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PREFACE

The present work entitled : “Some Mathematical Principles in Indian
Philosophy : A Philosophical Study” is the result of intensive study on
the mathematical principles and their application in the field of Indian
Logic. Though, the principles involved in Western Mathematical Logic
do not have any influence on the Indian Philosophical Systems, a
thorough research on this reveals that there are some striking
resemblances between two traditions inspite of having temporal and
cultural differences between them. Some of the mathematical
concepts like Reductio-ad-absurdum zero, set-sub-set relationship,
inferential deduction etc. will find their echo in Indian counterparts
like the concepts of Tarka, $inya, para and apara, samanya etc.,
though there was no ewdence of interaction of the Indian thmkers
with the western scholars. In fact, intuition or wisdom does not have
any spatial or racial or temporal differences: ‘
An effort has been made to undertake a comparative study on these
principles in a very Systematic manner so that a scholar belonging to
the discipline of Mathematics may gather an idea about the great
mathematical thinking available in the ancient India. A traditional
Sanskrit Scholar having no proper background of Western
Mathematics can have a ghmpse of it through this comparative study.
The study is not limited to the comparative estimate only, but it is an
attempt to make a critical evaluation of both the tradition. How far I
am successful in doing so will be judged by the scholars in the field.
‘Any comment, constructive or destructive,will enlighten me and
enable me to reconsider the conclusions I have arrived at this thesis,
which is also a mark of the phiilosophical thesis.

Sdeshaa Dok (Hidvo)

Dated : 10" Day of September, 2004 [Sudeshna Bhaumik (Mitra)]
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CHAPTER - 1

The Concepts of Logic and Mathematical Logic

At the outset a question may be raised : 'What is Logic ?' Charles Pierce thinks -

'Nearly a hundred definitions of it have be given'.' But Pierce goes on to write : It will,
however, 'gerierally be conceded that its central problem is the classification of
arguments, so that all those that are bad are thrown into one division, and those which
~are good into another...” Logic is the science of reasoning which is derived from

mathematics.'

The study of logic, involves the study of the methods and principles used in
. distinguishing correct (good)_ from incorrect (bad) arguments. This definition is not
intended to imply, of course, that one can make the distinction only if he has studied
logic. But the study of logic will associate one with the capacity to distinguish.between
correct and incorrect arguments, and it will do so in several ways. First of all, the proper
study of logic will approach it as an art as well as a science, and the student will do
exercises in all parts of the theory already known. Here, as anywhere else, practice will
help to make perfect. In the second place, the study of logic, especially mathematical
symbolic logic, like the study of any other exact science, will tend to increase one's
proficiency and perfection in reaéoning, And finally, the study of logic will give the
student certain techniques for testing the validity of all arguments, including his own.
This knowledge is of value because when mistakes are easily detected fhey are less

likely to be made.

Logic has also been defined as the science of reasoning. That definition, although it
gives a clue to the nature of logic, is not I think, quite accurate. Reasoning is a kind of .
inferring certain fact on the basis of some supporting evidence. Reasoning is that special

kind of thinking called inferring, in which conclusions are drawn from premises. As



s - thinking, however, it is not the spccihl\-,provilwc_ of logic, but part of the psyclml(}gisl's_
subject matter as well. Psifchologists who examine the reasoning process find it to be
extremely complex and highly emotional, consisting of awkward trial and error
procedures illuminated by sudden flashes of insight. These are all of importance to
psychology. But the logician is not intérested in the actual process of reasoning. He is
concerned with the correctness of the completed process. His question is always : is the
conclusion reached drawn from the premises used or assumed ? If the premises provide
adequate grounds or supporting eviderices for accepting the conclusion to be true also,

" then the reasoning is correct. Otherwise it is incorrect. The 1‘ogician’s methods and
techniqueé have been developed prirharily for the purpose of making the distinction
clear. The logicians in general and\'mathematicians in particular are interested in all

reasoning, regardless of its subject matter, but only from this special point of view.

X

Inferring which is a form of reasoning is an .activity in which one proposition is
affirmed on the basis of one or more other propositions' accepted as the starting point of
the process. The logician is not cbnc,_efned with the pfocess of inference, but with the
propositions that are the initial and‘ end points of that process, and the relationships

between them.
i

Propositions are either true or false, and they differ from questions, commands and
exclamations. Grammarians classify the linguistic formulations of propositions,
questions, commands and exclamations as declarative, interrogative, imperative and
exclamatory sentences, respectively. These are familiar notions. It is customary to
distinguish between declarative sentences and the propositions which are assertive in
nature. The distinction is brought and the propositions they may be uttered to assert, -
The distinction is brought out clearly indicating that a declarative sentence is always
part of a language, in which it is spoken or written, whereas propositions are not
peculiar to any of the languages in which they may be expressed. Another differencé
between them is that the same sentence may be uttered in different contexts to assert
different propositions. (For example, the sentence ' am happy' may be uttered by

different persons to make different assertions). The same sort of distinction can be



drawn between sentences and statements. The same statement can be made ﬁsing
different words, and the same sentence can be uttered in different contexfs to make
different statements. i

Corresponding to every possiBle inference is an argumént, and with these arguments
logic is chiefly concerned. An argument may be defined as any group of propositions or
statements of which one is claimed to follow logically from the others, which are .
regarded as grounds for the truth of that one. In ordinary usage the word 'argument' also
has other meanings, but in logic it has the technical sense, we use the word 'argument’
also in a derivative sense to refer to any sentence or collection of sentences in which an -
argument is formulated or expresséd. When undertaken we will be presupposing that
the context is sufficiently clear to ensure that unique statements are made or unique

propositions are asserted by the utterance of those sentences.

