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The age of hoth bulls and horses is to.be known from the growth and
colour of teeth.! There is no information about the tusks of elephants,

The whole dental structure of horses is thus described in the Fauna of
British India :— .

% Dentition : Incisors §, Canmas
generally wanting in females, There is sometimes an additional small ante-
rior upper premolar, The incisors have a flat crown, with at first a deep hollow
in the middle ; this (the “ mark ™ in horses) disappears with age,”

(=} Premolars =3 Molars &= ¢ Canines

Itis evident that Sukrachdryya, in describing the changes in the development
and colour of the six teeth as the guide to the age of horses, is referring to the
Incisors or Anterior teeth. This is the practice recognised by the modern
science of equine dentistry also, The structural changes in the Back teeth,
called Molars or Grinders, afford a very good index of the age of the horse
up to the period when they are completed, namely, four years old. But after
the fourth year the molars are not often taken into consideration in determining
the age of the horse,

Further, these six incisors described in Sukraniti do all belongto the lower
jaw. Fitzwygram also in his chapter on ‘ age,’ as indicated by teeth, confines his
remarks to the incisors of the lower jaw, “ as the structural changes which take
place in the upper are nearly similar, ™

The distinction between Temporary or Milk Incisors and Permanent
Indisors, as given by Sukra authors, both as regards the time of development
and discolouration, is also borne out by modern science, * The discolouration
is due to the lodgement of the juices and other matters connected with the
food in the grooves.” '

The following extract from Horses and Stables coroborrates the Sukra
theory of Dentition stated in IV, vii, 315-20: ' The foal is born with his teeth
in a rudimentary state inthe gums. * * * The yearling is complete in
all six incisors (315), but several well-marked signs distinguish his mouth
from that of the two years old (316). * * * A few months before 3 years
old, the horse sheds the two centre milk-teeth which are replaced by perma-
nent. * * * A few months before four, the horse sheds the two next milk-
teeth which are replaced by permanent (318), * * * A few months before
five the horse sheds the twe remaining milk-teeth which are replaced by perma-
nent (319.) Thus the jaw is now furnished with six permanent incisors,”

After the dental structure is complete, the guide to the age of horsesis
colour, as detailed by Sukracharyya in IV, vii, 320-324. This is the modern
theory also, Says Fitzwygram: “ At ana after six, we are compelled to have
recourse to the indications given by the marks and other slight but gradual
alterations which take place in the form of the teeth and their position, ¥ * *
The mark is in a constantly changing condi me

) Bakra 1V, Vi1, 814,
* Pp. 416-19,
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The science of equine dentistry has been treated by the authors of Aswa-
vasdyakaand Aswachikitsita published in the Bibliotheca Indica Series. There
is a pgeneral agreement between Sukracharyya, Jayadatta and Nakula as
regards number, colour and development of the teeth as well as their help in
the determination of age. Jayadstta deals with the subject in the 4th chapter,
and Nakula in the sthchapter of their works, The traditional order of colour
‘black, yellow, white, glass, honey, and conch’ isthe same in all the three
works,

The changes in the colour of horses’ teeth according to age, as indicated
in Sukra 1V, vii, 315-25, are given below :—

1st year ... white.

nd , ... black and red.
frd—6th year black.
6th—0th , o "

9th—12th ,, yellow,
12th—15th year & white.
15th—18th ,, glass,
18th—21ist |, v e honey.
21st—24th ,, o conch.

Since 24th year! the teeth get loose and separated and begin to fall
down every three years, The horse that has attained full age gets three cir-
cular rows on the upper lip. The age is to be considered low in proportion as
the rows are less,

Regarding the dentition and age of bulls* we read :—

(1) All the eight white teeth of bulls grow in their 4th year. The two
extreme teeth fall down and are replaced in the 5th; in the 6th, the next two;
in the 7th, the next two ; and in the 8th, the central two,

(2) Everytwo yearsthe teeth get black, yellow, white, red and conch-
like in order. Then their looseness and fall commence,

Thus each colour lasts for two years, And as all the teeth get finally rep-
laced in eight years, the colour changes up to the 18th, It is evident that Sukra-
charyya means the eight incisors of the lower jaw; as would appear from the
dentition of the Bovide described by Murray in the Vertebrale Zoology of Sind :
“ Teeth of two or three kinds. Incisors eight below. Molars six on each side in
each jaw. Canines more or less developed, Front of upper jaw toothless.”

Sukra authqrs say nothing particularly about camels, We are simp}y told
that the age.of camels has to be understood from considerations like these.®
SEecTioN 17.
Organisation”of the Velevinary Depariment in Sukva Polity.
In the p?evious"s‘éctions we have dealt with what the Sukra authors have”
_resorded .about the. Zaospbere of shéir .country ia both its biological and

1 Sokra 1V, vi}, 5257, ?8okra 1V, vii, 383-37.
3 gukre IV, vii, 838.
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economic or utilitarian aspects, We have found that the main references in
Surkaniti to the live-stock of the land are from the standpoint of the state,
especially its military department, The live-stock as belonging to the people
have been but casually noticed and have to be inferred from the incidental
analogies and illustrations and from the passing remarks in connexion with
revenue, agriculture, commerce and industries. It is, therefore, natural that the
authors should supply some information about the management and adminis-
tration of the Veterinary Department in their state.

"The Veterinary Department of the Sukra state does not, however, attend
to the military live-stock exclusively, though details about this only are available
in Sukraniti, It is an organisation addressing itself to the needs of the total
live-stock of the state, agricultural cattle, draught-animals, the Fauna in the
Zoological Gardens or State Forests, as well as the Animal-Corps, and may be
taken to have been divided into two branches, Civil and Military,

The administrative machinery of the Sukra Polity consists of a highly
differentiated Bureaucracy divided into special Departments or Bureaus for the
management of executive affairs. The Veterinary Department (Civil and Mili-
tary) is one such Bureau presided over by one of the highest Executive Heads
called Ministers or Secretaries, and supervising, guiding and controlling the
work of varying grades of officers entrusted with the charge of sectional and
sub-sectional affairs. The hierarchy from the men ials at the lowest rung of the
official ladder to the highest functionary through intermediate grades of officers
is complete in the Veterinary as in the many other departments of the Sukra
state,

The Sukra Polity recognises 10 Prafritis! (Executive Councillors, Depart-
mental Heads, Ministers or Secretaries), These are (1) Purodhd (Priest),
(2) Pratinidhi (Viceroy), (3) Pradhdna (Superintendent, Chief Secretary or
Prime Minister), (4) Sachiva (War Secretary), (5) Mantri (Foreign Secretary
or Diplomatist), (6) Pandila (Learned Adviser or Law Secretary), (7) Prdd-
viveka (Chiel Jostice), (8) Amdiya (Land Revenue Secretary), (o) Sumantra
(Finance Minister), (10) Dufa (Ambassador or Spy), in order of precedence and
dignity. Sukracharyya states another theory® according to which the Prakritis
are 8, excluding the priest and the spy. But according to him " the priest® is
superior to all others—the mainstay of the king and ths"f:iugdom," and the
spy® is a “servant of the rest.” The priest and the spy are thus too important
to be ignoredin the enumeration of the Prakrilis, So Sukra authors reject
the Doctrine of Eight Councillors,

“'he organisation of the Veterinary Department is typical of all the rest
in the symmetrical and scientific scheme devised by the Sukra statesmen,
The picture presented in Sukraniti is not one ofa simple primitive political life
in which the man in the street is fit to be a judge, a warrior and a ruler by turns

1 Sokra II, 141-148, % Bukra II, 150.
' Bukra II, 145~47. * Bukra II, 140,
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as in the ancient city, states, but one of a complex organisation which requires
specialised functionaries for the discharge .of its functions, and hence demands
of each a specialised training as Judge, Financier, Commander, etc.

The department of the veterinary interests of the state is managed
in the following way :—

. L—The Kingis not a mere “dignified part” of the Sukra constitution,
Besides serving the purpose ofan ornamental figurehead, he has to discharge
several important functions, and is thus an “efficient part "' also,

According to the Code of Education for princes the king is bound to be a
good sportsman, So far as the Veterinary Department is concerned, * he has
to spend one mukuria (48 minutes) at dawn in exercises over elephants, horses,
&c., spend four muhurias over (among other things) writing orders relating to
the army, spend two muhurias in consultation with the Chief Justice and
other minssters, the same period in hunting, &c,, one muhurta over military
exercises, &c,”

The king's contact® with the department of live-stock is further advised
in the following lines :

“He should every morning and evening exercise himself with elephants,
horses, chariots, and other conveyances. And he should learn as well as
teach the military arrangements of soldiers, He should sport with tigers,
peacocks, birds, and other animals of the forest, and in the course of the
hunting should kill the wild ones.”

The following rules® bring out, again, the very important {unction of the
king in Sukra Polity generally, and in its Veterinary Department in particular :
“The ministers are likely to be dumb (f.e,, silent) through the passions, cupi-
dity, and fear of the king. The king should receive in written form the
opinions of each separately with all his arguments, compare them with his own
opinion and then accept the will of the majority. The king should every day
examine the elephants, horses, chariots, cattle, servants, officers, provisions and
soldiers, and preserve or maintain the able and give up the very old.”

1I.—The Sachiva (War-Minister) and his Council :

(¢) The main brunt of the administration of the veterinary interests of
the state falls, of course, on the War-Minister, the Sachiva, The constitutional
position of mmisierp or Prakritis in the Sukra state and their relations with
the king as well as among themselves need not be discussed here, We
have to note simply that one of the many items ofbusiness that come up
before, and have to be administered by, the Portfolio of Sacksva, is that

! See the king’s daily routine and time-table of work framed by Sukrdchéryya
1, 651-570, Vide also 1,-660, 670-8. The king's important position in the administration of
justice has also to be noted. All chese topics will be treated at length in Vol 1L, (Political),

2 Sukra 1, 668-666. It may be noticed here that Kéwandaka also in his Niti
S8dstru provides for a regulated exercise with the wild games, &c,, in Btate Foresta, though
heis very particular against the vice or vyasana of hunting,

* gukra I, 780-85,
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relating to the Civil and Military sections of the Veterinary Department of
the kingdom. Thus we read that '“the Sachiva' has to study the elephants,
horses, chariots, foot-soldiers, camels, oxen, bandsmen, &c., * * * apd
communicate the result of his studies to the king."”

(&) Like the other Prakritis or Ministers, the War-Minister, also is
not to be alone in his jurisdiction, Like the Pradhdna and others, the Sachiva
is to have a council consisting of two members besides himseif :

“The king should always appoint three men* for each department—the
wisest of them all at the head and two others as overseers, for 3, 5, 7 or 10 years,
and, having noticed each officer's qualifications for the entrusted work, should
make the necessary changes” This War-Council with its President, the
Sachiva, is thus the real focus of respousibility regarding the Veterinary
Department.

111.—The officials of " generalised ability "’ (and of higher rank) :

(@) The administrative system of Sukracharyya is highly specialised,
as we have noticed above. With regard to the Veterinary Department the
rule is that the king should appoint separate officers as “the heads or
Superintendents® of elephants, horses, cattle, camels, deer, birds,” &e.

The Civil Service Regulations applicable to all the officials in the State are
indicated by the following : (i) " As the officer becomes qualified* for the higher
and higer functions, he should be appointed to the higher and higher posts, At
the end he should be a Prakriti (i, one of the 1o highest Executive
Councillors), (ii) The king should appoint many overseers, superintendents,
or only one officer, without any overseer at all, according to the importance
of the jurisdiction to be managed.®

(6) The superintendents in charge of the live-stock® may be recruited
from, among others, the members of the royal family,

(¢) The Superintendents or the higher grade office-bearers (something
like the Gazetted Officials of modern times) of the Veterinary Department are
being descriped below. These are to have the qualifications for understanding
the general/interests bearing on the species of live-stock in the charge of each,

(1) “Zhe Superintendent of Elephants' (ddhoraga) : The man who knows
of (i) the various species of elephants, ¢.g,, Prabhadra, Airavata, Pundarika, &c,,
{ii) their treatment, diseases and art of rearing them, (iii) the methods of.
training them, (iv) who can discover and distinguish their “qualities by studying
the roof the mouth, the tongue, the nails, &c., (v) who knows how to mount
them and guide their movemen ts ahould be appomted to take care of elephants ;*

! Sukra 11, 181-90, * Sukra 11, 234-85,
?Bukrea 11, 220-24. * Sukra I, 699.

3 Bokra II, 287-88. * Sukra 1I, 266-59,
4 Bukra 11, 282-88.

* According to Eautilya this officer called Hastyadhyaksa has two functions : (1) to see
that the Elophant-Forests are well-protected (by the officer called Ndgavanapdla and his
ministerial staff}, and (2) to superintend the internal managements in the Blephant stables
and the proper trainiug by experts. This second function only has been described by Sukra,
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for he is sure to captivate their heart. - This officer must have gradusfed in
the whole science of Elephants in both theoretical and practical, as well as
biological and economic branches,

(2) The Superintendent of Horses (aswddiupaﬂ} The man (i) who knows'
of the feelings of horses, and (ii) can discover and distinguish their qualities
by studying their breeds, colour and feathery rings, (i1i) who knows how to
guide, train and treat them, (iv) and is aware of their mettle, spirit and diseases,
(v) who knows what is good and bad nourishment for them, (vi) who knows
of their weight, their gait, their capacity for bearing weights, their teeth and
their age, (vii) and who, besides, is valorous, an adept in military parades and is
wise, should be appointed to the superintendentship of horses, The qhalifica-
tions for this officer are a thorough mastery in the whole science relating to
horses and horse life.

(3) The Superintendents of Bulls and Camels corresponding to those
of Horses and Elephants, and Officers of the same grade relating to - agricul:
tural cattle, Birds and other speciés of Live-stock have not been described in
Sukraniti, but may be inferred .to have been such persons as were well-quati«
fied in the sciences bearing on the Fauna in question,

IV.—Experts, ministerial officers and menials :

The officers and men connected with the actual tending and management
of live-stock must be specialists in the narrower range of duties classified
according to the principle of the Division of Labour, They need not be well
up in the solution of general problems affecting the department or have a
wider and more comprehensive outlook than what is absolutely necessary in
attending to the * details ' and minuter points of their work. They are what
in terms ol modern social sciences would be called the men of * specialised
skillL” As a matter of fact, Sukra knows them to be specialists in the two
kalds or arts,* viz., of (1) driving and (2) training horses and elephants, &c,

About the appointment of such experts and skilled men, i.e, staff of the
lower rauk, vsz., in the Veterinary Department, we have the following rules :(—

(ij Those men are to be masters of goats,® sheep, cows, buffaloes, deer,
&c., who are skilful in tending and rearing them and who have love for these
animals, .

(ii) Of like qualifications there should be appointed men to serve ele~
phaats, camels?® &c, :

(ii)) Other officers are those of a warlike disposition, who know how te
domesticate birds,® teach parrots, and know when hawks fall victims to arrows:
as well as the inward feelings of these animals,

' Sukes 11, 260-08.

* Bukes LV, UL 108,
3 Sukra 11, 207-98.
* Bokrs 11, 209,

* Bukra II, 800-303,
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(iv) Regarding horses Sukra authors mention three classes of skilled!
staff :—
() The sddi or horseman is he who is brave, versed in military parades
and battle-arrays and knows of the movements of horses, &ec,

(8) The siksaka or trainer of horses is he who () knows of the 11 kinds
of horses’' movements: (1) Circular (2) galloping, (3) prancing, (4) trotting,
(s) jumping, (6) speedy, (7) slow or sluggish, (8) tortuous, (g) serpentine, (10)
rolling or revolving, (11) galloping at full speed; and (g) can break them
according to their strength and the uses to which they would be put.

-(¢) The sevala or groom is he who can serve the horses well, who knows
how to place the saddles, &c., and who is able-bodied and brave.

In this organisation of the Veterinary Department we have to notice :—

(1) the fact that it is, as in modern states, administered by the Military
Portfolio,

(2) the principle of scientific administration that underlies the whole
Bureaucratic organisation uf modern politics. This is illustrated, in the case of
Sukraniti, as we have just noticed—

(a) horizontally, by the introduction of specialisation and differentiation
of functionaries through a careful division of functions, and

(6) vertically, by the gradual introduction of greater and greater degrees
of complexity and generalisation into the work of upper grades from the simple,
homogeneous, specialised functions of the lowest man at the bottom, e.g., the
groom,

i‘t is not possible from Sukraniti to form an estimate of the expenditure
on the Veterinary Department, But the Arthasdstra supplies substantial in-
formation about salaries, wages, fines, rations, &e,

The fullowing extract from Mr, Law's Hindu Polity gives a few more
members of the Cavalry-Staff, as well as a few rules that obtained under
Chandragupta Maurya pertaining to the Department of Live-stock: *The
grooms (Swutragrdhaka), those who bound them in stables (aswavandhaka),
those who supplied meadow grass (ydvasika), those who prepared the meals
of horses (vidhapdchaka), those who watched the stables (sthdnapdlaka), those
who dressed the hair (kesakdra), and those who detected poison (jangulividah)
were liable to a fine of a day’s wage for neglect of duty. These jangulividah
were the grooms, the cooks and the veterinary surgeons, for it was they who
had to taste the food of the horses,"”

The two lists of officers given below are supplied by Kautilya :
{a) Relating to the capture of elephants :

1. Nagavanapila (superintendent of elephant forests), different from the
Hastyadhyaksa ov Adhorana (Sukra) described above.

* Sokea 11, 368-75,
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2, His assistants:

i. Hastipaka (driver)

iv. Pddapéasika (who slips nooses round the legs),

iii. Saimika (boundary guard),

iv. Parikarmita (servants for miscellaneous works),

v. Vamacharaka (foresters),

vi, Anikastha (trainers).
(4) Stabling staft:
1. Chikitsaka (doctors),
2, Anikastha (trainers),
Arohaka (diivers),
Adhorana (experts who can control the paces of elephants),
Hastipalra (grooms),
Oupacharika (attendants),
Vidhapdchaka (cooks),
Ydvasika (grass suppliers),
Pddapdsika, (who slips nooses round the legs),
o. Kutiraksa (guards),

T s R B

11. Upasdyika (who take care of the animals at night),
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APPENDIX A.
HINDU IDEAS ABOUT PLANTS AND PLANT-LIFE,

SROTION 1.
CLASSIFICATION OF PLANTS.

Oharaka :—~Plants according to Oharalka are divisible into (1) Vanaspatis, trees bear-
ing fruit without flowers ; (2) Vdnaspatyas, trees bearing flowers as well as frulte ; (3)
Ausadhis, herbs that wither after fructification; and (4) Virudhs, other herbs with spread.
ing stems.

Chakrapdni:—Chakrapini notes in his commentary on.Charaka : the Virudhs com-
prise two classes (1) Latlis, creepers: (2) Gulmas, herbs with succulent (or cactaceous)
stems and shrabs. The ausadhfs are sub-divided into (I) annuals or perennials, bearing
frait, and (2) plants that wither away after maturing and without feunctification, e.g.,
grasses like the Durzd (Cynodon dactylon).

Susruta and Dalvana :—Susruta's division is identieal with Charaka's. Dalvana,
the commentator, gives some details. The plaksa (Ficus infectoria) and the Udumvara
{Ficus glumemta)' are given asg instancos of treos bearing froits without flowers
(vanaspatis), It appears that plants with naked and incomplete flowers (Achlamy-
deous plants) were considered as flowerless, as also trees whose flowers like those of
the fig are placed on the internal walls of a common rocoptacie, Of the Briksas flower
and fruit-bearing trees, the mango tree, the Jambu tree (Eugenia jambolans) &c., are
given as examples. The virudhs are of two classes—(l) croepers with stoms spreading
on the ground ( ¥oT@=: ) and (2) herbs, with suceulent (or cactaceous) stems (W or
Wi afwwmemiAfafe:).  Ausadhis arc those that wither away after fructification,
e.g., wheat, barley &c., (WRIHRERANg®A: ) Sowe divide augadhis into two classes (1) those
that wither after bearing fruit, e.g., paddy, linseed, pulses, &c., and (2) plants that wither
after maturity, and bear neither flowers nor fruits, e.g,, the mushroom, &e.

Praiastapida:—Prasastapida, the Vaisesika Doctor, classifies plants as follows :—(L)
Trinas, grasses ; (2) Aupadhis, herbs that wither after feuctification ; {3) Latds, spreading
and creeping herbs ; (4) Avutdinas, arboraceouns plants and shrabs ; (5) Briksas, trees bear-
ing flowers and fruits; and (68) Vannepatia, trees bearing fruits without filnwers,

Sridhara :—Sridhara in the Kandali gives ulapa as an example of a grass, wheat as an
example of ausadhi (anaual), the ketali (Pandanus odoratissimus) and the Vijapura (Citrus
medica) as examples of avatdnas (Vitapas, arboraceous plants), the Koviddra (Biuhinia)
as an example of flower and fruit-bearing trec and the audumvara (Ficus glomerata)
as an example of a vanaspati (lowerless fruit-bearing tree).

