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FOREWORD

TaeE following pages comprise a 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 millennium 500 B.c.—500 A.p. Colebrooke’s
account of Hindu Algebra, and Hcernle’s of Hindu
Osteology, have made it unnecessary for me to write
separate monographs on these subjects. The former,
however, requires to be brought up to date. The
progress of Indian Algebra (mainly in Southern India)
after Bhdskara, parallel to the developments in China
and Japan, is a subject that remains for future
investigation.

The chapter on the * Mechanical, Physical, and
Chemical Theories of the Ancient Hindus” appeared 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 a body of positive knowledge which
has been applied to industrial technique; and Hindu
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scientific ideas and methodology (e.g. the inductive
method or methods of algebraic analysis) have deeply
influenced the course of natural philosophy in Asia—in
the East as well as the West—in China and Japan, as
well as in the Saracen Empire. A comparative estimate
of Greek and Hindu science may now be undertaken
with some measure of success—and finality.

These studies in Hindu Positive Science are also
intended to 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 similarly dominated
by geometrical concepts and methods. Comparative
Philosophy, then, in its criticism and estimate of Hindu
thought, must take note of the empirical basis on which
the speculative superstructure was raised.

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

BRAJENDRANATH SEAL.
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THE POSITIVE SCIENCES

OF THE

ANCIENT HINDUS

CHAPTER L

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

I PROPOSE in this paper to give a synoptic view of the
mechanical, physical, and chemical theories of the
ancient Hindus. A chronological survey, even if the
materials for it were available, would be here of little
account. The origins of Hindu natural philosophy in
the speculations of the Brahmanas and the Upanishads,
or in the mythology of the Purdnas, do not come
within the scope of the present exposition, which
relates to the results of systematic thought as directed
to the phenomena and processes of Nature. I have
therefore confined myself.to an account of natural
philosophy as expounded in the principal systems of
Hindu thought. The Sénkhya-Pétanjala 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, physics, and chemistry. The Veddnta, the
Pirva-Mimémss, and in a less degree the Bauddha, the
Jaina, and the Chdrvdka systems, make incidental
contributions on points of special interest, but their
main value in this regard is critical and negative. The
principal authorities followed in this account—the
Vyésa-Bhdshya on Pitafijali's Sutras, the Samhitd of
Charaka, the Bhéshya of Prasastapida, the Vértika of
Udyotakara, and the Vrthat Samhitd of Vardhamihira
—all centre round the Hindu Renaissance, the begin-
nings of the anti-Buddhist reaction in the fourth, fifth,
and sixth centuries of the Christian era. Whenever I
have made use of later authors, e.g. Kumérila, Sankara,
Sridhara, Vachaspati, Udayana, Bhsskara, Jayanta,
Varavara, Raghundtha, Vijiidna-bhikshu, ete., I have
taken care to see (except where the opposite is expressly
mentioned) that no idea is surreptitiously introduced
which is not explicitly contained in the earlier authors.

THE SANKHYA-PATANJALA SYSTEM.

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 & mere metaphysical speculation
but as a positive principle based on the conservation,
the transformation, and the dissipation of Energy.

Prakriti : the Ultimate Ground.—The manifested
world is traced in the Sdnkhya to an unmanifested
ground, Prakriti, which is conceived as formless and
undifferentiated, limitless and ubiquitous, indestructible
and undecaying, ungrounded and uncontrolled, without
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beginning and without end. But the unity of Prakriti
i8 a mere abstraction ; it is in reality an undifferentiated
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 characterised by a tendency
to do work or overcome resistance; and (3) Tamas,
Mass or Inertia, which counteracts the tendency of
Rajas to do work, and of Sattva to conscious
manifestation.

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

These Gunas are conceived to be Reals, substantive
entities—not, however, as self-subsistent or independent
entities (wwra), but as interdependent moments in every
real or substantive Existence.

Even Energy is substantive in this semse. The
infinitesimals of Energy do not possess inertia or
gravity, and are not therefore material, but they possess
quantum and extensity (wforg—ufcfawm).

The very nature of Energy is to do work, to
overcome resistance (Twa@® IuwRid), to produce motion.
All Energy is therefore ultimately kinetic; even
potential Energy (wijmwyfwef®) is only the Energy of
motion in imperceptible forms.

B 2
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The Original Constituents and their Interaction.—
Every phenomenon, it has been explained, consists of a
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 (wafeyfg). But the Essence
is only one of three moments. It does not possess
mass 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
as well as to conscious reflection (w: & TTwam).

But the intelligence-stuff and the matter-stuff
cannot do any work, and are devoid of productive
activity in themselves. All work comes from Rajas,
the principle 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. (wwTRmaTR wEgTTnat
WATRITHAA  TWRTEEIC  FEATC wafr | FraTWRR - Tew-
wiwaracy 1)

The Gunas are always uniting, separating, uniting
again. (wirafrgan W, AumrirarEE e a1 o 1)
Everything in the world results from their peculiar
arrangement and combination. Varying quantities of
Essence, Energy, and Mass, in varied groupings, act on
one another, and through their mutual interaction and
interdependence evolve from the indefinite or qualita-
tively indeterminate to the definite or qualitatively
determinate. (e® Tam wTERITTERTITT: AR
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qrirQrewy  surfeiwrRa: \—wreira 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 Rajas, and Rajas alone; all matter,
resistance, stability is due to Tamas, and all conscious
manifestation to Sattva. (wrerpfymste wifirgfen-
fomm—arema | wARTRiRTET TafEst T wEtr
ey fampn: Ty fafnprenees—farafig, drnfis
on wrewmw, ibid. At yww: dxtAR—ITwstaty, TRyt
on wmremw, ibid.)

The nature of the interaction is peculiar. In order
that there may be evolution with transformation of
Energy, there must be a disturbance of equilibrium, a
preponderance of either Energy or Mass-resistance or
Essence over the other moments. The particular 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. For 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 movement,
the transformation of Energy (or work done by Rajas)
goes hand in hand with the predominance of the
conscious manifestation, while the matter-stuff or Mass,
though latent, is to be inferred from the resistance over-
come. (WTTiTTEM ITERTERVTAT JUASTY W WrarATYY
AYTATAATAT RATTEaT —wqranTa 1)
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The Starting-point.—The starting-point in the cosmic
history is a condition 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 (wfegm) is under arrest. (wercwerwat
TRt l’fﬁr—Pravachana, Sutra 61, Chap. I. wwererea
WRATATAFCWTTET  WAATAT  werer Wt gfr

frewi:—frarafiy, ibid. )

Beginning of Evolution.—The transcendental (non-
mechanical) influence of the Purusha (the Absolute)
puts an end to this arrest, and initiates the process of
creation. Evolution begins with the disturbance of the
original equilibrium. How this is mechanically brought
about is not very clear. A modern expounder of the
Sankhya 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 unequal 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 activity. (dewm wrRmiT: AT R
damfrgw.—Sutra 66, Chap. I, m—ﬁ!ﬁﬁq ]
gfxtasiat ghasiAte aemstam umm T EwT-

drqwnnfe yiagranfed w 3w 1bid., Sutra 128, Chap. 1)
Formation of Wholes or Systems— Collocation of

Reals.— Creative transformation accompanied with
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evolution of motion (wfeer®) and work done by Energy
(fwar) cannot take place without a peculiar collocation
of the Reals (Gunas). To form wholes or systems
(wqza) it is essential that one Guna 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 (;uiws,
TATvaTY)—in other words, without unequal forces
or stresses coming into play in different parts of the

system. (Tafer}—wrweafn | wd v gy . . . W

AT | W W QA JURNTTIRG A wRate | A -
urat vt frar 1 A W demmEETEwimTTg ety Shyt

on Kériks 16.)

The Formula of Evolution— Differentiation in Inte-
gration. — Evolution (sfagm) in its formal aspect is
defined as differentiation in the integrated (dwefuyw).
In other words, the process of Evolution consists in the
development of the differentiated (¥w) within the
undifferentiated (wrmraegt), of the determinate (fagw)
within the indeterminate (wfgw), of the coherent
(gwfey) within the incoherent (wgnfex). The evolutionary
series is subject to a definite law which it cannot over-
step (wfcgmmmfaan). The order 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 coherent 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 again
breaks up by fresh differentiation into isolated factors
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for a subsequent redintegration, and so on ad infinitum,
is a fundamental misconception of the course of material
evolution. That the antithesis stands over against the
thesis, and that the synthesis supervenes and imposes
unity ab extra on these two independent and mutually
hostile moments, is the same radical misconception as
regards the dialectical form of cosmic development. On
the Sdnkhya view, increasing differentiation proceeds
part passu with increasing integration within the
evolving whole, so that by this two-fold process what
was an incoherent indeterminate homogeneous whole
evolves into a coherent determinate heterogeneous whole.

The different stadia in the order of cosmic evolution
are characterised as follows :—

(1) The inconceivable, the unknowable, the form-
less, of which no character can be predicated
(wfe®), including Prakriti, or the Reals in a
state of equilibrium.

(2) The knowable, the empirical universe, cosmic
matter of experience, things as matter or stuff
of consciousness (fe¥), comprising Mahat, the
intelligible Essence of the cosmos, evolved by
differentiation and integration within the form-
less, characterless, inconceivable Prakriti.

(3) Individual but still indeterminate stuff bifur-
cating into two series—Subject-experience and
Object-experience, comprising on the one hand
the indeterminate unity of apperception, or the
empirical Ego, as the co-ordinating principle of
the Subject-series (wfemr), and on the other hand
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(though through the mediation of this sub-
jective modification, wfermr or Ahankdra) the
indeterminate material potencies, the subtile
vehicles of potential Energy (wmmw, gemyn), the
ultimate subtile constituents of the Object-series
(the material world). The previous stadium,
the cosmic matter of Experience (few, =),
evolves within itself, by differentiation and
integration, an individuated but still indeter-
minate stuff in two co-ordinated series, Subject
and Object, though the latter is mediated
through the former.

(4) Determinate stuff (fagw) 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, a corresponding atomic matter-
stuff actualising the material potencies in the
form of specific sensible Energies. The latter
includes the different classes of Paraménus, the
different kinds of atomic constituents of different
kinds of gross matter (wanm).

(5) Coherent and integrated matter-stuff, individual
substances, characterised by generic and specific
properties, which however are not rigidly fixed,
but fluent, being subject to a three-fold change
and constantly evolving. (wgafagragnigrym: we:
yafafn wrafe:—wqremg, Sutra 44, Chap. IIL
arTAfevEET  yd—wrewm, bid. wrATRfTgWT™
waat v, (bid. wfigt whgwgrramefagm:)
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(6) And so the cosmic series moves on in ascend-
ing stages of unstable equilibrium (fregyafcam)
until the reverse course of equilibriation and
dissipation of Energy (wgwafaam and sveqres),
which even now constantly accompanies the
evolution and transformation of Energy, com-
pletes the disintegration of the Universe into its
original unmanifested ground, the unknowable
Prakriti.

The order of Cosmic Evolution according to the

wrewry (Sutra 19, Pada II.) is shown below in a tabular
form :— '

Prakriti, the unmanifested unknowable ground

(mewarenfen)

Cosmic matter of experience (wen, fa¥)

SuBJECT SERIES (wfrgw). —> OBIECT SERIES (wfgw) :
evolved in the cosmic
matter of experience but
through the mediation
of theindividuated mind-
stuff wfwar (Ahankdra).

Individuated indetermin- Individuated but indeter-
ate mind-stuff (unity of =~ minate  matter - stuff
apperception, empirical (subtile material poten-

Ego (wfem). cies (wmrT).
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Determinate mind -stuff Determinate matter-stuff
(feww),sensoryand motor  (fagw), atomic and mole-
psychoses, etc. (wrifigw,  cular constituents of

weffgg and ). gross matter (wTATg—
).

Coherent and integrated

matter-stuff (wynfegraas:
wqe g gd).

Individual substances, with
generic and  specific
characters subject to
constant change or evo-
lution, e.g. inorganic
objects composed of
atoms or molecules
(wcwry), vegetable or-
genisms (7w), animal
organisms (we¥e).  (wgr-
TRgfef—wraima, Sutra
44, Pada III.)

T 7 du¢ fafewd worAfraw:, mor wrfeg fowem dgn
fafrwr?, wfcgrmmtaeaTy, Tar 39 witgRy qAfeafy dewty
fafrars, 7 fagiow ot T AW YeiEwQTTRT gAY
wreqrfowa | (wqreww, Sutra 19, Pada I1.)

N.B.—The usual order given in the Sankhya-
P4tafijala compendiums is as follows :—Prakriti, Mahat,
Ahankira—and then the bifurcation, viz. 11 organs
(sensory, motor and common sensori-motor) from R4jasic
Ahankéra, and Tanmédtras from T4masic Ahankdra—and
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finally the Paramdnus of the Sthila 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 Ahankéra, in the cosmic matter
of Experience (Mahat).

The Conservation of Energy (and of Mass)—the
Transformation of Energy.—The Gunas (Reals), though
assuming 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
Essence—are subject to addition and subtraction,
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 and from the present to the past, in a
time series}—changes which are illusorily ascribed 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 succession, but also as regards the appearance
(and mutual relations) of like and unlike Energies.
And this transformation is constantly going on—the
course of Evolution is not arrested for & moment.
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oy wiNETWiT A wwewwR e wisher
wAtrsATREEETEA i UG STETaERe
wared  (qrewmm, Sutra 19, Pada IL) wfcogrfafammr
oAW1 Wit qoTat wfwdwtrgweg (ibid., Sutra 13,
Pada IV.) @& 7am gerwmitagmmitratwizrgurte: (ibid.,
Sutra 19, Pada II.) wfcgnmmfraam (wrema, Sutra 19,
Pada II.) waraat ofcgmram €3 (Patafijali, Sutra 15,
Pada II1.) wafr: afcgaater sowantamy arafreR |

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 Sankhya view of causation follows at once as a
corollary from this doctrine of the conservation and
transformation of Energy. 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 Energy. The sum
of effects exists in the sum of causes in a potential (or
unevolved) form. The grouping or collocation alone
changes, and this brings on the manifestation of the
latent powers of the Gunas, but without creation of
anything new. What is called the (material) cause or
sum of material causes is only the power which is
efficient in the production, or rather the vehicle, of the
power. This power is the unmanifested (or potential)
form of the Energy set free (sgwyfw) in the effect.
But the concomitant conditions are necessary to call
forth the so-called material cause into activity. When
the favourable combination or co-operation of con-
comitants is wanting, there is 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 as illustrated by some commonplace examples,
e.g., 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 process of
husking. In these cases the manifestation of an effect
is 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 (wwwifrwfs) or efficient
cause (frfrwaraa), the sculptor’s chiselling, the pressing,
the husking, is a sort of mechanical or instrumental
help to this passage or transition. wriwfwresiy FareTa-
WU | W1 Wi WTAW wATTITTET T ® vy frww (saw:
g aRd fegw) wenfa: wdw  wAnTTTenT  ggwR o
(frarafug-mewmma, Sutra 115, Chap. 1) whafs: wi-
ATATET | AT WTAW TIATASRUILGTRY WAt |
To fygrwemtmr: fFEaraie whiert freatew v
fasigdn vRmAgEW W wawA | (ﬁlﬂ'ﬁq-mm,
Sutra 129, Chap. L)

These mechanical examples of the Kaplla-Sé.nkhya
have the merit of simplicity, but the Pataiijali-Sdnkhya
brushes them aside, and explains causation on the
basis of the conservation and transformation of Energy
advancing it as the liberation of potential Energy
existing stored up in a Guna collocation (the sum of
material causes), the liberation following on the action
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of the proximate efficient cause, or concomitant con-
dition (fafrwarca).

The causal operation of concomitant conditions
(efficient causes) lies only in this, that they supply a
physical stimulus which Jiberates 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) causes potentially contains the Energy
manifested in the sum of effects; and in the passage
from potency to actualisation, the effectuating condition
(the concomitant cause), when it is itself accomplished,
is only a step in the evolutionary series, which adds
a 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 collocation, all that happens is that a
stimulus is imparted which removes the arrest, disturbs
the relatively stable equilibrium, and brings on a
liberation of Energy (swmyfwafs) together with a fresh

collocation (uafaswfes). wkfwd Tt wfwawfegwre gfr
woamaA qgrwr: (wrewrw, Sutra 13, Pada IV.) vy wew

fafind ThaAtacg ¥ 7 wynlowad | fedt fafad Afafeas
frgwrgued  yuR | ArgiAmreatn ) (gqremw, Sutra 12,
Pada IV.).

Describing the production of bodies (* organic
vehicles ') for individual souls out of matter of Prakriti,
under the influence of their merit and demerit, as
concomitant conditions, Pataiijali 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 relatively stable equilibrium) in a given collo-
cation, even as the owner of a field removes the barrier
in flooding his field from a reservoir of water. This
description is intended to represent the super-physical
influence of non-material concomitants (or causes) like
volition, merit and demerit, etc., 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 causes
like will, merit and demerit, ete.

The Vyésa-Bhdshya helps us to a clear 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 a lower level,
without forcing the waters thereto with his hands, and
merely by making an opening in the barrier or dyke,
on which the waters rush in by their own force; or,
further, as the same person cannot 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 effectuating condition (fafaw) added to a sum of
material causes or conditions.
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fafirem_wrdwd wawtat sooiey T wivaa | (Patafijali,
Sutra 3, Pada IV.) & fe weitrfy fafek aor v warom
wut g wart fomafay: @t fad o At @1 Ao wrfgee-
wift wct g wrat frfe afew AW @wETe Reroeo
wrETTat |
Chain of Causation—Fized Order.—The order of
Evolution with the transformation of the Energies
follows a definite law. The unalterable chain of causes
and effects in the phenomenal world illustrates this
fixed order. But 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
(7wt wfamram ¥y, Pataiijali, Sutra 15, Pada IIL).
What we call the qualities of things are only modes
of Energy acting in those collocations. qrrgarafawr
i Wi wi—a ¥ sewanRTghwens: (s,
Sutra 14, Pada IIL) ¥ wemt wit awrm =W,
g+ (wreww, Sutra 3, Pada IV.).  And these
various Energies are sometimes actual (kinetic), some-
times potential, rising to actuality, and sometimes
sub-latent, subsiding from actuality into sub-latency.
In fact, the original Energy is one and ubiquitous,
and everything therefore exists in everything else,
potentialiter (¥ wirwafwfw), without prejudice to the
generic and specific differences of things (wrg=ga =¥
wivwad).  Inorganic matter, vegetable organisms, and
animal organisms are essentially and ultimately one
(vrmit wfanfed cnflwed @y 3¢ T oot
wY wyprat wraky) so far as Mass and Energy are
c



18 THE POSITIVE SCIENCES OF

concerned, but the varied forms of Energy and the
generic and specific qualities (or properties) of things,
which are but modes of Energy, follow a definite
unalterable law in the order of their appearance and
succession, under conditions of space, time, mode, and
causality, and hence all effects do not manifest them-
selves at once. ZyWTFTATCTANIWITTNT 7 ¥F
wrsramfirafs (ibid., Sutra 14, Pada IIL.) @ T i
WA W W W | TR RN W yawTaR gfn weatn-
T | FEUTICCATIRG VT WAL TRATTATOR, 79T
fowm AT waitmreen |« (Wi, Sutra 15,
Pada IIL).

Time, Space, and the Causal Series.—A Tanmétra
(infra-atomic particle of subtile matter) is conceived by
our understanding to stand in three relations—(1)
position in Space (Zwrefaw), (2) position in the Time-
series (wrgrafaw), and (3) position in the Causal-series
(Pafawrafam).

These three relations are the work of the intuitive
stage of knowledge (fafiw=wwmr) as opposed to the
conceptual (wfrwerwwr). But this is not the pure
relationless intuition of Reality (fafiwrar faffweawan),
which may be termed intellectual intuition, but the
intuition that imposes its forms on the Real substrate
(wfrwrar fafliw=mmm) or in other words empirical intuition.

T Iy vﬁmwﬁtg zwa'fwﬁ!wmhig 1 W
afw: @1 wfywra sgwm | Twife ewyfyfrineny sfommifafigt
yEgETERAhIE  ERTTTATtes | (-mwm, Sutra 44,
Pada L).

Infinite Time is a non-entity objectively considered,
being only a construction of the understanding
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(yfgfrsirg) based on the relation of antecedence and
sequence, in which the members of the phenomenal
series are intuited to stand to one another. These
phenomenal changes as intuited by us in the empirical
consciousness fall into a series, which the understanding
conceives as order in Time. The Time-series, then,
is a schema of the understanding for representing
the course of Evolution. The schema of the under-
standing supervenes on the phenomenal world as order
in Time, and hence in the empirical consciousness the
Time-series appears to have an objective reality, and
to form a continuum. As there is an ultimate and
irreducible unit of extensive quantity (wfemg) in the
Gunas or infinitesimal Reals of Prakriti, which are
without constituent parts, so the moment may be
conceived as the ultimate and irreducible unit of this
Time-continuum as 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, a moment as the unit of time may
be supposed to represent the unit of change. Now all
physical change may be reduced to the motion of atoms
in space, and we may therefore define the moment as
representing the ultimate unit of such change—viz.
the (instantaneous) transit of an atom (or rather a
Tanmatra) from one point in space to the next succeeding
point. Even an atom has constituent parts (the
Tanmatras), and hence an atom must take more than
one moment to change its position. The motion of
that which is absolutely simple and without parts from
c2
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one point in space to the next must be instantaneous,
and conceived as the absolute unit of change (and
therefore of time, ww). If 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
is and the moment that went just before. But only
one moment, the present, exists. The future and 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 actual, and from the actual to the sub-latent.
This may be called the change of mark (Fwmrafcom)
as opposed to change of quality (wafcgm) and the
change due to duration or lapse of time (wawrafcam).
The present is the mark of actuality, the future the
mark of potentiality, and the past of sub-latency,
in a phenomenon. Only one single moment is actual,
and the whole Universe evolves in that ome single
moment. The rest is but potential or sub-latent.
wymEERrATE TEATe 3fr girwe g ®
w=t W T Yafrae: gRaTATguTt SHwarat wgla-
THATAt TYAET | WOTER | WU THAOAATISAT | WY
WOTTTRT™T | # FTfE *Te I wWrwgs @ 7 w B
WUt FE wAw:, WY A A AENERAT et w1
T WUwm ® W e | TN AW W N gafwogar:
A AT AT | ¥ g e W A wfegmntan

wrERE: | ¥R WUA I S ufcammgaty, aEaTeyT:
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Tt VI | qUnTE T g Tony: T e e
WU | TAA AT WA wow GO gEeY Wt IWCENH IU-
T W WS W, TArefaRey W (s, Sutra 52,
Pada IIL.).

Vijiidna-bhikshu points out that this does not
amount to a denial of Time. It means that Time has no
real (or objective) existence apart from the “moment.”
But the latter is real, being identical with the unit of
change in phenomena ([ueframe worwam). But
even this is real only for our empirical (relative) con-
sciousness (wfmwe§w), which intuits the relation of
antecedence and sequence into the evolving Reals
(Gunas), in the stage of * empirical intuition” (wfewrar
fafdw=mrm).  The “intellectual intuition ” (faflerc
faffw=mmy), on the other hand, apprehends the Reals
as 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 Space as position (Dik), though we may conceive a
unit of Time, viz. the moment (ww), regarded as the
unit of change in the phenomenal or causal series
(vengfwa—uefarme  waRrwaR —avmrtes, Sutra 51,
Pada IIL). Spatial position (Dik) results only from
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the different relations in which the all-pervasive Akésa
stands to the various finite (or bounded) objects. On
the other hand, Space as extension or locus of a finite
body, Desa (Zw: femmurc:), has an ultimate unit, being
analysable into the infinitesimal extensive quantity
inherent in the Reals (Gunas) of Prakriti. (wuwaa-
Wufgm—anrate | waw frar fenfe wmmarfest e,
wTAm foparEromm | it &'gwrhﬁml wwm |
AN WTSTOTUTEREsy WAy wgmm | WY
feyat fagw: 7 T WUET quR, fey g WY Fw 1)

The Causal-Series.—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 so doing imports the relation of cause
and effect into the course of Nature. (wrkwrcgamaTEtat

—anrafs, Sutra 51, Pada II1.)

The Dissipation of Energy (and of Mass)—their
Dissolution into the Formless Prakriti.—Cosmic Evolu-
tion (wfcgm) is a two-fold process, creative as well as
destructive, dissimilative as well as assimilative, kata-

bolic as well as anabolic (wy@weht and fegmed,

feagyafem and sywefam). 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 organic
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matter, and the genesis of worlds. The successive steps
of this process may be described as (1) unequal aggre-
gation with storing-up of Energy in a certain collocation,
under a state of arrest (i.e. in a state of relatively
stable equilibrium), (2) a stimulus removing the arrest
and disturbing the equilibrium, and (3) liberation of
the Energy, moving on to a fresh collocation, fresh
aggregation, arrest, and equilibrium. The process of
the world thus moves on from equilibrium to equili-
brium, and the result of that process is the develop-
ment of a coherent determinate heterogeneous whole

(few, whrgv, frgw, wynfegrraeage, grfegraeane) in what

is essentially an incoherent indeterminate homogeneous
whole (wfew).

But there is a 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 Reals. This process is called the resolution of like
to like (wgwufwm), 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
Essence are always breaking up, and the Energy, as
well as the Mass, however slowly, however imperceptibly,
are being dissipated, i.e. dissolved into the original
formless Prakriti, a state of permanent equilibrium and
arrest, from which there is, and can be, no return,
except under the transcendental influence of the
Absolute at the commencement of a new creative cycle.
Not that there is a destruction of the Mass or Energy,



24 THE POSITIVE SCIENCES OF

but a dissipation or dissolution into a condition of equal
uniform diffusion from which there is no return. This
is not the phenomenon of kinetic Energy disappearing
and becoming potential or sub-latent, for in such cases
there is restitution or reconversion by natural means.
When this reverse current of assimilation (and dissipa-
tion) prevails over the current of dissimilation (and
integration), the Universe will disintegrate more and
more, until it disappears in the formless Prakriti, its
unknowable source and ground. ( Vide warwa and wtwzt.)

The Evolution of Matter (wrwnfws wgfe). — The
ultimate constitution of Matter is a question of the
profoundest interest in the Sinkhya-Pitafijala system.
Three stages clearly stand out in the genesis of
Matter :—(1) the original infinitesimal units of Mass
or inertia, absolutely homogeneous and ubiquitous, on
which Energy does work, when the original equilibrium
comes to an end (ymfe—wrraregrc); (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 (wmw); and (3) the five different classes
of atoms, the minutest divisions of which gross matter
is capable, but which are themselves complex Tanmétric
systems (T@HRITATY).

The first stadium, Bhut4di, is absolutely homogeneous
and abgolutely inert, being devoid of all physical and
chemical characters (wwifefiwcdyd) except quantum or
mass (ufcfamm, wfemw); and this admits neither of
addition nor of subtraction, can neither be created nor
destroyed. The second stadium, Tanmdtra, represents
subtile matter, vibratory, impingent, radiant, etc.,
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instinct with potential 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 (Rajas). (w=ms-
wU: fi wrca gfr W waTcogwTgt AATienew wwisd
wfr ddnrfrgn Tv—amratarqeanfe gieEraried w g%i) The
Tanmatras possess something more than quantum of
Mass and Energy; they possess physical characters,
some of them penetrability (eaarygra), others powers of
impact or pressure, others radiant heat, others again
capability of viscous and cohesive attraction. In
intimate relation to these physical characters they also
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 (fagw)
which these “ potentials” assume in particles of gross
matter like the atoms and their aggregates. In other
words, the potentials lodged in subtile matter must
undergo 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 be
infra-sensible (wﬁﬁgw but not wgmw).  (eferefargmmrm
? w wfryfrg: ) 7 w vqrir mrrﬁ' mmwrfqﬁrii‘
A TEETAEW | WUrY  greeireyewoemy
T 1)

The Tanmdtras, then, are infra-atomic particles
charged with specific potential energies. First, the
‘“ potential ” of the sound-stimulus is lodged in ome
class of particles, Tanmatras which possess the physical
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energy of vibration (ufremg), and serve to form the
radicle of the ether-atom (wrwrgwoary); then the
potential of the tactile stimulus is lodged in another
class of Tanm4tras, 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
air-atom (Viyu Paramdnu); next, the potential of the
colour-stimulus is lodged in a third class of Tanmétras,
particles which are charged with the energy of radiant
heat-and-light, in addition to those of impact and
vibration, and serve to form the nucleus of the light-
and-heat corpuscle; then the potential of the taste-
stimulus is lodged in other Tanmatras, 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-stimulus is lodged in a further
class of Tanm4tras, particles which are charged with
the energy of cohesive attraction, in addition to those
of viscous attraction, heat, impact, and vibration, and
which serve to form the radicle of the earth-atom.
TR RREATEETRAT YR awrfrge | (g,
Sutra 19, Pada II.) wegrom w=wemt TAGTEETCACFATA
wErWTT, TERd Eirer | vhwiy TRwTgTer mwnfe
sawa | (wawawmw, Sutra 62, Chap. L.).
uﬁmmm T wfagm: gfeeteonyg: -
T | AT WY WESATTRTST AT YUY AT
uﬁtmm wvm  (wrermm, Sutra 14, Pada IV.) werer s
AW TR Rt ST Tw: i we-
Ty Awt W wewETe | vt o wekfoan sttt
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farmrargt AWs: T wEAwwTR | T ARGt Ty
Tt way: e g | e gy
WTETET: o FETETRE: |
fagrafiy remarks : wx TRF wd fagrr yEfTTwTOWS
: gfewtanfewrea: wfm 1 (dorarfiv, Sutra 14,
Pada IV.).

Before explaining the genesis of atoms it is neces-
sary to say something about Ak#sa, which is the link
between the infra-atomic particles (Tanmditras) and
atoms (Paraménus). Akésa corresponds in some
respects to the ether of the physicists, and in others
to what may be called proto-atom (protyle). In one
aspect Akasa is all-pervasive (f), and devoid of the
property of impenetrability which characterises even
the infra-atomic potential units (Tanmétras). In
another aspect Ak4sa is described as having originated
out of the mass, or inertia, in Prakriti (Bhitddi) when
the latter became charged with the first potential (the
sound-potential). Vijiidna-bhikshu, in the Yoga-Vértika,
boldly tackles the difficulty. Akésa, he explains, has
two forms—original and derivative, non-atomic and
atomic. The original Ak4sa is the undifferentiated
formless Tamas (mass in Prakriti, matter-rudiment—
Bhitddi), which is devoid of all potentials, and is
merely the all-pervasive seat or vehicle of the
ubiquitous original Energy (Rajas). This Akdsa must
not be confounded with vacuum, which is merely
negative (wratgnir—un-occupiedness), though it must
be conceived as all-pervasive, occupying the same space
as the various forms of gross matter (warag

wraTyAEw wrard—avartas), and therefore devoid of
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the property of impenetrability (fRrArCrERTTRWR—
qrrarfs) which characterises atomic matter. But when
the original equilibrium (wrmreeg) comes to an end,
unequal aggregations form collocations in different
groups and proportions of the three Gunas (AT
writs dimfrgy: dea—(rarafing, wrwmnima and domards).
The transformation of Energy now begins—working on
a collocation of mass (with Essence) (jamariagdt wdym:—
fagrafiy, wwraifis); it first gives rise to the sound-
potential (¥ AFadEIw wfcgnfr—fawrafiyg), and the
atomic Akésa (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
(wrargny) is integrated, limited (ufefam), and as such
cannot occupy the same space with other (subsequently
integrated) atoms. But this proto-atomic integration
of Akésa (wratrary) is formed everywhere, and, itself
residing in the ubiquitous non-atomic Akdsa (FrcaTaTs—
wrstgsgarate), forms the universal medium in which
air or gas atoms, light-and-heat corpuscles, and other
atoms move and float about.

Trrcracd | afy fr wawTyET Wy @ W aer qRywy
wranfey wwawafenaw 4 @ (frarafiay, dhmrfis, Sutra
40, Pada ITL) wraryt fe srdarcossa fefaw 1 7 srcomamy
miofeguly wafEas | WA STETETCEa -
munmﬁmﬂw@w“ﬁm&
afeged |\ Ty vmm YiaaTaRy AERIATATER SRR
wfcfant ardrcraceq sew (frarafiy, @b, Sutra 40,
Pada IIL).

The Genesis of the Infra-Atomic Unit-Potentials
(Tanmdtras) and of the Atoms.—The subject of the
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genesis and the structure of the Tanmétras and the
Paramdnus was a fascinating one to these ancient
thinkers, and a wide divergence of views prevailed. I
will here notice several typical views—those of the
Vishnu Purdna, Pardsara, Pataiijali, and a certain school
of Veddntists reported in the mefrewy.

I. A famous passage in the Vishnu Purdna explains
the genesis and the structure of the Tanmdtras and of
the Bhutas (Paramédnus) in the following manner :—

The first Tanmdtra originated from the rudiment-
matter (Bhutddi), the individuated but still indeter-
minate potential-less Mass in Praksiti, under the action
of Energy (swenm: wfrgwrafn—uawawmw, Sutra 62, Ch. L.)
by a process of disintegration and emanation (fagiva:—
fagrgurg—esfraraer — wrewrw,  Sutra 14, Pada IV.
foacgre:  frat@menmar wifum gfr amam, aemfés on
Pétaiijali’s Sutra—atafymt fawcanme:  ete.) in  the
menstruum, or surrounding medium of the unindi-
viduated cosmic mass (Mahat, weamgm:).

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 (wfeer). It is called the sound-potential
().

This is typical of the genesis (and structure) of the
other Tanmadtras (kinds of subtile matter). In each of
the remaining cases, an atomic Mass charged with
actual specific energies (ywwtarg) disintegrates and
emanates, and thus evolves a form of subtile matter
(a kind of Tanmatra) under the action of Energy, and
always in the same menstruum or surrounding medium
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—that of Bhitddi, the super-subtile. Each kind of
subtile matter becomes charged with a new potential in
addition to the potentials already evolved. The genesis
of an atom, a Bhuta-Paraminu, is a quite different
process. Here the unit-potential (Tanmétra) receives
an accretion of Mass, and by a sort of condensation and
collocation evolves an atom (Bhita-Paramanu).

The genesis and structure of the Tanmétras and the

Bhita-Paraménus are worked out below :—

1. The super-subtile inviduated Mass (rudiment-
matter, Bhiutddi), under the action of the
original Energy (7w:) disintegrates and emanates
(feyed) in the menstruum or surrounding medium
(wwrecy) of Mahat cosmic super-subtile Mass,
and evolves a form of subtile matter (wwrw), which
becomes charged with the sound - potential
(vibration-potential, wfrer®), and is called the
unit of sound-potential (w=w=m).

2. This subtile matter, the Mass, charged with
sound-potential, receives an accretion of Mass
from the rudiment-matter (Bhitddi), and by
condensation and collocation evolves the Akdsa
Bhita, the atomic Ak4sa, the proto-atom
charged with the specific Energy of the sound-
stimulus (actual vibratory motion). (& = warfe:
WR-TMII WA FIUeR WAt www | e
wegregzrmnat  fafgar  wran gRR— s
on the Vishnu Purdna passage, Sutra 14,
Pada IV.)

3. This proto-atom, the atomic Aké.sa, charged with
its actual specific Energy, again disintegrates and
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emanates, under the action of the original
Energy and in the menstruum of the rudiment-
matter (super-subtile Mass), and thus evolves
another kind of subtile matter (Tanmdtra) which
becomes charged with the touch-potential (the
potential of impact or mechanical pressure—
wugrfaw, sEawiew) in addition to the sound-
potential (vibration-potential—wfrar) and is
called the unit of touch-potential (erfrmry).

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

5. Next, the atom of Véyu, so charged with the
actual specific energy of impact and vibration,
again disintegrates and emanates, under the
action of the original Energy, and in the same
menstruum or surrounding medium of the
rudiment-matter (super-subtile Mass—Bhut4di),
and thus evolves another kind of subtile matter
(Tanmétra), which becomes charged with the
heat-potential (Wtwwm—%u, heat-and-light poten-
tial) in addition to the impact-potential and the
vibration-potential, and is called the unit of
colour-potential (wwwmrs).
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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
accretion of Mass again from the rudiment-
matter (Bhutddi), 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, t.e.
radiates actual heat and light (fefazw) in
addition to manifesting the energy of impact
(impingency) and of vibration (or oscillation).

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

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

8. This subtile matter charged with the taste- |

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

9. The viscous water-atom charged with the actual

specific energy of the taste-stimulus disinte-
grates, and emanates 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 cohesive attraction and the
smell-stimulus.

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

Bhutddi as radicle in conjunction with Mahat
produces the sound-potential, which as radicle in
conjunction with Bhitédi produces Akasa, which as
radicle in conjunction with Bhutddi produces the touch-
potential, which as radicle in conjunction with Bhutddi
produces Vdyu, which as radicle in conjunction with
Bhutédi produces the colour-potential, which as radicle
in conjunction with Bhutddi produces Tejas, and
80 on.

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

TGV ANTAR AR, AT W AN |
wrfey fagiva: @3t mnfsd 7
TER FAWTAT WATY §IwY |
wATE AgraTy wmfe: ¥ WAy
wraTyy frydw: @it W 7
TS WA 1Y 7wl o a1 (frwygo)

II. A famous passage in Par4sara takes another
view of the genesis and structure of the Tanm4tras and
the Bhuta-Paramédnus. Krishnapida, in the wawafracw,
represents the scheme as follows :—

The Tanmditras originate from one another in one

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

i

=y

Bhutédi.

Sound-Tanmatra—as a radicle or centre
surrounded or encircled by Bhutddi
generates Akdsa—

Touch-Tanmétra—as a radicle or centre
encircled by sound-Tanmétra with
Akisa-atom as a help generates
Viyu—

Colour-Tanmétra — as a radicle or
centre encircled by touch-Tanmétra
with Vdyu-atom as a help generates
Tejas—

Taste-Tanmatra—as a radicle or centre
encircled by colour-Tanmétra with
Tejas-atom as a help generates
Ap—

Smell-Tanmdtra—as a radicle or centre
encircled by taste-Tanmdtra with
Ap-atom as a help generates
Prithivi.

The genesis of a Bhiuta-Paramdnu (atom) from the
subtile matter of a Tanmédtra is not here so simple as
in the view of the Vishnu Purdna. The latter speaks
of condensation and collocation, but in the passage
under reference a Tanmdtra is supposed to act as a
radicle, as the centre of a system, surrounded or
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encircled by Tanmétras of the immediately higher order
in the medium of their own Bhiita.

Thus an atom of Akésa has the following structure :—
Prakriti—Mahat

Prakriti—Mahat
Prakriti—Mahat

Prakriti—Mahat

AX AtoM orF Axisa.

Sb = Sabda-Tanmétra (vibration-potential).
Bh = Bhatadi.

An atom of Viyu is constituted as follows (this takes
place within the surrounding medium of Akésa) :—
Akbsn

Akdsa

Ax Atom oF Viyu,
8p = Sparsa-Tanmétra (impact-potential).
Sb = Sabda-Tanmétra (vibration-potential).
D 2
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An atom of Tejas (heat-and-light corpuscle) has
the following structure :—

Véyu
£ F
Viyu

AN ATtoM or TEyas.
Rp = Ripa-Tanmétra (light-potential).
Sp = Sparsa-Tanmétra (impact-potential).
and so on.

A chemist will be disposed to push his chemical
processes into the region of subtile matter. He may
translate wrqT@ as a menstruum, and wEY® as a
catalytic agent. In this case an atom of Viyu will he
considered as generated from the impact-Tanmétra as
a radicle, in the menstruum of vibration-Tanmétra,
with Akdsa-atoms as a catalytic agent.

WA W g TR, et gt
T WTATH WTTR, W WO WLAATIIR ATt AR, gt
TARTATII, T8 FLAATAGATN WTHTFECARTA STHAATIR
TGRTIR, AT WEATA ERAATAA €A ATAR, EwwAr -
AT, T WRAATNIAR ATETER STOATR AW
wrad—and 50 on. Wi W TETAYACT FWAREE: | T,
e (wfeaa) |

A slight variation of the above view is ascribed to
a certain school of Veddntists in the wafaeqy.
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The scheme may be represented as follows :—

A Bhita-atom is evolved by integration (condensa-
tion and collocation, ®grreTey) from the corresponding
Tanmétra (subtile matter). This is the same view as
that of the Vishnu Puréna.

The Tanmétras again evolve from one another in a
linea] series, as in Pardsara’s view. But the process of
this generation is somewhat more complex. A Tanmditra
first disintegrates and emanates in a surrounding medium
(a menstruum) of the Tanm4tra just preceding it in the
order of genesis, and, with the help of its own Sthiila
Bhita as a sort of catalytic, generates the Tanmétra
next in order; e.g., the infra-atomic impact-particles
(erfmry) disintegrate or emanate, in a surrounding
‘ atmosphere ” of the vibratory subtile matter (=),
and then, with the help of their own atomic integration
Viyu, gas, generate the Tanmdtra next in order, the
subtile matter of radiant light-and-heat (#w:).

ITII. Patafjali’s view, as expounded in the wremmw

and Forarfis, is as follows : —

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

matter (potentials) :—

(1) Bhitadi, the rudiment-matter, original Mass,
acted on by Rajas (Energy) produces the sound-
potential (vibration-potential), w=rRmam wegrtnat
AW TIETERTC FEwTOhE Y |

(2) This subtile vibration-potential, as a radicle,
with accretion of rudiment-matter (Bhutddi),
condensing and collocating, and acted on by
Rajas, generates the subtile touch-potential
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(impact-potential), which is impingent as well as
vibratory (oscillating).