Every argument has a formal and matérial structure, in the analysis of which the terms R
'premiss’ and 'conclusion’ are ﬁsually employed. The conclusion of an afgurrient is that
proposition which is afﬁrmed.on the basis of the other pfopositions of the argument,
ahd thése other propositions which are affirmed as providing grounds or reasons fo,rv
accepting the conclusion are fhe premises of that argument or the grounds of inference

in the sense of deduction.

We note that 'premiss' and 'conclusion’ are relative terms, in the sense that the same
proposition can be a premise in one argument and conclusion in another. Thus the

proposition Al men are mortal is premises in the argument :

All men are mortal;
. .- Socrates is a man. .
Therefore, Socrates is mortal.

and conclusion in the argument



All animals are moﬁal.
All men are animals.

Therefore all men are mortal.

Any proposition can be either a premiss or a conclusion, dependiﬁg upon its context and
place occupied. It is a premiss when it occurs in an argument in which it is assumed for
the sake of proving some other proposition. And it is conclusion when it occurs in an
argument, which is claimed to prove it, or to the basis of other propositions, which are

assumed.

A distinction can be made between deductive and inductive arguments. All arguments
involve the claim that their premises provide some grounds for the truth of their
conclusions, but only a deductive argument invo}vcs the claim that its premises provide
absolutely conclusive grounds. The technical terms 'valid' and 'invalid' are used in place
of 'correct' and 'incorrect’ in characterizing deductive arguments. A deductive argument
is valid when its premises and conclusion are related in such a way that it is absolutely
impossible for the premises to be true unless the conclusion is true also. The task of
deductive logic is to clarify the exact feature of the relationship which holds between
premises and conclusion in a valid argument, and to provide techniques for

discriminating the valid from the invalid.

Inductive arguments involve the claim only that their premises provide some grounds
for their conclusions. Neither the term 'valid' nor its opposite 'invalid' is properly
applied to inductive arguments. Inductive arguménts differ among themselves in the
degree of probability, which their premises confer. upon their conclusions, and are
studied in inductive logic. But in this section i.e., mathematical logic we shallmvbe
concerned only with deductive arguments, and shall use the word ‘argument’ to refer to

deductive arguments exclusively.



Truth and Validity :

Truth and falsity characterize propositions or statements, and may derivatively be said
to characterize the declarative sentences in which they are formulated. But arguments
ére not properly characterized as being either true or false. On the other hand, validity
and invalidity characterize argurrients rather than propositions or statements.” There is a
connection between the validity or invalidity of an argument and the truth or falsehood

of its premises and conclusions, but the connection is by no means a simple one.
Some valid arguments contain true propositions only, as for example,

CAll bats are mammals.

All mammals have lungs.

But an argument may contain false propositions exclusively, and be valid nevertheless;

as, for example.

All trout are mammals.
All mammals have wings.

Therefore all trout have wings.

But an argument is valid because if its premises were true its conclusion would have to
be true also, even though in fact they are all false. These two examples cited above
show that although some valid arguments have true conclusions, not all of them do. The

validity of an argument does not guarantee the truth of its conclusion.
Let us consider the following statement :

If I am President tﬁen Iam famous.
I am not President.

Therefore I am not famous.



- In the above case we can see that although both premises and conclusions are true, it is
invalid. Its invalidity is made obvious by comparing it with another argument of the

same form :.

If Rockefeller is Presidenlt then he is famous.
Rockfeller is not President. '

Therefore, Rockfeller is not famous.

This argument is clearly invalid on a¢count of the fact that its premises are true but its
conclusion false. The two latter e>.(a'mples show that although some invalid arguments
have false conclusions, not all of them do. The falsehood of its conclusion does not
guarantee the invalidity of an argumenf. But tﬁe falsehood of its conclusion does

guarantee that either the argument is invalid or at least one of its premises is false.

There are two conditions that an argument must satisfy to establish the truth of its
conclusion. It must be Valid; and all of its premises must be true. The logician is
concerned with only one of those conditions. To determine the truth or falsehood of
premises is the task of scientific inquiry in general, since prémises may deal with any
subject matter at all..B_ut determining the lvalidity or invalidity of arguments is the
special province of deductive logic. The logician is interested in the question of validity

even for arguments whose premises might happen to be false.

It mighf be suggested that we should confine our attention to arguments having truei
premises only. But it is then necessary to depend 'upbn the validity of arguments whose
premises are not known to be true. Modern scientists investigate their theories by
deducing conclusions from them which predict ‘the behaviour of observable phenomena
in the laboratory or observatory. The conclusion is then tested directly by observation,
and if it is true, this tends to confirm the theory' from Which. it was deducéd, whereas if

is false, this" disconfirms or refutes the theory. In either case, the scientist is vitally



interested in the validity of the argumént by which the testable conclusion is deduced
from the theory being investigated, for if that argument is invalid his whole procedure is
without point. The foregoing is an oversfmpliﬁed account of scientific method, but it
serves to show that questions of validity are important even for arguments whose’

~ premises are not true.

So far we have seen that logic is concerned with arguments and that these contain
propositions or statements as their premises and conclusions. The conclﬁsions are not
linguistic entities, such as declarativ_e sentences, but rather what declarative séntences :
are typically uttered to assert. However, the communication of propositions énd
argumenfs requires the use of _langtiége, and this complicates our problem. Arguments
formulated in English or any other natural language are often difficult to appraise
because of the vague and equivocal nature of the words in which they are expressed, the
ambiguity of their construction, the misleading idioms they may contain, and their-
pleasing but déceptive metaphorical sfyle. The resolution of these difficulties is not the
central problem for the logician, however, for even when they are resolved, the problem

of deciding the validity or invalidity of the argument remains.