Uduyana :—Udayana in the Kira 1dvali notes the kugminda (a species of Oucurbita) as
an instance of a creeper (latd), and the palms ™ RH: as modifications of the grasses Triqas.,

Amara, the lexicographer, in the Fanoupadhivarga and the Vaisyavarga (enumeration
of wild plants and of food-grains) gives some interesting partioulars, (1) The trees (the
flowering Briksas and the flowerless vanaspatis) are fruit-bearing, and possess woody stoms
L or trunks (WY —FETY: SRS WIFIWY GHWETC), Next come (2) arboracecus plaate
and shrubs ('Y, Yeewwie: ¥3:) . bearing flowers as well 8s fraits. (8) The latds are next no-
ticed, flowering plants with herbaceous stems, some of them creeping on the ground (mﬂ*),
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others succulent (JF¥R), othors twining or volnble (erym'waw wew, yemfi W — Amara. of,
Muknba, Ty Tyfy wamdm’ o 7y =iy werfd s —others call this fim), Cf. Susruta—
WAL RATYER; T, 5

(4) Noxt come the aumdhi; {in the narrower sense), herbaceous plants, bearing
fruit with or without flowers and dying or withering away after fructification. Bome
instances of kandasika (tubers, rhizomes, corms) are noiiced, e.g., the paldndu (the
onion THUEEY FWRIE:), the lusuna (garlic, "), &c. But the grami ated
in the Vaisyavargaeare the chiel instances of the aupadhis—plants that die after
fruetification. These are eultivated angndhis, hut their aflinities with the next class,
the grasses (Trivas), are algo noted (r.g. Ww Ty EFw 1 welnrEwEromg | Frwwm K |
e w W), Last are enumerated (5) the Trinas, grasses, of which the characteristic
is the formation of gulmas, (culms of grassos with annular knots from which leaves spring—
ey @WW ). 1t is worthy of note that, in the cnumeration of the grasses,
the bamboo is considercd as a sort of giant grasg (gweswm, grass flag, ‘ﬁ! wm 1). The
reeds {Wl) are also placed among the grasses (WW "!'“"W""‘?ﬂ"""' | TR Hrrogr: ].
(6) Finally, the Palmaccic (including the coconnut, date, areea, and other palms) are classed
as Trec grasaes, probably bocause, like the grasses, they are endogens charactorised by
spikes and parallel veins. #WE:1 (FUuomgwEwe: ARy s ote, v v fe'wm shyamen: ey’
Reri) ATy Hg“ u g AL —ef, also the Rijunighantu).

1 may add that Amara places (7) parasitical planis among the latds, (Svr wemeght
qowy | SAGTRSN), They climb trees and feed npon them. These are tobe distingnished
from climbing plants, like the guduchi (Tinospora cordifolia), which have separate roots of
their own. They are also to be distinguished from the adventitions roots descending from
the branches of trees, like the Ficus religiosa, which are nsually termed uvarohds (watmg:).

The name siphd is ordinarily spplied to the rootlets and suckers by which the
tendrils of varions creepers are attachod to the soil. (wer T srring: WY Wy e
el i | AETYT W WA TOTEEE A WA W —Amara with Bhannji Diksita's commentary,
But the Mukuta notes :— &M wgﬁ'r e a‘“ﬁ sy AEUE | The guduchi is also
ealled awgrghr, feaweyr) N

The Hinda Materia Medica mentions .Akdsavalli, lit. sky-creeper, a name which seems
to have beon originally intended for some orchida: also plana (lit, floating), weeds that
flont in stagnant ponds, and ¥aivila, mosses and lichens, (e.g.. Eﬂm wim iy $m
m_(}nurgm,]ﬁ ni-8amyraka, also Bhava-Pralkisa). These ara not classified, but like the

mushrooms must come under the Pdkanigtha augadhis, Ansadhis that die after maturing,
without bringing forth flowers or fruits,
BECTION 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 Lhe night) in certain plants (wr: v w )

Udayéna notices in plants the phenomena of life, death, sleep, waking disease, drug-
ging, transmission of specific characters by wmeans of ova, movement towards what

{s favourable and away from what is unfavourable (warga: wfafrnimmafafiam: Wy
oI TR R e  sRgulem —Udayana, Y e ). 1 may

add that metaphors drawn from the heliotropic movements of the SBuryyamukhi flower are
among bhe stock-in-trade of Sanskrit poetry and bellea-letires,-
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The Jaina writer, Gunaratna, in hia commentary on the Shaddaré 8 hehaya

(eirea 1850 A.D), enumerates the following characteristics of the plant-life: (1) stages of
infaney, youth and age, (2) regular growth, (3) varions kinds of movements or action,
connected with sleep, waking, expansion and contractien in response to touch, also move-
ment towards a support or prop, !4) withering on wound or laceration of organs, (5)
assimilation of food according to the nature of the soil, (6) growth or decay by assimilation
of suitable or unsnitable food as preseribed in the seience of the diseases of plants and
their treatment (!Ul!'ﬁ!), (7) disease, (8) recovery from diseases or wounds by the appli-
eation of drugs, (8) dryness or the opposite, due to the sap which answers to the ehyle
(v8) in animals, and (10) special food favourable to impregnation. (Ffir@miiwes’
fafirrinivey am @ivlox Aofednpmom  Rvee o araRotomiy amrm geweEme)
Even the Vanaspatis (flowerless, but fruit-bearing trecs) may be made to flower {Of. Virgha-
thihira’s recipes for the treatment of planis for similar purposes),

(CI, Gunaratna, Tarkarahasyadipikd, Juinamdild, dleka 49),

Sankara Misra in the Upaksfire notes as an additional characteristic the growth
of organs (or tissues) by natural recuperation after wound or laceration VTRt Y
Upaskira, Chap. 1V, Ahnika 2, Sutra i 8, B. H.Vol, vi).

Giupagntna gives a list of plants that exhibit the phen@mena of sleep and waking :—

awreF ORI AT A AARA: ——id). Ho alko notices the sensitive-

ness to touch of planis like the Mimosa pudica v @, which show a manifest reaction

in the form of contraciion STwpRFTYenHm I sgafim oitegd fmw syned (inid).
Nexaality.

Very vagne ideas wero en tertained as to the sexual characters of plants. The pollen
is called Rajus, puspu, prasuna,—names which are also applied to the female menstrnum -
and Amara expressly stales that for females and flowers these elements (and the ternis
pignifying them are the same o) g g wgH §9 Amara, Vanmtusadhivarga). Charaks
(Dridhavala), indeed, distinguishes between the wmale and the female vatsa (or kutaja),
considering the variety thal hears white flowers and large fruits as male (Twrendnged:
99 Holarrhena antidysenterica), and that wbich bears red or yellow flowers and small
fruits as female TTATEEATER N —wfm e Wrightia tinctoria ; Charaka, Kalpasthdna,
(Chap. 5); but this is lm]?elm.l y wrong. FEven these vague ideas were afterwards
completely lost ; and the Rijanighantu tells us of a grotesque division of plants into
male, female and hermaphrodite, based on the slender or stoul, the soft or hard, the long

or short, the simple or mixed character of the stems and flowers | (i janighantn, ‘FE 7k
wi; SATiER AN o favd Wy ete,) p
M Ounsciousness,

The Hindu Secriptures teach that plants have a sort of dormant or latent conscioug-
ness, and are capable of pleasure and pain (WFnIgW et mmJ Chakrapdni
notes in the Bhinumati that the consciouness of plants is a sort of sLupeﬂed (darkenod or

comatase) consciouness (YETEY JemawdnsTy wrRweTTI AN ) |

TUdsyfna also notes that plants have a dormant unmanifested consciousnera whioh is

extremsly duoll i dfomm, ote.)
The following flokas from the MahAbhirata may fitly conclude this seetion :

e FereTTESTRITEY W dE: ¢
i ywwersiest 4 GYTEAR #

awrh grR oF Ty o TAa ¥
AR il et e
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APPENDIX B.
HINDU CT.ASSIFICATION OF ANIMALS.

SECTION 1.
CLASSIFICATION OF ANIMALS,
Churaka,
Charaka mentions fonr primary divisions :—
(1) Jardyuja, born from the uterus, or rather, placentalia, viviparous (no a-placental
mammals were known), e.g., man, the yuadrupeds, cte.
(2) Andaja, born of an ovum (egg), comprising Oshes, reptiles and birds,
(8) Svedaja (or Upma a) born of muisture und heat, spontaneously or a-sexually
generated, ¢.g,, worms, mosquitoes, ote,
() Udvijju, born of vegotable organisms (fAmi wgf'wr heiafa ecereadd:—
Narirasthina, Chapter 111) e Uf: exftiedntg wafn warrrgfifdn  oRewdeeam [bid,

Prasastapida.

Prasastapida begins with two great divislons:—(l) Ayonija, animals that are
a-sexuslly generated, of small dimensions (!!‘?‘.) (2) Yonija, sexually generated,
ie, from the mmion of & sperm and a germ element. The latter are sub-
divided into (a) Jardyuja, lLit,, placentalia, viviparous (uo a-placental mammals
wore koown), and (b) Andaja, oviparous. Man, the quadrupeds, domesticated and wild, ete.,
are given as examples of viviparous animals ; and birds, Sarisripas (reptiles, ete,) of ovi-
pl.I"olu animals,

Udayana, :

Udaysna in the Kirandvali notes that Jardy: means the placenta (wilwrwewigey
wug:  of, Sridbara in the Kandali, woyRtf avimm wfresi 3w afpd orad o wogw).
Udayana adds that the term ‘Sarisripa,’ includes Insects and fishes as woll as reptiles,
these being all oviparous (wlw: uftn: wedwfien: whieweran: —yfriverey).

Putanjali,

Ahe s-sexually generated animals, as we have seen, are also called Kyudrajantus
(lit, small animsls). Patanjali in the Makdbhiyya gives several slferpative definitions
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(or descriptions) of this class of animals :—They are defined (1) as animals without bones
WiROW: GO or (2) as animals that do not possess any blood of their own ¥ui v e
mien & WHWWW. or (8) as numbering more than a thousand ina palwful, i.c., minnle in size,
Or (4) a8 not easily crushed, or (5) as comprehending all animals up to the ichneumon (in
the animal series) W myeqEmY  qurma: —MahSbhasya 2-4-1).

Susruta.

Busruta mentions four great divisions :—(1) Sansvedaja, 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, ineluding the classes that follow, (2)
Jarayuja, viviparous or placental, (8) Andaja, oviparous, and (4) Udvija, burst;ing forth
(from the ground or perhaps from some previous unmanifest shape, e.g., frogs, coccids
eto.) The second, third and fourth eclasses are mentioned in the order of their import-
ance. Buobsequently the order of enumeration is changed :—(1) Jardyuju, (2) Andaja, (8)
Bvedaja, (4) Udvijja. One reading gives the order (1) Svedaja, (2) Andaja, (8) Tdvijja and
(4) Jarfyuja. Some commentators point ont that the order in the text (whatever that may
be) is intended to indicate the order of creation by Brahmé.

+ Susruta mentions man, Vyila {carnivorous quadrupeds) and Pasu (herbivorous quad-
rupeds) as cxamples of Lt viviparous; birds, snakes and Sarisripes as examples of the
oviparous ; Krimis, Kitas and Pipilikds (worms, insects, ants, ete.) as cxamples of the mois-
ture-born ; and frogs and the coecide (the coccinclla) as oxamples of the animals that
‘burst forth' (eruptive or metamorphie ?)

Dalvana,

Dalvana notes that the divisions arc really cross-divisions (M) and intended to
be such, as the natural divisions of Jiva and species are nol all exclusively oviparous or
exclusively viviparons, For example, among birds (¥&: winged animals), bats and Vald-
kde are viviparous (wemmr wawea: sagw:), Indeed Valdkds are some of them oviparous and
some viviparous (qﬁ’s DL e m} Among snakes, the Ahipatdkds, a species of

“non-veromous colubrincs snakes, aro viviparous (ovo-viviparous ?). Among the moisture-
born, there are some kinds of ants (F@f#:) which also lay oggs or burst forth (from
the ground or perhaps from some previous unmanifest shape)— (drigReafy wiftwn i
wowen efjomee) )

The oviparous animals are divided by Susruta into birds, snakes, sarieripas, ete,
Dalvana notes that the Sarisripas include fishes, and Makaras (soa-fish with flerce teeth—

. fywq@em:), and the * ot cetera’ comprehends tortoises and crocodiles (S€raw: Gurmfin; eravhedr

gl a1 yfH medw gedoRtin oM )| The ¢ moisture-born’' are due to the moisture
and heat either of the earth, or of organisms (redgw: ¥ya: wive w wqm wwe: =), Of
these, the Krimis (worms) arise from the moisture of the fmces in the bowels (#7: Rregder- -
fyareressw:—Dalvana), from putrefying desd bodies (M Susruta;—cf. WOR My e
grawent vt o !N——Gm.:arntna, Tarkit-vahasya-dipikd, (Juinamatam); from decom-

. posing cuxd or milk (e.g., Vg ¥ TGN euiffrrdieta wim qarEaEa W1 wern: L AMRBEET awaed

—Jaynute, Nydyamanjari, Ahnika 7, !"""‘“) -
) The pecond class, Eitus, noticed among the moisture-born, include the scorplons,
the six-spotted venomons insect gadvindu, &c., (Werwfwwwyfey mym; Dalvana). Of these
the seorpions arise from oow-du;pg. excrett of snakes, yotten Wood (wy' wwarg wicww: weld
~—Pitanjali, Mahibhigya 1-£8) ¢f. also Busruta, Kalpasthdne, Chapter 7.
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The thitd olass, Pipilik7s, ants 'and the like insects, Dalvana notes, are born of
molsture and heat, as well as ‘ol eggs, and sonetimas barst forth from the grouand
(yyyP%n ww  sfjowr—Dalvana), The gnats and mosquitoes (FTTEWRE:)are also usnsily
placed among the moisture-born, An anda (egg) is described as oval, of the for of a peidl
(musele ?)— (W e n—nalvaua ClL Sridhara, Eundali, W feei ¥ 3fpa’ wmd m
wo, Faiien)

Ohhdndogya and Sankara,

It may be noted that the Chhindogye Upanigada classifies animals on the basis of
their vija (ovum or seed), as threefold :—{1) Anduja, born of eggs; \2) Jivaja, viviparous ;
and (8) Udvijja. Sankura oxplains that the udvijja animals arise from vegetable organ-
isms (Ugﬁ! g A Q'Fa‘ﬂ} which is also Charaka’s view, as we have seen. But
unlike Obaraka, Sankara holds that the sveda a animals must be included partly under
the oviparous, and partly under the udeijje (vogetablo-born) class (Wredfgredita
gwrewmemate; - Chhéndogya, Prapathaka 0, Part 3).

Evidently the idea is that, though vegetable organisms may pass off intv animal,
there eannot bo generation without »iju (seed or ovum), and inorganic wmatter without
_vija (seed or ovum) cannot givo rise to animal life. Pitanjali, in the Mahdbhdpyu (circa
150 B.C.) mentions the opposcd view, which holds that not only animal organisms but
also vc;etablt_! organisms, eg, grasses, grow from inorganic watter, The Nurvd grass,
for example, can grow from deposits .of the hair of gouts awnd cows, just as scorpions
are seen to develop oub of cow-dung. Pitanjali notes the orthodox Sinkhya-Vedinta
explaunation that these are not cases of growth (or br’msl'orm:ltluu} hut merely of coming
out, (wwwmf) wa' Arvary wften  owd MArwRAcea; gt wieR xR wuATATn af 679 —Mahé-
bhisya, 1-4-8.

The Dietary Animals in Charcha and Susruta,

In noticing different kinds of meat for dietary purposes, Charaka gives a classifica-
tion of animals (mammals and hirds) which !1:\.« only a practical (therapeutic) significance.

The dietic value of the flesh of any animal wwas m‘;n-coi yell' to depend mainly on ils
habitat and mode of life, Diotary animals (mammals and birds) wers accordingly divided
into cight classes (Wefrer fwedury )

(1) Prusgha, carnivorous as well as non-carnivorous (Chakrapani), comprohending
1and-quadrupeds and birds vhat fall on their food wilh lorce,

{2). Anupa, animals that live in marshy or water-logged dands or graze on river banks,

(8) Bhusaya or Vilesayu, atimals that live in undergmund holes,

(4) Vérisaya, aquatic animals, both fresh-water aud ogoanic,

(5) Jalachara, amphibious animals,

(®) Jangala, animals that live in dry and elevated (hm)") ]ungle lands, mostly species
of'deer,

(7) Vigkira, pirds that scattor gheir food in picking up, and

(8) Pratudu, irds that pierce or torment their food fworms and fruits) with the
beak. -
In the chapteron articles of diet, Susraba gives a praotical clussification of (verte-
‘brate) animals for dietary purposes. Animals that find & place in this dietary are firat
divided inte two classes :—(I) Anypa, animals that live in marshy or water-logged land
(or in water) ; (11) Jdngala, animals that live In dry (hilly) jungle land. The Jingalas are
divided ipto five classes, and the Anupas into efght. The thirteen classes are based of'
real and natural djatinotions of food and ha'hltnt. they are for dmliuy purgoses w
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under six conventional (or artlficial classes) (WATRE Sy Wy @ wwi'n 1 Gy | Fgf'wRe
wgEwm weasi wqogee A syt o feemin—Dalvana, Sutrasthdoa Chapter $7). These thirteen
classes of dietary animals may be enumerated as follows :—

I. Jdngala animals—Janghéla, Vigkira, Pratuda, Guhdsaya, Prasaha, Parsamriga,

Vilesaya and Grdmya, and

II. Anupa animals—Rulechara, Plava, Kosasthu, Pddina and Matsya.

Of these, the matsyus (fishes) are divided into two groups, freshwater (lit, river-water)
and sea-water flahes., Among the sea-fishes, the Timi and the Timingala (cod-fish or
whales ? ffget wr: fafigwedns’ weem:— Dalvana) ind a place, as also the makarg,
(shark—fy ewem; —Dalvana).

The kosastha (living in shells-mollusea) are distinguished from the matsyas (fishes).
In this class are enumerated sankhas (coneohifera), sankhaua (smaller conchifera), sukti
(pear] mussols), sambika (Helix) with spinal shell (wrrt@m: —Dalvana,) ralluka (a species of
Helix, according to some (¥} gvuw ¥pma:  Dalvana), ete.. Dalvana adds vodika, jalasukii,
and various specioes of Helix (feworagftnrrawaer wgiar yae)

The peddinas, agquatic animals having pedal (or long dorsal) appendages. comprise
the kurmas (oval or oblong-shaped tortoises, turtles), the kumbhiras (crocodiles, emydo-
sauria, reptilia) the karkatas (whilo and black erabg, eruslacea), the sisumara (a specles
of the Delphinide cetaces) museular, 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 (ferevtrged aw: afef g gywi R Ffrw: a'edR@s —Dalvana). The
pldinas do not represent uny natural division.

Of the other Anupa animals (aquatic or amphibious animals), the plavas (lit,, floating
on the water) represeni a class of birds (the Natatores and the Grallatores) exemplified
by geese, ducks, cranes, &e,

The Kulecharas are herbivorous guadrupeds that frequent tho banks of rivers and
ponds, and comprise the clapfmnt., the rhinoceros, the Gavaya (Bos gavorus), the buflalo,
various species of deer, &c.

Of the land-animals (Jingala), three of the sub-divisions represent 'birds. and
five, mammals, The Land-Birds arc (1) the Prasala birds, birds of proy proper
{Raptores), comprising Lhe vualtures, kites, hawks, owls, &e. (Charaka's Prascha is
& much wider class) (2) the Vishkiras, birds thot seatter their food in piekjng up.
and [‘1} the Praludas, birds that piercce or torment their food (fruits or worms) with
_the beak. The last two classes comprehend between them the Passeres (proper and
so-called), the Bcansores, the Rasores and the rolumbee,

The remnining five classes of Jingala animals are mammals, with the exception of
several species of Vilesayas, which are reptiles. Tho Puroumrigas (arboreal nnima!s)' com-
prise the apes, sloths, squirrels, as also some of the reptiles and carnivora. Among the
Parsamrigas, the Putighasa is a kind of tree-cat giving ont a pungent odour; the madgu-
mupike and the Brikpsasdyika, are arboresd rodents; and the Avakusha, is a species of
cow-tailed monkey (vide Palvanal. The Janghdjas are wild animals, herbivorons quadrn-
peds that are strong-legged and quiek-footed, comprising various species of deer and
antelopes.

