agni Purdpa),

Hggs of a golden hue like that of the (red) flowers
of the Calotropis giganten (grlrkwdtam) produce male
young ones, those somewhat paler and of an elongated
ovoid shape (esfrwgednm Fricwtmataag ) bring forth
female snakes, and those of the hue of the Sirisa-
blossom hermaphrodite ones. By the seventh day the
young snukes turn dark; in a fortnight (or twenty
days, according to another account) the teeth come out.
The poison iz formed in the fangs (fym) in three weeks,
and becomes deadly in the twenty-fifth pight. In six
months Nigas shed the skin (wgw).

In moving on the ground, the folds of the skin on
the under surface alternately expand and confract,
appearing to put out and draw in fine filament-like
legs, about two hundred and forty in number. The
joints on the skin (scales or scutes—w=wm) are two
hundred and forty in number (perhaps the sub-caudals
were not counted).
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Snakes are killed by men, mongooses, peacocks,
Chakoras (a kind of partridge), seorpions, boars, cats, and
the hoofs of oxen. Escaping death from these enemies,
8 Nidga may live for a hundred and twenty years. The
term of life of the non-venomous snake is shorter, about
seventy-five years (Bhavisya Purdna, vsaw=).

The Agni Purina gives the total number of teeth (of
a Niga) as thirty-two, of which four (two on either
gide) are venomous, viz, Kilaritri and Yamadutili,
which appear to be the names of the fangs, and Kardli
und Makari, which seem to stand for two hard (maxillary)
teeth accompanying the two fangs (¢f. also Charaka—
Dridhavala, Chikitsisthina, XXITI,, faufatafemm ).

Umisvatis Classification of Animals.

A more thorough classification of animals is found
in the ancient Jaina work, the Zattvdrthddhigama of
Umilsvati, which the Jaina chronological lists enable us
to assign with great probability to the fourth or fifth
decennium after Christ (circa 40 Ap.). Umifsvati's
classification is a good instance of classification by
series, the number of senses possessed by the animal
being taken to determine its place in the series. Perhaps
only senses actively determining the life-habits were
counted.

L First come animals with two seuses, viz. touch
(as evidenced by contractility of tissuc) and taste (as
involved in the selection and rejection of food). This
division comprises—

(a) Apidika (Vermes without lateral appendages,

Seolecids).
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(») Nipuraka (ring-like, with pendants, Vermes
with unsegmented lateral appendages, Annelids).

(¢) Gandipada (knotty-legged, Arthropods, in-
cluding Crustacea, Myriapoda, ete.).

() Some forms of Mollusca, e.g. Sankha (Conchifera,
Lamelli - branchiata), Suktika (Pearl-mussel,
Lamelli-hranchiata), and Sambuka (Helix).

(¢} Jalikd, Leeches (Annelids).

II. Next come the animals with three senses, namely
amell in addition to the primordial senses of touch and taste
involved in the contraction of tissues and the appropria-
tion of food. Here also well-developed and active senses
alone were perhaps intended ; rudimentary or dormant
senses were not reckoned. This division comprises—

(a) Pipilikd, Ants (Formicidee, Hymenoptera).

(B) Rokipikd, Red-ants (Formicide, Hymenoptera).

(¢) Upachiki, Kunthu, Tuburaka, Bugs snd Fleas

(Hemiptera, Hemimetabola).
(d) Trapusavija and Karpdsisthiki, Cucumber- snd
Cotton-weevils and Lice (Aptera, Ametabola).
(e) Satapadi and Utpataka, Spring-tails (Aptera-
Ametabola).

(f) Trinapatra, Plant-Lice.

(¢) Kdstha-hbraka, Termites, White ants (Neuro-

ptera, Hemimetabola).

III, Then come the animals with four well-
developed and active senses, ie sight, smell, taste,
and touch. This division comprises—

(@) Bhramara, Varata, and Siranga, Bees, Wasps,

and Hornets (Hymenoptera, Holometabola).
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(6) Maksiks, Puttiki, Dansa, and Maséaka, Flies,
Gnats, Gad-flies, and Mosquitoes (Diptera, Holo-
metabols).

(¢) Vrischika and Nandyivarta, Scorpions and
Spiders (Arachnids, Arthropoda).

(d) Kita, Butterflies and Moths (Lepidoptera,
Holometabola), and

(¢) Patanga, Grasshoppers and Locusts (Orthopteral
Hemimetabola).

IV. Finally come the animals (man and the Tiryyak-
yonis) with five well-developed and active senses.
Umitting man, this division comprises—

(2) Matsya, Fishes.

(&) Craga.

(¢) Bhujanga.

(d) Puksi, Birds, and

(¢) Chatuspada, Quadrupeds,

Uraga and Bhujanga in popular use mean reptiles ;
but here evidently Bhujangs is taken to mean oviparons
limbed animals (limbed reptiles and Batrachians) and
not creatures whose movements are crooked or in the
form of & bent bow; and Uraga stands for apodal
reptiles, including snakes (Ophidze),

It will be seen that the first three divisions fall
under the Invertebrate, and the fourth is identical with
the Vertebrata.

This last division (the Vertebrata) is sub-divided on
a different busis, viz. the mode of reproduction, The
sub-divisions sre three —

A.—Andaja, oviparous (Pisces, Reptilia, and Batra-
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chin), eg. Sarpa (Snakes, Ophidis, Reptilis), Godka
(Varanide Lizards, Reptilia), Krikaldsa (Chameleons,
Reptilia), Grikagolika (Common Lizards, Lacertilia),
Matsya (Pisces), Kirma (Tortoises, Chelonis, Reptilia),
Nakra (Crocodiles, Reptilis), Sifumdra (Dolphin or
Porpoise, Cetacea), and Birds proper with feather wings—
the Lomapaksa paksis.

Porpoises are erroneously put here, being really
viviparous like other Cetacea. Frogs are not mentioned
in this list. The omission is strange. Perhaps (as in
Susrata) frogs were believed to be Udvijja (eruptive or
métamorphic) and not Andaja (oviparous). But Suéruta
mentions the frogs after the quadrupedal and centipedal
Reptilia (Kanava, Godheraka, Galagolika, and Satapads).

B.—Jardyuja, mammals born with placenta, including
all mammals other than the Potaja (here Jardyuja
15 used in a restricted semse): (1) Man, (2) Cow,
(8) Buffalo, (4) Goat and Sheep, (5) Horse, (6) Ass,
(7) Camel, (8) Deer, (9) Yak (Chamara), (10) Hog,
(11) Bos Gavmus (Givaya)—Ungulats, (12) Lion,
(13) Tiger, (14) Bear, (15) Panther, (16) Dog, (17) Jackal,
(18) Cat (Carnivora), ete.

The Apes, though not expressly mentioned, are also
to be included.

C.—Potaja, a class of placental mammals comprising
the Deciduata with the exception of Man, the Apes, and
the Camivors, eg. Sallaka (Poreupine, Rodentia),
Hasti (Elephant, Proboscidea), Svavit and Lipaka
(Hedgehogs and other ereatures that lap up, Insectivora),
Sasa and Sayika (Hare, Rabbit, and Squirrel, Rodenti),
Nakula (Ichneumon, which though carnivorons is
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supposed to come under the Deciduata), Misik (Mice,
Rodentia), and the Charma-paksa Paksis, so-called birds
with leathern wings (Bats, Chiroptera) eg. Valguli
(Flying-Fox), Paksivirdla(Flying-Cat, Micro-Chiroptera)
and Juliki (apparently meaning hlood-sucking Bats or
Vampires, though these are scarcely found in the Old
World).

The Potaja class thus comprises the following
Deciduata : Proboscides, Rodentia, Insectivors, and
Chiroptera.

The term Potaja is -intended to signify that these
animals are born without the placenta which is thrown
off as an afterbirth, whereas such of the Jardyujas as
are not Fotajas are born with the placenta attached to
the embryo. But it is not easy to explain why Man,
the Apes, and the Carnivora should not also be reckoned
smong the Potajas. An explanation is suggested
below (p. 200).
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URAIRR-TUOS-SIRea- WAt S simcety | wee
FOZ-WIOR - ATEw g Twe - A4 - Ay - W - T - %92 - A
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wpatg-wgmaTl Wil w ATt wSteee  (Umid-
svati, Tattvarthidhigapa, Chap. IL, Sutra 24).
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mmmwmwm winfmat «
SwTt AW v - wrR- wfatroe tat w1 (Umbsvati,
ibid,, Chap, IL., Sfitra 34),

SECTION 2,
RECAPITULATION,

The ancient Hindu classification of animals, as
gathered from the authorities mentioned nbove, may
be briefly summarised thus —

A — Ksudrajantus, boneless and without (red) blood.
Invertebrata, divided into—

(a) Ayonija, a-sexnally generated, e.g. the Svedaja,
born of moisture and heat, and the Udvijja
(eruptive or metamorphie, e.g. the cocemella); and

(#) Yonija, sexually genersted, eg. the Andaja,
oviparous.

But some are both a-sexually and sexusally pene-
rated, being both Svedajas and Andajas, or Udvijjas
and Andajas,

The Ksudrajantus (Invertebrata) comprise—

(1) The Krimis, Vermes: (a) Apddikas without
lateral appendages (of. Scolecids), (6) Nipurakas,
Annelids (s section), (¢) Gandipadas, Arthro.
poda (a section).

(IL) The Jaldkis, Leeches, of which twelve species
are described, six venomous and six innoenous
(¢f- Bufruta's careful description, Stitrasththina,
Chap. XTIL).

(H1.) Kofasthas, Shelled Animals, some forms of
Mollusea, eg. the Sankhas (Conchifers), the

0
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Suktikas (pearl-mussels), the Sambukas (spiral-
shelled Helix), the Vadikas, ete.
(IV.) Then the Insects, typified by the Ants,
coOmprising—
(a) Pipilikd, Rokiniki (ants, Hymenoptera).
(6) Upachikd, Kunthu, Tuburaka (bugs snd
flies, Hemiptera),
(¢) Cucumber- and cotton-lice ( Aptera).
(d) Satapadi, Utpataka (spring-tails, Aptera),
(¢) Tripapatra, grass- or plant-lice (Apters).
(F) Termites (Neuroptera).
(V.) Insects typified by the Hexopoda, comprising—
(2) Bhramara, Varata, Siranga, bees, wasps,
and hornets.
(b) Maksika, Puttikd, Danéa, Mafaka, fies,
gnats, gadflies, and mosquitoes.
(¢) Vrikchika and Nandydvarta, scorpions and
spiders (Arachnida, Arthropoda).
(d) Kita, butterflies and moths; and
(¢) Puatanga, grasshoppers and locusts,
Sufruta-Nighrjuna names zix varieties of ants, six
varieties of flies, five of mosquitoes (including one
marine and one mountain kind), eight varieties of
Satapadis (centipedes), thirty varieties of scorpions, and
sixteen of spiders (Lutis). Of the Kitas, the glow-
worm and the Tailakite (lLit, oil-worm) are gaid to be
luminons (phosphorescent, of, Rijanighantu wemizwizt).
B.—The Tuyyakyoni snimals, sexually generated
animals other than such of the Ovipsra as are included
under the Agudrajantu, in other words, sexually generated
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animals possessing bones and blood—corresponding to
the Vertebrata—comprise the following classes :—

L. Andaja, oviparous—

(@) The Matsyas, fishes, divided into river-water
fishes and sen fishes. Sufruta names eleven
species of the latter. The Zimi (whale?) is
reckoned as a sea-fish. The Makara (shark) is
also mentioned, but the Kurmas, Kumbhivas,
and Sisumdras (tortoises, crocodiles, and dol-
phins) are excluded from the class, as also the
so-called shell-fish, being placed among the
Pidinas and the Kofasthas respectively.

(#) The Uragas, apodal reptiles, melnding the Sarpas
(snakes, Ophidis). Five classes of snakes are
mentioned, one non-venomous, three venomouns,
and one hybrid. Eighty varieties of snakes are
named, but the classification is based on super-
ficial characters, e.g. markings on the scales, ete.,
and do not touch any anatomical peculiarities,
The pathological observations regarding the
distinet action of the poisons of different orders
zeem to be good.

(¢) Bhujangas, oviparous animals with latersl, pedal
appendages, both Reptiles and Batrachians,
Many of these are quadrupedal and five-clawed
(wgwmer: *ter: awmmm—Dalvana),

The Blwangas inelude :—
L. Godha, Grilagolikaand Krikallsa (Varantas

lizards, common lizards, and chameleons).
Susrata names four varieties of the

02
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Kanawa, » species of chameleon-like
lizards (¢f. Lddydyana quoted by Dalvana,
Kalpasthina, Chap. VIIL), also six varie-
ties of Galagelika (a species of lizards),
and five varieties of Godheraka, Varanus-
like lizards, but smaller in mze.

Suéruta mentions the frogs (Udvija,
eruptive or metamorphic ?) after the
quadrupedal and centipedal Reptilia
(Kanava, Godheraka, Galagolika, and
Satapadi). Fight species of frogs are
named. The frogs are explained by the
mythologist to have arisen from dirty
water in the rainy season.. .Wnzwig Wm
(i.e. wemcgmy) waigs s (¢, Dalvana,
Kalpasthina, Chap. VIIL).

o Kirmas and Nakras, tortoises and croco-

diles (Chelonia and Emydosauria, Rep-
tilin). Some species of the former are
oval, others elongated (wizztirinm).

3. Sigumdras, the Delphinides (Odontocete

cetacea).

Suiruta’s Pddinas (aquatic animals
having pedal or long dorsal appendages)
are a conventional eclass formed for
practical dietary purposes, and inelude (2)
and (3) aund also the Karkatas, crabs
(Crustacea). Umisvati's Bhujanga class,
being » natural sub-division of Vertebrates,
does not include Crostacea, which are
rightly placed among the Invertebrates.



THE ANCIENT HINDUS 197

(d) Lomapaksa paksi, winged animals with feathery
wings, birds proper. These are oviparous,
while the winged animuls with leather wings
(wwiegtgan) are placentalia of the Deciduata
class (drem).

The Birds proper are divided into four elusses :—

(1) Plavas, aquatic or amphibious birds, comprising
the Natatores and the Grallatores. Various
gpecies are described.

(2) Viskiras, those that scatter their food in
picking up.

(3) Pratudas, those that pierce or torment their
food (fruits or grains),

The enumeration of the species under (2) and
(3) shows that these two classes included
the Passeres (vers and so-called), the Bean-
sores, the Rasores, and the Columbe.

(4) Prasahas, birds of prey proper (Raptores).

Dalvana's deseriptions of deer and birds are precise,

turning upon coloration, habits of life, etc, eg. the
descriptions of the Ruru, the Kirapdava, and the
Kanks, expressly quoted from some (unnamed) hand-
books :—
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The sources from which Dalvana derives detailed
information about these varied forms of animal life are
now unavailable, but these extracts abundantly testify
to the minute Nature study of the Hindus.

The Hindus had of course no idea of an snatomical
classifieation of birds.

The ancient writer LadyAyana had a much better
iden of zoological description in reference to the Kitas
(insects and reptiles, vide infra).

IL—Jartyujas (viviparous, lit. placentalia) in the

usnal wider sense, comprising—

() Charmapaksa piksis, leather-winged animals,
which are Deciduata (Potaja). Charaka calls
them Mrigapaksina (mammal birds), and distin-
guishes them from the birds of prey proper, in
his enumeration of the Prasahas (Sutrasthina,
Chap. XXVIL). The Bats mentioned sare :—

(1) Valguli (fiying-fox).

(2) The Paksi Virdla (flying-cat, miecro-
Chiroptera).

(8) The Bharanda (a species of micro~Chiro-
ptera, the horge-shoe bat ?).

(4) The Julukd (fit. aquatic or amphibious, or
more probably leech, bat, blood-sucking
or vampire bat?). These are placed
BmMong carnivorous animals.

(b) The Vileaya Jardyujas, mammals that live in
holes or burrows, including various species of
Rodents and Insectivors, which are named.
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Eighteen different varieties of mice are specified
(Sudruta, Kalpasthinag, Chap. V1.).

(¢) Parpamrigas, arboreal mammals, comprising
some Rodents (squirrels, ete.), a wild-cat, the
sloths, and the apes (sm==).

(d) Non-carnivorous quadrupeds (wamm) - —

(1) Janghdilas (lit. strong-legged quadrupeds,
frequenting hilly and jungly tracts), com-
prising various species of deer (non-
carnivorous wild animals, emwme).

(2) Kulechara, mammals grazing on the
banks of rivers, and frequenting marshy
places, comprising the elephant, the
rhinoceros, the gaveya (Bos gaweeus), the
buffalo, the hog, and also several species
of deer (which live in well-watered lands).
These are also non-carnivorous (wsam).

(3) Grimyas (lit. living in or near villages),
non-carnivorous, domesticated quadru-
peds, some with undivided hoof, others
with cloven hoof, comprising the horse,
the mule, the ass, the camel, the cow, the
goat, the sheep, etc. These are all non-
carnivorous. The dog and the cat are
not mentioned in the list.

(¢) Carnivorous quadrupeds, Guldéaya (living in
natural caves or hollows, carnivorons Kravydda),
comprising the lion, the tiger, the wolf (of the
dog class), the hyena, the bear, the panther, the
cat, the jackal, etc. The Carnivora were termed
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Pydlas or Kravyiidas, and the Herbivorn Pasus
(in a wider sense),

(/) Man.

The term Jardyuja, in a wider sense, came to mean
“wiviparous,” and included the above orders of animals,
But the Jainas used the term Jurdyuja in a narvower
sense to mean only those viviparous snimals which
come out at birth with the placenta (a-deciduata). The
Deciduata (including the Probascides, the Rodentia, the
Insectivora, the Chiroptera, ete.) were termed Potaja,
lit. viviparous snimals born without placenta. Man,
the apes, and the Carnivora are, however, reckoned with
the Jardywia (viviparous, born with placenta). Perhaps
the afterbirth was observed in these cases, whereas the
Potajas (Deciduata) may have been erroneously econ-
ceived to throw off no placenta (m¥ s, supra)

Lidyfyana appears to have made a special study
of the classification of Kitas (Insects and Reptiles);
and is quoted by Dalvana as a grest authority on
the subject.

The various forms (su) of Kitas are to be distin-
guished from one another by peculinritics in the
following marks :—

(1) Dottings or markings, (2) wings, (3) pedal
appendages, (4) mouth, with antenne or nippers
(qwwetwr—Dalvana), (5) claws, (6) sharp, pointed hairs
or filaments, (7) stiugs in the tail, (8) hymenopterous
character (dfa®: qudmtin), (9) humming or other noise,
(10) size, (11) structure of the body, (12) sexual organs
(this is how 1 interpret linga here), and (18) poison and
its action on bodies,
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CHAPTER VL
HINDU PHYSIOLOGY AND BIOLOGY.

SEcTION 1.
METABOLISM.