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

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

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

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

(forms of atomic matter).

The five classes of atoms are generated as follows :—

(1) The sound-potential, subtile matter, with accre-
tion of rudiment-matter (Bhiitédi), generates the
Ak4sa-atom.

(2) The touch-potentials combine with the vibratory
particles (sound-potential) to generate the Vdyu-
atom.
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(3) The light-and-heat potentials combine with
touch-potentials and sound-potentials (i.c. 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 (i.e. with radiant, impingent, and
vibratory particles) to generate the Ap-atom; and

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

The Akésa-atom possesses penetrability, the Véyu-
atom impact or mechanical pressure, the Tejas-atom
radiant heat-and-light, the Ap-atom viscous attraction,
and the Earth-atom cohesive attraction.

Vijiidna-bhikshu in one passage gives the following
scheme of the genesis of the Bhutas :—

A radicle of sound-potential with rudiment-matter
gives Aké,.sa atom (Bhitédi), a radicle of touch-potential
with Akésa-atom gives Viyu-atom, a radicle of light-
and-heat potential with Vdyu-atom gives Tejas-atom,
a radicle of taste-potential with Tejas-atom gives Ap-
atom, and a radicle of smell-potential with Ap-atom
gives Earth-atom. On this view, an atom

of Akésa=Bh(Sb)
of Véyu= { Bh(Sb)} (Sp)
of Tejas= { Bh(Sb) } (Sp) Rp

where Bh=wmfy, Sb=y=rwm, Sp=wmwamy, Rp=
sy, and so on.
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Bhitas and Paraménus—Cosmo-genesis and its
successive stages :—

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

Cosmo-genesis : a Bird’s-eye View.—Out of the all-
pervasive rudiment-matter (Bhutddi) appeared Akésa
(ether), first as a Tanmatra (subtile matter) charged
with the potential energy of sound (vibration-potential),
and then as an atomic integration of a mono-Tanm4tric
structure (the Aké,sa-a.tom-—wm) also ubiquitous
and all-enveloping. In the next stage we find a new
kind of Tanm4tras, systems of the infra-atomic vibratory
particles, so arranged as to manifest a new form of
Energy, that of impact or mechanical pressure, and these
Tanmétras (wr@msrarfg) combining with the vibration-
potentials (Akdsa-Tanmétra) produced a new kind of
atom, the di-Tanmétric Vayu-atom, which by aggrega-
tion formed a gaseous envelope composed of impinging
(driving) vibratory particles (Védyu). Next appeared
the third class of Tanmétras, infra-atomic systems of
the impinging vibratory particles, which by their
collocation developed a new form of Energy—the energy
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of radiant heat-and-light. These Tanmétras (www=mare)
combining with the potentials (Tanm4tras) 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 Tanmétras, new and complex infra-atomic
systems of the radiant impinging vibratory particles,
which evolved the energy of viscous attraction, as well
as the potential energy concerned in the taste-stimulus.
These Tanmé4tras (zew=mwrfg) combining with the three
previous ones, gave rise to another class of atoms, the
tetra-Tanmdtric Ap-atom, and the flaming gases were
thus precipitated into cosmic masses of viscous fluid
matters (Ap). Finally appeared the fifth class of
Tanma4tras, infra-atomic systems of the viscous radiant
impinging vibratory particles which developed new
forms of Energy—the energy of cohesive attraction,
as well as the potential energy concerned in the
stimulus of smell. These Tanmétras (ew=rnfy)
uniting with the other four kinds of infra-atomic
subtile particles, formed another class of atoms, the
penta-Tanmétric Earth-atom. Thus the viscous fluid
matters were condensed and transformed into the
Earth-Bhita, comprising the majority of the so-called
elements of chemistry.

The Purdnas, in their own fanciful way, conceive
that, in the course of cosmic evolution, each succeeding
Bhuta appeared within an outer envelope of its
immediate predecessor, with a total mass (or volume ?)
a tenth less than that of the latter.
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o T rawd T ATy Tt
farran wipwad went w0
TwrRTTE@AY ATiE-frerca 1
ﬂﬁmﬁ@lﬁfﬂmn
JaTs Aot TRt o
(vwgt-amfedw, Slokas 72, 81,and 82.)

Examples of the different Bhitas :—
1. Akésa. This is ubiquitous.

2. Vdyu. Various substances composed of di-
Tanmétric atoms—kinds of Vdyu—must have
been formed in the gaseous envelope, in the
second stage of cosmic evolution, out of the
proto-atoms of Akdsa ; ; but they have either
suffered a fresh transformation into substances
of a more complex atomic structure, or have
dissipated into the mono-Tanmétric Kkésa, out
of which they took their rise. The one familiar
example now surviving is atmospheric air.
Water-vapour (ww) is but water (Ap), and
smoke, fumes, etc., but earth-particles in gaseous
diffusion.

3. Tejas. Various classes of Tejas-corpuscles —
substances with tri-Tanmdtric atomic structure,
t.e. two grades subtler than the ordinary elements
of chemistry (which are of a penta-Tanmatric
structure)—are even now known (W starfpiza

w1 Wt fret wited WAt —wTreg e, TeTw).
First, there is fire, or the light and heat emitted by
the burning log of wood or lamp (wfm-ztwm—itst awm:).
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Now it is important to note that the flame of a burning
log of wood (xam) or of an oil-lamp is not pure Tejas, a
pure mass of light-and-heat corpuscles. There is chemical
union with Earth-particles (particles of the hard penta-
Tanmatric substance) acted on by Energy ; and then the
Tejas-corpuscles, light-and-heat particles which are latent
(absorbed) therein, come forth as flame (wrféatwemia
WY dwe: whaiafr—frratiyg, wreenme, Sutra 110,
Chap. V.). Then there is the light of the sun and the
stars (fewt @t wrfemrfe) which are flaming masses of
molten viscous matters (wgarv=wt Aw: feat Tw gATR—
TerTTw, wiwway) or of molten earthy matters (gavifa
Wity Aatfe wrftrgwegay wafaarfr—frarafioyg, rewnm,
Sutra 13, Chap. ITL.). There is also the lightning, which
liberates 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
(w¥3t). 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 (Fwwrfrsa Rwarfem grdrtat—
famrafiy, wawmmw, Sutra 19, Chap. II1). Aniruddha,
a late Sinkhya commentator, notes in reference to
“igneous bodies” that the greater part of their mass
is derived from the Earth Bhita, though the Tejas
particles determine the peculiar chemical combination
which produces them ; and this must also be his view
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of the composition of the metals (71 wfs (Rwd wR
wfa) wEmniiTEETERaA, wEA weinm — e,
Sutra 112, Chap. V.).

4. Ap. This viscous fluid of a tetra-Tanmatric
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 accretions.

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

The question is,—how does one and the same Bhuta,
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, Energy, and Essence; and a tri-
Tanmdtric or a penta-Tanmétric atom, 7.e. an atom
composed of three or five kinds of Tanmdtras, may
differ from another of the same class in respect of
the number of constituent Tanm4tras of any particular
kind, as also of their collocation or grouping, and
therefore in mass as well as in generic and specific
characters.

The Sankhya-Pétafijala conceives the properties (or
energies) of substances to result from the grouping or
the quanta of the Tanmétras, or the Gunas themselves,
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and hence any radical differences in substances of the
same Bhita class 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, homogeneous ;
and the variety of substances comprehended under
the same Bhita is ascribed merely to the different
arrangements or groupings of the atoms (we) and
not of their components, for components they have
none.

As a typical and familiar instance of the variety
of characteristic properties (or energies) that may result
from variations in accompaniment or grouping, the
Sankhya-Pétaiijala points to the various kinds of fruit
acids and juices, all originating from one and the same
Bhiita (water) with different accretions of earthy matters
(qfrwrc:).  In the same way, though we speak of onmly
five classes of Tanmdtras and atoms, the infinite variety
of the world results from the infinitely varied collo-
cations of the three original Guras which underlie
Tanmitra and atom alike. (wErawat woatsreTaw: dum:
wm‘gftﬁl—wmfit suraT, reporting the Sinkhya

wynfegraay: dwm:  wongfce—raiw, Sutra 44,
Pada III. wong: SRR wgAfeTaeT: T
—uqrewmw, Sutra 44, Pada IV.  svaarafaw viig: wisa
wat—ibid., Sutra 14, Pada III. @t vy wqum? wmam=-
fagwrer st wwlt—ibid., Sutra 14, Pada III.)

WRm—at Twewt ATt wAwEm  wyfe—gEn wre
wfrgmm: afgemm | T nfEfs 328 vacd wiv megfearo
wm  ArfcRE- AR -fae-fatfra-frg s -wfur-wecama
v AEeTTirsagsTTa  frasn, TwdageeeT
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wrt ¢ wifem W wRutw | wheEd
wimfrpUTSRiTgT, TRRTTHIY @ frgveem e |
(srweafr—aitget —on Kadriks 16.)

If we take a unit of rudiment-matter (Bhit4di) for
the unit of mass (¢f. the mass of an electron with a
charge of motion, etc.), and repsesent the first Tanmétra
by t, such units, and if further ts, ty, t, ts units of mass
(Bhitddi) be successively added at each accretion to
form a fresh Tanmétra, then the second, third, fourth,
and fifth Tanmdtras will respectively contain t, + t,,
ti+tetty, ti+te+ts+t, and t,+t;+t;+t,+t; units
of mass.

Also the Viyu-atom (bi-Tanmdtric system) will
contain t; + (t, + tg), #e. 2t, + t, units of mass; the
Tejas-atom (tri-Tanmétric system) will contain t, +
(it t)+(ta+to+1ts), 2e. 3t,+2t,+t; units; the Ap-
atom (tetra-Tanmétric system) t, + (t, + ts) +(t; + ts + t5)
+ (t + ts + tg + t,), ie 4t + 3ty + 2ty + t, units;
and the Earth-atom (penta-Tanmdtric system) t, +
(th+t)+..... +(ty+te+ts+t +t5), ie 5ty + 4ty+ 3ty
+ 2t, + t; units.

If t units of mass be added to the first Tanmatra to
form the atom of Ak4sa, the latter will contain t, + t
units of mass.

In other words, the numbers representing the mass-
units (Tamas) in the different classes of atoms (gross
matter) will form an ascending series, viz. t, +t, 2t, +t,,
3t, + 2ty + t5, 4t + 3ty + 2t + t,, and 5t + 4t; +
3ts + 2t, + t;

Now if a follower of the Sinkhya-Pitaiijala were
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asked to account for differences among Paramdnus of
the same Bhita class, he would perhaps suppose t, to
vary from a, to B, t; from a, to B, ts from a,; to S,
t, from a, to B,, and t; from a; to S

Therefore the mass-units contained in the Vayu-
atoms of the different possible Vidyu substances would
be represented by 2a,+t, 2a,+1+t, 2a,+2+t,
......... 2B,+t, in A. P. with unity as common difference,
there being 2(8,—a,) + 1 possible Viyu substances.

The mass-units contained in the Tejas-atoms of the
different possible Tejas substances would be represented
by the series 3as+2a3+a; 3a;+2a3+a3+1, .........
38,428, + By, increasing in A. P. by unity as common
difference, there being 3(8,—as)+2(Bs—as) +(Bs—as)+ 1
Tejas substances possible.

The mass-units contained in the Ap-atoms of the
different possible Ap substances would form the series
4a,4 303 + 2a3 + a,, 4a, + 3as + 203 + a,+ 1,.........
48, + 3Bs+ 2B+ B,, there being 4(B,—a,) + 3(B: — ;) +
2(Bs—as) +(Bi—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., 5a,+ 4a;+ 3as+2a,+ a5, 5a;+4a;+ 3ag
+2a,+as+1,......... 58, + 48; + 3Bs + 2B, + 5, there
being 5(8, — a,) + 4(B; — as) + 3(Bs — as) + 2(Bi—a,) +
(Bs— as)+ 1 Earth substances possible.

Size (ufmy).—As to size or volume, the Sénkhya
accepts only two kinds—the infinitesimal, which is also
without parts (wg—fcaws), and the non-iufinitesimal,
which consists of parts (weq—wmawx). The latter varies
from the excessively small (the so-called Anus, Tan-
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métras, and Paramdnus) to the indefinitely great
(W—ﬁrg,-—e.g. Akésa).

The Gunas alone are infinitesimal, with the exception
of those ubiquitous ones that evolve into Ak4sa-atoms
and Mind-stuff (wrarsrw, and warwcg); all the rest of
the evolved products (whether subtile or gross matter)
are non-infinitesimal.

Vijiidna-bhikshu notes that all the Gunas (Reals)
cannot be ubiquitous. If this were the case, that
disturbance of equilibrium, that unequal aggregation
with unequal stress and strain with which cosmic
evolution begins, would be impossible. The Gunas,
which give rise to Ak4sa and Mind-stuff, must be held
to be ubiquitous, and this will suffice for the ubiquity
of Prakriti. (7 w wem@ 7juremwss: foRmaTewgs v
TR | WA foAw wguew: | Wit
fryR wfn ey b —dbrarties, Sutra 51,
Pada III.)

Chemical Analysis and Synthesis—Elements and
Compounds.—What, then, is the equivalent in the
Sankhya-Pétaiijala of the distinction between a chemical
element and a chemical 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 answer to
which will disclose some new points of view from
which the ancient Hindu thinkers approached the
problems.

Aggregates (wgzr:) may, in regard to their structure,
be divided into two classes: (1) those of which the
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parts are in intimate union and fusion, being lost in

the whole (wywfegrassr: wgen), and (2) mechanical
aggregates, or collocations of distinct and independent
perts (gaferrawn: wqer:).

A substance is an aggregate of the former kind, and
may be divided into two classes : (1) the Bhitas and
their “isomeric” modifications (qm, gmiz, and ywfewrc),
and (2) chemical compounds (fafgmgm, demmrd).
Chemical compounds, again, may be subdivided into
two classes: (1) those composed of atoms of the same
Bhiita class, i.e. of different isomeric modifications of
the same Bhiuta, and (2) those composed of atoms
of different Bhita classes. In the first case, there
is contact between “isomeric” atoms (wsTatu-d@m),
in the second case between heterogeneous atoms
(Pewratg-#n).  The first contact leads to intimate union
(vw:,—egrer: = dimfagw: A Fort e wafe—
frgrafiy, wawswmw) @ the isomeric atoms by a peculiar
liberation of Energy (@wmtdrawni—the action of similars
on similars) are -attracted towards one another, and
being riveted, as it were, form the so-called material
cause (surgrrarcw) of the compound product. The
second kind of contact (that between unlike atoms
"of heterogeneous Bhitas) begins with a liberation of
Energy (sqemt), which breaks up each of the Bhitas;
and taking particles (or atoms) of one as nuclei or
radicles, groups particles of the rest round these radicles
in & comparatively free or unattached condition. In
this case, one Bhiita, that which serves to furnish the
radicles, not necessarily that which is numerically or
quantitatively predominant, gets the name of material

E
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cause (surgrwwrcw), and the others, which by their
collocation cause the liberation of Energy (sawwi, wawss,
or fywni), are called efficient causes (ffrwarcs)—
(riwueRmm wAd wifem e afcameT
wraf—arweatn, et on Kdriks 16). The illustrations
given (viz. the Rasas as modifications of Ap, water,
with Earth-accretions) show that this process applies
not only to the Gunas, but also to the Bhitas. (wwr
on Kirikd 17. wx wft (Rwd woR wiy)
weRim, WA W wyninm —efaex on Sutra 112, Chap. V.
TR e i | —frarafing, rewea 1)
Aniruddha goes so far as to hold that both ¢ isomeric ”
and “heterogenic” combinations are real cases of consti-
tutive contact. (wrtemddm, e.g. WHraATAETCREAR —
wfrgx on Sutra 113, Chap. V.). But in the later
Sdnkhya-Patafijala the current teaching denied this—

wgrmuerrn (Sutra 102, Chap. V.), where fanrafirg
notes—wgat firwamatarat wiargrar 7 gty st
W regrag e !

But besides these transformations of substance
(zarwc-afgm) 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. (VAPWITTQIIFYTET: ¥ FWTATE—IGT THT AT
WrTd wh THETA W, TEREWTE, 7T VwAsty @ A e
ghem w wa Sfr—7fefrarsty Tt et e —areom,

Sutra 13, Pada IIL.)
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‘“ Even as the same figure ‘1’ stands for a hundred
in the place of hundred, for ten in the place of ten, and
for a unit in the place of unit.”*

Now the question is—in these mixed substances
does the fusion take place by Paraménus 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-

+ This conclusively proves that the decimal notation was familiar
to the Hindus when the Vysisa-Bhashya was written, i.e. centuries
before the first appearance of the notation in the writings of the
Arabs or the Greco-Syrian intermediaries. Véchaspati, who com-
ments on the Vyésa-Bhéshya, composed his Nysya-Sachi-Nibandha
in TEFAGIN, t.e. Samvat 898 or 842 a.p. This cannot be
Baka 898, for apart from the decisive use of ¥&wYT, which by this
time had come to signify the Samvat era, Vichaspati’s commentator,
Udayana, wrote the Lakshanavalf in Saka 906—

AR MAY wwTw: |
Wgaeh gawt gwwadt

and Udayana, who wrote the Parisuddhi on the Tatparyyatiks of
Viéchaspati, could not have been a contemporary of the latter, as
will also appear from the invocation to Sarasvati in the opening
lines of the Parisuddhi. Véachaspati, then, preceded Udayana by
142 years, and must have been himself preceded by the author of
the Vyasa-Bhishya by a longer interval still, for Véchaspati
ascribes the Bhéshya to Veda Vysisa himself (¥gamgw wifed wrly
wTyT faurew®). The internal evidence also points to the oon-
clusion that the Bhéshya cannot have been composed later than
the sixth century—cf. the quotations from Pafichasikha, Var-
shaganya, and the Shashthi-Tantra-Sistra, without a single
reference to lsvara-Krishna—which is decisive. I may add that
I remember to have come across passages of a similar import in
Buddhist and other writings of a still earlier date.

E 2
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fore not indivisible. It is subject to disintegration.
In a Bhita or its isomeric modification, the Paramdnu,
the smallest homogeneous component particle, is un-
mixed, and therefore corresponds to the atom of modern
chemistry. In a mixed substance (fafgmym, demgmrd),
whether it be an ¢ isomeric” or a heterogenic compound,
the qualities are due to the mixture, and therefore its
Paramdnu (usually called Arambhaka Paramdinu), the
smallest homogeneous particle possessing its charac-
teristic qualities, must result from the mixture of the
Paramdnus (in smaller or larger numbers as the case may
be) of the component substances. In the Siankhya view,
then, the Paraminu of a mixed substance (Arambhaka
Paramdnu) corresponds to what we now call molecule.
(wontvd+ 3ot vongicfir—wrome | gy e wfnmgemaw
TfewaT weAATOrR Wi W @ weRkqdArTy Yt
wmedyret—Sutra 52, Pada III amgfram 7 fadmst
gfertvomy:  werongianfrareeg  sfrmetat  wowdamen-
fimridy | —frrafiny, wremmw, Sutra 88, Chap. V)
That the Paramdnus may form binary molecules
(args) in forming substances, is acknowledged by the
Sankhyas, as will appear from Gaudapida: war
wRrTeary g | (e, on Karikd 12).  Even
the Vaiseshikas, with their prejudice against * poly-
Bhautic” or “ heterogenic” combination, acknowledge
that in “ poly-Bhautic ” compounds the different Bhita
substances unite by their Paraménus (or atoms), though
they rigidly insist that in such cases only one atom
should be regarded as the “radicle” (sarevr or gmrws
arcw) and the others as co-efficient causes (fafrwarcg—

Torers, cg. mywTT—ed Ty WG TERy -
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(wyrerarewrg—where Sridhara notes wif@ar wawar sqewET:
and Udayana Rwrerat womgat wittgafeds  www
fecwraat frafet).

It was only in the medisval Sdnkhya-Pitanjala
that under the influence of the Nydya-Vaiseshika
doctrine a radical difference was conceived to exist
between the structure (or constitution) of a molecule
composed of “isomeric” atoms, and that of one com-
posed of heterogeneous atoms. In the former case
there was believed to take place intimate union (=),
in the latter case only a grouping of comparatively
free or loosely attached atoms round a radicle atom
(wew) with liberation of Energy (swesy, wawmi, or
fawnt) and the setting up of unequal stress and strain
(Todwmafen—§wcaw). At the same time it was of
course admitted that this distinction does not apply
to the forms of subtile matter (Tanmitra—guwmm)
which could unite in intimate fusion, whether homo-
geneous or heterogeneous. For example, the subtile
body (gewxit) which is supposed to be the seat or
vehicle of the conscious principle is acknowledged by
Vijiidna-bhikshu to be penta-Bhautic (wspmers); in
other words, all the five Tanmdtras serve as material
causes, though the gross body (the animal organism)
is stated to be only a “heterogenic” compound with
the Earth Bhiita as radicle or base. (wfreraymit w g=t
Teed  TER | TTTaTE T mawd fegrrrtae
—wgwawmw, Sutras 11 and 12, Chap. III. wmweit
wiffais wanfy w awfa sowsmwrfa—ibid., Sutra 19,
Chap. III.)
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But in the original Sdnkhya-Pétaiijala it appears
that the production of a new substance by mixture of
unlike Bhitas (fewmatqdain) was conceded as freely as
in the Ved4nta, and was conceived as in nowise differing
from the formation of a compound of atoms of the
same Bhita 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 distinction between collocations of
‘“isomeric” and those of heterogeneous atoms. At
bottom they are all collocations of the Gunas. Even
Vijtidna-bhikshu, who, as one of the latest expounders
of the Sinkhya-Pétaiijala, has been most affected by
the Vaiseshika prejudice against *“ poly-Bhautic ” com-
bination (fewmatwdd), urges that the qualities of a
compound substance are not necessarily the result of
similar qualities in the component elements. (wwrat-
TRy wrdgreeEm g g At (arflwrat) wi w fram: 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 difficulty to a follower of the Sankhya-P4taiijala.
(mfrergde weTEwSIvAT, IUTERENTR ®i wART el
T TRTYAUEA wvd Arfe—wrwar, Sutra 32, Chap. I1.)
In the middle of the ninth century we find Véchaspati
instancing some “ heterogenic” or “poly-Bhautic"”
compositions as typical examples of evolutionary change
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(afcwm) and unhesitatingly accepting the substantive
character of the products. In the Kaumudi he describes
the various acids and juices of fruits as modifications
of the same original water in the presence of different
kinds of earthy accretions. 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-Bhiita
centering round this as a nucleus become the seat of
forces, which bring in the development of new
energies (and new qualities, e.g. tastes) in the water.
(w1 wfczfegs ok TwTEwiy TWNREAATOR_ WETE ATTCRS-
fraad 1 gfr TRwgERET WWME wifem  wRNTATRT
wfcgrmier st (—atyet on Karikd 16.) Véchaspati
also points out that different substances may be trans-
formed into one and the same substance (e.g. 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 candle by
the combination of wick, oil, and fire). (vfrRadt wgAmia
Tw: g qe: | wewwr mrew-afemgrat gt
TagTTRTTTIw: v, Tftdervert W weitu g —
meRwree on wrawrw, Pada IV., Sutra 14.)

Earlier still, i.e. not later than the sixth century,
the Vyédsa-Bhdshya, noting that inorganic matter,
vegetable substances, and animal substances do not
differ from one another essentially in respect of their
potential energies and ultimate constituents, points
out that various bi-Bhautic 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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(vt wicard Tofedwed wmy qew).  In other
words, bi-Bhautic compounds are here placed in the

same category as compounds of substances of the
same Bhita class, for here the particles of both the
Bhiitas are regarded as forming the matter (material
cause—3qrerAaTcw) 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 earlier Sainkhyas, that atoms of
different Bhitas may chemically combine to form
molecules of compound substances as much as atoms
of different modes of the same Bhiita, comes out clearly
in Utpala’s brief reference to the Sénkhya system in
his commentary on Vardhamihira’s Vrihat Samhitd.
(ow: Tow: [warew] wewennfa w1 e wcfoet
waufe | aw qwwepentay wafe—Utpala, Chap. L,
Sloka 7.)

CHEMISTRY IN THE MEDICAL SCHOOLS OF ANCIENT
IxDIA.

As a matter of fact, long before the fifth century,
probably as early as the first century A.p., the pre-
vailing schools of medicine and surgery which were
based on the Sinkhya teaching with a methodology
derived from the Nyiya-Vaiseshika doctrine (¢f. Charaka,
Sarirasthina, Chap. I.; Vimanasthéna, Chap. VIIL ; also
Susruta, Sirirasthana, Chap. I.) had founded an elaborate
theory of inorganic aud organic compounds, which
equally admitted iso-Bhautic and hetero-Bhautic com-
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binations. Like the Veddntists, Charaka held that
each 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, z.e.considered
with reference to the Mah4bhitas, all substances in
their chemical constitution belong to one or other of
the following classes: mono-Bhautic, bi-Bhautic, tri-
Bhautic, tetra-Bhautic, and penta-Bhautic. Compounds
of different Bhiitas, again, may combine to form more
complex substances, and these in their turn higher
compounds still, and so on in progressive transformation,
as is more specially the case with organic substances
and products.

Physical Characters of the Bhitas.—The prevailing
physical characters of the different Bhitas and their
isomeric modes are enumerated as follows :—

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

Ap substances:  Liquid, viscous, cold, soft,
slippery, fluid, exciting the
sense of taste.

Tejas substances : Hot, penetrative, subtle, light,
dry, clear, rarefied, and
luminous.

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

Ak4sa substances : Imponderable (or light), rarefied,
elastic, capable of sound
(vibrations).
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TeNTHfsAR T TawTaTE- W TagvEeTth wifturfa ga-
WWMW warf | Sen WS-
YewfrETITyeTn WAt | syRtTeRwc qeede-
IO A | A CRIHZ[ONEST H WIRTRTRET T
Charaka, sai.rirasthéna Chap. XXVI. ; compare Susruta,
Sttrasthana, Chap. XLI.

Charaka points out that the primary qualities or
specific physical characters of the five Bhiitas are tactile
qualities, ¢.e. sensible to touch, e.g. hardness (or rough-
ness) for Earth, liquidity (or yielding to pressure) for
Ap, impelling or moving force (pressure) for Viyu, heat
for Tejas, and vacuum (non-resistance, penetrability)
for Akasa.

wCTAR R ST ATET

wraTgTA eS¢ feR T |

Twd iRt At |

(Charaka, Sarirasthéna, Chap. L)

(Cf. the elaborate enumeration of physical characters
quoted in Vijiidna-bhikshu, Yoga-Vartika, Sutra 42,
Pada I.; also Varavara’s commentary on Tattva-traya,
Achit-prakarana.)

The Mahdbhitas—Mechanical Miztures.—Susruta
notes that each of the gross Bhiutas (Mahdbhiitas) is
found mixed up with the other Bhitas—e.g., the Mahs-
bhitta Ak4sa is the receptacle (or vehicle) of air, heat-
and-light, and water vapour; the Mahdbhita Vayu, 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. (witssrgnfyera M Fﬂfiﬁ‘l(—Susruta

Sarirasthéna, Chap. I. wR ya: warer wrwwd | wraTs
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TrA-gEa-narty | A AMSAt wcfe wgwfre |ty
wrfeesy Awfe | AWy wrAtaafs +—Dalvana on Susruta,
loc. cit.)

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,
Sutrasthdna, Chap. I.; ¢f. also Susruta, Stutrasthédna,

Chap. . wiféar: gricrmfogwma:fremreTer: | griw
T wftErifaa TeRafraded redghin | gN Wi
FeefaamureiegTaiteacargamtat — Dalvana  on
Susruta, loc. cit.) :

The salts include common salt, saltpetre, ete. Susruta
mentions the alkalis, borax, natron, Yavakshéra (carbonate
of potash), etc. The Audbhida salt, an inflorescence of
the soil, stands for rek (Witfird tyreed Tmmt e

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

Origin of precious stones.—Some hazarded the guess
that the precious stones are rocks (or earths) meta-
morphosed by natural process in the course of ages
(Varshamihira—=fax  ¥a: =mam e wrpege@m |
Utpala notes—tweud wmwm: T 1).
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Ap substances, simple and compound :—

Susruta, following Charaka, enumerates various
classes of Ap substances (gagm) as follows: waters,
acids, milks, curds, butters, oils (vegetable as well
as animal), fats, honeys, molasses, alcoholic liquors,
urines, ete.

Pure Ap (Mahdbhita) is tasteless, and the six tastes
are developed when the Mahdbhita Ap enters into
combination, mechanical or chemical, with other Mah4-
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, etc. Such is the case with
mechanical mixtures. In the case of bi-Bhautic or tri-
Bhautic compounds Charaka mentions that substances
with Mahdbhita Ap predominating in their composition
taste sweet; with Mahdbhitas Earth and Tejas pre-
dominating, acid; with Mahdbhitas Ap and Tejas
predominating, salt ; with Mahdbhitas Viyu and Tejas
predominating, pungent; with Mahdbhitas Viyu and
Akisa predominating, bitter; and with Mahdbhitas
Véyu and Earth predominating, astringent. (Charaka,
Sttrasthdna, Chap. XXVL ; ¢f. Susruta, Sitrasthdna,
Chap. XLII.)

In fact, with the exception of Susruta’s waters,
which are mechanical mixtures, or rather solutions, all
these Ap substances are organic products, and, as such,
penta-Bhautic, 7.e. compounded of all the five Mah4-
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bhitas, and the particular * taste” which is developed
depends on the relative proportion of the Mah4ibhitas
and the predominance of one or more of them in the
penta-Bhautic compound in question.

Qualities of Compounds.—The isomeric modes of
each Mahsabhta have specific colours, tastes, etc., due to
their structure, i.e. the arrangement of their atoms, and
the physico-chemical characters of compounds, whether
of the same or of different Mah4dbhitas, result from the
collocation in unequal proportion of the different forces
latent in the atoms of the component substances.
Charaka adds that the varied forms (textures) and
colours of organic substances, whether vegetable or
animal, are derived in the same way. (ewdawt wamat
wgeaa Wﬁi‘?ﬁiﬂ HERATATR | qwTATTNE ETacwypErat
AT afagar: |

Susruta ignores Charaka’s distinction between
Mahébhita and subtile Bhita, and views every sub-
stance 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.
(Pt garamgrat wgerary Fanfufadfe: sl whooss
wafr @ @il g wiat @ dwd @ Ao @ wrwietatate
——8usruta, Sitrasthina, Chap. XLI.)

The Extant Charaka and Susruta—Succession of
Medical Authorities.—The extant Charaka and Susruta,
the sources of our present information regarding the
progress of scientific knowledge in the medical schools
of ancient India, are both redactions of original
authorities. The extant Charaka is a redaction by
Dridhabala of the genuine Charaka Samhit4, which was
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itself a redaction by Charaka of the original work of
Agnivesa, the disciple of Atreya Punarvasu as dis-
tinguished from Krishnitreya and Bhikshu Atreya,
also well-known medical authorities. The extant
Susruta is a redaction by Négédrjuna of an original
work (Vriddha Susruta) by Susruta, the disciple of
Dhanvantari. That Charaka preceded Susruta is
almost certain. Ndgérjuna was probably earlier than
Dridhabala. At any rate, Dridhabala imported into
Charaka much of the surgical knowledge which had till
then been the traditional heritage of the Susruta
school. And in the matter of the surgical treatment of
certain diseases, the genuine Dridhabala is often as
advanced as Susruta’s redacteur himself. The latter
was probably identical with the alchemist Négirjuna
(Siddha N4gérjuna), the metallurgist Ndgarjuna (author
of a treatise on metallurgy, Lohasdstra), and the
Buddhist Négédrjuna, author of the Médhyamika-
sutravritti. Charaka and Susruta continued to receive
additions after Dridhabala and Négirjuna, and even
after Végbhata, but the whole of the extant Charaka is
probably much earlier than the commentator Chakrapéni,
and the whole of the extant Susruta earlier than
Dalvana, the commentator, and Mddhava, the author of
Rugvinischaya. The extracts in Végbhata make it
certain that the passages I have quoted or shall quote
from the Sttrasthdna and Sirirasthéna of Charaka and
Susruta cannot be later than the sixth century of the
Christian era.

Preparation of Chemical Compounds. —The know-
ledge of chemical compounds and of their preparation
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continued to make progress in the Charaka and Susrata
schools. ~The great metallurgist, Pataiijali, in his
treatise on Metallurgy (Svewr®), gave elaborate directions
for many metallurgic and chemical processes, especially
the preparation of the metallic salts, alloys, and amal-
gams, and the extraction, purification, 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
Pataiijali's magnum opus appears to have been lost, but
extracts from it are frequently found in medizeval works
on Medicine and Rasiyana which leave no doubt as to
its remarkable scientific value. The metallurgist Ndgar-
juna advanced the knowledge of chemical compounds
by his preparations of mercury. The Harshacharita, in
the seventh century, relates a fable concerning this
Négérjuna, and speaks of him as a friend and contem-
porary of Sitavéhana. The relative priority of Pataii-
jali and Négdrjuna is a vexed question in the history
of metallurgy. That Négdrjuna's Lohasistra was earlier
than the final redaction of Pataijali will appear from
the following circumstances :—(1) Chakradatta in his
summary of Négérjuna mentions that the chemical
process of testing pure iron must be repeated twice
before it can be regarded as decisive, whereas Sivaddsa
Sen’s extract from Patafijali shows that the latter
directed the process to be repeated seven times;
(2) Patafijali in the Abhraka-vidhi (mica operation)
adds mercury, which in this particular operation is
wanting in Négérjuna's recipe (¢f. Chakradatta, and
Pataiijali as reported in the Yogaratnikara-samuch-
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chaya); and (3) N4gdrjuna is quoted in the earlier
compilations, Patafijali in the later.

Chemical Industries.—Early in the sixth century,
Vardhamihira 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. (WreTrEHTRNifEERimY m AR TTAY
witwgargwarrgt o Chapter LV, ibid.) Vardhamihira also
alludes to the experts in machinery (wwrfwg:, Twwr:)
and the professional experts in the composition of dyes
and cosmetics (trml'll'gfcfﬂ Ch. XVIL, also Ch. XV.). I
would also refer to the interesting chapter on Perfumery
(Ch. LXXVI.) where Vardhamihira gives various recipes
for artificial imitations of natural flower-scents, as of the
essence of Vakula, Utpala, Champaka, Atimuktaka, etec.,
arranges compound scents in a sort of scale according
to the proportions of certain ground essences used in
their preparation, and determines by the mathematical
calculus of combination (FYewwart) 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 an 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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natural dyes like Maifijishthd with alum (gt #fww
wefamt) and other chemicals (e.g. sulphate of iron)
also cow-dung (¢f. the “ cow-dung substitute,” Roscoe) ;
(2) the extraction of the principle of indigotin from
the indigo plant by a process which, however crude, is
essentially an anticipation of modern chemical methods ;
and (3) the tempering of steel in a manner worthy of
advanced metallurgy, a process to which the mediseval
world owed its Damascus swords. It was this applied
chemistry much more than handicraft skill which gave
India her premier position in the Middle Ages and
earlier (indeed from Pliny to Tavernier) in exports
and manufactures ; for in handicraft skill, as in
design and workmanship, great as were her merits,
India came to be surpassed by her disciples China and
Japan.

The Vésavadatt4 and the Dasakumdra Charita in
the sixth century allude to the preparation of a mass of
fixed or coagulated mercury (wrzfewmzy w@Fwmmier—
FreaEwT); a chemical powder, the inhalation of which
would bring on deep sleep or stupor (Wred—zggarTefan) ;
a chemically prepared stick or wick for producing light
without fire (dwrafiar—ewywrewfer); and a powder
which, like anssthetic drugs or curare, paralyses sensory
and motor organs’' (WwrTwdfry YPETTTM—TTETEN—
vifggasifeamgt—Darpana). Vrinda (circa 950 A.D.)
notices the preparation of sulphide of mercury (vawawd),

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

F
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composed of one part of sulphur and half its weight of
mercury ; and also of cuprous sulphide (w¥fzar@). Cha-
krapéni (circa 1050 A.D.) mentions the preparation of
the black sulphide of mercury “by taking equal parts
of mercury and sulphur.”

The Rasirnava (circa 1200 A.p.) notices the colours
of metallic flames, probably after Patafijali—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-Bhautic
substance.

The Rasaratna-samuchchaya divides the mineral
kingdom (Earth substances, simple and compound) into
the following classes: (1) The eight Rasas: mica,
pyrites, bitumen, blue vitriol, calamine, ete. (2) The
eight Uparasas (useful in operations of mercury):
sulphur, red ochre, green vitriol, alum, orpiment, realgar,
collyrium, and medicinal earth, to which may be
added the eight S4dhdrana Rasas, sal-ammoniac, cowrie,
cinnabar, rock vermilion, etc. (3) The gems diamond,
emerald, sapphire, cat’s-eye, sun-stone, moon-stone,
pearl, etc. (4) The metals gold, silver, iron, copper,
lead, tin, and the alloys brass and bell-metal. Other
Earth substances are six salts, three alkalis, mineral
earths, and several poisons.

Chemical Compositions and Decompositions—Metal-
lurgic Processes.—In these writings®' we frequently

! From Pataiijali's and Négérjuna's Lohasistra (circa 300-500
A.D. %) downwards—(practically everything material in the enu-
meration that follows was discovered by the end of the sixth

century A.D.).
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come across instances of chemical composition and
decomposition by processes, more or less crude, of
calcination, distillation, sublimation, steaming, fixa-
tion, etc. (weitaxw, wwurrw, wdurrw, WEw, WA, ete.),
e.g. the preparation of perchloride of mercury by taking
common salt and mercury (T@sft—wrE® wWaTEEG
wfgararc:) ; of sulphide of mercury (fege) by taking
sulphur and mercury; of Sindira from lead (fawgt
amenraq—Amarakosha, sixth century A.p.); of the
medicinal compounds Svarnasindira and Rasasindira
with mercury, sulphur, and gold, where gold may have
been fancied to influence the resulting compound in
some mysterious way, either as a “ dynamic” or as a
catalytic ; also the extraction by chemical decomposi-
tion of mercury from sulphide of mercury (fews); of
copper from sulphate of copper (g7, wew®) by heating
this substance with one-fourth of its weight of
borax (Rasaratna-samuchchaya,—cf. Bhdvaprakisa, grd
g wrerquTy fafan mew wwafr); of zine (wEmy, wag) from
calamine (v@%) ; of copper from pyrites (wfa®, faw), etc.
(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 described are—extraction, puri-
fication, killing (formation of oxides, chlorides, and
oxy-chlorides for the most part), calcination, incinera-
tion, powdering, solution, distillation, precipitation,
rinsing (or washing), drying, steaming, melting, casting,
filing, ete., to all which each of the known minerals
F 2
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was successfully subjected by the use of apparatus and
reagents and the application of heat in different
measures (WTur®, mawars, and gEure)—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 (aqua regia, sulphuric acid, hydro-
chloric acid, etc.), virtually accomplished the practical
ends kept in view. To these were added several
special processes for mercury (e.g. fixation), bringing
up the number of mercurial operations to nineteen.

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-
composition of metallic salts, etc., and the extraction
and purification of metals.

Organic Compounds.—Organic compounds are either
vegetable or animal substances (wmat wim ww). The
molasses, the fermented liquors, the saps and juices of
plants, fruit acids, vegetable ashes and alkalis, together
with the tissues of plants, are vegetable compounds
(witfwz, wmmex yx). Honey, milk, curd, butter, fat, bile,
urine, and other excreta, together with the organs and
tissues of animals, are animal substances. Charaka
notices vegetable as well as animal oils. The viscous
(oily) substances are classed under four heads—butters,
oils, fats, and marrows (af%@d T&r wwr W& Frwghiv:).
Salt may be either mineral or vegetable salt.
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“Susruta divides poisons into two classes—vegetable
and animal, but several poisons expressly termed mineral
poisons (wrgfaw) are included in the first class.

All organic substances, whether animal or vegetable,
are penta-Bhautic, being compounded of greater or less
proportions of the five Mahdbhutas.

Taking the human 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 added by the transformation of the
nutritive material ; and finally, four kinds of subtile
matter, which together form the vehicle of the conscious
principle. As to the four organic substances which
compose the sperm-cell, or the other four which compose
the germ-cell, it is not clear whether in Charaka’s view
they are also in their turn compounded of less complex
organic substances, or whether their constituent elements
are inorganic penta-Bhautic compounds.