The Gramyas (lit-, 1Pving in of about villages, domesticated quadrupeds) comprige the
horse, t.hé mute, the ass, the camel, the goat, the sheep, &e. They are BOn-carnivorous,

“being distingWished from the carnivorous quadrupeds {wewy-—Susruta, wigry Charaka), SBome
sre Bhqsepha(snimals whose hoofs are not cloven) (zFarradn ¥ VWIrTaR W Hwr!— 1 g T:—
Dalvana),

¥ ;3
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The Guhdsayas are carnivorous quadrupeds (swanqr:) living In natural caves or hollows.
They comprise the lion, the tiger, the wolf, the hyena, the bear, the panther, the
cat, the jackal, the mrigevaru, &ec. 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 Vilesayas, animals that live in holes or burrow, comprising varions
specien of Rodents and Insectivora, and sevoral species of Reptiles.

Snakes in Ndgdrjuna,

The Snakes (ophida) are cspecially noticed by Susrnta. (Nigarjana in the chapters rela-
ting to Toxicology. Kalpasthina, Chaptor 4). Five difforent gencra 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 Darpikaras (wera wgrEey, T, AE, T qU, -
Tripudians, Naia Bungarus, Colabride) are hooded, swift in their movements, dinrnal in
their habits, and bear on their hoods or their bodies the marks of chariot wheels, ploughs,
umbrellas, thombs or ¢rosse-bands, goads, &e. (2) The mandali (Vipera and Trimeresums,
Viperide ?) are thick Jyua:), slow-moving, noeturnal in their habits, and bear circles or rings
on the hody (wrydwoem), Charaka adds that they are without hoods, (3) Ragimals also are
without hoods and nocturnal, and boar series of dots or marks, and are often of variegated
colouzs on the upper parts and sides {(Colnbridie, Bungarus Callophis, Deyophis, &e,,?),
Twenty-six varietios aro named of the first, two of the second, and ten of the third,

Of the Nirviges, non-venomous snakes, btwolve varioties are mentioned, ineluding
Boidme gy aund the columbrine Dendrophis, (ﬁ'q'q] OF the Vaikaraqya (hybrid) snakes,
there are ten varieties, of which three are produced by the union of certain venomouns
species, and seven are secondary derivative forms.

The Danikaras are most deadly when young, the Mandalis when middle-aged, the
Ragimats, when aged. Their poisens act differently, and an elaborato description
is given of the aclion of the venom of each of the three venomous families,

Snakes in the Purdnas.

The Bhavigye Purdnu gives the following additional information. The Nedgus (Nales,
Oolubridia, Suakes) copulate in the month of Jyaisthu or As ditha (May or June), gestate
daring the rainy months that follow, and bring forth about two lnndred and forty eggs
in the month of Kirtika (November). Most of these are devoured by the purents, but
those that are left break forth from the shell in aboul two menths (or cue month, accord-
ing to the Agnipurd ). :

Eggs of « golden hue like that of the (red) flowers of the Calotropis gigantea
(Wﬂ‘l} produce male young ones, those somewhat paler aod of an elongated
avold shape {w ghradwgfiam bring forth femalo snakes, and those of the
hue of the Siriga 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 (q".."!) in three weeks, and becomes dendly
fn the twenty-ffth night. In six months, Nrgns shed the skin (wegm),

In moving on the ground, the folds of the skin on the under-surface alternately
expand and contract, appearing to put ont and draw in fine filament-like legs, about 240 in,
number. The joints on the skin (scabs or acutes-—m:) are two hundred and forty in
number (perhaps the enb-caudals were not counted),

Bnakes are killed by men, mungooses, peacocks, Chakoras (s kind of parteidge);
soorplons, boars, ocats, and the hoofs of oxen. Hscaping death from these enemles, a-
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Ndge may live for a hundred and twenty years. The term ot life of the nan-venomous
suake is shorter, about seventy-five years. (Bhavigya Purdna ygwewa).

The Agnipurdna gives the total number of teeth (of a Niga) as thirty-two; of which
four (two on either side) are venomous; viz, Kdlardtri and Yomadutikd, which Appear
to be the names of the fangs, and Karili and Makari which seem to stand for two hard
(maxillary) teeth accompanying the two fangs (cf. also Charaka—Dridhavala, Chikitsd-
sthdna, XXI11, fasfa fefeeey ). '

Umdsyali's Classification of Animals,

A more thorough classification of animals is found in the anclent Jaina work, the
Tatlwdrthddhigama of Umésvati, which the Jaina chronological lists enable us to askign
with great probability to the fourth or fifth decennium after Christ (circa 40 AD).
Umésvati's classification is a good instance of classifieation by series, the numbor of sen-
ses possessed by the animal being taken to determine its place in tho 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 tho seleetion and rejection of food). This division
comprises—

{a) Apddika (Vermes without lateral appenduges, Scolecids).

(b) Nupuraka (Ring-like, with pendants, vermes with unsegmented hit.eml't append-

ages, Anpelids).

(e) Ganduprida (Knolty-legged, Arthropoda, including Crustacea, Myriapoda, &e).

(d) Home forms of Mollusca, ¢,g., Sankha (Couchifera, Lamellia branchiata’, Suktika

(Pearl-musscl. Lamellia branchiata), and Sumbuka (Helix),

(e) Jalukd, Leechos (Annelids).

1I. Next como the animals with three senscs, namely, smell in addition to the
primordial senses of Loveh and taste invelved in the contraction of tissues and the appro-
priation of food., Here also well-deseloped and netive senses alone were perhiaps intond-
ed. Rudimentary or dormant senscs were nob reckoned, This division comprises—

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

(b) HKolinikd, red ants (Formicidae, Hymenoptera).

(r;l Upachikd, Kunthu, Tuburaka, bugs and fleas (Hemiptera, Homimetabola).

(d) Trapusavin and Kurpdsusthika, encumber and cotton weasels and lice (Aptora,

Ametabola), ’

¢) Satapadi and Utpataka, Bpring-tails (Aptera, Ametabola).

() Trinaputra, Plant lice,

(g) Kastha-hdraka, Termites, white ants (Neuropters, Hemi-metabola).

111.—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 Hornots (Hymenoptera, Holo-
metabola).

(b) Maksikd, Puattiki, Dg.mm and Masdaka—Fliey, Gnats, Gadflios and Moaquitoea

(Diptera, Holometabola).

(¢) Vrischika and Nandyavarta—Scorpions and Spiders (Arachnida, Arthropoda).

(d) Kita—Butterflies and Moths (Lepidoptera, Holometabola}, amd

(e) Patanga—Grasshoppers and Locusts (Orthoptera, Hemimetabola,)
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IV.—Finsally come the animals (man and the Tiryyak-yonis) with five well-developad
and active senses. Omitting man, this division comprises—
(a) Matsys, fishes,
(b) Uraga,
(¢c) Bhujanga,
(d) Paksi, birds, and
(¢) Chatuspada, (uadrupods.

Uraga and Bhujanga in popular use mean reptiles ; but here evidently Bhujanga is
taken Lo mean oviparous limbed animals (limbed rcptiles and batrachians) and not crea-
tures whose movements are crooked or in the form of a bent bow; and Uraga stands for
apodal reptiles including snakes {(ophidw).

1t will be scen that the first three divisions fall under the Invertebrala, and the
fourth is identical with the Vertebrata.

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

A.—Andaja, oviparous (Pisces, Reptilia and Batrachia), e.g., Sarpa (Snakes, Ophidia,
Reptilia), Godha (Varanidwo, Lizards, Reptilin), Krikaldsu (Chameleons, Reptilia), Griha-
yolika (Common Lizards—Lucertilia), Matsya (Pisces) Kurma (Tortoises—Chelonia,
Reptilia), Nakra (Crocodiles, Reptilia), Siswmeira (Dolphin or Porpoise, Cetacea) and Birds
proper with feather wings—ihe Lomapakga paksis.

Porpoises are erronevusly put here being really viviparous like other cotacea,
Frogs are not mentioned in this list. The omission is strange. Perhaps (as in Susruta)
frogs were belioved to bo Udvijju (oraptive or metamorphic) and not Andaja (oviparous),
But Susruta mentions the frogs after the guadrupedal and centipedal Reptilia (Eanava,
Godheraka, Galagolika and Sutapadi).

B.—-Jurdyujo, mammals born with placenta, including all mammals other than the
Potaja. (Here Jardywju is used in a restricted sense) :—(1) Man, (2) Cow, (8) Buffalo, (1)
Goat and Sheep, (5) Horse, (8) Ass, (7) Camel, (8) Deer, (9) Yak (Chamara), (10) Hog, (11)
Bos Gavmus (Giveya)—Ungulata, (12) Lion, (13) Tigoer, (14) Bear, (16) Panther, (18) Dog,
(17) Jackal, (18) Cat (Carnivora), ote.

The apes, though not expressly mentioned, are also to bo included.

0, —Polaja, & class of placental mammals comprising the Deciduata with the
exception of Man, the Apes and the Carnivora:—e.g. Sallaka (Porcupine, Rodentia), Hasti
(Elephant, Proboscidea), Svavit and Lipaka (Hedgehogs and other creatures that lap up,
Insectivora), Sasa and Sayika (Hare, Rabbits and Squirerel, Rodentia), Nakula (Ichneumon,
which though carnivorous is supposed to come under the Deciduata),” Mugik (Mice,
Rodentia) and the Charmu pakss Paksis, so-called birds with Jeathern wings (Bats,
Chiroptera), e. g., Valguli (Flying Fox), Pakgivirdla (Flying Cat, Miero-Chiroptera)
and Jaluki (apparenily weaning blood-sucking Bats or Vampires, though these are
seareely found in the old world).

The Potaju class thus comprises tho following Dociduata :—Proboscides, 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 after-birth, whercas sugh of the Jardyujas as are not
Potajas are born with the placenta attached to the embryo. But itis not easy to explain
why man, the Apes and the Oarnivora should not also be reckoned among the Potajas.
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KECTION 2.
RE-CAP1TULATION,

The anciont Hindu classiication of animals, as gathercd from tho authorities men-
tioned above, may be briefly summavised thus :--

A,—Ksudrazantus, bonoless and without (red) blood. Iuvertebrata, divided into

(a'\ Ayonija, a-sexually gencrated, e.g, the Svedaja, born of moisturo and heat, and

the Udevizja (vegotable-born, e.g., the coccinella) and

(b)‘ Yonija, soxually generated, e.g., the Andaya, oviparous,

But some are hoth a-sexually and sexually gencrated, Loing both Bvedajas and
Andajas, or Udvijjas and dndajas,

The Ksudrajuntus (Invertebrata) compriseo—

(I) the Krimisvermes: («) Apidikus without lateral a ppendages (c¢f. Seolecids),

(b) Nupnrakns, Annclids (a section), (v) GanJupadas, Arthropoda (a section),

(1I) the Julukds, Leoches, of which twelve species are described, six venomous, and
six innocuous (cf. Busruta's careful description, Sutrasthiua, Chap, 13),

(111) Kosasthas, shelled animals, some torms of mollusea, e.., the Sunkhas (Conchi-
fera), the Suktikas (Pearl-mussels), the Sambukus (spiral-shelled, Helix), the
Vodikas, etc.,

(IV) then the Insects typificd by the Ants comprising
(a) Pipilikd, Rohiniki (Ants, Hymenoptera).

(b) Upachikd, Kunthu, Tubiraka (bugs and fiics, Hemiptera).
(¢) Cucumber and cotton lice (Aptera).
(@) Buatapadi, Utpataka (Spring: tails, Apters).
(e) Trinapatra, grass or plant lice (Aptera),
(f) Termites (Neuroptera).
(V) Insects typified by the Hexopods comprising—

(a) Bhramar, Varata, Sdrango, Becs, wasps and hornets,
(b) Maksikd, Puttikd, Dunsa, Masakn, Flies, gnats, gadflies, and wosquitoes,
(¢) Vrischika and Nandydvarta, Scorpions and spiders (Aracknida, Arthropods),

(d) Kita, Butterflies and moths, and
{¢) Patanga, Grasshoppérs and locusts.
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Susrota-NigArjuna names six varieties of ants, six varieties of fiies, five of mosqu
toes, (including one marine and one mountain kind), eight varicties of Satapadis (cen-
tipedes), thirty varietles of scorpions and sirtcen ‘ofespiders - (Lutds). Of the Kilas, the
glow-worm and the Tailakita (lit., oil-worm) are said to be lumiuous (phosphorescent,
(of. Réjanighunty Snieiid)).

B.—The Tiryyakyoni animals, sexually generated animals other than such of the
ovipara as are included under the Kgudrajantu, in other words, sexually generated
animals possessing bones and blood—corresponding to the vertebrata—comprise the
-following classes:—

1. Andaju, oviparous: -

t«) The Matsyas, tishes, divided into river-water fishes and soa-fishes.

Susruta names eleven species of the latier. The * Timi® (cod-tish, whale) is
reckoned as a sea-fish. The Makura (shark) is also mentioned, but the
Kurmas, Kumbhiras and Sisumirus (tortoises, crocodiles, and dolphins) are
exelnded from the elass, as also the so-called shell-fish, heing placed
among the Pddinas and the Kosasthas respeetively.

(b) The Uragas, apodal reptiles :—including the Barpas (snakes, ophidia). Five
classes of snakes are mentioned, one non-venomous, three venomous, and
one hybrid. Eighty varietios of snakes are named, but the classification
is based on superficial charactors, c.q., marking= on the seales, ete., and do
not Louch any anatomical peculiaritics. The pathological observations
regarding tho distinct action of the poisons of different ordoers seem to be
good.

(e) Bhujangus, oviparous animals with lateral, pedal appendages, hoth Reptiles

* and DBatrachians. Many of these are (uadrupedal and five-clawed
wmearg: e wswwq: (Dalvana,)
Ilustrations,

1. Godha, Grihagolike and Krikelasa (Varantas lizards, eommon lizards
and chameleons), Busruta mnames four varieties of the Kanava, a
species of chameleon-like lizards—(c¢f. Ladyayana quoted hy Dal-
vana, Kalpasthdna, Chapter 8), also six varieties of Galagolika fa
speeies of lizards), and five varietics of Godheruka, Varanus-like
lizards, but smaller in size.

2. Kurmus and Nakrus, torioises and Crocodiles (Chelonia and ¥mydosauria,
Reptilia). Some species of the former are oval, others clongated
(e} gt )

8, Sisumiras, the Delphinidse (Odontocete cetacea).

Sunsruta mentions the frogs (Udvijja, eruptive or metamorphic ?) after the
quadrupedal and centipedal Reptilia (Kaunwva, Godberak., Galagolika
and Satapadi). Eight species of frogs are named. The frogs are
explained by the mythologist to have arison from dirty water
in ithe rainy season, ... mrggw® mA: (f.¢. WRYCPEA) TOEAR wWwm -
cf, Dalvana, Kalposthina, Chapter 8.

Susruta's Padinas (aquatic animals having pedal or long dorsal append-
nges) are a conventional class formed for practical dietary purposes,
and include (2) and (3) and also the Karkatas, crabs, (crustacea),
Umdsvati's Bhujapga class, being a natural sub-division of ver
tebrates, doves not include ecrustacea which are rightly placed
among the invertebratcs.
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(d) Lomapaksa pukei, winged animals with feathery wings, Birds proper,
These are oviparous, while the winged animals with leather wings
{qwiveufiger:) are placentalia of the Deciduata elass (ramm:)

The Birds proper are divided into four classes: —

(1) Plauvae, aquatic or amphibious birds, comprising the Natatores and the Gralla-
isres. Various species are described.

(2) Vigkiras, those that scatter their food in picking up.
(M Pratudas, those that pierce or torment their food (fruits or grains).
The ennmeration of the species under (2) and (3) shows that these two classes

incloded the Pagseres (verwe and so-called), the Scansores, the Rasores and
the Columbse,

(4) Praschas, hirds of prey proper (Raptores),

Dalvana's descriptions of deer and hirds arc precise, turning upon coloration, habits
of life ete., r.g,, the deseriptions of the Ruru, the Kirandava, and the Kanka, expressly
gquoted from some (unnamed) Hand-books :--
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The sources from which Dalvana derives detailed information ahout these varied

forms of animal lifec are now unavailable, but these extracts abundantly testify to the
minute pature study of the Hindus.

The MWindus had of course no idea of an anatomiecal classification of hirda,

The ancient writer, Lidyfiyana, had a mueh better idea of zoological deseription in
reference to the Kitas (ingects and reptiles, vide infra).

JL—- Jurdyujas, (viviparous, lit., placentalia) in the nsual willer sense ; comprising—

(a) Churmapaksa pdleyis,—leather-winged animals, which are deciduata (Potaja)
Charaka calls them Mrigapaksina (mammal birds) and distinguishes them
from the birds-of-prey proper, in his enumeration of the Prasaftas (Sutra-
sthdina, Chapter 27), The Bals mentioned are :--

(1) Valguli, (Nying fox), !

(2) The Pakyi Virdla, (lying cat, micro-chiroptera’,

(8) The Bhurunda, (a species of micro-chiroptera, the horse-shoe bat ?)

(4) The Jalukd, (lit., agnatic or amphibious or more probably leech, bat,
blood-sucking or vampire bat ?), These are place:l among carnivorous
animals.

(b) The Vilesaya Jardyujas, mammals that live in holes or burrows, Including
various species of Rodents and Insectivora, which are named. Righteen
different varieties of mice are specified (Susrnta,. Kalpusthdna, Chapter 6).

(¢) Parnamrigas, arboreal mammals, comprising some Rodents (squirrels
eto.), a wild cat, the sloths and the apes (wmg). .
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(d) Non-carnivorous Quadrupeds ( wwemy: ) :—

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

(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 spectes of deer (which live in well
watered lands). These are also non-carnivorous (m!)

(8) Grdmuyas, (lit., living in or near villages), non-carnivorouns domesticated
quadrupeds, some with undivided hoof, others with eloven hoof,—comprising
the horse, the mule, the ass, the eamel, the cow, the goat, the sheep, ete,
These are ull non-carnivorous. The dog and the cat are not mentioned
in the list.

(e) Carnivorous quadrupeds, Guhisaya (living in natural eaves or hollows, carnivorous
Krapydde),—comprising the lion, the tiger, the wolf (of the dog-class), the
hyena, the bear, the panther, the eat, the jackal, ete, The earnivora were,
termed Vylas or Kravyddos, and the herbi-vora Pasus (in a wider sense).

{f) Man.

The term Jardyuja, ina wider sensc came to mean ‘viviparous' and included the
sbove orders of animals, But the Jainas used the term Jurdyuja in a narrower senae to
mean only those viviparous animals which eome out at birth with the placenta (a-deei-
duata). TIhe deciduata (including the Proboscidea, the Rodentia, the lnsectivora, the
Chiroptera, ete.) were tormed, Pulaya, lit., viviparous animals horn without placenta. Man,
the apes and the carnivora are, however, reckoned with the Jardyuja (viviparoms, born
with placenta). Perhaps the after-birth was observed in these cases, whercas the
Potajas (deciduata) may have been erroncously conceived to throw off no placenta.

Lédyfyana appears to have made a speciul study of the elassification of kitae
(Insects and Reptiles) and is yuoted by Dalvana as a great anthority on the subjeet,

The virious forms (eq) of kitas are to e distinguished from one another by
peculiarities in the following marks :—

(1) DNottings or !iurkings, (2) wings, (3) pedal appondages, (4) mouth, with
antenngel or nippers, —wEEFEN, Dalvana, (b) claws, (6) shavp, pointed, hairs or filaments
(7) stings in the tails, (8) hymenopterous character (gftw®: womf:) (9) humming or other
noise, (10) size, (11) structure of tho body, (12) sexual organs (this is how 1 interpret
linga here), and (13) poison and its action on bodies,
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Quoted from LAdydyana by Dalvana, Kalpusthdna, ohapter.8),
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APPENDIX C.
HINDU PHYSIOLOGY AND BIOLOGY.

Skerion 1,
METABOLIBM,

The food that we eat contains five classes of organic compounds, From their
radie]el or predominant elements, the substances are named Earili-compounds, 4p-
compuunda, Tejas-compounds, Viyu-compounds and Aknsa-compmmdn The Earth-com-
pounds supply ihe hard formed maiter of the hody, the Tejus-compounds give the animal
heat (or the metabolic heat), the Viyu-compounds are the sources of the motor-foree in the
organisw, the Ap-compounds furnish the watery parts of the organie fluids, and the Akgsa-
compounds contribute tothe finer etheric essence which is thie vehicle of the conscious life.