The food that we eat contains five classes of organic
compounds. From their radicles or predominant
elements, the substances are named Earth-compounds,
Ap-compounds, Tejas-compounds, Viyu-compounds, and
:Uiﬂéwcumpaumlﬁ. The Earth-compounds supply the
hard, formed matter of the body, the Tejas-compounds
give the animal heat (or the metabolic heat), the Viyu-
compounds are the sources of the motor-force in the
organism, the Ap-componnds furnish the watery parts
of the organie fluids, and the Akifa-compounds con-
tribute to the finer etheric essence which is the vehicle
of the conseious life

Roughly speaking, the Earth-compounds snswer to
the mitrogen compounds in the food, the Tejas-com-
pounds to the hydro-carbons (heating-producing), and
the Viyu-compounds to the carbo-hydrates (dynamic).
The Ap-compounds are the watery parts of food and
drink. The flesh, for example, is a tissue composed
principally of the Barth-compounds ; the fat,of the Earth-
and Ap-compounds; the boues, of Earth-, Véyu-, and
Tejsscompounds, Different, operations of the metabolie
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beat (perhaps different digestive fluids are also meant) are
required to digest the different substances in the food.

The comrse of metabolism is described as follows.
The entire alimentary canasl iz called the Mahfsrotas
(the great chanmel).

The food goes down the gullet by the action of the
bio-motor force, the Prina Viyu.

In the stomach (wrwrya) the food becomes mixed up,
first with a gelatinons mucus (St wd) which has &
saccharine taste, and then gets acidulated by the further
chemical action of o digestive juice (farersamt mm,
evidently the gastric juice is meant). Then the bio-
motor force, the Samdna Viyu, begins to act, and
drives down the chyme, by means of the Grakani Nidi,
to the Pittidaya (duodenum, lit. bile-receptacle), and
thence to the small intestines (the weragrym). In these,
the bile (or rather the digestive substance in the hile, as
opposed to the colouring element) sets on the chyme
and converts the latter into chyle (z@), which has at
first & batu taste (pungency). This chyle contains in
# decomposed and metamorphosed condition all the
organic compounds, viz. tissue-producing Earth-com-
pounds, water-parts or Ap-compounds, heat-producing
Tejas-compounds, force-producing Viyu-compounds, and
lastly, finer etheric constituents which serve as the
vehicle of consciousness. The essence of chyle (gwnm)
from the small intestines is driven by the bio-metor
force, the Pripa Viywu, along a Dhamani trunk (cf. the
thoracic duct), first to the heart (which is a great
receptacle of chyle), and thence to the liver (and the
spleen) ; and in the liver the colouring substance in
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the bile acts on the essence of chyle, especially on the
Tejas-substance therein, and imparts to it & red pigment,
transforming it into blood ; but the grosser part of chyle
(®zwm) proceeds along the Dhamanis, being driven
by the bio-motor force, the Vydna Fiyu, all over the
body.

When the blood has heen formed, the essence of
ehyle in the hlood, acted on by Viyu (bio-motor force)
and Mimsigni (the flesh-forming metabolic heat), forms
the flesh-tissue, the Earth-compound of the food-
substance especially contributing to this tissue, Of the
flesh-tissue thus formed, the grosser part goes to feed or
replenish the flesh-tissue all over the body. The finer
essence of flesh in the blood in the chyle, acted on again
by Véyu (bio-motor current) and the fat-forming
metabolic heat (sftsfrr) in the menstruum of lymph
(wd wmrfem), receives viscosity and whiteness, and
produces the fatty tissue, the Earth-compounds and
Ap-compounds of the food specially contributing to the
product. This fat in the chyle (or blood), or mther the
grosser part of it, replenishes the fatty tissue of
the body, but the finer essence of fat fn the flesh n
the blood in the chyle, acted on by Fiyu (bic-motor
current) and the marrow-forming metabolic heat, in the
menstruum of lymph (@wmrga), becomes hard (erystal-
line) and forms boue, the Earth-, Viyu-, and Tejas-
compounds contributing principally to the produet. The
essence of the fat fills the hollow channels of the bones,
and scted on agsin by bio-motor Vayu and metabolic
heat, becomes transformed into marrow. The marrow
15 similarly transformed into the semen, which is eon-
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veyed down by means of a pair of Dhamanis or dusts
(% wwz), lodged in its receptacles (wwwa—ywat), and
discharged by means of another pair of ducts (Ffewmme).
The semen, or rather all the elements in their finer
essence, give off ojos, which returns to the heart,
the receptacle of chyle and blood, and again floods
the body mnd sustains the tissues, thus completing the
wheel or self-returning ecircle of metabolism (wfcyfesy
wman, ¢f. Charaka and Vighhata).

It is to be noted that, throughout, the fluid in the
chyle or blood acts as the menstrunm, thongh occasion-
ally the lymph, which is itsell a derivative from the
chyle, is added, ns in the case of the fatty tissue and
the bones; and that each preceding element or con-
stituent of the body (w—woroww wrg) takes up the
proper organic compounds from the food chyle to form
the mext element or tissue. Throughout, also, the
chemical changes are due to the metabolic heat which
breaks up the compounds and recombines, but the
operations, and even the vehicles perhaps, of this heat
are different. For example, these heat-corpuscles in
the biliary ducts produce the bile, but the bile-secretion
is supposed to contain two distinct substances: (1)a
digestive fiuid in the duodenum (fewrys), which acts on
the ehyme to produce the chyle (ww= v wresmat fusi) ;
and (2) a colouring bile-substance in the liver, which
adds & red pigment to the chyle and transforms it into
blood (ve=met fad). Besides, there are three other biles,
of which the aqueons humour in the eye is supposed to
be one (wrgws fout), helping in the formation of visual
images (waured). This is the view of Dhanvantari and
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his school, but Atreya holds there is no evidence that
the bile really performs the first (digestive) funection,
for this can be accounted for by the animal heat arising
from the working of the whole bodily machine.

There are three different hypotheses regarding the
course of metabolism and the successive transformations
of the chyle (wrerfrmam —srtsme—sssdmaminn fr
g —Chakraplni, Bhinumati, Sfitrasthina, XIV,,
10; also his commentary on Charaka, Sttrasthiina,
XXVIIL), but my account is hased on the second hypo-
thesis, which has the preference of Chakrmapini (wmes:).
It may be added as a curiosity that each element of the
body (wrg) under the metabolic heat is supposed to give
off a finer essence (gwmwmr), which serves as the material
of the next succeeding element, and a dross (wg), which
forms some of the excreta in the body (including the
nails, the hair, ete.), besides retaining its own substance
(the gross or msin part), which is driven along by the
Viyus (bio-motor or vital currents), or by the Srotas,
to its destination in the body.

Some idea of eirculation appears to have been
entertained, for the heart which receives, and then sends
down the chyle through the Dhiamanis, gets it back
transformed into blood, and the gjas also proceeds from
the heart and returns to it along with the chyle and
the blood.

(€7 Vigbhata, wm e g worws i whoress:) o
TR 3R wWierc urnitfew o femm owew s T
wrafiwdsn —Susruta, Sttrasthina, Ch. XLVL ; ¢f. also
FragaramTeat gigamie wTew 1 wrraRy Tl w fawggtEn |
—1Ibid.,Oh. XL1. sftararaesraar: ssewrme: wna: | T
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T W WA ufaeET ewAg | sare @ 9 gwtw

NI, gUw | wriln: wrfgaran $wn wety dEne | Wit
Sjln = wEAte g o 1 st e giewireAeat 1—
Charaka quoted by Dalvana, =@t I(p:mi W
e W uTd RETeEat T | STEA SRR wER TR |
W Tewen A m e W s ww
sEfivied | wrRiETTRE T Wl WA | AT w5
w1 AT FUA | YRS MERmWY e .. W trg
ﬁrrg[ wraETE Wi | mmm

FRTCRTAE wYARewTl g, fosteEn o mﬁn
SrOiARwE g9 T wtamei | SwT e wt '!Tl'ﬂ'fhl
d#gem, Al wrw WTe=t W A9 FEsfwran | giewrafrema
PO WHUTYR:, WA WELAE WAt WAl W ) W 79
ﬁ&hﬂwmiﬂmmﬁlﬁ%tﬁmww.
FHETANEY T e e TR A $~—Uhara.ka-['l'ntllmva]a
Samhitd quoted h}" Arupa in his commentary on
Vighhata.)

T RFCITE FWS TREA SRR | AN T v
WO TH WTAAN | 7Y TRETARRAT THETEE TemuEste wy-
WM | TR W TEENIAN WISANA W Gais | #e oeeT
steworate, wopwowosss wawey Sraain | (Chakradatta,
Bhinumati). This passage shows that the * venous
hlood * was conceived to be chyle-essence mixed with
blood, and that the circulation of the chyle, so0 far as it
was held to contribute its quota to the constituent
elements and tissues of the body, was really supposed
to be identical with the circulation of the blood (mm
e wtwwrareaie).  This will be abundantly elear
from the following sccount of the course of the chyle
and the blood —

W WTOIRRIEITHE WP WUIT WEE | WS gwed .. .o
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FEWOT.  WIATIATHIGH  WWATATT TOoWe R e m
TWA-RTEEY AT AW We fAfEAtIMiE | AW STSACSVIAT Ty
fawf | . .. T WIGIEE WTETCCEE ¥ WP A | W e |
TS A TR faRa TRTEW WOrOOWE TR ST A
TG WA T W FwSWOITIIT FTCie gunty |
i | &l seq.

This finer essence of chyle which nourishes the flesh
i# also carried in the blood, on the irrigation channel

hypothesis (wzrt-s=r=ma).

SEcTION 2.
THE CIRCULATORY SYSTEM.

The standing puzzle of Hindu anatomy and physio-
logy is the classification of the Sirds, Dhamanis, and
Srotas, the channels, passages, and ducts in the body
meluding the arteries, veins, nerves, lymphatic vessels, ete.
The difficulty was felt by the ancient observers them-
selves. Some were of opinion that the Dhamanis and
Srotas are only modifiestions of the Sirds, and that the
division is artificial. Suéruta, however, contends that
they are distinet, because they can be traced to different
roots and have different functions; they are apt to be
confounded only beeanse they are minute, juxtaposed,
and gimilar in  fonetion (Susrata, Sirirasthdna
Chapter IX.). Charaka alio sccepts the established
division, but points out that the numbers as estimated
are  conjectursl (wiriygwmat  wedmw,  Sdrirasthing,
Chapter VIL),

The Sinds, Dhamanis, and Srotas form networks
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(wrerf) of cords, fibres, passages, which in the feetus
take their rise from the umbilical cord, and proceed
upwards to the heart and head, downwards to the
kidneys and rectum, and outwards to the trunk and
limbs. These three classes comprise all the vehicles or
conductors of the fluids, secretions, and currents in the
bodily system.

The Srotas (currents). This is a peculiarity of
Hindu physiology. The chyle, the blood, the Viyu,
the metabolic finid (faw), the lymph, the fat, the marrow,
in every part of the body, is supposed to be connected
by means of subtle currents (Srotas) with the same
kind of fluid (or tissue) in every other part. Without
supposing such special connections, many pathological
phenomena cannot be explained.

The Sirds are divided into four groups: (1) the
arteries for condueting the blood, (2) the lymphatics
for conducting the lymph, (3) a class of bile-ducts, and
(4) a class of ducts for the Viyus, the currents which
work the automatic and reflex machinery of the living
organism. In each group there are 10 trunk Sirds,
which sub-divide into 175 cords, and further ramify
minutely all over the body, even as & network of
minute fibrils covers the leaf of a tree.

The functions of the different groups of Sirids are to
conduct or transmit the (arterial) blood, the lymph, the
bile, and the (vitsl) Viyu currents respectively to the
different parts of the body. The Sirds are compared to
the condnits of the flowing water in & pleasure-house (a
garden), or the channels of irrigation that flood a field.
The conduction (or transmission) of the fluids and

F
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currents is effected by an alternate dilation and con-
tragtion of the veasels, the systolic movement differing
according to the nature of the fluid propelled :

ww fyowmfa watw ikicd wTONE 39 wEITCu i
FrTrT @ FNAESfEEA WTER W STgEARwCE i |
FAEARTAIATNG WAL WATAL | AR ATMEE 7RG WRCORA W
ey = | wrwl g@twogaTinn | et amwwies g fewe-
st my wwarfes ww aw vemTem— Sudrata, Sdrirasthdina,
Chap. VIL

The Dhamanis in the foetus take their rise from the
umbilical cord, thus bringing nourishment from the
mother. They are divided into three groups: (a) ten
trunks or cords going up to the heart, and thence to the
head, (5) ten going down to the intestines, kidneys, and
rectum, and (¢) four branching obliquely or sidewise,
and ramifying over the whole body. In a general way,
it may be stated that the Dhamanis comprize (1) the
veins, (2) the nerves (including the sympathetic system),
(8) the chyle-ducts (including the thoracie duct?) as
distinguished from the other lymphatics, which are
mostly classed as Sinds, (4) the ducts for urine, sweat,
and other secretions; and (5) lastly, certain classes of
bile-ducts and conductors of Viyu currents, possibly
those connected with the venous system and the chyle-
ducts.

The first group of Dhamanis:—Special features:
Each of the ten ascending Dhamanis, on reaching the
heart, trifurcates, and proceeds to the head. Of these
fibres, one pair is enguged in conducting each of the
four sensory eurrents (those of sound, colour, taste, and
smell) from the sense-organs, as Chareka and Swusruta
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must have supposed, to the heart, which is for them the
seal of consciousness (wed fusiwe  Swarerew, Susruta,
Sarirasthina, Chap. IV.; v S, Charaka,
Sarirasthina, Chap, VIIL). Other Dhamanis, also in
pairs, are engaged in conducting automatic (or voluntary)
motor currents (eg. the currents concerned in respira-
tion, yawning, sleeping and waking), or the secretions
of the lachrymal and mammary glands.

The second group of Dhamanis :—Special functions :
The descending Dhamanis go down to the intestines,
kidneys, bladder, and rectum, and their special function
18 to convey, in pairs as before, urine and other secpe-
tions and excreta. They also convey the chyle from
the =mall intestines to the ascending as well as the
ramifying Dhamanis. In addition, some of them
convey sweat to the ramifying Dhamanis.

The third group :—Special functions : The remaining
four Dhamanis ramify obliguely over the body into
millions of fhres and fibrille, which terminate in the
pores of the skin. From all parts of the periphery
they conduct the sensory currents of touch to the
central organ of the heart (including the internal
organic sensations), Being connected with the pores
of the skin, they conduct sweat outwards, and tha
influences of baths, embroecations, and fomentationa
inwards

Other Diamanis serving as chyle-ducts and as
(venous) blood-vessels.—Besides the special functions
performed by the three groups, there are two character-
istic functions common to certain claszes of Dhamanis
which are found in all the three groups, viz. the condue-

P2
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tion of chyle and of (venous) blood, ie. of impure blood
before it gets its red pigment from the liver. It may
also be added that the three principal elements of the
body—Viyu (vital current), Pitta (hile, or rather the fluid
animal heat which produces metabolism, wrw, and flows
to all the parts of the body by means of connective
passages), and Kapha (lymph)—make use of the
Dhamanis as well as the Sirds and Srotas, e of all
manner of conductors in the organism (¢f. Charaks,
afewewwl ga: wEwcwval w9t S SR —
Vimanasthina, Chapter V.).

The functions of the Sirds may therefore be stated
as follows :—

(1) The conduction of blood from the liver amd
spleen, red blood (what may be called the arterial blood
of this system of physiology), to the heart, head,
trunk, limbs, et

(2) Common functions of all connective passages,
viz. the condoction of Vdyu (vital current), Pitta
(metabolie fluid), and Kapha (lymph).

The different classes of Dhamanis, with their
functions, are :—

(1) The nerves: (a) eight sensory (central) nerves
for the four special senses other than touch ; (§) twelve
motor nerves partly for voluutary and partly for
automatic movements ; and (¢) the nerves of touch and
organic sensation, including the sympathetic nerves.

(2) and (3) The chyle-ducts and the conductors of
(venous) blood before it is transformed into blood in
the liver (and the spleen).

(4) The classea of Dhamanis, which, in common
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with the Sirds and Srotas, conduct Viyu, Pitta, and
Kapha, the prime movers of the organie life.

Tar Viecoran EysTEM,

The anatomical arrangement of the Sirds and
Dhamanis in Charaka and Susruta is so obscure that
only a rough outline of its general features can be
attempted. In fact, Charaka contents himself with
giving the pumber of Sind cords as 700, and of
Dhamani cords as 200. He also estimates the rami-
fications as numbering 3,056,900.

The carrisge of the blood and the lymph is
accomplished by two sets of vessels, Sirds and Dhamants,
the first standing for “arteries” (with eapillaries)
and lymphatics (other than chyle-ducts), and the
second for “ veins " and chyle-ducts (as well as certain
passages for sweat, ete.),

The navel in the fostus is taken to be the source
and origin of the entire vascular system, whether for
the blood or the lymph. Vigbhats takes the heart to
be the origin of the Sinds.

From this centrsl alimentary tract two sets of
vessels (Sirds and Dhamanis—Rasavihinyal) issue for
the flow of the chyle and other lymph, and two sets
(Sirds and Dhamanis, “arteries” and * veing” —
Raktavikinyah) for the flow of the blood.

The Lymph (and Chyle): Distribution.—The chyle
iz conducted by the chyle-bearing Dhamanis (Rasa-
vikinyah), and the lymph (other than chyle) by the
lymph-bearing Sirds and Dhamanis (Kaphavihinyah),
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The lymph-bearing Sinds comprise 10 branches at the
origin, and ramify into 175—viz, 25 in each leg,
95 in each arm, 8 in the pelvic cavity, coceyx, penis,
ete., 2 in each side, 6 in the back, 6 in the abdomen,
10 in the bresst, 14 in the neck, 2 in the ears,
9 in the tongue, 6 in the nose, and 10 In the
eYes.

The chyle is carried by another system of vessels
(Rasavihinyah Dhamanyak). The chyle-ducts issue
from the Navi (possibly the receptaculum chyli in this
case). A Dhamani trunk descends to the small
intestine, and, taking up the chyle, proceeds upwards
towards the heart (thoracic duct?). Two chyle-ducts
as well as two lymph-ducts ( Dhamanis—Rasavihinyah
wnd  Kaplawikingah) proceed from the heart, and
ramify over the head and tromk. Similarly two
chiyle-ducts and two lymph-ducts proceed from the
intestinal tract and ramify over the pelvic region.
Four obliquely branching Dhamanis (hearing chyle,
sweat, and internal secretions) also spread from the
central tract, and ramify in numberless minute
channels over the limbs aund the body.

The Blood-vascular System.—There are two classes
of blood conductors: (1) Sirds, which break up into
capillaries (Pratdn) and distribute “pure” blood from
the liver (and spleen) to the heart, and from the heart
to the rest of the body (asrigrakdscha rohinyah sivdlk
ndtyugnasitalih,—Suéruts, Sarirasthns, Chap. VIL;
of. Vigbhata: dasa milasinih hritsthih, Chap. L,
Sirirasthing), and (2) Dhamanis (Raktavikingah),
which proceed, two from the intestinal tract (portal
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vein and inferior vena cava), and two from the heart
(superior vens cava und pulmonary artery ?).

The *venous” blood (chyle-mixed blood) proceeds
from the alimentary tract (gastric and infestinal
vessels), along o Dhamani trunk (portal vein?) to the
liver (and spleen), where the chyle gets a red pigment
and is turned into (pure) blood. From the liver and
spleen, Sirds (“arteries”) proceed to the heart. The
liver (and spleen, a minor blood-vascular gland) and
the heart are the centres of origin of the Sirds
(“arteries ), and distribute pure blood by their means
over the entire body.