To avoid the peripheral difficulties connected with ordinary language, researchers in the
various sciences have developed specialized technical terminology. The scientistl
economizes the space and time required for writing his reports and theories by adopting
special symbols to express ideas which would otherwise require a long sequence of
familiar words to formulate. This has the further advantage of reducing the amount of
attention needed, for when a sentence or equation grows too long its meaning is more.
difficult to grasp. The introduction of the exponent symbol in mathematics permifs the

expression of the equation.

Logic, too, has had a special technical notation developed for it. Aristotle made use of
certain abbreviations to facilitate his own investigations, and modern symbolic logic has

grown by the introduction of many more speciél symb.ols. The difference between the



. old and the new logic is one of degree rather than of kind, but the difference in degree is
tremendous. Modern symbolic logic has become immeasurably powerful a tool through
which the analysis and deduction through the development of its own technical
language is done. The special symbols of modern logic permit us to exhibit with greater
clarity and precision thé logical structures of argﬁments, which may be obscured by
their formulation in ordinary language. It is an easier task to divide arguments into the
valid and the invalid when théy are expressed in a special symbolic language, for in the
peripheral problems of vagueness, ambiguity, idiom, metaphor etc. do not arise. The
introduction and use of special symbols serve not only to facilitate the appraisal of
. arguments, but also to clarify the. pature of deductive inference. All these tools are

employed to disintegrate language and come to a logical conclusion.

The logician’s speéial syrﬁbols are muéh better adapted than ordinary language to the
actual drawing of inferences. Their superiority in this respect is comparable to that
enjoyed by Arabic numerals over the older Roman kind for purposeslof computation, [t
is easy to multiply 148 by 47, but very difficult to compute the product of CXLVIII and
XLVII Similarly, the drawing of inferences and the evaluation of arguments is greatly
facilitated by the adoption of a special logical notation. To quote Alfred North

Whitehead, an important contributor to the advance of symbolic logic :
)

... by the aid of symbolism, we can make transitions in reasoning almost mechanically

by the eye, which otherwise would call into play the higher faculties of the brain.?

Like the Western Logicians the Indians also developed some tools of reasoning and

some technical terms for clarity and precision.

. The Indian Logicians also.believe that reasoning is the backbone of all theories and in
the principles called good reasoning (sutarkd) and bad reasoning (kutarka). The
Naiyayikas also feel that reasoning is a special kind of thinking called inferring. To
them in each and every piece of knowledge there is inference as it is substantiated

through reasoning.



Knowledge is a kind of lamp by which the nature of an object is revealed. According to
the Naiyayikas, cognition is of two types : presentative cognition (anubhava) and
recollection (smriti)* A presentative cognition may be valid (yathartha) and invalid
(ayathartha). A valid presentative cognition wlhich is called Prama is of fogr types :
Pratyaksa, Anumiti, Upamiti and Sabda. The uncommon causes (Karana) of these four
‘types of knowledge are called Perception (Pratyak,sa), Inference (Anumana) comparison
(Upamana) and verbal testimony (Sabda) and they ére special sources of attaining valia

knowledge (Pramanas).’

Percepfcion is the knowledge, which arises out of the contact (sannikarsa) of the sense-
organs (indriya) with objects (a'rtha). This knowledge willl be indescribable
(avyapadesya) i.e. indeterminate (nirvikalpaka) non-deviated (avyabhicdrli) definite
(vyavdsdydtmakam) i.e., determinate (Savikalpaka). This definition of perception given
by older logicians has been rejected by Gangesa, as it does not cover God’s perception. ,
According to Gangesa, perception is the knowledge of which the knowledge is not the
uncommon cause having operative process (Karana).6 The perceptual knowledge of an
object is independent in the sense that it does not depend on the knowledge of other

objects and hence it is immediate (but not mediate).

Generally, when a man apprehends with the help of his sense organs must be true if, of
course, there is no defect (in perception). No man questions about the truth of the
cognition which is attained through sense organs unless anythirig contradictory to it is

found.

Perception is the basis of all kinds of knowledge. Without taking recourse to perception
other sources of valid knowledge i.e., inference, corhp‘érisdn an'df.verbal testimony are

not possible.

Inference consists in making an assertion about an object on the strength of the
knowledge of the probans, which is invariably connected with it. The word ‘anumana’

literally means the cognition, which follows from other knowledge. Here the prefix



~ ‘anuw’ means ‘after’ and ‘mana’ means ‘knowledge’. From this literal meaning it follows-.

that the perceptual knowledge of the probans gives rise to the inferential knowledge.’

" One can infer the existence of fire, for example, after perceiving the smoke, which has -

got an uninterrupted connection with the surface of the mountain. The knowledge of -

invariable concomitance (vydpti) is the key for having inferential knowledge. This

: knowledge of vyapti is not possible without the help of perception. Vyapti is nothing but . |

an .invariable co_—exis_tence between probans and probandum.” The knowledge of the
probandum as related to the subject_of inference (paksa) depends on the previous
knewl_edge of the probans as re,l_ated' to the subject and at the same time as invariably
related to the prbbandum One can infer fire on the mountain by virtue of the fact that
one perceives smoke on it and has observed it as invariably ‘accompanied by ﬁre In

both the cases the necessity of perception cannot be denied.

Perception and inference are equally'i'mportant sources of Yalid knowledge. P_erception,’
is independent in respect of the knowledge.of ‘ether objects while inference is dependent -
on the previous knowledge. Perception can revedl thoee objects that are within the range
of our sense 'organs, i.e., it can give.us the knowledge of the present objecte that are
within the reach of our sense organs in a normal way. But inference can give the

knowledge of those objects that are not connected with the sense organs.