Roughly speaking, the Earth-compounds answer to the nitrogen compounds in the
food, the Tojas-compounds to the hydro-carbons (heat-produeing), and the Viyu-compounds
to the carbo-hydrates (dynamic). The Ap-compounds are the watery purts of food and
drink, The flesh, for example, is a tissue eomposed principally of the Earth-compounds,
the fat of the Earth and Ap-compounds, the bones of earth, Viyn and Tejus compoands,
Different opernt:ons of the metabolic heat (perhaps different digestive flulds are also
meant) are required to digest the different substances in the food. .

The course of metabolism is doscribed as follows: The entire alimentary canal is
cnlled the Mahfisrotas (the great chanuel),

Tho food goes down the gullet by the action of the bio-motor force, the Prdna-
Vdyn.

In the stomach (= ) the food becomes mixe:d up, first with a gelatinous mucus
( W ®% ) which has a saccharine faste, and then gets acidulated hy the further chemi-
cal action of a digestive juico (Remrsemi wa: — cvidenily the gastric juice is meant), Then
the bio-motor force, the Samdna Fiyu, hegins lo aet and drives down the chyme,
by means of the Gruhani Nadi to the Pitldsoyu (dvodenum, lit, bile-receptacle)
nnd thence to Lhe small intestines {the greawmrga ), 1o these, Lhe bile {or rather the
digestive substance in the bile, ay opposed to the colouring element) acts on the chyme
‘and converts the latter intd chyle (tg ), which has at first a kaln tesle (pungeney).
This chyle contains in a decomposed and metamorphosed condition all the or-
ganie compounds, viz., tissue-producing Earth-compounds, waler-parts | or Ap-compounds,
heat-producing Teias-compounds, force-producing Vayu-compounds. and, lastly, finer
etheric constituents which serve as the vehicle of conseir a5, The ¢ of chyle
( weowm ) from the small intestines is driven by the bio-molor force, the Prina Vdyu,
aloug & Dhamani trunk (ef. the thoracie duct) first to the heart (which is & great receptacle
of chyle), and thence to the liver (and the splecn); and in the liver, the colouring
substance in the bile acts on the essenve of chyle, especially on the Tejas-substance
therein, and imparts to it a red pigment. transforming it into blood. But the grosser
( m WM ) proceeds along the Dlamanis, being driven by the

part of chyle
bio-motor foree, the Vydna Vdyu, all over the body.

When the blood has twen formed, the essence of chyle in the bigod, acted on by
Vayu (bio-motor foree) and MAamsigni (the flesh-forming metabolic heat), forms the flesh-
tissne, the Earth-compoond of the food substance especially contributing to this tissne.
Of the flesh-tissue thus formed, the grosser part goes to feed or replenish jhe ﬂﬂh tisgme -

1 hmcb {rom my monopnph in Dr. Ray's Blmiu Ohemistry Vol, 11,
41
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all over the body. The finer essence of flesh in the blood in the chyle, acted on again by
Viya (bio-motor current) and the fat-forming metabolic heat ( ¥in:fiy) in the menstronm of
Iymph ( w gofies ), recelves viscosity and whiteness, and produces the fatty tisane, the
Earth-componnds and Ap-compounds of the food specially contributing to the produat.
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 menstroum
of lymph ( xRwwerea ), bocomes hard (erystalline), and forms bone, the Earth, Viyn and Tejas
compounds contributing principally to the product, The essence of the fat fills the
hollow channels of the bones, and acted on again hy bio-motor Vdyu and metabolic heat,
becomes transformed into marrow, The marrow is similarly transformed into the semen,
which'is conveyed down by means ol a pair of Dhamanis or ducts ( F yamg ), lodged in ite
receptacles ( gmea—edr ) and discharged by means of another pair of ducts ( g ),

The semen or rather all the elements in their finer ossence, give off ojas which returns to
the heart, the receptacle of ehyle and blood, and again floods the body, and sustains the
tissues, thus completing the wheel or self-returning circle of metabolism ( wyiftrg wea

of. Charaka and Vighbhata).

1t is to be noted that, throughout, the fluid in the chylo or blood aets as the mens-
truum, though occasionally, the Iymplh, whieh is itsell a derivative from the chyle, ig
added, as in Lhe cuse of the fatty tissne and the bones ; and that each preceding element
or congtituent of the body ( W—m WE,T) takes up the proper organic eompounds
from the food chyle to form the next clement or tissue. Throughout also, the chemical
changes aro due to tho metabolic heat which hreaks up the compounds and recombines,
but the operations and even the vehicles perhaps of this heat are diffcrent. For ex-
ample, these heat-corpuscles in the biliary duets prodace the hile, but the bile-secretion is
supposed to contain two distinct substances: (1) a digestive fluid in the duodenum
( farmgw ) which acts on the chyme to produce the chyle ( s v wrewrer i )i and (2)a
colouring bile-substanco in the liver which adds a red pigment to the chyle, and trans-
forms it into hlood ( wwwen fier ). Desides, there are three other biles, of which the
aqueous humour in the eye is supposed to be one ( srdrew faei ), helping in the formation of
visual images (§yunek ). This is the view of Dhunvantari and his school, but Atreya
holds there is no cvidence that the bile really performs the first (digestive) function,
for this can be accounted for by the animal hoat 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 ( Srefiram - -Bardearan —wReirada g
Yregww: — Chakrapdni, Bhauumati, Sutrasthdna, X1V, 10; also his commentary on Charaka,
Butrasthina, XXVIII), but my account is based on the second hypothesis which has the pre~
ference of Chakrapdui (wwce:). It may Le added as a curiosity that each element of the body
( Wy ) under the metabolic heat is supposed to give off a finer cssence ( gmm ) which
gerves as the material of the next succeeding element, and a dross ( v ) whick forms
some of the excreta in the body (inciuding the nails, the hair &c.), besides retainiog its
own substance (the gross or main part) which is driven along by the Véyus (biomotor or
vital cucrents), or by the srotas, to its destination in the body.

Bome idea of circulation appoars to have been entertained, for the heart which
receives, and then sends down, the chyle through the Dhamanis gets it back transformed
into Iﬂmd, and the ojas algo proceeds from the heart and retarns to it along with the
ohyle and the blood. ;
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Bhaoumati), This passage shows thul the *venous blood' was conceived to bo chyle-
essonce mixed with blood, and that the circulation of the chyle, so far as it was held to
contribute ils quota to the constituent elements and tissues of the body, was really sup-

posed to he identical with the circulation of the blood {; aﬁr TRATES HiQATSSaaa ).

This will be abundantly clear from the following account of Lhe course of the chyle and
tho blood: =
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This finer eesence of chyle which nourishes ihe flesh is also carried in the
blood, on the irrigation channel hypothesis ( sqh-gEaE ).

SECTION 2.
THE CIRCULATORY BYSTEM.

The ahudmg puzzie of Hindu auvatomy and physiolegy is the classification of tlw
Biras, Dhamanis, Srotas, the channels, passages, and ducts in the body including nua
arteries, velus, nerves, lymphatic vessels, etc. The difliculty was felt by the ancient
observers themseives. Some were of opinion that the Uhamanis and Srutus are only modi-
fications of the Siras, and that the division ls artificial. Busruta, bowever, contends that
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they are distinet, because they can be traced to different roote and have different fune-
tions ; they are apt to be confounded, only because they are minute, juxtaposed, and similar
in fanction. (Suscuta, Sdrirasthdna, Chapter IX). Charaka also accepts the established
divigion, but points out that the numbers as estimated are conjectaral (.ﬂ*?’mq: q¢ T
Stirirasthéna, Chapter VII),

The Hiras, Dhamanis and Srotas form net-works (=) of cords, fibres, *passages,
which in the feetus tale their rise from the umbilical cord, and proceed, upwards to the
heart and head, downwards to the kidueys and rectum, and outwards to the trunk and
limbs, These three classes comprise all the vehicles or condactors of fhe fluids, secretions
and currents in the bodily system.

The Srolas (currents), This is a peculiavity of Hindu physiology. The chyle, the
blood, the Viyu, the metabolic fluid {ﬁﬂ), the lymph, the fat, the marrow, in every part of
the body, is supposed to be connceted by means of subtle currents (ﬂ‘rotas) with the
same kind of fiuid (or tissue) in every ofhor part. 'Without supposing such special
connections, many pathological phenomena canuot be oxplained.

The Siras are divided into four groups : (I) the arteries for cond ucking the blood,
(2) the lymphaties for condueting the Iymph, (3) a class of bile ducts, and (4) a class of
ducts for the viyus, the currents which work the automalir and reflex machinery of the
living organism. Ju wach group. thero arce 10 trunk Siras, which sub-divide into 175
cords, aud further ramify minutely all over the body, even as a net=work of minute
fibrils covers the leaf of 8 tree.

The functions of the different groups of Siras ave to conduct or transmit the (arterial)
blood, the lymph, the bile, and the (vital) viyn wvurrents respectively to the different
parts of the budy. The Swus are compared to the conduils of tha flowing water in a
pleasure-house {4 garden), or the chanuels of irrigation Lhat flood a field. The conduction
(or traunsmission) of the fluids and currents is effected by an alternate dilation and
contraction of the vesscls, the systolic movement differing according to the nature of the
fluid propelled :

(g Rty P aifafd ofomm @ sagRah: 27 @ senfver-
fagd w3TER @ wFFATARQRARAG: | gavadadtaia aal sam ) ani
wifveg & ae seegge wafeds 9 | oWl qeRmemaRog | Al awiter go
RamfR=ar 9o SEIMRAT T TO THRAMA: Susruta, Sirirusthana, Ohap. VIL)

The Dhamanis in the fimtus take their rise from the umbilicul cord, thus bringing
nourishment from tho mother. They are divided into three groups: (@) ten trunks or
cords going up to the heart, and thence to tho head, (b) ten going dowu to the intestines,
kidneys and rectum, and (¢) four branching obliynely or sidewise, and ramifying over
the whole body. In a general way, it may be slated that the Dhamanis comprise (1) the
veins, (2) the nerves (including the sympathotic systow), (8) the chyle-ducts (including the
thoracic duet) as distinguished '‘from tho other lymphatics, which are classed as Siras,
(4) the ducts for urine, sweat, and obher secretions, and (5) lastly, certain classes of bile-
ducts and conduclors of Vayu curreats, possibly those counected with the venons system
and the chyle-ducts.

The first group of Dhumanis:—Special features :—Hach of the ten ascending
Dhamanis, on resching the hoart, trifurcates, and proceeds to the head. Of these fibres,
one psir is engaged in conduoting each of the four sensory currenbs (those of sound,
oolour, taste and Bmell), from the sense-orguns, as Chuvaka and Susruta must have
supposed, to the heart, which ie for them the seut of consciousness (gud AV Xmeerny, Suseuts,
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Sasirasthdna, Chapter 1V, F0 Yonfusgrtey Chaiaka, Sarirasthing, Chapter VIII). Other
Dhamanfs, also in pairs, are engaged in conducting sutomatic (or voluntary) motor
currents, (e.g., the currents concerncd in respiration, yawning, sleeping and waking), or
the secretions of the lachrymal and mammary glands,

The second group of Dhamanis :—Bpecial functions :

The descending Dhamanis go down to the intestines; kidneys, bladder and rectum,
and their special function is to convey, in pairs as bofore, urine and othor secretions
and oxcreta. They also convey the chyle from the small intestines to the ascending as
well as the ramilying Dhamunls. 1n addition, some of {hewn convey sweaf to the ramifying
Dhamanis.

The third group : Special functions. The remaining four Dhamanis ramify obliquely
over the body iuto millions of fibres and fibrilla, which terminate in the pores of the
skin, From all parts of the periphery, they conduct the sensory eurrents of touch to
the central organ of the heart (including the internal organic uullsationu): Being con-
nected with the pores of the skin, they conduct sweat outwards, and the influences of
baths, embrocationg, and fomen{ations inwards.

Othor Dhamunis serving as chyle-ducts and (venous) blood-vessels :(—Besides the
special functions performed by the three groups, there iz one characteristic funetion
common to certain elassos of Dhamanis which are found in all the three groups—
viz,, the conduoetion «f chyle and (vemous) blood, ie, of blood in the state of chyle,
before it gets ils red pigment from the liver, 1t may also be added that the three
principal elements of the body, Vayn (vital eurrent), Pittu ( bile, or rather the fluid animal
heat whieh produces metubolism, qm, and flows to all the parts of the body by means of
connective pussages), and Kapha (lymph), make use of the Dhananis us well as the Kiras
and Srolas, i.e., of all manuer of condtictors in the organism (cf, Charaka, wrafim rivamgi o
g waift e a v:zmlmﬁ Vimédnasthamt, Chapter V).

The functions of the Suas way, therefore, be stated as follows :—

(1) The conduction of blood from the liver aud spleen, red blood (whdl 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 Vuyu (vital
current), Pitta (netabolic ﬂui_d}. and Kapha (lymph).

The differenl elasses ol Dhamanis with their functions are ;:—

(1) The nerves : (a) cight sensory (central) nerves for the four special senses other
than touch, (b) twelve motor nerves partly for volunlary and partly for automatic meve-
ments, and (¢) the nerves of touch and organic sensation, including the sympathetic nerves,

(2) The chyle-duets, conductors of (venous) Llood,- conveying the ebyle before it
is transformed into blood in the liver (and the spleen).

(8) The classes of Dhwmanis, which, in common with the Siras and Srotas, conduot
Véyu, Pitta and Kapha,—the prime muvers of the organic life.

SIRAS AND DHAMANIS AS BLOOD-VESSELS,
THE CIRCULATORY SYSTEM,

The anatomical arrangement of the Siras and Dhamanis as conceived in this system
of physiology ie so fanciful and obscure (Charaka himself states that it is mmemtuabla
and yunestionable) that it Is with copsiderable diffidence that I attempt to reproduce in
& chart ‘the main features of the vascular and cirenlatory system, At the vatset, I wonld
premise that the mistake as to the relative posl(@on of the heart and the liver In man, which
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tasted till the midlile of the sixteenth century in Durope and took a Vosalius to correct-, was
impossible to the Hinda anatomisfs, who habitually practised dissection on human corpees.

Conjectural Restoration of the Diagram of the central circulation of the Niras and
Dhamanis after Oharaka and Susrata. The obliquely branching Dhamanis, and the rami-
fications of the Hiras are not shown.

(@) Navel,—the feetal source of Siras and Dhamanis,—may be taken as the starting
poiant of the circulatory system,

(b) Heart (7wilv wyd gad SUTge | wrUmerFsafn woace Fidef® 1 Susruts, Sirira-
athdna 1V),—the receptacle of the chyle poured into it by the ding Db i8 1—
source of the * life currents ' (¥ wwqf™ @aifg), and seat of consciousness ;—also suppiies to

L]

the spleen and liver (venous) blood, or rather chyle mixed with blood, to be transformed
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into ved (arterinl) blood. The heart isalso supplied by Siras with true blood. Cf. Wewwi
W g e | R wrpdm (S

{¢} Swmall intestine (ﬁﬂﬂ*l) which receives the chyme from the stomach (WW=a), and,
with the help of the bile brought from the liver, turns the ehyme into chyle,

(d) Spleen, a minor source of blood (or blood vascular gland); cn the left below the
heart.

(wmdmena: @rer—susruta, Chapter 1V),

{e) Liver, the major soairee of blood ; the chyle gels a red pigment in the liver
(and spleen) and is converied into true (arterial) blood. The liver is to the right,

(g™ @7~ Susruta, Mérirasthiua, Chapter 1V).

(/) Dhamani, conveying ehyle from the small intesline to the great Dhamani trunk
{g) that ascends to the heart ;—answers ta the partal vein and thoracic dact (2)

(g) Dhamani trunk, ascending from the navel to the heart ; answers to the inferior
Vena Cava,

(k) Dhamani ascending from the hearl to the head,—and trifureating ;—answers to
the superior Vena Cava,

(i) Also, Dhamani aseending from the heart, hut brings back thoe (venous) blood to
the heart (Pulm. Artery ?)

(j) Also, a Dhamani, deseending frow the heart, and conveying the chyle and venous
blood from the heart to the liver, where the blood takes a red pigment,

(k) t’i":rfl, connecting the liver with the sploon,—earrying the red blood from the
liver to the spleen (Sp. vein).

[{3] Nira, from the spleen to the heart, carrying the red blood o the heart.

(m) Sira, bringing red (*arterial™) bLlood from the heart Lo the navel, the starting
point, answering to the aorta.

N.B.—The ~iras ramify from the liver and the spleen, and supply the trunk, head
and limbs, with red (arterial; blood. Four Dhamani trunks also, for tho trunk and limbs,
issue from the pavel, They ramily into veins and eapillary vessels (as also nerve fibres
and fibrilg) and earry chyle and (venous) blood over the entire systom,

1t 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 (‘nrterml } blood, and along with the spleen sorves as a basis of diserimina-
tion between a bira and a Dhamani, thus illustrating Susruta's stutement that the distine-
tion between these two kinds of blood vessels must be accepled as real, inasmuch as they
have different sources and different functions.
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SECTION 3,
THE NERVOUB SYSTEM IN CHARAKA.

The Nerves. Dhamanis as nerves .—The anatomy of the nervous system in Charaka
and Susruta, ean be more clearly and confldently restored. The Dhamanis that ascend
from the heu‘rt divide into 30 cords, of which 20, i.c., 10 pairs, are e¢ranial nerves, and the
other 10, or 5 pairs, are engaged in conveying vital currents, metabolic fluid, fymph,
blood and chyle.

The cranial nerves are: (1) four pairs of sensory nerves earrying sensory impunlses
from the sense-organs to the heart, viz, the optic, aunditory, olfactory, and gustatory
nerves and (2) six pairs of motor (or mixed nerves), ¢ g, three pairs of motor perves
for the eye (Motores oculorum, Pathetic and Abducentes) working the Levalor Palpebrm
and other muscles of the orhit ; one pair of motor nerves for articulation, the hypoglossal ;
one pair of motor nerves lor the larynx, (the Pnenmo-gastric), and another pair connected
with mammie and (in the case of the male) the seminal duet. It is further stated that other
motor or sengori-motor impulses are carried by somo of these cranial necves, piz,, thoge
which prodace sighs and sobs, ynwning, laughter and hapger. Evidently some of the fune-
tions of the pneumogastric and the spinal accessory nerves are intended, as also of the
phrenic and other nerves of the cervical plexus.

Oof the 30 descending Dhamanis, 10 (or 5 pairs) are conductors of blood,
chyle, vital ecurrent, metabolic fluid and lymph, and the remaining 20 are spinal
nerves (specially the nerves of the sacro-coceygeal and sacral plexnuses, if not also
of the lumbar plexus). The abliquely branching Dhamanis, so far as they are ncrves,
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 cutaneouns sensations, external as well as internal. A fibril (!n-uﬁ) is sgid to be

88 minnte ns the thousandth part of a hair (Iren: wwewim wewm wweam: - Panchadasi).
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SECTION 4,
THE NERVOUS SYSTEM AFTER THE TANTRAS —PSYCHOPHYSIOLOGY.

In Charska and Susruta (as in Aristotle) the heart is tho central organ and seat of
eonscionsness. But in the Tantrie writings (as in (ialen), the sent of consciousness is trans-
ferred to the brain or ratherthe cerebro-spinal sysiem. ‘The Soul (the Jiva) has its speeial
seat within the Brohmarandlira above the foramen of Monro aud the middle eommissure,
buttraverses the whole cerebro-spinal axis, up and down,along the Sushnmna (the ceutral
canal of the spinal cord). The Bralmadanda (vertebral eolumn) eontaing the Brahma-Nadi,
the Sushumne and the Manovahé Nddi. The cerehro-spinal axis with the conneeted sympa-
thetic sysiem containg a number of ganglionic centres and ploxuses, (Chakras, Padias)
from which nerves (Nadis, Sirax aund Dhamanis)* radiate over tho head, truok and limbs,

SECTION 3.,
GANGLIONIC CENTRES AND PLEXUSES (SYMPATHEVIC-5VINAL SYSTEM),

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

(1) The Adhdra Chalra, the sacro-coceygenl plexuns, with four branehes, nine  Augulis
{about six inches and a half) Lelow the solar plesus (Kande, Drohmagranthi); the source
of a massive pleasurable resthesia, voluminous organic sensations of repose. An inch
and a half above it, and the same distance helow the membram virile (Mchana) i3 a minor
centre called the Agni-sikhid,

{2) The Svidhistivina Chalkro, the sacral plexus with six branches (s, erenfa lf'a'vea).
concerned in the exeitation of sexual feelings with the accompaniments of lassitude, stupor,
cruelty, suspicion, contempt,

(8) The Ndvi kanda (corresponding to the solar plexus, Bhinubhavaium)—which
forms the great junction of tho right and left sympathetie chains (Pingali and Idd) with
the cerebro-spinal axis,

Connected with this is the Manipurakd, the lnmbar plexus with connected sympa-
thetic nerves, the ten branches of which are concerved in the production of sleep and
thirst, and the expressions of passions like jealousy, shame, fear, stupefaction.