Arrangement. of the blood-hearimg Sirlts and
Dhamanis, — Two  blood - bearing  Dhamani  trunks
* veins ') proceed from the heart (superior vena cava
and pulmonary artery 7), and two proceed from different
rogions of the alimentary tract (portal vein and inferior
vena cava?). Ten Sirds bearing pure blood proceed
fram the alimentary tract to the liver and spleen,
which are joied on to the heart by means of both
Siris and Dhamanis, The ten Sirds are subdivided
into 175 branches, which sre distributed over the
body in the same way as the lymph-bearing Sirtds
(vide supra).

It is clear that Charaka and Suirnta bad no idea of
the part played by the lungs in the purification of the
blood. The liver converts the * venous” blood in this
system into true (arterial *) blood, and along with the

een serves as a basis of discrimination between a

i and a Dhamani, thus illustrating Susruta’s
statement that the distinction between these two kinds
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of blood-vessels must be accepted as real, inasmuch
as they have different sources and different functions.
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Brcriox 3.
THE NERVOUS SYSTEM IN CHARAKA.

The Nerves.—Dhamanis ss nerves : The anatomy of
the nervous system in Charaka and Bufruta can be
more clearly snd confidently restored. The Dhamants
that ascend from the heart divide into thirty corde, of
which twenty, ie ten pairs, are cranial nerves, and
the other ten, or five pairs, are engaged in convey-
ing vital currents, metabolic fluid, lymph, blood, and
chyle.

The eranial nerves are: (1) four pairs of sensory
nerves carrying sensory impuolses from the sense-organs
to the leart, viz. the optic, auditory, olfactory, and
gustatory nerves, and (2) six pairs of motor (or mixed
nerves), eg. three pairs of motor nerves for the eye
(Motores oculorum, Pathetic and Abducentes) working
the Levator Palpebre and other museles of the orbit ;
one pair of motor nerves for articulation (the Hypo-
glossal) ; one pair of motor nerves for the larynx (the
Pneumo-gustric), and another pair connected with
mamme and (in the case of the male) the seminal duet.
It is further stated that other motor or sensori-motar
impulses are carried by some of these eranial merves,
viz. those which produce sighs and sobs, yawning,
langhter, and hunger. Evidently some of the functions
of the pnenmogastric and the spinal sccessory nerves
are intended, as also of the phrenic and other nerves of
the cervical plexus.

Of the thirty descending Diamanis, ten (or five
pairs) are conductors of blood, chyle, vital current,



218 THE POSITIVE SCIEN(ORS OF

metabolic fuid, and lymph, and the remaining twenty
are spinal nerves (specially the nerves of the sacro-
coceygesl and sacral plexuses; if not also of the lumbar
plexus), The obliquely branching Dhamanis, so far as
they are nerves, comprise the brachial and the lumbas
plexus, and divide and sub-divide hundred-fold, thonsund-
fold, till they ramify into fibrillie round the pores of
the skin. They carry to the heart cutaneons senzations,
external as well as internal. A fibril (gerrst) is eaid
to be as minute as the thousandth part of s hair
(@ weewin gy wem—Puanchadasi),
favre wivres: it ool | W gRORMRTTOETIE WO
miEsR | WYY IAieEwwRAC, ¥ ¥ qERET TW 0 We-
ENTETN WEROTERTA | gl Wrew 1 Tt wnd s |
wiain | grat wiwgem | ¥ 9 wymiewt | ¥ sodtan | A7 ey
W o st whove: |

f’ﬂwm wrgel WA ERW1 @A wERwl wrerwd
T e |

CUIECHE ol i (O L e B eLE L s e I
Hewniwaets AEa SwAAeA uﬂf‘n | W3 SnugraoreTI-
TETAN AT W ECRH AR | iy fregry 139 we-
HHE W1 TRWITH | W SATGREE: WETETT RO ST |
(Susruta, Sirirasthing, Chap. IX.).

SecTIOoN 4.

THE NERVOUS SYSTEM AFTER THE TANTRAS—
PSYCHO-FPHYSIOLOGY.,

In Charaka and Suéruts (as in Aristotle) the heart
is the central orgsn and seat of consciouspess: but in
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the Tantric writings (as in Galen) the seat of conscious-
ness is transferred to the brain or mather the cerebro-
spinal system. The soul (the Jiva) has its special seat
within the Brakmarandhra above the foramen of Monro
and the middle commissure, but traverses the whole
cerebro-spinal axis, up and down, along the Susumna
(the central passage of the spinal cord). The Brakma-
danda (vertebral column) contains the Sugumna, the
Brahma Nidi, and the Mmovald Nidi. The cerebro-
gpinal axis with the connected sympathetic system
contains a number of ganglionic centres and plexuses
(Chakras, Padmas) from which nerves (Nidis, Sirds,
and Dhamanis)' radiate over the head, trunk, and
limbe.

BECcTION 5.

GANGLIONIC CENTRES AND PLEXUSES
(SYMPATHETIC-SPINAL SYSTEM).

Beginning with the lower extremity, the centres
and plexuses of the connected spinal and sympathetic
gystems may be described as follows :—

(1) The Adhdra Chakra, the sacro-coceygeal plexus,
with four hrunches, eleven angulis (about nine inches)
below the solar plexus (Kanda, Brakmagranthi); the
source of a massive pleasurable msthesia, voluminous
organic sensations of repose. An inch and a half sbove

I The writers of ths Yoga nnd Tantra schools use the term
Nddi, by preference, for nerves. They also mean eranial nerves
when they speak of Sirds, never using the latter term for arteries,
as in tho older medical literature.
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it, and the same distance below the membrum virile
(Mehana), is a minor centre called the Agni-sikhd,

(2) The Swidhisthina Chakra, the sacral plexus
with six branches (wwrfw, zerfn—Ileaves), concerned in
the excitation of sexual feelings with the accompani-
ments of Iassitude, stupor, cruelty, suspicion, contempt.

(8) The Navikanda (corresponding to the solar
plexus, Bhdnubhavanam), which forms the great
Junction of the right and left sympathetic chains
(Pingald and Id4) with the cerebro-spinal axis.

Connected with this is the Manipuraka, the lumbar
plexus with connected sympathetic nerves, the ten
branches of which are concerned in the production of
sleep and thirst, and the expressions of passions like
Jealousy, shame, fear, stupefaction.

(4) The Andhata Chakra, the cardise plexus of the
gympathetic chain, with twelve branches, connected
with the heart, the seat of the egoistic sentiments,
hope, anxiety, doubt, remorse, conceit, egoism, ete.

(5) The Bhdratisthina, the junction of the spinal
cord with the medulla oblongata, which, by means of
nerves like the pneumo-gastric, ete., regulates the larynx
and other organs of articulation. This also comprises
the laryngeal and pharyngeal plexuses,

(6) The Lalani Chakra, opposite the uvula, which
has twelve leaves (or lobes), supposed to be the tract
affected in the production of ego-altruistic sentiments
and affections like self-regard, pride, affection, grief,
Tegret, respect, reverence, contentment, ete.

(7) The sensori-motor tract, comprising two Chakras,
(a) the Ama Chakra, lit. the cirede of command (over
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movements), with its two lobes, and (f) the Manaschakra,
the sensorium, with its six lobes (five special sensory
for peripherally initiated sensations, and one common
sensory for centrally initiated sensations, as in dreams
and hallucinations).

The Ajndvakd Nidis, efferent or motor nerves,
gommunicate motor impulses to the periphery from this
Ajuéi Chakra, this centre of command over moyements ;
and the afferent or sensory nerves of the special senses,
in pairs, the Gandhavahd Nidi (olfactory sensory), the
Rupavahd Nadi (optie), the Savdavahd Nidi (auditory),
the Rasavaki Nidi (gnstatory), and the Sparasavahd
Nigdi (tactile), come from the periphery (the peripheral
organs of the special senses) to this Manaschakra, the
sensory tract at the base of the brain. The Manas-
chakra also teceives the Manovahi Ndidi, » generie
name for the channels along which centrally initiated
presentations (as in dreaming or hallucination) come to
the sixth lobe of the Manaschakra.

(8) The Semachakra, a sixteen-lobed ganglion, com-
prising the centres in the middle of the cerebrum, above
the sensorium ; the seat of the altruistic sentiments and
volitional control, ¢.4. compassion, gentleness, patience,
renunciation, meditativeness, gravity, earnestness, reso-
lution, determination, magnanimity, etc ; and lastly

(9) The Sahasrira Chakra, thousand-lobed, the
upper cerebrum with itz lobes and convolutions, the
special and highest seat of the Jiva, the soul.

T SRR WEEST | WTR: WEW: ..o WA ..
wRaiEe W) mTaT feRge W wwvey | ey
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WATHE wertA W wifghmm: wmovewst | o7 wife A
WIS AW § WWl THIMaTY Wil sdgesd ey
weNNG THEY TEy | wAnTg Whwed s 79y WEm
T wEL uew dfem ) swrg wEd WS Food yfreeet
Tt T iy e g TR TR R TR BT -
wOE WA | WRTYWT Wi gEimemien | @ EETETg
TR | FYENl SECHNTORANOR | WiN Whewres T
iRl AT | wwow ferdt Wiw: qwwr dEm o0 ... wne-
TAFRTS Femmeeny: whatrer (S8 wmm e
TEE: T WRIE | SR NEne: Awat i |
(snrrrmTeT as summarised in Ddmodata’s Sangitadarpann;
vide Sangita-ratndkara, fowmefomed, verses 116-144)
(Fsaion) - sfiwm freraroramseemr wremn 5
frein | 7En wETEiwTAEY sdEs  TaTwTer w9 TR
T | W I At faward wwtn (frerhog, Semotes)
qYET SrmdTaat wrTE win (Jadna Sankaling Tantra).
For functions of Ajndvakd Nidi and Manovahi Niedi,
also see Sankarn Mikra’s Upaskira,

The cerebro-spinal axis and the leart: their
respective relations to the conscious life.—Vijnfina-
bhikshu, in the passage just quoted, identifies the
Mavovahd Nadi (vehicle of consciousness, fawsgrsy) with
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the cerchro-spinal axis and its ramifications, and com-
pares the figure to an inverted gourd with a thousand-
branched stem hanging down, The Susumna, the
central passage of the spinal cord, is the stem of this
gourd (or a single branch). The writers on the Yoga
(including the authors of the various Tantric systems)
use the term somewhat differently. On this view, the
Manovahis Nadi is the channel of the communieation of
the Jiva (soul) with the Manaschakra (sensorium) at
the base of the brain. It has been stated that
the sensory currents are brought to the sensory
ganglia along afferent nerves of the special senses.
But this is not sufficient for them fo rise to the
level of discriminative consciousness (wfr=regrm). A
communication must now be established between the
Jiva (in the Sahasriva Chakra, npper eerebrum) and
the sensory currents received at the sensorium, and
this is donme by means of the Manovald Nddi. When
sensations are centrally initiated, as in dreams and
hallucinations, » special Nadi (Svapnavakd Nigh),
whicl appears to be only a branch of the Manovaki
Nidi, serves as the channel of communication from the
Jiva (soul) to the sensorium. In the same way, the
ﬁ;m‘i‘mfa& Nifi brings down the messages of the soml
from the Sahasrira (upper cerebrum) to the .‘i}‘mi
Chakra (motor tract at the base of the Lrain), messages
which are thence carried farther down, along efferent
nerves, to various parts of the periphery. Imay add that
the special sensory nerves, together with the Manovald
Niigdi, ave sometimes generally termed Judnavahd Nadi;
lit. channel of presentative knowledge. There is no
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difficnlty so far. The Manovahé Nigdi and the Ajmbvaké
Nidi connect the sensori-motor tract at the base of the
brain (Minaschakra and Ajndehakra) with the highest
(and special) seat of the sonl (Jiva) in the upper
cerebrum (Sakasrdra), the one being the channel for
carrying up the sensory, and the other for bringing
down the motor messages. But efforts of the will
(Ajnd, Prayatna) are conscious presentations, and the
AManovahd Nidi must therefore co-operate with the
Ajndvakd in producing the consciousness of effort.
Indeed, attention, the characteristic function of Manas,
by which it raises semse-presentations to the level of
diseriminative consciousness, implies effort (Prayatna)
on the part of the soul (Atman, Jiva), an effort of which
we are conscious through the channel of the Manovahi
Nadi. But how to explain the presentation of effort in
the motor nerves? Sankara Mikra, the author of the
Upaskira on Kandda's Shtras, argues that the Nddis
(even the volitional or motor nerves) are themselves
sensitive, and their affections are conveyed to the
gensorium by means of the nerves of the (inner) sense
of touch (which are interspersed in minute fibrille
among them). The consciousness of effort, then, in any
motor nerve, whether Ajndvakd (volitional-motor) or
Pripavakd (sutomatic-motor), depends on the tactile
nerves (or nerves of organic sensation) mixed up with
it. Thus the assimilation of food and drink by the
automatic activity of the Prinas implies an (automatic)
effort (wiwmitfawam) sccompanied by a vague organio
consciousness, which is due to the fact thst minute
fibres of the mner touch-sense are interspersed with the
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machinery of the automatic nerves (the Prinavaki
Nidis),

Prfmama sty gae @ mn | af Taie w9
WA W oaEw WS A g e 3 S s« (Sankar
Misra's Upaskira, on Sitras 14, 15, Ahnika 2, Chap. V.).

The Heart. The heart in the older schools is
comsidered to be the seat of waking consciousness: for
the heart expands during waking life and contracts
during sleep,

Sleep (mm) again is of two kinds, (1) dreaming sleep
(swapna, supti), when the external senses are withdrawn
mito the heart, but the representative-presentative
fnculty (sen, fad) wakes, and (2) dreamless sleep (susupti),
when this last faculty is likewise merged in the mere
automatic activity of life,

&l dawra | giet "t vrw St - feefy
Sfmren weTR fragwie | Sn awgyieat | | et
S 2T qf ARt g | s e T e
mrwETmA—{ Sangita-ratikara).

SecTioN 6.

NERVECORDS AND FIBRER (EYMPATHETIC-SPINAL
SYSTEM),

Nerve-cords and fibres—Cranial and gpinal nerves,
nnd the connected sympathetic nerves—With the
writers on the Yogu, all the Sirds, and such of the
Dhamanis us are not vehicles of vital current, metabolic

Q
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fluid, lymph, chyle or blood, are cranial nerves and
proceed from the heart through the spiual cord to the
raniom. These cranial nerves include pairs for the
larynx and the tongue, for the understanding and use
of speech, for the raising and lowering of the eyelids,
for weeping, for the sensations of the special senses, eté.—
a confused and nnintelligent reproduction of Suéruta’s
classification.  But the enumeration of the spinal nerves
with the connected sympathetic chain and ganglia, is &
distinet improvement on the old anatomists. The
following plan sttempts to give a rough idea of the
relative position of the principal nerves of the sympa-
thetic-spinal system.

PUSA GANDHARL
o (o]
SRUMY
PAYASVING © ) T O BANEHINI
BABASVATI EUHU O IDA
(] [+ o
DINGALA
0 o X
vARANA VISVODARL
(2] = o
TASASVINI HASTIITHV A
o
ALAMEBUEA -
Highd, Laft.

The Sugwmnd is the central cord in the vertebral
column (wwmm, %) The two chains of sympathetic
ganglia on the left and the right ave named Jdd and
Pingalii Tespectively: The sympathetic nerves have
their main connection with Susurmnd at the solar plexus
(wrgprs, i in the ww, wivas or wwwfs). Of the
seven hundred nerve-tords of the sympathetic-spinal
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system (e Sangita-ratndkara), the fourteen most
important are ;.—

(1) Sugumni, in the eentral channel of the spinal
cord.

(2) 1d4, the left sympathetic chain stretching from
under the left nostril to below the left kidney, in the
form of a bent bow.

(3) Pingald, the corresponding chain on the right.

(4) Kuhy, the pudic nerve of the sacral plexus, to
the left of the spinal cord.

(6) Gindhiri, to the back of the left sympathetic
chain, supposed to streteh from below the corner of the
left eye to the left leg. 1t was evidently supposed that
some nerves of the cervical plexus came down through
the spinal cord and joined on to the great sciatic nerve
of the sacral plexus,

(6) Hastijihvd, to the front of the left sympathetic
chain, stretching from below the corner of the left eye
to the great toe of the left foot, on the same suppogition
us before. Pathological facts were believed to point
to a special nerve connection between the eyes amd
the toes.

(7) Sarasvati, to the right of Susumnd, stretehing
up to the tongue (the hypo-glossal nerves of the cervical
plexus).

(8) Pugd, to the back of the right sympathetie
chain, stretching from below the corner of the right eye
to the abdomen (a connected chain of cervical and
lumbar nerves).

(9) Payasvini, hetween Pusi and SBarasvati, auricular
liranch of the cervieal plexus on the right,

Q2
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(10) Sankhini, between GAndhirl snd Sarasvati,
stivicular branch of the cervical plexus on the left.

(11) Jadasvini, to the front of the right symps-
thetic chain, stretching from the right thumb to the
right leg (the radial nerve of the brachial plexus
continued on to certain branches of the great sciatic).

(12) Virani, the nerves of the sacral plexus,
between Kuhu and Jasaévini, ramifying over the lower
trunk and limbs.

(13) Vikvodard, the nerves of the lumbar plexus,
between Kuhu and Hastijihvd, ramifying over the
lower trunk and limbs.

(14) Alamlugi, the coceygeal nerves, proceeding
from the sacrsl vertebrms to the urino-genitary organs.

( Vide Bangita-ratniikara, sTram, fogamafaawoy —
Slokas 144-156. Also, the Yoghmava.)

SgorioN 7.

AUTOMATIO AND REFLEX ACTIVITY OF THE
ORGANISM—_THE FORTY-NINE VAYTS.

Charaka describes Viyu as that which keeps the
machine of the body at work, the prime-mover, the
impelling force which sets in motion the organs
(including the senses and the mind), which armanges
the cells and tissues, and which unfolds or develops the
foetal structure out of the fertilised ovum. Charaka
and Suoéruta notice the five chief Viiyus with their
functions in the maintenance of the animal life. Susruta
mentions Pripa as having its course in the mouth, and
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concerned in deglutition, hiccough, respiration, ete.,
Udina as concerned in articulation and singing,
Samdna as digesting the food in the stomach in con-
junction with the animal heat, Fydna as coursing
all over the body, driving the chyle and eausing
the flow of blood and sweat, and Apdna as having
its seat in the intestinal region, and sending down
the urino-genital secretions. (Sufruta—Nidinasthina,
Chapter L.)

In the mediseval physiology the number of Viyus
is given as 49. As in Charaka and Susruta, the Viyus
are regarded as the moving or impelling forces that
work the organism and all its automatic and reflex
machinery. The Andvakd Nidis (efferent nerves) are
only channels for the conduction of commands of the
self or the will (wrwwram) ; the Viiyus, on the other hand,
are forces (or currents) that maintain the automatie,
reflex, or instinctive activities of the organism. The
ten chief Viyus with their functions are enumerated
thus -—

(1) Pripa, which works the ideo-motor verbal
mechanism and voecal apparatus, the respiratory system,
the muscles engaged in conghing, sighing, ete.