_ Though perception in the fundamental basis of all kinds of knowledge yet inference is

by far the important source of knowledge in our society. Hence inference as a special .

source of valid knowledge (pramana) is accepted by the iphilosophers of all schools of

Indian Philosophy with the single exception of the materialistic school (the Carvaka -
school). But it should be clearly borne in mind that the philosophers of the Cﬁrvc‘zka
school also do not deny the existen‘ce of inference as such. They only hold theti
inference cannot be accepted as a special source of valid knowledge or Pramana. There
can at most be the knowledge of probability through inference, but not definite va.]id
knowledge.” So the dispute with Carvakas in regard to inference is limited dmy to the -

question of its having the nature of the special source of valid knowledge or otherwise.

10



"The Carvakas hold that inference by virtue of having the capacity of producing“the‘
knowledge of probability cannot produce definite valid knowledge.

The philosophers of other schools, theist or atheist, strongly oppose the stand point of
Carvakas that inference has got no Cape.city to produce definite valid knowledge. The
idea behind the strong opposition is that inference has got trefnendous utility in our day
to day life, and unless it'cen produce definite valid knowledge, it cannot satis'facterily
be an instrpmeﬁt to serve us in meeting the diverse needs of our life. It is, of course, to
be coﬁcluded, they say that though the knowledge of probability also can serve us to a
certain extent to meet the requir'emer'l'ts'of our life, particularly in respect of guiding us
in the field of activity yet it can ﬁever serve our purpose in every respect and in all
cases. Definite valid knowledge of a particular object alone can gulde us mvarlably,:

towards action, and this definite valid knowledge can certamly be produced by o

mference in most of the cases.

. In a society the help of an inference is taken almost in e\;'ery step, but generally we are
unaware of the fact that we are inferring some objects. In most of the cases inference is
drawn spontaneously. Illiterate persons are found to be guided by inference, not to

- speak of the literate. Cultivators are seen to infer some object after seeing some sign or

mark (lz'ngd). The Naiyayikas are of the opinion that ev‘en a child also infers.'"® A child .-

attains inferenﬁal knowledge 'spontaneously v(/itho'ut-"'beihg aware of the inferential
procedure. The inherent process of inference of a child can be shown in the following
manner. ‘ | '

A child comes to know the prlmary relation (Samketa) of a term with its meaning at ﬁrst |

from the verbal usages of the old person (Vrddhasya sabdadhmavyavaharadeva) When . |

a man also is aware of the meaning of a term (vyutpanna) asks another man who also - -

knows the meaning of the same term to bring a cow, the person who has been asked to
bring a cow by the senior person (uttamavrddha) brings it after hearing the words of the
~ senior and realising the meaning of it. On observing the performance of the man who

has been asked to bring a cow, child draws the inference in the form : ‘This bringing of ‘

11



a cow is the result of the inclination, the object of which is the bringing of a cow as it -
-' has got effort ness in it, as in the case of my inclination so suck mother’s bre‘ast’. (idafn
gavanayanam svagocarapravrttijanyam, cestarvat madiyastanapandadivat)’.'!  Then he
comes to infer the state or condition of being produced by the knowledge of the
feasibility (by one’s effort) of which the bringing of a cow has qualificand
(gavc'znayanadharmikakﬁryatdjﬁdnajanyatvam)'2 in respect of the inclination with the
help of the syllogistic argument in the form : ‘That inclination to bring a cow is
produced by the knowledge of the feasibility (by one’s effort of which the inclination
the same has become: qualificand, as it has got the generic property existing in
inclination, as in the case of my own (inclination). Here inclination towards a particular
action has become qualificand to the knowledgg of the feasibility by one’s effort. Any
type of inclination presupposes this type of knowledge of feasibility. Then the child
again forwards the syllogistic argument in the form : “The knowledge of the feasibility
(by one’s effort) of which the bringing a cow has become qualificand, has an-
‘uncommon cause, as it is an effort having effortness in it as in the case of a jar.
(gavanayanagocaratajjiianam asadhdaranahetukam kc'_zryatvfzt, ghatavat). Any type of -
effect has not its special cause and hence, the effect in the form of bringing a cow needs
some special cause. After drawing such inference the child comes to know that the
knowledge of the verbal usages of the old persons (vrddhavyarahara) is the uncommon
cause (asadharanakarana) of the knowledge mentioned above."? A child attains this
type of inferential knowledge being completely unaware of the abovementioned

inferential procedure,

In a society no man believes in a statement which is baseless. In other words, a
statement, which is not properly grounded, carmbt impress other beings. If our
neighbours or relatives are advised to do something or not to do something, they should
be convinced with the help of arguments in favour of our statements. In every sphere of
our life, we are going on saying something depending on some arguments in as much as

the groundless speech will fall flat upon others,'* which is also a form of inference.

12



The valid inferential knowledge gui_des us in innumerable walks of our life beginning
with the dealings with our fellow people in our everyday life. Our life becomes
thoroughly impracticable.!® unless our fellow.-beings. are properly and satisfactorily
dealt with and this can never be done unless we definitely and rightly understand the
mind of people around us. This understanding of others’ mind depends on inference in

most of the cases.'®

Moreover, from the red-colour of a mango it is inferred that it is ripen. In the like
manner, the paét rain is inferred from the muddy current of fhe river. In the same way,
the mental states like pleasure, pain‘ etc. existing in a man can be inferred from their
different types of expressions and".gestures. Sometimes, the exact place or country |
where a man resides caﬁ be inferred ,after observing his dress or his particular language‘
carefully. Thus innumerable instances of the knowledge based on inference in our every .

day life can be shown.