(4) The Andhata Chakru, possihly the cardiac plexus of the sympathetic chain, with
twelve branches, connected with the heart, the seat of the egoistio sentiments, hepe,
anxiety, doubt, remorse, eonceit, egoism, ete.

* The writers of the Yogaand Tantra schools use the. term Nddi, by preference,
for Nerves. They also mean Cranial perves whon they speak of Swng,naver using the
latter term for Arteries, as in the older medical literature,

48
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(&) The aumm-. the junetion of the gpinal cord with the medulla oblongata,
wnwh 'by means of ierves like the pneumo-gastric, ete., regulate the larynx and other
orms of antioulation.-

(8) . The Laland Ohatra oppesite bhs uvala, which has twelve leaves (or lobes), sup-
posed to be the tract aflected in.the production of ego-altrnistic sentiments and affections
1ike self-regard; pride, affection, grief, regret, respect, rev ce, contentment, ete.

(7) The sensori-motor tract. comprising two Chakras, (a) t.he-.ijmf Chakra, lit, the
clrcle of command (over movements), with its two lobes (the cerebellum), and (b) the
Manaschakra, the ium, with its six iobes (five spucial sensory for peripherally ini-
tiated sensations, and one common sensory for centrally initiated sensations, as in dreams
and ballucinations). '

The ﬁjm—uxhn Nddis, efferenl or motor nerves, communicate motor impulses to the
periphery from this ijn.ﬁ Chakra, this ¢entre of command over movemenls; aud the
afferent or sensory nerves of the special senses, in pairs, the Gandhavaha Nddi (olfactory
sengory), the Rupavahd Nddi (optic), the Savdavahd Nidi (auditory), the Rascvaha Nadi
(gustatory), and ‘the Spurasavaha Nddi (tackile), come from the periphery (the peripheral
organs of the special senses) to this Manaschakra, the sensory tract at the base of the
brain, The Manaschukra also receives the Manoyuhd Nddi, a generic name for the chan-
nels along which centrally initiated presentations (as in dreaming or hallucination) come
to the sixth lobe of the Manaschakiw,

(8) The Somachakra, & sixtoen-lobed ganglion, comprising the centres in the middle
of the cerebrum, above the gensoriom ;—the seat of the allruistic sentiments and voli-
tional control, e.g., compassion, gentleness, patience, renunciation, meditativeness,
gravity, earnestnoss, resolution, determination, magnanimity, ete. ; and lastiy

() The Sahasrdra Chalra, thousand-lobed, the upper cerebrun mt.h its lobes and
convolutions, the special aud highest seat of the Jiva, the soul
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Nadi and Manovahd Nidi, also see Sankara-Misra's Upaskdra,

Tha cerebro-spinal axis and the heart :—their respective relations to the conacious
life : ~ Vijnanabhikshu, in the passage just quoted, identifies tho Manovahd Nddi (vehicle
of consciousness, Mem®) with the cerchro-spinal axis and its ramifications, and compares
the figure to a inverted gourd with a ‘thousand-hranched stem hanging down, T_he
Sushumna, the central passage of the spinal cord, is the stem of this gourd (or u single
branch). The writers on the Yoga (including the anthors of the various Tantrlc systems)
use the term somewhat differcutly. On this view, the Manovahd Nadi is the ohannel of
the communication of the Jiva (soul) with the Manaschakra (sensorimm) at the base of the
brain, The sensory currents arc bronght to the seusory ganglia along afferent nerves
of the special senses. Bub this is not sufficient for them to rise to the level of diseri-
minative consciousness (S EHET) A communication must now he established hotween
the Jiva (in the Subasrdra Chalkru, upper cerchrum) and the sensory currents received at
the sensorimm, and this is done hy means of the Manordha Nadi., When sensations are
centrally initiated, as in dreams and hallveinations, a special Nddi (Svapnavahd Nadi), which
appears to be only a branch of the Manouvahd Nddi, serves as the channel of communication
from the Jiva (soul) to the scusorium, 1In the sawme way, tho Ajudvalic Nadi brings down
the messages of the Sounl from the Sahasrdra (upper cerebenmy to the Ajud Chakra (motor
tract at the base of the brain), messages which are thence earricd forther down, along
efferent nerves, to varions parts of tho pheriphery. T may add that the special sensory
nerves together with the Manovahd Nidi are somotimes goncrally termed Judnavahd Nddi,
lit., channel of presentative knowledge. Therc is no diflicalty so far. The Manovahd
Nédi and the Ajnavehi Nddi connect the sensori-motor tract at the hase of the brain
(Mdanaschalkra and Ajuachakra) with the highest (and special) seat of the roul (Jival in
the upper cerebrum (Sahasrfira), the one being the chaunel for carrying np the sensory,
and the other for Lringing down tho motor messages, But efforla of the will (:ijud.
Prayaina) are consciovs presentations, and the Manopahd Madi must therefore co-operate
with the Ajndvahd in producing the eonsciousness of offort, Indeed, atlention, the
characteristie funetion of Munas, hy whieh it raises scnse-presentations to the level
of discriminative econsciousness, implies effort (Prayatnn) on the part of the soul
(Etmau. Jiva), an effort of which we are conscious through the channel of the Manovahdn
Nddi. Rut how to explain the presentation of effort in the motor-nerves ? Sankara
Misra, the author of the Upaskdra on Kanidu's Sittras, argues that the Nédis (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 fibrillle among them), The consciousness of effort, then, in any
motor nerve, whether Ajuduvah (volitional-motor), or Priwavahd (automatie-motor), depends
on the tactile nerves (or nerves of organic sensation) mixed up with it, Thus the -
assimilation of food and drink by the auntomatic activity of the Prinas implies an
(automatic) effort (WHWMWRM) accompanied by a vague organic consciousness, which is
due to the fact that minute fibres of the jnner touch-sevse are ipterspersed with the
maochinery of the automatic nerves (the Prdnavahd Nddis),
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(Bankara Misra's Upaskdra, on Sitras 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.
Bleep (®M) again is of two kinds (1) dreaming sleep (swapna, supti) when the
external senges are withdrawn into the heart, but the representative-presentative
faculty (%%, ¥) walkes, and (2) dreamless sleep (sugupti) when this last facuity is like-
wise merged in the mere automatic activity of life.
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SROTION #®,
NERVE CORDS AND FIBRES (SYMPATHETIC-SPINAL SYSTEM),

Nerve-cords and Fibres— Cranial and spinal nerves, and the conuected sympathetic
nerves : —With the writers on the Yoga, all the b"irus, and such of the Dhamanis as are
not vehicles of vital enrrent, metaholic fluid, lymph, chyle or blood, are cranial nerves,
and proceed from the heart through the spinal eord to the eraninm. These cranial nerves
include pairs for the larynx snd the tongue, for the understanding and use of spech, for
the raising and lowering of the eyclids, for weeping, for the sensations of the special
genses, ete.—a vonfused and unintelligent reproduction of Gusruta's classification, But
the enumecration ol the spinal nerves with the connected sympathetic chain and ganglia,
is a distinct improvement on the ol anatomists. The following plan attempts to give
a rough idea of the relative position of tho principal nerves of the sympathetie-spinal

system,
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The Sugumnd is the central cord in the vertebral column (mermy, %), The two chains
uf sympathetic-ganglia on the left and tho right are named Idd and Pingald respectively.
The sympathetic nerves have their main connection with Sugumnd ai the solar plexus
(v, wrfires in the mwy, wiwsy or memfew). Of the seven hundred nerve-cords of the
sympathetic-spinal system (aftmq : tangita-ratnékara), the fourtesn most important are :-—

{1) Bugumni, in the central channel of the spinal cord.

(2) Ida, the left sympathetic chain stretching from nnder the left nostril to below
the left kidney,—in the form of a bent how,

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

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

(B) @andhdri, to the back of the left sympathetic ehain,—supposed to streteh from
below the corner of tho 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
greut sciatic nerve of Lhe sacral plexus.

(6) Hastijihvii, to the front of Lhoe left sympathetic chain stretehing from below the
corner of the left eye to the great toc of the left foot, on the same supposition as before,
Pathological facty were believed to point to a special nerve connection between the eyes
and tho toes,

(7) Sarasvatli, to the right of Sugumné, stretching up to the tongue (the hypo-glossal
nerves of the eervical plexus).

(8) Puyi, to the baek of the right sympathetic chain, stretching from bhelow -
the corner of the right eye to the abdomen (a eonnected chain of cervical and lumbar
nerves).

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

(10) Sankhini, between Gandhéri and Sarasvati, auricular branch of the cervical
plexus on the left.

(11) Yadasvini, to, the (ront of the righi sympathetic chain, stretehing from the
right thumb to the right leg (the radial nerve of the brachial plexus continued on to
eertain branches of the great seiatio).

(12) Fdrand, the nerves of the sacral plexus, between Kuhu and Jasasvini, ramify-
ing over the lower trunk and limbs.

(18) Visvodara, the nerves of the lumbar plexus, hetween Kuhu and Hastijibva,
ramifying over the lower trunk and limbs.

(14) Alambuge, the coecygeal nerves, proceeding from the sacral vertebrm to the
urino-genitary organs.

(Vide Sangita-ratnékara, ercar, Feovdwfermeey slokas 144-168. Also, the Yogirnava,)

BeCTION 7.

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

Oharaka describes Viyu as that which keeps the machine of the body at work, the
prime-mover, the impelling force which sets in motion the organs (Including the senwsés
and the mind), which arranges the oells and tissues, and which unfolds or develops the
{ootal structure out of the fertilised ovam, Charaks and Busrutas notice the five chief
Vdyus with their fanctions in the maintenance of the animal life, Susruta ,mé‘l‘b!,qu'
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Préivu sg having ite oourse In the mouth,-and concerned in deglutition, hiccough, res-
piration, ete., U/ddna as concerned in articulation and singing, Samdina as digesting the
food in the stomach in conjunction 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 nuro-genital secretions. (Susruta—
Niddnasthina, Chapter 1.)

In the mediseval physiology the number of Vdyus is given as 49, As in Charaka
and Budruta, the Vdiyus are regarded as tho moving or impelling forces that work the
organism and all its antomatic and reflex machinery. The Ajnd-vahi Nadis (efforent
nerves) are only channels for the rondnetion of commands of the sell or the will
(m) ; the Vdyus, on the other hand, are forces (or currents) that maintain the automatie,

reflex or instinctive activities of the organism. The ten chiel Viyus with their
funections are enumerated thus :—

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

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

(B) Vyini, whoee work is valension, contraction and flexion of the muscles, tendons
and ligaments ; the stored-up cnergy of the museles.

(4) Samdna, the force, which, in conjunction with animal heat, works the maehincry
of metabolism, in the maintenance of the organie life. It drives or propels the chyle,
blood, and every other current (Srota) or eirculating fluid in the body.

{6) Uddna, concerned in maintaining the erect posture of the body.

(8) Ndga, which is eoncerned in involuntary retching, vomiting.

(7) EKurma, which works the automatic movement of the eyelids, winking, ete,

(8) Krikara, concerned with the appelites of hungoer and thirst,

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

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

ay: TR SAE: S, ST dE, SEkEan SO, gaedeag-
e

R, KAWEG O, Ta9 31 aT9:, gutwaiaiie:, Sor afgdarat, Fai g |
AEAEEEREsEE (9% gRAW Chapter X11 ) Asf g Sr: wamar-
P RTgETEERERY, W, s iR s aRd ) e
AT RATEEUS &3 9 | gasly afed = iR s e | ot

» -
qeE g m§mmmmm&mnm= Fwiter SerETAr
ey RN E | EmRaTEiE R sl il gafeeis

.

wR | @RI Ay av w9 wEifr e | (e )

Of, the Bummary in Raja Sourindra Mohsn Tagore's edition of tho Sangita Darpana.
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the extract in Bankara.
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my: SRy v sargReiRee s w: ged
T aﬂanw&iglm:m& Sy R | A W ®WY WFY @ W-
L1 g aqf (ﬁ | (Bdriraka Bhdsya, Chap. 11, Pada 4, Butea 2.)
BECTION 8.
METAL DEVELOPMENT (AFTER BUSRUTA).

The ovum fertilised hy the sperm-cell and developing under the influence of animal-
heat forms successive layers and tissnes, even as layers of vells and fibves are formed
in wood, First are formed seven layers, epithelial and derma! (Suptatiwacha), then follow
the several tissues (Kaldh), the flesh, the vascnlar tissne, the fat and marrow, the lym-
phatic and (glandular) tissue, the intestinal tissucs, the biliary and the seminal vessels.
These tissues are regarded by some as modificalions of the original dermal layers of the
ovam (cf. the layers of the hlasto-derm and their relation to the tissnes in Embryology).
The tissues are snpposed to be developed snecessively, one oul of another, by chomieal
action or metaliolism (pike), r.., chyle is transformed into blood, blood into flesh, flesh
into fat, fat into boue, bone (in reality. fat in the l'ones) into marrow, marrow into sperm-
cell. The organs aro next formed ont of the tissues. The liver, gall-bladder (klomad,
spleen and lungs are referred to the blood ; the infestines to the blood, Iyniph and bile ;
the kidneys to the Dlood and fat; the testicles to the blood, lymph and fat ; the heart to
the blood and lymph ; and the tongue to the Iymph, blood and flesh, Vdyw, with the accom-
paniment of animal heat, impels the ‘ currents’ (srotAmsi) in the system ; Vdyu acting on
the flesh gives rise to the museles ; and it is Vdyu, again, which, with the essence of fat (or
marrow), produces the nerves, arteries and tendons (Susruta, Sarfrasthina, Chaptor 1V,
and Sutrasthina, Chapter XIV),

The following parts (tissnes and organs) in the fietus are in a speelal sense modi-
fications of the four organic substances (comnpounds) contributed by the sperm-cell of the
male-parent, hair, nails, tecth, bones, nerves, veins, and arteries, tendons and ligameats, and
the sperm-cell ; the following of the four organiec substances are derived from the mother :
skin, blood, flesh, fat, the heart, liver and spleen, kidneys, stowmach, intestines, &e. (Charaka,
Sarirasthina, Chapter I11T),

The rudiments of the head and the limbg begin to appear in the third month, and are
developed in the fourth ; the bones, ligaments, nails, hair, &e. become distinet in the sixth,
In the second month the sexual character is indicated hy the shape of the feetus, the shape
of a vound joint {?) indicating the male sex, and an eclongated shape as of a muscle (?) the
temale sex [of. Charaka, Sarirasthdna, Chapter 1V,—FAmE . wvomit Rvg: Jggar ) m
fiee: gew: @t 3D 'y 7GR Chakrapani notes W 3% 1 fvdr wearwc: + W HimeReer
w3’z avwma loc cit.

8geTion .
HEREDITY.

Transmission of specific characters—what parental characters are transmitted
to offspring. The question is raised in Charaka (and earlier still, in the Brdihmanas)
how specific characters are transmitted,—why the offspring is of the same species as the
parental organism, say, the human or hovine species, the equine species (Charaka), or the
Asvattha species, Ficus religiosa, (S8ankara Brihadaranyaka-bhégya). Bpecies (¥:) may be
compared to s0 many moulds as it were, into which the ovum is cast, even ss molten™
metals are cast in mouolds, This is of course ouly an illustralive analogy; the eause
has to be Investigated.

* Reprodaced from my monograph ia De. Ray's Hindu Chemistry, Vol, 11,
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Now Oharaka and Susruta, following Dhanvantari, hold that the feetus, 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 nnfold in & certain order, As
the sprouting bamboo-seed contains in miniature the eatire structure of the hamboo, as the
mango blogsom containa the stone, the pulp, the Abres, which appear separated and distinot
in the ripe fruit, though from their excessive minutencss they are undistinguishable in the
blossom, even such is the case with the fertilised ovam.

nﬂw&m:...uwfﬁmﬁwmaﬁ T SeeaR: | e que-
T, M- ST, (ARAIE A0 JITR qfigs %umm&umm'mm&
m«nmwmaw‘a«m@mm — @

Ry sareTa: | gF W aeed ey AENOR g &g QneaEgeEte:  aeia
waelY NoReER WAl | (Susrata, Sdrirastivina, Chap. '17).

The inheritance of specific characters is explained in acceordance with Lhis view,
Ghara.kﬁ assames that the sperm-cell of the male parent ¢ontains minute elements derived
from each of its orzans and tisgnos. (Cf. Darwin's gemmule and Spencer's *ids '). Sankara
gimilarly states that the sporm-cell (or the sced in tho ecaso of a plant) represents in
miniature every organ of the parent organism, and coulains in pofeniic the whole
organism that i doveloped out of 1t. (U&cwedr phm: wEwg™ wwafd 1 Charaka Savira-
sthina, Chapter IV, cf. Sankara on Brihadiranyaka,)

Bat if this is 8o, why are not congeuital deformities of the parent, or constitutional
diseases contracted in lator Nfe, invariably inherited? Congenital blindness, deafness,
dumbness, stammering, lameness, or deformity of the spinal enlumn or of the bony frame-~
work, or dwarfish stature, or constitutional diseases like madness, leprosy, or skin disenses
in the parent, do not necessarily prodaes corresponding deformities or infirmities in the
offspring. Tt canuot thercfore ho that the fertilised ovum represents in miniature every
organ and tissuo of the parental organisms. The solution of this difficalty Charaka
ascribes to Atreya, The feetilised ovum, it is true, is composed of olements which arise

from the whole pareutal organism { T, GETHHA), hut it is not the developed organs
of the paronts, with their idiosyneracies or acquired eharacters, that determine or contri-
buse the elements of the sperm-cell (or seod).  The parental Vija (seed, germ-plasm)
contains the whole parental organism in miniature (or iu poleutia), bat il is independent of
the parents’ developed organs, amd is not nccessarily affectod by their idiosyneracies or
deformities. In fact, the parental Vija (seed, germ-plasm) is an organic whole indepen-
dent of the developed parental hody and its organs. Iu the parental Vija, an element repre-
senting a particalar organ or tissue may happen (for this is accidental, Qq) to be defective
or undeveloped, or otherwise abnormally characterised, and in this case the correspond-
ing organ or tissuc of the offspring will be similarly characterised. When constitutional
disoases, acquired in later life, are found to be inherited, fat-reya would suppose that the
Vija of the paront has heen affected, and this woald explain the fact of the inheritance.
In the oase of leprosy, for ocxample, it is teansmitted to the offspring, only when the
germ-plasm {the Vija or the fertilised ovum) is infected with the virus of the diseaso by
reason of the leprosy of the parent (vide Charaka's roport of Atreya's theory, Nariras-
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4 N. B.—The seventh tissue (the Sukradhard kald, sperm-bearing or roproductive) con-
tains the parental Vija, which is a minute organisw ( wgmrem ) deriving ils elemouts
trom the parental organs, but distinct from the latter, and independent of their peculiari-
ties, and if is the combination and eharaeters of these conslitnent elements of the parental
Vija in the reproductive tissue, that determino the pliysiological characters and predis-
positions of tho offspring. We may call this .-'\t.reyﬂ‘s germ=plasin theory, for it is an advance
on the coneeption of gemmules and of ids, bul in Alreya's version, the germ-plasm is not
only representative of the somatic tissues, hut also generates aund is generated by the
latter. This mutnal interaction of the ‘ germ-plasin’ and *sowatic tissues ' is a distinetive
featurs of Atreya's hypothesis, the value of which will be differently estimated by different
schools of biologists,

I may also add that ihe continuecd identity of the goerm-plasm (o) from genoera-
tion to generation, though it follows as a corollary from this doetrine of a distinet
reproductive tissue, even when conceived to be affceted by somatic processos, as
Atreya and Charaka conceive it to be, is nowhere cxpressly deduced. On tho other
hand, Atreya and Charaka emphasise the influence of abundant or defective nutrition, and
of the (chewmical) constitution of the food, ete., on the characters of the Vija in the re-
productive tissue, especially as regards the seaunal chavacter, the stature, and the colour
pigment (w) of the offspring. But though the influence of nutrition on the Vija is thus
frooly admitted in & general way, ik is exprossly stated that the peeuliar characters or
idiosyncrasios of the elements that combive to form the Vija must he regarded as a
matter of chance (), in other words, the truly congenital variations are accidental.