(2) Apina, which ejects the excretions and wastes,
the urine, the feces, the sperm and germ-cells, ete.

(3) Vilina, whose work is extension, contraction, and
flexion of the muscles, tendons, and ligaments; the
stored-up energy of the muscles,

(4) Samdna, the force which, in conjunction with
animal heat, works the machinery of metabolism, in the
maintenance of the organic life. It drives or propels
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the chyle, blood, and every other current (Srota) or
cirenlating Auid in the body.

(5) [dina, concerned in maintaining the erect
postare of the body.

(6) Niga, which is concerned in involuntary retching,
vomiting.

(7) Kiirma, which works the nutomatic movement
of the eyelids, winking, ete.

(8) Krikara, concerned with the appetites of hunger
and thirst.

(9) Devadatta, which brings abont yawning, dozing,
ate,

(10) Dhananjaya, which is concerned with coma,
gwooning, trance.

TG AT WAAE WerAl, WA ww, SEvRA TH,
W, FATAS T WOITH, RAA®! T19;, eRimTearaies,
WAl WTeRSTAl, WAT TATEATRT | WA (e
gwmmw, Chap, XI1) Fut seymw: wro:  w=rercoframarams-
WIEITERTC, WU . . . W GG W WA |

wm W || WATASY wiEs mrE wet
tFpn we | Teuwnin weey FwHNy dwoy Tt ST
FEgiewn | TETH: WONTE SETMOAESTTY WR TN | AT
fam  dwwmEwiEE: SETORE T wnigrETEs W |
AT WTETE ot W wEEd {Ihﬁm:ﬂ'rtr i)

Cf. the summary in Raja Sourindra Mohan Tagore's
edition of the Sungita-darpapa.
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N T ST NIRRT e | (Sangita-
darpapa, Chap. 1., Slokas 45-48). Cf. the extract in
Sankara.

WA RO WESSATRITE®AT | WOT: WATTI AT ww |
T W g SR mﬂﬁqﬁ'mﬁ‘!ﬂ"
wre: W W@y wRw W owwoa Aww ozt (Sdriraka
Bhigya, Chap. 1L, Pada 4, Sitra 2).

Seorion B,
FETAL DEVELOPMENT (AFTER SUBRUTA)!

The ovum fertilised by the sperm-cell and developing
under the influence of animal heat forms successive
layers and tissues, even as layers of cells and fibres are
formed in weod.  First are formed seven layers, epithelial
and dermal (Saptatwachah), then follow the several
tissues (Kalih), the flesh, the vascular tissue, the fat
and marrow, the Iymphatic and (glandular) tissue, the
intestinal tissnes, the biliary and the seminal vessels
These tissues are regarded by some as modifications of
the original dermal layers of the ovum (¢f. the layers of
the blastoderm and their relation to the tissues in
Embryology). The tissues are supposed to be developed
successively, one out of another, by chemical action or
metabolism (pdka), e.g. chyle is transformed into blood,
Ilood into flesh, flesh into fat, fat into bone, bone (in
reality, fat in the bones) inbto marrow, marrow into
gperm-cell. The organs are next formed out of the
tissues. The liver, gall-bladder (Homi), spleen, and

| Reproduced from my monograph in Dr. Ray's *“ Hindu
Chemistry,” Val. I1,
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lungs are referred to the blood; the intestines to the
blood, lymph, and bile; the kidneys to the hlood and
fat; the testicles to the blood, lymph, and fat ; the heart
to the blood and lymph ; and the tongue to the lymph,
blood, and flesh. Viyu, with the accompaniment of
animal heat, impels the “currents” (4rotdmsi) in the
system; Viyu acting on the flesh gives rise to the
muscles ; and it is Viyu, again, which, with the essence
of fat (or marrow), produces the nerves, arteries, and
tendons (Sudruta, Sdrirusthina, Chap. IV., and Siitra-
athina, Chap. XIV.).

The following parts (tissues and organs) i the fatus
are in a special sense modifications of the four organic
substances (compounds) contributed by the sperm-cell
of the male parent: hair, nails, teeth, bones, nerves,
veins and arteries, tendons and ligaments, snd the
sperm-cell ; the following are modifications of the four
organic substances derived from the mother : gkin, blood,
flesh, fat, the heart, liver and spleen, kidneys, stomach,
intestines, etc. (Charaka, Sérfrasthina, Chap, IIL),

The rudiments of the head and the limbs begin to
appear in the third month, and are developed in the
fourth ; the bones, ligaments, nails, hair, ete., become
distinet in the sixth. In the second month the sexual
character is indicated by the shape of the fwtus, the
shape of a round joint (?) indicating the male gex, and
an elongated shape, as of & muscle (?), the female sex.
(Cf Charska, Sirirasthana, Chap, 1V.—faatimfs w
wn o Sy T o o e W s e
Chukrapfhi uotes wa: w1 foed wegrerc | GW)
FrwhrraraTe | w ¥ v Lo cit.)
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Sectiox 9.
HEBEDITY.

Transmission of specific characters—what parental
characters are transmitted to offspring.—The question
ia raised in Charaka (and earlier still in the Bri/manas)
how specific characters are transmitted—why the
offspring is of the same species as the parental organism,
say, the human or bovine species, the equine species
(Charaka), or the Asvattha species, Ficus religiosa
(Sankars, Brihadiranyaka-bhisya). Species (drm) may
be compared to so many moulds, as it were, into which
the ovam is cast, even as molten metals are cast in
moulds. This is of course only an illustrative analogy ;
the canse has to be investigated.

Now Charaka and Susruts, following Dhanvantari,
hold that the feetus, or mather the fertilised ovam,
develops by palingenesis (instead of epigenesis); in
other words, all the organs are potentially present therein
at the same time, and unfold in a certain order. As
the sprouting bamboo-seed contains in miniature the
entire structure of the bamboo, as the mango-blossom
contains the stone, the pulp, the fibres, which appear
separated and distinct in the ripe fruit, though from their
gxcessive minufeness they are undistinguishable in the
blossom, even such is the case with the fertilised ovam.

iy e WO . . . WETEEREA PO WEANIW TATE
Al | TR WA ANSRR TN TAReTY we
W afcuB SRR YU I0R STSUSEN | M
T AR FEATd | A WO W Wt w]1tn enAn
Apgisty wraT | T A AR @iy WEARy Wy St
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quafa: AT wewwtm wawry smtw | (Sukrute, Sdrira
sthdna, Chap, IIL).

The inheritance of speeific characters is explained in
gecordance with this view. Charaka assumes that the
sperm-cell of the mule parent contains minute elements
derived from each of its organs and tissues. ( (. Darwin's
gemmule and Spencer's “ids”) Sankara similarly
states that the sperm-cell (or the seed in the case of a
plant) represents in miniature every organ of the parent
organism, and contains in potentia the whole organism
that i developed out of it (werowrTen IR TR
warafy | Charaka, Slirirasthina, Chap. IV.: of. Sankars
on Britadiranyaka).

But if this is so, why are not congenital deformities
of the parent, or constitutional diseaszes contracted in
later life, imvariably inherited Congenital blindness,
deafness, dumbness, stammering, lameness, or deformity
of the spinal eolumn or of the bony framework, or
dwarfish statore, or constitutional diseases like madness,
leprosy, or skin diseases in the parent, do not necessarily
produce corresponding deformities or infirmities in the
offspring. It cannot therefore be that the fertilised
ovum represents in miniature every organ and tissue of
the parental organisms, The solution of this difficulty
Charaka aseribes to :’:I.reya. The fertilised ovum, it is
trite, is composed of elements which arise from the
whole parental organism (swerames, smgraws), but it is
not the developed organs of the parents, with their
idiosyncracies or aequired characters, that determine or
contribute the elements of the sperm-cell (or seed).
The parental Vija (seed, germ-plusm) contains the whole
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parental organism in miniature (or in potentia), but it
is independent of the parents’ developed organs, and is
not necessarily affected by their idicsyneracies or
deformities. In fact, the parental Vija (seed, germ-
pliism) is an organie whole independent of the developed
parental body and its organs. In the parental Vija an
eloment representing a particular organ or tissue may
lusppen (for this is accidental, %) to be defective or
undeveloped, or otherwise abnormally characterised, and
in this case the corresponding organ or tissue of the
offspring will be similarly charscterised. When con-
stitutional dizesses, acquired in later life, are found to
b inherited, Atreya would suppose that the Vija of the
parent has been affected, and this would explain the
fact of the inheritance. In the ecase of leprosy, for
example, it is transmitted to the offspring only when
the germ-plasm (the Vija or the fertilised ovum) i8
infected with the virus of the disease by reason of the
leprosy of the parent (vide Charaka's report of Atreyu's
theory, Sirirasthina).

AT Tt At st SRR A
e AT e STt SRR T wewd
FITOR | Wi WiTq WRTR WEH WHTTORNT: WA T St
TR A R | TR | W T PR e
Tt wh W wgETes I R | ﬂﬁ“mm
wowarw of 56, . - aoe o TETE UE W AqE AYWNNE: Sew
Tt AT fogEEEe 7 SAi WA T W WETIer
W ST T auiE W T W et YT |
ST W AT FHTA THAGIACD | WA W WA T
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bl 1 T TR U e — oy
Wt | (v, wrdican, grtTefea) TERY: FENTETAvT-
TR | WO W e weig wfed

N.B.—The seventh tissue (the Sukradhard kald,
sperm-bearing or reproductive) contains the parental
Vija, which is # minnte organism (wpramms) deriving
its elements from the parental organs, but distinet from
the latter, and independent of their peculiarities, and it
15 the combination and characters of these constituent
elements of the parental Vija in the reproductive tissue
that determine the physiologieal characters and predis-
positions of the offspring. We may call this Atreya’s
germ-plasm theory, for it is an advance on the eof-
ception of gemmules and of ids, hut in Emaya’s version
the * germ-plasm " is not ouly representative of the
“somatic " tissues, but also generates and is generated by
the Intter. This mutual intersction of the * germ-plasm "
-and “ somatic tissues” is a distinctive feature of .-itm_vn’s
hypothesis, the value of which will be differently
estimated by different schools of biologists.

I'may also add that the eontinued identity of the
germ-plasm (s7w) from generation to generation, though
it follows as a corollary from this doctrine of a distinet
reproductive tissue, even when conceived to be affected
by somatic processes, as _-imayn and Charaka coneeive
it to be, is nowhere expressly deduced. On the other
hand, Atreyn and Charaka emphasise the influence of
sbundant or defective nutrition, and of the con-
stituents of the food, ete., on the characters of the
Viju in the reproductive tissue, especially as regards the
sexusl character, the stature, and the colour-pigment
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(wit) of the offspring. But though the influence of
nutrition on the Vija is thus freely admitted in a general
way, it is expressly stated that the peculiar characters
or idiosyncracies of the elements that eombine to form
the Vija must be regarded as a matter of chance (#9),
in other words, the truly congenital varistions are
accidental,

Seoron 10,
THE SEX QUESTION,

Inflnence of nutrition on the ovum, especially as
regards the sex, stature, and colour-pigment of the
resulting offspring—In a general way, ghee and milk
for the male, and oil and beans for the female parent,
are favourable to the Vija. The sexual character of the
offspring depends in part on a periodicity to which the
life-history of the ovum in the female parent is conceived
to be subject—a law of alternate rhythmie change (not
unlike what we now know to regulate the development
of several orders of bacteria or unicellular organisms),
a law under which the fertilisation of the ovum on the
fourth day after the menstrual discharge, or on the
alternate days succeeding, is favourable to the fostus
developing the male sexual character, and on the fifth,
seventh, and alternste following days to the footus
assuming the female sex. The Prayogachintémani
stutes that the latter occurs on even days, and the
former on odd days Another factor is the relative
predominance of the sperm nnd the germ cells in the
fertilized ovum. Excess of the sperm-cell produces the
male, that of the germ-cell the female For male
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offspring of tall siature, fair complexion, and energetic
temperament, wheat-pulp with honey, ghee (clarified
butter), and milk should he taken by the female parent.
Generally speaking, the adoption of the food, clothing,
habits of people of any particular clime are supposed to
be fayourable to the production of their characteristic
stature and complexion. As to sex, the feetus for a
time remains indeterminate, and then takes on a definite
male ar female character, but before this stage is reached
the development of the sex can be modified to some
extent by food and drugs ($wwmitad). As for the
colour-pigment, it is the animal heat (srerg) which is
its source; but where the Abids and Ap particles
predominate (in the food) the animal hest (of the
metabolie processes) produces a fair complexion : where
Earth and Vdyu particles predominate in the food,
blackness is the result; and where the different Bhutas
are combined in nearly equal proportion in the food,
the metabolic heat produces a dark pigment. In the
Inter literature, ghee (clarified butter) hubitually taken
by the female during gestation is supposed to produce
a fair complexion, and rice (or wheat) and salads s
dark complexion, Charaka also holds that mental
impressions of the parent are powerful factors in the
determination of the charscters of the offspring.

Tuite Wiwwgaed v = w1 oAwi wgtavreR Sifedn wited
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Sroriox 11
LIFE.

These activities maintain the life of the organizm,
but what is this life itself?

The Chirvdkas (materialists and sensationalists)
answer that life (as well as consciovsness) is a result of
peculiar chemical combinations of dead matter (or the
four elements) in organic forms, even as the intoxicating
property of spirituous liguors results from the fer-
mentation of unintoxicating rice and molasses. Similarly,
the instinotive movements and expressions of new-born
babes (sucking, joy, grief, fear, ete.) can be explained
mechanically as due to external stimuli as much as the
opening and cloaing of the lotus and other flowers at
different hours of the day (or night), or the movement
of iron under the influence of the loadstone, In the
same way, the spontaneous generation of living organiams
is frequently observed, e.y. the case of animalcules which
develop in moisture or infusions, especinlly under the
influence of gentle warmth (S==, Tow, fymwwes:), or of
the maggots or other worms which in the rainy season,
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by reason of the atmospheric moisture, are developed in
the constituent particles of curds and the like, which
begin to live and move in so short a time.

Gotama, in his Sitras, reports the Chirvika expla-
nation of instinetive emotional expressions in babes:
WAty W iETw  wrwc—Satra 20, Ahniks 1,
Chapter IIL; ¢f. the explanation of the movement
preparatory to sucking : wwd TR
—iitra 23, ibid. Jayanta, in the Nydya-manjari,
reports the Chirviks explanation of consciousness (and
life).

srmiwem fowrd | gfewreita wmi WAt wenfy | o e
TETETCRTCHA R FERTETH AT |

For spontaneous generation, vide Jayanta's report —

T WA wAfmeinay weW Twe e T W
grareiatem  sugws 1—Nydya-manjari, Ahnika 7,
st |

The Sinkhya view of consciousness—Reply to the
mnterialists :—

The intoxicating power in liquor is a force, Le. &
tendency to motion, and this is the resultant of the
tendencies (or subtile motions) present in the particles
of the fermented rice, molassea, etc, A motion, or &
tendency to motion, can in this way be the resultant of
several other motions or tendencies. But consciousness
(V=) is not a motion, and cannot be the resultant of
(unconseious) natural forces or motions, Neither can
the consciousness of the Self, or of the organism as a
whole, be supposed to be the resultant of innumerable
conscionsnesses vested in the innumerable constituent
particles of the body. Omne central abiding intelligence
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18 & simpler and therefore more legitimate hypothesis
than an assemblage of consciousnesses lutent in différent
Bhiitas or particles, ¢f. VijnAna-bhiksu’s comment on thie
Sifra.  mrpfedn wRwwigd whed mom (Sitra 22,
Chapter T1L) w1 =wr wreaamix TRwzETITRy fafemga
W 74 Swmmie @iiein v RAwTCE? @ WA AR Fw |

SR | (ihid.).

T RTWTEA U | wETCwwT foeTrET T T WA A
FRTTH WO T waTs 2fn 1 S o
(Gangidhara’s Julpakalpataru (1867, Caleutta), ex-
plaining the distinetion between property (qw) and
power (mars), a technieal term in medicine, which
denotes a form of motion (=) Siltrasthdna, Jalpakal-
pataru).

The SBankhya view of Prina (life) :—

Life, aceording to the Sinkhya, is not a Viyu
(bio-mechanical foree) nor any mere mechanieal motion
resulting from the impulsion of Viyw, The five vital
operations, Prips, Aplna, ete., are called Viyus, but
this is only a metaphor. Life is in reality a reflex
activity, a resultant of the various conewrrent activities
of the dAntakkarapas, i.e. of the sensori-motor (srfeg
writew); the emotional (ww:) and the apperceptive
resctions of the organism (for some add wegm).

Vijudna-bhiksu notes that this explaing the dis-
turbing (elevating or depressing) effect on the vitality
of pleasurable or painful emotions, like love (ww), which

R
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are activities of Munas, one of the Antalbarapas con-
oerned in the reactions of the living organism. On the
Sankhya view, then, Prdpa or life is not & Viyu, nor 15
it evolved from the Bhutas, inorganic matter. Prdpa
is only a complex reflex activity (wwsgar gfu) resulting
from the operations of the psycho-physical principles or
forces in the organism. Cf. Sankara reporting the
Sinkhya view—=wgriy frmgws: = wRidRt ATt yiE
wrwqwa —Sariraka-bhisya, Chapter 1L, Pada 4, Siitra 9,
sTwTIyT: W ww w9 —lsvamkrisoa, Karikd
Also Siitra 81, Chapter IL, where Vijnfna-hhiksu
notes :—

qrgaR, weTC S wiEEn | werd wet S i
e wTr SR | TTTETEAR WeId WAIATA | WIRE T
Wi wARTeITR: Twewggae anvd e — Vijnina-bhiksu,
Pravachana - bhisya, Chapter [II., Sitras 31, 32.
FATYRTR WA WIS AT AT Wi, ——ibid.

The Vedintic View of Prina.

The Vedintists are believers in an independent vital
principle. They agree with the Sankhyas in holding
that Prina is neither a Viyu nor the operation of a
Viyw. Bat neither is life a mere reflex or resultant of
soneurrent Sensori-motor, emotive and apperceptive
reactions of the organism. You may put eleven birds
in u eage, and if they comcurrently and continually
strike aguinst the bars of the eage m the same direction,
the cage may move on under this conjoint action. But
the sensory and motor setivities cannot in this way
originate the vital activity of the organism. For the
deprivation of any one or more of the senses does not
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mean & deprivation of life, and above all there is this
rdical distinetion ; there is sameness of kind (wartes)
between the motions of the individual hirds and the
resultant motion of the cage, but the sensations do not
explain life.  Life (Prana) must therefore be recognised
a3 4 separate principle, just as the Manas and the
Antahkarapas generally are in the Sinkhya Philosophy.
Life is a sort of subtle rarefied  ether-principle”
(warwarg) pervasive of the organism—which is not
gross Féayu, but is all the same subtilised matter, like
the Manas itself, for, in the Vedfinta, everything other
than the Self (wrm) is * material ” (w).