The tissues that appear in the course of develop-
ment of the feetus are further transformations (higher
compounds) of these foetal substances. All the com-
ponent substances of the body are penta-Bhautic com-
pounds, though sometimes they are assigned to the
particular Bhitas which predominate in their composi-
tion, e.g. bile to Tejas, lymph, chyle, blood, fat, urine,
sweat, and other secretions to Ap, and skin, flesh, bones,
nails, etc., to Earth. (g# srafrepaprouesy i—vta
warfe wpfdnfa smfa amfogesmfa wreewfa ety
¥ ¢t seq—Charaka, Sérirasthéna, Chap. II., vide also
Charaka, S4rirasthéna, Chap. VIL, ¢f. Gangddhara’s
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Jalpakalpataru. fud gatd it yChronrERwINTTORTAPTRT-
Twe Amawt whwE anEgl dmTe goeEER -
Tyyrfaancfoge:) R g aweenwiaamcagramas - Cf.
Charaka, Sérirasthdna, Chap. IV., wywmasfa we
wEnIwfTwT: 1)

Formation of Molecular Qualities in Chemical Com-
pounds.—The Charaka school, which we have seen was
an offshoot of the Sinkhya (cf. Charaka, Vim4dnasthna,
Chap. VIIL, gur =tfem: wwrgs: ao wtergwd nargsfate),
supplemented the above account of inorganic and
organic compounds with a characteristically Sdnkhya
explanation of the formation of molecular qualities by
chemical combination. In Charaka’s view, the colours,
tastes, etc., of the molecules of chemical compounds
result from the collocation in unequal proportion and
unstable equilibrium of the different forces latent in
the atoms (Paraminus) themselves. (egwawt warat
AU SATAATIEAT, REnATAt | AT gt
Araredratatagar: 1—Charaka. )

Chemistry of Colours.—As an interesting example
of the way in which a follower of Charaka would
account for the colours of chemical compounds, I may
note the explanation given by the late Gangidhara
Kavirdja Kaviratna in the Jalpakalpataru, a com-
mentary on the Charaka-Samhit4, published at Calcutta
in 1869, premising that the Kavirdja's view is pure and
genuine Charaka doctrine. Gangédhara begins with a
simple 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 conjunc-
tion or opposition, as the case may be, of the atomic
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tendencies. ~When, for example, the five Bhiitas
combine to produce an organic compound (the human
body), Tejas, Ap, and Earth tend to produce red, white,
and black respectively, but in 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 note here is
that the molecule forms a fresh collocation, redistributes
the Mass and Energy, 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
curious but complete theory of the colours of chemical
compounds.

The colours (and other qualities) of a simple sub-
stance (an isomeric mode of any Bhuta) are the result
of the potencies lodged in that particular collocation
of Mass, Energy, and Essence. Now when two such
substances unite, their colours, etc., tend to be pro-
duced, but the combination brings on a fresh distribu-
tion of Energy, Mass, and Essence, and the forces 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
collyrium by mixing equal parts of sulphur and mercury
(the black sulphide of mercury) we find the resulting
compound black. To explain this it has to be remem-
bered that each of the substances (sulphur and mercury)
contains Sattva (Essence), 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 becomes intensive
(nwtww), 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 heat, we combine
mercury and sulphur to produce the red sulphide of
mercury, the resulting colour is explained by the fact
that in this new collocation the Rajas (Energy)—
probably of the mercury, though Gangédhara does not
specify—becomes intensive (wtww), 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, z.e. whenever a new colour is
produced in the compound, it is to be explained by
the dominance of Tamas, Rajas, 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 mercury and the white of the calcined tin); in
the same way, in a mechanical aggregate, as in a
piece of cloth, the colour is white where the threads
are white.

meTaTew  giewrfrmmEnEn TR Wy wawmty
Tafrgwfrd wromTan wrroand wrafawmtd Wi arcent
Iy wegafrat utd Baw gafey o Fafe @ o
it efagd wrom | T@ T W wwet-
YrEN qrew: ga' W WIOWRY: TwEYIT: qHmT-
Y TR imum fadfir nad 1 iy W

w&t T feye mnwmmm TR afge
T tlﬁ'ﬂ'ga"ﬂﬁﬂ gt TwmtraY gEwt T
. warrt wrd Y w nw | oefae-

et w wingwan gfr | ot t&wm fed whirgzmy
W TR | WY Wiy T fegenprenaa
" YerTaRT e wafe wTET, 7 W T fopw M
wprerat Whuwet wamiy Tuw | vt yagefafdmore wheemT
(Jalpakalpataru, Sitrasthina of Charaka, pp. 198-200 ;
edition published by Bhubanachandra Basik, Calcutta,
Samvédaratndkara Press, Samvat 1925.) This is
quite in a line with Charaka’s explanation of the
tastes of chemical compounds which has been already
noticed.
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Parindma-vida versus Arambha-vida.—Charaka’s
view of the formation of a new quality or a new
substance is based on the Sankhya teaching as to the
conservation and transformation of Energy, and brings
chemical synthesis in a line with evolutionary change
(afcgm).  On this view, a new substance may arise by
spontaneous 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 continual changes are going on by
spontaneous disintegration and recombination. Opposed
to this evolutional view of chemical synthesis is the
Nyéya-Vaiseshika doctrine of Arambha-véda, according
to which no change of substance or quality, no effect, in
short, can take place except by the action of one
component element (substance or quality) on another.
A binary molecule, for example, cannot possess any
“gpecific quality” (faswq@) of a kind not represented
in each of the two component atoms. In the cosmic
process no atom can exist free and uncombined with
another atom, and every ‘“specific quality” in a
substance can be ultimately analysed into the union of
two “specific qualities” of the same class in two
ultimate particles which cannot be further divided. A
single colour, smell, or taste in a single particle, until it
can link itself on to another specific quality of its own
class in a second particle, cannot characterise any
substance formed by the union of these particles as
material causes. Hence an Earth-atom cannot unite
with an Ap-atom 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 Véyu would be smell-less, colourless, and
tasteless, and so on. The Nydya-Vaiseshika does not
deny that there may be compounds of different Bhiitas,
nor does it deny the causal operation of specific qualities
as efficient or energising (dynamic) causes (Iuews,
fafawwrcw), but it refuses to place these compounds on
the same footing as compounds of isomeric modes of
the same Bhuta; and it accepts the * material”
causality in such cases of only one of the Bhitas,
regarding the others as co-efficients (fafrwarcy).

The earlier Sédnkhyas including the medical schools
of ancient India brushed all this aside as a distinction
without a difference. The Vedé4ntists, as we shall
presently see, flouted this doctrine of Arambha-véda.
The Jainas, in opposing this Vaiseshika view of atomic
combination, hit upon a solution of the problem of
chemical affinity. Others, again, found out a via
media. They held, as we learn from the reports of
Udyotakara in the Nydya-virtika, and of Véchaspati
Misra in the Tatparyyatikd, that a molecule of the
structure 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 molecule 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 compound, the upholders
of this view would suppose a molecule of the type E,A
(i.e. two atoms of Earth and one of Ap) to explain
any bi-Bhautic compound of Earth and Ap (like the
plant saps and fruit juices) which exhibits smell in
addition to the peculiarities of colour and taste. Cf.
Véchaspati’s comment on Udyotakara’s refutation of
this view :—

wanfirafa: | giowmauong ameRd ggweEie T
TTCEEHTRA TTTHER WG TRTwrTTERT | Tt ariry-
TN TNW TEAA WATREATR AT wfreergrd ee
TeetrwETy: $ff wuAmTHwA et gfr avent
TETEA WA SATTHIRATA, | QY W GTATY: 7 WTRRTOR |

Measures of Time and Space—Size of Atoms.—The
Siddhanta-Siromani gives the following measures of
Time :—
30 Kshanas (ww) = 1 day, 30 Kashthis = 1 Kals,

2 Ghatikds = 1 Kshana, 18 Nimeshas = 1 K4shtA4,
30 Kalds = 1 Ghatik4, 30 Tatparas = 1 Nimesha,
and 100 Trutis = 1 Tatpara.

This makes a Trufi of time equal to 33}y of a
second, which is nearly the measure of the Paramdnu of
time as given in the Vishnu Purdna (vide Bhéskara’s
Siddhénta—S'iromani—m) .

The above 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 Kiranavali
and Sridhara’s N yaya-Kandali :—

30 Muhurtas = 1 day (24 hours),
30 Kalds = 1 Muhiirta, 2 Lavas =1 Nimesha,
30 Kdshthds = 1 Kal4, 2 Kshanas = 1 Lava.
18 Nimeshas = 1 K4shtA4,

wuEd 3T 1w friva TRy,
wrrryfARaTE W gy A WS

ftwaeT gk " Myt w7 )
(Udayana, Kirandvali.)

This makes 1 Kshana of the Nydya-Vaiseshika equal
to 2 of a second. The Nydya assumes that the unit
of physical change (or the time occupied by any single
antecedent step in a causal series before the succeeding
step is ushered in) is equal to a Kshana (or & of a
second). The astronomers were familiar with far smaller
measures of time. The astronomical Truti of time
measures about the thirty-four-thousandth part of a
second. This is of special value in determining the
exact character of Bhdskara’s claim to be regarded as
the precursor of Newton in the discovery of the principle
of the Differential Calculus, as well as in its application
to astronomical problems and computations. This claim,
as I proceed to show, is absolutely established; it is
indeed far stronger than Archimedes’ to the conception
of a rudimentary process of Integration. Bhdskara, in
computing the *“ instantaneous motion” (warfswt =fw)
of a planet, compares its successive positions, and regards
its motion as constant during the interval (which of
course cannot be greater than a Truti of time, though
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it may be indefinitely less). This T4tkélika motion is
no other than the differential of the planet’s longitude,
and Bdpudeva S4stri claims that both the conception of
the instantaneous motion and the method of determining
it plainly show that Bhdskara was acquainted with the
principle of the Differential Calculus. On the data
before him, Mr. Spottiswoode remarks that Bipudeva
Sistri “overstates the case.” Bhaskara *makes no
allusion to one of the most essential features of the
Differential Calculus, 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 mathematical
astronomy ” (viz., the determination of the differential
of the planet’s longitude—by 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
Bhéskara (circa 1150 A.D.—born 1114 A.p.). Mr. Spottis-
woode’s second objection, that Bhéskara does not specifi-
cally state that the method of the Calculus is only
approximative, cannot be taken seriously. The con-
ception of limit and the computation of errors came
late in the history of the Calculi of Fluxions and
Infinitesimals. For the rest, Bhiskara introduces his
computation expressly as a “correction” of Brahma-

~
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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.; Vishnu, Chap. IV.; and Yijiiavalkya,
Chap. L.).

A Msshd of gold therefore would weigh 6% grains ;
a Tol4, 105 grains (in current practice it weighs nearly
double, as I have stated); and a Pala, 420 grains
Troy.

The measures for silver were the following:—
1 silver Mdsh4 = 2 Krishnalas, 1 Dharana = 16 silver
Mishds, and 1 Pala = 10 Dharanas. A Pala of silver
would therefore weigh 320 Krishnalas. In other words,
the Pala 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
Tolé) of gold corresponds roughly to a Dharana of
silver, and a gold Mdshd to a silver Mdsh4, but the
gizes (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 ggyy of a grain Troy, or double this
according to current measures.

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

a
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morning (or afternoon) sun coming into a dark room
through a chink or orifice of a window. This is a
measure of size (or rather stimulus limen).

Measures of Capacity—Here the standard was
furnished by the Kudava (%), a vessel 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 Adhaka,
4 Adhakas=1 Drona, and 4 Dronas=1 Kh4ri or Bhéra.

24 Angulis 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
water of the weight of 4 Palas was found to be actually
contained in a vessel of the cubical capacity of a
Kudava. If we take the ancient cubit to have
been 19 inches, the Kudava would contain nearly
4 Palas of distilled water at 30° Centigrade. On a
cubit of 18 inches, the Kudava would contain about
33 Palas.

The Kudava in current medical practice is supposed
to represent a cubical vessel, each side being 4 Angulis.
This would give a capacity of 27 cubic inches, if we
take the modern cubit of 18 inches. The Kavirdjas
take a Kudava to contain 8 Palas of water, and as
1 Pala = 320 Krishnalas, and 80 Krishnalas are now
taken to be equal to 210 grains Troy, a vessel of a
capacity of 27 cubic inches is accordingly supposed to
contain about 6,720 grains Troy—which is not very
wide of the mark, being about 1-3 per cent. short for
distilled water at 86° Fahrenheit 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 Technology, Silpa-
sdstra, and a Trasarenu in Natural Philosophy) follows
directly from Vardhamihira’s table:—8 Paraménus
make 1 Rajas (or Ratharenu,—cf. the Manasara), 8 Rajas
make 1 Viligra (filament of hair), 8 Valdgras make
1 Liksh4, 8 Liksh4s make 1 Yuk4, 8 Yik4s make 1 Yava,
8 Yavas (the Manasara has 4) make 1 Anguli (superior),
24 Angulis make 1 Hasta (cubit, lesser cubit, 18 inches).
The thickness of the minimum wvisibile (the finest per-
ceptible mote in the slanting sunbeam) is therefore
taken to be 8.27%, or 5zgsg% of an inch. The volume
of a spherical Trasarenu (or Paramdnu of the Silpa-
séstra) would therefore be 4.7.3%27% of a cubic inch.
It may be here noted that such a Trasarenu is supposed
in the medical schools to contain 30 chemical atoms
(Paraminus of Natural Philosophy) according to
one estimate, or 60 according to another. The
gize of an atom must then have been conceived
to be less than #.8.57.2"® of a cubic inch.
(TR NTe Ty Wi weraTt aeiee wyeAs
wafa d@ar.—Vardhamihira, Vrihatsamhlté, Chap. LVII,
Sloka 2. WO Wit wgE T4 o ot afeem
wony wet wfy w1 —ibid., Sloka 1.—Cf. Utpala,
AR} AR RATdt wrAtaa | wngTat wifwt an weeed s
worgew | Cf. also watye fagw: féwar wongfi)

The magnitude of a Paraménu is called P4rimindalya
(wfeme=) in the Nydya-Vaiseshika, the name suggest-

! Curiously enough, this is fairly comparable (in order of
magnitude) with the three latest determinations of the size of the
hydrogen atom !

G 2
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ing that the Paraménus were conceived to be spherical
in shape. The Nydya-Vaiseshika calls a Paraménu a
mere point with infinitesimal dimensions, i.c. less than
any assignable fraction of any finite quantum ; but in
the Sankhya-Pataiijala, a Paramanu, though indefinitely
small, had still assignable dimensions, being divisible
into Tanmétras, which were themselves integrations of
Bhitddi. The diameter of a spherical Paraménu must
have been conceived to be less than 3.27% of an inch
(i.e. less than the conventional Paraménu with which
linear measures begin), and the volume of a Paraminu
would, therefore, in accordance with Bhdskara’s formula,
be smaller than §.7.3%.27% or #.3% 2™® of a cubic inch,
where 7 = $§3J. The Tanmditras 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 8.27™ of an inch thick, 7.e. less than one-
five-thousandth fraction of an inch in thickness; and a
fibril of the networks of Dhamani or Nédi (nerve) that
supply the pores of the skin (papille? yarfy Qwwu-
wframfa, Susruta) was supposed to be about a thousandth
part of the finest hair in thickness, or {35 of the
minimum visibile, and, therefore, about 3.10°32~™ of
an inch thick (¢f. gErameinwTr: dw: TEgTAgTg AT,
Patichadasi) ; but it is evident that these measures were
arbitrarily fixed upon, instead of being arrived at by
calculation or actual measurement. Indeed, Charaka
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expressly states that the number of Sirés and Dhamanis
in the body (three million fifty-six thousand nine
hundred) is only a conjectural estimate (wfa¥emsm wt
wwine—S4rirasthina, Chap. VIL).

My account of the chemistry of the Sinkhya-
Pitaiijala, and of the affiliated Yoga and medical
schools, has anticipated in several points the views of
the Vedénta and the Nydya-Vaiseshika. The chemical
facts, processes, and apparatus are indeed common to
all the schools. In the following account of the
chemistry of the schools other than the Sénkhya-
Pitanjala, I will confine myself to the theory of the
subject, and even of this I will attempt only the
briefest outline.

TaE VEDANTIC VIEW.

The Veddntists believe Mdyd to be the “ material
cause” (sugrawrew) of the world. The power of
M4y4 is the power to realise the unreal—to impart
practical Reality or mediate existence to that which
does not and cannot possess absolute Reality or self-
existence. M4dy4 is at once real and unreal, while the
Brahma (Self) is absolute Reality, absolute Intelligence,
and absolute Bliss. The world evolves out of Mdys
(wrarafcam), so that Mdy4 in the Vedédnta replaces the
Prakriti of the Sinkhya. But Miy4, and by implica-
tion the world, originate out of Brahma, not by a
process of evolution (wfwm), but of Vivarta (self-
alienation). The self-alienation of the Absolute, acting
through M4y4, produces in the beginning Akdsa—
one, infinite, ubiquitous, imponderable, inert, and all-
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pervasive. The world thus begun goes on evolving,
in increasing complexity. The other Siikshma Bhitas,
classes of subtile matter, evolve from Akisa in an
ascending linear order—Ak4sa giving off Viyu, Viyu
giving off Tejas, Tejas giving off Ap, and Ap giving off
Earth. Akdsa (one, infinite, all-pervasive) has the
capacity of sound. Véyu (subtile gaseous matter)
emanates from the universal Akésa, and is instinct with
the potential of mechanical energy (impact, pressure)
(fcw, wafam, TEq, WEA, —ITig EENETRAA SR
—YVidvanmanoraiijini). Tejas (subtile radiant matter)
emanates from Véyu, and contains n potentia the
energy of light and heat. Ap (subtile viscous matter)
is the transformation of Tejas, and is instinct 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 various ways to give rise to the gross
constituent matter of the world. These forms of gross
matter are called Mahdbhutas. There are five kinds of
Mahébhita (gross matter) corresponding to the five
Stikshma Bhitas (subtile matter), and the process by
which a Mahdbhita is produced from the Sikshma
Bhitas is called Pafichikarana (quintuplication). All
the five Sukshma Bhiutas are present as ingredients,
though in different proportions, in each Mahdbhuta.

The Mahdbhita Earth, gross Earth-matter, is com-
posed of four parts of subtile Earth-matter and one
part each of the other forms of subtile matter. The
Mahébhita Vaiyu 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 Mahébhitas.

Hence if ak, v, t, ap, e, represent the five forms of
subtile matter (Akésa, Véyu, Tejas, Ap, and Earth),
and AK, V, T, AP, E, stand for the corresponding
Mahébhitas, we may represent the constitution of the
Mahdbhitas as follows :—

AK = ak, (v;. t,. ap,. e,), ak, being the radicle.
V = v, (ak, t. ap.. e,), v, being the radicle.
T =t,(ak, v.. ap;. e,), t, being the radicle.
AP = ap, (ak,. vy. t,. €,), ap, being the radicle.
E = e (ak, v t;. ap,), e, being the radicle.

In forms of gross or compounded matter the poten-
tial energies (or qualities) become actualised. The
Mahébhita Akésa manifests sound ; Véyu, 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: eg., Akésa by the echo
(hollow booming sound); Vayu (air) by a sibilant sound,
hissing, susurration (imitative symbol, Visi) ; Tejas (fire)
by a puffing (or roaring) sound (imitative symbol, Bhu-
gubhugu); Ap (water) by a liquid 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. II. Bhitaviveka,
Sloka 3, Pafichadasi. Cf. also Jayanta, Mafijari.)

Others hold that Akésa (ether) never enters as a
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component part, and is always one and indivisible. In
this view the four Mahdbhitas—V4yu, Tejas, Ap, and
Earth—alone are supposed to be compounded, and by a
process which may be called quaternion (¢f. the Neo-
Platonist quaternion) :—

V =vs(t. ap:. €)
T = ty(v: ap:. €).
AP = ap; (v. t;. €).
E = ¢ (vy ty. ap,).

These compound forms, as before, are supposed to
exercise their specific energies actively. Others again
hold that the Mah#bhitas Tejas, Ap, and Earth alone
are compounded by a process named Trivrit-karana
(triplication). Thus T = t, (ap.. e,), AP = ap; (t,. €,),
E = ¢ (t,. ap,).

The Siikshma Bhitas are forms of homogeneous and
continuous matter, without any atomicity of structure ;
the Mahédbhiitas are composite; but even these are
regarded as continuous, and without any atomic struc-
ture. The Veddnta speaks of Anu (Paraminu) not as
an ultimate indivisible discrete constituent of matter,
but as the smallest conceivable quantum or measure of
matter. In the Sidnkhya doctrine the atomic structure
is ordinarily accepted. The Gunas are supposed to be
uftfaw and w, bounded and indefinitely small in size
(except the Gunas giving rise to Akésa and Manas,
which are unlimited wuftfa®) ; and hence the Tanmatras
and Paraménus must be conceived to have a discrete
structure.

As I have already noted in my account of the
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genesis of Tanmétras and Paraménus, various schools
of Vedéntists (e.g. the Rdménujists and the followers
of Nimbdrka) combined, in the orthodox fashion of the
Smritis and the Purdnas, the Veddntic theosophy with
the Sankhya cosmology, especially as regards Praksiti
and the order of creation and dissolution. For example,
the Vedénta-kaustubhaprabhd, fortifying itself with
texts from the Vishnu Purdna and the Subala and
Gopéla Upanishads, contends that, at the cosmic disso-
lution (Pralaya), each Mahdbhita merges into the one
that preceded it in the order of creation by first
disintegrating into its own proper Tanmdtric form
(wwmwyma), and that the Mahabhuta Akésa merges into
the original Tanm4tras, which then lapse into Bhutadi,
the super - subtile rudiment - matter, proto - matter
(Chap. II., Pada IIL., Sutra 14).

Parindma — Evolutionary Process. — When the
Mah4bhiitas are once formed, the different kinds of
substance are derived from them by the evolutionary
process called Parindma (wfcgm, transformation).
Matter is constantly undergoing change of state. The
effect is only the cause in a new collocation (wrcgely
dwgrart wwdty).  Change is of two kind :—

(1) Change by a spontaneous process, without
external influence, including isomeric change (@mnfawm
uftgm). The Vedintists believe in spontaneous dis-
integration and reintegration. Action from without,
impressed force ab extra, is not, pace the Naiysyikas,
always 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 (e.g. the formation of curds
from milk, of ice from water, ete.). All this is directed
against the Nydya doctrine (Arambhavida).

(2) Change due to combination with other sub-
stances (ywmrarcdwim). Such combination may produce
(a) a compound substance possessing like qualities with

the constituents (warwmiratnufw), or (b) unlike com-

pounds with new qualities, “ heteropathic effects”
(fawmtaiuf®).  Any new quality thus evolved through
(chemical) combination is called Samhata-bhita-dharma
(demmaR), e.g. the intoxicating power of the fermented
rice and molasses, which does not exist in the in-
gredients taken separately (wwdtwrt mRa wyRwTTia
wprraye sewts: gvaw).  This Sambhiyakriys (wemafun,
wyraa) corresponds to chemical combination, and the
Vedantists, like the Sdnkhyas, explain this only as the
evolution of the latent Energy (ufs, wimwaf®) in a
new collocation (#wre, wegs-wfgdw). But, unlike the
medieval Sinkhya, the Veddnta freely recognises the
combination of heterogeneous Bhitas. 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 a compound of all the five Bhitas (urw-
wtfas). It is not merely the concomitant or efficient
causes that may be heterogeneous to the material cause,
as the Naiydyikas contend, but several heterogeneous
substances (or Bhutas) may unite as “material causes”
to produce a new substance.

The Veddntists resolve all activity—physical, vital,
as well as psychical—into modes of motion, subtile
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cosmic motion (wfeer=, wRwufere—Sankara ; Ty
TPCEARTFEAT, — N TCgMaaRT—Ig it we gt v
L | Wﬂﬂtﬂm—Sankam) but they give a separate
substantive existence to the agents, the vital principle
(wrw), and the mind (ww:), though these are also
evolutionary transformations of the Siukshma Bhitas
(forms of subtile matter) What is common to the
Nydya, the Veddnta, and the Sénkhya is that Conscious-
ness or Intelligence (%) transcends Matter ; but the
Naiydyikas, as pluralists, hold that vital and psychical
activities are also immaterial and cannot be resolved
into motion (uwfter=). The Vedintists resolve these
activities into subtile motion, but ascribe them to a
substantive quasi-material Life Principle and Mind, the
all-mirroring Intelligence (|%=) alone being immaterial
and transcendent; and the Sinkhyas accept the sub-
stantive existence of the Mind Principle (wa:) as derived
co-ordinately with the Stikshma Bhitas or Tanm4dtras
from individualised Prakriti (Ahaikéra), but resolve
Life into a mere resultant activity of the bodily organs,
viz. the organs of sense and movement and the psychic
principle (7).

TataTy i — frv fayrg ¥R it wet ga
wErratatRdiaT Ty T A

7o frafgat gerat ymat GETtEET AR T FTgiTaAa
wwmmﬁgﬁ'ﬂmu At etwTt
wTaTy yRfHNR wEAats wRw awatd (Prrmmavtfwat) —
wiw fe wOR wifmfc yamt srddnfrofe: wasTEwETQY-
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DIk 1 7 W EHYIAT, TETGAT W WA WITHEATIY-
ufefefs ared | wreeraEe waptaTcm | TwEy grereafea
TATHFATIAT | TG Twrat et qevwwae g
wroarE  facrAmy W rwm fedt wait anitrafate o
—YVidvanmanoraifijini.

A ATAA wATTATATOAT wrom W frwamatatete frot wrfe
TG T FRTANTATIATG e @ wTCgTAC T gir wefa
mummm%ﬁﬁm-w-
TEAATCHTY TR | tﬁ&mwmwmt

dTR TOTTTR | TR Ty wARTCREATTOw g wR A it
m-mgwﬁmmﬁm
wrR | T wfen wAd gfege axtwrgafoma | afeed ufe-
mﬁﬂﬁmnmﬂﬂvﬂamumﬁ
wwafn  gfw +— Sankara, Siriraka - Bhdshya, Sutra 7,
Pada IIL, Adhydya 2.

Tae Atomic THEORY oF THE BUDDHISTS.

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-sflini, ete.).

The later Vaibhédshikas hold that the Véyu-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 Bhiita; the
Ap-atoms are taste-colour-and-touch-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 (ww), and by their aggre-
gation form the Earth-element. The Bhitas thus
originated combine to form aggregates, which are
classed as inorganic substances, organisms, and organs.
(wrAsryaratsy:,—svTaTEr S wATe FaTte gheagasag:
T warf,—also wre@imtgenmata wmfy).

TaE AtoMic THEORY OF THE JAINAS.

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 (wq®), viz. merit, demerit,
space and time, and the fifth, material (g®, possessing
figure). The last is called Pudgala (Matter), and this
alone is the vehicle of Energy, which is essentially kinetic,
t.e. of the nature of motion. Everything in the world
of not-soul (the non-Ego) is either an entity (g=) or a
change of state in an entity (v@mm). Pudgala (Matter)
and its changes of state (witra), whether of the nature
of subtile motion (afcar) or of evolution (wfegmr), 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 differentiation
(%z) breaks up into several kinds of atoms qualita-
tively determined, and by differentiation, integration,
and differentiation in the integrated (dwrmm, sam,
syrmigra —Umasvatd, Chap. V., Sutra 26), forms aggre-
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gates (Skandhas). An Anu has no parts, no beginning,
middle, or end. An Anu is not only infinitesimal, but
also eternal and ultimate. A Skandha may vary from
a binary aggregate (args) to an infinitum (wwmrys).
A binary Skandha is an aggregate of two Anus (atoms),
a tertiary Skandha is formed by the addition of an
atom (Anu) to the binary (zrys), and so on ad infinitum.
The ascending grades are (1) what can be numbered
(dwin), (2) indefinitely large (wdetu), (3) infinity of the
first order (ww=), (4) infinity of the second order
('), 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, smell, 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 (wfrwm). Every atom thus
evolved possesses an infra-sensible (or potential) taste,
smell, and colour (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, etc., are
but differentiations of the originally homogeneous
Pudgalas. The tactile qualities (wx, fery, 3mm, wia)
appear 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 colour) the following physical characters :
(1) sound, (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 characterise aggregates of matter from
the binary molecule upwards. The Jainas appear to
have thought that gravity was developed in molecules
as the result of atomic linking. Simple tastes are of
five kinds—bitter, pungent, astringent, acid, and sweet.
Salt is supposed by some to be resolvable into sweet,
while others consider it as a compound taste. Smells
are either pleasant or unpleasant. Mallishena notes
some elementary varieties of unpleasant smell, e.g. the
smell of asafeetida, ordure, etc. 'The simple colours are
five—black, blue, red, yellow, and white. Sounds may
be classed as loud or faint, bass (thick) or treble
(hollow), clang, or articulate speech.

The most remarkable contribution of the Jainas to
the atomic theory relates to their analysis of atomic
linking, or the mutual attraction (or repulsion) of atoms
in the formation of molecules. The question is raised
in Umésvati’s Jaina Sttras (circa A.D. 40 ?)—what
constitutes atomic linking? Is mere contact (or
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juxtaposition) of atoms sufficient to cause linking ? No
distinction is here made between the forces that bind
together atoms of the same Bhita and the chemical
affinity of one Bhuta to another. The Jainas hold that
the different classes of elementary substances (Bhutas)
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 (#dwm) 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
(yw®) must be negative and the other positive
(Pewerrrgs) ; the two particles must have two peculiar
opposite qualities, roughness and smoothness (g&a and
ferva, or dryness and viscosity ?), to make the linking
possible. But no linking takes place where the
qualities, though opposed, are very defective or feeble
(wemrpm).  We have seen that, ordinarily speaking, two
homogeneous particles, i.e. both positive or both
negative, do not unite. This is the case where the
opposed qualities are equal in intensity. But if the
strength or intensity of the one is twice as great as
that of the other, or exceeds that proportion, then even
similar 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
physical 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 proceeds from the
higher to the lower. All changes in the qualities of
atoms depend on this linking. A crude 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 s% and fery as dry
and viscous must be rejected in this connection as
untenable. The Tattvérthddhigama of Umdsvati, which
expounds the theory, most probably dates back to the
first half of the first century A.p.
Cf. Umdsvéti-Tattvirthddhigama, Chap. V. :—
wwiTaTr WTaTIReT: | Tty s+ fammafe-
mfa wewfy | wfoy: gaen | wraTEREgary | frfesie w
grewtaTe v | (fwdfe wfrasdte) « wifet wewm: af w=
T | dEurdETy gEeTAt | ARG | T et |
™ Wyt e piedy: viv su fwow: ¥ ) @
wufrefers: a3 awrdsgmge gfn 1 R frfoe gofiogefing
8: Tufw: Fa A Sfem i g ho
1™ =
i i fm v gigd ol oaegf ) wae: s e
w | FTCORY TR gE fRy vt oy | et e
FTATTHY | TIASAT WY VAT T | WA drmiE-
wATU | duTATRETR ATt | W T der Ry |
frdyamy dwmm fRE: 1 e deTAnE ATt
wAATAATAt W TR NATARRET | NI | NETRY CATE e
T dwmfefe | wwre 1 i ddmraEe dwma wafa | wferte
wfggfrgn g1 wire | wfn G0 v derd it o fer-
H
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TR | A eI ¢ femvew: e s
witfa | IeTrferwTat TvgERTat w wEky v A aE-
wfr | T8 wEm IRt vt §RT TRvet w fadw
T WA waifa | we g=rpean fawRmmiey 3fv o e )
7| O wgETt | oA wfn aguTat wei | aaf ) wEn
TR gufar (USRS JRUSNy I ) we
wgyaTd fawaea gfn 1 AT | e wgwTAt wee safr g o
wre famfygRe TadeRy FEaTat e waifa | w1 afe-
arferpaTat g it et vt et fpmparetstari
femoefafeva ferda | swanfe frmefesss s5a |
TwTfpafvay agwdreR @ afr | wTE Ty Wy v
T wiTEd qoTe fa wafegm: 7Y wrfEraEtEA g i
wwEfeqmrge: | TR WA Fary s af ad
wfcamit wafn g | Tw 1w FAfvEY it | v At
e WA qfcgreat wafe | wivaep gt |

THE NYAYA-VAISESHIKA CHEMICAL THEORY: A BRIEF
SUMMARY.

I must content myself here with a brief and rapid
sketch of the chemistry of the Nydya-Vaiseshika, which
I shall 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 reduced in the Nydya-Vaiseshika to the following
canons : (a) ardet aruyTyEe | (b) wrAATAtTdLLT: g-
w7 fasmtgdaon (here gw is used in a narrow tech-
nical sense, so as to exclude the quasi-compound
substances); () SUrETETETRETT TR AR TIWEAE -

e arcaggher . (0) eecerre st



THE ANCIENT HINDUS 99

Yoweer: warwrareesr | 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 colour, taste, smell,
or touch, not produced by the chemical operation
of heat (wurETETETRENITINANYIWTERZIANTI:).
Akisa has no atomic structure (feew), and is absolutely
inert (fafewa), being posited only as the substratum of
sound, which is supposed to travel wave-like in the
manifesting medium or vehicle of Viyu (air). Only
the other four Bhitas unite (or disunite) in atomic
or molecular forms. The orthodox view is that the
presence of Earth-atoms is necessary whenever chemical
transformation under the operation of heat (wrairafw)
takes place.

Atoms cannot exist in an uncombined state in
creation (éivé,djtya, Sapta-padarthi, vide commentary),
where, however, it is noted that still atmospheric air is
believed to be monatomic in structure, i.e. to consist of
masses of atoms in a loose uncombined state (ferfrmaTyy
TOTRIE T WATCINE:)-

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 (ags). 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 as to the existence of a triad, a tetrad,
a pentad, etc., of atoms is one of the moot points of
the Nydya-Vaiseshika. The orthodox view is that the
primordial infinitesimal particles (atoms) start with an

incessant vibratory motlon (mmw&ﬁwm

feqwmgs:, Raghundtha Slromanl nfrgiteAT  TrTEeEeT
wqaaifa, Udayana, Kusumdiijali) and an inherent impulse

that drives them to unite in pairs—a sort of “ mono-
valency,” as it were, exhausted with the formation of
a binary molecule. The binary molecules now combine
by threes, fours, fives, etc., to form larger aggregates
as well as the variety of elementary substances, the
particular 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 (wge, ==).

(wgdtghirront wof frod, 7 wndt | wggafow: | wafan
fafircrond sfe wqwirgs, tqrhvgf&mww wrfen wafufctn
T =T wgERm T Tt W@ @ Tw wrowy
wIoTER R | wgewttan wibrmart gfe: . —Sridhara,
Nyéya-Kandali, gfestfrswo +  Cf. Vé.chaspatls report,
Bhdmatf, Chap. IL, Pada IL, Sutra 2. w21 wgeqmmrom
wpdt gETAmTCAaAT1)  Prasastapdda appears to have

originated this view (TTyERTRY wgRHET AT -
fegwa—Prasastapida, sfearofaswam) ; 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 Vrihatsamhits,
and this indeed also follows from Sridhara’s admissions
in the Kandali. On this view, also, atoms have an
inherent tendency to unite; but some unite in pairs,
others in triads, others in tetrads, etc. 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 triad (Tryanuka), then, holds together three
atoms (Anus), not three binary molecules (Dvyanukas),
as on the orthodox hypothesis. Similarly with tetrads,
pentads, etc. (!gﬁw ™ | gt
Tt maweTouR fafin fr wig
weardgamute: i—Utpala, Chap. L., Sloka 7; ¢f. also
Sridhara’s admlssmn, wqaT afe 'mmlr!’t TgeTea -
FRGEAOTR YWY FAAH A G AN eww).-
Saikara seems to speak of two bmary molecules in the
Vaiseshika as forming a tetrad (werfa 3 ags wgTgwATOR
—Sﬁrlraka-Bhé.shya Chap. II., Pada XX., Sutra 2, where
the Bhdmati gives a forced interpretation).

In Prasastapdda’s view, these binary molecules are
grouped by threes, fours, fives, etc. (wg®, wgTg®)
to form different isomeric modifications. The variety
of Earth substances is due to differences in the
arrangements of the molecules (e.g. their greater or
less density, and, above all, their grouping or col-
location, wg, wwwwafwaw), which account for the
specific characters (wwtwrft) manifested by these
isomeric substances. @ (3yfeal) w Wdrerrrargfegn
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mf«tgﬁim 1 — Prasastapida, yfeuifrevay | @

wr&mum&u? | mﬁ‘s WYTATA-
uﬁsi’q WEYTE 79T AT ARt We AW AGT AEEHY WA
wwga \—Sridhara, Kandali, bid.

@ feqom ferarerrantaAtats aram | wifeaeutresras
werfearfadivee | ummtftwr TR T e
wfcsm' v 7 fe Wm worafn | weRtat TfafemeReg-

sy —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#),
i.e. of ideal ends in the moral government of the
Universe, which are superimposed upon the physical
order, but which do not come within the scope of
Natural Philosophy. An elementary substance thus
produced by primary atomic combination may, however,
suffer qualitative change under the influence of heat
(wrawirautx). 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 generic characters of the Bhiita
concerned ; (2) the impacts of heat-particles continue,
and transform the characters of the atoms, determining
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 specific
characters or qualities finally produced. The Vaiseshika
holds that there is decomposition into homogeneous
atoms, transformation of atomic qualities, and finally
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re-combination, all under the influence of heat (fngw)
The Nydya, 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 (fagzars).

AT faTE: Ufta=ma | EETTUEy wAifey qravie-
WG AT WA T A wrEremy wagay fea s
fam fomn: fomm FarcdmtraT: + afrATe 3e-
frarw: | T TR ORI T —
IR T 4 AARTIRANG ATGYRT WRTERTRATCR |
Td TATATEYTAY wraTeeey Y v W | wOR wfy sedle
AW TGATAY AT TOASNTINTA QRO TERY T
wfrgoqRufraTat draw gfa (Jayanta, Nydyamaijari,
wwwa-yiwg.) This is the Vaiseshika view, but Jayanta
himself inclines to the opposite view : wafirgfcads
IRATAR W WTHR vmmgnm w3
frryw=a | fastarany ww Swe: | ibid. The Nyiya
view : T TiaTaTN® UEIR@ATA WEATTTER  qErATaEt
w gferhmgonmg dyetn wrrk A T ey frdiat
¥ @ gRarEleRsgOiTaRTOEd | oty s
wEAtare  wfrqEwR | TETETSTrE AT
IragarA Wifgatwardl arew agrfen woagrae afra afy
3 ®WW werfwq  wedw +—Udyotakara, Chap. IIL,
Ahnika 1, Sutra 4.

IL. Chemical Combination (wwwafwar, deafwar).—
Chemical combination takes place either between two or
more substances which are isomeric modifications of the
same Bhiita, or between substances which are modes of
different Bhiitas.
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A. Mono-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 (wfirem or
#rga) of heat-corpuscles, the substances
in chemical contact (wrcwra wdwm) break
up into their atoms. These atoms are
homogeneous, possessing only the original
physical and chemical characters of the
Bhuta concerned. As the specific dif-
ferences between isomeric substances arise
from the arrangement or collocation of
the atoms, the substances lose their
distinctive marks on decomposition into
the latter. (7 w vy wyTMtRR fred
7 W TrtgeTeeTgAat  wfegie: - —
Udyotakara, Chap. I1L., Ahnika 1, Sutra 4.
7 W yapforremgat steghege aritaty-
wwm1—Sridhars, Nyéya-Kandali, gfesifa-
wag® 1) Under the continued impact (or,
it may be, impulse) of heat-particles (St
afggmag wgam  wirea w—Jayanta),
these atoms take on new characters. It
is heat, and heat alone, that can cause
this transformation of the colours, tastes,
smells, etc., in these original Bhita-
atoms. What particular colours, tastes,
smells, or physical characters will be
produced in the atoms depends (1) on the
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colours, etec., of the constituent substances
in contact ; (2) the intensity or degree of
the heat (wg, 5, or #wm wrw) ; and (3) the
species of Tejas-corpuscles that impinge
on the atoms, or the nature of the impact
(frewgimddm). (7 wshaddmm eaeny
wuy 3fn Wi g gty | Tyt
TR wiwdanT T 3 gRETRTEst T s
frgwemueemy: Wi sw
fafgerrom 1 Vide also Udyotakara, IIL.,
2, Sutra 14. Cf. also Véachaspati, I, 1,
Sutra 4. wwrwwR Wit IR few
vhauem w sfeddne giearimsiaTat
FrcgTAt Se Tt W TS T
Tfa fogr: 1)

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 heat-particles in binary
molecules (or tertiary, etc.), and these in
higher aggregates. It seems to be
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 transformed. The com-
pound so produced will possess the new
characters of the transformed atoms, so
far as taste, colour, smell, etc., are con-
cerned, but as the molecular arrangement
or structure (W, wwwrafw¥w) may vary,
different compound substances may result
from the same components.

(b) Mono-Bhautic compounds of higher orders.