Beorion 10.
TIE SEX QUESTION.

lofluence of nutrition on the ovum especially as regards the sex, stature and colour-
pigment of the resulting ofispring;--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 lifo-history
of the ovum in the female pareut is conceived to be subject—a law of alternate
rhythmic change (not unlike what wo now kuow to regulate the development of several
orders of bacteria or unicellular organisms), a law, under which tho fortilisation of the
ovam on the fourth day after the menstrual discharge,or onthe alternave days succeed-
ing, is favourable to the fmtus developing the male sexnal character, and on the fifth,
seventh, and alternate following days, to the fetus assuming the female sex. The Prayoga
chintdmani states that the latter occurs oneven days, and the former on odd days, Another
factor Is the relative predominance of the aperm and the germ eolls in the fertilised ovam,
Bxcess of the eperm-cell produces the male, that of the germ-cell the female, For male
offspring of tall stature, fair complexion and energetic temperament, wheat pulp with

44
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honey, ghee (olarified 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 snpposed to be favonrable to the production of their characteristic stature and
complexion, As to sex, the fetus for a time remains indeterminate, and then takea on a
definite male or female eharacter, hut before this stage is reached, the development of
the sex can be modifled to some extent by food and drugs (3 gaa#rd).  As for t.he colour-
pigment, it is the animal heat (ﬂﬁ:\'rg) which is its source ;-but where the Akrim and
Ap-particles predominate (in the food), the animal heat (of the metabolie processes) produces
a fair complexion ; where earth and Viyu particles predominate in the food, blackness is the
result, and where the different bhutas are combined in nearly eqgual proportion in the
food, the metabolic heat produces a dark pigment. In the later literature, ghee (clarifled
butter) habitually taken by the female during gestation is supposed to produce a fgir
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 cha-
racters of the offspring.
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SECTION 11.
LIKFE.

The question of the vital foree or vital principle :—
These activities maintain the life of the organism, but what is this life itself ?

The Chéiruvikus (materlalists and scnsationalists) answer that life (as well as conscions-
nese) is a result of peculiar chewical combinations of dead matter (or the four elements)
in organic forms, even as the intoxicating property of spirituous ligquors resnlts
from the fermentation of unintoxicating rice and molasses. Similarly, the instinctive
movements and expressions of rew-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
{ron under the influence of the loadstone. 1In the same way, the spontaneous generation
of living organisms is frequently observed, e.g., the case of animaleules which develop in
moisture or infusions, especially under the influence of gentle warmth (ﬂql, e,
gwwena:), or of the maggots or other worms which, in the rainy season, by resson of
the atmogpheric moisture, are developed in the constituent particles of curds and the liks.
which begio to live and move in so short & time.
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(Gotams, in his Swutrus, reports the Chérvika explanation of instinetive emotional
expressions in babes :—-m&! sihegwitoorr  afgerc Sutra 20, Ahnika 1, Chapter 111, of. the
explanation of the movement preparatory to sucking ;- wiw@t T agvage’ Sutra
28, ibid, Jayanta, in the Nydya-manjari, reports the Chirvika explanation of oonsoious-
ness (and life).

Ayuteag Rt | wRearhf qarfr sanlt T | &% 07 REERIRGIA
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For spontaneous generation, vide Jayanta's report.
avige @nfim wafizdiada s@iT goammTEr o3 Se: qEATfisRreaT IqaarR
(Nydya=-munjari, Ahnika 7, WE%EIW:)

The Sdnkhya view of conscionsncss—Roply to the materinlists —

The intoxicating power in liquor is a force, i, a tendeney to motion, and this is the
resultant of the tendencies {or subtile inotions) preseni in the parlirles of the fermented
rice, molasses, etc. A motion, ur a tendency fo motion, ¢an in this way be the resultant of
several other motions or tendencivs. But eonscionness (Qﬂ) is not a motion, and ecannot
be the resultant of (unconscious) natural forees or motions. Neither can the conscious=
ness of the Self, or of the arganism as a whole, bo supposed to be the resaltant of innumer-
able consciousnesses vested in the innumerable constituent particles of the body. One
central abiding intelligenee is a simpler and thercfore wore legitimate hypothesis than '
an assemblage of consciousnesscs latent ju different Bhutas or particles, ef, Vijngnabhik-

su's comment on the Sutra, qqmﬁsa&el TaFgRee Hf@a dgg¥a: (Sutra 22, Chapter I11.)
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(Vijudnabhiksu— Prevachanabhashyu, Sutra, 23 Chapter 1),

Cf. also Gaugidhara's Julpukalpatare, (1807, Caleutta)—oxplaining the distinetion
between property {!w) and power (gyra), o technieal term in medicine, which is a form of
motion (ilﬂ) Sutrasthdna, Jalpakalpatarn.

The Sinkhya view of Prina (life) i(—

Life, acecording to the Sinkhya, i3 not a Viuu (biomechanical foree) nor any mere
mechanical motion resulting from the iupulsion of Viyu. The five vital operations,
Prina, Apfina, ete., are called vdyus, hul this is only a metaphor. Life is in reality a
reflex 'a.ut.ivit.y, a resultant of the various concurrent activities of the Antahkaravas, i.e.,
of the sensori-motor (‘ﬁﬁ;q wereza), the emotional (¥m:) and the apperceptive reactions
of the organism (for some add q‘n)

Vijndnabhiksu notes that this explains the disturbing (elevating or depressing) effect,
an the vitality, of pleasurable or painful emotions like love (%™ ), which are activities
of Manas, one of the Antakkurazas concerned in the reactions of the living organism.
On the Sinkhya view, then, Prdna or life is not a Véyo, nor is it evolved from the Bhutas,
inorganic matter. Prina is only s complex reflex activity ( it vt ) reanlting trom the
operations of the_ psycho-physical principles or forces in the organism, (cf. Sankars
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Bdriraka-bhasya, Chapter II, Pada 4, SQtra 9) FIRTAHIWEN : NTQQr WAA: T% |
(Isvarakrisna, Edrika).

Als=o Ritra 81, Chapter 11, where :\"ijnﬁ.na.hhikgu notes :—
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SrATS: TR ATRERTETREAs shfeEm | ibid,

The Veddntic view of Prina.

The Vediintists are believers in an independent vital principle, They agree with
the Sankhyas in holding that Priva is neither a Vdyu, nor the operation of a Viyn. 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
concnrrently and continuaally strike against tho bars of th: cage in the same direction,
the eage may move on undor this conjoint actinu, But the sensory and motor activities

eannot in this way originate the vital activity of the organism. For the deprivation of
anyone or more of the senses does not mean a deprivation of life, and above all there is
this radlcal distinetion : there is samencss of kind {nu?ﬁma) botween the motions of the
individual birds and the resultant motion of the cage, but the sensations do not explain
life, Life (Prina) must therefore he recognised as a separate prineciple, just as the
Manus and the Antahkaranas gencrally are in the Sinkhya Philosophy, Life is a sort of
subtle rarefied ‘other-principlo ' (sarerg) pervasive of the organism,—which is not
groas Viym, butl isall tho same subtilised matter, like the Manas itself, for, in the
Vedénta, overything other than the Belf (srem) is ¢ material "(wre)

This Life is prior Lo the senses, for it rogulates the development of the fertilised
ovum which would putrefy if it wore not living, and the senses with their apparatus
develop subsequently onl of the ovum (% araf#? qume3arm) Chapter IT, Pada 4, Sutra 9,
vide Sarirnka Bhisya Sankara,—also, Vichaspati Misra, Bhimati :—
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APPENDIX D.
HINDU IDEAS ON MECHANICS (KINETICS).

SECTION 1.
ANALYSIS OF MOTION,

In his Bhéisya on the Vaidegika Aphorisms written probably in the third or fourth
century of the Christian era, if not earlier, Prasastipida begins the Section on Motion
(W=t wwva) with the definition of karma (motion, lit, work) as the unconditional cause of
conjunction and disjunetion, i,c., of change of place in a particle (Rm fim finde ),
He regards Karma (motion) as instantaneous (wfws) in ils simplest form, distinguishing
it from Vega (impressed motion, momentum) which is a persistent tendency, Sanskira,
and implies a series of motions. Accordingly in one and the samo parbicle, there can be
only one motion (karma) at any given moment, since its change of place at that moment is
one and definite (TW TR 750 TH%a & 1A | AyEEENT, s W@rieTd).  The supposition
of two (instantancous) motions in the same particle s superfluous. They may be
80 opposed as to nentralise each other, in which ease the particle would be at rest.
If they are not so opposed, and motion (ir, an instantancous change of place)
follows, then, since this change of place is a deflnite change, one motion would
be snflicient to aeccount for it, and the hypothesis of two motions would be mean-
ingless (wq wieEwE-izgemAN: 731 THEWA IIIN: fFANM FFMAN - Prasastapida). One and the
same motion can affect only one particle, as the changes of place of different particles
must be different (“ el A mwm g — [hid.)

Now motion is always marked by a ecrlain dircction (Rfafupwraicrmras fin:):

(it The successive motions of a particle may be in the same dircetion (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 (ST85wd, W&wd), or (b) other
forms of rectilinear motion, contraction, dilation (WreEwH, mered) ;—

or (ii) the directions of tho succossive motions may be different as in carvilinear
motion (W Bewdn @AM AFTE),  eg., YW (rotatory wotion), WA (vibratory
motion), ete. All thesc are varieties of Gamana (™M, curvilinear motion) (eMSwiTTA:
WERET VREUAAEETET  Walrad WTEe #9%.—Ibid--cf. Sankara Misra, WY «
enfafaim: wTReTER Rl seEAm  AAMMMIEEAN), In another sense, all kinds of motion in
material (inanimate) objects, whether rectilinear or eurvilinear, are called Gamana (“'l)

(v wswfrewfy st qOERY W M gAY AR R W TR Y T S AW Ry ey
w & R Pradastapdda, ®HEeR)

Single particles, then, may have a serial motion when particles (W) combine
to form a body (W), they may move continuously in & straight line, in which cese
the body is said to move in that direction (wefifikarr urmymeafiwr fhmear the action
of a composite whole is detcrmined by the action of the constituent parts taken
together). Bat different particles may move in diflerent directions, or again, the par-
ticles may have a curvilinesr motion, and in such cases it appears as if different
motions are impressed on tho body, e.g., the falling leaf driven by the wind may have
a rotatory or vibratory motion (W, %v) and a vertical downward motion (W) at the same

time. Here each particle of the leaf taken separately has only une mwution or change of
‘place at the same moment, but from the point of view of the obgerver ¥W, the particles .
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have a rotatory or vibratory motion in one relation, snd the Ia;f asa whole has a downe
ward motion in another relation. The motion at any instant is really one, but for con-
venience of analysis we consider the rotatory change of place as separate from the change
of place in the downward direction, Twfim weify gwr] Fvaui uweTwnRym M o waf | wm
B wawwih RafipRm fot Sem—1vid,

SeoTION 2.

MOTION CONSIDERED IN RELATION TO ITS OAUSES,

Various kinds of motion are observed :—

I. Movements which are not caused by contact with matter :—

(1) Movements caused by volition (™) e.g., the movement of the hand.

(2) Movement, as of a falling body. This is cansed by gravity (&) which in the
astronomical treatises of :&r_v.nbhats. Brahmagupta and Bhiskara, is ascribed to the attrac-
tion [!Inil, pulling force) exercised by the Earth on a material body. The force of
gravity may be counteracted by volition (fares, 59e7) as in holding of the hand, or by con-
tact, as when a body rests on a support, or by vega (31), impressed motion, as in the flying
arrow which is kept from falling by the motion impressed on it.

(8) Motinn of fluids. as tha downwurd flow in a streamn (S%g7), This is due to fluidity
(m] which is a characteristic property of certain kinds of atoms, in some cases original,
in others produced by Lhe contact ol these atoms with the atomie particles of heit (eg,
in the fire), DBut Sankara Misra points out that this property, fluidity, is only a enoncomi-
tant condition (WEwaf@W), {he oficient cause (FFerTe) is even in this case gravity (Tea)
in the particles of the Nuid, TAFL HeCreept an FavaT gwaIy s Equed, Teran e
wEReY.  (3afikara Misra, Upaskira, on Sutra 4, Ahinka 2, Chap, V, of the Vaidesika
Sutras),

’ (4) Certain motions, not due to material contaect, of which the mechanical canses are
unknown and which may be aseribed to the universal final cause, Adrista (m!g,) r.g., the
first motion in atoms at the beginning of ereation, the npward motion of flery particles or
atoms, and the obligue motion of geseous particles, vdyu, (317), the movement of iron
towards the magnet, capillary motion (@98} as of liquid particles from the root to the
stemof a plant, The upward motions (IReWr) 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 (Rw: wCAry) and the contact with air particlos (Arpmitears sgmdrmy—
Vaisesika Sutra, Chap. V, Ahnika 2).

MEANING OF ADRISTA (%58)

Adrigta (lit, unseeu) stands for ‘unknown cause’ or ‘unexplained Nature ' in the
earlier Vaisesika writers, Beveral classes of cases falling under Adrigta are distin-
guished, e.g.

(1) the operation of merit and demerit (W) and (We=t), a transoendental cause,
which has tobe posited in explaining the conjunctions and disjunctions of souls with
their organic vehicles (bodies), which ocannot be ascribed to natural causes, but presup-
pose the law of karma, or the operation of moral causation, as super-imposed on the
natoral order,

{(2) various kinds of wotion, in the different classes of elemeats, e.g., their natural
modes of operation, such as the dispersion of Viyu (air, gas), the upward motion of
fire, the attraction of the needle by the magnet, eto, motjons which serve the ends
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of Creation and of created beings (WWwieh wowiwh). Such natural properties mtst be

aseribed to Adrista, final causality (SWeraTwcewd wagmid), provided the cause canmot be
ascertained by observation or inference,

1. geagingn wheAhan SRR —Ibid. ATECTEE IR, ofe.
2 QRN AERIRY TR TR AERY STRIIERER § wa
R seewilE —Ibid.

Jayanta in the Nydya-Manjari notes that Adrista is resorted to in explanation of
obeerved phenomena only when these cannot be derived in any way from the operation of
known causes— % wggante gef A Rl wrewges awanry wvaw wfig agueed @ myweeitn | eRgfe
w2 Wy q!!!eﬁwm 1 ~grgwse—Ahnika 1.

Similarly, Jayanta notes that, when anything is put down as natural (mﬁ!l), we may
mean either that it has no cause or no uniform eause, or no known canse, Of these, the
first two alternatives must slwaye be dismissed. And ‘natural * qgn only mean something of
which no cause has yet heeu ascertained (wrnfid ww Sgw? Fewk PRy sk o 8
gty wed geefa. . L, R wfaekes e AR - s —aratemtoee o
This sound intorpretation of Adrista was afterwards obscured. In modern writers of
the Nyiya-Vaiscsika School, physical and mechanical ideas have suffered a set-back,
and even the formation of the hailstone is aseribed to the operation of moral causes
(wentere). ‘

11. We come now to motions produced by contact (¥m). Such motions may bo classed
as fTollows, according to the natuve of the contact originating them :—

(1) Motion due to direet contact with a body exercising continued pressnre (h‘l)
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 howstring, the
motion of the bowstring due to the pressure of the elastic bow as il recovers its original
shape, the motion of clouds, of volumes of dust, of balloons, sailing vessels, and other
vehicles, under the impelling force (pressure, g% #W) of the wind, ete,” MYNAYACTTCARY
wwd: (Prasastapfida, TaFETe-SarSremqaw arrren s o edaris arg Rdwmram 1 Sridhara S
Wy dg@erm Aot (balloons in the sky) Rt v qrrmmigvEeri - ererreney
wftng: (Udayana, Kirapivalf, sgfreveq)

N.B. Udayana makes a similar reference to balloons filigd with gas or smoke (qorafen
1“"3!‘) in discussing the opinion that air has weight (Eirandvali, !‘f!ﬁm&} These passages
show that balloons were known in Udayana's time {874 A, D.—vide ¥§9", Laksanévali).

(2) Motion due to direet contact for an instant with a body that strikes and
produces an impact (lﬁ!m) e. ., in the cases of a stone falling against a hard object
(mmrfiy frgt: g WPy --Sridhara), the potter's rod striking the whecl, the mortar
struek against the pestle. Instantaneous disjunction is necessary to impact. If there
Is continued contact, the resull is pressure ﬁﬂi"',} In some cases there may be disjunc-
tion (i.e, a rebound) after continued pressure (W™ wfiaé F=' wwdd whmed RPegl
Wirew AR — ).

(3) Motion due to direct contact with an elastic body which exercises a moving force
by means of its elasticity (Fefdewew®) in the act of restitution of the original form,
(war et wreafR) e g, the motion of the bow-string due o the force exercised by the piece of
bamboo (the bent bow). This foree of restitution in an elastic body is & kind of sanskirs,
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{.e., persistent tendency (wyuneTFYRa wweniiy yrefity Rufieraed” dwed —mrewer

bows, twigs, tooth-bones, horn, thread, cloth, ete., are noted as elastic).

(4) Motion due to contact witli a body which is itself in contact with another which
possesses Vega (impressed motion or momentum). ( REEwgwEIm )} This is the fact
of the transmission of pressure or moving force, and the consequent prodaction or
communication 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, ete.

SreTION 3,
CAUSE OF MOTION, OR FORCE.

Force is of the following kinds :—

1. Continued pressure [Frgm)

2. Twpact (wfiema),

8. Persistent tendency (¥1C) of which there are two kinds— (¢) Vega (3 impressed
motion, momentum), the gersistent tendency to motion in a moving body, and (b) the
tendency to restitution of shapo in an elastic body (fefmmer).

N. B.—The metaphysical sunskdra (W) is hero omitted,

4. Transwitted force, as in pulling by a string, pushing by a rod, ete.
b. Gravity.
6. Fluidity.
7. Volition,
- 8

Adrigta, comprising varioas unknown agencies.

In every casce of wotion produced by contact, Vega is a contributary cause, as the

body originating the motion must posscss Vega (impressed motion, momentum).
The coneept of Vega (¥ T,

A motion (karma) being coneceived as a change of place in a particle is held t0 e
incapable of producing another motion ; but tho pressure, impaect or other foree which
produces the first motion produces through that motion a sanskdra or persistent tendeney
to motion (vega), which is the cause of continued motivn in a straight line, i.e., in the
direction of the first motion (fafds fm mewRy- o Rmfieds frndh a=Ran Emfmaads fer
wvnrrey QAR — T, wo-avgd SwrdeTeY )

The Vaiscsikas accept one sanskdra (impressed motion, momentum) lasting till the
cessation of the motion. Udyotakira and other writers of the Nyiya Bchool suppose a
series of sanskiras, each generating the one that succeeds it. (demly seierwsierar om?
EARCRTM Wi ™ FEY R, T v SR aeiERAeTOTE. g aeRemo
derrgenR  wyeergfai-  ugdm ). It will bo seon that the Nybya view is adeguate
to explain acoeleration which it logieally implics. The force of sanskira (U%) diminishes
by doing work [mq) against a counteracting force, and when the sanskira is in this
way entirely destroyed, the moving body comes to rest (4eRY ME-TmMyEed 1 aw Tw W
wrehereem Wit DR A WA — e Vega, it will be
sean, corresponds to inertia in some respects, and to mo tum (impr 1 motion) in
others. This is the nearest approach to Newton's First Law of Motion in the Vuidsesika
theory of motion.

Vega (impresscd motion), or this teudency to move on in & straight line, is counteract-
ol by contact with tangible objects (EATE™RIM), g, by impact or friction (including
friotion with the still atmosphere (ﬁﬂﬁm}), as in the case of the srrow),
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Vega (momentum) produces work in opposition to the resisting force, and thereby
becomes weaker and weaker (WRNT X®ER) until it comes to an end. (W8 A wittwey avey ™y
Fmfdndem weier  omd, Fon Ry GenomeaRs:  onfugrewm-AReiRR Pradastapids, éewe
T I wivpesrem Y et oo sfgore @ fefmerg-rimgee-ane, Sendere)

Cuuses of Pressure (R®A) and of Impact (Wiam).

Pressure is produced by eontact acting in conjunction avith Vega (impressed motion),
elasticity, #ravity, fluidity or volition ; e g., the Vega of the wind produces pressure (Jwm)
on the grass, that of a eurrent of wator on the rced, that of the bowstring on the arrow.
Gravity with contact produces pressure, as when tho earth sinks under a heavy load.