This Life is prior to the senses, for it regulates the
development of the fertilised ovum, which would putrefy
if it were not living, and the senses with their apparatus
developsubsequently out of the ovum (7 wgfss YR,
Chapter IL, Pada 4, Sitra 9; vids Sariraka-Bhisya
Sankara; also Vachaspati Misrs, Bhimati -—

fagrarg 7 wwATgTE: ww: | W fe fafeaat o giwiEy
WRE q1 | W AT fafewmat | watgtregfcieam TEHTYSEET |
7 Wg TGRS wEITROAT AT | W W
wefuivan fyfrsied fefaivfeand aufn) 7 = mvsand | 7o
win SATATRATTE: | WG W A wwaT Pt
FNTANTOICAATATATRTOTIa | W9 guw wiafEwt s
FRETTESAE: | T WSO WA W wh wr-
fifa §% TATMTTERTITATATGNTE WURTTER: WTOARE ) . . .
FOTEAT WTYTRATAL WA | .. . AYCITORRTRATRTO: RSy s |
—Sankara, ibid. Cf, also, Www wmw TRAYSETETETCA W
FiwemT | AR T AT gRReTe W WA W W weem
VAR WA AT g W —San-
kara, on Siitrs 9, Pada 4, Chapter IL.

R 2
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CHAPTER VIL

ON THE SCIENTIFIC METHOD OF
THE HINDUS.

The Doctrine of Seientijic Method.—A study of the
Hindn Methodology of Science is absolutely essential to
a right understanding of Hindu positive Science, its
atrength and its weakness, its range and its limitations.
Apart from this rigorous scientific method, Hinda
Chemistry, for example, would be all practical recipe, or
all unverified speculation. This, however, would be a
very inadequate and indeed crroneous view of this early
achievement of the human mind. That the whole
movement was genuinely snd positively scientific,
though arrested at an early stage, will appear from the
following brief synopsis of the Hindu Methodology of
Science,

Criterion or Test of Truth, after the Buddhists.—
The ultimate criterion of Truth is found, not in mere
cognitive presentation, but in the correspondence
between the cognitive and the practical activity of the
Self, which together are supposed to form the cireuit of
constiousness. That knowledge is valid which prompts
au netivity ending in fruition. (Cf, the distinction
between wanfrmm and fessarizm o Also compare
WETHRAR AT wyfwwweTR wdwn wwew— Vdtsydyana.)
Trath, the Buddhists contend, is not self-evidence, not
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the agreement between idess, nor the agreement of the
ides with the reality beyond, if any, for this cannot be
attained direct, but the harmony of experience (we),
which is implied when the volitional reaction, that is
prompted by a cognition and that completes the circuit
of consciousness, meets with fruition, 7.e realises ita
immediate end (with this compare Sriharsha, Kliandana
Khanda Khidya, on the relation of w to srammer).
This i=s the material aspect of Truth. The formal
aspect is given in a prineiple which governs all
presentations in consciousness, and which combines
the three moments of Identity, non-Contradiction, and
Excluded Middle in every individual cognitive operation
(v 7 witfewin (identity) wwm wsfs=fe (non-contra-
diction) garawarTd W gwafs (excluded middle) zfa
swmwraTTE—Jayanta, Nydyamatijori, s .
Prerception.—The conditions of Perception, and ita
range and limits, were carefully studied. The minima
sensibile (e.g. the minimum visibile, the Trassrenu, the
Just-perceptible mote in the slanting sunbeam), the
infra-sensible (wgmmes, gw, sometimes termed wwifea).
the obscured (whnm, eg. a meteor in the mid-day
hlaze), and the potential (wgmwyfw), are distinguished ;
but finer instroments of measurement were wanting,
and this was a principal cause of arrested progress It
wmay be noted that the measurement of the relative
pitch of musical tones was remarkably nccurate (vide
my Paper on Hindu Mechanics and Physics),
Observation. (xdm— Vichaspati and  Udayana).—
The entire apparatus of scientific method proceeded on
the basis of observed instances carefully analysed and
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sifted. This was the source of the physico-chemical
theories and classifications, but in Anatomy the
Hindus went one step farther ; they practised dissection
on dead bodies for purposes of demonstration. Ingenious
directions are given, eg., the body must be first
dicembowelled and wrapped round with the Fuse and
other grasses, then kept immersed in still water for
seven days, after which the medical student should
proceed to remove the layers of the skin with a carefully
prepared brush made of the fresh elastic fibres of green
bamboos, which will enable the tissues, vessels and
ducts to be observed. Post-mortem operafions as
well as major operations in obstetric surgery (the
extraction of the feetus, ete.) were availed of for
embryological observations (eg., it is stated that
the rudiments of the head and the limbs begin to
appear in the fefus in the third month, and are
developed in the fourth ; the boues, ligaments, nails,
hair, ete., becoming distinet in the sixth), and also
embryological theories, eg., the indication of sexual
character in the second month by the shape of
the foetus, the shape of a round joint indicating
the male sex, and an elongated shape the femasle sex
(¢f. Charaks, Sutrasthina, Chap. IV.—fgats wiiR o
weowd fown WwEd W AW o fem gEw WO OWE
wiwwn | Chakrapini notes: wm wfew: | et wwamae |
st St wid w¥wem loc. eit).  In Phonetics
(88 in the Pratisikhyss, circa 600 n.c), in Deserip-
tive and Analytical Grammar (as in Pénini), and in
some important respects in Comparstive Grammar
(as in Hemsachandra’s Grammar of the Prikrita
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Dialects), the ohservation was precise, minute, and
thoroughly scientific. This was also the case in
Materis Medica and in Therapeutics, especially the
symptomology of diseases, In Meteorology the
Hindus used the rain-gauge in their weather forecasts
for the year, made careful ohservations of the different
kinds of eclouds and other atmospheric phenomena
(2., they estimate the heights of clonds, the distance
from which lightning is ordinarily visible or the
thunder is heard, the area of disturbance of different
ecarthquakes, the height to which the terresfrial
stmosphere extends, etc.; vide Vardhamihira, Sripati,
and the authorities quoted by Utpals). In Astronomy
the observation was, generally speaking, very defective,
as in the determination of the solar and the planetary
slements, and this was probably due to the lack of
practical interest, but the determination of the lunar
constants entering into the caleulation of lunar periods
and eclipses, matters in which the Hindus had a
practical ceremonial interest, reached a remarkable
degree of approximation (much above Grmco-Arab
computations) to the figures in Laplace’s Tables, which
can only be explained by the circumstance that in the
case of these constants the Hindus carried out for more
than a thouzand years a systematic process of verifica-
tion and correction by comparison of the computed with
the observed results (like the navigator's correction of
the course of the ship at sea), a process which was
termed gfodm.  In Zoology the enumeration of
the species of Vermes, Insecta, Reptilia, Batrachia,
Aves, eto., makes a fair beginning, but the classification
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proceeds on external characters and habits of life, and
noti on an anstomical basis. In Botauy the observation
was mainly in the interests of Materia Medica, and the
classification was as superficinl as possible. (FVide my
Paper on the Hindu Olassification of Plants and
Animnls.)

Lzperiments.—Experiments were of course con-
ducted for purposes of chemical operations in relation
to the arts and manufactures, rg. Metallurgy, Phar-
macy, Dyeing, Perfumery and Cosmeties, Horticulture,
the making and polishing of glass (lenses and mirrors
of various kinds are mentioned, the spherical and oval
% and 3gw being well known—Pliny indeed men-
tions that the best glass ever made was Indian glass).
And the results of such experiments were freely drawn
upon for building up scientific hypotheses and generali-
sations, But of experiment us an independent method
of proof or discovery the instances recorded in books
are. rare. I may note one interesting example in
Udsyana’s Kirandvali, relating to the weight of gir,
Udayans argues that air must be a distinet and inde-
pendent Bhiita, for if air were a form of the Earth-
Bhiita, it would have weight, and it has none, To
prove the absence of weight, he refers to an experiment.
A small bladder made of a thin membrane, filled with
air, will not canse a greater descent in the scale than the
same bladder weighed empty., Henee the air possesses
no weight. Then Udayana makes an interesting state-
ment. It may be objected, he says, by one who accepts
the weight of air, that this argument is ineonclusive ;
for & counter-experiment may be suggested. The
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balloon filled with smoke (or gas, ww) rises in the air,
whereas the air-filled balloon comes down. This would
go to show that air has weight. Udayana replies that
this would only show that both smoke (or gas, w%) and
air have no weight. The Hindus appear to have been
ignorant of the principle of Archimedes. Vallabhs-
chéryyn, in the Lildvati, it is true, speaks of a peculiar
resistance to sinking (or gravity) exercised by water,
whicl explains the tendency in certain objects to float
or to come up to the surface of the water, but the
description does not show that he had any clear ideas
on the subject. Mathurdndthn, again, states that the
determination of the degree of purity (the carat) of
gold by rubbing against the assaying-stone and observing -
the character of the yellowish streak against the black
smooth background, is only an indirect means of
agcertaining weight (qo¥ewm, lif. specific gravity)—
which seems to suggest that there was a more direct
means of arriving at the latter. Probably this refers
to the common Indian method of comparing the lengths
and weights of wires of uniform thickness that can be
formed by drawing different pieces of gold throngh the
same diamond bore. I think it may be regarded as
fairly certain that the Hindus were ignorant of Archi-
medes' discovery, an ignorance which, at any mte,
they counld not have well borrowed from the Greeks,
no more than they could have thus borrowed their
knowledge of things unknown to the Greeks them-
selves.

[ Cf. Udayana, Kirandvali :—wrgfasass, & = (3man)
gfeyim EAATT W | A W UTATYIONE WA WETOE:
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wfid W | FE T WRTYRCH T2 wWAwIAE g W
7 w# werwral wEife AfTTEWERCIATATOE  WRATA: |
—qf Vu.ﬂﬂ.hhutharywn Lﬂj’wutai—mﬂ YOS
WY AEATAATOAA WETEAWATATRSTY QR TS A
afwdifs %7 7\ wenrmd wew Wil wmAnferw s
Y WEW U0 WY URARIATNANS | grETwAT
suaw swwaw 1| OF. Mathordndtha, sfasfweoes on
Gangesa'’s Tattvachintimani—ssm (frevivewm) 7 §38-
vimirTEsA W TR RIS EEE AT W |

Fallacies of Observation—Mal-observation and
Non-observation :—These were carefully studied in
relation to errors of observation, and hallucination
(ww, wnamm, wrm), which were ascribed to three
vauses : (a) Dosha, #m, defect of sense organ, ss of
the eye in jaundice, or of the skin in certain forms of
leprosy (leading to tactile insensibility, ¢f. SBusruta),
or defect of necessary stimulus, ¢.g. too faint light,
or undue distance or nearness, in vision; (b) Sam-
prayoga, wwgwm, presentation of a part or an aspect
imstend of the whole; and (¢) Sanskira, #wer, the
disturbing influence of mental predisposition, «g.
expectation, memory, habit, prejudice, etc.

The Duoctrine of Inference—Anuména (Inference)
18 the process of ascertaining, not by perception or
direct observation, but through the instrumentality or
medinm of a mark, that a thing possesses a certain
character. Inference is therefore based on the esta-
hlishment of an invariable concomitance (Vydpti, =)
between the mark and the character inferred. The
Hindu Inference (Anuména) is therefore neither merely
formal nor merely materisl, but & combined Formal-
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Material Deductive-Inductive process. It is neither
the Aristotelian Syllogism (Formal-Deductive process),
nor Mill's Indoction (Muterial-Inductive process), but
the real Inference which must combine formal validity
with material truth, inductive generalisation with
deductive particularisation.

An inference admits of & rigorous formal statement
—in the shape of five propositions for dialectical
purposes (i in demonstrating to others)—or of
three propositions when the inference is for oneself
(i) - —

(1) The probandem, the statement of the proposi-
tion to be established (wfmm, wrafmiw), ¢g. yonder
mountain is * fiery " ; (2) the reason, the ascription of
the mark (¥, fogmwm), eg. for it smokes; (3) the
general propesition, stating the invariable concomitance
which is the ground of the inference—elenched by an
example, e.g. whatever smokes is “ fiery,” as an oven
{mevea) ; (4) next, the spplication, the ascertainment
of the existence of the mark in the present case (swm),
t.g. yonder mountain smokes : (5) finally, the conclusion,
the probandum proved (fema), 2.9. yonder mountain
is ** fiery.”

ol

. Yonder mountain is * fiery.”

. For it smokes.

. Whatever smokes is *“ fiery,” as an oven.
. Yonder mountain does smoke.

. Therefore yonder monntain is  fiery.”

o G 3

For inference for oneself only the first three or the last
three propositions are held to be sufficient.



252 THE POBITIVE BCIENUES OF

The Hindu Anumdna, it will be seen, anticipates
J. 8. Mill's analysis of the syllogism as a material
inference, but i= more comprehensive ; for the Hindu
Udsdharana, the third or general proposition with an
example, combines and harmonises Mill's view of the
major premise as a brief memorandum of like instances
already ohserved, fortified by a recommendation to
extend its application to unohsérved cases, with the
Aristotelian view of it as a universal proposition which
is the formal ground of the inference. This Formal-
Material Deductive-Inductive process thus turns on one
thing—the establishment of the invariable concomitanes
(wnfs) between the mark snd the character inferred—
in other words, an inductive generalisation. The
question is—what is our warrant for taking the leap
from the observed to unobserved cases? Under what
conditions are we justified to assert a Universal Real
proposition on the basis of our necessarily limited
observation 7
The Chdredka View—Among the Chirvikas there
were two classes, the ernder school of materialists who
accopted perception (waw) as o valid source of know-
ledge, as well as the reality of natural law (=),
und the finer achool of seeptics, who impugned sll
kinds of knowledge, immediate as well as mediate,
and all evidence, Perception as well as Inference;
wide Jayanta's reference in the Nydyamaiijarl to
M : also HTEvEY wuwwW  weTEm 30
AT A TR T TSR TR S T A WA TR —
ﬁhnm 1, Mafijuri.
The Chirvikss hold that the principle of eausality
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which the Buddhists assume to be a ground of an
induction (wmviw), is itself an induction (s case of
Vyipti), which amounts to reasoning in a circls (wwm) ;
that every inference is based om an unconditional
invariable concomitance, which itself must be inferred,
a3 universal propositions cannot be established by our
limited perceptions, and thus there is a regressus ad
infinitum (wmigwea), and that the nerus between
cause and effect, or between the sign snd the thing
signified (e.g. smoke and fire), is only s mental step or
subjective association based on former perception, a
mental step which by necident is found justified by the
result in & number of cases.

The Buddhists : thelr Analysis and Vindication of
fnference—The Buddhists, however, take their stand
on the principle of the Uniformity of Nature (wiwewa,
sarirr=, Nydya-Vindu). This uniformity, for scien-
tific purposes, has to be divided into two different
relations: (1) the uniformity of succession in the rels-
tion of cause and effect, e.7. of smoke to fire (wvd-
wrogems, wgaatw, Nydya-Vindu); (2) the uniformity
of eo-existence (in the form of eo-inherence in the
same substrate) in the relation of genus and species,
¢.q. the relation of invarishle concomitance expressed
in the proposition “all Sinsapés are trees,” which is
not 4 relation of cansality, but of co-existence or co-
inherence in the same substrate (ie the co-inherence
of the generic qualities of a tree with the specific
characters of a Sisu-tree in this porticular mdividusl
before me, a Sisu-tres), a relation which may be termed
pssentinl identity (mmww, swm—Nyiya-Vindu) To
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these two the Buddbists add a third ground of
iuference, non-perception of the perceptible (wqwasta,
gEeta), which is employed in inferring the
absence (wfiiy) of & thing from the non-perception
of the thing or of something else. In all cases of
inference based on the Uniformity of Nature, the
relation is that of inseparableness or non-disjunction
between the mark and the character inferred. The
question is: how is this inseparableness (wismme)
uscertained, and what iz the warrant of our belief in it
in these cases?

Ascortainment of Inseparableness or Non-disjunction :
Buddhist Account.—First take the case of causation.
The cause is the invariable antecedent of the effect.
‘What is meant is that (a) a specific canse (or sum of
eaugal conditions) ia invariably followed by s specific
effect, and (0) a specific effect (with all the distinctive
and relevant accompaniments, wriifage) is invariably
preceded by a specific cause (srcafrgw). It is not that
clonds always lead to main, or that floods in the river-
valley always imply rain in the hills higher up. But
this particular conjunction of antecedent circumstances
(e.g. the appearasnce of a particular kind of eclouds
secompanied by flashes of lightning, the roll of
thunder and flights of Valikds—driven by the swind
from a particular quarter of the horizon, and azeending
in black musses, ete.) is as a rnle the precursor of a
particular assemblage of rain effects (rain with particalsr
sccompaniments). Again, this particular kind of fiood
(overflowing of the river-banks nccompanied by muddy
discoloration of the water, rapid currents, the bearing
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down of tree-trunks, ete.) is always preceded by rain in
the hills higher up (though, no doubt, other eases of
floods in & river may be due to a hreach in an embank-
ment or the melting of the snows). In other words,
the Buddhists (and the earlier Nydya schools) avoid
the difficulty arising from the plurality of canses by
taking into consideration the accompanying phenomens,
which, if properly marked, would always point to a
specific cause of a specific effect, and vice Versi.

I quote Nydya authorities, but this device to obviate
the plarality of causes is common to the early Nydya
and the Buddhistic systems.

wE: | gfeRe: wR OAWR MSIOATATE W0 TENSTRNE Win
wiwomTTS Wit TRimET g |

win whmm ghyeweeaga ¢ (Udyotakara, Chap. I,
Ahnika 1, Sitra 5.) Vdchaspati puts this elearly :—
TATH FTCGATY WIWNTIA WIRAYE AAOQ gy A whewein T
fages winewr wfwwes | waeT YewrIAi SOEREl Wit
A wafymat ot ww | In other words, a single con-
dition ealled s cause is not invariably succeeded by the
effect, nor does the effect-phenomenon in general point
to any particular cause as antecedent, for there may be
a plurality of canses of a general effect. The skilful
observer will therefore select the full complement of
causal conditions which is invariably succeeded by the
effect, and ulso the specific effect (eg. wwfaww) which
'Iﬂinta to a specific causal antecedent. Compare also
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Jayauta : “ We infer an effect from a specific assemblage
of canses"—1 % WrTwwTTR ¥EA P Farm Wi =W
=iy v fafigeds w83 1 % = wicofean goews | i
wiAeTATE AT AW AW | WATW SR S |
7 mgermEmTY SgAwtsw | Similarly, we iofer a
specific cause from a specific assemblage of effects :—
AU TN WG WGAIRIA W R gNioe AW
b I Lty iiiid Ll U o Sl Ll S

AT | 9 ST wAgaveT g g wni
T —

wRTgTOTIS st St 7 iy

ATGRTAR ETHTS WAATRTASTI G |

(Nydynmaiijari, Ahnike 2, on Gotama Stta 5,
Almika 1, Chap. 1.)

A specific assemblage of causes, therefore, has only
one speeific assemblage of effects, sud vice versa, Of
course, the observer is to lind out the essential or
relevant features (as distingnished from the irrelevant
ones) which, being incladed, will ensble him to specify
the particular eause of the particular effect.