Again, mono-Bhautic compounds of the
first order may chemically combine to
form higher compounds, and as the
ultimate Bhuta substratum is the same,
the process of decomposition and re-com-
position will be essentially the same as
before.  The only doubtful point is
whether in this case the component com-
pound substances are broken up only into
their constituent molecules, or into the
original homogeneous Bhiita-atoms. Some
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 proceed so far as
the original Bhita-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
according 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 doctor,
holds this view. When, for example,
in the fertilised ovum, the germ and the
sperm substances, which, in the Vaise-
shika view, are both isomeric modes of
Earth (with accompaniments of other
Bhuitas), unite, both are broken up into
homogeneous Earth-atoms, and it is these
that chemically combine under the animal
heat (and biomotor Enery, =g) to
form the germ-plasm (w@z). But, next,
when the germ-plasm develops, deriving
its nutrition from the chyle (blood) of
the mother, the animal heat breaks up
the molecules of the germ-plasm into its
constituent atoms (wFFFrERETETR:), L.
into atoms specifically determined, which
by their grouping formed the germ-plasm,
and then these germ-plasm atoms as
radicles chemically combine with the
atoms of the food-constituents, and thus

produce cells and tissues. (wqqEwara®:
FSITCRATATYR: WITIPTA_ TINTACHL: wrer-
EAgHT WE W WORTATRTCRR SR
w1 fug: gk A Wfot @ afromrrad
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m wrERUegin T ' goe
ATOUR TAWT WS \—Sridhara, Kandali,

1) In this hypothesis (warar)
it is assumed that the atoms are similarly
transformed, i.e. become endowed with
the colour, taste, smell, etc., of the
product (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 Bhiuta (or Bhutas) entering
into the composition of milk. (Cf. =t

AOTNTCRIR: TEAIGART TWATTAR | EwATERT

Nydyabodhini, on Annam Bhatta’s Tarka-
sangraha. Cf. Dinakari—

waasty w (7m:) 1) In these cases the
atomic contact is called constituent con-
tact (wroareddim), and all the atoms are
equally regarded as material causes (sargra-
wTeg OF Fwaifawrea) of the compound.
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B. Hetero- Bhautic ““ Quasi-compounds.”—TheNydya-
Vaiseshika maintains that in the case of bi-
Bhautic (or poly-Bhautic) compounds, which are
only quasi-compounds, there is another kind of
contact between the heterogeneous atoms of the
different Bhutas, which may be called dynamic
contact, and is distinguished in its operations
as Upashtambha, Vish/ambha, or Avashtambha
(sqemy, faws, or wawwt). In some cases it so
happens that the atoms of different isomeric modes
of the same Bhita do not chemically combine
under the mere application of heat ; they require
to be surrounded (and “excited,” “energized”)
by atoms of different Bhutas. For example, in
the case of the oils and fats, as well as of plant
saps and fruit juices, the Earth-atoms must be
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-
sensible 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 be
presently explained) which determine the nature
of the composite substance thus produced. Here
it is the water-atoms that are dynamic (sqenrs),
and excite the Earth-atoms, and these substances,
oils and fats (R« and yweh), as well as acids
(wgah) are, because of the Earth-radicles, regarded
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as Earth compounds (or Earth substances).
(wrww-rarfrercEETiaty: vorghdgeToie g
fegmuroud | W W Suwnrwwar fafawrmo qrai-
graqEn: | At dgwERETE weEnTeR | Rgwtafy
wfafefy: | Rew sitwra@=wAm yra—Uda-
yana.) In the above instances, Ap (water) acts
as dynamic (Upashtambhaka, sqenrs), but Tejas
and Viyu can also act in the same way on Earth-
particles. Conversely, Earth-particles may act
dynamically on the atoms of the other Bhutas.
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
heat, wrwzw), the Tejas-corpuscles are believed
to form the radicles, and the Earth-particles are
dynamic (surars). (gedrfe frowt wrqaraafy «
iEd wafn | A7 gurrty whregAm Sursmst
Ui wgwEy TaTgER, uy ywﬂm THRTTA
-gm wﬁwwmﬁrmmm T wrEe
wrgme —Udayana, Ku'anévali afassey Cf.
also drsfa Rwafrafn g7 Farary wf¥dm yowers
zrw: 1)

It may be here noted that Gangesa, the author
of the Tattvachintdmani, conjectures that even
gold can be evaporated or made to disappear by
the application of intense heat: wu Fwgmmcm:
W WA WNSTHSENA FIIATHN Wy AR |
But Mathurdndtha notes here : mmu
(wfwratarzem).

But while every Bhita can act dynamically
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as yqwwiw, ‘ energizer,” ‘‘exciter,” it is the
Earth Bhiita alone which is capable of exercising
(1) the power of arrest or inhibition of molecular
motion, or the motion of particles due to gravity
as in fluids (Vishtambha, fawmt); or (2) the
power of counteracting the tendency in a given
set of atoms to fall into a peculiar order or group
(efrfAw). (W wrflam weit gt rfpvante
yia¢ =1 fagofy —Udayana, Kirandvali, gfesi-
frewgm)  frremst annfrweRmaTraTroimre-
A | mEidive w e A |
—Vardhamdna, Kirandvaliprakdsa, ibid.)

Oils, Fats, Milks.—Bi-Bhautic quasi-compounds,
with Ap as energizer : Oleaginous substances (wrsagmew:
~ wign:) are divided by Udayana 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 (e.g. fagwym) are also
mentioned. Véichaspati and Udayana contend that
among oils, fats, milks, etc., differences in flavour and
odour imply differences in kind (wrfr) and in molecular
structure, since it is only a variation in such structure
that constitutes a variation in natural kind (wea-
wfay — TRt derafagwr :—Udayana, Kira-
n4dvali). Mustard-oil, for example, has not the flavour
and smell characteristic of sesamum-oil (Taila), and is
classed with the latter only by reason of similarity
of specific qualities and structure. Judged by the flavour
test, Amikshé (the casein substance formed by mixing
milk curd with hot boiled milk) is to be classed with



112 THE POSITIVE SCIENCES OF

milk substances. So also Takra, whey; but Vijina,
the thin fluid that is left after the Amiksh4 (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,”
using these terms, as before, in a loose general
sense. (.... R@ywrarat wiwwrewdifram | wrey arfeR-
Fwemfy Fgat TEfraeats § wraeeww 1—Udayana,
Kirandvali, gfeatfaewas 1 Vallabha notes that ghees
do not differ in kind as milks (and curds) do: wm

¥ ey wfmizesrartate <w1—Valla-
bha, Lildvati.  Compare Véchaspati, IL, 2, 65: -
wigEit wing TeA T TEW W wwqR | waew A
gt AR | TEEERTCEETOTT | TRy ASWR-
W 1 wrontrfe ey | et Wi 0 T g
T TOHHW TR TR Wi wringrat W wra 1)

III. Mixtures like Solutions, etc—A solution (of an
Earth substance in Ap or water) is a physical mixture
of a peculiar kind, from which evaporation (or pre-
cipitation) ordinarily sets the water free. Udyotakara
notices gruels, baths, and lyes (alkaline solutions)
as mixtures of this class (wAw wrwwTfEwfrIwTTRTCET:
wgwt :—Udyotakara). A soup is also a physical
mixture. When meat is boiled in water there is the
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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, is also the case with mono-Bhautic substances
whether elementary or compound, eg. water, which
becomes ice), but the substance we call a soup or
solution ceases to be a soup or solution the moment it
solidifies. (Td fie wm wEwaTEWTAt FuTgt WSfTRTGER
wfn gurrciywrat wrAWAdt T 4@ @ aw gfn o =aw
ureaTiyafrswragreen: wgwe —Udyotakara, Virtika,
Chap. I, Ahnika 1, Sutra 14. Vide also Vichaspati’s
comment : ImwurAWrat RS wfbfa = frestwfoErrrTt
TuTAty MAA AWt UrAWENt WMt Wit weEr gk
FrefravTgue ®AfT 1 @ w dirpigey Amtwardg et
framitadcareeeaT | wift awamatt Aot 3 wheamte-
frdfr gw | Trafrd wfsRsfy whyfradyierrem | g
g R 7 WY I Tl T Aewtedd g
w0 W W wprfer ddfmafrfos ——Véchaspati,
Tatparyyatikd, ibid. For earthy salts in sea-water,
vide Kirandvali : ma gaoyfufemgida grafecfe o wea
IR W TPITENTEY  WITRTEHIINE: | wqwAqr Ay
wutmwm @ awx @3 —Udayana, Kirandvali, wefa-
)

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

I
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wanting, Vitsydyana, the great doctor of the Nydya,
points to the operation of internal heat (e.g. yfasrumy:
woA dpEw Wt Awar e Tege faddat —
Vétsyayana-Bhashya, Chap. IV., Ahnika 1, Sutra 47).
In the case of combustion we have seen Vijiidna-
bhikshu explain the heat as latent in the Earth
substance, 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 grasses, 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 sun.
(!wﬂ’{fﬂ'fﬂ fe afy mﬂmﬁmﬁg’ ¥ ThRNY A

wtw: | E N s wiafrt fenfafn 1 fcf’«ﬁrwrmu
7 fe ftg e WrewwEA TS we 0w
wenfrew frafem: disfey o feredy ofey & frddt wnit am
wy Uiyl wi wrew v | T gieed-
IO AGUSHAITART WATgqe AT frgRoysam
wiremmq w i—Udayana, Kiranivali, gfedercfafufrevas 1)
Similarly it is under this solar heat that the unripe
mango ripens, i.e. changes colour, taste, smell, etc.,
showing that there is chemical transformation or subtile
decomposition and recomposition going on ; and this is
also the case with the rusting of the metals, which is a
combustion due to the solar heat (gziurs) even as the
conversion of food into chyle and of chyle into blood
are instances of chemical action due to the internal
animal heat (wsum® or witzdt aw:). But the kind of
contact with heat-corpuscles, in other words, the kind
of chemical action (wrs) which transforms colours, is
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supposed to differ from that which transforms flavour
(frwmAw:#dm and urs), and this last from that which
produces a change of smell, or tactile quality. (uraY
A framiTAwdd | @ W ATl | s femtha:-
dirETRET EAAY framatT: | T |EY win 7o | shray

TH | T sgwtowy weervroaRft \—Nydyabodhini on
Annam Bhatta’s Tarkasangraha.) 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 cases 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
collocation ; or, as with light-rays in cases of trans-
lucency or transparency (wm), penetrate through the
inter-atomic spaces with Parispanda of the nature of
12
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deflection or refraction (fwlmma, Udyotakara), in the
same "way a8 when fluids penetrate through porous
bodies (¥ ufcer=: fisrpert wfew: wm gfe—Udyotakara,
commenting on Vitsydyana's wfcereafeedt, Sutra 47,
Ahnika 1, Chap. IIL); or (2) impinge on the atoms, and
rebound back—which explains reflection (=, facafrega
—Vardhamihira, thmaoa®a—Vétsydyana), or otherwise
be obstructed by the atoms in their path, which would
explain degrees of opacity, the casting of shadows, etc.,
all these operations being also physical, and unattended
by decomposition and recomposition or alteration of
molecular grouping ; or (3) lastly, strike the atoms in
a peculiar way, so as to break up their grouping, trans-
form the physico-chemical characters of the atoms, and
again recombine them, all by means of continual impact
with inconceivable velocity, an operation which explains
all cases of chemical combination. (wfemit fe Awal
FTAwfryEn  Smirgs: W WetATYeITTetatt wr wmafe
waaAfeth Wy wrerwRhert SHawram 1 —Udayana,
Kirandvali, affreaam, taken from Véchaspati, Tét-
paryyatikd, wowewwgw() Cf. also wrgt aw Smam
wifaNA Awar 7 wfveam \— Vichaspati. wfiew fafemfy aw:
el Wt Wnfr | M wE ¥ YA | s
wazfy 7 waforargfrtet v fé g fremrrg et
—ibid. Cf. sfrarewfeigefvcty mawenTam sfeariat
ATTACRfrrara wetamrareraawr i—Udayana, sifrevas,
in reply to the objection: ufe fg wra smtam wfmerfran
wfzaydy frrsmnmt raiyaried et wemERTaw e T A
Rweq —Udayana, bid. Definition of wwm—gmra-
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takara, Chap. IIL, Ahnika 1, Sutra 38. wrfemcet:
wfrarafeasty grasframam —Sutra 47, where Udyotakara
DOtes : WSTATANIN: — T FWHTITIN 7 WEA TR WATAIR:
waEATA dsfiwws: @sfremw g1 Vichaspati explains
TR TR TRTRASTE: WG 7 W g IR
TR ot ™ faew T gee sweT-
tmmmnﬂﬁfsﬁmwwﬁm 1 Cf. Vitsya-
yana on Sutra 47, Ahnika 1, Chap. II.  On the other
hand, in chemical combination, wamaw: FgrarTwtER |

A7 I wfEgET Aeam w1 weaey e, fsa
fomm, fomm wresmdanfeaTy: ete.—Jayanta, Mafijard,
smdragivyg | For opacity, shadows, etc., vide wrar g

wWhnfimd | iR wgwAwwrsify g mtr et —
Udyotakara, Chap. IV., Abnika 2, Sutra 25. For
reflection and its laws, I 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 Piriméndalya, a term
which indicates a spherical shape. (fa# uforeer—
sforgens  wifomeram — Saikaramisra).  To conceive
position in space, Véichaspati takes three axes, one
proceeding from the point of sunrise in the horizon to
that of sunset, on any particular day (roughly speaking,
from the east to the west); a second bisecting this
line at right angles on the horizontal plane (roughly
speaking, from the north to the south); and the third
proceeding from the point of their section up to the
meridian 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, may now be given
by measuring distances along these three directions, i.c.
by arranging in a numerical series the intervening
points of contact, the less magnitude 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 a rudimentary manner the foundations
of solid (co-ordinate) geometry. (wwmsta few: wiferteazy-
TR T ¥ IRty T o gt
TfmrER R TR TR T« m&w’m@
g wfgw: @ W giefedt qong wiw @ gEifsarenaRy-
fawardgdar: @ Awel | TR frdmgwetet o
wTRaAT wafeat w‘iﬂfﬁ’t N iemed oy | vt wafea-
!ﬁ‘@wﬁﬂﬁ"ﬁ ey yrEvhT! e | dgwedmTe-
¥R W wfywifoad! gidemtandt v wet sttt
w wggw—Vichaspati, Titparyyatikd, Chap. IV.,

KAhnika 2, Sutra 25.)

The original physical arrangement of atoms is also
given. Each (spherical) atom is in contact with six other
atoms. wd feyisfy TaEn wiy dhm w7 wom WSt QAT
wZaT Jrogdnh gRAmTmgs: 7 srewAnys: \—ibid.  Cf. also
the objection in the Buddhist Kérikd, wzaw gmagam
TGt Wiyt | wat sWreyA fow: wegars: o This
is the typical primordial arrangement, and variations in
the collocation of atoms and molecules (We, wraTafasy),
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as we have seen, were conceived to account for the
variety of isomeric modes of the same Bhita, as well
as of mono-Bhautic and poly-Bhautic compounds.

The molecular arrangement in the case of bi-Bhautic
compounds is very peculiar. Two substances, say Earth
and Ap (water), form a quasi-compound first, and each
substance breaks up into atoms; one atom 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
formg a binary molecule. Now the first binary molecule
links on to the atom of Ap, and similarly the second
binary molecule 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 molecules enter
into complex contact (ddwwddm). 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
contact, 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
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of this class of quasi-compounds. (¥ (dvr)
TR fedmwam o1 fafoa scgddfrerar: aTar-
agdiTYRe: ardTeTT: 49 | . . . T FOEAui: |
WO | T QT 0 win WA iR qrfere wae
WIS W WTHE ProntdnT s mat diemat arfleramgs
TIETOAR | TR A WS TYWA: SRYAGARRTG TN
o 1@ AT dTTR A TATaTRTAY
#inlt Jrogaen | fd wTR) wTcwdatT e wataw Wi
el dgwR I W | we et e wrogddfen wrde
WA waR | wraafy ggd wrgddatrrr arfeaafe—Pra-
sastapdda-Bhishya, ot deimfrevas )

The whole process may be graphically represented
as tollows :—

MOLECULES OF A BI-BHAUTIC QUASI-COMPOUND :
GRAPHIC FORMULA OF COMPLEX CONTACT.

E = an atom of Earth. W = an atom of water (Ap).
E __{a binary molecule of w _ §a binary molecule of
‘L U Earth. VL | water (Ap).

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

PARISPANDA :—RESOLUTION OF ALL PHYSICAL
AcrioN INTO Morion.

Parispanda sometimes stands for motion molar as
well as molecular, but more often for the subtile motion
of atoms or molecules. The radical meaning of the
term is whirling or rotary motion, a circling motion,
but it may also include simple harmonic motion (e.g.
vibration). All action, operation, work (fiwur, W) is
ultimately traced to this form of subtile motion lodged
in the atoms or in the matter-stuff. The Vedénta,
for example, speaks of a cosmic vibratory motion
(M—-Saﬁkam). Akésa, in the Veddnta,
as we have seen, is the first stadinm in the evolution of
Matter, which gives off Vdyu, which gives off Tejas, and
8o on; but Akésa (ether) itself passes through two
stages before the emanation of the Stkshma-bhita
Véyu: (1) the motionless ubiquitous primordial
matter-stuff (answering to the Sdnkhya Bhiutddi) called
Purénam Kham (gorat ®) ; and (2) a subtile integration,
the pure un-quintuplicated Sikshma Bhita called
Viyuram Kham (argt ®), answering to the Sdnkhya
Tanmitra stage. It is this subtile Akédsa, in its
Tanmadtric integration, te. 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 (writ: wfcer=mn-
waamn —Sankara). So also the biomotor and sensori-
motor principles apart from the directive intelligence of
the Self (W wfrermmwaARI—REm wd Fww ek
waeafgmarw —>Sankara). The Sdnkhya also conceives
this Parispanda to characterise every process and
phenomenon of cosmic evolution (w wfwd wfreram—
Véchaspati, Kaumudi). Bhitas, organisms, mental
organs, as modes ‘of Prakriti (considered apart from the
Intelligence of Purusha) are all subject to this Pari-
spanda (yerrd F¢ mwww Jewt TueER ¥fn Awt i
watyfemmiat w ufcerm: wfew wr +—Vichaspati on Ki-
rikd 10). On the other hand, Prakriti as the Avyakta,
the a-cosmic, the un-manifest ground, with resolution
only of like to like (wgwufrgm), is devoid of all Pari-
spandic motion (wafa wwwanfa wfrgmewa fwa, warfy
e arfe \—ibid. on Kdrikd 10). The Nyédya-Vaise-
shika finds Parispanda in all forms of matter, except
Akésa, which in that system is non-atomic and in-
capable of any change or activity (fafems). But 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 (waataafcar=-
ararefcfaqaartacargs: — Raghundtha ;  compare also
Udayana-Kusuma4iijali, Stavaka V.—qmamge: fe nfret-
@AM wrrqeagr: wwattnl).  All physical action consists
in motion. The Nydya-Vaiseshika rejects force, power,
operation (wfw) except as modes of motion. Jayanta,
indeed, states: We do not acknowledge any mysterious
power or operation which the senses do not and cannot
report to us. But this denial of Force (wfw) and of
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unperceived and unperceivable operation (waifegaaTare)
is put forward as a philosophical (epistemological and
metaphysical) proposition to justify the Nydya analysis
of the causal nerus into mere invariable and uncon-
ditional antecedence among phenomena without pro-
ductive power or efficiency (wmrarfafay=rer frawgiafm—
Bhasha-Parichchheda). 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 (yw and wywwey, not waifga), is the
ultimate form of all physical activity., (ufmrg e
W wme wwE: | wifgeg W et e
T ATCANRY WIH WAR WP | A JIESAA WU
suan —Jayanta, Nyiyamafijari, Ahnika 1.) The
effect (no less than the action) is, in all cases of material
causation, the resultant of the combined motions of the
various (material and efficient) causes involved (e.g. in
the case of m,qﬁﬁmmmmmuﬁﬁ-
THITAFEW: TTH TYR | . . . WY WO Tqn: W DIy W
8 sgawcd w Wy lhw A | —Jayanta, Nyiya-
maiijari, Ahnika 1.)

But, in the Ny4ya-Vaiseshika, though all action of
matter on matter is thus resolved into motion, con-
scious activity is sharply distinguished from all forms
of motion, as against the Sdnkhya-Veddnta, which, as
we have seen, considered everything other than Intelli-
gence, the Purusha or the transcendental Self, to arise
in the course of cosmic evolution, and therefore to be
subject to Parispandic motion. (fwmfrsix wart wmrd

TITAC | W"‘Wﬁmﬂ’ +—Quoted in Ja-
yanta’s Nyéyamaijari, Ahnika 4.)
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ADDENDA.

EmpiricAL RECIPES FROM VARAHAMIHIRA (circa 550 A.D.)
RELATING TOo CHEMICAL TECHNOLOGY.

A. Searing of hard rocks to enable them to be cut
(or pulverised) (fgeweraa).

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 (c) 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
Neema 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 Samhita,
Chap. XXXIIIL, Slokas 112-117.)

B. Hardening of steel (w&um).

(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
sheep, 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.—(Vardhamihira, wwrewwy,
Chap. XLIX., Slokas 23-26.)

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

Vardhamihira gives the following recipes among
others :—

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

(2) The horns of cows, buffaloes, and goats, asses’
hair, buffaloes’ skin, with gavya (cow’s urine, etc.), 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 lac, gum, and turpen-
tine as principal ingredients; the second makes use of
gelatine ; and the third is a metallic cement.
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D. Nourishment of Plants (from Vardhamihira,
Chap. LIV., on yurgife).

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
should be smeared with cow-dung. For transplanting,
the plants should 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 should be planted at
intervals of 20 or 16 cubits.

As a sort of general prophylactic, mud kneaded
with ghee (clarified butter) and Vidanga (Embelia
Ribes) should be applied to the roots, after which milk
diluted with water should be poured. As a remedy
against barrenness a hot decoction should be made
of Kulattha (Dolichos Uniflorus or Biflorus), Masha
(Phaseolus Roxburghii), Mudga (Phaseolus Mungo),
Tila (Sesamum Indicum), and Yava (barley), which,
when cooled, should be poured round the roots.

To promote inflorescence and fructification, a
mixture of one Adhaka (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 Palas) of beef, 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 inflorescence, ete., the seed before being
sown should be treated as follows :—The seeds should

™~
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be taken up in the palm greased with ghee (clarified
butter) and thrown into milk; 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 Ballaris (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
Haridré (turmeric). This process will succeed even with
the Tintidi (Tamarindus Indica). For the Kapittha
(Feronia Elephantum), the seeds should be soaked for
about two minutes (/it. such length of time as it would
take one to make a hundred rhythmic claps with the
palms—mr@w=) in a decoction of eight roots (Asphota,
Amalaki, Dhava, Vésika, Vetasa, Suryyavalli, Sydma,
and Atimukta, i.e. the jasmine, the myrobalan, the
Grislea Tomentosa, the Justicia Ganderussa, the Calamus
Rotang, the Gymandropsis Pentaphylla, the Echites
Frutescens, and the Dalbergia Oujeinensis) boiled in
milk. The seeds should then be dried in the sun.
This process should be repeated for thirty days. A
circular hole should be dug in the ground, a cubit in
diameter and two cubits deep, and this should be filled
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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
soil 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 ramification and
foliage, which will excite wonder. The Agnipurina
adds that the mango is specially benefited by cold
fish-washings (mreisa W werat ¥ Lai—ywrIie,
Agnipurdna). It will be seen that these elaborate
recipes are empirical contrivances for supplying the
requisite nitrogen compounds, phosphates, etc., these
being potentially contained in the mixtures and
infusions prescribed.
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CHAPTER II
HINDU IDEAS ON MECHANICS (KINETICS).

SecTION 1.
ANALYSIS OF MOTION.

IN his Bhéisya® on the Vaisesika® Aphorisms, written
probably in the third or fourth century of the Christian
era, if not earlier, Prasastapida begins the Section
on Motion (w+#wsw) with the definition of karma
(motion, lit. work) as the unconditional cause of con-
junetion and disjunction, i.e. of change of place in
a particle (¥omfowmfrcdwwrd). He regards karma
(motion) as instantaneous (Wfg®) in its simplest form,
distinguishing it from wega (impressed motion,
momentum), which is a persistent tendency, Sanskéra,
and implies a series of motions. Accordingly in one
and the same particle there can be only one motion
(karina) at any given moment, since its change of place
at that moment is one and definite (wwer Twfom T=
THAT WA TR | AgEUENTY, WA qerafaswd).  The
supposition of two (instantaneous) motions in the same
particle is superfluous. They may be so opposed as to
neutralise each other, in which case the particle would
be at 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 transliteration adopted in Chapters II.-VI.
differs from that adopted in Chapter I. and Chapter VII.

K
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motion would be sufficient to account for it, and the
hypothesis of two motions would be meaningless
(wg wfrgradgTanTay: 741 TRERY SUUR; fEntawsATRaT
—Prasastapida). One and the same motion can effect
only one particle, as the changes of place of different
particles must be different (v# w& & waaw swa—Ibid.).

Now motion is always marked by a certain direction
(fenfatgrardrorarmma fag:).

(i) The successive motions of a particle may be in
the same direction (rectilinear), e.g. (a) upward or
downward vertical motion, as in throwing upwards or
downwards in the case of objects moved by volition
directly or indirectly (wy@iwd, wuswd), or (b) other
forms of rectilinear motion, contraction, dilation (wrg=,
warcd) ; or

(ii) the directions of the successive motions may
be different, 28 in curvilinear motion (wEfraafeamzy-
domfamrace 7pmH), e.g. W (rotatory motion), ®ww
(vibratory motion), etc. All these are varieties of
Gamana (mw, curvilinear motion). wrRwOTIRR:
WATRETAL WA ATE Tt WEONTY mmm—lbzd
cf. Sankara Miéra, madl w wrfafag: wgteAErA -
weawamaaterafa.  In  another sense, all kinds of

motion in material (inanimate) objects, whether recti-
linear or curvilinear, are called Gamana (7).

(e wefawie ek yoady W A wwedy 7 wad W -
wWd W | M WA WANTAY AY WA W Aw wwatatr Prasasta-
pida, wduw)

Single particles, then, may have a serial motion.
When particles (wazar:) combine to form a body (weas?),
they may move continuously in a straight line, in
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which case the body is said to move in that direction
(weafafsarar  arrgeaafaarfraamam, the action of a com-
posite whole is determined by the action of the
constituent parts taken together). But different
particles may move in different directions, 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 (¥wwe, &)
and a vertical downward motion (4wa) 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 gwi, the particles
have a rotatory or vibratory motion in one relation, and
the leaf as a whole has a downward motion in another
relation. The motion at any instant is really one, but
for convenience of analysis we consider the rotatory
change of place as separate from the change of place in
the downward direction. wwfery wiify g Tt
WAEIRARRE AR : W af | W W wagATAafea fefrafye-
dmfommat swgm—Ibid.

SECTION 2.
MOTION CONSIDERED IN RELATION TO ITS CAUSES

Various kinds of motion are observed : —

I. Movements which are not caused by contact with
matter .—
(1) Movements caused by volition (wam), e.g. the
movement of the hand.
(2) Movement as of a falling body. This is caused
K 2
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by gravity (7€), which in the astronomical treatises
of Aryabhata, Brahmagupta, and Bhskara is ascribed
to the attraction (wrw¥w, pulling force) exercised by the
earth on a material body. The force of gravity may
be counteracted by volition (fevrcwwam), as in holding
up the hand, or by contact, as when a body rests on 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 (wmgw). This is due to fluidity (gwa), 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 (e.g. in
the fire). But Sankara Miéra points out that this
property, fluidity, is only a concomitant condition
(wawaifrwTe®) ; the efficient cause (fafrwantw) is even in
this case gravity (&) in the particles of the fluid.
Tl R 7Y FIAT WERTITETOOT, SO, TEAT
fafawarcam_ wewnifowrcgy (Sankara Miéra, Upaskara,
on Sitra 4, Ahnika 2, Chap. V., of the Vaisesika
Stitras).

(4) Certain motions, not due to material contact,
of which the mechanical causes are unknown, and which
may be ascribed to the universal final cause, Adrista
(w3v), e.g. the first motion in atoms at the beginning
of Creation, the upward motion of fiery particles or
atoms, and the oblique motion of gaseous particles,
vdyu (W1g), the movement of iron towards the magnet,
capillary motion (wfra¥g) as of liquid particles from the
root to the stem of a plant. The upward motions
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(wrdrew) 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

(fw: worrg) and the contact with air-particles (Wrramatwmm
dgwdamre— Vaisesika Siitra, Chap. V., Abnika 2).

MEANING OF ADRISTA (w3v).

Adrigta (lit. unseen) stands for * unknown cause”
or “unexplained Nature” in the earlier Vaisesika
writers. Several classes of cases falling under Adrista
are distinguished, e.g.—

(1) The operation of merit and demerit (wk and
wwih), a transcendental cause, which has to be posited
in explaining the conjunctions and disjunctions of souls
with their organic vehicles (bodies), which cannot be
ascribed to natural causes, but presuppose the law of
Karma, or the operation of moral causation, as super-
imposed on the natural order.

(2) Various kinds of motion in the different classes
of elements, e.g. their natural modes of operation, such
as the dispersion of vdyu (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 (swwred wawred). Such natural properties must
be ascribed to Adrista, final causality (Sewrcrawrcan¥
wyvwifah), provided the cause cannot be ascertained by
observation or inference.

1. g wrednam weitrwr—lbid.  weatgwsh
syntgad, ete.
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Jayanta in the Nyiya-Manjarf notes that Adrista is
resorted to in explanation of observed phenomena only
when these cannot be derived in any way from the
operation of known causes—afs wgwwmig q¢ 7 feefr
wTgE wEw WAy wiig wpuat fd apwweae 1 geferife
wgt s 7y qefrera « Arwwd—Ahnika 1.

Similarly, Jayanta notes that, when anything is put
down as natural (@mfe®), we may mean either that it
has no cause or no uniform cause, or no known cause.
Of these the first two alternatives must always be dis-
missed ; and “natural” can only mean something of
which the cause has not yet been ascertained (mmrfaat am
faqwr fanggd wirarmege wimanegs a1 @ wregegs wndt
worEfr . ... Tife wfmgadgd w1di Pefezfe — arawec -
wrArERAtTE 1)

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

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

(1) Motion due to direct contact with & body exer-
cising continued pressure (#&w), e.g. 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
as it recovers its 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, #za, wcw)

of the wind, ete. awTg¥wifewcuwrarfewnt: Prasasta-
pida, =gfAeve- R0 LA nis oo DL T e e g
wdwrgama, « Sridhara Fwwifs wifeweary Yerraat fowr-
ghat (balloons in the sky) »itwmgiat w wrrarrtywawiat
wgTaguyw vfcwe: (Udayana, Kirapavald, sgfaewam).

N.B.—Udayana makes a similar reference to balloons
filled with gas or smoke (wAryfcwwsiyza) in discussing
the opinion that air has weight (Kirapivali, argfa-
wsww®). These passages show that balloons were known
in Udayana’s time (970 A.D.—vide w&q, Laksanivali).

(2) Motion due to direct contact for an instant with
& body that strikes and produces an impact (wfirara),
e.g. in the cases of a stone falling against a hard object
(armanfey faytagfa whmfrdg—Sridhara), the potter's
rod striking the wheel, the mortar struck against the
pestle. Instantaneous disjunction is necessary to
impact. If there is continued contact, the result is
pressure (@rza). In some cases there may be disjunc-
tion (z.e. a rebound) after continued pressure (7% wfirerrd
Tt Yy wivem Pafaedt A sqarfr—wihve—araaes?).

(3) Motion due to direct contact with an elastic
body which exercises a moving force by means of its
elasticity (fefwmgrawm) in the act of restitution of the
original form (wwrfer# wrwafr), 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 sanskdra, i.e. persistent
tendency (vg'mmwmt’qg ety feafreq-
usAadi dewn—nywyrenw, bows, twigs, tooth-bones,
horn, thread, cloth, etc., are noted as elastic).



136 THE POSITIVE SCIENCES OF

(4) Motion due to contact with a body which is
itself in contact with another which possesses Vega
(impressed motion or momentum) (YreEFErEgwidm).
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 a string, the pushing of the
potter's wheel by the potter’s rod, etc.

SecrioN 3.
CAUSE OF MOTION, OR FORCE.

Force is of the following kinds :—

1. Continued pressure (#ve=).

2. Impact (whirer).

3. Persistent tendency (dwerz), of which there are
two kinds : (a) Vega (%, impressed motion, momentum),
the persistent tendency to motion in a moving body,
and (b) the tendency to restitution of shape in an
elastic body (ferfreawder).

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

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

5. Gravity.

6. Fluidity.

7. Volition.

8. Adrista, comprising various unknown agencies.

In every case of motion produced by contact, Vega is
a contributory cause, as the body originating the motion
must possess Vega (impressed motion, momentum).
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The Concept of Vega (wmmpderr).

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 sanskdira or persistent tendency to motion
(Vega), which is the cause of continued motion in a
straight line, i.e. in the direction of the first motion
(franfesgfom vy wfombmea fmam wan wg
fenfipuidy favremmam fffr—wivg, aR-wwe?, dwm-
faewam).

The Vaisesikas accept one sanskdra (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. (derty TwdwTwdwaTa wran
Wb wify A dwte FETIORIT T T deTT
WHREATANAR: A WEEATTTN dWTCRATASTG Sy e —
vyt 1) It will be seen that the Nyiya view is
adequate to explain acceleration, which it logically
implies. The force of sanskira (wf®) diminishes by
doing work (wrdwgm) against a counteracting force,
and when the sanskdira is in this way entirely destroyed,
the moving body comes to rest (d&md wraquAAwgAwN |
U I T wAwT v wiR rer rer sndwwacmy-
wefwwaaraR —wie—are-wRe-wdaea).  Vega, it will be
seen, corresponds to inertia in some respects, and to
momentum (impressed motion) in others. This is the
nearest approach to Newton’s First Law of Motion in
the Vaisesika theory of motion.
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Vega (impressed motion), or this tendency to move
on in a straight line, is counteracted by contact with
tangible objects (Trfrazgardain), e.g9. by impact or friction,
including friction with the still atmosphere (feafrmarg),
as in the case of the arrow.

Vega (momentum) produces work in opposition to
the resisting force, and thereby becomes weaker and
weaker (w=wz w=wa) until it comes to an end (ww ¥
gty weg Ty fafawfegwgn whgr wad, frae-fos-
faar-weARy: SEyaddn-frgefedvt Prasastapida, d=rec-
freTTn—a=y I WiwradimTy frvat Ta whieome
o fafrrarg-nfrrgva—uthe, derfrsam).

Causes of Pressure (fvea) and of Impact (wfirern).

Pressure is produced by contact acting in conjunc-
tion with Vega (impressed motion), elasticity, gravity,
fluidity or volition, e.g. the Vega of the wind produces
pressure (¥¥gA) 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
earth sinks under a heavy load.

Impact is produced by contact with a body possessing
Vega (impressed motion) where the contact is instantly
followed by disjunction (or rebounding). 1f the contact
continues, the result is pressure (fgw). (7% Fga TEA-
TI-V-AANT]  WRE-WET Wiy O dom-fege: wed
wfom-ay: Tww why: wtd e Wt wfe wenqiy W
et ... T T dom-fgw PRy v it
T w whirern wemefa wl-AEniRy Wk wafr—wyEaE-aTy 1)

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 (wtmm=grfiiz). So also Vega (impressed

motion, momentum).

Tilustrations of Combination of Forces.

(1) Pressure acting concurrently with impressed
motion or Vega, a3 when the moving hand possessing
Vega throws the quoit or a projectile. (wfagwy
mrafafy:) (ww: darcAanat aran whfy wafs ara waae-
foam Ifr—uyrerareTg 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 (#1%), and results in a
sanskdra (persistent tendency to motion, impressed
motion or momentum), but the subsequent motions are
produced by the pressure acting concurrently with the
sanskdra (impressed motion). (wery d=rr Hre-wETATY
Ay wEY wafw Ay yE-fRT—Ane-uE, SRtee—
T waTafafn  gRddhTy W TeR IwAwafe sy
wfirgramy R dETI W wafw TEfTE g W Ty W
danEy AT Wi, AE-aRE), WA 1)

(2) Impact (wfirerts) with impressed motion (d=r),
as when the mortar thrown by the hand rebounds after
striking the pestle (darcriwr whrerrmR g3 Iruma-weh
—AREE WTw).

(3) Pressure (tza) acting concurrently with lmpact
(wfireta), 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 (dgwituin).
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(wrfefirdwmmamfiremraram o dareTat yheat ax d6-
MR SENW T w dgwdim | rerfe
gfqmfey et wafw 1—Prasastapida.)

(4) Gravity concurrently with sanskdra or persis-
tent tendency, as in the case of a falling body in the
second and following instants. Also the case of a stone
thrown against the mud, where gravity (the weight of
the stone) combines with the Vega of the stome to
produce motion in the mud (Prasastapida). (wrd ==&
TeAm wafr o R wim dwc PR wewwt  Swowinfe
TEAdETIR WIaR Fafy TR Wy aweTTeTce T — Wi,
ATY-wRS?, WAUY wnmn-waRfaeegn1) This case will be
further noticed below.

Udyotakara, the commentator on the Nyiya-Bhésya,
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&a) of a body (wwwal) as a whole
composed of particles (wwawt:) is not the same as the sum
of the gravities of the particles. There is a difference
in amount which is, however, so small as to be im-
perceptible. The concept of mass in the New Mechanics
of Lorenz may lend some countenance to this curious
metaphysical speculation. (Sridhara, Jwwm, TeAtresan)

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

Sanskéira (impressed motion, momentum), with or
without pressure (#¥e@) or impact (wfirwra), may be
transmitted (Terdywea wavTm swdwcwsitiy dwnm ATy
wiwt desrorn dywekivre 1—Sridhara).

\
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Composition of Gravity with Vega (Momentum).

When a body is let go and falls to the ground, the
force acting on it is gravity (%), 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 sanskdra (impressed motion) in the same
direction. But the force of gravity continues to operate,
so that, in the moments following the first, the motion
is due to gravity as well as sanskdra. The resultant
motion is one, but both the causes must be conceived
as contributing to the resultant. The reason for
supposing this combined action is that both gravity and
sanskdra (impressed motion or momentum) are 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 (wrawarty:) 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. (wrd w=®
oA wafe B wewr dwc fam wgawt swowsine
TeR-dwTram wreR  gURfe TRd WA s —
v, wiiw—m wik eAm frrtanifa g gedeTnam.
—TAyerE, W 1)

But in the case of the flying arrow or other projectile,
the impulsive force which produces Vega counteracts
the force of gravity ; in the end, this Vega is lost through



142 THE POSITIVE SCIENCES OF

friction with air, and then gravity (7&a) 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 continues?
We have seen that, in the case of a body let fall,
PradastapiAda expressly states that gravity (7€) and
sanskdra (Vega, momentum) both act in the second and
following instants. Prasastapida seems to have thought
that some sanskdras (e.g. the Vega of an arrow or other
projectile) suspend the action of gravity (q&at #dvmmam
derefedfy, Prafastapida, Juuee1 anw wfrwewry wowd
fefire yye™R: fage dkd wife swdwofe <g-
deroRaramaifefr  Prasastapida, weitwew). Other san-
skiras (e.g. 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 VaiSegika Stitras in this sense.

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

Any number of motions or Vegas may be impressed
on a particle, but so long as these are in a uniform
direction (feumfenfafge) the resultant motion or Vega
is in a straight line, and may be conceived as one
(Prmaw=gar-Ra8e, Prasastapida, ww=q). It is only
when we come to Gamana (curvilinear motion) and its
causes that the question of composition assumes a real
significance. In all such cases, each separate particle
has only one Vega (impressed motion) in a definite
direction (fquwafemfuger) 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 (W),
e.g. the rotation of each constituent particle of the
potter's wheel. The motion of the body (wawsl, e.g.
the wheel) results from the combined motions of the
particles (wwgaw:). If pressure or impact produces
motion in an opposite direction to the Vega already
impressed on the body, the original direction would be
changed, as is seen in the case of rebounding (¥nwma)
after impact (wfivew). The mortar rebounding after
striking the pestle is a typical instance of such change
of direction in Vega or motion. The impressed force,
e.g. impact (wfwwm), produces a changed motion in a
different direction. One view is that the original Vega
(momentum) is destroyed before a 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 produces the
changed motion and, through such motion, a changed
Vega in a new direction. (wﬁm dm-
TESTRATAIEATY:  JEE SUAAEA AT qwia wrwewrdad
fae: wwifa JuipEea: dm waiwEs: @ daTo-
wrfwmEnel wafn woar WA T g darc winer witra
wafeqn fn et seq., Pradastapida, wwg 1)

Typical Cases of Curvilinear Motion (Gamana).

Vortical Motion.—This is due to the contact of two
bodies moving in opposite directions with a like or
equal Vega, e.g. 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 upward
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motion as the result of such collision. (ww fafad dg=i+
AW wAAWTEY:  (gERTeY:)  wnfdeR-fogfwany:  wfwo
Prasastapida, srgfasudt). The scholiast Udayana adds:
TrAfcfmgAn @{anfcn g feafgaq ) wot qwr gwm-
dgeam W e i — sEE,  gufstaret.
Sridhara notes: frdmfwanire-Faitesdnframy -

SAGATIT wEAIT dgdt W aafr Tew weew
ﬁm—gﬁdhara)

Vibratory Motion (W=, ®gq).
This will be analysed in the chapter on Acoustics.

Rotatary Motion (uww).

Each particle of the rotating body, e.g. the potter’s
wheel (wm), has, at any given instant, a motion in a
definite direction. The rotatory motion of the body
results from the separate motions of the particles and
their persistent tendencies (=), joined with the fact
of the rigid conjunction 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
(wiwwrs); while the other parts move through the
transmission of force due to the rigid cohesion of parts.
The subsequent motions in the part struck are due to
continued pressure (#%@) and the persistent tendency
(vhetx) set up by the first motion ; while the subsequent
motions in the other parts are explained by their own
persistent tendencies and the transmission due to rigid
cohesion. When the rod is disjoined from the wheel
the rotatory 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 explamed (7.e. by the composition of
Vegas) (war wafry wegaram wigdn: wfnfraafgrgydmton-
Mrawt qrTafea: Aot Rdamtomtatae. wh we-
wgtate « TeaTeq) swafagan—Pradastapida,—wsiwvg «
I, rEddTATTTY Wi Wt zeddTy | wamaTAly W
#yvﬁmq TRUTR WU IRAWTEETY dmray g AT
w1 wiint dwnrg dgwkieTy W wiTEy WA TERady W
dwreRy RagTy TR mAtegw—Sridhara).