Impact is produced by contact with a hody possessing Vega (impressed wotion)
where the contact is instantly followed by disjunctfon (or rebounding). If the contact
continnes, the result is pressure (RIFAY (Am AEA Tora-Zoa-AN-TAEA  TAG-STET] WG Q
aAr-fale; W wRMRE: TR SWe; e wens. WAy W wendg el e I w:
R iy owe wv: ooy @ ghtan e T -TnEy we wih— S ),

It is expressly noted that the four eloments, earth, water, air and fire, are all
spubject to the forees of pressare and impact. Prossure and impaet may be of different
degrees (ﬁ!ﬂwﬁ%{) Bo also vega (impressed motion, momentnm.)

Hlustrations of Combinution of Forces.

(1) Pressure acting concurrently with impressed motion or vega, as when the moving
band possessing Vega throws the yuoit or a projectile, (mﬁw"g wofafa ;) wm; EewRrnr
areq wif wafe an AT o —nreaara,)

Similarly, in the case of the bowstring impelling the arrow, or the potter's wheel
impelled by the rod, the first motion is due to pressure (%n), and results in a
sanskdra ( persistent tendency to motion, impressed motion or momentum), but the subse-
quent mobions are produced by the pressure acting coneurrently with the sanskéra
(impressed motion) (WeTq WU AA-EeM wmn  wAim wafw amm vgefawm: —Ageed,
WOV — g WREAAM RS W IANnT  SPRImAIm &wWie oA WSt gen v et
TN 7 O agdy W SERCRE 3w @ MeT AN, w91 ae)

(2) lmpact (‘fﬁ“ﬂ) with irnpressed motion {49}, as when the mortar thrown by the
hand rebounds after striking the pestle (demratam ARTAT JEA ITAN-HH—NIFZ 4T,

(8) Pressure (3@%) acting concurrently with impact (BFm), as when the mud sinks
when we strike against the ground with tho feet. Hers, if the feot bo not in contact with
the mud, but only with the surrounding ground, there is transmitted force (¥3m @m),

(va1RRfog TP, a1 dwiemat gRreat T AN AR TR
TG T H GEGAN:  aWRRY gRreg wRE WA | Prasastapidu).

(4) Gravity concurrently with sansésra or persistent tendency, as in the case of a
falling body in the second and following instants. Also the case of a stono thrown against
the mud, where gravity (the weight of the stonc) combines'with the Vega of the stone
to produce uwotion in the mud (Prainstapida). (W &= yeram waia A weter dewc: SRR
T STl ToeETne WA ATy v erTaiauTeeR— Rive, vl W o
WA ), This oase will be further noticed below.

Udyotakdra, the commentator on the Nyfya-Bhésys, states that a heavier body falls
to the ground with greater Vega (and velocity) than one that is lighter. Udyotakdra also

holds, and Sridhara agrees with him, that the gravity Q‘H) of & body (W) as 5 whole
44
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ocomposed of particles (W) s not the sawe as the sum of the gravities of the particies,
There {s a diference inm amount which is, however, o semall as to be imperceptible. The
concept of mase in the New Mechanica of Lorenz may lend some countenance to this
curious metaphyslcal speculation. (Sridhara, J@@Y, WJ

(6 Volition acting cononrrently with gravity, as in lifting the hand, This is accom~
panied by transmission when an ohjeat (e.g., the quoit) is lifted by the hand,

Banskira (impressed motion, momentum) with or withont pressure (Wmw) or impact
(W) may be transmitted (FrEETwR TR TeRrOCRAIE SERCY Apry wodei  dewr g
¥ Sridhara).

Uomposition of Gravity with Vega (momentum),

When & body is let go and falls to the ground, the force acting on it is gravity (Tee)
which the astronomers ascribe to the attraction of the Earth. Motion is produced in the
first instance by gravity alone, and this leads to 8 sanskirs (impressed motion) in the same
direction. But the forece of gravity continues to oporate, so that, in the moments follow-
ing the first, the motion is due to gravity as well as sansldra, The resaltant motion is
one, but both the causes must be conceived as contributing to the resultant. The reason
for supposing this combined actinn ig that beth gravity and sanskdra (impressed motion
or momentum) are seen olsewhere to produce motion separately,

In the case of the falling body, thercfore, thereis the composition of the swo,
gravity and vega, acting in the same direction (=w@waran:) from the second instant on-
wards. It is as if two motions coalesced and resulted in one,

Here & good foundation is laid for the explanation of the accelerated motion of
falling bodies, but Galiloo's discovory was not anticipated, as Galileo's observations
and measurements of motion were wanting (W Wt wermm wafa v wwhm gewrc el
WPTTE PO TRPA-SERTCRATY WA AT Weih S grevataarcang — W, sty — e’ e
e 7 ey , W, W ()

" But in the case of the flying arrow or other projectile, the impulsive force which
produces vegn countoracts the force of gravily; in the end, this wvegu is lost through
friction with air, and then gravity (ﬂ?ﬁ} brings the arrow to the ground, The meaning
of this “ counteraction " is not clear. 1ls it intended that the action of gravily is suspended
ag long as the vege continues? We have socn thaf, in the oase of a body let fall,
Prasastapida expressly states that gravity (Te2) and sanskire (vege, momentum) both
act in the second and following instants. Prasastapida seems to have thought that
some sanskéras (c.9., the vega of an arrow or other projectile) suspend the action of
gravity (Terd Rm-mae seme®vfY, Proadastapida, Toavw 1 3 sfageam o afgfre wogemwd:
figf WA wenln eTRITO@  xgeURIMANEM Deasastapéda, Sridhara,  wwme) Other
sanskidras (¢.g. in the ease of a falling body) coalesee with gravity to produce a single
rogultant motion. Tho luler commentators (from Sridhara downwards) eertainly interpret
the Vaifesika Sutras in this sensge.

Motion of a 'partic.lc it the casc of a composition of forees.

Any number of motions or vegas may bo impressed on a particls, but so long as these
are in & uniform direction (fwaf@nfafig ) the resultant motion or vega is in a straight lins
and may be conceived as one. (FARWEM-SAA Pravastapada, WHPR), It is only when we
come to Gamana (enrvilinear motion) and its causes thut the question of composition
agsumes a real significancs, In all such cases, each separate parbicle has only one Vega
{impressed motlon) in & definite Girection (FmRwhg®) at “any given instant, but the
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composition of the successive motions and Vegas in the same particle produces the
curvilinear motion (M) ¢.g., the rotation of each constituent particle of the potter's wheel,
The motion of the body (% cg., the wheel) results from the combined motions of the
particles (W:), If pressure or impact produces motion in nu opposite direction to the
Vega already impressed on the body, the original direction would bo changed, as s seen
in the cage of rebounding (W) after impact (%Fwm). The wortar rebounding after striking
the pestle is a typical instance of such change of dircetion in Vega or motion. The
impressed force, e.g., impact (WHWA), produces a changed motion in a different direotion.
One view i3 that the original Vega (momenlum) is destroyed before a new motion and
anew Vegaare produced by the impact. Othors hold that the impact docs not destroy
the original Vega (momentum), but conjointly with it produces the changed motion and,
throngh such motion, a changed Vega in a new direction, { IFEeHERCRAAG: ST
TGAY: R et swat epl areerens g aoll grRmeedn:  Smopweioee: we
Seroc grivsEeR AR vt A @ v s s wEm wafEa o ol seq. Prasastapida,
wetnen).

Typical cases of curvilinear motion (Gamana).

Vortical Motion :—This is due to the contact of twu bodies moving in opposile direc-
tions with a like or equal Vega, e.9., two currenis of air or water meeting {rom opposite
directions, The chango of direction is scen inthe fact that water which flows down-
wards, or air which moves obliquely, may reccive an upward motion as the result of such
collision, {wa MR dereied a1 gwraedn: (gwamar:) anifa sg-Rnfed afiwm: Prasastapéds,
argF&wd). The Scholiast Udiyana adds ; Swatimmgaeam waiftf g faafery woi g gsrrceysinm
e T I9e: — SR efivarad, Sridhara notes ;— R EE-gegenfieE TRt

werrtred e e s A i @i weee fReam—Sridhara).
Vibratory motion (%0, &)

This will be analysed in the chapler on Acoustics.

Rotatory motion (W),

Each particle of the rotating body, e.g, the potter's whoel (=%}, 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 firgt instant produced by
impact (@Fw@,) ; while the other parts move through the transmission of force due to the
rigid oohesion of parts. The subsequent motions in the part struck are due to continned
pressure (M¥M) and the persistent tendency (¥¥TX) 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 eohesion. When the rod is disjoined from tho wheel, the
rotatory motion continues, being due merely to the persistent tcndencies inthe con-
stituent parts and the resultant persistent tendency in the whole.

Other varieties of curvilinear motion in bodies are to be similarly explained (i e,, by

the composition of Vegas) ( w0 WY wewamry anchw: sfafmiyRwedmfamdnet wywafim:
TR W AEWWETHIN | T TR —Prasastap Ada—aeien |« w0
W CERMOITR W qUTENT | WYY ¥ SIAAR] qUOIWE R evkrevenify
GewraT WU W1 WY e SR ¥ Ry WR ARy Y SEORN e vl
s —Bridhara).
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BECTION 4,
MOTION OF FLUIDS,

{urrent wotion (¥¥g, downward flow in astream), upward motion (‘Iﬂl!', e.g., eVapora~
tion, boiling, ete,), and capillary motion (WEY'®, as in plants and porous vessels) are three
varieties of fluid motion which require explanation. To this may be added vortical motion
(=), and (@™T) wave motion which will be noticed in the chapter on Acousties.

1. Caurrent Motion |*"

This is conditioned by fluidity in particles, but Sankara Misra notes that in the
downward flow of water, gravity in the fluid particles is the eMoient cause (e ffin-
WITY] WENA-ARY — Sankara Misra, ST9WT). When the water is enclosed on all sides, as

in a vessel, the downward flow (¥¥¥) is couunteracled, Here the fluidity does not produce
motion, because, in Lthe case of the particles in contact with the enclosing body, there

is the resistance plﬁivw) of the latter, which is transwilted to the other particles, and
this counteracts the fluidity (WAl awaT Wenfiemivedy I9 @ Fovata @vqd &4 gwaE  Ue:
W wigrEran Al SodvraTs-gaets SgwER; AffRgT—Drasastapida, W ov),

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

In ovaporation, the fluid particles are rarefied, and remain in a fine state of suspens

sion; the rarefaction is due to the impulse () or impact (Wﬁﬂm) of the heat particles in
the sun's rays, and the upward movement is dueto their contact with the air under this
impulse or impact. SBankara Misra notes thatin boiling there is a similar upward movement

of water particles under the impact of lical rays. (wrgJ argaamrg Wrired NATITEAT SIHGATMR 01
Butras & aud 6, Alnika 2, Chap 5, Vaisheshika Aphorism). (zar wriren amg: swamr; agwaiy-
R wpede i -Sankara Misra, sver),

N.B.—These two Sutras of Kanida have been interpreted by the late Ganghdhara
KEaviratne in his comwmeontary to refer to the upward conduction of water in pipes by the
pressure of air.

The wenjion of the transmitted pressure \&gwaam) of the air seems to lend some
countenance to Gavgadhara's view, and the word Nadi (smex) olers no diflicutly, being taken

in its usual sense pipe (MW, Nalika) while the curront interpretation does violence to the
pommon acceptation of the word.

8. Capillary Motion (wfkgty)

Two instances are given,—the ascent of the sap in plants from the root to the stem,
(wFm: @b 7 Mlewrrm 98 —Sankara Misra) and the ponelrative diffusion of liguids in
porous vessels, eg, of the oil or ghee in an carthen jar (A wwiA fear Reardmt @M’
m) Heat particles have a like peuetrative power (iaﬂlﬁiﬁf WSITRRATATST A TSR
TefRY: wed v Rfew Wi ST RR: —Jayanta, ¥RESA0, Ahnika 8, YRR ST )

This is ageribed to adrigla, as the cause caanot be ascertained by either perception or
inference |including hypothesis) twq‘l‘ﬂi NITHG AR —Srid.ham‘)

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

The ficst motions in primordial atoms at the begivning of Oreation are attributed to
Adripta. Awmong movements in masses ol matter so caused are noted the motion of the
globe of the carth and similar other bodies (wyraoti FiTewrfini swg wenp L rasastapids
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with Sridhara's commentary, ewiney). Most probably this means earthquakes, tides, eto,
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 Bhéskars refutes the Buddhist
hyphothesis 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 Misra notes) towards the
magnet is another example of unexplained motion in matter. Cleaning and right placing

of the magnet (€T ", WIWT) are necessary FErm Sgmemr, SRR, iy
e RN AT —Sankara Misra.

Similarly amber attracts grass (straw, ete.)

(gowrerAvggi #ur woW Bankara Misra, on Sutra 15, Ahnika 1, Chap v.)

Involuntary movements of the hand nnder the influcnece of the hypnotist's mantras
{incantations) are also attributed to adrijta.

SECTION 6.
MEASUREMENT OF MOTION. UNITS OF S8PACH AND TIME.

The solar day was taken as a natural measare or division of time. In the Nyiya-Vaide-
sika School, the day of 24 hours (solar) is stated to contain 80X 30 x50x18x2x2 units of
iime (ksanas). The Nyiya unit of time thercfore measures 2/i5ths of a second. The
smallest measure of time mentioned by the astronomers is the T'ruti which is =1/38750th
of a second.

The natural measure of length was the cubit (Hasta), of which there were two
fixed standards (the groator and the lesser cubit), The smallest measure of length
mentioned in the Silpa-sistra (Technology) is the Paraménu, which is about 1/348525th of
an inch. This is the same as the Trasarenu of the Nyfya-Vaisesika Sechool, which stands
for the thlckness of the minimum visible (the finest mote perceptible in the sunheam, as
it comes slanting into a dark room through a chink),

Average velocity (l{!‘!ﬁi —Bhiskara) was measured in accordance with the formula

L
t

=

but no unit of velocity appears to have been fixed upon. There was no idea of accelera~
tion, and of course no measurement of force. Where the velocity is uniform, the
interval of time may be of any nmount (¥g@wm™), but where the velocity is variable,
(witrergmfa: —Bhaskara), an indefinitely small quantity of time (gwwwt®) must ho taken;
in other words, the positions of the particle in two successive insiants must be con-
sidered, and the veloeity must he supposed to be uniform during this interval (conceived
as indefinitely small, g™) It was in this way that Bhiskara determined the instanta-
neous motion of a planet (ﬁ"ﬁi‘ wf)
Component of velocily.

The agtronomers measured the motion of a heavenly body in diffierent directions
(longitude, right ascension, etc.), and calenlated separately the components of motion

(af¥:) in these directions.
And they adopted the device of transterring such component velocities from one body
to another in the computation of relative motion (e.g., w& g wrd'y wremt’ Tpekmtarly

sRevw Wi’ wReRt: Bhiskara, Siddhanta-Siromopi, Gapitddhysys, Ghatisphatl-prakaraps).
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BBCTION 7, .
NOTION OF TEREE 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 red along th three
axes (vide my paper on The Mechanical, Physical and Chemical Theories of the Hindus, in
Dr, P. 0. Ray's Hindu Chemistry, Vol. 11, pp. 211-212), This remarkable analysis (circa B42
AD) w Véchaspati, Nydyasuchinibandha) anticipates in a radimentary manner the
foundations of solid (eco-ordinate) geometry, eight centuries before Descartes.

The principle of the differential calculua applied to the
computation of motion (pariable motion.)

Bhéskara (1150 AD.) in computing what he calls the “instantaneous' motion
(ol af) of & planet compares its successive positions in two successive instants,
and regards the motion as constant during the intcrval which he conceives to be indefi-
nitely small (gxw#r), This is equivalent to the determination of the differential of the
planet’s longitude, and the proceas bears “ a strong analogy " (to quote the words of Mr.
Spottiswoode, the Astronomer Royal) “ to the corresponding process in modern mathe-
matical astronomy.’ 1 have elsewhcre shown that Bhaskara's process was not merely
analogous to, but virtually identical with, that of the Differential Calculns, Mr. Spottis-
woode's cautious rcservation having been due to his want of acquaintance with the
original and the insufficiency of the materials placed before him. (Vide wy paper on
the Mechanical, Physical and Chemical Theorics of the Hindus in Dr, P, C. Ray's Hindun
Chemistry, Vol. I, pp. 158-165.)

SEOTION 8.

RELATIVE MOTION.

The phenomenon is noticed among the hallucinations of sense) wrpregroy e whei
Ferorrfén W weree @M —Kumébrila, Sloks Vartika, p. 520). Astronomers like Aryabhata 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 hy
the principle of relative motion.

SECTION B,
SERIAL MOTION,

Several Santdnas (series) of motions are incidentally noticed, e.g., vibration (“"“-
wgEm), wave-motion (iﬁm‘\, current motion {w}.

In an interesting passage, Charaka notes three instances of serial motion, viz., those
of water, sound and light (wrrgwars, T and @' :gwmm) to which he compares the course
(wverw) of chyle (or chyle blood) in the Dhamanis (veins) and other ducta of the body.

Dalvana thinks that dowaward, oblique and upward currents of chyle are reapectively
intended by the three illustrations ; but Chakrapfoi points out that the Santina (wave) of
gound travels in all directions (the same is of course true aiso of light); and that dif-
forences in speed (and not in direction) are herc meant. In other words, a Santdna
of gound travels more rapidly than that of water and lese rapidly than one of light
(ﬁm), and Charaka’s meaning is that the metabolic course may complete its circait

with greater or less speed. Whether, in this passage, the three Bantdnas are viewed as
waves or ourrents is not specified, But the difference between a wave (&if¥) and & current

{W} was well-known,
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A ourrent of water (ewp, downward flow) consists uf partloles moving in sn me
interrupted series under the action of gravity sand fuidity (7erx and yuen, Bankars Misra),
A wave (difvrcg), on the other hand, is constituted by the transmission of vibratory motion
( wwqn ) in the water particles (e.g., Jayanta, weTRTegEe g Nysya-Manjarl,
Ahnika 11).

A ray of light, on the other band, wak supposed to imply the rectilinear propsgation
of indefinitely minute corpuseles in all directions, with inconceivable velocity, and a sort
of conical dispersion (uferriity dmfame: ¥o: wadfa yemrm-Udyotakdra, Vichaspati),

_ APPENDIX E.
HINDU IDEAS ON ACOUSTICS.

BECTION 1.
ANALYSIS OF BOUND.

The Mimdmsoakas :—In their analysis of Sound, the Miméinsakas distinguish hetween
three elements : (1) Nida a quality of Viiyu (air), which is the physlcal basis of audible
sound, (2) Dhvani, sound as heard, audible sound, and (3)—in the case of significant
sound,—Sphota, ‘ transcendental ' or ‘intelligible ' sound, ropresenting the Platonic ideas
or logoi, which are eternal (), ubiguitouns (m), and noumenal (ﬁ(m\-, lit,, without
substrate or ground—EKuamirila). The Sphotss are manifested by the Dhvanis (andible
sounds), of course only in the case of words (g, swr), Upavarsa, the teachor of Panini,
rejects the sphotas in favour of the varnas, which are conceived to be # phonetic moulds "
with natural significance.

As regards sound in its physieal aspeet and the mode of its propagation, some of the
Miménsakas content themselves with raying that VAayu (air) has a special quality (Nada),
which causes audible sound, (w3r wrgrw: amat aff wwAn— Kuomirila, Sloka-Vértika), (vg&=
AT TRrTeRr R, qeenty ameed 3wy —Partha-Sarathi Misra, Nyfyaratnd-
kara). Others, including the teachers of the Biksha (Vedie chanting), hold that the physi-
cal basis of sound is a series of air movements (arguwm, of. Udyotakéra'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 (i.e., material bodies),
and the movement neaa&s;, as in the arrow, when the moving force is thus exhausted (e.g.,

- Y TRy o Il @ gt o, e TomeRe geweed, Jayants
Nykya-Manjari}. But t.hg orthodox Mim#nss view is that of the Mimansi Doctor, Bavara
8vAmi, who holds that Nida (the physical basis of sound) is a wave motion of air, belng the
transmission of conjunctions and disjunctions in the wminute particles of air, the wave
originating in the first impact, and being continued by the successive impacts of the
minute partioles (e.g. WmAwmmroiy e RehisseR wepgegrsn: (17-1-1) whierd fy 3ftm
we: Fafia aemo® afeeom: it Riger R s agh sfimfrered 8 @ wi-
Sy A AweR 1 WAVCHY T Ay gEy S9TA | Ay wer ¥ WA U7 SRR g —
Bavara Bhéshya, Butra 13, Pada 1, Adhyfya I), In this view, the particles of air (avewagsr:)
are sobjeet to & vibratory motion (a sort of parispanda) in the production of sound (wftewwy
fewqu—Jayanta, Nydya-Manjari). The Vikyapadiys describes artinnlate sounds (varnas)
and indeed all sounds (sabdas) as only forms of air set in motion, with rarefaction and
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condensation (xww), and eapable of variations of velocity and configuration (wwefw: iy

e R whigh ny geed shepd | A el dewreide SR R
ol ym'n: | Vikya-padiys, Kénda 1, Sloka 109).