Now, this being premised to be the exact mesning
of the inseparableness or non-disjunction in the case of
cause and effect, we come to the guestion with which
we atarted—how is this relation to be ascertained or
established between two phenomena or assemblages of
phenomens? Obviously, mere observation of their
agreement in presence (wwm) and their sgreement in
absence (wfirtw) is no help in the matter. Take a con-
erete example. The asa is customarily employed to
bring the fuel with which fire is lighted. In s hundred
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cases you have observed the ass among the sntecedents
of imoke. In a hundred cases you may have observed
that when there is no ass there is no smoke, This is
no warrant for concluding a relation of canse and effact
between an ass and smoke, It may be that you happen
to have never observed smoke without an antecedent
ass, or an ass without smoke following. Even this is
of no avail. It is not agreement (unbroken and uniform
though it be) in presence or in absence, or in both, that
can settle the matter. There is one and only one way
of ascertaining the causal relation. Supposa A with
certain accompaniments is found to precede £ imme-
diately. Now, if A disappearing B disappears, even
though all other antecedents remain and there is uo
other change in the case, then and then only ean the
causal relation be ascertained. It is not & mere table of
positive instances or negative instances (i 7 gdiema ) 5
it is this Method, which we may term the Method of
Subtraction (the Method of Difference in its negative
aspect), that is the only exact and rigorous scientifie
Method. Such wus the statement of the earlier
Buddhists (¢f. Udyotakara's and Vichaspati's report
of the Buddhist doctrive of Inferenve—s fz afagt =1
TR ).

FEATH, TGS A0 ©Y OIS | gere SrdwTm-
wTaTET WaTE faomewT | Wit tresssiaT W T
—=a Buddhist Kériké quoted in Vichaspati, Udayana.
Sriharsha, Midhava, ete.—smiwrorimg TR Wi W
WA —WAY WY WY whewslr ¥ wafr—emEreTC | W
WAt AT | ... (e wEmee fredd anes-
wETET A .. W TTETRAZARTATHY G

8
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AT +— Vachaspati, Titparyyatiks, Chap. L, Ahnika 1,
Sutra 5, WRTREROR —TIRTEINTE: )

But the canon in this form i= not sufficiently safe-
guarded against possible abnse. Two points have to
be emphasised : (1) It must be earefully observed that
no other condition is changed, (2) that the appearanee
and disappesrance of 4 must immediately precede the
appearance and disappearance of B. The definition of
a canse iz based on two fundamental characters : (1) the
unconditional invariableness of the antecedence, and (2)
the immediateness of the antecedence, The canon of
the Method of Difference must therefore be stated in
such a form as to emphasise each of these aspects
And one main difficulty in the practieal application of
the canon is that, along with the introduction or
sublation of an antecedent, some other phenomenon
may be introduced or sublated unobserved. As a
anfeguard against this radical vitistion of the Method,
the lnter Buddhists formulated the canon of a modified
Method, termed the Pafichakdrani, a Joint Method of
Difference, which combines the positive and the
negative Methods of Difference (the Method of Addition
and the Method of Subtraction) in a series of five steps,
and which equally emphasises the unconditionality snd
the immediateness of the antecedence ns essential
moments of the causal relation. This is neither
agreement in presence nor agreement in presence as
well as absence (the foundation of J. 8 Mill's Joint
Method of Agréement), but the Joint Method of
Difference. The Pafichakdrani runs thus —

The following changes being observed, everything
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else remaining constant, the relation of cause and effect
is rigorously estallished :—
First step—The “ cause ” and the “effect” pheno-
mena are both unperceived.
Second  step—Then the *cause” phenomenon is
perceived.
Third step—Then, in immediate succession, the
*effect” phenomenon is perceived.
Fourth step—Then the “canse” phenomenon is
sublated or disappears.
Fifth step—Then, in immediate succession, the
““effect” phenomenon disappears.

Throughout, of eourse, it is assumed that the other
circumstances remain the same (at least the relevant or
material eircnmstances),

This Pafichakirani, the Joint Method of Difference,
has some advantages over J. 8. Mill's Method of
Difference, or, what iz identical therewith, the earlier
Buddhist Method ; and the form of the canon, bringing
out in prominent relief the unconditionality and the
immediateness of the antecedence, is as superior from
& theoretical point of view to J. 8. Mill's canon, and is
as much more consonant than the latter to the practice
of every experimenter, as the Hindu analysis of
Apuména as s Formal-Materinl Deductive-Inductive
Inference is more comprehensive and more scientifie
than Aristotle’s or Mill's analysis of the Syllogism (or
Mediate Inference).

But even the Pafichakaran{ is no sufficient answer to
the guestion with which we started. The Pafichakirnn{

B2



260 THE POSITIVE SCIEKCES OF

is only n method; it shows only how in a particulnr
case the relation of cause and effect is to be established
(wfrr=wwerr).  But we want more than this—we
require a warraut for the process. The Buddhists
therefore supply the following proof of the Method:
Donbt is legitimate, but there is a limit to doubt.
When doubt lands you in an unsettlement of a
fundamental ground of practice, and would thus annnl
all practical exercise of the will, the doubt must cease;
else the doubt would be suicidsl or sophistical. In this
particular ease, when the Pafichakdrani is satisfied, the
antecedent in question must be the cause, for there is
no other antecedent to serve as cause; the proof is
indirect but rigid. If this be not the cause, there is no
cause of the phenomenon. It was not, and it begins to
be, without a cause ; which would be a contradiction of
the rational gronnd of all practice, for all volitional
activity proceeds by implication on the principle of
causality. 1f things could hsppen without a cause,
all our motives to action would be baffled. The link
between a presentation and the instinctive volitional
reaction would snap, and the eircuit of consciousness
would be left incomplete. In fact, the Buddhists go
farther; they hold causal efficiency (wifwar) to he
of the esence of empirieal (relative) Reality. The
procf of the Joint Method of Difference, then, lies in
a strict application of the principle of causality in its
negative form (viz, there can be no phenomenon
without & cause), and the truth of this lust is guaranteed
by the same ultimate criterion of empirical (relative)
Reality as the trath of Perception itself, viz the
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correspondence between the rational and the practical
activity of the self.

But invariable concomitance (or mon-disjunction),
the Buddhists argue, has another form, e.g. the relation
of the genus to the species. We may have perceived
# hundred instances of the association of certain
characters with certain others ; we may also have never
perceived the former when the latter were absent ; but
this would not enable us to generalise and establish
invariable and unconditional co-existence. We must
be first satisfied that there is identity of essence
(wwq, swme). It is only when we perceive that
the charucters of a Sinsapd are co-inherent with the
generic characters of a trée in the same individual
ohject (a Sinsapi-tree before me), and when we further
perceive that the characters are held together by the
relation of identity of essence, that we can sy that all
Sinsapds are trees. For as there is identity of essence,
a Sinsapd wounld not be a Sinsapd if it were not a tree;
it would lose its self-identity, which is a contradietion.
Hence the relation of identity of essence (sramw, =),
#s in the relation of the species to the genus, is the sole
ground for establishing uniformity of co-existence
(wfers=w, =nmwieT=).

For the Buddhist Mathod of Induction in its later
form, the Pafichakdrani, vide Sarvadarsana Sangrahd—
Buddhist reply to the Chdrvika attack on Infarence =—

TEANTTY WAATTS] ZHTG gTW AR | AT AT -
AT AR | TR STEARTOONTIR 91 mWTm W
fgprang | wirmTetawtsdae 9 #iem | As for the
Nydya view, wemwimtst wirmamfremst gfa —the



262 THE PORITIVE SUTENCUES OF

Buddhist objects: #q w8 mmm AR Lic
wig | W§, WiYWiW, TR wqUeemT W WiRwrCwgr
ml—thﬂ Nyiya retorts : w§ waifavers wraasq
% wiwrcag Twicens 3 —the Buddhist answers: &4
sfvwwal FrgsaT | AR e WIWE( SGETHEIATA WA
AORY: | R WO IR W wgeiRiTeea
wirATeTE! PITaR | WERTNTTSY WA TR e
TSI | W TR AUEE, STOTE B YU,
TUSHE TN WIS WiTesn I oW uw-wia-
WO STEwTIATT: TTYTOR | AT AERRTTEEA Wi WA
Forata |y fower g wineAR STeTARS W gfR P
WURTTH: | WHTH § VWS NT WEHTIIGERSTG WirygTan
=t frafam ) fywegwdre v e gEnd e i
AATATTORTETST, TUSER AT STETRTAT WICOR ST
wimrawe gfe fegn | Sarvadariana Sahgrabd, Bauddha-
Daréanam ; vide also Sridhara, Kandali.

The Nydya Doctrine of Inference—The Nyadya
eagily demolishes the Buddhist contention about
identity of essence. The Nydya writers, being realists,
do not impugn the reality of the genus (wrfs) like the
nominalists or the nominalistic conceptualists ; but they
point out that the inseparableness (or non-disjunction) in
euch cases can only be established hy the experience
of unhroken uniformity (wafirwrfom, i.e. by s=rmmfrat,
Fimi).  Uniform agreement in presence with uniform
agreement in absence—not the mysterious identity of
essence irresistibly perceived in any individual cuse or
enses—is the only basis for constituting genera and
species in patural clessifiestion. Indeed, some of the
lster Nyiiya writers point out that individuals do not
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always possess in nature all the characters that go to
form the definition of the class to which they are
referred.

Similarly, as regands the relation of cause and effect,
A merus is sometimes fancied to be perceived, a power
in the eause to produce the effect (wfs), or an ultimate
form (mfwdtwy), which is supposed to be present
whenever the effect (quality or substance) is produced
{¢f. Bacon's view of the *“ Forms" of Simple Qualities).
All this is neither a matter of observation mor of
legitimate hypothesis. There is nothing except the
invariable time-relation (antecedenes and sequence)
between the cause and the effect. But the mere
invariahleness of nn antecedent does not suffice to
constitute it the cause of what succeeds; it must be
an unconditional antecedent as well (w=rarwfgwT
forawgiatiar, being the definition of srdmrwm). For
example, the essential or adventitious accompaniments
of an invarisble antecedent may also be invariable
antecedents ; but they are not unconditional, but only
collateral and indirect. In other words, their ante-
cedence i= conditional on something else (7 =m=aw).
The potter's stick is an unconditional invariable ante-
cedent of the jar; but the ecolour of a stick, or its
texture or gize or any other accompaniment or accident
which does not contribute to the work done (so far as
we are considering it), is not an unconditional ante-
cedent, and must not therefore be regarded as a cause.
Similarly, the co-effects of the invariable antecedents,
or what enters into the production of these co-effects,
may themselves be invariable antecedents; bat they
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are not unconditionsl, being themselves conditioned by
those of the antecedents of which they are effects,
For example, the sound produced by the stick or by
the potter’s wheel invariably precedes the jar, but it
is a co-effect, und Akdsa (ether) as the substrate and
Viyu (air) as the vehicle of the sound enter into the
production of this co-effect ; but these are not “ un-
conditional " antecedents, and must therefore be rejocted
in an enumeration of conditions or causes of the jar
Again, the conditions of the conditions, the invariable
antecedents of the invariable antecedents, are not
unconditional. The potter’s father is an invariable
antecedent of the potter who is an invariable ante-
cedent of the jar, but the potter's father does not stand
m & causal relation to the potter’s handiwork. In fuct,
the antecedence must not only be unconditionally in-
variable, but must also be immediate (weaferviwrem=rs
sraRy www ). Finally, all seemingly invarisble ante-
cedents which may be dispensed with or left out are
ipse facto not unconditionsl, and eanmot therefore be
regarded o5 cavsal conditions. In short, nothing that
is innecessary is unconditional. For this class, vide Visva-
nitha —frmmrregiaion  wevTptrmeiTies =v wra-
=it | afwn (wiafod) wwaried— Visvandtha, Siddhinta-
Muktivali, on Sloka 20. For example, it is the eustom
to point to #patial position or direction with the fingers ;
but finger-pointing, though invariably present, is not
causally related to the perception of direction or spatial
position, because we can imagine such perception with-
vt finger-pointing (s i wggen foadare frammaa
A wmirivw: W=, Vichaspati, Tétparyyatikd, Chap. L,
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Ahnika 1, Sttra 5. This shows that the doetrine of
was long anterior to Gahgess).

[Visvaniths in the Bhisha-Parichehheda mentions
five kinds of w=rarfag, conditional antecedents—(1) ww
mbwr (2) wm =1 wremwmeTs (givre) 5 (3) wretufe g
R wAgiTiTETA ; (4) s wie gfes wefom T
(gifiem) q:pﬁ and (5) wwify o fraarrasgniT:
winfess Wi (ehy sy wrrmssAst—Slokas 19 and 20),

T WY WATEirat 7 W fa sy st
un wearariegn —Siddhdnta-Muktdvali, loc. cit.—The
Dinukari points ont that the first two cases are com-
prehended under the formula sro=TaftsRgwEraie-
wifgam | There are several classifications of these
irrelevant antecedents (wararfeg) ; I quote one of the
best known.]

The unconditional (w=rarfafguwm), as interpreted in
this comprehensive sense, is a far more fruitful con-
ception than Mill's, and is well adapted to its work—
the elimination of the irrelevant factors in the situation.
In the end, the discrimination of what is necessary to
complete the sum of causes from what is dependent,
collateral, secondary, superfluons, or inert (e of the
relevant from the irrelevant factors), must depend on
the test of expenditure of emergy. This test the
Nydys would accept only in the sense of an operation
analysable into molar or molecular motion (whieeamy vy
WTfAsl W SO WA e E WreEt Aiw—Jayanta,
Mafijarf, Ahnika 1), but would emphatically reject if
it isadvanced in support of the notion of & mysterious
causal power or efficiency (wfs). With the Nydya all
energy is pecessarily kinetic. This is a peculiarity of
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the Nydys—its msisting that the effect is only the sum
or resultant of the operations of the different causal
conditions—that these operations are kinetic, being of
the nature of motion, in other words, holding firmly to
the view that causation is a case of expenditure of
energy, i.e. a re-distribution of motion, but at the same
time abzolutely repudiating the Sdnkhya conception of
power or productive efficiency as metaphysical or tran-
scendental (watfgm), and finding nothing in the cause
other than an unconditional invarisble complement of
operative conditions (wrwemad), and nothing in the
effect other than the consequent phenomenon which
results from the joint operations of the autecedent
conditions. (syfmsssstarsorioa= vs—Jayanta. smal
w7 —wTtETaE 7 W fereoewiRan mn—Jayanta,
ihid,, Ahniks 1, wisfaorecem o It may be noted that
the Nyiya, while repudiating transcendental power
(Sakti) in the mechanism of Nature and natursl causa-
tion, does not deny the existence of metaphysical
conditions like merit (wst), which constitute a system
of moral ends that fulfil themselves in and through
the mechanical system and order of Nature—vide
Juyanta, ettt fasfe st st winfe—Ahnika 1,
wisroraTom 1)

The causal relation, then, like the relation of genus
to species, is & natural relation of concomitance (=i
anaivs: weyse— Vichaspati) which can be ascertained
only by the uniform snd uninterrupted experience of
agresment in presence and agreement in sbsence, and
not by deduction from a certain a priort principle like
that of Causality or Identity of Eesence.
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Nydya objection to the Buddhist Mathod of Difference
as a means of ascertaining Causality.—Take for example
the Buddhist deduction of Cansality in any particular
conjunction by means of the negative Method of
Difference, or of the Pafichakdrani. The ascertainment
of the causal relation by these Methods is open to the
following objections : (1) The unconditionality of the
antecedent cannot possibly be ascertained. As the
Chirvika rightly points out, the Methods enahle you
to eliminate irrelevant antecedents that are or can be
perceived ; but the introduction or sublation of latent
or undetected antecedents can be imagined, against
which the Method of Difference is powerless. In the
case of the production of smoke, for example, by fire—
what if I say that an invisible demon intervenes in
every ¢ase between the fire and the smoke, that this
demon (fawrw) is the immediate antecedent and real
cause of the latter, and that the fire is an sceident
which in every such case is brought about by its own
caunsal antecedents? In saying this I do not go counter
to the principle of causality, and am landed in no
contradiction (wrers) such as strikes at the very roots
of all practice, or baffles the completed circuit of
consciousness, however much I may violate probability.

(2) In the second place, even supposing that the
fire in this particular case (which satisfies the Method
of Difference rigidly) is ascertained to be the cause of
the smoke, how can 1 know that fire is the cause in
other cases, or that there is no other canze? You will
perhaps argue that if there were an indgfinite number of
causes of the same specific phenomenal effect, it would
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violate the principle that phenomens are all conditioned,
i.¢. exist only under certain conditions (wwrhenwm),
which is more comprehensive than the principle of
causality, and the contradiction of which equally over-
throws all rational practical activity. Yes, I accept the
conditionality of phenomens, but this is not viclated
by supposing that one specific assemblage of phenomensa
has more than one cause. It is true that if you suppose
such plurality of causes you cannot establish the
invariableness of the particular conjunction (green-wood
fire and smoke) which your Method of Difference fixes
upon as & case of cause and effect ; in other words, with
your special principle of Causality so restricted, and
without any general principle of Uniformity of Nature
to fall back upon, you cannot ascertain from the present
case, or from any number of similar cases that you may
have observed, thut all green-wood fires are followed hy
smoke, or that in & given case smoke has been preceded
by fire—ie. you are helpless in demonstrating (or
ascertaining indubitably) the relation of cause and
effect. But this is an objection against your own
position, not mine. Why not admit at once that
certain phenomena are naturally connected (as invariable
concomitants or antecedents) with other phenomena,
and take your stand on observed concomitance (mmiform
and oninterrupted experience of agreement in presence
as well as absence) without mssuming causality as an
@ priori principle and making deductions therefrom,
and without the trouble of sscertaining the relstion of
cause and effect in every individual case? 1 am free to
admit that theoretical objections of irresistible force
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(like those of the Chidrvika sceptics) can be urged
agninst this ascertainment of universal invariable and
unconditional concomitance (wrfrugrara) on the basis
of mere observation, Doubts of this kind can no more
be laid by my view of the matter than by your canons
of cansality and essential identity (wgwefe and wrw).
Ultimately we all have to fall back on the rational
practice of thinking persons (swrear), and such persons
are always content to act on practical cortitude instead
of hankering after an unatteinable apodictic certainty
in the affairs of life (eenfosgrEsrTmgueTm Teris
wgar%). This same practical certitude is also the
ultimate warrant of the Deductive-Indunetive Inference
by which we ascertain the characters of things without
direct perception and through the medium or instru-
mentality of a mark.