SEcTION 4.
MOTION OF FLUIDS.

Current motion (&=, downward flow in a stream),
upward motion (WrQ®w, e.g. evaporation, boiling, ete.),
and capillary motion (wfiwvwdy, as in plants and porous
vessels) are three varieties of fluid motion which require
explanation. To this may be added vortical motion
(dgsiw), and ==w, wave motion, which will be noticed
in the chapter on Acoustics.

1. Current Motion (==).

This is conditioned by fluidity in particles, but
Sankara Miéra notes that in the downward flow of
water, gravity in the fluid-particles is the efficient cause
(yeamy  fafrwarcom  wewaifawrcdy — Sankara  Misra,
Fg&). When the water is enclosed on all sides, as in
a vessel, the downward flow (=m) 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 is the resistance (wfaw=a) of the latter, which
is transmitted to the other particles, and this counter-
acts the fluidity. (wrahrpramt werfwnfedd I m
TaAT wed w¢ wwATq Qu o wenfegaam wfred
INAWTRTITTAfA  dywdain:  wfwwanfa — Prasastapéda,
wRUY 1)

2. Upward Motion (wrdew, e.g. evaporation).

In evaporation the fluid-particles are rarefied, and
remain in a fine state of suspension; the rarefaction is
due to the impulse (#¥#) or impact (wfwwma) of the heat-
particles in the sun’s rays, and the upward movement
is due to their contact 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. (aveft T Wi ATt
Yywdmy w1 Sitras 5 and 6, Ahnika 2, Chap. 5, Vaige-
gika Aphorism. o =Pt wiw: ggETAn  AIYIEEAR-
Tw el wafm—Sankara Misra, s 1)

N.B.—These two Siitras of Kanida have been inter-
preted by the late Gangidhara Kaviratna 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 (dywetaim)
of the air seems to lend some countenance to Gangi-
dhara’s view, and the word Nadi (aves:) offers no difficulty,
being taken in its usual sense, * pipe” (wfe=r, Nalikd),
while the current interpretation does violence to the
common acceptation of the word.

3. Capillary Motion (wfiradw).

Two instances are given—the ascent of the sap in
plants from the root to the stem (wftm: a%dt g2 fafem-
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amat ﬁ-—Sankam Miéra), and the penetrative diffusion
of liquids in porous vessels, e.g. of the oil or ghee in
an earthen jar (¥} wafiferrt Regaetat wred wow).
Heat-particles have a like penetrative power (Frywifathit
THRTATRTEY AvE: TERRwUTEEY: weW W fafesat wat
e fadw—Jayanta, ;rawR, Ahnika 8, gferarat
AT

This is ascribed to adrista, as the cause cannot be
ascertained by either perception or inference (including

hypothesis) (Wawrgwrmat wyeaATTaTCaR—Sridhara).

SECTION 5.

INTERESTING EXAMPLES OF MOTION ASCRIBED TO
ADRISTA (UNKNOWN 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 bodies (wenpamat wiwwretat wehrt wgem—Prasa-
stapdda with Sridhara’s commentary, wetwew). Most
probably this means earthquakes, tides, etc. Aryabhata
and his school would no doubt bring under this head
the diurnal motion of the earth. It is interesting to
note in this connection that Bhaskara refutes the
Buddhist hypothesis of the earth falling perpetually
in vacuo 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
Sankara Miéra notes) towards the magnet is another

L 2
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example of unexplained motion in matter. Cleaning

and right-placing of the magnet (dwrvk=m, gwyaremy) are
necessary (g¥iat revETamt, wrmtarfigaT, gV REY
wrsTATEYE rewim—Sankara Midra).

Similarly, amber attracts grass, straw, etc. (Fuwraa-
mﬂi ToTat ma—Sankara Miéra, on Sutra 15,
Abnika 1, Chap. V.).

Involuntary movements of the hand under the
influence of the hypnotist’s mantras (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 Nyiya-Vaisesika school the
day of twenty-four hours (solar) is stated to contain
30%x30x30%x18x2x%x2 units of time (ksanas). The
Nyiya unit of time therefore measures 2 of a second.
The smallest measure of time mentioned by the astrono-
mers is the Truti, which is 55955 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-é4stra (Technology) is the
Paramanu, which is about 355535 of an inch. This is
the same as the Trasarenu of the Nyiya-VaiSesika
school, which stands for the thickness of the minimum
visibile (the finest mote perceptible in the sunbeam as
it comes slanting into a dark room through a chink).
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Average velocity (w@nfr—Bhéiskara) was measured
in accordance with the formula v = ;, but no unit of

velocity appears to have been fixed upon. There was
no idea of acceleration, and of course no measurement
of force. Mahavirichiryya gives formule 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 accelera-
tion, as the intervals are not indefinitely small.
Where the velocity is uniform, the interval of time
may be of any amount (w@ww), but where the
velocity is variable (wfwet w7 ®wmifwm:—Bhéiskara), an
indefinitely small quantity of time (gwwws) must be
taken ; in other words, the positions of the particle in
two successive instants must be considered, and the
velocity must be supposed to be uniform during this
interval (conceived as indefinitely small, gm). It was
in this way that Bhéskara determined the instantaneous
motion of a planet (ararfawt afx).

Component of Velocity.

The astronomers measured the motion of a heavenly
body in different directions (longitude, right ascension,
etc.), and calculated separately the components of
motion (nfrwr:) in these directions, and they adopted
the device of transferring such component velocities
from one body to another in the computation of
relative motion (e.g. T wfr wiwiify Ireard Rtwalam
nfragt  wd  nfewr—Bhaskara, Siddh4nta-Siromani,
Ganitddhyiya, Ghatisphuti-prakarana).
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SecTION 7.
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
indicated by distances measured along these three axes.
This remarkable analysis (circa 842 A.D. mmi,
Véchaspati, Ny4yastichinibandha) antlclpates in a rudi-
mentary manner the foundations of solid (co-ordinate)
geometry, eight centuries before Descartes (vide p. 118,
supra).

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

Bhéskara (1150 A.D.), in computing what he calls
the “ instantaneous” motion (waife=t nfw) of a planet,
compares its successive positions in two successive
instants, and regards the motion as constant during
the interval, which he conceives to be indefinitely small
(gwww). 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 analogous to, but virtually identical
with, that of the Differential Calculus, Mr. Spottiswoode’s
cautious reservation having been due to his want of
acquaintance with the original and the insufficiency of
the materials placed before him (vide pp. 78-79 supra).
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SecrION 8.
RELATIVE MOTION.

The phenomenon is noticed among the hallucinations
of sense (ATuTEETY TEW: wdRRfA fawrafw wHE Wy TR
—Kumérila, Sloka-Vartika, p. 520). Astronomers like
f&ryabhata and Lalla, who believed in the diurnal
revolution of the earth from the west to the east,
explained the apparent revolution of the starry heavens
in the opposite direction by the principle of relative
motion.

SecTION 9.
SERIAL MOTION.

Several Santinas (series) of motions are incidentally
noticed, e.g. vibration (®w@, wwrewTH), wave motion
(xfwwT®), current motion (=ew). .

In an interesting passage, Charaka notes three
instances of serial motion, viz. those of water, sound,
and light (weewm, w=waa and wid:wma), to which he
compares the course (¥#1) 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
Santina (wave) of sound travels in all directions (the
same is of course true also of light), and that differences
in speed (and not in direction) are here meant. In
other words, a Santina of sound travels more rapidly
than that of water, and less rapidly than one of light
(wfwmrar), and Charaka’s meaning is that the metabolic
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course may complete its circuit with greater or less
speed. Whether, in this passage, the three Santinas
are viewed as waves or currents, is not specified ; but
the difference between a wave (wifw) and a current
(wr=w) was well known.

A current of water (mrw, downward flow) consists
of particles moving in an uninterrupted series under
the action of gravity and fluidity (pem and Fwm,
Sankara Miéra). A wave (¥¥fwmc¥), on the other hand,
is constituted by the transmission of vibratory motion
(m=m) in the water-particles (e.g. Jayanta, wmgwau-
Dfrgareergmm —Nyiya-Manjari, Ahnika 2).

A ray of light, on the other hand, was supposed to
imply the rectilinear propagation of indefinitely minute
corpuscles in all directions, with inconceivable velocity,
and a sort of conical dispersion (wiwmife Imfwga: Aw:
wadfn grruam —Udyotakara, Vichaspati).
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CHAPTER III
HINDU IDEAS ON ACOUSTICS.

SecTION 1.
ANALYSIS OF SOUND.

The Mimdmsakas.—In their analysis of Sound, the
MimAmsakas distinguish between three elements: (1)
Nida, a quality of Vayu (air), which is the physical
basis of audible sound ; (2) Dhvani, sound as heard,
audible sound ; and (8) in the case of significant sound,
Sphota, *transcendental” or *intelligible” sound,
representing the Platonic ideas or logoi, which are
eternal (fam,) ubiquitous (wrew), and noumenal (faTrer,
lit., without substrate or ground—Kumérila). The
Sphotas are manifested by the Dhvanis (audible
sounds), of course only in the case of words (¥, ¥m).
Upavarsa, the teacher of Panini, rejected the Sphotas in
favour of the Varnas, which were conceived to be
“ phonetic moulds” with natural significance.

As regards sound in its physical aspect and the
mode of its propagation, some of the Mimimsakas
content themselves with saying that Viyu (air) has a
special quality (NAda) which causes audible sound
(A wrgpw: g afy w=n—Kumérila, Sloka-Vértika ;

mgtn Tenfemradimy  weqew) fTewsd, yIwie g
sfewqw — Partha - SArathi Miéra, NyAyaratnikara).
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Others, including the teachers of the Siksi (Vedic
chanting), hold that the physical basis of sound is a
series of air movements (srgwmm, ¢f. Udyotakara’s and
Véchaspati’s reports) ; in other words, the air-particles
themselves flow in a current in all directions, being
obstructed in their path by the impact of tangible
objects (t.e. material bodies), and the movement ceases,
as in the arrow, when the moving force is thus
exhausted (eg. @ narrEimfyy syEamPefaR: WOy
Ingre A gt ety . . . Wiy TR R geAreR R
—Jayanta, Nydya-Manjari). But the orthodox Mim4ms4
view is that of the MimAms4 doctor, Sabara SvAmi, who
holds that NAda (the physical basis of sound) is a wave-
motion of air, being the transmission of conjunctions
and disjunctions in the minute particles of air, the wave
originating in the first impact, and being continued by
the successive impacts of the minute particles (e.g.
HmfermAcn feemen: gefiroe . argweaT:
(17-1-1) whreda fe wfon e fafmfs swafe
nfrwmwer:  wim frwm domfoimy Sewatw gnewd
wimfza | ¥ W yiomwAny  ddmform Ao |
WUy T¥ Ty ¥R TRWE | ARy wwew W Wyt moy
TSR W — gabara-Bhﬁgya, Sitra 13, Pida 1,
Adhydya 1). In this view, the particles of air
(wrcwwgwm:) are subject to a vibratory motion (a sort of
parispanda) in the production of sound (wfrerefezww
—Jayanta, NyAya-Manjari). The Vakyapadiya describes
articulate sounds (varnas), and indeed all sounds
(sabdas), as only forms of air set in motion, with rare-
faction and condensation (wwa), and capable of variations

of velocity and configuration (Fwwfwa: wamn wyfcwry-
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it WA Ty geat iR | T sTegETdT
Iwavfd@: dfqarary fergm wrowmsfa g ) Vakya-
. padiya, Kanda 1, Sloka 109).

Nydya- Vaisesika.—The early Nydya writers hold
that the sound-wave (wewwrar) has its substrate in
Akada (ether) and not Vayu (air). Later writers (e.g.
Vichaspati in the Tattvavindu) add that sound itself as
a phenomenon is not to be conceived as a mode of
motion (parispanda), for Akdga, the substrate, is, in
the NyAya view, incapable of motion (7 wrq wfeerae
Togfeafel 70 fayfs fop o g2 g —
Tattvavindu). At the same time the propagation of
sound must be conceived on the analogy of waves in
water (vifwamcgmma).  Udyotakara in the VArtika,
Vichaspati in the Titparyyatiki, and Jayanta in the
Nyaya-Manjari controvert the three views current in
the MimAms4 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
(srgemrma), and (3) that it is not air-currents but air-
waves, series of conjunctions and disjunctions of the
air-particles or molecules (wrersawr:, wrgwearww:), that
constitute the Nida, the sound physical, to which, in
the case of significant sounds, the Mimamsakas assign
the function of manifesting the Sphota, * transcendental”
or “intelligible” sound (logos, the word). Vide
Udyotakara Vartika, Adhyaya 2, Ahnika 2, Sitra 14
also TAtparyyatikd, #m wigemmat @ w yEr@r am:
TRE OUs: JUehng demfeinrawet wafw e, ete,,
loc. cit. Against these views the early Nydya doctors
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maintain that sound is a specific quality of AkA4a
(ether) and not of VAyu (air). At the same time
they admit that the impact which originates the sound
phenomenon (wwragfe warwrzepnfy fegwp) in Akada
does so by setting up a vibration in the molecules of
the object struck (e.g. a bell), and that these vibrating
molecules impinge against the air-molecules in contact
(m, wnarfwwarg:).  In other words, though
AkAda is the substrate (wreg), the efficient cause of
sound (fafawwrzm) is to be found in the mechanical
impact (wfiwera) of vibrating molecules of sonorous
bodies against contiguous molecules of air. As to the
propagation of sound, the early NyAya-Vaisesika writers
content themselves with stating that the first sound
thus produced in the substrate Akéda by the impact of
the vibrating molecules (e.9. of a bell) against the
contiguous molecules of air, produces a second sound in
the contiguous AkASa, and the second sound a third,
and so on, in the same way as waves are generated in
water, until the last sound sets up a vibration in the
car-drum (wweyfe). Of course, this propagation of
sound-wave in Aksa (ether) is effected by means of the
air-wave as its vehicle. This is the Nyfya-Vaisesika
hypothesis (w®m) of an independent sound-wave
(w-wama).  Akééa (ether) is motionless, but the air-
wave would not be transmitted if the air-molecules
were not interconnected by Akasa. Prasastapida, the
Vaisesika doctor, for example, describes the first sound
as giving off a second, the second a third, and so on,
expanding in AkAga, in the same way as waves are
supposed to propagate themselves in the ocean.
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wWEATEERTTY W | wedeRunit acrwddmTaNy

smRyarwer WA Prasastapida, wwr westen azwafed
W T TRy ARwEfia e e
WafR AT WY FZEATH WAA | A w=AT gz fawaiwre
ete. (Sridhara, #id.). On this hypothesis the locus of
the sound at any moment forms a circle in Aké4a, and
the propagation is carried on in the air by means of
ever-expanding circles, as in the case of waves in water.
But this analogy is rejected by some (e.g. Udyotakara),
who hold that the first sound gives off not one sound
in a circle, but an indefinite number of sounds in all
directions, and each of these again gives off another,
and so on, so that sound may be said to expand by
successive concentric spherical layers, even as the
Kadambakoraka (the so-called bud of the Nauclea
Kadamba) expands by successive concentric spherical
layers of filaments which shoot forth from one another.
On the first of these two hypotheses, the air-wave
implied in the transmission of sound is of the nature of
what we call transverse waves ; on the second, of the
nature apparently of longitudinal waves. Inany case, it
is clear that the orthodox Mim4amsa view of Sabara Svami,
that the air-wave constituting physical sound means
a series of mere conjunctions and disjunctions of air-
particles with rarefaction and condensation (e.g., sdmfewm-
dimfermdcrife, Sabara, www, Vikyapadiya), implies
longitudinal waves, stfwrcaaraa wgmfve wifdm wzwacs
Argmfe: wefew (Visvanitha, Bhéshd Parichheda,
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Sloka 165) ; ufcyury wamafefy: | mwre: W= dxi-fewm-
w | oM gemOfy  sTwiieaaria wdfgwi | o
TREARE: Y2 ARACHATT TR AW rr=wgfavtaar: wreefe |
TRSAETT TR, grrnaiE:—giwfeurm 3w wafer afreery
wafr (Udyotakara, II., 2, 14). As the momentum of
the impact series (which constitutes the efficient cause
of the sound-wave) grows feebler and feebler in the
course of transmission through the air-particles, the
sound at last dies away. Gangesa, in the Chintdmani,
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 masses of air; and these air-waves, the vehicles of
sound, are exceedingly swift., This explains the veloclty
of sound. WA W WHAFATATEWNEFAT 7 FIIHY T4
aemfy wemt yPramtemadsfe a @ o fey Aot
TAnmA-ewradetr 3w dom-frfawwree wewREA Wl
formy=: % T WA IRAWY wivanfiadyn: wdy Taw
T ¥ HOATHIIOUER AU AR, AETA gt
"Puwmtum( wregrAwt  wiedd W | TORT -
ARATHATIAING  AMFIACK: TAT W0 G2A WS ITE
Tafefy zyw=n wrowm hmmxﬁ(@rangeé&_
Tattva Chintdmani).

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
against a contiguous molecule of air, must be posited,
and this is equally applicable to a sound produced by
a sound (w=ww=<) as to one produced by conjunction
and disjunction (ddtmw or fawrmw). In other words, the
sound-wave (§e@am) in Akdda 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 air by means of successive impacts or pressures
producing conjunction and disjunction of air-molecules
(araatan: ﬁﬂnﬁwm—éabambhﬁsya), or rarefaction and
condensation (wwa—Vikyapadiya), is also implied in
the Nyfya-Vaisesika doctrine of the sound-wave
(w=w=ma), the difference being that in the latter the
air-wave, which is conceived as a mode of serial motion
(nfa-warm), is only the vehicle or medium of propagation
of a so-called sound-wave in Kkaéa, which is not itself
a mode of motion. This is what we find expressly and
elaborately formulated in the later NyAya-VaiSesika
(vide Gangesa, Chintdmani, supra).

SectiOoN 2.

ANALYSIS OF VIBRATORY MOTION, e.g. 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? VitsyAyana and Udyotakara
answer that, when the hand strikes the bell, some of the
molecules are displaced (from their stable position—:.e.
there is karma in the molecules), and thus a Sanskéra
(here a kinetic Sanskira, momentum) is generated
(d¢=r, ww@aTrdee—Vatsydyana and Vachaspati), and
the molecules swing forward under the action of this
Sanskira until they strike the contiguous molecules of
air. This now is a case of mutual impact, which divides
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the momentum between the colliding masses, and the
bell-molecules begin to swing backward, the motion
continuing under the action of the diminished Sanskira
until they come in collision again with other air-
molecules ; and then the process is repeated, and the
bell-molecules begin to swing forward and backward
until the original energy which is parted with in some
measure at each impact becomes so feeble as to be
unable to produce any kinetic disturbance (w+h).
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
Nylya-Vaisesika expressly posit as the vehicle of the
- sound-wave. But Udyotakara never conceived vibration
in vacuo, nor does it appear if he meant to include the
second species of Sanskra (elasticity, Sthitisthipaka-
sanskira) as converted from its potential state (watfgaa)
into kinetic energy, and thus contributing to the
momentum (vega). He uses the generic term Sanskéra,
which comprehends elasticity as well as momentum due
to impréssed force. His commentator, Vachaspati, does
not go into details, and does not analyse the momentum.
Later writers, however, expressly state that elasticity
(Sthitisthipaka-sanskéira) is one of the causes of vibration,
and that elasticity resides not only in the element of
earth, but also in air, water, and tejas (¢f. VidvanAtha).
TETIAITEARATI ATTATCAY ARt wgAe Ifa ghmigmma-
wewaTife whramen wan (Vatsydyana, IL, 2, 3, 6) mifwdu-
: qf-wEryR v mﬂmﬁmitn[ werat =k
TR qrEfiReTd foirenad derd wdfe o @
wwwnniwd TPrETTr @1 W WAt ga: R wAfr
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™ Wiy G deRY gN: R AT R
daTT m(win ™ WNETTATATET AERr AT
™ m m tfa (1) Udyotakara Vartika,
Adhyé.ya 2, Ahnika 2, Satra 36. (VT TTTd T
YUY T wnafmwy 13— Vichaspati, Tatparyyatiké.
loc. cit., also &=t ¥nmvet ®Ofr). But ¢f. Visvanitha,
4O Wity fafrETaETEd | gAY I Wy AN ST

wwy | feafreroadere fedt sfewgsdfe | waifedisitia:
wfwn ssfy wroq—BhashA-parichchheda, Slokas 157-
159.

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.

nfrsafq (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 a mirror (wfrfesw) is due to the reflection of
light. There is an element of hallucination in either
case (yPyafcamfegn:)—the image in water is not a real
image, neither is the echo the real sound it is taken to be.

(wawet w 7 g Afnfrmine wewT afratreantrioy
M
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THAR | A W ARG Aivatafdn e wfra e
Fefy warafwwtwwron Rfrfesyfeamafagmrsatcts | wfrfeay
Yy vfeomirga fearardt wetfemm s ware \—Vijndna-
bhiksu, Pravachana-Bhigya, Chap. L., Sutra 87.)

SectioN 4.
PITCH, INTENSITY, AND TIMBRE.

Sounds differ from one another by their pitch
(wrowmfee), by their intensity (atwreifede), and by
their quality or timbre (warwrcw wh). When a bell is
struck, an indefinite number of notes (gfmig, tones and
overtones) are emitted, of varying pitches; and the
notes die away, becoming less and less intense. Now,
we know that the molecules swing to and fro, and that
the. Sanskira (momentum, vega) of the vibrations
(wramrrderc) grows feebler and feebler. The differ-
ences in pitch (tones and overtones) as well as in inten-
sity must be due to variations in the Sanskiras of the
vibrations. The distinguishable pitches (called Srutis,
gfmiz) as well as the degrees of intensity (wremeztie)
must be ascribed to variations in the vega (momen-
tum), and, by implication, the frequency, etc., of the
vibrations.

Cf. VatsyAyana, I, 2, 36—werat warryfwdesroyt
gt T TEgTE geEEEEye g
Aty weewyw 9o Vide also Udyotakara's
analysis of vibration based on Vitsyiyana: weram-

mmmmwﬁg

wirmeA mn TAAAWATR  ARgACARgAATTE fraEaTgiaTiast
wwmfw 7w wng #wc—Udyotakara, Vartika,
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Adhyaya 2, Ahnika 2, Sitra 36. wwawfem W
wfmitatw:— Vachaspati, Tatparyyatiké, loc. cit.

Sounds also differ from one another in volume or
massiveness in the case of coalescence (waTawTatdqwy).
A sound both loud and massive is called wery (large)—
T4 WLEAM TY AT AT WA AR awrAwTAewa:
wfe ¥ were weAa ®eat | wanfy wur 3fr werfrgen—
Vichaspati, II., 2, 36.

Sabara, the Mim&ms4 doctor, explains massiveness
(wrw) as due to aArzyfy, the coalescence of different air-
waves, which by their simultaneous impact affect a
comparatively large tract of the ear-drum (wwx
TEhRNATTR: FROVTERATE = YRRl A wan
T | Oa wghriwrdwg araw wyOfy sdmysthesa
wit Aft wrgefe: dWmfomhordfs WA TEUT T T
wITAATTAY Suad | AT ATy P SRt
AT | ¥ AR 3y @ y=@—Sabara on Jaimini,
Sitra 17, Adhyiya 1, PAda 1). The Mim4msakas, who
resolve sounds into air-waves, attribute all differences,
whether of pitch, intensity, or massiveness, to differences
in the series of conjunctions and disjunctions of air-
particles that form the waves (vide Vichaspati’s report,
st § iRt gwemRA s ; of. also the
later NyAiya-VaiSegika, which accepts air-waves as
vehicles of sound-waves: TTORY wRmTEMfeRRy wwTfe-
wmutw:—Gangeéa, Tattva Chintdmani). It may be
noted that the terms wtw and #= are occasionally used
in a general sense, and applied to express higher and
lower degrees of pitch as well as of intensity.

There are also differences of quality (w==
waryrcgwe:).  The same sound ga (), of the same pitch

M 2
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and intensity, uttered by men and parrots, can be
distinguished ; so 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

(wfer fe gnw&mmwm TEAT  EOEAET:
Yo v wifEney @igeiemey w—Vichaspati, Tht-

paryyatika, IL, 2, 14. wtgr wred ¥ ﬁwmw
st wi—Udyotakara, 1L, 1, 15. %

ST gwafcAmgawRrT o —Gangesa and  Ma-
thurdnitha). The sounds emitted by impact of the
different Bhiitas (echo from Akéda, 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-
chadaéi, Bhitaviveka, Sloka 3).

The Vkya-padiya (Kanda I, Sloka 109), as we have
seen, ascribes all differences (whether of pitch, volume,
or timbre) to the characteristic forms of the air-waves,
which differ from ome another by their configuration
(wPwarary fwrsgw gRT:), and are capable of variations
of velocity (momentum, vega) as well as of rarefaction
and condensation (wrcgewrdry) Rwawfig:

There are passing references to the obscuration
(whnre) of sounds in Vitsydyana, Udyotakara and
Vichaspati, but the subject is treated more from a
psychological than from a physical point of view.
(it wrAtgERioEs ¥ ww: | ATy wEEwy
g W-HRTEfATNT wEiN $® e e whnet g
—VitsyAyana, II., 2, 14 ; vide Udyotakara and Vacha-
spati, loc. cit. Here wta = loud, and a% = low.)
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SEcCTION 5.
MUSICAL SOUNDS.

Srutis and Svaras.—We have already seen that
the distinguishable pitches are called Srutis, and 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 (wrmwt fg yatat w
gwatm faafgn: qur wfafagamgmmTd mrae |« dntroeaT |
¢f. dntamifowTs | RywwIVAT TGy grw: wm—dntaa-
forre, Sloka 40).  Twenty-two such are named and
recognised for musical purposes. But a Sruti as such
cannot constitute a musical tone (Svara). A Sruti is a
simple (unmixed) and fundamental tone of a certain
pitch, whereas an ordinary musical tone (Svara) is
really composed of a fundamental tone (Sruti) and
certain partial tones (harmonics, Anurananas, wyTw®).
The musical tones (Svaras), vocal or instrumental, are
therefore of the nature of what we call clangs, because,
either accompanying or following the Srutis or simple
fundamental tones (g@nfeams), are always found certain
partial tones (wjtw®). wwErt awt Swr gy At |
R it gD frmevdwe (@itroara) | gl aay
afft arc xfr wg o i gdgdemy—DAmodara, Sangita-
darpana, Chap. L, Sloka 49. wmwwomt = faniegce-
ATww: | ® wT Tw@A—Sangita-ratnikara. Wad T ghvwm
e grTws:  (dntmemien)  wfdefeiod Qe wwne
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T W w O aw wREE TUe | W T AEs
aeEwam | fmgwe—Sangita Samaya Sira, 1. awTe
WA AT WEATEE: WO | NOIWAgTE: WA IS
W g AT AUITCRHYT | FETATNCGATR S
et | yfafcgud—Dédmodara, Sangita-darpana, Chap. I,
Sloka 51. The relation between a Sruti and a Svara
is variously conceived as (1) aftgm modal change; (2)
wwA manifestation ; (3) wrevmm wifrasfe the relation
of genus and species; (4) faaiw (T& 7wz 2¥ay feafid)
reflection ; (5) wriwrcgwme, the relation of cause and
effect ; ¢f. @ntamiferrw by Ahobala, ymag = fwmm
WRgAT WA wieFEIT Ty St grawan —ant-
wfcwrs, Sloka 38.

SECTION 6.

THE NOTES OF THE DIATONIC SCALE: DETERMINA.
TION OF THEIR RELATIVE PITCH.

The pitch of a note is inversely proportional to
the length of the wire (F=trgad Fa: Wwwwraw:
—uwgtgrant, quoted by Mr. Devala in his “ Hindu
Musical Scale”).

The pitch of the fundamental note to that of its
octave is as 1:2 (wwmreew: wyw: fwporew: — umfaaty,
quoted by Mr. Devala).

The pitch of the fourth note (F) to that of the
fundamental (C)is as 4 : 3 (it wrwrati aupt woTY —
wntrafoam, quoted by Mr. Devala).

The vibrations of the fifth note (G) to those of the
fundamental (C) are as 3 : 2 (frmmrwwatgrat o= wm™-
zfaR 1—dmtwmfowma, quoted by Mr. Devala). '

Concord (wwnifzA) is either perfect or imperfect. The
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ratio of perfect concord is 38:2; that of imperfect
concord, 4 :3 (W-w-ww mmm dwfew: W Twdwan Ww
—mfaay, quoted by Mr. Devala) ; e.g. if D be the Vadi,
A would be a Samvidi; if E be the Vidi, B would be a
SamvAdi: 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 303§ 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 concord. This would give 300
for E, and 450 for B, if C be taken as 240.

Mr. Devala, in his investigations with the * Sono-
chord,” finds that Hindu musicians (and Sanskrit-
writers on music) adopted the latter values for E and B,
as they tested their notes by harmonics (Aemrargayer-
dfsamrea —Tmfeay, quoted by Mr. Devala). The

Hindus therefore followed just intonation.

SEcCTION 7.
MUSICAL INTERVALS.

Musical tones are related to one another in four
ways as Vidis, SamvAdis, Vivadis, and Anuvéidis. The
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mediseval compilations explain these in reference to
melody, and harmony is altogether unknown, but the
terms might be used to indicate relations of harmony
as 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 Samvadi 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
SamvAdis.

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

On the other hand, a two-Sruti interval (ie a
difference of a semitone) gives a Vivadi, which would
thus answer to a dissonance. This is given as a general
rule (frgrataQfanfet Matanga). Other cases are
also noticed, e.g. E is a Vivadi 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); ¢f. Bharata, NAtya-Sistra,
Chap. XXVIIL, Slokas 23-24.

Also Sangita-ratnikara :—

wffn &u TRt TRt frmafe wqaeife | iy
TEAT WA FEANT T qRTEATiNC: e aeEnfeAt ot e
famrrfaafed | foriRe T @t W waivhfoerefe |« gran-
ayurfeAm 0 (@Trwm).
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CHAPTER 1V.

HINDU IDEAS ABOUT PLANTS AND
PLANT-LIFE.

SEcTION 1.
CLASSIFICATION OF PLANTS.

Charaka :—Plants according to Charaka are divisible
into (1) Vanaspatis, trees bearing fruit without flowers ;
(2) Vénaspatyas, trees bearing flowers as well as fruits ;
(8) Ausadhis, herbs that wither after fructification ;
and (4) Virudhs, other herbs with spreading stems.

Chakrapdni notes in his commentary on Charaka :
The Virudhs comprise two classes, (1) Latds, creepers ;
(2) Gulmas, herbs with succulent (or cactaceous)
stems and shrubs. The Ausadhis are sub-divided into
(1) annuals or perennials, bearing fruit, and (2) plants
that wither away after maturing and without fructifica-
tion, e.g. grasses like the Dfrvd (Cynodon dactylon).

Suéruta :—Susruta’s division is identical with
Charaka’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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on the internal walls of a common receptacle. Of the
Briksas, flower- and fruit-bearing trees, the mango-tree,
the Jambu-tree (Eugenia jambolana), etc., are given as
examples. The Virudhs are of two classes, (1) creepers
with stems spreading on the ground (warwaw:), and
(2) herbs with succulent (or cactaceous) stems (ffew=:
or wfew: wisowramintafger:). Ausadhis are those that
wither away after fructification, e.g. wheat, barley, ete.
(warafan swea:).  Some divide Augadhis into two
classes, (1) those that wither after bearing fruit,
e.g. paddy, linseed, pulses, etc., and (2) plants that
wither after maturity, and bear neither flowers nor
fruits, e.g. the mushroom, ete. ‘

Prafastapida :—Pradastapida, the Vaisesika doctor,
classifies plants as follows :—(1) Trinas, grasses;
(2) Ausadhis, herbs that wither after fructification ;
(8) Latds, spreading and creeping herbs ; (4) Avatdnas,
arboraceous plants and shrubs; (5) DBriksas, trees
bearing flowers and fruits; and (6) Vanaspatis, trees
bearing fruits without flowers.

Sridhara in the Kandali gives Ulapa as an example
of a grass,| wheat as an example of Ausadh: (annual),
the Ketaki (Pandanus odoratissimus) and the Vijapura
(Citrus medica) as examples of Avatinas (Vitapas,
arboraceous plants), the Kovidira (Bauhinia) as an
example of flower- and fruit-bearing tree, and the
Udumvara (Ficus glomerata) as an example of a
Vanaspati (flowerless fruit-bearing tree).

Udayana in the Kirandval? notes the Kusmdnda (a
species of Cucurbita)as an instanceof a creeper ( Latd),and
the palms wwgwew: as modifications of the grasses ( T'rinas).
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Amara :—Amara, the lexicographer, in the Vanausa-
dhivarga and the Vaisyavarga (enumeration of wild plants
and of food-grains) gives some interesting particulars.
(1) The trees (the flowering Briksas and the flowerless
Vanaspatis) are fruit-bearing, and possess woody stems
FTwETE or trunks (FATR—AATE: FN: WP FAIITRT).
Next come (2) arboraceous plants and shrubs (ww,
rayfgs: T“) bearing flowers as well as fruits. (3) The
Latds are next noticed, flowering plants with herbaceous
stems, some of them creeping on the ground (wwtfaat),
others succulent (ffem?), others twining or voluble
(gerwrdnmr #m, gwmbmt gm— Amara, ¢f. Mukuta,
wegeTy Wift ywwdd e mywnfe gwife wwde: —others
call this fywr). Cf. Suéruta—sm: wrrER:  Jiem.
(4) Next come the Ausadhis (in the narrower sense),
herbaceous plants bearing fruit with or without flowers,
and dying or withering away after fructification. Some
instances of Kanda$dka (tubers, rhizomes, corms) are
noticed, e.g. the Paldndu (the onion, RTgy gaws:), the
Lasuna (garlic, wera=), etc. But the graminaceae
enumerated in the Vai§yavarga are the chief instances
of the Ausadhis—plants that die after fructification.
These are cultivated Ausadhis, but their affinities with
the next class, the grasses (7ripas), are also noted
(e.g. wrt Atfe wawt) WREEURTAW) @AY qtr )
aretare W srwsw). Next are enumerated (5) the Trinas,
grasses, of which the characteristic is the formation of
gulmas (culms of grasses with annular knots from which
leaves spring—wa! J® TERtTREREETA:). It is
worthy of note that, in the enumeration of the grasses,
the bamboo is considered as a sort of giant grass
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(7gww, grass flag, 7@y @w 7). The reeds (w¥@mw:) are
also placed among the grasses (A@TEud nfvaryramEaia |
wgagery Atwrcrer:).  (6) Finally, the Palmacese (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. TUEw (FEUWFTEE: TRATY IHST
ete., T8 W fimzeafeman: wc *wat @Y O ¥ @A,
—<¢f. also the Rdjanighantu).

I may add that Amara places parasitical plants
among the Latds (¥=v yamat ywew 1 whrfwawfa).
They climb trees and feed upon them. These are to be
distinguished from climbing plants, like the Guduch?
(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 religiosa, which are usually termed
avarohds (wadre:). The name $iphd is ordinarily
applied to the rootlets and suckers by which the
tendrils of various creepers are attached to the soil.
(yrnfgwr wrde: @) wer: gramm weefeRt fgwn
TBTUTE AT FAT Mﬂ T gm WM —Amara with
Bhanuji Diksita’s commentary. But the Mukuta
notes —mmqmmmﬂmzo
The Guduchi is also called wrareal, fawee 1

The Hindu Materia Medica mentions Aluiéavallz,
lit. sky-creeper, a name which seems to have been
originally intended for some orchids; also Plava
(lit. floating), weeds that float in stagnant ponds, and
Saivdla, mosses and lichens (e.g. THadER NS we Wt
o yweeet — Chakrapdpi - Samgraha, also Bhiva-
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Prakdsa). These are not classified, but like the mush-
rooms must come under the Pdkanistha ausadhis,
Ausadhis that die after maturing, without bringing
forth flowers or fruits.

SEcTION 2.
ELEMENTARY IDEAS OF PLANT PHYSIOLOGY.

Characteristics of Plant-Life.

The Nydya-vindu-tikd of Dharmottara, the Buddhist
scholiast, notices the phenomenon of sleep (contraction
of leaves in the night) in certain plants (wra: Tt
TrEgw:).

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
(yama:  afeframigwfefem  wrmcoeRTmTC AT -
TEATTTATTRE erRfrsTewew: aferwit —
Udayana, gfestfagweq). I may add that metaphors
drawn from the heliotropic movements of the Siryya-
mukhi-flower are among the stock-in-trade of Sanskrit
poetry and belles-lettres.

The Jaina writer Gunaratna, in his commentary on
the Saddaréana-Samuchchaya (circa 1350 A.D.), 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 laceration 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 science
of the diseases of plants and their treatment (yurg¥s);
(7) disease ; (8) recovery from diseases or wounds by
the application of drugs; (9) dryness or the opposite,
due to the sap which answers to the chyle (z®) in
animals ; and (10) special food favourable to impreg-

nation. (fefgrtgzrfonel fafgratyctom o Wtwkcw

yuugtiewead1) Even the Vanaspatis (ﬂowerless ‘but
fruit-bearing trees) may he made to flower (¢f. VAraha-
mihira’s recipes for the treatment of plants for similar
purposes ; c¢f. Gunaratna, Tarkarahasyadipikd, Jaina-
mita, Sloka 49).

Sankara Miéra in the Upaskdra notes as an addi-
tional characteristic the growth of organs (or tissues)
by natural recuperation after wound or laceration
(wrewddrew w, Upaskdra, Chap. IV., Ahnika 2, Sitra 5,
S. B. H, Vol. VL).

Gunaratna gives a list of plants that exhibit the

bhenomena of sleep and waking (erimgwrzfagwcarges-
TR R twirmatat arafam, id.). He also notices

the sensitiveness to touch of plants like the Mimosa
pudica, wraat a1, which show a manifest reaction in
the form of contraction, Fwrgwminteenfetwhm wv

wxrwifewr afogefaar seean (ibid.).
Sezuality.

Very vague ideas were entertained as to the sexual
characters of plants. The pollen is called Rajas, puspa,
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prasuna—names which are also applied to the female
menstruum—and Amara expressly states that for
females and flowers these elements (and the terms
signifying them) are the same (@iut grat gt vy @ —
Amara, Vanausadhivarga). Charaka (Dridhavala), in-
deed, distinguishes between the male and the female
vatsa (or kutaja), considering the variety that bears
white flowers and large fruits as male ( L
gwa, Holarrhena antidysenterica), and that which- bears
red or yellow flowers and small fruits as female
(wraregrgymt Wt—wfawrazw, Wrightia tinctoria; Cha-
raka, Kalpasthina, Chap. V.; but this is hopelessly
wrong. Even these vague ideas were afterwards com-
pletely lost, and the Rdjanighantu 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 flowers | (Rdjanighantu, wyarfs west wh: @igadewma
Wt wraReafy, ete.).

Consciousness.

The Hindu Scriptures teach that plants have a sort
of dormant or latent consciousness, and are capable of
pleasure and pain (wwsdwr wemm gugwewfaan). Cha-
krapini notes in the Bhdnumati that the consciousness
of plants is a sort of stupefied (darkened or comatose)
consciousness (YWTg WwATTANSG FAYEWATAAT WIRIGRW-
fawar ).

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

(whrmegrardfeaa, etc.).
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The Mahdbhdrata adds that plants are sensitive to
heat and cold, to the sound of thunder, etc., as well as
to odours both pleasant and unpleasant :—

Tww AR O A o JNEY W
o ghid wife @Ay fawd o
wroragia-frif: o gw fagtedn |
WG TaR FZEETHQWEN T |
T qvER g whwR el
AWTYT AT Oy Rt W o
JRRA TRy fafdefa 1
wopT: gfeqar: wfar renfeuta Qe o
w3 Wie-qrATe WrvitTTTY T
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CHAPTER V.
HINDU CLASSIFICATION OF ANIMALS.

SEecTION 1.
CLASSIFICATION OF ANIMALS.

Charaka.

Charaka mentions four primary divisions :—

(1) Jariyuja, born from the uterus, or, rather,
placentalia, viviparous (no a-placental mammals were
known), e.g. man, the quadrupeds, etc.

(2) Andaja, born of an ovum (egg), comprising
fishes, reptiles, and birds.

(3) Svedaja (or Usmaja), born of moisture and heat,
spontaneously or a-sexually generated, e.g. worms, mos-
quitoes, ete.

(4) Udvijja, born of vegetable organisms (smrat
wfylr Wfwiafy worsrma g —Sirirasthina, Chap. IIL.
—1bid.).

Pradastapida.

Prasastapida begins with two great divisions: (1)
Ayonija, animals that are a-sexually generated, of small
dimensions (wgw®); (2) Yonija, sexually generated,
t.e. from the union of a sperm and a germ element.
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, oviparous. Man, the quadrupeds
(domesticated and wild), ete., are given as examples of
viviparous animals, and birds, Sarisripas (reptiles, etc.)
of oviparous animals. Udayana in the Kirandval? notes
that Jardyu means the placenta (migwrwsiged wag:,
¢f. Sridhara in the Kandals, wergfefn mivgaen whnmt #
¥fet wrak gfr wagwm). Udayana adds that the term
Sarisripa includes insects and fishes as well as reptiles,

these being all oviparous (wctgam ufem: welwwlen
- atwmETT—yferifrsey ).