Nydya-Vaisepikn :—The early Nyiya writers hold that the sound-wave (ml[} has its
substrate in Akfsa (ether) and not Vayu (air), Later writers (e.g., Vchaspati in the Tat-
tvavindn) add that sonnd itself as a phenomenon'is not to be conceived as a mode of motlon
(parispanda), for Akdsa, the substrate, is, in the Nyfya view, incapable of motion, (q L

witagvger W = Fqﬁ fnﬁa o R gripmra e — Tattvavindn), At the same time,
the propagation of sound must be conceived on the analogy of waves in water (ﬂﬁnﬂ-q)
Udyotakéra in the Vartika, Vachaspatiin the Tatparyyatiks, and Jayanta in the Nydya-
Manjari controvert the three views onrrent in the Mim#nsd school,—(1) that N4da, 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
("!!"“")» and (8) that itis not air currents but air waves, series of conjunctions and
disjunctions of the air particles or molecules (wasym:, argrewny: ), that constitute the Nada,
the sound physical, to which, in the case of signiflcant sounds, the Miménsakas assign
the function of manifesting the sphota, ‘transcendental’or ‘intelligibla’ sound (logos,
the word)—(Vide Udyotakfira Virtika, Adhyiya 2, Ahnika 2, Butra 14), Also Tatparyyatika,
YT AR W W PR R YR SR ARy Smbnmmrse wafe g ete., loc, cit
Against these views, the early Nydya Doctors maintain that sound is a specific quality of
Akdsa (ether) and not of Vayu (air). At the same time, they admit that the impact which
originates the sound phenomenon {geararft vamagrenf fAimma) in Akdsa docs so by setting
up a vibration in the molecules of the object struck (e.g., a bell), and thal these vibrating
molecules impinge against the air molecnles in contact (wrawcares:, smafer: ). In
other words, though Altfisa is the subsirate (wmmy), the efficient cause of sound (fifirevarcy)
“is to be found in the mechaniecal impact (wﬁm) of vibrating 1nolecules of sonorous bodies
against contiguous molecules of air. As to the propagation of sound, the early Nyiya-
Vaisesika writers content thewselves with stating that the first sonnd thus produced
in the substrate Akésa by the impact of the vibrating molecules (r.g., of a bell) against
the contiguous molecules ot air, produces a second sound in tho contiginous Akisa, and the
gecond 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 ear-drum (winegfi). Of course, thia
propagation of sound-wave in Akisa (ether) is efected by means of the air-wave as its
vehicle, This is the Nyiya-Vaiseshika hypothesis (m; of an independent sound-wave
(wep-gm). Akisa (ether) is motionless, but the air wave would not be transmitted, if
the air molecules were not inter-connected by Akfsa. P'rasastapida, the Vaiseshika
Doctor, for example, describes the first sound as giving off a second, the second
a third, and so on, expanding in Akdsa, in the same way as waves are supposed to
propagate themselves in the ocean uilawq;w: BAMEAMGREI: . e s S

1 wrmwrEaTm sutmfn 0 wwdeednR Sireweimitw o Ssfersimm
weE | Ayifermn  YemwwEemy Ty w=my  Weembeem e sgee
wRE TR RIWRCAMTR I Prasastapida, qu sredren !@lﬁ’l\ W drepcgromR | AR
AR w G waff aw W gRER A weRw weaw ga: Rgadieany etc., Sridhara,
ihid). On this hypothesis, the locus of the sound at any moment forms a circle in Akédsa, and
the propagation is carried on, in the air, by means of ever-expanding cireles, as in the case
of waves in water, But this analogy is rejected by some (e.g., Udyotkdra), who hold that
the first sound gives off, not one sonnd in § circle, but an indeflnite number of sounds in all
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directions, and each of these again gives off another, and so on, 8o that sound may be sald
to expand by sive trio spherical ‘layers, even as the Kadambakoraka (the
so-called bud of the nauclea kadamba) expands by sucoessive concentric spherical layers
of filaments which shoot forth from one another. On the first of these two hyputheses,
the ajr-wave implied in the transmission of sound is of the nature of what we call transe
verse waves ; - on the second, of the nature apparently of longitudinal waves. In any oase,
it Is clear that the orthodox Mimansa view of Savara Svimi that the air-wave constitut-
ing physical sound means u series of mere conjunctions and disjunctions of air particles
with rarefaction and condonsation s¥afgm—Rmfnmmiterdie, (Vavara, mww, Vékyapadiya)
implies longitudinal waves §ifegrnin aymfrrs s m sgeaR AR et Visvanfitha,
Bhésha Parichheda, Sloka 167. ofttem swmfsfg:) wm: w2 @mAvmRae wem gererafe
AT gm0 WY reRm: TN eEnRWRTRmaegmaa:  gee
ARt SeqrRraie-afsiadr 3 Safi sfweam st (Udyotakfra, 11,2, 14). As the
momentum of the impact series (which constitutes the cficient cause of the sound-wave)
grows feebler and feebler in tho course of fransmission 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 cireles as in water-waves, perhapa in
spherical layers by compression of masscs of air; and these air-waves, the vehicles of
sound, are exceedingly swift. This explains the velocily of sound. (mw w weafgagomg-

BTy W TN A emfimemi sl mivy e v @ fn emfea sdtmi-eerhgfd
A Am-Fiffewrern wromd 78 fraeey: oW oo seReRmT s gl o @ T
SfercgaguTER AT WA AT fEme SfmTETewn W whds g |
aARE ¥ AEETR AT am wrn e sgeoreeEy qUiRe qUES groue fy
g w=rn wfa (Gangeda, Tattva Chintimani),

But how does the first sound produco the second, the second the third, and so on? At
every step, the efficient cause, the impact of some vibrating moleenle against a contiguous
molecule of air, must he posited, and this i3 eqnally applicable to & sound produced hy a
sound, (weorrsy) as to one produced by conjunction and disconjunclion (wawm or fawmmr),
In other words, the sound-wave ( T ) in Akésa necessarily implies an air-wave
The Mimfinsaka 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 suceessive
impacts or pressures producing conjunction and disjunction of air molecules |awemr:
w:—h{uvambh fshya), or rarefaction and condensation (s —Vikyapadiya), is slso
implied in the Nyiya-Vaiseshika dootrine of the sound-wave (weggwm), the difforence being
that in the latter the air-wave, which is conceived as a mode of serial motion (wff-egwmmr) is
" only the vehicle or medium of propagation of a so~called sound-wave in Akisa which is not
itself a mode of motion. This is what we find expressly and elahorately formulated in
the later Nyiya-vaiseshika (vide Gangesa, Chintamani, supra).

BEoTION 2.
ANALYSIS OF VIBRATORY MOTION, EG., OF A BELL (IN AIR).

The molecules of & bell vibrate when the bell is struck. The question is—what

the nature of this vibratory movement? Vitsyiyana and Udyotakfra answer that

when the hand strikes the bell, some of the molecules are displaced (from their

atable position,—i.e,, there is karma in the molecules), and thus & Banskéra (here

a kinetic Banskdra, momentum) is generated (m WY PATTHENTL, meamq and Vi-

chaspati), and the molecules swing forward under the action of this Sanskfra, unti}
40 -
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they strike the rontignons molecules ﬁfuair. This now is a case of mutual impach
which divides the momentum between dhé colliding masses, and the bell-molecules
begin to swing backward, the motion continuing under the action of the diminished
Banskira, until they come in collision, again, with other air-molecules; and
then the process is repeated, and the bell-molecules begin to swing forward amd
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 kinetie disturbance (wed).
Bimilarly, the air-molecules thomselves are set vibrating by means of these impacta,
and the transmission of the motion would form the wave of air, which the later Nydya~
Vaigeshika eXpressly posit as the vehicle of the sound-wave, But Udyotakfra never
conceived vibration in wacun, nor does it appeir if he meant to include the second
species of Sanskfra (elasticity, sthitisthipaka sanskira) as converted from its potential
state (wﬁf‘-'gm} into kinetic encrgy, and thus contribating to the momentom (vega). He
uses the geuerie term Sanskira, which comprehends elasticity as well as momentum due
to impressed force. His co tator Vichaspati does not go into details, and does not
analyse the momentum. Later writers, however, expressly state that elasticity (sthitisthd-
paka sanskéra) is one of the causes of vibration, and that olasticity resides not only in
the element of earth, but also in air, water and te'as (ef, Visvanitha). |

SUEEANEAEEl AERA AR AW IR ® e

w3 qhqa Vitsyiyana, IT, 2, 3 6 QISR OAIQATURM SN TRT-S92T-

dyaara. qrRgrERmA, Sozrat &R R orvgRieE-adeang Aemraa-

e @R UM | @1 aFFaretag aggegR ar « agaliar ga: sa

FUR | qW SHQ AFC HEAY § A grAlgeRE  geaaAReET

EHR TWAR | X FAANAFTIIUAT ATLATACE (A qRU ALY

“37: a9-4ERI EA (1) Udyotakdra Virtika, Adhyiya 2, Ahuika 2, Sutra 36,
(wEryadg T WICTL v ity arg: Vachaspati Tabparyyatika, loc. cit. als, demt ¥med
wirfa) — But cf. Visvanitha gemrcidr 3 fafmmmrd | gfmm'g I aog et 3 el
faRmawieny AR ARyped® | wAFAEFET 218 TR woeq Bhisha-paricohoda, Slokas

167-158.
As the air-wave forms the vehicle of the sound-wave, if it does not constitute the

gound-wave itsolf, thn favourablo or retarding influence of currents of wind is easily
explained, The prosonce or absanece of waler (and other interveming objeots) 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.
BEOTION 8.
ECHO,

afires—Echo was supposed to be a roflection of sound. Some consider it to be
an after-sound, a sound generated by sound. Others suppose it to be dne to the reflec-
tion of sound in the same way as an image in water or in a mirror (nfifir) is due to
the reflection of light. There is an olement of hallucination in either case (yfvfaraidy: )—
‘the image in water is not » *aal image, neither is the echo the real sound it is -taken
tobs (®77W T 7 WArAT TAXAMANAE THER ATt v W
raw oFFama KRERRR o aediRaRdy snafetararar sfifea-

fyaraRragiR | sRN@e grdte RaraRad Rarey safRa g A
Vijusnabhikga, Pravachana-Bhagys, Chap, I, Sutra 87.)
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BECTION 4,
PITCH, INTENSITY AND TIMBRE.

8Bounds differ from one another by their pitch .[mmqrf&hq), by their intensity
(o), and by their quality or timbre(wemarey wet.) When a bell is struck, an indefinite
number of notes (Eﬁﬁq, tones and overtones) are emitted, of varying pitehes ; and the notes
die away, becoming less and less intense, Now we know that the moleenlos swing to
&n& fro, and that the Sanskira (momentum, vega) of the vibrations (m) grows
feebler and feebler. “The differences in piteh (tones and overtones) as well as in inlen-
sity must be due to variations in the Banskfiras of the vibrations. The dislinguishable
Pitches (called Srut.is,!ﬁaq) as well as the degreces of inlensity (Fmwegfz) must be as~
cribed to variations in the vega (momeutum), and, by implication, the frequency, ete,,
of the vibrationa.

Cf. Vatsyiyana, II, 2, 86— aeered svnonfrdvmoni agwvafifa oo mommerar waewmmgia:
vgRaTy drvem WRW Aagewy wfewg:  Vide also Udyotakira's analysis of vibration
baged on Vitsylyona— guemmbmemmmi  arcemadr wednvgat i Qfammemen fe
wfirsdin WA germfeeam wRaergriRbivenfafE | gegmmeit oy e dewe—
Wdyotakfra, Virtika, Adhyiya 2, Ahnika 2, Sutra 80 - gwmefam mﬂn‘ﬁm; Vichaspati,
Tatparyyatiks, loe. cit.) N

Sounds also differ from one anvther in volume or massiveness in tho ease of cosales-
cenco  (gwrmeTAIRTgwa), A sound both loud and massivo is called ey (large)—oq meegeam
T G W ISR A GAAAIT: Wi § e W w5 1 g i weiead
Véchaspati, 11, 2, 36,

b'avara. the Miménsi Doector, explaing massiveness (m} a8 due to wgfE the coales-
cence of different air-waves, which by their simullancons impact affect a comparatively
large tract of the esr-drom (afeq agfdmmamiy: syl U T  nadd o ) 9538
wgPigri Al gudi wTgEeveee gil AW wEaly amerdeR' simln mem e
@ vy sqenal | M faimied’e e aepmiEseedt oA 1w e i v
“u_.‘;a\'a.m on Jaimini, Sutra 17, Adhyaya 1, Péda 1). The Miméinsakas who vesolve
gounds into air waves attribute all differences, whether of piteh, inlensity, or massive-
ness, to differences in the series of conjunctions and disjunctions of air particles that
form the waves (Vide Vachaspati's report memm 3 simfumamtei fwemsian wivg;) Of. also
the later Nyfya-Vaiseshika which accepts air-waves as vehicles of sound-wavos :— aRiia
Wwﬁ@qwﬁq: (Gangesa, Tattva Chintdmapi). It may be noted that tho
terms &in and wvg are occasionally used in a general scnse, and applied to expross higher
and lower degrees of pitch as well as of intensity.

There are also differences of quality (mew wamareewi:) The sawe sound gu (), of
the same pitch and intensity, uttercd by men, and parrots, can bo distinguished —so also
the sounds, even the same notes vf the scale, given out Ly a wind instruwent like tho venu,
and & stringed ipstruwent like the ting., Similarly, there are sexual abd even individoal

differences of voice (wie fy yewREMITMRERY WOy IWEAC WRIEA: TE L @ @-
g ity sy eRgeviy v Vécbaspati, Titparyystiks, 11, 2, 14,—dw ot 3y: T drerirguegn-
weneroR weti—Udyotakérs, II, 1, 15—Sydrrmrgimay fgwa: e draiyrem: —

Gangesa and Mathurénitha). The sounds emitted by impdet of the diffuren{ Bhutass
{echo from Akdsa, hissing from the wind, puffing from fire, bubbling from water, and
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splitting or oracking from earth) are characteristic examples of such differences of timbre
(Vide Panchadasi, Bhutaviveka, Sloka 8).

The Vakya padiya (Kinda 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 one another by their configuration (ghgram fwerea sef:), and are capable
of variations of velocity ( tum, vega) ag well us of rarefaction and condensation
(wrwgrratn) =i

Thera are passing references to the obscuration (wfpwa) of sounds in VAtadyana,
Udyotakédra and Vichaspati, but the subject is treated more from a psychologieal than
from a physical point of view {W, Ay aeR-mEAbER 7 e w@! mﬁ! g7y
Mmsrareferan wt v dde aegm whon gm: (VatsGyana, 11, 2, 14, vide Udyotakéra and
Vichaspati, loe. cit. Here #m=Iloud, and wwg=Ilow.)

BECTION 5.
MUSICAL SOUNDS,

Srutis and Swaras :—We have already seen that the distinguishable pitches are
called Srutis, aud thoy are proportioned to the vega (momentum) of the kampa-
santana (vibration), Now the ratio of o note to its oetave (in respect of piteh)
is given as 1 : 2,—we may therofore conclude that the vega of the vibration in the latter
case was considered to bo twiee as great as in tho former, An indefinite number Of Srutis
could be interposed between a note and its oclave (mrawey i Ea'-‘mir v {“F'" frafoem: T s
FoRreTeaTe AR | STt | Cf. dAmaTiena | RmusmTarta a8t N g —ddraaiiam, Sloka 40),
Twenty-two such are named and recoguised for musical “purposm. But a sruti as such
cannot eonstibute a musical tone (svara). A srutiis a simple (unmixed) and fundament-
al tone of a certain piteh, whereas an ordinary musical tone (svara) is really composed of
a foudamental toue (srubi) and cectain partial tones, {harmonics, Anurananas, (swoen)

The wusical Luones (svaras), vocal or instrumental, are therefore of the nature of what
we call elangs, because, either accompanying or following thu Srutis or simple fundament-
al toues {Mﬁl‘!} are always found certain partial tones {(vrm) TR e A
R AR 1 wvgndl aferadr Fredede: ( Sitacrn ) gRArgmATar gfeare o mam o e
m_nﬁmodnra, Sangitadarpana, Chap. 1, Sloka 4. gm(qﬁ‘r q: Rqa[w; g
e swd—Sangita-ratnikara —g @ ARAAA @1 gracswm; (i ) g aRlERr wegealt:
wyorEd g 1 @ va A AQ svgsY AnAAY | § VA wER A e fremeE —Sangita Samays
S4ra, 1, Wy WA WATRYA, STARI. WA | HN RAWRAY: RIN gawwww: @A el v wwoww
wyE 1 EEEAARITNRTACTA fAar | RARegsd Dimodara, Saugitadarpana, Chap, I, Sloka 51
The relation between a Sruti and a Svara is variously conceived as (1) gftery model change ;
(2) swar manilestation ; (3) amgreegy mA=m fRa bhe relation of genus and species ; (4) faarm
ﬂ'mﬁ F«fph) reflection; (5) "niwqu' the relation of cause and eflect ; Cf. &im
wrftera by Ahobals, ausg @0 Fint wagde Y wfggress an Wfm: arween 1 Smiam
Sloka 88,
: SECTION 6,
THE NOTES OF THE DIATONIC SOALE : DETERMINATION
OF THEIR RELATIVE PITCH,

The pitch of a note is inversely propoctional to the length of the wire (upﬁ Wﬂﬁ

W\ widvisemow:) (edwred quoted by Mr. Devala in his ‘ Hinda Musical Scale ).
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The pitch of the fandamental note to that of its ootave Is as 1 : 3 ( weresres: wqw: fwe
¥ ;—xmiaarg quoted by Mr. Devala).

The pitch of the fourth note (F) to that of the fondamental (U) is as 4:8 (ewidn:
TR W emvt-iruier  quoted by Mr. Devala),

The virbrations of the fifth note (G) to those of the fundamental (C)areasB8:2
LFommredreri g e | (@i quoted by Mr. Devala)

Concord (wenfirs) is either perfect or imperfect. The ratio of perfect concord is 8: 32—
that of imperfect concord, 4 : 3—g-g-g-w F@n: ¥mfEn: TW; ORI T: (GeREdne quoted by Mr.
Devala) e.g., if D be the Vidi, A would be a Bamvédi, if E be the Vidi, B would be a
Samvidi, in each case a perfect concord. The piteh of D is determined from that of G,
and the pitch of A from that of 1), in each case by the rule of perfect concord.

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

(1) E may be determined from A, sud B from E by the rule of perfeet concord. This
would give 3033 as the value of the pitch of E, and 435§ as that of the pitchof B, it the
piteh of C he taken as 240; or

{2) E may be determined from C by redaction of the fifth harmonic by two octaves,
u gort of imperfect concord ; and then B may be determined from ¥ by the ruleof 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 *Sonochord" finds that Hindu musicians
(and Sanskrit writers on music) adopted the latter values for E and B, as they tested
their notes by Larmonics (RenaemgrEa femmvdr—amisare quoted by Mr. Devala), The
Hindus therefore followed just intonatiou.

SEOTION 7.
MUSICAL INTERVALS,

Musical tones are related to one another in four ways as Vidis, Bamvédis, Vividis
and Anuvadis. The 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 Vidi might in that case answer to the key-note (or lomic); and
the Samvadis 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 Védi, G and F are stated to be the Samvidis. The first would answer
to the dominant, and the second to the sub-dominant.

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

On the other hand, a two-Sruti interval (i,e., a difference of a semi~tone) gives a
Vivédi, which would thus answer to a disgonance. This is given as a general rale (ﬁ!!l-

wtrefifafd® mAtanga). Other cases are also noticed; eg, Eisa Vivadito D, and B to A,
and vice versd (ratio of 0 : 10).

The notes that do not come under these heads are AnuvAdis (e.g., the sixth), of,
Bharata, Nitya-Sastra, Chap. 28, Blokas 28-24.

Algo Sangita-ratnikara .—
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