[To the earlier Buddhist eanon of the Method of
Subtraction, i.e. the negative Method of Difference,
Udyotakara and Vichaspati, of the Nydya school,
pertinently and acutely object as follows :—

wR A fafan sfen 3¢ w= 99 wivwsw, #fgg 7= 7 T
WE ITH WgATAG: | W ¥ § WATHE! W W WA SR
w gafed mgAeiw: | wwe T8 gl AT ) § dgR W e
TADTETTY | WARTATEISTY WA WA | W AW MTE, H W
TENTAA WARTN AEAWCHY WaTA, WS WA wie wein weAt
NI | wWWiR win Afe SRTEAewtR SET wNTw | ww
wufy W sigaTTioed areEel, Furfe IRy wEwTe
Faw: | fig WU WO T gR WG, TENTH W WIS, W W
FRWTE; | wETATRRY W Tt T &t it s, v awfe
wAT ToRTe STAR W, GINEWET TS B TR EemTIsi
faseTEy wiwn, I:F'-l it gEw aTE e weEwR ) AW
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uiR MTIATE THAE, R TEAIEY WIS, | AEAWA 2 W
WANTCT WA | AR § WETTT GO aaaa

Buddhist reply :—=m@mm « @1 W@ wrge: ¥ wEwaR
WIESEER NAWmE, A fawwmet | @ 9 wEriegwed
fafewRawTEi SR TR AeY wERrraheart fafied =T,
7§ WATANTANTE TrAATY | WIS FEgeeaTaTTe: | uiE 7
wfathd wes frsfa afg GReW WA 7 TO@AW | W W
(faqre:) wiray sfgpaten: wor wfn wrg=aam &4 ircfy & @t
wrcl W ¢ mwty womawgt ¢ Now the phenomenon
that is contingent {I'mfir.ﬁl] cannot be uncauseld—
wwcrm e wrd Al ww o wwd W o®@mW, wAege, |
amriwqeen | And with the limitation of a specific
effect, there must be only one specific cause, for am
unrestricted plarality of causes would amount to
the denial of uniformity in causality (i.e. of the
unconditional invariable sntecedence }—

A1y WS W, ERTCUAREEEs | ﬂmmqﬁﬁg
mﬂmtwnthMHamui"m 10
aartni'{ mmﬁ:amﬁhwt‘tmm
qrﬁ:mm mmﬁﬁm:mwm
wrEfa: |

Nydya rejoinder :—wam 1 qufq frm =it Sreet W,
wuig @ fagrarwt AR FAgTSa, Tty fogrwans ¥
W | W WS TOE gAOER SeAn: wNiAniAm, T4 1T, 7 W
WAE: | T WEWTHSIG WWTATY TN SITOEESN WETWH . WIET-
fome! W =W | 3T WA wETEn | W W gEee gl
w=fad g9 37 o9 iR | wyvetwewameey wywi-
wcgmam (vide Nyiya-Vindu)y 5 = wywgswwote Wiy
AT TAYTW | W WO TR WANTCRTTOT, 4 W
TS IWS | A W TRsieaTat Tuga 7, WEen
TR WA TewaTATd WAt | ¥9 T Teewfa wE agw W
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ATEW € wEiew wE fuiw | wenEdtTn ggiewTel Eiaaes
7 g Fawrciage )

The Nyiya proceeds to point out that what is
contingent need not necessarily be produced by a cause.
It is enough if there is natural connection with some-
thing else, a relation of antecedence and suceession (or
concomitance), without any element of productive
efficiency or causation.

Wq Wi AEAATNIAGR: WU F STORAn W wTH
WA | WY1 W WA wANWRE swiewAren 3w W o
e W WO WA RN T | AW
WA W AT NG | P STERTCOETITINICATSTES | YT AR
wa Fitaam: |— Vichaspati, Tdtparyyatiki, Clap. 1.,
Ahnika 1, Stitra 5, =mnivwdreraimm: 1]

The Nyiya Analysis of the Causal Relation con-
tinted : Co-¢ffects.—In the enumeration of different
varieties of irrelevant antecedents (wmrarfeg), we have
already noticed that co-effecta of the same ecause are
apt to be confounded as cause and effect. In some
cases the co-effects may be simultaneous, e.g. the case
of the ascending and the descending scale in a balance,
which are co-effects of gravity (vide Partha-skrathi
Mista on Kumirild, ﬁ]ﬂh-ﬁ’ﬂrt&kﬁ—m T
. WA, Eﬁﬁwwﬂ'l?(,—-glnka 157, gl.'ln]’ﬂ-
Viida). In other cases the co-effects may be suecessive
efiects of the same cause, and here the risk is greut
of mistaking the antecedent co-effect to be the cause of
the succeeding co-effect, eg. the case of ants moving
in a line to carry their eggs upward, which is oleerved
before the summer rains, where the movement of ants
and the rains are not cause and effoct, but successive
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effects of the same cause, viz. the heat (wwm), which
disturbs the elements, viz. the earth and the atmo-
sphere (wersmera) ; the ants being affected by this heat
earlier than the atmospheric movements which bring
the clouds and the rain.

(Udyotakara and Vichaspati: # w fovtfese st
T WCGHANEHATRAT | WARTG A VAN | Vs
FTUW | AEAE  TouiigaTReNd qEETE | AT
wy favifegwn st wanty st sefonm Fat
—Thtparyyatiks, IL, 2, Sitra 37.)

Synchronousness of Cause and Effect,—This is
resolved into a case of simultaneous co-effects of the
same ultimate cause, ¢.g. the ascent of one scale and
the deseent of the other in the balance, which are not
related as cause and effect, but are simultanecus affects
of gravity. In other cases the synchronousness s
only spparent, the interval between the antecedent and
the consequent being too small (yewrs) to be appre-
hended (Fmwmrfonsr), e.g. in the case of the needle
piercing » hundred soft lotus-petals laid one upon
another, where the steps are really successive; or the
illumination of the whole room by the light of a lamp,
where the succession is unperceived owing to the
inconceivable velocity of light (¢f. Kumarild, Sloka-
Virtika—zgemmt  fag  drvwfazioe,— 1 weiongs,
wEwTETE Y A | ZEEY TN I SWEEER A Sunya-
vida, Sloks 156-157.—1 quote Mimdnsé authorities,
but the view is common to the Mimdnsd and the
Nytyn-Vniseshika),

The Time-velation in a Chain of Causes and Ejfects.—
A careful study of the time-relation in & chain of causes
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and effects is a peculiarity of the Vaiseshika system
(and the later Nysya) A moment (nltimate unit of
time, Kshanu, ww) iz defined to be the time-interval
between the completion of the sum of conditions and
the appearance of the effect. The Vaiseshika conceives
the unit to be determined by reference to the division
of one atom from another (et armwrg-
FegweT: W wm—Sapta-Padirthi, Sividitya—
i.e. the ulfirate unit of time is the time during which
molion exists in an atom prior to its division from
mnother atom, in a case of division doe to motion ).
The Bankhya, we have alrendy seen, determines
this ultimate unit by reference to the motion of a
Tanmatra.

The number of such units will determine the time-
interval between a given set. of physieal conditions and
a particular effect, for between a so-called sum of canses
and a so-called sum of effects there intervenes a series
of atomie (or molecular) motions, with conjunetions and
disjunctions which form the caunsal chain. However
erude in the practical application, the fondamental idea
18, in. connection with the principle of work and energy
(for which both the Siakhya and the Nydyas-Vaiseshika
furnish a mdimentary basis), immensely suggestive of a
possible Time Calenlus.

Plurality of Causes.—This will be diseussed when
we consider the relation of Vyépti to the principle of
Cauzality.

The Nydya Ground of Inference— V; ydpti Py,
—Inference, then, in the Nyiya, depends on the
ascertainment, not of the causal relation, nar of

T
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the relation of genus to species, but of a natural
relation, between two phenomena, of invariable and
unconditional concomitance (Farfefays: Emw T =
wif—Udyotakara and Viachaspati). Of the two
phenomens so eonnected, one i called the Vydpys or
Gamaka (the sign, mark, or indicator), and the other
Vydpaka or Gamya (the thing signified, marked, or
indicated). In the relation of fire and smoke, for
example, smoke is the Vydpya or Gamska (sign or
mark); and fire, the Vydpaka or Gamya (the thing
signified or merked). Now the relation of Vyapti
between A and B may be either unequal or equipollent
(fewwarfe or wwayrik).  When A 18 the sign of B, but
B is not the sign of 4, the Vydpti is one-sided or
unequal, and here a Vydpti is said to exist between A
snd B, but not between B and 4. For example,
smoke is a sign of fire, but fire is not universally u sign
of smoke. When, therefore, the relation of Vydpti is
an unequal one, as between smoke and fire, it is
expressed in the proposition—Wherever the Vyipya
(sign or mark, 4. smoke) exists, the Vydpaks (the
thing signified or marked, e.g. fire) also exists. From
this it follows by mnecessary implication (a sort of
wirafw) that whenever the Vyipaka (c.g. fire) is
absent, the Vydpya (e.g. smoke) is also absent
(mrownmd mramere;),  Agaip, the Vydpti may be &
mutual or equipollent one, i.e. A and B may be signs
of each other, e.g. green-wood fire and smoke. Here
each in turn is Vyépys and Vyhpaks, and this is
expressed in the two propositions :—(1) Wherever there
ia smoke there is green-wood fire, and (2) wherever
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there is green-wood fire there is amoke, By necessary
mmplieation it follows—{1) Where there is no green-
wood fire there is mo smoke; (2) where there is no
smoke there is no green-wood fire. We have seen that
a Vyipti exists between smoke and fire, for wherever
there is smoke there is fire, but we cannot say that a
Vyipti exists between fire and smoke, for we cannot
say that wherever there is a fire there is smoke. The
combustion of an iron bell (w¥mies), for example, is a
case of fire withont smoke. But it would be correet to
say that a Vydpti exists between green-wood fire and
smoke, a5 well as between smoke and green-wood fire.
The question, therefore, is: what is the relation
between fire and smoke? The relation between fire
and smoke 18 a condifional relation; ie on eondition
that the fire is green-wood fire, it would be a sign of
smoke. In other words, a Vydpti implies unconditional
invariahle concomitance, and the relation between fire
and smoke is not therefore a Vydpti (natural uncon-
ditional concomitance), for fire requires a * condition,”
Upidhi, viz. green-wood, to be followed by smoke.
Smoke, on the other hand, requnirés no * condition” to
indicate fire. For the purposes of Inference, therefore,
relations hetween phenomena may be considered as of
two kinds: (1) Contingent conditional relations,
holding good on the falfilment of a certain condition or
Upddhi, and (2) Vydpti, or unconditional invariable
relation, between & mark and that which it marks, a
relation without any Upddhi or determining condition
(warfufiye: s==). It is this latter kind of relation that
serves as the ground of inference. If we can ascertain
T 2
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that & Vydpti exists between A and B, then 4 1= a sign
of B, and an inference of the presence of B from the
presence of A, and of the absence of A from the
absence of B, wonld be warranted. The guestion,
therefore, is, how to ascertain the relation of Vydpti
between two phenomena.

Ascertainment of Vydpti according to the early
Nydya (sniwadrars).—DBriefly speaking, the observation
of agreement in presence (w=ra) as well as agrecment
in absence (wfsts) between two phenomena, with the
non-observation of the contrary (wfwrorgdem), is the
foundation of our knowledge of Vydipti (gdmmed=
—Vichaspati). This suggests & natural relation
(wmrirwwsrm— Vichaspati) of invariable concomitanee
(frmarewst— Vichaspati) between the phenomena, which
is fortified by our pon-observation (wrim) of the
contrary (wfewrr). But this does not establish the
unconditionality of the concomitance (surfufrresr=),
which is essential to u Vydpti. We have therefore to
examine the cases carefully to see if there is any
determining condition (Upddhi—re. =ome hidden or
undetected but really operative or indispensable aceom-
paniment) which conditions the relation between the
gupposed sign or mark (Gamaka) and the supposed
pignate (thing signified, Gamya). Now let us consider
what constitutes an Upddhi. It is a circomstance
which always accompanies, and is nlways accompanied
by, the supposed signate (the thing signified,
Gamys), but does not invarisbly nccompany the
supposed sign or mark (Gamakas) [If; therefore, in
the set of positive instances where both the sign snd
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the signste are present, nothing else is  constantly
present, there can be no Upddhi. Or, again, if in the
set of negative instances where both the sign and the
signate are absent, mo other material cireumstance is-
constantly absent, there is no Upddhi Thik follows
from the very definition of an Upddhi. It is impractic-
able to fulfil these requirements rigorously.  Still, every
one of the sccompanying circumstances (of course the
likely ones) may be taken successively, and it may
be shown that the comeomitance continues even when
the suspected Upddhi (wfgararfe) is absent, and there-
fore it cannot be the Upddhi. And thisis to be fortified
by the observation of uniform and uninterrupted agree-
ment in absence (Vyatireka) between the two concomi-
tant phenomena. In this way, when we have disproved
all suspected Upddhis, we conclude by establishing the
Vyipti. It is true that we may still go on doubting ;
but doubt has a certain limit for the “ experimenter”
and the thinking person (wdres, syrerq).  When doubt
overthrows the foundation of all rational practice
(wmrrfgwsgamn), or leads to & stoppage or arrest of all
practical sctivity (Frwwmwer), it stands ipw facta
condemned, and must be abandoned (wrerarsfecomEm—
Sriharsha and Udayana ; wreme is mentioned by Vieha-
spati). Thus it is that Vydpti is ascertained. In this
way we observe innumerable instances of Vydpti,
Now, by means of repeated observations of this kind
(wimis) we have established the principle of the
Uniformity of Nature (wsmawva), and also of Causality ;
and these two principles thus sscertained may be made
use of in their turn as the basis of an argumentation or
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deduction (Tarka, Uba, &) to confirm a particular
Vydpti in a particular cuse. Tarka or Uhs, then, is the
verification and vindication of particular inductions by
the application of the genersl principles of Uniformity
of Nature and of Causality, principles which are them-
selves based on repeated observation (wdvedr) and the
ascertainment of innumerable particular inductions of
uniformity or causality (sfESeTdETCRTER AT
wmarfrmssrrarie— Vichaspati). Thus Tarks also helps in
dispelling doubt (w=e). Sriharsha, however, questions
the validity of this verification—¢f. the well-known
couplet ending w: wgrate: g |

It will be seen that the process of disproving all
suspected Upddhis (smfuymgres), in the early Nydys,
answers exactly as a process to Mill's Method of Agree-
ment. In fact, the disproof of a suspected Upddhi by
pointing to instances of agreement in presence (w=ra),
aven in the absence of the Upddhi, fortified as this is
by the instances of agreement in absence (wfugw),
virtnally amounts to Mill's Joint Method of Agreement.
But the fundamental difference is this: Mill's Method
of Agreement is formulated in view of the phenomena
of causation (including co-effects, etc.), and, as usually
ennncisted, confessedly breaks down in dealing with
cases of Uniformities of Co-existence unconnected with
Causation ; the Nydya Method, based on the disproof of
suspected Upddhis, is a more daring and original attempt,
and is far more comprehensive in scope, being applicable
to nll Uniformities of Co-existence and of Causation
aliks. And this the Nydya successively accomplished by
introducing the mark of unconditionality (weviefryon)
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into the relation of Vyipti (Concomitance), even as
the same mark of unconditionulity (wererfafagmm) had
been previously introduced into the definition of
Causality (wmitsrogwm).  The difference between the
early Nydya and the Buddhist systems may be briefly
put thus:—The former relied on empirical indaetion
based on uniform and uninterrupted agreement in
Natare, and sccordingly regarded the Method of Agree-
ment as the fundamental Method of Seientific Induction,
founding Inference on Vydpt, towhich they subordinated
Csusality in the doctrive of Method ; the latter assumed
two a priovi principles, viz. causality and identity of
essence, dednced the eanon of the Method of Difference
by an indirect proof from the principle of Causality,
and made this Method the foundation of all scientifie
[nduction of Causality, just as they based all natural
classification of genera and species on their a priori
principle of Identity of Essence.

Texts from the early Nydye :—

(@) Method of Agreement and the Joint Method
without the device of the Upadhi :—

Cf. Jayanta on srewE—ate wRT av A o W
| ST fraw: s wie wew,’ only this
remaining throughout,” while others change—implying
the Method of Agreement, The set of positive instances,
in' which this antecedent alone is constant, must be
supplemented by a set of negative instances (agreement
in nbsence) :—mfrtafagwmy wfmrreaTgTeR: | frawerd
F=i A Wi PR owwd ww fom W oawd gf S T
afer Tn Wwd gERROCETE W e s
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o 1 s s wiey waftaia gfe—Jayanta, Alniks 2,
s T |

(8) Doctrine of the Upddhi: uneconditional con-
comitance distinguished from conditional -—

W W W T WA T WA WIS A ® e T,
WYY WO WA JAA | W e R SERTTE Wra-
Tow: | 7y vt vt o Toma @ fe i wfehi |
T WA e wyeatE w TR WY A | w
TR WA TeE W 7 Wt | Aw A o
ST YT SEAT e A wqemeATT, §, i
NTOR TSI, WNSRETARI WEATIIUR: | W o W
el bl a8

(¢) Concomitance sufficient without causal nezus :—

The Buddhist objects: In Nature everything is
connected with everything else. Hence, if there were
no nexus of causality between antecedent and conse-
quent, everything might follow from everything else,
The Nydya replies: You admit uniformities (of co-
existence, ete.) other than causal; so you oconfess
that & natural fixed order can exist without the eausal
nELUS . . ..

(d) An Upddhi, low established and how dis-
proved :—

The Nyiya then proceeds to show how an Upddhi
iz established, or how disproved by ohservation :—
U WG A W wamirgent i s
WE Win Fw ¥ § Wi xin fawiad | wafrie g e
AR, WIS, I W wgTRTTE STt R,
PFivemTem w S weeaed A, T v wie

(¢) General Method of Induction by exhaustion
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of the Upddhi, more comprehensive than Mill's Joint
Method :—

For the definition of an Upddhi, vide Sriharsha and
Udsysns : wammamet @ srawmmiie To@ ®  sarfercdy |
Hence, to avoid an Upddhi (which is wrarewarie), the
constant presence of anything relevant other than the
sign and the signate in the positive instances (of agree-
ment in presence, wam), and the constant absence of
any such thing in the negative instances (of agreement
in absence, =miwtw) must be safeguarded against. This
smounts to Mill's Joint Method.