Patanjals.

The a-sexually generated animals, as we have seen,
are also called Kgsudrajantus (lit. small animals).
Patanjali in the Mahdbhdsya gives several alternative
definitions (or descriptions) of this class of animals.
They are defined (1) as animals without bones, wafewr:
wywars:; or (2) as animals that do not possess any
blood of their own, Jut & Wt arfw & wgwme: ; or (3)
as numbering more than a thousand in a palmful, ‘.e.
minute in size ; or (4) a8 not easily crushed; or (5) as
comprehending all animals up to the ichneumon (in the
animal series), wewr wAyFwEwT: wywww—Makdbhdsya,
2-4-1.

Sufruta.

Sufruta mentions four great divisions: (1) San-
svedaja, born of moisture and heat: this division is
mentioned first, as Dalvana notes, because moisture
and heat are .essential factors in the generation of all
forms of animal life, including 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, coccid®, etc.). The second, third, and
fourth classes are mentioned in the order of their
importance. Subsequently the order of enumeration is
changed : (1) Jardyuja, (2) Andaja, (3) Svedaja, (4)
Udvijja. 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.

Sufruta mentions man, Vydla (carnivorous quad-
rupeds), and Pasu (herbivorous quadrupeds) as examples
of the viviparous; birds, snakes, and Sarisripas as
examples of the oviparous ; Krimis, Kitas, and Pipilikds
(worms, insects, ants, etc.) as examples of the moisture-
born; and frogs and the coccidee (the coccinella) as
examples of the animals that “burst forth” (eruptive
or metamorphic?). Dalvana notes that the divisions
are really cross-divisions (@tfa#at), and intended to be
such, as the natural divisions of Jiva and species
are not all exclusively oviparous or exclusively vivi-
parous. For example, among birds (wfew:, winged
animals), bats and Valdkds are viviparous (warar
wgwea: wogwe); indeed, Valdkds are some of them
oviparous and some viviparous (uf§yy werar wag
waws). Among snakes, the Ahipatdkds, a species
of non-venomous colubrines snakes, are viviparous
(ovo-viviparous ?). Among the moisture-born, there
are some kinds of ants (fuuifgwm) which also lay

N2
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eggs or burst forth (from the ground, or perhaps from
some previous unmanifest shape) (erawerfa wrien
fadifowr wew sirmm).

The oviparous animals are divided by Suéruta into
birds, snakes, Sarisripas, etc. Dalvana notes that the
Sarisripas include fishes and Makaras (sea-fish with
fierce teeth, féwdwam:), and the ““ et cetera” comprehends
tortoises and crocodiles (wxtyur: whenfrr: Fwwded
aaTEdt W wyfeda swemetat weeq) ! The
“ moisture-born” are due to the moisture and heat
either of the earth or of organisms (eazwr: Jv: woha w
&g swa: wiar:).  Of these, the Krimis (worms) arise
from the moisture of the feeces in the bowels (wrw:

whgtnfrarsenm—Dalvana) ; from putrefying dead
bodies (yx—Subruta; ¢f. W fawg Yrawt wgawrt
gt w4 ¥Jrmm—Gunaratna, Tarka-rakasya-dipikd
(Jainamatam) ; from decomposing curd or milk (eg.
Ty w Wefen wafreiady w@a TwmeTR w e
qraTfrstrew sugwm—Jayanta, Nydya- Manjari, Ahnika
7, MARkwAw).

The second class, Kitas, noticed among the moisture-
born, include the scorpions, the six-spotted venomous
insect sadvindu, etc. (wizr yfgwwgfrg wyrw:—Dalvana).
Of these the scorpions arise from cow-dung, excreta of
snakes, rotten wood (w¢ sivary yfww: wraa—PAtanjali,
Mahdbhisya, 1-4-3); cf. also Susruta, Kalpasthina,
Chap. VIIL

The third class, Pipilikds, 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
(ywmzfirg womr sfwmnr—Dalvana). The gnats and mos-
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quitoes (¢wwywrzm:) are also usually placed among the
moisture-born. An anda (egg) is described as oval, of
the form of a pesi (wwt wwrwrca®d—Dalvana; cf.
Sridhara, Kandal, wet fust ¥ 3wt wraR mn wew,

Chhéndogya and Sankara.

It may be noted that the Chhindogya Upanisad
classifies animals on the basis of their v%ja (ovum or
seed) as three-fold :—(1) Andaja, born of eggs; (2)
Jtvaja, viviparous ; and (8) Udvijja. Sankara explains
that the udvijja animals arise from vegetable organisms
(wghm et 7 wie sfemw), 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 udvijja
(vegetable-born) class (warwiifireriide auTERMEEANTT—
Chhandogya, 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 ovum), and inorganic
‘matter without vija (seed or ovum) cannot give rise to
animal life.  Pitanjali, in the Makdbhdsya (circa
150 B.c.), mentions the opposed view, which holds that
not only animal organisms but also vegetable organisms,
e.g. grasses, grow from inorganic matter. The Dirva
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. Patanjali notes the orthodox Sinkhya-
Vedanta explanation that these are not cases of growth
(or transformation) but merely of coming out (wemmf),
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w4 rivrary JhEa SR AigTirE: 2 aTTA g W
m sg—Mahibhisya, 1-4-3.

The Dietary Animals in Charaka and Suéruta.

In noticing different kinds of meat for dietary
purposes, Charaka gives a classification of animals
(mammals and birds) which has only a practical (thera-
. peutic) significaace.

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

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

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

(8) Bhtisaya or Viledaya, animals that live in under-
ground holes.

(4) Virisaya, aquatic animals, both fresh-water and
oceanic.

(5) Jalackara, amphibious animals.

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

(7) Viskira, birds that scatter their food in picking
up; and

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

In the chapter on articles of diet, Susruta gives a
practical classification 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) Andpa, 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
Anfipas into eight. The thirteen classes are based on
real and natural distinctions of food and habitat; they are
for dietary purposes arranged under six conventional (or
artificial) classes (wavegier wgg T wadmr: 1 d@ian fagrw
wZémrat garat wrwew An wywhn g fraamdq —Dalvana,
Sttrasthdna, Chap. XXVIL.). These thirteen classes of
dietary animals may be enumerated as follows :—

I. Jingala animals—Janghdla, Viskira, Pratuda,
Guhisaya, Prasaha, Parpamriga, Vilefaya and
Grimya, and

II. Anfpa animals—Kulechara, Plava, KoSastha,
Pddina, 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 timi and the timin-
gala (whales? fafrgwit wmn: frfigoeEmsfa  sEwn—
Dalvana) find a place, as also the makara (shark,
féwdyrw:—Dalvana).

The Koéastha (living in shells—mollusca) are dis-
tinguished from the Matsyas (fishes). In this class
are enumerated ankhas (Conchifera), Sankhana (smaller
Conchifera), §ukti (pearl-mussels), sambuka (Helix) with
spiral shell (wrakwrg:—Dalvana), valluka (a species of
Helix, according to some, wm wwywwigare:—Dalvana), ete.
Dalvana adds vodika, jalasukti, and various species of

Helix (ftfewwagfawraser vzt qwm).
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The Pddinas, aquatic animals having pedal (or long
dorsal) appendages, comprise kurmas (oval or oblong-
shaped tortoises, turtles), the kumbhiras (crocodiles,
Emydosauria, Reptilia), karkatas (white and black crabs,
Crustacea), the §ifumdra (a species of the Delphinide
cetacea), muscular, with a sharp protruding snout,
breathing with the blow-hole out of the water, probably
a dolphin, as the long dorsal fin was taken for a sort of
pedal appendage (FFramdiwm: wiefiwrd qwfr wisfe frfewe:
wieettitn:—Dalvana). The Pddinas do not represent
any natural division.

Of the other Anipa animals (aquatic or amphibious
animals), the plavas (lit. floating on the water) represent
a class of birds (the Natatores and the Grallatores)
exemplified by geese, ducks, cranes, ete.

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

Of the land animals (Jdngala), three of the sub-
divisions represent birds, and five, mammals. The
land birds are: (1) the Prasaha birds, birds of prey
proper (Raptores), comprising the vulture, kites, hawks,
owls, etc. (Charaka’s Prasaha is a much wider class);
(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
Rasores and the Columbes.

The remaining five classes of Jdngala animals are

haY
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mammals, with the exception of several species of
Viledayas, which are reptiles. The Parpamrigas
(arboreal animals) comprise the apes, sloths, squirrels,
as also some of the reptiles and carnivora. Among the
Parnamrigas, the Putighasa is a kind of tree-cat
giving out a pungent odour; the Madgumusika and
the Briksaddyika are arboreal rodents; and the
Avaku$a is a species of cow-tailed monkey (vide
Dalvana). The Janghdlas are wild animals, herbivorous
quadrupeds that are strong-legged and 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, ete.
They are non-carnivorous, being distinguished from
the carnivorous quadrupeds (warg—Susruta, nterr—
Charaka). Some are Ekafapha (animals whose hoofs
are not cloven) (WHI¥RA W TWFRFRA W AR —Y® WT
—Dalvana).

The Guhddayas are carnivorous quadrupeds (wwrar:)
living in natural caves or hollows. They comprise the
lion, the tiger, the wolf, tho hyena, the bear, the
panther, 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
mrigevaru is described as a jackal-like animal that
kills deer.

Finally come the Viledayas, animals that live in
holes or burrows, comprising various species of Rodents
and Insectivora, and several species of Reptiles.
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Snakes in Susruta-Négdrjuna.

The Snakes (Ophide) are especially noticed by
Susruta-Nigirjuna in the chapters relating to Toxi-
cology (Kalpasthina, 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
(warad, weryw, wgw, weregw, wewaret—Naia Tripudians,
Naia Bungarus) are hooded, swift in their movements,
diurnal in their habits, and bear on their hoods
or their bodies the marks of chariot-wheels, ploughs,
umbrellas, rhombs or cross-bands, goads, ete. (2) The
Mandalis (Vipera, Viperid®?) are thick (gww:), slow-
moving, nocturnal in their habits, and bear circles or
rings on the body (wrr§wes). Charaka adds that they
are without hoods. (38) Rajimats also are without
hoods, and nocturnal, 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 MNirvisas, non-venomous snakes, twelve
varieties are mentioned, including Boide (wwwz) and the
Colubrine Dendrophis (y&wa). Of the Vaikarapja
(hybrid) snakes, there are ten varieties, 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-aged, 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 Purdna gives the following addi-
tional information. The Ndgas (Nai®) 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 Kdrtika (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 Purdna).

Eggs of a golden hue like that of the (red) flowers
of the Calotropis gigantea (gadrdwdifmy) produce male
young ones, those somewhat paler and of an elongated
ovoid shape (wafragr@nm d¥cmitvafinrm) bring forth
female snakes, and those of the hue of the Sirisa-
blossom hermaphrodite ones. By the seventh day the
young snakes turn dark; in a fortnight (or twenty
days, according to another account) the teeth come out.
The poison is formed in the fangs (fxrg) in three weeks,
and becomes deadly in the twenty-fifth night. In six
months Ndgas shed the skin (arga).

In moving on the ground, the folds of the skin on
the under surface alternately expand and contract,
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=aw:) 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), scorpions, boars, cats, and
the hoofs of oxen. Escaping death from these enemies,
a Ndga may live for a hundred and twenty years. The
term of life of the non-venomous snake is shorter, about
seventy-five years (Bhavigya Purdna, vaww=).

The Agni Purdpa gives the total number of teeth (of
a Ndga) as thirty-two, of which four (two on either
side) are venomous, viz. Kdlardtri and Yamadutikd,
which appear to be the names of the fangs, and Kurdli
and Makar?, which seem to stand for two hard (maxillary)
teeth accompanying the two fangs (cf. also Charaka—
Dridhavala, Chikitsisthdna, XXIIL, fewfafafemy).

Umdsvati’s Classification of Animals.

A more thorough classification of animals is found
in the ancient Jaina work, the Tattvdrthidhigama of
UmaAsvati, which the Jaina chronological lists enable us
to assign with great probability to the fourth or fifth
decennium after Christ (circa 40 A.p.). UmAsvati'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.

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

(a) Apddika (Vermes without lateral appendages,

Scolecids).
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(b) Ntpuraka (ring-like, with pendants, Vermes
with unsegmented lateral appendages, Annelids).

(¢) Gandfpada (knotty-legged, Arthropoda, in-
cluding Crustacea, Myriapoda, etc.).

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

(¢) Jalikd, Leeches (Annelids).

IL. Next come the animals with three senses, namely
smellin 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) Pipilika, Ants (Formicidee, Hymenoptera).

(6) Rokinikd, Red-ants (Formicidee, Hymenoptera).

(c) Upachikd, Kunthu, Tuburaka, Bugs and Fleas

(Hemiptera, Hemimetabola).
(d) Trapusavija and Karpdsisthikd, Cucumber- and
Cotton-weevils and Lice (Aptera, Ametabola).
(¢) Satapad? and Utpataka, Spring-tails (Aptera-
Ametabola).

(f) Tripapatra, Plant-Lice.

(9) Kdstha-hiraka, Termites, White ants (Neuro-

ptera, Hemimetabola).

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

(a) Bhramara, Varata, and Sdranga, Bees, Wasps,

and Hornets (Hymenoptera, Holometabola).
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(8) Maksikd, Puttikd, Dansa, and Masaka, Flies,
Gnats, Gad-flies, and Moequitoes (Diptera, Holo-
metabola).

(c) Vribchika and Nandydvarta, Scorpions and
Spiders (Arachnida, 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.
Omitting man, this division comprises—

(a) Matsya, Fishes.

(0) Uraga.

(¢) Bhuanga.

(d) Paksi, Birds, and

(¢) Chatuspada, Quadrupeds.

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

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

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

A.—Andaja, oviparous (Pisces, Reptilia, and Batra-
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chia), e.g. Sarpa (Snakes, Ophidia, Reptilia), Godka
(Varanide Lizards, Reptilia), Krikaldsa (Chameleons,
Reptilia), Grikagolika (Common Lizards, Lacertilia),
Matsya (Pisces), Kirma (Tortoises, Chelonia, Reptilia),
Nakra (Crocodiles, Reptilia), Sisumdra (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
Suéruta) frogs were believed to be Udvijja (eruptive or
metamorphic) and not Andaja (oviparous). But Susruta
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
is used in a restricted sense): (1) Man, (2) Cow,
(8) Buffalo, (4) Goat and Sheep, (5) Horse, (6) Ass,
(7) Camel, (8) Deer, (9) Yak (Ckamara), (10) Hog,
(11) Bos Gavmus (Gdvaya)}—Ungulata, (12) Lion,
(18) Tiger, (14) Bear, (15) Panther, (16) Dog, (17) Jackal,
(18) Cat (Carnivora), etc.

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 Carnivora, eg. Sallaka (Porcupine, Rodentia),
Hasti (Elephant, Proboscidea), Svavit and Lépaka
(Hedgehogs and other creatures that lap up, Insectivora),
Sasa and Sayika (Hare, Rabbit, and Squirrel, Rodentia),
Nakula (Ichneumon, which though carnivorous 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) e.g. Valguli
(Flying-Fox), Paksiirdla(Flying-Cat, Micro-Chiroptera)
and Jalikd (apparently meaning blood-sucking Bats or
Vampires, though these are scarcely found in the Old
World).

The Potaja class thus comprises the following
Deciduata: Proboscidea, Rodentia, Insectivora, 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 Potajas 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
among the Potajas. An explanation is suggested
below (p. 200).

st fauifgartat wrtat st w et ds-
quify gfgmfy wafe ) qumeeg 1 g o ARttt warfes-
TYCH- TR TE- W - Y- Fr - wgwr-myatat erfivceafgd s |
TS -TUIY-wTrECE -ttt vifg ety o -
T2 - Wy - AW iwaT-dy - g - i - Tt - Wiz - v tat
ATt Efcegwse |« garat w bt oy
wyrefy-wywerat a¥et w ArCwTgeRTAt e+ (Umd-
svati, Tattvarthddhigana, Chap. II., Sutra 24).

wauaTat  Ag- - A f T T - A - - - e - T
fg-uri-wHe-w- s -arrcEt | wEwTAt @3- wwTe-
TenfEwT-n- 3 T-fegrrt - vient w St
WTH-J - 778~ R - UTCTR- WA W - WSTHTR T | Qraorrert
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- - Tes- ye- wriewr- age-gfransiam | winfyot w
Tyt wgE-Tie-wreR- wigfrogeiat miwe « (Umdsvati,
ibid., Chap. IL, Siitra 34).

SECTION 2.
RECAPITULATION.

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

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

(a) Ayonija, a-sexually generated, e.g. the Svedaja,
born of moisture and heat, and the Udvijja
(eruptive or metamorphic, e.g. the coccinella); and

() Yonija, sexually generated, e.g. the Andaja
oviparous.

But some are both a-sexually and sexually gene-
rated, being both Svedajas and Andajas, or Udvijjas
and Andajas.

The Ksudrajantus (Invertebrata) comprise—

(I.) The Krimis, Vermes: (a) Apddikas without
lateral appendages (cf. Scolecids), (b) Nipurakas,
Annelids (a section), (¢) Gandfpadas, Arthro-
poda (a section).

(IL.) The Jaldkds, Leeches, of which twelve species
are described, six venomous and six innocuous
(¢f. Susruta’s careful description, Sttrasththina,
Chap. XIIL).

(I1I1.) Koéasthas, Shelled Animals, some forms of -
Mollusca, e.g. the Sankhas (Conchifera), the

o
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Suktikas (pearl-mussels), the Sambukas (spiral-
shelled Helix), the Vodikas, etc.

(IV.) Then the Insects, typified by the Ants,
comprising—
(a) Pipilikd, Rokinikd (ants, Hymenoptera).
(0) Upachikd, Kunthu, Tuburaka (bugs and
flies, Hemiptera).
(¢) Cucumber- and cotton-lice (Aptera).
(d) Satapadi, Utpataka (spring-tails, Apters).
(¢) Tripapatra, grass- or plant-lice (Aptera).
(f) Termites (Neuroptera).
(V.) Insects typified by the Hexopoda, comprising—
(a) Bhramara, Varata, Séranga, bees, wasps,
and hornets.
(0) Maksikd, Puttikd, Dansa, Masaka, flies,
gnats, gadflies, and mosquitoes.
(¢) Vribchika and Nandydvarta, scorpions and
spiders (Arachnida, Arthropoda).
(d) Kita, butterflies and moths ; and
(e) Patanga, grasshoppers and locusts.
Suéruta-Nigéirjuna names six 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 (Lutds). Of the Kitas, the glow-
worm and the Zailakita (lit. oil-worm) are said to be
luminous (phosphorescent, ¢f. Rdjanighantu wermizwi?).
B.—The Tiryyakyoni animals, sexually generated

animals other than such of the Ovipara as are included
under the A'sudrajantu, in other words, sexually generated
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animals possessing bones and blood—corresponding to
the Vertebrata—comprise the following classes :—

I. Andaja, oviparous—

(a) The Matsyas, fishes, divided into river-water
fishes and sea fishes. Susruta names eleven
species of the latter. The 7vm: (whale?) is
reckoned as a sea-fish. The Makara (shark) is
also mentioned, but the Kurmas, Kumbhiras,
and Sifumdras (tortoises, crocodiles, and dol-
phins) are excluded from the class, as also the
so-called shell-fish, being placed among the
Pédinas and the Koéasthas respectively.

(b) The Uragas, apodal reptiles, including the Sarpas
(snakes, Ophidia). Five classes of snakes are
mentioned, one non-venomous, three venomous,
and one hybrid. Eighty varieties of snakes are
named, but the classification is based on super-
ficial characters, ¢.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
seem to be good.

(¢c) Bhujangas, oviparous animals with lateral, pedal
appendages, both Reptiles and Batrachians.
Many of these are quadrupedal and five-clawed
(wgwrzr: wtzr: wwwam:—Dalvana).

The Bhujangas include :—

1. Godha, Grikagolikaand Krikaldsa (Varantas
lizards, common lizards, and chameleons).
Suéruta names four varieties of the

02
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Kanava, & species of chameleon-like
lizards (¢f. Ladydyana quoted by Dalvana,
Kalpasthina, Chap. VIIL), also six varie-
ties of Galagolika (a species of lizards),
and five varieties of Godheraka, Varanus-
like lizards, but smaller in size.

Suéruta mentions the frogs (Udvijja,
eruptive or metamorphic ?) after the
quadrupedal and centipedal Reptilia
(Kanava, Godheraka, Galagolika, and
Satapadi). Eight species of frogs are
named. The frogs are explained by the
mythologist to have arisen from dirty
water in the rainy season...Wryzw@ wm
(ie. ui‘tw) weie® wrar: (¢f. Dalvana,
Kalpasthina, Chap. VIIL).

9. Ktrmas and Nakras, tortoises and croco-

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

3. Sisumdras, the Delphinids (Odontocete

cetacea).

Suéruta’s Pddinas (aquatic animals
having pedal or long dorsal appendages)
are a conventional class formed for
practical dietary purposes, and include (2)
and (3) and also the Karkatas, crabs
(Crustacea). Umésvati's Bhujanga class,
being a natural sub-division of Vertebrates,
does not include Crustacea, which are
rightly placed among the Invertebrates.
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(d) Lomapaksa paksi, winged animals with feathery
wings, birds proper. These are oviparous,
while the winged animals with leather wings
(weiqwafwr:) are placentalia of the Deciduata
class (dvmwr:).

The Birds proper are divided into four classes :—

(1) Plavas, aquatic or amphibious birds, comprising
the Natatores and the Grallatores. Various
species 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 (vera and so-called), the Scan-
sores, the Rasores, and the Columbsz.

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

Dalvana’s descriptions of deer and birds are precise,

turning upon coloration, habits of life, etc., e.g. the
descriptions of the Ruru, the Kéirandava, and the

Kanka, expressly quoted from some (unnamed) hand-
books : —

tawnz - TS WO g T T
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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 anatomical
classification of birds.

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

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

usual wider sense, comprising—

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

(1) Valguli (lying-fox).

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

(3) The Bharanda (a species of micro-Chiro-
ptera, the horse-shoe bat ?).

(4) The Jalukd (lit. aquatic or amphibious, or
more probably leech, bat, blood-sucking

or vampire bat?). These are placed
among carnivorous animals.

(0) The Vilesaya Jardyujas, mammals that live in
holes or burrows, including various species of
Rodents and Insectivora, which are named.
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Eighteen different varieties of mice are specified
(Susruta, Kalpasthina, Chap. VL.).

(¢) Parpamrigas, arboreal mammals, comprising
some Rodents (squirrels, etc.), a wild-cat, the
sloths, and the apes (¥rT).

(d) Non-carnivorous quadrupeds (wwarer:) :—

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

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

(8) Gramyas (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, Guhdéaya (living in
natural caves or hollows, carnivorous 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



200 THE POSITIVE SCIENCES OF

Vyalas or Kravyddas, and the Herbivora Pasus
(in & wider sense).

(f) Man.

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

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

The various forms (®4) of Kitas are to be distin-
guished from one another by peculiarities in the
following marks :—

(1) Dottings or markings, (2) wings, (3) pedal
appendages, (4) mouth, with antenn® or nippers
(7wwwtg—Dalvana), (5) claws, (6) sharp, pointed hairs
or filaments, (7) stings in the tail, (8) hymenopterous
character (dfg®: wwdmfi:), (9) humming or other noise,
(10) size, (11) structure of the body, (12) sexual organs
(this is how I interpret linga here), and (13) poison and
its action on bodies.
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(Quoted from LadyAyana by Dalvana, Kalpasthina,
Chap. VIIL)



202 THE POSITIVE SCIENCES OF

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
Akﬁéa-compounds The Earth-compounds supply the
hard, formed matter of the body, the Tejas-compounds
give the animal heat (or the metabolic heat), the Vayu-
compounds are the sources of the motor-force in the
organism, the Ap-compounds furnish the watery parts
of the organic fluids, and the Akéaga-compounds con-
tribute to the finer etheric essence which is the vehicle
of the conscious life

Roughly speaking, the Earth-compounds answer to
the nitrogen compounds in the food, the Tejas-com-
pounds to the hydro-carbons (heating-producing), and
the Vayu-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 Earth-compounds; the fat,of the Earth-
and Ap-compounds; the bones, of Earth-, Viyu-, and
Tejascompounds. Different operations of the metabolic
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heat (perhaps different digestive fluids are also meant) are
required to digest the different substances in the food.

The course of metabolism is described as follows.
The entire alimentary canal is called the MahAsrotas
(the great channel).

The food goes down the gullet by the action of the
bio-motor force, the Prdna Vayu.

In the stomach (wmrya) the food becomes mixed up,
first with a gelatinous mucus (Werhrt wd) which has a
saccharine taste, and then gets acidulated by the further
chemical action of a digestive juice (fazrerzgat mm:,
evidently the gastric juice is meant). Then the bio-
motor force, the Samdna Vdyu, begins to act, and
drives down the chyme, by means of the Grahani Nadi,
to the Pittddaya (duodenum, lit. bile-receptacle), and
thence to the small intestines (the wrugrgm). In these,
the bile (or rather the digestive substance in the bile, as
opposed to the colouring element) acts on the chyme
and converts the latter into chyle (z@), which has at
first a katu taste (pungency). This chyle contains in
a 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 (gwnim)
from the small intestines is driven by the bio-motor
force, the Prana Vayu, along a Dhamant 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



204 THE POSITIVE SCIENCES OF

the bile acts on the essence of chyle, especially on the
Tejas-substance therein, and imparts to it a red pigment,
transforming it into blood ; but the grosser part of chyle
(=m@wm) proceeds along the Dhamanis, being driven
by the bio-motor force, the Vydna Vdyu, all over the
body.

When the blood has been formed, the essence of
chyle in the blood, acted on by Vayu (bio-motor force)
and MAmsigni (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 Véayu (bio-motor current) and the fat-forming
metabolic heat (#isfra) in the menstruum of lymph
(w wwrfem), 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 rather the
grosser part of it, replenishes the fatty tissue of
the body, but the finer essence of fat in the flesh in
the blood in the chyle, acted on by Vdyu (bio-motor
current) and the marrow-forming metabolic heat, in the
menstruum of lymph (wweryn), becomes hard (crystal-
line) and forms bone, the Earth-, Viyu-, and Tejas-
compounds contributing principally to the product. The
essence of the fat fills the hollow channels of the bones,
and acted on again by bio-motor Vdyu and metabolic
heat, becomes transformed into marrow. The marrow
i8 similarly transformed into the semen, which is con-
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veyed down by means of a pair of Dhamanis or ducts
(% ywe), lodged in its receptacles (ymwwa—ywait), and
discharged by means of another pair of ducts (¥fywnry).
The semen, or rather all the elements in their finer
essence, give off ojas, which returns to the heart,
the receptacle of chyle and blood, and again floods
the body and sustains the tissues, thus completing the
wheel or self-returning circle of metabolism (wfryfurg
ww, ¢f. Charaka and Véigbhata).

It is to be noted that, throughout, the fluid in the
chyle or blood acts as the menstruum, though occasion-
ally the lymph, which is itself a derivative from the
chyle, is added, as in the case of the fatty tissue and
the bones; and that each preceding element or con-
stituent of the body (wg—wttreers wrg) takes up the
proper organic compounds from the food chyle to form
the next 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 fluid in the duodenum (fawrgg), which acts on
the chyme to produce the chyle (wwet g urwarat faw);
and (2) a colouring bile-substance in the liver, which
adds a red pigment to the chyle and transforms it into
blood (verwret fawt). Besides, there are three other biles,
of which the aqueous humour in the eye is supposed to
be one (wretwa fawt), helping in the formation of visual
images (ewwmesd). 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) function,
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 (frEfmm—arrtgTR—aSwdw=rats fa
wrgdregm:—Chakrapini, Bhinumati, Siitrasthina, XIV.,
10; also his commentary on Charaka, Sitrasthina,
XXVIIL), but my account is based on the second hypo-
thesis, which has the preference of Chakrapini (ww:).
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 (gwnm), which serves as the material
of the next succeeding element, and a dross (wz), which
forms some of the excreta in the body (including the
nails, the hair, etc.), besides retaining its own substance
(the gross or main 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 circulation appears to have been
entertained, for the heart which receives, and then sends
down the chyle through the Dhamants, 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.

(Cf. Vagbhata, m: gre: fgo: e Wi whimes) |
TemTeE 3 WG Tt | frow T s T
arafwedan 1—Susruta, Sitrasthina, Ch. XLVL ; ¢f. also
faaeamanat JREATRfE aTEw: | WAy TeEe A fowegaw |
—Ibid.,Ch. XLI. tarqrazarawr: qwiwmg: sanier | ore-
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WRfwdwecrt mit watcw: | Azar mfa g3 W@ wwn o e
TETHYEY T T i dwrgx 7w +—Charaka-Dridhavala
Samhitd quoted by Aruna in his commentary on
Végbhata.)

TqT BFTCTUS FUMS WATEW! BT | AT T ¥
ot T WTEAfe | A TRTTRRT TR TReREe W -
wafr | T W TR @aatne W et | AR o
ateRTATIUlN, R Teer wrafn 1 (Chakradatta,
Bhinumati). This passage shows that the  venous
blood ” was conceived to be chyle-essence mixed with
blood, and that the circulation of the chyle, so 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 (mat
wwmaTy wrewareate).  This will be abundantly clear
from the following account of the course of the chyle
and the blood :—

™ OREEEE ¥ oA | W ey ... T
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YwhmT  egAEGY  wahmf gAoee v W
Tr-AeEt T A we fafginbmin AT e
frwfw 1 ... 7 SO wrecER BT WETt A W gwe
WS WPt TR faww Tetgw wdooee T e W
wrgm Aot swoy swewdom s sivafe genfe |+ o
I | et seq.

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

hypothesis (Weret-gar=ra).

SEcTION 2.
THE CIROCULATORY 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
including the arteries, veins, nerves, lymphatic vessels, etc.
The difficulty was felt by the ancient observers them-
selves. Some were of opinion that the Dhamanis and
Srotas are only modifications of the Sirds, and that the
division is artificial. Susruta, however, contends that
they are distinct, because they can be traced to different
roots and have different functions; they are apt to be
confounded only because they are minute, juxtaposed,
and similar in function (Susruta, Sarirasthéna,
Chapter IX.). Charaka also accepts the established
division, but points out that the numbers as estimated
are conjectural (wirgmmat wetay, Sértrasthina,
Chapter VIL.).

The Sirds, Dhamanis, and Srotas form networks



THE ANCIENT HINDUS 209

(wrarfr) of cords, fibres, passages, which in the footus
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 fluid (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 conducting the blood, (2) the lymphatics
for conducting the lymph, (3) a class of bile-ducts, and
(4) a class of ducts for the Vdyus, 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 a network of
minute fibrils covers the leaf of a tree.

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

P
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currents is effected by an alternate dilation and con-
traction of the vessels, the systolic movement differing
according to the nature of the fluid propelled :

ww fgogmty wafa trﬁrftt orw @ weufwth
AgrEE w FROEIWER WPTER ¥ WIFIARRCALORER: |
FETRETAtATiY At w1 Aret e T weord we-
fady w | et gefgorgAnitay | et amanfet g fowan-
fesit Ty wwafe Ty 7w twarfe—Susruta, Sérirasthina,
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, (0) ten going down to the intestines, kidneys, and
rectum, and (c) four branching obliquely or sidewise,
and ramifying over the whole body. In a general way,
it may be stated that the Dhamanis comprise (1) the
veins, (2) the nerves (including the sympathetic system),
(3) the chyle-ducts (including the thoracic duct?) as
distinguished from the other lymphatics, which are
mostly classed as Sirds, (4) the ducts for urine, sweat,
and other secretions, and (5) lastly, certain classes of
bile-ducts and conductors of Vdyu currents, possibly
those connected with the venous system and the chyle-
ducts.

The first group of Dhkamanis:—Special features:
~ Each of the ten ascending Dhamanis, on reaching the

heart, trifurcates, and proceeds to the head. Of these

fibres, one pair is engaged in conducting each of the
four sensory currents (those of sound, colour, taste, and
smell) from the sense-organs, as Charaka and Susruta
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must have supposed, to the heart, which is for them the
seat of consciousness ('{;l! fegvg Swararm, Suéruta,
Sdrirasthina, Chap. IV.; Tt Srarfvermas, Charaka,
Sérirasthina, Chap. VIIL). Other Dhamanis, also in
pairs, are engaged in conducting automatic (or voluntary)
motor currents (e.g. the currents concerned in respira-
tion, yawning, sleeping and waking), or the secretions
of the lachrymal and mammary glands.

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

The third group :—Special functions : The remaining
four Dhamanis ramify obliquely over the body into
millions of fibres and fibrillee, 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 the
influences of baths, embrocations, and fomentations
inwards.

Other Dhamanis 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 classes of Dhamants
which are found in all the three groups, viz. the conduc-

P2
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tion of chyle and of (venous) blood, i.e. 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—Véyu (vital current), Pitta (bile, or rather the fluid
animal heat which produces metabolism, yrw, 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, i.e. of all
manner of conductors in the organism (¢f. Charaka,
Tafowewat g wigchwagt wtfe emife wammrt—
Vimdnasthdna, Chapter V.).

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

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

(2) Common functions of all connective passages,
viz. the conduction of Vayu (vital current), Pitta
(metabolic 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 ; (b) twelve
motor nerves partly for voluntary and partly for
automatic movements ; and (c) 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 classes of .Dhamanis, which, in common
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with the Sirds and Srotas, conduct Vayu, Pitta, and
Kapha, the prime movers of the organic life.

THE VASCULAR SYSTEM.

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 number of Sird cords as 700, and of
Dhaman? cords as 200. He also estimates the rami-
fications as numbering 3,056,900.

The carriage of the blood and the lymph is
accomplished by two sets of vessels, Sirds and Dhamans,
the first standing for * arteries” (with capillaries)
and lymphatics (other than chyle-ducts), and the
second for “ veins ” and chyle-ducts (as well as certain
passages for sweat, etc.).

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

From this central alimentary tract two sets of
vessels (Sirds and Dhamanis— Rasavihinyah) issue for
the flow of the chyle and other lymph, and two sets
(Sirds and Dhamanis, “arteries” and “ veins” —
Raktavdhinyah) for the flow of the blood.

The Lymph (and Chyle): Distribution.—The chyle
is conducted by the chyle-bearing Dhkamanis (Rasa-
vahinyak), and the lymph (other than chyle) by the
lymph-bearing Sirds and Dhamanis (Kaphavdhinyah).
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The lymph-bearing Sirds comprise 10 branches at the
origin, and ramify into 175—viz., 25 in each leg,
25 in each arm, 8 in the pelvic cavity, coccyx, penis,
etc., 2 in each side, 6 in the back, 6 in the abdomen,
10 in the breast, 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
(Rasavdhinyah Dhamanyah). 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—Rasavikinyah
and Kaphavdhinyah) proceed from the heart, and
ramify over the head and trunk. Similarly two
chyle-ducts and two lymph-ducts proceed from the
intestinal tract and ramify over the pelvic region.
Four obliquely branching Dkamanis (bearing chyle,
sweat, and internal secretions) also spread from the
central tract, and ramify in numberless minute
channels over the limbs and the body.

The Blood-vascular System.—There are two classes
of blood conductors: (1) Sirds, which break up into
capillaries (Pratin) and distribute “pure” blood from
the liver (and spleen) to the heart, and from the heart
to the rest of the body (asrigvakdscha rokinyak sirih
ndtyusnasitaldh,—Susruta, Sarirasthina, Chap. VIL ;
¢f. Vagbhata: dasa malasirdh hritsthah, Chap. IIL,
Sarirasthina), and (2) Dhiamanis (Raktavdhinyah),
which proceed, two from the intestinal tract (portal
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vein and inferior vena cava), and two from the heart
(superior vena cava and pulmonary artery ?).

The “venous” blood (chyle-mixed blood) proceeds
from the alimentary tract (gastric and intestinal
vessels), along a 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-bearing Sirds and
Dhamanis. — Two blood - bearing Dhaman? trunks
(““veins ”) proceed from the heart (superior vena cava
and pulmonary artery ?), and two proceed from different
regions of the alimentary tract (portal vein and inferior
vena cava?). Ten Sirds bearing pure blood proceed
from the alimentary tract to the liver and spleen,
which are joined on to the heart by means of both
Siras and Dhamanis. The ten Sirds are subdivided
into 175 branches, which are distributed over the
body in the same way as the lymph-bearing Sirds
(vide supra).

It is clear that Charaka and Susruta had 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
spleen serves as a basis of discrimination between a
Sird 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.

wmmmmmm (Suéruta
Sarirasthina, Chap. IX.). v wwitfrem wrem =y
mm‘(ﬂ:mmmammilmwmmc
¥ gttt watgefrw wdm Ty Ty wnimfraee-
sl % gt weewdait | v

AfrETEwiTraT | ¥ wATHCE: TERRteEt wrw it (1bid.,
Chap. IV.). twmewsrewe: ychowa feat Twimfinias |
(Ibid., Sutrasthina, Chap. XIV.). wwfgtrgmfa wafir
wfifed woq Wi (@ wewfatfin e qn yanhigafoes
wrpRATETgTRARER: | Anat Wi frvgren Wt ww:
wrat gy WAt gwrat aErfRt oy fowearfeat o wwer-
flt Ty Tw w e | ATy wwnfeatat T Tt
qwawfrgd wafr | TeATiEY TEARIARY | T W fyan
T wxfor Tefitfic | T qrergfawTe « wremit | fdg
NV gi Wik Ty wye: B TwwEn WY v e
¥ wiwtye ! Wn g Twgd e ey
(Srirasthina, Chap. VIIL). fywtw (wa) Tevmr am
et Wifd fagtwe facr wwn sve s (1bid., Chap. IV.).
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SEcTION 3.
THE NERVOUS SYSTEM IN CHARAKA.

The Nerves.—Dhamanis as nerves : The anatomy of
the nervous system in Charaka and Sufruta can be
more clearly and confidently restored. The Dhamanis
that ascend from the heart divide into thirty cords, 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 cranial nerves are: (1) four pairs of sensory
nerves carrying sensory impulses from the sense-organs
to the heart, viz. the optic, auditory, olfactory, and
gustatory nerves, and (2) six pairs of motor (or mixed
nerves), e.g. three pairs of motor nerves for the eye
(Motores oculorum, Pathetic and Abducentes) working
the Levator Palpebre and other muscles of the orbit;
one pair of motor nerves for articulation (the Hypo-
glossal) ; one pair of motor nerves for the larynx (the
Pneumo-gastric), and another pair connected with
mammee and (in the case of the male) the seminal duct.
It is further stated that other motor or sensori-motor
impulses are carried by some of these cranial nerves,
viz. those which produce sighs and sobs, yawning,
laughter, and hunger. Evidently some of the functions
of the pneumogastric and the spinal accessory nerves
are intended, as also of the phrenic and other nerves of
the cervical plexus.

Of the thirty descending Dhamanis, ten (or five
pairs) are conductors of blood, chyle, vital current,
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metabolic fluid, and lymph, and the remaining twenty
are spinal nerves (specially the nerves of the sacro-
coccygeal and sacral plexuses, if not also of the lumbar
plexus). The obliquely branching Dkamanis, so far as
they are nerves, comprise the brachial and the lumbar
plexus, and divide and sub-divide hundred-fold, thousand-
fold, till they ramify into fibrillee round the pores of
the skin. They carry to the heart cutaneous sensations,
external as well as internal. A fibril (ywrme?) is said
to be as minute as the thousandth part of a hair
@

fag
mﬂ-\ - . N - ‘e -
T WG | gnat amed | gmat Wt wdfe o gnat
wfafn | gnat wfrged | ¥ W wywiieat | ¥ wwdfen | R e
T T wanat whive:

frltpaTy wgEt wAtat TRE A T wwawe
fiors AT |

minfd R ofet et garfy Qegumfrewrte o ¥
Wenfirrefe Trwfy wwdatn wardfeg | A% wnagraftaTem-
TPy wnwCwimtoes | Aty fragrfy A sRge-
wgd T TEQIN | A ARG AAPOTAT: IO AT |
(Susruta, Sarirasthina, Chap. IX.).

SECTION 4.

THE NERVOUS SYSTEM AFTER THE TANTRAS—
PSYCHO-PHYSIOLOGY.

In Charaka and Susruta (as in Aristotle) the heart
is the central organ and seat of consciousness; but in
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the Tantric writings (as in Galen) the seat of conscious-
ness is transferred to the brain or rather 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 Susumna, the
Brakma Nidi, and the Manovahd Nddi. The cerebro-
spinal axis with the connected sympathetic system
contains a number of ganglionic centres and plexuses
(Chakras, Padmas) from which nerves (Nadis, Sirds,
and Dhamanis)' radiate over the head, trunk, and
limbs.

SEcTION 5.

GANGLIONIC CENTRES AND PLEXUSES
(SYMPATHETIC-SPINAL SYSTEM).

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

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

! The writers of the Yoga and Tantra schools use the term
Néds, by preference, for nerves. They also mean cranial nerves
when they speak of Sirds, never using the latter term for arteries,
as in the 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 Svddhisthina Chakra, the sacral plexus
with six branches (wwifg, z@fa—leaves), concerned in
the excitation of sexual feelings with the accompani-
ments of lassitude, stupor, cruelty, suspicion, contempt.