A man is desirous of doing these types of works by which his purpose might be served
and hence, it can be said that the end-in-view (Pr_ayojdn_a) inspires him to do some
activities.!” In order to get or get rid of semething a rdan engagee himself in activity.'®
Man’s desire is related to result in the form of pleasure or the absence of pain and to the
means of _itA. The longing for the result of some action presupposes the knowledge of it."?
Hence the desire for the result is due to the exi"stence of the knowledge of it, which is
‘also a form. of inference. The cause of de51re for the means (of the result) is the
~ knowledge of its conduciveness to the object, Wthh is desirable (istasadhanatajiiana).
This knowledge of its conduciveness to that which is desirable is considered as a Hetu
to the desire for the means also.?’ Again, the knowledge of the feasibility through one’s
effort (krtisadhyatajiiana) and the knowledge ‘of' its conduciveness to that which is
desirable (i,s:tdsddhanatﬁjﬁdna) are considered as the reasons behind the desire for doing
something. Nobody thinks to do action without having the knowledge of its feasibility
through‘ one’s effort, the cause of des_i're.2| This can also be taken as an instance of _
| iriference in our'day to day.life. In the same way, the knowledge of its being productive

of what is extremely unpleasant (dvistasadhanatdajfidana) is the cause of avertion (dvesa),

13



the object of which causes pain. Here avertion towards an object is inferred on the

strength of its dvista-sadhanatajfiana.*

The existence of the imperceptible objects like Atman. God etc. can easily be proved
with the help of inference only.?® Hence, the logicians prove the existence of Atman, as
a locus of the attributes like desire, avertion, effort etc.?* In other words, soul-ness
(atmatva) is inferred as the limitor (avacchedaka) of this inherent causness of pleasure,
pain etc. Again, that which imparts consciousness of pleasure, pain etc. Again, that
which imparts consciousness in the sense organs and also in the body is Atman. Though
the contentness (Visaydtva) of the perceptions like ‘I am unhappy’ etc. remain in
Atman, it would not be possible hf first to make a persoh (bearing doubt about it)
convinced that Atman, the object of the above-mentioned perception, is different from
body etc. Hence, another'strdng argument is to be forwarded. As no result is produced
from the cutting instrument like an axe etc. without being guided by an agent, the eyes,
etc., the sense organs, cannot produce any result without being guided by an agent. That
is why, the agent in the form of impeller of the sense organs is Atman.”> The syllogistic
argument regarding the existence of Afman existing in others’ body is as follows : “The
body of Devadatta is endowed with Atman, as it is associated with the condition of

being qualified by inclination like a chariot.”
(Debadattasariram atmavat pravrttimattvat rathavat)

It is a fact that a considerable number of people in our society believes in the existence
of God even in this modern age, but a very few of them have realised Him. This belief
in God is based on some grounds, but nof on blind faith. The Naiyayikas have taken
pain to highlight the existence of the Divine with the help of some grounds or-

arguments that are inferential in nature. These syllogistic arguments are as follows.

(a) As the effects like jar etc. are caused by an agent, the earth (ksiti), dyads
(ankura)®® etc. must have caused by an agent. The agehtneés of it:' being not possible in
persons like us having limited knowledge and power, remains in God. Hence, God is

inferred as the cause or agent of earth etc.’ (b) the activity in which dyad becomes a
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promoter (prayojaka) at the time of initial creation is caused by an effort
(prayatnajanya), as it is an activity: This world is originated from the combination of
atoms. These atoms cannot be combined with each other automatically (witHout being -
guided by a conscious being) due to their inanimate character. This Conscious Being is
nothing other than God.?® (c) The absence of the coming downwards of weighty
substances (gurutvavatam) is caused by an effort, which becomes an obstacle to the
coming down of a substance, as it is endowed with steadiness, as in the case of the
absence of falling of a bird (paksipatandbhdvavat)z‘) This world having weight is not
coming down due to having some power in the form of effort, which is God. (d) The
destruction of the universe presuppqsés the existence of an effort, as it is a destruction
in character as in the case of the destruction of a jar.®® This effort from which the
destruction of the universe follows is in the form of God. (¢) The initial verbal usage, as
in the case of the usages of the scripts introduced in medern 2ge. This independent
person is God.>! (f) The Vedas are introduced by a being who is other than an individual -
who entangles in the worldly affairs, as it has the property of being the Veda (Vedatvar).
That which is not of this type would not be of this type, as in the case of a piece of .
literature.>? The Asamsari Purusa is God. (g) The Vedas are introduced by a Purusa
(Pauruseya) as they possess sentences as in the case of the Mahabharata etc. This

Purusa is God.*

The imperceptible objects like atom, Akasa Kala etc. are admitted by the Naiyayikas
with the help of inference. The Naiyayikas have explained the origination of the whole
universe in terms of the combination of atoms. This theory would have been
meaningless if the existence of atom were not proved through inference. The syllogistic
argument is as follows : If the whole of an objecf has an endless series of parts, there
would arise the contingency of equality in respect of size between mountain and a
mustard seed. If the whole has some parts, the parts also have some other parts in which
there are other parts and so on. In this way, there would arise ‘Infinite Regress’
(Anavasthd). As there is no final unit of a definite size, we cannot add these up to make
different sizes. Hence -there would arise the contingency of equality in dimension

between very big and small objects; as in mathematics anything multiplied by zero is
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, zero.>* So this process of d1v1sron must be stopped anywhere If the limit is taken as .
'non-eternal it would be taken into account that a posmve effect may be produced even
when there is the absence of inherent cause. If the limit is considered as non-etemal it
must be taken as an effect which remains in' its through the relation -of inherence -
(samavaya). As there are no parts in it, it can be said that it is a positive effect having no -
parts.'As a positive effect having no parts is not-possib'le, it would be taken as an eternal
object.>® As the gradation of the medium dimension (Mahatparimdnatdratamya) has a.
limit in Akasa etc., the gradatlon of the atomic dimension (anuparzmana) has hmlt
'somewhere Where there is limit is an atom 36 It ‘cannot be said that the limit of atomlc
dimension is a triad (Trasarenu). That a triad possesses its parts (avayava) can be ‘
established with the help of the sylloglstlc argument in the form : “A triad possesses 1ts
parts, as it is a substance capable of being perceived like a jar” (Trasarenuh ‘
savayavavam caksusadravyatvat ghatavat). That the parts of a triad (i.e., dyads) possess -
their own parts can also be established by another inferential argument in the form :
“The parts of a triad possess their own parts, as they become the producer of an object -
of medium dlmenswn as in the case of kapala i.e., upper part of the Jar ‘