(/) Buspicion of non-perceptible Upddhi—Limits
of legitimate doubt :—

T W EYATHISG THATAEAUT STRATISWATATHIAR STy
T WTiwA wimonte 3T s | wed wgm oafo
SHEHCT A WA AT A whew wwdn ) widy s ween
WA WA | WATIgTaTy et frgmoe o ws
ferurrTeanTy Wit scarfEie, | Ve, R Rrw ST
WA AR WA | . eEmit wwEe -
SIRSWIA ATAI WO Wraiws W Tt —

(#) Tarka, Uha : Deductive verification of particular
inductions by applying the two fundamental inductions
of Uniformity of Nature and Causality :—Doubt finally
dispelled :—

Now innumerable particular uniformities of this
kind (Vydptis) are observed, and as a result of this
repeated observation a belief in the Uniformity of
Nuture (ewrawfie=), as well as in the principle of
Cansality (wrirercars), is generated in the mind, a belief
Which has evidential value and validity, It is not
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intoition (7 &%) but 4 mental pre-disposition bnsed
on uniform and uninterrupted experience (SeizdmaiTA-
Hew AT IR T T e — T RO ST
g wmrwt ww).  Then, armed with these new
resources, the belief in uniformity and in causality as
general principles, we proceed to fortify our particular
inductions (Vyiptis), whether of Uniformity of Nature
or of Causalisy, by indirect deduction from these general
principles :—We argue : If, under these observed cireum-
stances, 4 were not the mark of B, the prineiple of
Uniformity of Nature would be violated—Nature would
not be miform—or, if under these observed circum-
stances 4 were not the cause of B, the principle of
Causality would be violated, the phenomenon £ would
be without a cause ;—and such indirect proof (w#, =e)
gives us the overwhelming probability which we call
practical eertitude, and on which every reasonable man
(every thinking and judging person) proceeds to act in
due nataral eourse.—swTerw whmwr T weTsw, a0
WG WYY, WNTIRY WaNfRin wkweTe wiceETEiY-
e AW FeT, % wATER, Iemreewy 1 — Vdchaspati, I,
1, Bitra 5; of. also L, 1, Sitra 40: = =rosoTsn
IR WAR | WTTATER W W= |
Instances of Vydpti (uniformity) not comprehended
under Causality, or the relation of genus and species ;:—
The Nydyn points out that the relations of cause and
effect and of genus and species do not exhaust the
grounds of Inference. There are cases of Inference
based on Vyipti (7.e. on invarisble and unconditional
concomitance) which come neither under Causality
trgmefw) nor under Identity of Essence (wmrmm).
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Vichaspati noteg that to-day's sunrise and yesterday’s
sunnse, the rise of the moon and the tide in the ocean,
the velative positions of the stellar constellations, are
mstances of Vydpti (invariable concomitance) between
phenomenn which are neither related as cause and
effect nor as genus and species.  Jayanta adds the con-
junetion of sunset with the appearance of the stars;
of ants moving in procession (with their eggs) with the
approach of the rains; of the rising of the constellation
Agnstya (Canopus) above the horizon with the drying-
up of rivers; of the spring-tide with the foll moon ;
and dismisses as sophistical and far-fetched the Buddhist
attempt to nxplﬁ.in all these eases by means of eausality
We have seen that the Nydya and the Mimdnsd reduce
most of these conjunctions to cases of co-effects of the
same cause, co-effects which may be either simultaneous
(r succesaive.

wit 9 wowrE sheTTE wea wiTETi, YREem w
WATANTS WHETET . . . W WIARTCHNT: WETA T 1 WEw TE-
rrgrermaTy: (— Vidchaspati, Tatparyyatiks, L, 1, Sitms 5;
¢f. also Jayanta, h}ra}mmuﬂjaﬁ wRwmie Tt wul s

Vyipti between Cause and Effect—Relation of
Cansality to Vydpti -—

On the Buddhist (and early Nydys) view that one
specific assemblage of ““effect” phenomens has one
specific assemblage of causal conditions, there would he
two aggregates—the sum of causal conditions (wrmmmd)
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and the sum of effects (wrdwmmi). For example, fire
requires green-wood to complete the sum of causul
conditions to give rise to smoke with some particular
marks (Fﬁ'ﬁ'—-w fafge, Jayanta, IL ; com-
pure Galigesa, smmemmipmd sgargrhrorgoanTsm |
—Chintdmani, Anumana, Virnddha-Siddhdnta). Here,
between an effect and a single condition (termed a
canse) there is a relation of Vydpti The effeet is
Vyipya or Gamaka (the sign or mark); the cause (or
condition) is Vydpaka or Gamya (the thing signified).
In other words, the presence of the effect indicates the
presence of the causal condition, and the sbsence of the
causal condition will by implication indicate the absence
of the effect. Smoke of this particular kind is supposed
to be an effect of which there is one and only one
sssemblage of causal conditions (fire and green-wood);
hence, where there is smoke there is- fire, and when
there is no fire there is no smoke.

Now introduce the complication of the plurality of
causes ;—Fire, for example, is the effect of several assem-
blages, a.. (1) blowing on heated grass; (2) focussing
rays through a lens on a combustible like paper or
straw ; (3) friction with the fire-drill, ete. Here each
assemblage is regarded as a sum of causes. Bat in this
case there is no Vydpti between the effect “fire” and
any particolar sssemblage of causal conditions, say of
the lens or the fire-drill ; for the presence of fire does
not indicate the presence of the lens or the fire<lrill
assemblage, nor does the absence of either of the latter
in partioular indicate the absence of fire, Indeed, in
such a case the effect “fire” is not a mark or sign



THE ANCIENT HINDUS 285

(Gamska or Vydpya) of any one in partienlar of the
different possible ecausal assemblages, thongh each of
these particular sssemblages of causal conditions is a
mark or sign (Gamaka or Vydpya) of five.

The plurality of causes requires a further con-
sideration in the light of the definition of the causal
relation. A cause is defined to be the unconditional
invarishle antecedent, From the unconditionality it
follows that the entire sum of conditions, and not one
single condition, is, properly speaking, the cause. [In
view of the plurality of canses, an invariable antecedent
must be taken to mean that any particular cause (i.e
assemblage of causal conditions) is invariably followed
by the effect—not that the effect is invariably preceded
by any particular cause.

Popularly, a single condition, say the lens or the
fire-drill, is said to be a cause of fire; but, in view of
the plurality of causes, this is apt to be misleading, as
there is no Vydpti in this case; the lens or the fire-drill
is no more 8 mark of fire than fire is a mark of the lens
or the fire-drill.

The plarality of canses strains the definition of a
cause, and undermines the relation of Vydpti between
an effect and a cause. Any particular cause (cansal
aggregate) still indicates the effect, but not viee versa
The earlier Nyiys (down to Véchaspati and Jayanta)
obviated the plurality, as we have seen, by introducing
distinetive marks in the effect such as would indicate a
single specific cause (wrdifewem or wnie indicating
sTwAEwm or wrarwz).  Some, indeed, went farihier
and held that when the antecedent eansal assemblages



286 THE POSITIVE SCTENCES OF

differ in kind, the effect-phenomena, though apparently
the same, do really differ specifically (or in kind)—
sTowswAT, w@EwAn | But the Nyhya discards this
hypothesis; the fire is the same, though the possible
canses (or causal aggregates) differ, e.g. the lens, the
drill, ete. But the effect-phenomenon to which we
attend is not the only effect; in the case of plurality of
canses we must carefully examine the accompaniments
of the effect, 7.e. the sum of effects, and the examination
will show some distinctive or specific circumstance or
accompaniment which will enable us to definitely
determine the particular assemblage of cansal conditions
that must have preceded in the case under examination.
This is the device of the earlier Nyiya as well as of
the Buddhists, as we have seen; but the later Nydya
doubts the practicability as well as the theoretical
validity of sach a step on an unrestricted assumption
of the plurality of causes, and feels troubled by the
circumstance that no effect for which more than one
eause (or causal aggregate) can be assigned, can he
regarded as & mark or sign (Gamska or Vyipya) of
any one of the causes in particular. Aecordingly, some
adlierents of the later Nydya advanced the proposition
that when more than one causal aggregate ean be
supposed for any effect, the latter is a mark or sign
(Gamuka or Vyfdpya) not of any one of the causal
aggregated in particular, but of one or other of them;
and the absence not of one such eause, but of euch and
every one of them, slone indicates the absence of the
effect. A cause therefore should be defined to mean
ona or other of the possible alternative aggregates
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which, being given, the effect follows. invariably and
unconditionally. If we ask what is the defining mark
(or quiddity) of the cause (wrrawrrsizs), we are told
that it is one-or-otherness (w=mmm), and nothing else;
others cut the Gordian knot by assuming that the
different possible cavses of the same effect possess a
common power or efficiency (wiwfamfs), or 4 common
“ form” (snfwstw), which accounts for the production
of a common effect. The latter is therefore a sign or
mark of this power (wis) or this form (smfwdtwen),
which is manifested by each of the causal aggregates.
This hypothesis (w=wm), they hold, is simpler and
more plausible than the hypothesis of specific differences
latent in the apparently identical effect of a plurality of
causes (BToUtwTAT  WrETWIEA ).

(f. Dinakari on the Siddhints-Muktavali: afey
[iWwm  wEeT, WATOEWIwaiE: | W gagawen
wifafiest: sforcotsrg  wywe FawT=es  wiEyie-
Fwred weatRin A WiwwTT I | tmwmhm
FEAIER AR TR WIUAWSAT ¥ m

AT, TATE: | W | .. WA STCOATESER . W g
Flfthtlyw TERTAA EATATETE ﬁfqmm-
fyrem W wiwtats: AR Sloka 2; ¢f. also, FuorrCimAAA
wTowe fafammes |

Of. Udayana, Kusuménjali, Stuvuka 1: =¢ wff
qoriaRfTa AT | mﬂm-m I W A
g fe femTAiuy Win EEATA ORGSR TOU- T8 TR, A T
ST SR WHRTE | SICUSTYST W F AT W
wryfwratan | .. . ZEq  gEWATmR  faws ) Wy
AT WA THOT: |
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The scientific Methods already noticed—the Joint
Method of Difference (the Paiichakdrani) and the Joint
Method of Agreement (Vpdptigraha with Upddhisanks-
nirasa and Tarka}—are not the only methods of
ascertaining csusality or concomitance, or establishing
a theory (fewrm); nor are these Methods always
practieable. Very often we reach the explanastion of s
fact (swniw) by means of a hypothesis (werm)
properly tested and verified (fmaffr). A legitimate
hypothesis must satisfy the following conditions :—{1)
the hypothesis must explain the facts (gefaig or
wanfa); (2) the hypothesis must not be in eonflict
with any ohserved facts or established generalisations
(gefot fe wqd w=md, 7 geirere—Jayanta, Nydya-
maiijari, Ahniks 1); (3) no unobserved agent must be
assumed where it is possible to explain the facts
satisfactorily by observed sgencies (afe wewwwiw A
fowin wg? W=, wawnfe wEeer O meeee
whid.) ; (4) when two rival hypotheses are in the field,
& cruvial fact or test (fafimrs, ratio sufficiens) is neces-
sary ; the absence of such a test (fafpwearfecz) is
fatal to the establishment of either; (5) of two rival
hypotheses, the simpler, i.c. that which assumes less,
15 to be preferred, coteris paribus (w=rmrey versus
wEarit); (6) of two rival hypotheses, that which is
immediate or relevant to the subject-matter is to be
preferred to that which is alien or remote (wwwrefem);
(7) & hypothesis that eatisfies the sbove conditions
mugt be capable of wverification (fwdw) before it can
be established as a theory (fegmr). The procesa of
verification of a hypothesis consists in showing that
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it can be deduced as a corollary from (or is fnvolved
Ly implication in) some more general proposition which
is already well established (f. Vatsyayana's exposition
and illustration of Verification, fais—including both
the Deductive Method and Colligation).

This doctrine of Scientific Method, in Hinda Logie,
is only a subsidiary discipline, being comprehended
under the wider conception of Methodology, which
aims at the ascertainment of Truth, whether scientific
(Vijiiina) or philosophieal (Jiiina) (drg Wi =
fr=mwrea:, Amara-Kosha) ; the Iatter being the
ulterior aim. In the investigation of any subjeat,
Hindu Methodology adopts the following procedure :
(1) the proposition (or enumeration) of the subject-
matter (Uddess), (2) the ascertainment of the essentisl
characters or marks, by Perception, Inference, the
Inductive Methods, ete—resulting in definitions (by
@ww) or descriptions (by weww); and (3) examination
and verification (wohwr and fid), Ordinarily the first
step, Uddesa, is held to include not mere Enumeration
of topics, but Classifieation or Division proper (fasm:
R e — =TT TR
whwd  fowm  gfa—Jayanta, Mafijari) ; but o few
recognise the latter as a separate procedure coming
after Definition or Description.  Any truth established
by this three-fold (or four-fold) procedure is eslled o
Biddhdnta (an established theory). Now the varions
Pramidnas, Proofs, i.e. sources of valid knowledge, in
Hindu Logie, viz. Perception, Inference, Testimony,
Mathematieal Reasoning (wm, meluding  Probability
in one view), are only operations subsidiary to the

U
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ascertainment of Truth (wwfséw). And the Scientifie
Methods are merely ancillary to these Pramdnas
themselves.

I have explained the principles of the Hindu
doetrine of Seientific Method, avoiding the techni-
ealities of Logic as far as possible; and I eannot here
enter upon- the logical terminology or the logical
apparatus and machinery, which would require a sepa-
rate volume to themselves. For these I would refer
the reader to my Paper on Hindu Logic as also for
an secount of the later Nydya (sw=m), which, in
spite of its arid dialecties, possesses a three-fold signifi-
cance in the history of thought: (1) logical, in its
conceptions of Avachchhedaka and Pratiyogi, being an
attempt to introduce quantification on a connotative
basis, in other words, to introduce quantitative notions
of Universal and Particular, in both an affirmative and
a negative aspect, into the Hindu theory of Inference
and Proposition regarded connotatively as the esta-
blishment of relations among attributes or marks;
(2) scientific, in its investigation of the varieties of
Vyipti and Upddhi (and of w=erfeg), being an elabora-
tion of Seientific Method, in the attempt to eliminate
the irrelevant ; and (3) ontological and epistemological,
in its classification and precise determinations of the
various relations of Knowledge and Being, with even
greater nigidity and minoteness than in Hegel's Logic
of Being and Essence. 1 will conclude with s few
observations on Applied Logio, ie. the logic of the
special seiences, which is such a charmeteristic feature of
Hindu scientific investigation,. What is characteristic
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of the Hindu scientific mind is that, without being
content with the general concepts of Science and a
general Methodology, it elaborated the fondamental .
categories and concepts of such of the special sciences
as it cultivated with assiduity, and systematically
adapted the general principles of Scientific Method to
the requirements of the subject-matter in each case,
The most signal example of applied logic (or Scientific
Method) worked out with systematic. carefulness is the
Logic of Therapentics in Charaka, a Logic which adapts
the general concepts of cause, effect, energy, operation,
ete., and the general methodology of science, to the
special problems presented in the study of diseases,
their causes, symptoms, and remedies (vide Charaka,
Viminasthina, Chap. IV.; also Sutrasthdna ; vide my
Paper on Hindu Logic). Here I will give an illustra-
tion of Applied Methodology from the seience of
Analytical and Descriptive Grammar. Patagijali, in
the Muhibhdshya (cirea 150 ne.), is very careful as
regards Methodology. I take no note now of the
philosophical presuppositions of his philology (vide my
Paper on the Hindu Science of Langnage), but will con-
fine myself to his presentation of the Applied Logic of
Descriptive and Analytical Grammar. The gentence is
the unit of speech, as every Hindu philologer contends,
but the first business of Anslytical Grammar is to
analyse the sentence into its significant parts and their
coherent relations to one another.  Assuming *that
articulate sounds are significant, the question is: how
is the sentence, which is the unit of articulste speech,
broken up into significant words and their mutual
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relations ! Patafijali answers that this is done by asn
instinetive use (¢f. Vichaspati's sl 2fgm)
of the Joint Method of Difference (eombined Addition
and Subtraction), fortified by the Joint Method of Agree-
ment (wemmfieat). Patafijali starts with a simple
case, Take the two sentence-units : Pathati (he reads)
and Pachati (ke cooks). Suppose you start with the
assumption that these sounds are significant, and that
séparate elements have sepavate meanings. Then you
hear Pathati, and, at the same time, 8 man reading is
pointed at.  Then the assemblage of sounds Pathati
(re. Path+ati) stands for the assemblage “one reads”
(#-¢. the sction reading + an individual agent). Similarly,
by finger-pointing or other indication, you find that
the assemblage Pachati (is. Pach+ati) stands for the
assemblage “one cooks” (i the metion cooking+an
individual agent, say the same agent as before).
Now look at the groupings :—

Path +ati=reading 4 one agent.
Pach + ati = cooking + one agent.

From repeated observation of similar groupings, one
15 led to conclude that Path is the invariable concomi-
tant of the aetion « reading,” because the disappearance
of the former (the other element remaining) leads to
the disappesrance of the latter (a rough Method of
Difference: by subtraction—re®) ; that Pach is the
invarinble eoncomitant of the action cooking, " because
the introduction of Pach (with nothing else added)
leads to the introduction of the action “ cooking ” (s
rough Method of Difference by addition—svsmew) ; and
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that Ati, which is the only “common antecedent™
(wsrw), is the invarisble concomitant of *one agent,”
which is the only common *consequent” (werst). In
fact, the last should come first by the Method of Agree-
ment, then the other two, either by Residue or by
Joint Agreement in presence and absence (wrrwwfizat).
So far all is plain sailing, though only very simple and
very rongh sapplications of the Methods are given.
But—=and this is the point—throughout the argument
it is assumed that one sound is the concomitant of one
idea ; in other words, there is no plurality of causes to
vitinte the application of the Method of Agreement in
the above example. And now the objection is advanced
that this basal assumption is untrue. The same sound
is not the concomitant of the same idea: different
words (sounds) may have the same meaning, and the
same word (sound) may have different meanings. We
cannot therefore by the Joint Method of Agreement
{w=rwafizal) determine the meanings of words or the
separate functions of roots (stems) and inflections—at
least, not so simply as is pretended above. Patafijali
states this difficulty in the way of applying the
SBcientific Methods to the problems presented by
Analytical Grammar, a difficulty arsing from the
plurality of causes, but does not state the solution.
The solution, however, depends on the Method of Sub-
traction and Addition (Patafijali’s ¥ra® and swwre) 3
for it will be found by extensive observation that the
number of meanings of which a word (sound) may be
capable is limited. 8o also is the number of words
(sounds) expressive of a given meaning. Hence, by
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the Method of Difference, ete,, the eansal relations of
words and meanings may be determined. Patadjali
thus establishes the doctrine of Prakriti and Pratyaya
(roots and inflections), with their separate significance,
which is of course & necessary postulate in the case of
an inflectional language like Bangkrit. Isolating and
agglutinative langunges offer less diffienlty, whereas
the difficulties are in some respects enhanced in the
case of languages with a polysynthetic or incorporating
(ineapsulating) morphologieal structure.

w¢ gaETaR W wawd: wd paard i) mwﬁmlﬂ'ﬂt_ |
Sl W Wi 1 T OIS Sied W W, WA
=g W= A (ww), — sfen swAmR (wg,—=iEn wwEt
(wfin) ;—wreifsTa wham 2w (fefsfa),—=fam s (efstew),
—wien wert (WA Saakw) | T TAeE T g T, S wa
W WeET TR | W W= TUNTAR W wal Wil and Tewe |
W WA R owE W deei |

Tyws Temr—aeat fy y=21 T wwia | A I W
=T | owwy Wl wEd | wEwwn awn argn Avan g 0 oww W
# wTvtEsaTn fagn st | iy wvETw W it o R
fe witvw wTmfRaTaET | W gF et mwad Wi Eead

(Mahdbhashya, 1-3, 9.)

Patanjali not only applies the Scientific Methods to
the foundations of Grammatical Analysis, but slso by
their means establishes and elaborates the fundamental
categories und concepts of Grammatieal (and Philo-
logical) Science, e.¢, the concepts of action (faar), szent
(witr), instrumental canse (wenl wrwwmww ), end (Fafm),
origin (), limit (wwfs), substance (gm), quality (qw),
and genus (wnfi); also of the fundsmental relations (st
the hottom of all thought and speech}—the relations
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of time (wrfsswar), of space (fomyw=), of causality
(wrdmroowme), of inherence (wwwm), of co-inherence
(wrwrarfewce), of substance and attribute (s,
of the sign and the signate (danifwry), of mutual
dependence (gatwrrww)—an entire grammatical (and
philological) apparatus, which will serve as a point

d'appui for generations of philologists and grammarians
to come.
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