(3) The Ndvikanda (corresponding to the solar
plexus, Bhinubhavanam), which forms the great
junction of the right and left sympathetic chains
(Pingald and Idd) with the cerebro-spinal axis.

Connected with this is the Mapipuraka, 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 cardiac plexus of the
sympathetic chain, with twelve branches, connected
with the heart, the seat of the egoistic sentiments,
hope, anxiety, doubt, remorse, conceit, egoism, etc.

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

(6) The Lalané 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,
regret, respect, reverence, contentment, etc.

(7) The sensori-motor tract, comprising two Chakras,
(a) the Ajnd Chakra, lit. the circle of command (over
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movements), with its two lobes, and (b) 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 Ajndvahd Nidis, efferent or motor nerves,
communicate motor impulses to the periphery from this
Ajnd Chakra, this centre of command over movements ;
and the afferent or sensory nerves of the special senses,
in pairs, the Gandhavahd NAdi (olfactory semsory), the
Rupavahé Nadi (optic), the Savdavahd Nadi (auditory),
the Rasavahd Nidi (gustatory), and the Sparasavahd
NAdi (tactile), come from the periphery (the peripheral
organs of the special senses) to this Manasckakra, the
gensory tract at the base of the brain. The Manas-
chakra also receives the Manovakd NAddi, a generic
name for the channels along which centrally initiated
-presentations (as in dreaming or hallucination) come to
the sixth lobe of the Manaschakra.

(8) The Somachakra, 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, e.g. compassion, gentleness, patience,
renunciation, meditativeness, gravity, earnestness, reso-
lution, determination, magnanimity, etc. ; and lastly

(9) The Sakasrdra Chakra, thousand-lobed, the
upper cerebrum with its lobes and convolutions, the
special and highest seat of the Jiva, the soul.
wRgriEed W et fowe went e iy
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For functions of A]ndvalod Nddi and Manovahd Nads,
also see Sankara Misra’s Upaskira.

The cerebro-spinal axis and the heart: their
respective relations to the conscious life.—Vijnina-
bhikshu, in the passage just quoted, identifies the
Manovahd Nadi (vehicle of consciousness, fawmrar) with
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the cerebro-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
Manovahd NAd? is the channel of the communication of
the Jiwa (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 to rise to the.
level of discriminative consciousness (wfrerswram). A
communication must now be established between the
Jwa (in the Sahkasrdra Chakra, upper cerebrum) and
the sensory currents received at the sensorium, and
this is done by means of the Manovahd Nddi. When
sensations are centrally initiated, as in dreams and
hallucinations, a special Nddi (Svapnavahd Nadi),
which appears to be only a branch of the Manovakd
Nidi, serves as the channel of communication from the
Jiva (soul) to the sensorium. In the same way, the
Ajnévahd Nadi brings down the messages of the soul
from the Sahasrdira (upper cerebrum) to the ﬁjnd
Chakra (motor tract at the base of the brain), messages
which are thence carried farther down, along efferent
nerves, to various parts of the periphery. 1 may add that
the special sensory nerves, together with the Manovahd
Nidi, are sometimes generally termed Jndnavahd Nddsi,
lit. channel of presentative knowledge. There is no
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difficulty so far. The Manovahd Ndd? and the ﬁ]udvahd
Nidi connect the sensori-motor tract at the base of the
brain (Ménaschakra and Ajnichakra) with the highest
(and special) seat of the soul (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
(Ajné, Prayatna) are conscious presentations, and the
Manovahd Néddi must therefore co-operate with the
Ajndvahd in producing the consciousness of -effort.
Indeed, attention, the characteristic function of Manas,
by which it raises sense-presentations to the level of
discriminative consciousness, implies effort (Prayatna)
on the part of the soul (Atman, Jiva), an effort of which
we are conscious through the channel of the Manovahd
Nadi. But how to explain the presentation of effort in
the motor nerves? Sankara Misra, the author of the
Upaskira on Kandda's Sttras, argues that the Nddis
(even the volitional or motor nerves) are themselves
sensitive, and their affections are conveyed to the
sensorium 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 Ajmivalzd (volitional-motor) or
Pranavahd (automatic-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 Prdnas implies an (automatic)
effort (whrrifaram) accompanied by a vague organic
consciousness, which is due to the fact that minute
fibres of the inner touch-sense are interspersed with the

~
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machinery of the automatic nerves (the Prdpavakd
Nadis).

Tuaifgd Wt 4 wTWM wamfaw: ANy AR
Ta wAfe wet geed | ATy AfTeTaTRATr e R | W
T iy TR s tmenTTeeaty @ wnen | -
fefrandya smddvmay ¥ Wy | ofe wAfe W A
LR mnwmiwm \ (Sankara
Miéra's Upaskdra, on Sftras 14, 15, Ahnika 2, Chap. V.).

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

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

T dwwraf | gt @it Tre Srarerd | ftet
wfqmrmn wk fragae | v awgyioat am: | ety
w7 e gt AR fad giverdra® | e BT TR gy
wrwerer—(Sangita-ratndkara).

SEcTION 6.

NERVE-CORDS AND FIBRES (SYMPATHETIC-SPINAL
SYSTEM).

Nerve-cords and fibres—Cranial and spinal nerves,
and the connected sympathetic nerves.—With the
writers on the Yoga, all the Sirds, and such of the
Dhamanis as 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 spinal cord to the
cranium. 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, etc.—
a confused and unintelligent reproduction of Suéruta’s
classification. But the enumeration of the spinal nerves
with the connected sympathetic chain and ganglia, is a
distinct improvement on the old anatomists. The
following plan attempts to give a rough idea of the
relative position of the principal nerves of the sympa-
thetic-spinal system. '

PUSA GANDHAR]
[ o
SUMYy
PAYASVING O &d N O SANKHINT
SARASVATT KUHU o mA
o o o
PINGALA
o o)
VARANA VISVODARA
o o
JASASVINT HASTLJIHVA
(-]
ALAMBUSA
Right. . Left.

The Susumnd is the central cord in the vertebral
column (wweas, #%). The two chains of sympathetic
ganglia on the left and the right are named Idd and
Pingald respectively. The sympathetic nerves have
their main connection with Susumnd at the solar plexus
(vwroprew, arfirwm in the a=, arfirwm or wwafwm). Of the
seven hundred nerve-cords of the sympathetic-spinal
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system (fcrar: Sangita-ratnikara), the fourteen most
important are :—

(1) Susumnd, in the central channel of the spinal
cord.

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

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

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

(5) Gandhdri, to the back of the left sympathetic
chain, supposed to stretch from below the corner of the
left eye to the left leg. It 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) Hastyjihvd, 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 supposition
as before. Pathological facts were believed to point
to a special nerve connection between the eyes and
the toes.

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

(8) Pusd, to the back of the right sympathetic
chain, stretching from below the corner of the right eye
to the abdomen (a connected chain of cervical and
lumbar nperves).

(9) Payasvini, between Pusé and Sarasvati, auricular
branch of the cervical plexus on the right.

Q2
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(10) Sankkini, between Géandhiri and Sarasvati,
auricular branch of the cervical plexus on the left.

(11) Jasasvini, to the front of the right sympa-
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) Vdrand, the nerves of the sacral plexus,
between Kuhu and Jasasvini, ramifying over the lower
trunk and limbs.

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

(14) Alambusd, the coccygeal nerves, proceeding
from the sacral vertebree to the urino-genitary organs.

(Vide Sangita-ratnikara, atrarg, fegdmaiorecm —
Slokas 144-156. Also, the Yogrnava.)

SecTION 7.

AUTOMATIC AND REFLEX A;()‘fl‘IV’ITYA OF THE
ORGANISM—THE FORTY-NINE VAYUS.

Charaka describes Vdyu 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 arranges
the cells and tissues, and which unfolds or develops the
fostal structure out of the fertilised ovum. Charaka
and Sufruta notice the five chief Vdyus with their
functions in the maintenance of the animal life. Suéruta
mentions Prdna 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, Vydna as coursing
all over the body, driving the chyle and causing
the flow of blood and sweat, and Apdna as having
its seat in the intestinal region, and sending down
the urino-genital secretions. (Susruta— Niddnasthdina,
Chapter I.)

In the medizval physiology the number of Vdyus
is given a8 49. As in Charaka and Suéruta, the Vdyus
are regarded as the moving or impelling forces that
work the organism and all its automatic and reflex
machinery. The Ajndvahd Nédis (efferent nerves) are
only channels for the conduction of commands of the
self or the will (wrwwaw) ; the Vdyus, on the other hand,
are forces (or currents) that maintain the automatic,
reflex, or instinctive activities of the organism. The
ten chief Vdyus with their functions are enumerated
thus :—

(1) Prdna, which works the ideo-motor verbal
mechanism and vocal apparatus, the respiratory system,
the muscles engaged in coughing, sighing, ete.

(2) Apdna, which ejects the excretions and wastes,
the urine, the faeces, the sperm and germ-cells, etc.

(8) Vydna, 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
circulating fluid in the body.

(5) Udéna, concerned in maintaining the erect
posture of the body.

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

(7) Kirma, which works the automatic movement
of the eyelids, winking, etc.

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

(9) Devadatta, which brings about yawning, dozing,
ete.

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

Y AATANT: TEAw: Nerat, wEn wrw:, witeat sem:,
TEATTENT, TNITEC FOE, wewt e, ederear,
wAT wfgherat, i ﬂﬁrgﬁah AT T RRTTTATNT (wTw
v, Chap. XIL.) #wt geqmr: sy wrrwrcwfaaaragars-
wrgfraTcd, ware: . . . e gwgchanfefwi: e w1t wr:

mmqﬁmmmm % w1 wTsty wied gt
!f‘Fﬂ we | frewfn TEdy ATTOlY W Wt wRrT
Tegfrgm | e AT SwWTA AR TR « AT
fom twammErwfaar swrafe e wfaurarfea wam
Tty Wty Ant Wl waifi o (dritmcwrarc 1)

Cf. the summary in Raja Sourindra Mohan Tagore’s
edition of the Sangita-darpana.

W (wgfrafved) fame: s (wadewe:)
TRttt (W) g o frgyw TR W
WIPEARETTY Wt W ¥ | wigadiwriat s
@ Wwd T W SNy ATy W W
AMEY:  ATAFERCEUAETET: W AL | EAwt wwhty



THE ANCIENT HINDUS 231

v Tuwt spTOe TR fREeeuTt + (Sangita-
darpana, Chap. L, Slokas 43-48). Cf. the extract in
Sankara.

HTY: RrTyfwESpaTaTiaT | ware: wangg e iewsd | wra:
T N qhT Sty e sy sy
wr: Wt wly Wiy W wwearq wqatn o g (Sariraka
Bhigya, Chap. II., Pada 4, Sitra 2).

SEcTION 8.
FETAL DEVELOPMENT (AFTER SUSRUTA).!

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 wood.  First are formed seven layers, epithelial
and dermal (Saptatwachak), then follow the several
tissues (Kaldk), the flesh, the vascular tissue, the fat
and marrow, the lymphatic and (glandular) tissue, the
intestinal tissues, the biliary and the seminal vessels.
These tissues are regarded by some as modifications of
the original dermal layers of the ovum (cf. 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,
blood into flesh, flesh into fat, fat into bone, bone (in
reality, fat in the bones) into marrow, marrow into
sperm-cell. The organs are next formed out of the
tissues. The liver, gall-bladder (kloma), spleen, and

! Reproduced from my monograph in Dr. Ray’s *“ Hindu
Chemistry,” Vol. II.
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lungs are referred to the blood ; the intestines to the
blood, lymph, and bile; the kidneys to the blood 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. Vdyu, with the accompaniment of
animal heat, impels the ‘currents” (§rotdmsi) in the
system; Vdyu acting on the flesh gives rise to the
muscles ; and it is Vdyu, again, which, with the essence
of fat (or marrow), produces the nerves, arteries, and
tendons (Susruta, Sdrirasthdna, Chap. IV., and Sitra-
sthina, Chap. XIV.).

The following parts (tissues and organs) in the foetus
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, and the
sperm-cell ; the following are modifications of the four
organic substances derived from the mother : skin, blood,
flesh, fat, the heart, liver and spleen, kidneys, stomach,
intestines, etc. (Charaka, Sdrirasthdna, 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, etc., become
distinet in the sixth. In the second month the sexual
character is indicated by the shape of the foetus, the
shape of a round joint (?) indicating the male sex, and
an elongated shape, as of a mauscle (?), the female sex.
(Cf. Charaka, Sirirasthana, Chap. IV.—frsRmfa w:
v fow: Sddar | Aw v foan gEv @t W Wit wie
Chakrapini notes wa: wfym: 1 foat wewrerc 1 wgh
Trmtetyrara | ¥ vk loc. cit.)
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SEcTION 9.
HEREDITY.

Transmission of specific characters—what parental
characters are transmitted to offspring.—The question
is raised in Charaka (and earlier still in the Brdhmanas)
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
(Sankara, Brihadiranyaka-bhigya). Species () may
be compared to so many moulds, as it were, into which
the ovum is cast, even as molten metals are cast in
moulds. This is of course only an illustrative analogy ;
the cause has to be investigated.

Now Charaka and Susruta, following Dhanvantari,
hold that the foetus, or rather the fertilised ovum,
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
excessive minuteness they are undistinguishable in the
blossom, even such is the case with the fertilised ovum.

e fe wwEm ... Wmmm

&G Nugwrn gwam | mwuﬂmwm:&ﬁrn%n
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Jusfa: WA wewstm wawity wwfw 1 (Suéruta, Sdrira
sthina, Chap. IIL).

The inheritance of specific characters is explained in
accordance with this view. Charaka assumes that the
sperm-cell of the male parent contains minute elements
derived from each of its organs and tissues. (Cf. 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 is developed out of it (wrcwrammr b G 6L
wnrafn  Charaka, Sdrirasthina, Chap. IV.; qf Sankara
on Brihaddranyaka).

But if this is so, why are not congenital deformities
of the parent, or constitutional diseases contracted in
later life, invariably inherited? Congenital blindness,
deafness, dumbness, stammering, lameness, or deformity
of the spinal column or of the bony framework, or
dwarfish stature, 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 ascribes to Atreya The fertilised ovum, it is
true, is composed of elements which arise from the
whole parental organism (wqerarwrs, wqzraw), but it is
not the developed organs of the parents, with their
idiosyncracies or acquired characters, that determine or
contribute the elements of the sperm-cell (or seed).
The parental Vija (seed, germ-plasm) 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 idiosyncracies or
deformities. In fact, the parental Vija (seed, germ-
plasm) is an organic whole independent of the developed
parental body and its organs. In the parental Vija an
element representing a particular organ or tissue may
happen (for this is accidental, 3) to be defective or
undeveloped, or otherwise abnormally characterised, and
in this case the corresponding organ or tissue of the
offspring will be similarly characterised. When con-
stitutional diseases, acquired in later life, are found to
be inherited, Atreya would suppose that the Vija of the
parent has been affected, and this would explain the
fact of the inheritance. In the case of leprosy, for
example, it is transmitted to the offspring only when
the germ-plasm (the Vija or the fertilised ovum) is
infected with the virus of the disease by reason of the
leprosy of the parent (vide Charaka’s report of Atreya 8
theory, Sdrirasthina).

Tt ArTfeTAt @wt At st W s
TugAnt ArATfevTAt ATt sTaTat wRTERivTaRa T wed
wwitd | afy wify wia wem e 7 i et
IR ST P | TR | TS Qe g
T TETEY AJUTTURT WTTR AT AR A9 W W
Wt Tk wa s gfr v T W oAge g

wET WA T s wo o
L wwﬁw et seq. ...... Tutd aff W AP AgwwnE s
Tt fagagwEw 7 st wira @ TR W
% v o aafr T T wETTETE frate s
FAITATIR W WITATAT TR RGN | WA € WA
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Tfg Axt smaniray: N reRwTR wyrfodt o foEgwea
wafr 1 (wew, wrtcarm, Tatufcat) TRm: yrerreTesioa-
i | et mirvt W et et

N.B.—The seventh tissue (the Sukradhard kald,
sperm-bearing or reproductive) contains the parental
Vija, which is a minute organism (wazrares) deriving
its elements from the parental organs, but distinct from
the latter, and independent of their peculiarities, and it
is the combination and characters of these constituent
elements of the parental Vija in the reproductive tissue
that determine the physiological characters and predis-
positions of the offspring. We may call this Atreyas
germ-plasm _theory, for it is an advance on the con-
ception of gemmules and of ids, but in Atreya 8 version
the ¢ germ-plasm ” is not only representative of the
“somatic” tissues, but also generates and is generated by
the latter. This mutual interaction of the “ germ-plasm ”
and “ somatic tissues” is a distinctive feature of Atreya 8
hypothesis, the value of which will be differently
estimated by different schools of biologists.

I may also add that the continued identity of the
germ-plasm (wiw) from generation to generation, though
it follows as a corollary from this doctrine of a distinct
reproductive tissue, even when conceived to be affected
by somatic processes, as Atreya and Charaka conceive
it to be, is nowhere expressly deduced. On the other
hand, Atreya and Charaka emphasise the influence of
abundant or defective nutrition, and of the con-
stituents of the food, etc., on the characters of the
Vija in the reproductive tissue, especially as regards the
sexual character, the stature, and the colour-pigment

™~
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(x@) 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 combine to form
the Vija must be regarded as a matter of chance (2u),
in other words, the truly congenital variations are
accidental.

SecrioN 10.
THE SEX QUESTION.

Influence 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 rhythmic 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 foetus
developing the male sexusl character, and on the fifth,
seventh, and alternate following days to the feetus
assuming the female sex. The Prayogackintimani
states that the latter occurs on even days, and the
former on odd days. Another factor is the relative
predominance of the sperm and the germ cells in the
fertilised 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 stature, fair complexion, and energetic
temperament, wheat-pulp with honey, ghee (clarified
butter), and milk should be taken by the female parent.
Generally speaking, the adoption of the food, clothing,
habits of people of any particular clime are supposed to
be favourable 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 or female character, but before this stage is reached
the development of the sex can be modified to some
extent by food and drugs (Jesresidwd). As for the
colour-pigment, it is the animal heat (¥wrwrg) which is
its source; but where the Akdéa and Ap particles
predominate (in the food) the animal heat (of the
metabolic 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
later literature, ghee (clarified butter) habitually taken
by the female during gestation is supposed to produce
a fair complexion, and rice (or wheat) and salads a
dark complexion. Charaka also holds that mental
impressions of the parent are powerful factors in the
determination of the characters of the offspring.

mmmwmmmqmmmw
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SEcTION 11.
LIFE.

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

The Chdrvikas (materialists and sensationalists)
answer that life (as well as consciousness) is a result of
peculiar chemical combinations of dead matter (or the
four elements) in organic forms, even as the intoxicating
property of spirituous liquors results from the fer-
mentation of unintoxicating rice and molasses. Similarly,
the instinctive movements and expressions of new-born
babes (sucking, joy, grief, fear, etc.) can be explained
mechanically as due to external stimuli as much as the
opening and closing 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 organisms
is frequently observed, e.g. the case of animalcules which
develop in moisture or infusions, especially under the
influence of gentle warmth (&ew, sww, dywywmea:), 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 Sti¢ras, reports the Charvika expla-
nation of instinctive emotional expressions in babes:
wnfry  menewitem  wfrwrc—Sttra 20, Ahnika 1,
Chapter IIL ; c¢f. the explanation of the movement
preparatory to sucking: wa@l wwEmTHiTETR
—Sitra 23, ibid. Jayanta, in the Nydya-manjari,
reports the Chirvika explanation of consciousness (and
life).

wrwiwen foart | gfewrify sty wanfe mwnfn | A e
FerwTcafogme: agwiwen e |

For spontaneous generation, vide Jayanta's report :—

vige Sqfn Wiy w@r T T we
yrfetefrem  s@weR \— Nydya-manjari, Ahnika 7,
Ry |

The Sankhya view of consciousness—Reply to the
materialists :—

The intoxicating power in liquor is a force, i.e. a
tendency to motion, and this is the resultant of the
tendencies (or subtile motions) present in the particles
of the fermented rice, molasses, etc. A motion, or a
tendency to motion, can in this way be the resultant of
several other motions or tendencies. But consciousness
(¥w=) is not a motion, and cannot be the resultant of
(unconscious) 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
consciousnesses vested in the innumerable constituent
particles of the body. One central abiding intelligence
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is a simpler and therefore more legitimate hypothesis
than an assemblage of consciousnesses latent in different
Bhiitas or particles, ¢f. Vijnina-bhiksu’s comment on the
Sitra. wryfwrdy wAwARE? )@ mp (Sitra 22,
Chapter IIL) wg wur argwaryis: FRwzuTyiwchs frferga
wii z¢ e afefn tn ARwalg? afn whed o ™)
qEdragfegRar gt W | wAwRY  wAstragiswsmrat
M Fremsdy fruforasea sstfeam « Cf. also
TRt ST Wl W fem 3
Arrenram ¢ (ibid.).

we APt 7 | wETeeETAt foeprmantat T T w R R
witfirrel s waR w g Srarfod ¥
(Gangidhara’s Jalpakalpataru (1867, Calcutta), ex-
plaining the distinction between property (yw) and
power (wira), a technical term in medicine, which
denotes a form of motion (ww) Sétrasthina, Jalpakal-
pataru).

The Sankhya view of Prina (life) :—

Life, according to the S&nkhya, is not a Viyu
(bio-mechanical force) nor any mere mechanical motion
resulting from the impulsion of Vdyu. The five vital
operations, Prina, Apina, etc., are called Vdyus, but
this is only a metaphor. Life is in reality a reflex
activity, a resultant of the various concurrent activities
of the Antahkaranas, i.e. of the sensori-motor (wrafwrg
wwitga), the emotional (w#:) and the apperceptive
reactions of the organism (for some add wegr).

Vijnina-bhiksu notes that this explains 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 Manas, one of the Antahkaranas con-
cerned in the reactions of the living organism. On the
Sankhya view, then, Prdna or life is not a Vdyu, nor is
it evolved from the Bhutas, inorganic matter. Prdna
is only a complex reflex activity (wwidwt gfw) resulting
from the operations of the psycho-physical principles or
forces in the organism. Cf. Sankara reporting the
Sankhya view—wranfy framgwa: @ wnidst wrovent yit
nfrawa \—Sdriraka-bhisya, Chapter IL., Pada 4, Siitra 9.
wmrAwcgyfe: wrorer www: ww - —lévarakrigna, Karika.
Also Sitra 31, Chapter IL, where Vijnina-bhiksu
notes :—

Y TR A wiewn: | werd qrd frow afefeagte
WAy wafr Jwer | wiirerpder wemd wiwATy | s
wfr wARTute: ewdwyggmmea wrvd mifer1—Vijnana-bhiksu,
Pravachana - bhigya, Chapter IL, Sidtras 31, 32.
WA AT AT aETTvecR Ry Wt +—ibid.

The Vedintic View of Prdna.

The VedAntists are believers in an independent vital
principle. They agree with the Sinkhyas in holding
that Prdpa is neither a Vdyw nor the operation of a
Véyu. But neither is life a mere reflex or resultant of
concurrent sensori-motor, emotive and apperceptive
reactions of the organism. You may put eleven birds
in a cage, and if they concurrently and continually
strike against the bars of the cage in the same direction,
the cage may move on under this conjoint action. But
the sensory and motor activities 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 a deprivation of life, and above all there is this
radical distinction : there is sameness of kind (m!mﬁm)
between the motions of the individual birds and the
resultant motion of the cage, but the sensations do not
explain life. Life (Prina) must therefore be recognised
as a separate principle, just as the Manas and the
Antahkaranas generally are in the Sinkhya Philosophy.
Life is a sort of subtle rarefied *ether-principle”
(wwmwrarg) pervasive of the organism—which is not
gross Vdyu, but is all the same subtilised matter, like
the Manas itself, for, in the VedAnta, everything other
than the Self (wrmr) is ““ material ” (wy).

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 (= argfint yueaem),
Chapter IL, Pada 4, Sitra 9; wvide $ariraka-Bhﬁsya
Sankara ; also Vichaspati Mira, Bhimati :—

fagrre 7 Tty W 1« w fe fefgwrat @ giwdEn
uﬁtvlwmﬁf@mﬂlwﬂ'ﬁq&ﬁnmimn
g WGy wfgEdf | 7w
WWWMnawnﬁmﬁnm
wfn FWRYFRATIIAR: | Wit w T wnEwTcaTy et
AVTATIrOarmaTgIags | qar wgat mfefeat wore
TN | (X WO TN NI 7 €8 W
fife g% TrORTIREEE ity wwoTfow: WAy ..
TR wrgtwmat wr .. mgtmwmmwgaﬂﬂmu
—Sankara, ibid. Cf. also, ®ww wrw: Wﬂ
JhagnITR | TN T At yfeen: W gh [ w weaE
Ty e wE T givenmy e —San-

kara, on Sitra 9, Pada 4, Chapter IL
R 2
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CHAPTER VIL

ON THE SCIENTIFIC METHOD OF
THE HINDUS.

The Doctrine of Scientific Method.—A study of the
Hindu Methodology of Science is absolutely essential to
a right understanding of Hindu positive Science, its
strength and its weakness, its range and its limitations.
Apart from this rigorous scientific method, Hindu
Chemistry, for example, would be all practical recipe, or
all unverified speculation. This, however, would be a
very inadequate and indeed erroneous view of this early
achievement of the human mind. That the whole
movement was genuinely and 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 circuit of
consciousness. That knowledge is valid which prompts
an activity ending in fruition. (Cf. the distinction
between wanfara and fywarfra . Also compare

oAt Ryfeamslim wiwn  wrgR — Vitsydyana.)
Truth, the Buddhists contend, is not self-evidence, not
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the agreement between ideas, nor the agreement of the
idea with the reality beyond, if any, for this cannot be
attained direct, but the harmony of experience (warz),
which is implied when the volitional reaction, that is
prompted by a cognition and that completes the circuit
of consciousness, meets with fruition, z.e. realises its
immediate end (with this compare Sriharsha, Khandana
Khanda Khidya, on the relation of war to Frw=rrer).
This is the material aspect of Truth. The formal
aspect is given in a principle which governs all
presentations in consciousness, and which combines
the three moments of Identity, non-Contradiction, and
Excluded Middle in every individual cognitive operation
[wé wx ufcfamfw (identity) wwwg wafafw (non-contra-
diction) gatuwaremt w gwafw (excluded middle) zfw
Tawrgrmrarc—Jayanta, Nysyamaiijari, wradfrsraem .
Perception.—The conditions of Perception, and its
range and limits, were carefully studied. The minima
sensibile (e.g. the minimum visibile, the Trasarenu, the
just-perceptible mote in the slanting sunbeam), the
infra-sensible (wqmwes, yw, sometimes termed watfwa),
the obscured (wfintw, eg. a meteor in the mid-day
blaze), and the potential (W), are distinguished ;
but finer instruments of measurement were wanting,
and this was a principal cause of arrested progress. It
may be noted that the measurement of the relative
pitch of musical tones was remarkably accurate (vide
my Paper on Hindu Mechanics and Physics).
Observation (z§a— 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, e.g., the body must be first
disembowelled and wrapped round with the kusa 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 operations as
well as major operations in obstetric surgery (the
extraction of the footus, etc.) were availed of for
embryological observations (e.g., it is stated that
the rudiments of the head and the limbs begin to
appear in the feetus in the third month, and are
developed in the fourth ; the bones, ligaments, nails,
hair, etc., becoming distinct in the sixth), and also
embryological theories, e.g., 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 female sex
(¢f. Charaka, Sitrasthina, Chap. IV.—fyma mife wa:
vt fow: Ywdt T T o foe gEew & oue wit
aywan | Chakrapini notes : wa: wfem: | fowt wwsgrarT )
THt SHiwteiwraTa ! wije adgm loc. cit.). In Phonetics
(as in the Prétisdkhyas, circa 600 B.c.), in Descrip-
tive and Analytical Grammar (as in P4nini), and in
some important respects in Comparative Grammar
(as in Hemachandra’s Grammar of the Prakrita
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Dialects), the observation was precise, minute, and
thoroughly scientific. This was also the case in
Materia 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 observations of the different
kinds of clouds and other atmospheric phenomena
(e.g., they estimate the heights of clouds, the distance
from which lightning is ordinarily visible or the
thunder is heard, the area of disturbance of different
earthquakes, the height to which the terrestrial
atmosphere extends, etc.; vide Vardhamihira, Sripati,
and the authorities quoted by Utpala). In Astronomy
the observation was, generally speaking, very defective,
as in the determination of the solar and the planetary
elements, and this was probably due to the lack of
practical interest, but the determination of the lunar
constants entering into the calculation of lunar periods
and eclipses, matters in which the Hindus had a
practical ceremonial interest, reached a remarkable
degree of approximation (much above Greeco-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 thousand 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 yynfgdw. In Zoology the enumeration of
the species of Vermes, Insecta, Reptilia, Batrachia,
Aves, etc., makes a fair beginning, but the classification



248 THE POSITIVE SCIENCES OF

proceeds on external characters and habits of life, and
not on an anatomical basis. In Botany the observation
was mainly in the interests of Materia Medica, and the
classification was as superficial as possible. (Vide my
Paper on the Hindu Classification of Plants and

Ezperiments.—Experiments were of course con-
ducted for purposes of chemical operations in relation
to the arts and manufactures, e¢.g. Metallurgy, Phar-
macy, Dyeing, Perfumery and Cosmetics, Horticulture,
the making and polishing of glass (lenses and mirrors
of various kinds are mentioned, the spherical and oval
yx and w§® 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 as an independent method
of proof or discovery the instances recorded in books
are rare. I may note one interesting example in
Udayana’s Kirandvali, relating to the weight of air.
Udayana argues that air must be a distinct and inde-
pendent Bhita, for if air were a form of the Earth-
Bhiita, it would have weight, and it has nome. To
prove the absence of weight, he refers to an experiment.
A small bladder made of a thin membrane, filled with
air, will not cause a greater descent in the scale than the
same bladder weighed empty. Hence 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 inconclusive ;
for a counter-experiment may be suggested. The
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balloon filled with smoke (or gas, W) 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, wa) and
air have no weight. The Hindus appear to have been
ignorant of the principle of Archimedes. Vallabh4-
chéryya, in the Lildvati, it is true, speaks of a peculiar
resistance to sinking (or gravity) exercised by water,
which 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. Mathurdndtha, 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
ascertaining weight (qw¥eww, lit. 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 through 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 rate,
they could 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 :—wrgfrsuas, fé w (sman)
ghaaiA TERmiT W | T ¥ TR WIS WY
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wivd weer | IWiTTE WTgPaia TR waAwtr gfe S
7w wrrgrat wnfy afefrRRARcTEirT i |
—¢f. Vallabhdchiryya, Lilévati—iafrsmsfe wrergrary-

mmmm
whramife S W1 wonimd W@ el wwmie gere

Y W™ TG FWWET  CAARCAEAET | qURYwAY
wwrqw serww V] Cf. Mathurdndtha, wfwwieargoes on
Gangesa’s Tattvachintdmani—wa (fraviivesr) = gd-
Timfiragad fag o el RROHSARY T |

Fallacies of Observation.—Mal-observation and
Non-observation :—These were carefully studied in
relation to errors of observation, and hallucination
(ww, wwmm, wrdu), which were ascribed to three
causes : (a) Dosha, #w, defect of sense organ, as of
the eye in jaundice, or of the skin in certain forms of
leprosy (leading to tactile insensibility, ¢f. Susruta),
or defect of necessary stimulus, e.g. too faint light,
or undue distance or nearness, in vision; () Sam-
prayoga, ®®mm, presentation of a part or an aspect
instead of the whole; and (c) Sanskdra, dwmz, the
disturbing influence of mental predisposition, e.g.
expectation, memory, habit, prejudice, ete.

The Doctrine of Inference—Anumina (Inference)
is the process of ascertaining, not by perception or
direct observation, but through the instrumentality or
medium of a mark, that a thing possesses a certain
character. Inference is therefore based on the esta-
blishment of an invariable concomitance (Vy4pti, wrf®)
between the mark and the character inferred. The
Hindu Inference (Anuména) is therefore neither merely
formal nor merely material, but a combined Formal-
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Material Deductive-Inductive process. It is neither
the Aristotelian Syllogism (Formal-Deductive process),
nor Mill's Induction (Material-Inductive process), but
the real Inference which must combine formal validity
with material truth, inductive generalisation with
deductive particularisation.

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

(1) The probandum, the statement of the proposi-
tion to be established (wfmw, wrafwiw), e.g. yonder
mountain is ““ fiery ”; (2) the reason, the ascription of
the mark (%3, few=mwdw), e.g. for it smokes; (3) the
general proposition, stating the invariable concomitance
which is the ground of the inference—clenched by an
example, ¢.g. whatever smokes is “fiery,” as an oven
(sezrexw) ; (4) next, the application, the ascertainment
of the existence of the mark in the present case (¥wwa),
e.g. yonder mountain'smokes ; (5) finally, the conclusion,
the probandum proved (famrs), e.g. yonder mountain
is “fiery.”

1. Yonder mountain is *fiery.”

2. For it smokes.

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

5. Therefore yonder mountain is * fiery.”

For inference for oneself only the first three or the last
three propositions are held to be sufficient.
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The Hindu Anuména, it will be seen, anticipates
J. 8. Mill's analysis of the syllogism as a material
inference, but is more comprehensive; for the Hindu
Uddharana, 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 observed, fortified by a recommendation to
extend its application to unobserved 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 concomitance
(wnfw) between the mark and 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 ?

The Chdrvika View.—Among the Chdrvdkas there
were two classes, the cruder school of materialists who
accepted perception (wmw) as a valid source of know-
ledge, as well as the reality of natural law (wnmx),
and the finer school of sceptics, who impugned all
kinds of knowledge, immediate as well as mediate,
and all evidence, Perception as well as Inference;
vide Jayanta’s reference in the Nydyamaiijari to
giafemwrdran: ; also wiawtyg wumew  weramw g
AT I AT T U T TR TR O AR ST —
Ahnika 1, Maiijari.

The Chérvdkas hold that the principle of causality
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which the Buddhists assume to be a ground of an
induction (wrfk), is itself an induction (a case of
Vyépti), which amounts to reasoning in a circle (wmw) ;
that every inference is based on an unconditional
invariable concomitance, which itself must be inferred,
as universal propositions cannot be established by our
limited perceptions, and thus there is a regressus ad
infinitum (warfeae), and that the nexus between
cause and effect, or between the sign and the thing
signified (e.g. smoke and fire), is only a mental step or
subjective association based on former perception, a
mental step which by accident is found justified by the
result in a number of cases.

The Buddhists : their Analysis and Vindication of
Inference—The Buddhists, however, take their stand
on the principle of the Uniformity of Nature (wfire=s,
wwranfrg=, Nydya-Vindu). This uniformity, for scien-
tific purposes, has to be divided into two different
relations : (1) the uniformity of succession in the rela-
tion of cause and effect, e.g. of smoke to fire (wrd-
wtegamy, meautw, Nyiya-Vindu); (2) the uniformity
of co-existence (in the form of co-inherence in the
same substrate) in the relation of genus and species,
e.g. the relation of invariable concomitance expressed
in the proposition ““all Sinsapis are trees,” which is
not a relation of causality, but of co-existence or co-
inherence in the same substrate (i.e. the co-inherence
of the generic qualities of a tree with the specific
characters of a Sisu-tree in this particular individual
before me, a Sisu-tree), a relation which may be termed
essential identity (wrrm, wwTe—Nydya-Vindu). To
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these two the Buddhists add a third ground of
inference, non-perception of the perceptible (wyuafa,
gwgueta), which is employed in inferring the
absence (wfriw) of a 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 (wfyamira)
ascertained, and what is the warrant of our belief in it
in these cases ?

Ascertainment 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 cause (or sum of
causal conditions) is invariably followed by a specific
effect, and () a specific effect (with all the distinctive
and relevant accompaniments, wrifagx) is invariably
preceded by a specific cause (wrcafwsy). It is not that
clouds always lead to rain, or that floods in the river-
valley always imply rain in the hills higher up. But
this particular conjunction of antecedent circumstances
(e.9. the appearance of a particular kind of clouds
accompanied by flashes of lightning, the roll of
thunder and flights of Valdkds—driven by the wind
from a particular quarter of the horizon, and ascending
in black masses, etc.) is as a rule the precursor of a
particular assemblage of rain effects (rain with particular
accompaniments). Again, this particular kind of flood
(overflowing of the river-banks accompanied by muddy
discoloration of the water, rapid currents, the bearing
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down of tree-trunks, etc.) is always preceded by rain in
the hills higher up (though, no doubt, other cases of
floods in a river may be due to a breach 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 causes by
taking into consideration the accompanying phenomena,
which, if properly marked, would always point to a
specific cause of a specific effect, and vice versa.

I quote Ny4ya authorities, but this device to obviate
the plurality of causes is common to the early Nyiya
and the Buddhistic systems.

i | T ARG FERGRTAR | AR —

Avwan wfrafe giefcfn ar@a srigam | wd g
w1 gfern @@ AW whate @ fr sgreTeTe afr
wiwTnmre afn swferem i |

T (qw wrda wTCUAATT) — T —

Tefcyfrmgemta iEm e wfr Jlweairres
afn gdam  w@yfemwetafefe + (Udyotakara, Chap. I,
Ahnika 1, Sitra 5.) Véchaspati puts this clearly :—
Tty wregary wivwdfn artmaed aorfy arge @ wfirects o
fagaa wfren sfywes | waar et sfpewt mficeatfe
7 wwfagwt mra wwg 1 In other words, a single con-
dition called a 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 causes of a general effect. The skilful
observer will therefore select the full complement of
causal conditions which is invariably succeeded by the
effect, and also the specific effect (e.g. wafegw) which
points to a specific causal antecedent. Compare also
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Jayanta : “ We infer an effect from a specific assemblage
of causes"—7 w wTCUATYTE TR FA IaT whitwre ®W |
wiy « fafgedy arcd € 1 4 W wrcofrEt goom: |« ik
nfdmeaifafiafrfomo: derreuemafefa: . . . 3ft
gt 3 T T | wngew Rewgerre wifew
T m{uﬁiﬂmﬁ fgwwfem + Similarly, we infer a
specific cause from a specific assemblage of effects :—
suafeft a% ande wREARR Twr EiRw It 3%
it glomgriwdgn & w afesgerirorgd-

-}m::[. Ty Spyferfreaarionty agigdaate w gfe wofo
Tqq —

waTgeTaSd fagt @ @ wwafh

AT rAshE wRATAfTTa: o

(Nydyamaiijari, Ahnika 2, on Gotama Sitra 5,
Ahnika 1, Chap. L)

A specific assemblage of causes, therefore, has only
one specific assemblage of effects, and vice versa. Of
course, the observer is to find out the essential or
relevant features (as distinguished from the irrelevant
ones) which, being included, will enable him to specify
the particular cause of the particular effect.

Now, this being premised to be the exact meaning
of the inseparableness or non-disjunction in the case of
cause and effect, we come to the question with which
we started—how is this relation to be ascertained or
established between two phenomena or assemblages of
phenomena? Obviously, mere observation of their
agreement in presence (wwa) and their agreement in
absence (wfrtx) is no help in the matter. Take a con-
crete example. The ass is customarily employed to
bring the fuel with which fire is lighted. In a hundred
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cases you have observed the ass among the antecedents
of smoke. 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 cause and effect
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. Suppose A with
certain accompaniments is found to precede B imme-
diately. Now, if A disappearing B disappears, even
though all other antecedents remain and there is no
other change in the case, then and then only can the
causal relation be ascertained. It is not a mere table of
positive instances or negative instances (wzfrw # giam) ;
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 scientific
Method. Such was the statement of the earlier
Buddhists (¢f. Udyotakara’s and Véchaspati’s report
of the Buddhist doctrine of Inference—a fg nfira=at =
THTTTET).

TR AETRAAUTR AT T Rfrew: | e ariwT-
W Ev T frama | e faasisiee @ ghem
—a Buddhist Kérikd quoted in Véchaspati, Udayana.
Sriharsha, Midhava, etc.—wrliwrcpmy yg—wfEq afr
wafe—eag wit wRy wiewafr 7 safr—ewmac | =
weTafaaTAtatoa® 1. (et Ty feod e

8



258 THE POSITIVE SCIENCES OF

aram: \—Vachaspati, Tatparyyatik4, Chap. I, Ahnika 1,
Sutra 5, wyTAweR —aTRuER:)

But the canon in this form is not sufficiently safe-
guarded against possible abuse. Two points have to
be emphasised : (1) It must be carefully observed that
no other condition is changed, (2) that the appearance
and disappearance of A must immediately precede the
appearance and disappearance of B. The definition of
a cause is 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 practical 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
safeguard against this radical vitiation of the Method,
the later Buddhists formulated the canon of a modified
Method, termed the Pafnichakirani, 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 and
the immediateness of the antecedence as 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 Agreement), 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 established :—
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 *cause” phenomenon is
sublated or disappears.
Fifth step—Then, in immediate succession, the
“effect” phenomenon disappears.

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

This Pafichakdrani, the Joint Method of Difference,
has some advantages over J. S. Mill's Method of
Difference, or, what is 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
a theoretical point of view to J. S. Mill's canon, and is
as much more consonant than the latter to the practice
of every experimenter, as the Hindu analysis of
Anuména as a Formal-Material Deductive-Inductive
Inference is more comprehensive and more scientific
than Aristotle’s or Mill's analysis of the Syllogism (or
Mediate Inference).