(Trasarenoravayavah savayavah mahadarambhakatvat kapalavat) A part of a dyad

one of the parts of a triad, is called Atom.*’

In the same way Akasa is inferred as the locus of sound.*® The existence of Kala is
inferred from its general causeness to-the objects that are produced (janya), from its . -
being the locus of this universe,’ and from its being an uncommon cause (karana) of

this knowledge of priority (Paratva) and posteriority (Aparatva).®

The philosophers of the theistic school specially take recourse te-inference as a means
to go above the sphere of grief and sorrow and attain fulfilment in the form of attaining
salvation or Moksa. The Upanisadic injunction that realisation of the soul should be ~
attalned through hearmg, thlnkmg and constantly medltatmg upon the nature of the soul.
is accepted by the phllosophers of the theist school as a supreme gospel, by obeymg
- which a man can rise above the sphere of sorrow and grief and can attain salvation.

“Thinking’ in the injunction is nothing other than inference of the soul as distinct from
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other worldly objects (Mananam catmanah itarabhinnatvena anumanam). This
inference of the true nature of the soul should be attained through frequent practicé of
inference. Hence, it can easily be understood what great importance has been attached
to inference by the theistic philbsophers of our country having regards to the utility of

infereﬁ%e in the matter of attaining the supreme goal of life.

Each and every object of this world can be inferred as distinct from other worldly
objects. As for exafnple, a jar can be inferred as distinct from the objects other than the
jar i.e., pot etc. In this way, a pot can be infeﬁéd as .diétinc.t fr'om?'.the objects other than
pot etc. i.e., jar etc. The Hetu of the inference of some object as distinct from others is
the definition of that object. As fof*éxample, a cow is distinct from the animals other

than cow, as it is the locus 0f the dewlap etc (Gaiuh gavetarabhinna sasnadimattvar).

From the above discussions, it can be conducted that inference has great utility in each
and every sphere of our life. The particular kind of conditions, both positive and /
negative, cannot guide or control our activities in the majority of cases of our life for the
simple reason that the capacity of those conditions to produce definite valid knowledge

is limited compared to that of the procedure of inference.

Though it can be argued that procedure of inference is extremely complicated and the
highly educated‘ persons can only successfully apply it, trained in the art of drawing
right inference, it can also be equally emphasized that the drawing of inference from
some given date is not a so difficult proposition. It has already been said that even the
illiterate persons also are found to be spontaneously drawing inferénce from
circumstances and controlling their activities accordingly. It is, of course, very difficult
to givé scholariy analysis of the procedure of inference, but to. draw inference from

some given data is not at all difficult, rather it is, to a great extent, spontaneous.

Keeping therefore, in view this practical aspect of inference, it can safely be concluded

that Inference has got great utility in our everyday life.
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Though the Naiyayikas and Buddhists follow the form of inference like Pratijfia, hetu,
uddharanq etc, théy believe in the miaterial truth also. In symbolic logic an inference is -
taken as true, if it is true formally irrespective of its material truth. In this connection it
may be said that both in Indian and Western Philosophy inference which is constituted
with premise and conclusioﬁ occupies a prominent role. Though the formal structure of
inference as found in Western Mathematic Logic is derived from the mathematical
principles directly, the Indian Systems such inferential methods are not directly taken

from‘Mathematics. In fact the Indian Philosophers had some intuitive power, which may

correspond to the Mathematical intuition.
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*“ ... Buddhistu dvividha mata

Anubhiitih smriti§ca syadanubhuticaturvidha.”
Bhasapariccheda, Verse No. 51, . .

Sa dvividha Smrti_ranubhavaécaturvudhah."

. yatha'xrthﬁnubhavaécaturifidhah.”

Tarkasamgraha, Chowkhamba Sanskrit Santhan, pp. 32-33.

- ‘Etasam catasrnam karanani catvari

~ ‘Pratyaksanumanomanasabdah pramanani siitroktani veditavyani’
Siddhaantamuktaval7r on Verse 51.

‘Tat karanamapi caturvidham pratys -
kanumanopananasabdabhedat’

Tarkasamgraha, pp. 34-35, (Same ed.).

“Indriyﬁrfhasannikarsotpannam jfi@anam .
avyapadéyéamavyabhicari vyavasdyatmakam pratyaksam” —
“Athava jiianakarapakam jfianam pratyaksam”

Siddhantamukiavalt on Verse, 51.

“Yatra dhtmastatragniriti sahacaryaniyamo vyaptih.”

Tarkasamgraha, p. 49 (Same Edition):

Here the phrase ‘in a normal way’ has been used in order to exclude the super-normal perception

alaukika pratyaksa through which objects of all times can be berceived.
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“Avalavalagopalahalika pramukha gp'_i‘b.uddhyante niyatadarthadarthantaramasamsayam.

Nyayamadijari, p. 110, Chowkhamba-Ed.

Ibid.

“Prathamam padesu-samketagraho vrddhasya vyutpannasyasabdadhinavyavaharadeva _
vakyanam, Tathahi, gdmanayeti kenacinnipunena niyuktah kascana vyutpannastadvakyato’rtham
pratitya gavanayanam karoti taccopalabhamana vila idam gavanayanam
svagocarapravrttijanyam castatvat madiyastanapana divadityanumaya ...”

Sabdasaktiprakasika Namaprakarana, Prose portion on Verse No. 20; p. 116 (Jayccandra Sarma
Ed.).