But even the Pafichakarani is no sufficient answer to
the question with which we started. The Pafichakdran{

8 2
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is only a method; it shows only how in a particular
case the relation of cause and effect is to be established
(wfrrsqw@iara). But we want more than this—we
require a warrant for the process. The Buddhists
therefore supply the following proof of the Method:
Doubt 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 annul
all practical exercise of the will, the doubt must cease ;
else the doubt would be suicidal or sophistical. In this
particular case, 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 ground of all practice, for all volitional
activity proceeds by implication on the principle of
causality. If things could happen 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 circuit of consciousness
would be left incomplete. In fact, the Buddhists go
farther ; they hold causal efficiency (wifwar) to be
of the essence of empirical (relative) Reality. The
proof 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 a cause), and the truth of this last is guaranteed
by the same ultimate criterion of empirical (relative)
Reality as the truth of Perception itself, viz. the
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correspondence between the rational and the practical
activity of the self.

But invariable concomitance (or non-disjunction),
the Buddhists argue, has another form, e.g. the relation
of the genus to the species. We may have perceived
a 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
(argrm, mry). It is only when we perceive that
the characters of a Sinsapd are co-inherent with the
generic characters of a tree in the same individual
object (a Sinsapé-tree before me), and when we further
perceive that the characters are held together by the
relation of identity of essence, that we can say that all
Sinsapés are trees. For as there is identity of essence,
a Sinsapd would not be a Sinsapd if it were not a tree ;
it would lose its self-identity, which is a contradiction.
Hence the relation of identity of essence (wrgTe, @nima),
as in the relation of the species to the genus, is the sole
ground for establishing uniformity of co-existence
(wfrrw, mawfiem).

For the Buddhist Method of Induction in its later
form, the Paiichakdrani, vide Sarvadarsana Sangrahd—
Buddhist reply to the Charvaka attack on Inference : —

Ty wiranirat gefv gfr weanvta: | T -

fagem | wiemmafreieaw @ ! As for the
Nyiya view, wammfita? wfranmefreraat gfn i—the
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Buddhist objects: w4 w§ wrwETVERrCHfireTd T
wan | R, wfewafn, wRa WgUREWA W whieTcRgT
wfrarcamg +—the Nydya retorts : 75 warfawer@ wraasta
w@ wfirercyn gufcea 3w i—the Buddhist answers : 4
ﬂw.ﬁmﬁmmﬁwm@tﬁmrmm
t&mﬁrm Ry fe wrEgn TR W
ARG | Wk w0 weny wgeaietreRe
whramimat fretar | TEREiNfTeTY ARiEAY: T T
TERTYT: | AT TAUW: AOTUSHE, FICGIISH AN IR,
IEHN TIM FTYTTIEH WIS I Twwrcen w-wa-
Wi sTsTEnTY: fretR | R Wi Wiy wirane:
frgtan + afy fiwar: JwAR wfroan ameTRe wam S o
WVEHTR: | WHE § TWR 4T FENTITERni whivercEgraT
- W faacfom . figogwae et gust fgwa sfr
FATATTVSTRIST SR WS NTRATTAT WTCAR WTWTT
wynrean gfw fewq '+ Sarvadarana Sangrahd, Bauddha-
Daréanam ; vide also Sridhara, Kandali.

The Nydya Doctrine of Inference—The Nyiya
easily demolishes the Buddhist contention about
identity of essence. The Nydya writers, being realists,
do not impugn the reality of the genus (wrfx) like the
nominalists or the nominalistic conceptualists ; but they
point out that the inseparableness (or non-disjunction) in
such cases can only be established by the experience
of unbroken uniformity (wafirerf, i.c. by werqufidal,
z@we@a).  Uniform agreement in presence with uniform
agreement in absence—not the mysterious identity of
essence irresistibly perceived in any individual case or
cases—is the only basis for constituting genera and
species in natural classification. Indeed, some of the
later Nydya 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 regards the relation of cause and effect,
a merus is sometimes fancied to be perceived, a power
in the cause to produce the effect (wfs), or an ultimate
form (wrfmw), 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 nor of
legitimate hypothesis. There is nothing except the
invariable time-relation (antecedence and sequence)
between the cause and the effect. But the mere
invariableness of an antecedent does not suffice to
constitute it the cause of what succeeds; it must be
an unconditional antecedent as well (wmrarfafagre
faawgiaf®ar, being the definition of wriwrcgwma). For
example, the essential or adventitious accompaniments
of an invariable antecedent may also be invariable
antecedents ; but they are not unconditional, but only
collateral and indirect. In other words, their ante-
cedence is conditional on something else (7 amru).
The potter’s stick is an unconditional invariable ante-
cedent of the jar; but the colour of a stick, or its
texture or size 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; but they
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are not unconditional, 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, and Akésa (ether) as the substrate and
Vayu (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 rejected
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
in a causal relation to the potter’s handiwork. In fact,
the antecedence must not only be unconditionally in-
variable, but must also be immediate (werafergiwrereaty
sty www). Finally, all seemingly invariable ante-
cedents which may be dispensed with or left out are
ipso facto not unconditional, and cannot therefore be
regarded as causal conditions. In short, nothing that
is unnecessary is unconditional. For this class, vide Visva-
nitha —fraarrmwgipnie:  wyyrpirargiefes o1 wra-
wort | afwwe (winfod) werarfed— Visvandtha, Siddhénta-
Mukt4vali, on Sloka 20. For example, it is the custom
to point to spatial 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-
out finger-pointing (warerfawwat e frdew frgmawa
a wnifrw: e, Vichaspati, Tatparyyatiké, Chap. L.,
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Ahnika 1, Sttra 5. This shows that the doctrine of
was long anterior to Gangesa).

[Visvanitha in the Bhdsha-Parichchheda mentions
five kinds of w=rarfew, conditional antecedents—(1) ¥«
wegiTe: ; (2) T o wregaET (gl ; (3) watnfr gibme
R Tagihrafem ; (4) wasd wfe ghaflem wetam T
(yinfém) 7 7wd ; and (5) warfe o framreragibi:
winfeam u‘i( (e?y wwy wrrgrwwrt—Slokas 19 and 20),
T WATAART WA iaY 7 w: fom srarcearidy wamgfreat
Ter  wearfean —Siddhdnta-Muktévali, loc. cit.—The
Dinakarf points out that the first two cases are com-
prehended under the formula R
wifga 1 There are several classifications of these
irrelevant antecedents (wararfew) ; I quote one of the
best known.]

The unconditional (w=rarfefyg=), 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, superfluous, or inert (i.e. of the
relevant from the irrelevant factors), must depend on
the test of expenditure of energy. This test the
Nyédya would accept only in the sense of an operation
analysable into molar or molecular motion (wfeerm =x
WM e st —wnifgrg W wife—Jayanta,
Maiijarf, Ahnika 1), but would emphatically reject if
it is advanced in support of the notion of a mysterious
causal power or efficiency (wf®). With the Nydya all
energy is necessarily kinetic. This is a peculiarity of
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the Nydya—its insisting 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, t.e. a re-distribution of motion, but at the same
time absolutely repudiating the Sainkhya conception of
power or productive efficiency as metaphysical or tran-
scendental (waifed), and finding nothing in the cause
other than an unconditional invariable complement of
operative conditions (wrcwewwl), and nothing in the
effect other than the comsequent phenomenon which
results from the joint operations of the antecedent
conditions. (wfrrragaTcatratafca Ta—Jayanta. st
i —amutaTiA g ardng fewwrcewiRar wywn—Jayanta,
ibid., Ahnika 1, whsfrowaam It may be noted that
the Nyédya, while repudiating transcendental power
(Sakti) in the mechanism of Nature and natural causa-
tion, does not deny the existence of metaphysical
conditions like merit (w&), which constitute a system
of moral ends that fulfil themselves in and through
the mechanical system and order of Nature—wvide
Jayanta, watfed famfy wrcd wfemin wanfe—Ahnika 1,
wisfraraam 1)

The causal relation, then, like the relation of genus
to species, is a natural relation of concomitance (wrfw:
anfys: wa—Vichaspati) which can be ascertained
only by the uniform and uninterrupted experience of
agreement in presence and agreement in absence, and
not by deduction from a certain a prior: principle like
that of Causality or Identity of Essence.
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Nydya objection to the Buddhist Method of Difference
as a means of ascertaining Causality.—Take for example
the Buddhist deduction of Causality 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
Chérvéka rightly points out, the Methods enable 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 case between the fire and the smoke, that this
demon (fagyrw) is the immediate antecedent and real
cause of the latter, and that the fire is an accident
which in every such case is brought about by its own
causal antecedents ? In saying this I do not go counter
to the principle of causality, and am landed in no
contradiction (wrera) 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 I know that fire is the cause in
other cases, or that there is no other cause? You will
perhaps argue that if there were an indefinite number of
causes of the same specific phenomenal effect, it would
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violate the principle that phenomena are all conditioned,
i.e. exist only under certain conditions (wrgrfenae),
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 phenomena, but this is not violated
by supposing that one specific assemblage of phenomena
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 a 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, that all green-wood fires are followed by
smoke, or that in a given case smoke has been preceded
by fire—i.e., 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 (uniform
and uninterrupted experience of agreement in presence
as well as absence) without assuming causality as an
a priori principle and making deductions therefrom,
and without the trouble of ascertaining the relation of
cause and effect in every individual case? I am free to
admit that theoretical objections of irresistible force
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(like those of the Charvdka sceptics) can be urged
against this ascertainment of universal invariable and
unconditional concomitance (wrfirglura) 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 causality and essential identity (wgwufw and wrgnm).
Ultimately we all have to fall back on the rational
practice of thinking persons (wwrwar:), and such persons
are always content to act on practical certitude instead
of hankering after an unattainable apodictic certainty
in the affairs of life (wrnfgwPwIrTmgTEIN T
wgatwR). This same practical certitude is also the
ultimate warrant of the Deductive-Inductive 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 canon of the Method of
Subtraction, i.e. the negative Method of Difference,
Udyotakara and Véchaspati, of the Nyiya school,
pertinently and acutely object as follows :—

wd ax fafen wieq 7 7 7w v, afag: = m
wx g wgwAte: | § 2y g s A wgAer anete
o gafed wauete: | v P wpeat a0 @ e wie
Trwranfa | TARirEASfY W W1 WO WA NI, W
Tt swawfe wewmciy watw, wfem afn wie wafe wat
TR | wafe wiy afee aRrdwwats o woTTm ) we
Tufy W TfpmaTgiaeTd mieea, Tafe JRTACIYY T
Frem | war f o w Ted 30 WYY, R W W, A @
AT | ramiTdy W Tt fo afr ot s, o i
Wit frgria whrd s, SRR ANt 2 T
fagrerdy fwfy, gfs werd wg amet framrs woREe(! T
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afn gt frams, T TenRy whtiwm | TR gf w
VAN FETATRNTIT | WAWTCOA § WETOTaa QCrsanagma |
Buddhist reply :—emm 1 @t @ wige: ® wkemw
wWEWEfE T, A fogrerwt | ® W s
fafrwadwara! TraArcRY TR TR wimtrafeart fafrd w3ty
7 g witwwfirart Teenfe | afe wesqTEafagTeTe @ e 1
nfwfrd wwm fiarsfe It afeq o 7 ST | Wy wEt
(fagre:) wira afafen: war afy widwTag a¢ afpce 1 wrcd
wrcd W *¢ wrtw womewgr | Now the phenomenon
that is contingent (wwrfeww) cannot be uncaused—
warcrw g wAW At aw wed w1 @, wnigAm w
t And with the limitation of a specific
effect, there must be only one specific cause, for an
unrestricted plurality of causes would amount to
the denial of uniformity in causality (i.e. of the
unconditional invariable antecedence)—

i wAd I, WRTCOAREFIRY | TERAARY WTH g fe
W SfEwTde | @ R ety wt, 7 evaToe: ®m, g
A R WA | T Wy q wrdd e warraw wafn,
Wefa wart NI, MY WEgEY W W | AT W wTEreeA-
wrefa:

Ny4ya rejoinder :—wam | wwfa far ¥t Nve ww,
Tufy w fagrerwt AwEd Amguea:, wasfe fogrestd Ty
W T A i ywiem wEn: wufrfon, T g, T W
WAW: | AT WETESTY AWTATT TX WITENEWSRT WETTNN, WTET-
forgt w1 o Wy Ty W v qre g
wmfay 3w Iy wafndw | wvefaewanre wywfaa-
wwgary (vide Nydya-Vindu)1 4 w wyweswmafy wfe
RN Tt | AT WA T RN, W wTie-
TN W | W SEEienra et suest W, weRtenm
TR WA frwwma wafa 1 3 fg Trelom @ Tgw e
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argw Tx mcferm aR fifn | weetfon ypfogret afqarcs
7w fawrcfage

The Nyaya 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 succession (or
concomitance), without any element of productive
efficiency or causation.

wiy wrg wEREietTeT: wesfe wER sT@ERy q W
wafr | war w Wfn wAuwww s At gt 9wy
AR W APITEAET WY WY THEATR | W W
WA W WA | ATEARTCONTITINIUTATER | A9 R
wa zafgmm: \—Vachaspati, T4tparyyatikd, Chap. I,
Ahnika 1, Sttra 5, st 1]

The Nydya Analysis of the Causal Relation con-
tinued : Co-effects.—In the enumeration of different
varieties of irrelevant antecedents (wararfew), we have
already noticed that co-effects of the same cause 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 Pértha-sdrathi
Misra on Kuméril, Sloka—Vé,rtika—WﬂT-ﬁm L
frg: wrAwTEAR, TaaTaA,—Sloka 157, Stnya-
Vida). In other cases the co-effects may be successive
effects of the same cause, and here the risk is great
of mistaking the antecedent co-effect to be the cause of
the succeeding co-effect, e.g. the case of ants moving
in a line to carry their eggs upward, which is observed
before the summer rains, where the movement of ants
and the rains are not cause and effect, but successive



272 THE POSITIVE SCIENCES OF

effects of the same cause, viz. the heat (wwr), which
disturbs the elements, viz. the earth and the atmo-
sphere (wgryweni) ; the ants being affected by this heat
earlier than the atmospheric movements which bring
the clouds and the rain.

(Udyotakara and Vichaspati: @ w faifgwre wwd
W FTTERRTRT | wERiy AfER TS | Tive-
W 3 e faifewrerawcd ghenER | g
wg favifewr v wnfr waty sty sefcem wafa
—Tétparyyatika, II., 2, Sitra 37.)

Synchronousness of Cause and Ejfect.—This is
resolved into a case of simultaneous co-effects of the
same ultimate cause, e.g. the ascent of one scale and
the descent of the other in the balance, which are not
related as cause and effect, but are simultaneous effects
of gravity. In other cases the synchronousness is
only apparent, the interval between the antecedent and
the consequent being too small (gwrwr®) to be appre-
hended (¥rqwnfimra), e.g. in the case of the needle
piercing a 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. Kumérild, Sloka-
Virtika—ggeget  fedt  Anoufarda, —W g,
w7 W | TIWY W AW wwuwrgR wwr o Sunya-
véda, Sloka 156-157.—I quote Mim4nsi authorities,
but the view is common to the Miménsi and the
Nyéya-Vaiseshika).

The Time-relation in a Chain of Causes and Effects.—
A careful study of the time-relation in a chain of causes
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and effects is a peculiarity of the Vaiseshika system
(and the later Nydya). A moment (ultimate unit of
time, Kshana, ww) is 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 (fpmmgmurefem wwpTe-
TAGEATICEN. WS, w—Sapta-Padérthi, Sivé,ditya—
i.e. the ultimate unit of time is the time during which
motion exists in an atom prior to its division from
another atom, in a case of division due to motion).
The Sankhya, we have already seen, determines
this ultimate unit by reference to the motion of a
Tanmétra.

The number of such units will determine the time-
interval between a given set of physical conditions and
a particular effect, for between a so-called sum of causes
and a so-called sum of effects there intervenes a series
of atomic (or molecular) motions, with conjunctions and
disjunctions which form the causal chain. However
crude in the practical application, the fundamental idea
is, in connection with the principle of work and energy
(for which both the Sainkhya and the Ny4ya-Vaiseshika
furnish a rudimentary basis), immensely suggestive of a
possible Time Calculus.

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

The Nydya Ground of Inference— Vydpti faamargwa.
—Inference, then, in the Nydya, depends on the
ascertainment, not of the causal relation, nor 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 (surfufyyw: wnnfrw: W
wrfi:—Udyotakara and Vichaspati). Of the two
phenomena so connected, one is called the Vydpya 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 Vyidpya or Gamaka (sign or
mark); and fire, the Vyipaka or Gamya (the thing
signified or marked). Now the relation of Vy4pti
between A and B may be either unequal or equipollent
(frwrartv or wwwrfy). When A is the sign of B, but
B is not the sign of A, the Vyépti is one=sided or
unequal, and here a Vydpti is said to exist between A
and B, but not between B and A. For example,
smoke is a sign of fire, but fire is not universally a sign
of smoke. When, therefore, the relation of Vyipti is
an unequal one, as between smoke and fire, it is
expressed in the proposition—Wherever the Vydpya
(sign or mark, e.g. smoke) exists, the Vyipaka (the
thing signified or marked, e.g. fire) also exists. From
this it follows by necessary implication (a sort of
wirgfw) that whenever the Vyédpaka (eg. fire) is
absent, the Vydpya (e.g. smoke) is also absent
(wrgwnm® wramim:).  Again, the Vyipti may be a
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 Vydpya and Vydipaka, and this is
expressed in the two propositions :—(1) Wherever there
is smoke there is green-wood fire, and (2) wherever
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there is green-wood fire there is smoke. By necessary
implication it follows—(1) Where there is no green-
wood fire there is no smoke; (2) where there is no
smoke there is no green-wood fire. 'We have seen that
a Vyépti exists between smoke and fire, for wherever
there is smoke there is fire, but we cannot say that a
Vyapti exists between fire and smoke, for we cannot
say that wherever there is a fire there is smoke. The
combustion of an iron ball (wdnire®), for example, is a
case of fire without smoke. But it would be correct to
say that a Vydpti exists between green-wood fire and
smoke, as 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 is a conditional relation; i.e. on condition
that the fire is green-wood fire, it would be a sign of
smoke. In other words, a Vyépti implies unconditional
invariable concomitance, and the relation between fire
and smoke is not therefore a Vyépti (natural uncon-
ditional concomitance), for fire requires a * condition,”
Upédhi, viz. green-wood, to be followed by smoke.
Smoke, on the other hand, requires no *condition” to
indicate fire. For the purposes of Inference, therefore,
relations between phenomena may be considered as of
two kinds: (1) Contingent conditional relations,
holding good on the fulfilment of a certain condition or
Upédhi, and (2) Vydpti, or unconditional invariable
relation, between a mark and that which it marks, a
relation without any Up4dhi or determining condition
(zurfufaye: w=wew:). 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 a Vyéapti exists between A4 and B, then 4 is 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, would be warranted. The question,
therefore, is, how to ascertain the relation of Vyapti
between two phenomena.

Ascertainment of Vydpti according to the early
Nydya (wfiargrara).—Briefly speaking, the observation
of agreement in presence (warw) as well as agreement
in absence (wfirtw) between two phenomena, with the
non-observation of the contrary (wfirercreiom), is the
foundation of our knowledge of Vyipti (gameda
—Viéchaspati).  This suggests a natural relation
(wmirfywwsrm—Vichaspati) of invariable concomitance
(Prawarewst— Vichaspati) between the phenomena, which
is fortified by our non-observation (wedm) of the
contrary (wfirwrr). But this does not establish the
unconditionality of the concomitance (srfufywrasy=),
which is essential to a Vydpti. We have therefore to
examine the cases carefully to see if there is any
determining condition (Upddhi—i.e. some hidden or
undetected but really operative or indispensable accom-
paniment) which conditions the relation between the
supposed sign or mark (Gamaka) and the supposed
signate (thing signified, Gamya). Now let us consider
what constitutes an Upddhi. It is a circumstance
which always accompanies, and is always accompanied
by, the supposed signate (the thing signified,
Gamya), but does not invariably accompany the
supposed sign or mark (Gamaka). If, therefore, in
the set of positive instances where both the sign and
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the signate 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, no other material circumstance is
constantly absent, there is no Upddhi. This follows
from the very definition of an Up4ddhi. It is impractic-
able to fulfil these requirements rigorously. 8till, every
one of the accompanying circumstances (of course the
likely ones) may be taken successively, and it may
be shown that the comcomitance continues even when
the suspected Upéddhi (wfgmarfw) is absent, and there-
fore it cannot be the Upddhi. And this is 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 Upédhis, we conclude by establishing the
Vyépti. Itis true that we may still go on doubting ;
but doubt has a certain limit for the * experimenter ”
and the thinking person (wdew, wgrarq). When doubt
overthrows the foundation of all rational practice
(wrrfgwgrwarw), or leads to a stoppage or arrest of all
practical activity (Frwwwert), it stands ipso facto
condemned, and must be abandoned (wrerarafwTrag—
Sriharsha and Udayana ; =rem is mentioned by Vicha-
spati). Thus it is that Vy4pti is ascertained. In this
way we observe innumerable instances of Vyépti.
Now, by means of repeated observations of this kind
(witrdw) we have established the principle of the
Uniformity of Nature (armfra=w), and also of Causality ;
and these two principles thus ascertained may be made
use of in their turn as the basis of an argumentation or
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deduction (Tarka, Uha, w#) to confirm a particular
Vyépti in a particular case. Tarka or Uha, then, is the
verification and vindication of particular inductions by
the application of the general principles of Uniformity
of Nature and of Causality, principles which are them-
selves based on repeated observation (dtz§w) and the
ascertainment of innumerable particular inductions of

uniformity or causality (Wirirafrrdercaterm Thewy
annfrwwsrsautie— Vichaspati). Thus Tarka also helps in
dispelling doubt (@Re). Sriharsha, however, questions

the validity of this verification—cf. the well-known
couplet ending wi: wgraf: gm

It will be seen that the process of disproving all
suspected Upadhis (sarfuggrfcm), in the early Nydya,
answers exactly as a process to Mill's Method of Agree-
ment. In fact, the disproof of a suspected Upéddhi by
pointing to instances of agreement in presence (W),
even in the absence of the Upddhi, fortified as this is
by the instances of agreement in absence (wfirRw),
virtually 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
enunciated, 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 all Uniformities of Co-existence and of Causation
alike. And this the Nydya successively accomplished by
introducing the mark of unconditionality (sarfufrycm)

™
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into the relation of Vydpti (Concomitance), even as
the same mark of unconditionality (w=rarfafgg=rar) had
been previously introduced into the definition of
Causality (wrlrwrcgwms). The difference between the
early Nydya and the Buddhist systems may be briefly
put thus:—The former relied on empirical induction
based on uniform and uninterrupted agreement in
Nature, and accordingly regarded the Method of Agree-
ment as the fundamental Method of Scientific Induction,
founding Inference on Vyépti, to which they subordinated
Causality in the doctrine of Method ; the latter assumed
two a priori principles, viz. causality and identity of
essence, deduced the canon of the Method of Difference
by an indirect proof from the principle of Causality,
and made this Method the foundation of all scientific
Induction 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 Nydya :—

(a) Method of Agreement and the Joint Method
without the device of the Upédhi :—

Cf. Jayanta on wrewd—afer Ry wad 7 fear wwd
T | wERaTrAnTE faw: wewfo | wferm @R, 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 absence) :—wfitwfremaaiy RirwTETTIIIS: | frwerd
T wfer wfn wwd AWM e @ e gf i T
afEq afr st AT, WR fra s
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fam 7 e T Wt wafcae xfi—Jayanta, Ahnika 2,
ity |

(8) Doctrine of the Upéddhi: unconditional con-
comitance distinguished from conditional :—

N W E O WY WO T Wl @nniea fraw: @ e o,
TR G T g | T fir wmetat wRiee: -
fw: | A Rt wnfehn | sogeeR ¥ fe fefa wrfefin o
Ty WrRATEr Wt e wfefi we s | T
TR WA WA 7 e e q e
Wiy WKt TERTiERR TAIN: W wien Wi
WITH WEHAT WTSRATAY WHATIUR: | Wit Foram: v
WGRTATHR !

(¢) Concomitance sufficient without causal nerus:—

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, etc.) other than causal; so you confess
that a natural fixed order can exist without the causal
nexus. . ..

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

The Nydya then proceeds to show how an Up4dhi
is established, or how disproved by observation :—
™ O warReE e W wanigaTt TR wrae:
wa W e 7 g Aot iy fretan | wfelve g fen
TR WIS, TUAANTE W WA WEAT TATTTTa
frivepuin® ¥ dFTE wqueATH WHuRT, IR ¥ wh

HUFTR RO RYYREA, WHTAE: TN WaNrka |
(¢) 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 Upédhi, vide Sriharsha and
Udayana : wamwerwat @ arsewwnfy: sw@ @ swrivfe |
Hence, to avoid an Upddhi (which is wrerwwrarfi:), the
constant presence of anything relevant other than the
sign and the signate in the positive instances (of agree-
ment in presence, waw), and the constant absence of
any such thing in the negative instances (of agreement
in absence, =mfrtsw) must be safeguarded against. This
amounts to Mill's Joint Method.

(f) Suspicion of non-perceptible Upédhi—Limits
of legitimate doubt :—

A W WEEEATARST TRATACNA WTWATCATATGTITE R dfrwar
Iufe: amnfeadt wfrrmte g g | wasd wgan arfast
framrammaTief TwTraTn g W wwrEwET R T fogred
Fawaw 7wy aratte 14 afen mi‘n withy w=fey wufar

(9) 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 (Vyéptis) are observed, and as a result of this
repeated observation a belief in the Uniformity of
Nature (@mamfrg=), as well as in the principle of
Causality (wrdlrwrcgwmy), is generated in the mind, a belief
which has evidential value and validity. It is not
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intuition (7 #rem) but a mental pre-disposition based
on uniform and uninterrupted experience (¥dregrwfa-
e cafem gheaaT anTTirarEraTE—Tv T wETIy
gfn wwrgrat woew).  Then, armed with these new
resources, the belief in uniformity and in causality as
general principles, we proceed to fortify our particular
inductions (Vy4aptis), whether of Uniformity of Nature
or of Causality, by indirect deduction from these general
principles :—We argue : If, under these observed circum-
stances, A were not the mark of B, the principle of
Uniformity of Nature would be violated—Nature would
not be uniform—or, if under these observed circum-
stances A were not the cause of B, the principle of
Causality would be violated, the phenomenon B would
be without & cause ;—and such indirect proof (w&, =)
gives us the overwhelming probability which we call
practical certitude, and on which every reasonable man
(every thinking and judging person) proceeds to act in
due natural course.—anTTAw W TR wETdA, afE
ALY WA, WATART RwRCuir AhEerT: wircerara -
Tayfwdder W T, WY @ETwe sverea Ny (— Véchaspati, L,
1, Sitra 5; ¢f. also I, 1, Sitra 40: e wrCEITTw
i TR | AT wTi e |

Instances of Vyépti (uniformity) not comprehended
under Causality, or the relation of genus and species :—
The Nydya 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 Vyépti (i.e. on invariable and unconditional
concomitance) which come neither under Causality
(wgwafw) nor under Identity of Essence (wrevm).
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Véchaspati notes that to-day’s sunrise and yesterday’s
sunrise, the rise of the moon and the tide in the ocean,
the relative positions of the stellar constellations, are
instances of Vyépti (invariable concomitance) between
phenomena which are neither related as cause and
effect nor as genus and species. Jayanta adds the con-
junction 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
Agastya (Canopus) above the horizon with the drying-
up of rivers; of the spring-tide with the full moon ;
and dismisses as sophistical and far-fetched the Buddhist
attempt to explain all these cases by means of causality
We have seen that the Nydya and the Miménsé reduce
most of these conjunctions to cases of co-effects of the
same cause, co-effects which may be either simultaneous
or successive.
wft w wurTE afETE wWAw Wiagetin, wRRTE w
TATANTSA WALTAT . .. 7 FTARTTANT: TR I | Waw g0
mrpmraTs: \— Viachaspati, Tatparyyatikd, L, 1, Sitra 5;
“¢f. also Jayanta, Nydyamafjarf : wair—=> 3= =t =—wd
THA | GATEAIATSIR FR ARV |
R | shRwgeteR wfon et

fromrrie: | favifewrmaaTcargfige: | safr afes

TRtTETg e |
Vydpti between Cause and Effect—Relation of

Causality to Vydpti :—

On the Buddhist (and early Nyiya) view that one
specific assemblage of “effect” phenomena has one
specific assemblage of causal conditions, there would be
two aggregates—the sum of causal conditions (wrcarammat)
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and the sum of effects (wvdwmrat). For example, fire
requires green-wood to complete the sum of causal
conditions to give rise to smoke with some particular

marks (yrfrge—vgearguioed fefge, Jayanta, IL ; com-

pare Gahgess, swmEmNYAMTIE wFWTRTRETSTER |
—Chintdmani, Anumana, Viruddha-Siddhdnta). Here,

between an effect and a single condition (termed a
cause) there is a relation of Vydpti The effect is
Vyépya 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 absence 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
assemblage 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 :—F'ire, for example, is the effect of several assem-
blages, e.g. (1) blowing on heated grass; (2) focussing
rays through a lens on a combustible like paper or
straw ; (8) friction with the fire-drill, etc. Here each
assemblage is regarded as a sum of causes. But in this
case there is no Vyapti between the effect *fire” and
any particular assemblage 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-drill
assemblage, nor does the absence of either of the latter
in particular indicate the absence of fire. Indeed, in
such a case the effect “fire” is not a mark or sign

™
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(Gamaka or Vydpya) of any onme in particular of the
different possible causal assemblages, though each of
these particular assemblages of causal conditions is a
mark or sign (Gamaka or Vyédpya) of fire.

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
invariable 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 causes, 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 a mark of fire than fire is a mark of the lens
or the fire-drill

The plurality of causes strains the definition of a
cause, and undermines the relation of Vyéapti between
an effect and a cause. Any particular cause (causal
aggregate) still indicates the effect, but not vice versa.
The earlier Nydya (down to Vichaspati and Jayanta)
obviated the plurality, as we have seen, by introducing
distinctive marks in the effect such as would indicate a
single specific cause (wri¥¥w®m or amdniz indicating
sTgteww or wragwe). Some, indeed, went farther
and held that when the antecedent causal assemblages
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differ in kind, the effect-phenomena, though apparently
the same, do really differ specifically (or in kind)—
wrcgRwrar ardtwrey | But the Nydya discards this
hypothesis; the fire is the same, though the possible
causes (or causal aggregates) differ, e.g. the lens, the
drill, etc. But the effect-phenomenon to which we
attend is not the only effect; in the case of plurality of
causes we must carefully examine the accompaniments
of the effect, 7.c. 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 causal conditions
that must have preceded in the case under examination.
This is the device of the earlier Nydya as well as of
the Buddhists, as we have seen; but the later Nydya
doubts the practicability as well as the theoretical
validity of such 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
cause (or causal aggregate) can be assigned, can be
regarded as a mark or sign (Gamaka or Vyépya) of
any one of the causes in particular. Accordingly, some
adherents of the later Nydya advanced the proposition
that when more than one causal aggregate can be
supposed for any effect, the latter is a mark or sign
(Gamaka or Vyédpya) not of any ome of the causal
aggregates in particular, but of one or other of them ;
and the absence not of one such cause, but of each and
every one of them, alone indicates the absence of the
effect. A cause therefore should be defined to mean
one 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 (wrrwwrasizs), we are told
that it is one-or-otherness (w=mwwm), and nothing else ;
others cut the Gordian knot by assuming that the
different possible causes of the same effect possess a
common power or efficiency (wfrfcwnfs), or a common
“form” (wifmitwy), which accounts for the production
of a common effect. The latter is therefore a sign or
mark of this power (wfs) or this form (wrfitwn),
which is manifested by each of the causal aggregates.
This hypothesis (w=rar), they hold, is simpler and
more plausible than the hypothesis of specific differences
latent in the apparently identical effect of a plurality of
causes (FTTYRATATA  FTAIATAR ).

Cf. Dinakari on the Siddhdnta-Muktavali: =fwy
Tt Wit UEECHTTEt FrREETETTATEYT W
wfirwty  wenmm wirfoswfsfefe: | 1w gy
wifyfaiea): sfgrcfofacri Tw@ sRmres wipyfs-
Yt wemthfn 7 whirere <fn Nl mﬁrﬁm
wEATIE ANERTt mﬂwm WTGASHATAT €Y m
AT AT | AW | . EAHAA TR - R Y
WWWWW TwyiwRT T fqﬁmw
mﬂmm' Sloka 2 ; cf. also, T farer
arww fafama )

Cf. Udayana, Kusumaiijali, Stavaka 1: =¢ afR
orcffod srergyfacaate: | eaphem e S oA
ofy e fawraiay wit TawtraTdeTCn-wis: WU, T aTin
aTcyfaaw Ffeq wgRTEn | WU € 7 Ty ania
wryfwcratin | .. . EA  gweTRtT  frcen | waRdy
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The scientific Methods already noticed—the Joint
Method of Difference (the Pafichakérani) and the Joint
Method of Agreement (Vpaptigraha with Upddhisanka-
nirasa and Tarka)—are not the only methods of
ascertaining causality or concomitance, or establishing
a theory (fewrw); nor are these Methods always
practicable. Very often we reach the explanation of a
fact (suufw) by means of a hypothesis (weram)
properly tested and verified (faaffr). A legitimate
hypothesis must satisfy the following conditions :—(1)
the hypothesis must explain the facts (gefafy or
wqufk); (2) the hypothesis must not be in conflict
with any observed facts or established generalisations
(zefewd fe wy? wem, w gefremre—Jayanta, Nyiya-
maijarf, Ahnika 1); (3) no unobserved agent must be
assumed where it is possible to explain the facts
satisfactorily by observed agencies (afy wywwaw ¢ =
fewfn wnogt wemm, waesfy woo®t M TR
ibid.); (4) when two rival hypotheses are in the field,
a crucial fact or test (fafwmrs, ratio sufficiens) is neces-
sary ; the absence of such a test (fwfwwrarface) is
fatal to the establishment of either; (5) of two rival
hypotheses, the simpler, i.e. that which assumes less,
is to be preferred, ceteris paribus (werwrgTew versus
w=amitc) ; (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 (wwiraferme);
(7) a hypothesis that satisfies the above conditions
must be capable of verification (fadw) before it can
be established as a theory (fewrw). The process of
verification of a hypothesis consists in showing that

=,
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it can be deduced as a corollary from (or is involved
by implication in) some more general proposition which
is already well established (¢f. Vatsyayana’s exposition
and illustration of Verification, fw@w—including bhoth
the Deductive Method and Colligation).

This doctrine of Scientific Method, in Hindu Logic,
is only a subsidiary discipline, being comprehended
under the wider conception of Methodology, which
aims at the ascertainment of Truth, whether scientific
(Vijidna) or philosophical (Jiidna) (W@ widrem wm feart
fysrgrarat;, Amara-Kosha) ; the latter being the
ulterior aim. In the investigation of any subject,
Hindu Methodology adopts the following procedure :
(1) the proposition (or enumeration) of the subject-
matter (Uddesa), (2) the ascertainment of the essential
characters or marks, by Perception, Inference, the
Inductive Methods, etc.—resulting in definitions (by
@wa) or descriptions (by suzww); and (3) examination
and verification (w<twr and frdw). Ordinarily the first
step, Uddesa, is peld to include not mere Enumeration
of topics, but Classification or Division proper (fam:
IAFEUTAUTATY IAW TR | WrATIRAT AT HATORdT
wiw4 fom  gfe—Jayanta, Maifijarf); but a 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 called a
Siddhénta (an established theory). Now the various
Pramdnas, Proofs, i.e. sources of valid knowledge, in
Hindu Logic, viz. Perception, Inference, Testimorty,
Mathematical Reasoning (wwvw, including Probability
in one view), are only operations subsidiary to the

U
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ascertainment of Truth (wwfwdw). And the Scientific
Methods are merely ancillary to these Pramdnas
themselves.

I have explained the principles of the Hindu
doctrine of Scientific Method, avoiding the techni-
calities of Logic as far as possible; and I cannot 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 account of the later Nydya (ww=rx), which, in
spite of its arid dialectics, 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
Vyéapti and Upéadhi (and of warerfex), being an elabora-
tion of Scientific 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 rigidity and minuteness than in Hegel's Logic
of Being and Essence. I will conclude with a few
observations on Applied Logic, i.e. the logic of the
special sciences, which is such a characteristic 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 fundamental
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 Therapeutics in Charaka, a Logic which adapts
the general concepts of cause, effect, energy, operation,
etc., and the general methodology of science, to the
special problems presented in .the study of diseases,
their causes, symptoms, and remedies (vide Charaka,
Vim4nasthédna, Chap. IV.; also Sutrasthéna ; vide my
Paper on Hindu Logic). Here I will give an illustra-
tion of Applied Methodology from the science of
Analytical and Descriptive Grammar. Patafijali, in
the Mahdbhdshya (circa 150 B.c.), 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 Language), but will con-
fine myself to his presentation of the Applied Logic of
Descriptive and Analytical Grammar. The sentence is
the unit of speech, as every Hindu philologer contends,
but the first business of Analytical 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 articulate speech,
broken up into significant words and their mutual
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relations? Patafijali answers that this is done by an
instinctive use (¢f. Vichaspati's wireiwfamdesray Them)
of the Joint Method of Difference (combined Addition
and Subtraction), fortified by the Joint Method of Agree-
ment (wemmfacat). Patafijali starts with a simple
case. Take the two sentence-units: Pathati (he reads)
and Pachati (he cooks). Suppose you start with the
assumption that these sounds are significant, and that
separate elements have separate meanings. Then you
hear Pathati, and, at the same time, a man reading is
pointed at. Then the assemblage of sounds Pathati
(i.e. Path+ati) stands for the assemblage ‘one reads”
(i.e. the action reading + an individual agent). Similarly,
by finger-pointing or other indication, you find that
the assemblage Pachati (i.e. Pach+ati) stands for the
assemblage “one cooks” (i.e. the action cooking+an
individual agent, say the same agent as before).
Now look at the groupings :—

Path +ati =reading -+ one agent.
Pach + ati = cooking + one agent.

From repeated observation of similar groupings, one
is led to conclude that Path is the invariable concomi-
tant of the action “reading,” because the disappearance
of the former (the other element remaining) leads to
the disappearance of the latter (a rough Method of
Difference by subtraction—w¥as); that Pach is the
invariable concomitant of the action ‘ cooking,” because
the introduction of Pach (with nothing else added)
leads to the introduction of the action *cooking” (a
rough Method of Difference by addition—swwrar) ; and
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that Ati, which is the only ‘‘common antecedent”
(wsrat), is the invariable concomitant of “one agent,”
which is the only common *consequent” (wwrat). 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 (‘wwrrmfrza®).
So far all is plain sailing, though only very simple and
very rough applications 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
vitiate 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
(werqwfica) 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
Scientific Methods to the problems presented by
Analytical Grammar, a difficulty arising 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 ¥tw@ and wwwrad);
for it will be found by extensive observation that the
number of meanings of which a word (sound) may be
capable is limited. So also is the number of words
(sounds) expressive of a given meaning. Hence, by
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the Method of Difference, etc., the causal relations of
words and meanings may be determined. Patafjali
thus establishes the doctrine of Prakriti and Pratyaya
(roots and inflections), with their separate significance,
which is of course a necessary postulate in the case of
an inflectional language like Sanskrit. Isolating and
agglutinative languages offer less difficulty, whereas
the difficulties are in some respects enhanced in the
case of languages with a polysynthetic or incorporating
(incapsulating) morphological structure.

¢ gritan wit wewd: wd weard Ef | weramfrcanaT |
wisl! wert wirdat w1 1 (Y Twigs wfen ¥ W, s
sfay ¥ B (W), — wheq TR (o3, —wfen wed
(wf) ;—wrfefy wiy ¥tan (fefwfe:),—wfy sowmas (afsfiv),
—wfa werat (wit Jume) | A v T wRD T et
wi: fedf R | T W= ToATER T Wt Wl @st v
T ¥R T Wt Wt disefsat o

faon symE—TEnt fr W= wamdn wefa | W oY W
YR | THY W vy | weudr qun urgr Aren ¥fw 0 we P
7 wrvhisdaw faar wafe | fa wisdww & fesife o wfim
fit wlvwr weTwfitanamy | 7Y g Tved wewd: Wi T
gfr 1 (Mahdbhéshya, 1-3, 9.)

Patafijali not only applies the Scientific Methods to
the foundations of Grammatical Analysis, but also by
their means establishes and elaborates the fundamental
categories and concepts of Grammatical (and Philo-
logical) Science, e.g. the concepts of action (fwar), agent
(wi), instrumental cause (wxd wrwww), end (fafww),
origin (#y), limit (wafy), substance (3w), quality (7w),
and genus (wifx); also of the fundamental relations (at
the bottom of all thought and speeck)—the relations
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of time (wifgwwmrw), of space (feRwwarw), of causality
(wrdwrcgamy), of inherence (wwarw), of co-inherence
(wmrarfrwTw), of substance and attribute (frgwafrgwm),
of the sign and the signate (dwrdfwmy), of mutual
dependence (gmtmcrww)—an entire grammatical (and
philological) apparatus, which will serve as a point
d’appu: for generations of philologists and grammarians
to come.
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