“Svavisayadharmiketi pravrttivisayavi§esyaketyarthah. Karyata krtisadhyata”,
Commentary on, Prose portion of verse no. 20 of Sabdagaktiprakasika, p. 116, Ed. by ‘

Jayaccandra Sarma.

“... S& gavanayanapravrttih svavi

sayadharmikakaryatajfinajanya, pravrttitvannijapravrttivaditi -
pravrttergavanayanadharm1kakaryatajﬁanaJanyatvam prasadhya .
gavanayanagocarataj Jﬁanamasadharanahetukam karyatvad ghatavadltyevam anuminavanah ..
$rutam vrddhavakyameva tadasadharanakaranatvenavadharayati.” i
Sabdasaktiprakasika (Namaprakarana) Prose portion on Verse No. 20, p. 116, Edited by

Jayaccandra Sarma.

“Agiraskavacanopanyase sadhyasiddheh. Ekakin7 pratijfid hi pratijfidtam na sadhyaet”.

Bauddhadarsana, Sarvadar§anasamgraha. i

“Anumanapalape tu pratyaksadapi durlabha lokayatreti lokah syurlikhita iva niscalah.”

NyayamafijarT, p. 110, Chowkhamba.

“Pramanantarasamanyasthetel anyadhiyogateh, pramanantarasadbhayrah ...”

Bauddhadars§ana, Sarvadar§anasamgraha. o

“Yamarthamadhikrtya pravartate tatprayojanath.”
Nyayasiitra 1.1.24.

“Yena prayuktah pravartate tat prayojanam ]
Yamarthamabhipsanjihasan va karmarabhate tenanena
Sarve praninah sarvani karmani sarvadca vyaptat.”

Nyayabhasya on Sitra 1.1, 24,
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“Yamarthamaptavyam. hatavyamavasaya tadaptihanopayamanutisthati tat prayojanam,

tadveditavyam pravrttihetutvat.” Ibid. '

“lecha’hi phalavisyin? up@yavisayinfca. Phalam tu sukhartho duhkhabhavasca. Tatra phaleccham
prati phalajfidnam karanam”. Siddhantamuktavalf on versé 146.

Nirduhkhatve sukhe ceccha tajjfianadeva jiidyate”.

Bhasaparicchedah, Verse 146. A

Iccha tu tadupaye syadistopayatvadhiryadi”.
Bhasaparicchedah, Verse 146.

“Cikirsa krtisadhyatvaprakareccha tu ya bhavet,
Taddhetuh krtisadhyestasadhanatvamatirbhavet”.
Bhasaparicchedah, Verse 147. '

Dvistasadhantabuddhirbhavet dvesasya karanam.”

Bhasaparicchedah, Verse 14.

Atman, God efc. can be known through yogaja pratyaksa, which is not at all easy task. Hence
inference is the easy method through which common men can be convinced as to the existence
of Self, God etc. ’

“IcchadvesaprayatnasukhaduhkhajiiananyAtmano lingamiti.”

Nyayasiitra, 1. 1. 10,

“Atmatvajatistu sukhaduhkﬁdisamavéyakaranétﬁvacchedakataya sidhyati”,
Siddhantamuktavali on Verse 47.

“Jianddhikaranamatma”.

Tarkasamgraha, p. 19 (Chowkhamba).

Indriyanam $arrasya ca paramparaya caitanyasampadakah yapyapy Atmani aham sukhi aham
duhkhTtyﬁdipratyaks‘avisayatvamastyéva, tathapi _ vipratipannam prati prathamata
evasariradibhinnastatpratitigocara iti pratipadayitum na $akyate ityatah pramanantaram daréayati
kﬁraqamiti. Vasyadinam chidadikarananam, kartlﬁramantarer;a phalanupadhanam d_r_s_tarﬁ, evam

caksuradinam jfianakarananamapi phalopadhﬁnam kartaramantarena nopapadyata ityatiriktah

karta kalpyate.”

Siddhantamuktavali on Verse 47.
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27
28
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31
32

33

34
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36

Here the term ‘Ankura’ means dyad or dvyanuka. In the Kiranavall commentary on

" Siddhantamuktavalr it is said that, just“as; the object which is seen at first as a promoter of a tree

arising out of the seed is called Ankura, the object which is the promoter of the world-tree
(Samsd'rataru) arising from two atoms has got resemblance with Ankura and hence ‘dvyanuka’
is to be understood by the term ‘Ankura’. Here ‘dvyanuka’ is metaporised as ‘Ankura’ and world
as tree. The original commentary runs as follows : “Ankureti = yathd vijadutpannasya
vrksaprayojakasya prathamikadarsanavisayasyankuratvam tathd paramdnibhydmutpannasya
samsarataruprayojakasya dvyanukasyankurasamyat ankurasabdena dvyanukam laksyate”.

Kiranavall on Siddhantamuktavalt, p. 16. (Edited by Krishnaballava Acharya).
“Yatha ghatadikaryam katrjanyam tatha ksityémkurﬁdikémapi”

Siddhantamuktavali, on Verse 1.

“Sargﬁdyakﬁlinadvyanukaprayojaka'rh karma prayatnajanyam karmatvat”
Dinakari on Siddhantamuktavalr, Verse No. 1, p. 20, (Chowkhamba). ~

“Gurutvavatam patanabhavah patanapratibandhakaprayatnaprayuktah drtitvat,
paksipatanabhavavat”. /bid.

Brahmandanasah prayatnajanyah nasatvat, ghatanasavat”. /bid.
“Ghatadivyavaharah svatantrapurusaprayojyah vyavaharatvat, adhunikakalpitalipya-
divyavaharavat”. DinakarT on Siddhantamuktavalf, Verse 1, p. 29. (Chowkhamba).
“Vedph asamsaripurusapranital). Vedatﬁt, yannaivam tannaivam yatha

kavyamiti”, /bid.

“Vedah pauruseyah vakyatvat bharatadivat”. /bid.

Bhasapariccheda, p. 44, Edited by Swami Madhavananda.

“Tesam cdvayavadhardya anantatve merusarsapayorapi samyaprasangah, atah kvacid visramo
vacyah yatra tu visramah tasyanityatve’ sambhaveta (bhava) karyotpattiprasangat tasya
nityatvam”, '

Siddhantamuktavali on Verse 37.

“Mahatparimanataratamyasya gaganadau visrantatvamivanuparimanataratamayasapi

kvacidvisrantatvamiti tasya paramanutvasuddhih.” — /bid.
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37

38

39

40

‘“Na ca trasarendveva visrano’stiti vacyam. '

Trasarenuh savayavah caksusadravyatvit V

Ghatavadityanumanena tadavayavasidhau, trasarenoravayaviah savayavah mahadarambhakatvat,
Kapatavadityanumanena tadavayavasiddheh.”

Sidhhantamulktavalf on Verse 37,

“Tryanukavayovo’pi savayavah mahadarambhakatvat kapélavat, yo dvyanukavayavah sa
paramanuh.

Dipika on Tarkasamgraha, p. 190, Chowkhamba with seven commentaries.

Sabdagunakamakasam.
Tarkasamgraha, p. 1718 (Chowkhamba).

“Jariyanam janakah kalah jagatimasrayo matah”.

Bhasapariccheda, Verse No. 45.

“Paratvaparatvabuddhirasddharanam nimittam kala eva.”
Ibid.
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CHAPTER -2

Tools for Logical Analysis

So far we have seen the role of reasoning/inferenée in Western Mathematical Logic.d‘
Now let us turn our attention to some charaéteris_tié features of Mathematical Logic,
which is very much essential for philosophising or for knowing the truth.

All statements dan be dividéd into two kinds, simple and compound. A simple statement
is one, which does not confain any other statement as a component part, whereas every
compound statement does contain another statement as a component part. For example,
“Unethical practice will be eradicated or this society will become uninhabitable’ iS é
coinpound statement that contains ;is its components the two simplé statements
“Unethical practice will be erédicated’ and “this society will become uninhabitable’. The
component parts of a compound statemernt may themselvés be compound, of course. We
turn now to some of the different ways in which statements can be combined into

compound statements.

The statement ‘Roses are red and violets are blue’ is a conjunctic)n, a compo_uhd o A
statement formed by inserting the word ‘and’ between two statements. Two statements
sd combined are called conjuncts, Tﬁé word ‘and’ has other uses, however, as in the
statément ‘Castor and Pollux were twins’, which is not compound, but a s_imple!
statement assérting a relationship. We introduce the dot *’ as a spe‘cial symbo'l for - -
combining statements conjunctively. Using it, the preceding conjunction ié writfen

*Roses are red - violets are blue’. Where p and q are any two statements whatever, their

conjunction is written p-q.

Every statement is either true or false, so we can speak of the truth value of a statement, -

where the truth value of a true statement is #rue and the truth value of a false statement
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is false. There are two broad categofies into which compound statements can be
divided, according to whether or not there is any necessary connection between the truth
value of the compound statement and the truth values of its component statements. The
truth value of the compouﬁd statement ‘Smith believes that lead is heavier than zinc’ is
completely independent of the truth value of its component simple' statement ‘lead is '
heavier than zinc’, for people have mistaken as well as correct beliefs. On the other
hand, there is a necessary connection between the truth value of a conjunction and the
truth values of its conjuncts. A conjunction is true if both its conjuncts are true, but false
otherwise. Any compound statement whose truth value is completely determined by the
truth values of its componeht statements is a truth — functionally compound statément.
The only compoﬁnd statements we shall consider here will be trufh — functionally

compound statements.

Since conjunctions are truth-functionally compound statements, our symbol is a truth-
functional connective, Given any two statements p and q there are just four possible sets
of truth values they can have, and in every case the truth value of their conjunction p-q

is uniquely determined. The four possible cases can be exhibited as follows:

in case p is true and q is true, p-q is true;
in case p is true and q is false, p-q is false;
in case p'is false and q is true, p-q is false;

in case p is false and q is false, p-q is false.

Representing the truth values true and false by the capital letters ‘T’ and ‘F’,
respectively, the way in which the truth value of a conjunction is determined by the
truth values of its conjuncts can be displayed more briefly by means of a truth table as

’ follows: '
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p q p-q
T. - T T
T F F
F T F
F F F

Since it specifies the truth value of p-q in every possible case, this truth: table can be
taken as Adeﬁning the dot symbol‘.ﬂ Other .English words such as ‘moreover’,
‘furthermofe’, ‘but’, ‘yet’, A‘still", ‘hoWever’, ‘aléo’, ‘nevertheless’, ‘although’, etc., and
even the comma and the semigglon; are also used to conjoin two statements into a single: _
compound one, and all of t'hem)'can be indifferently translated into the dot symbol so far

as truth values are concerned.

The statement in the form : ‘It is not the case that water is colder fhan ice’ is also
compound, béing the négdtion (of denial or contradictory) of its single component
statement ‘water is colder than ice’. We introduce the symbol ‘~’; called a curl to
symbolize negation. There are often alternative formulations in Englisll-of the negation
of a given,sﬁatément. Thus where L symbolizes the statement ‘water is colder than ice’,
the different statements ‘if is not the case that water is colder than ice’, ‘it is false that
" water is colder than ice-’, 'it is not true that water is colder than ice’, ‘lead is not heavier
than gold’ are all indifferently symbolized as ~L. More generally, where p is any
‘'statement whatever, its neg‘atidn is written ~p. Since the negatiori of a true statement is
false and the negation of a false statement is true, we can take the following truth table

as defining the curl symbol:

p___~q
T F
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When two statements are combined disjunctively by inserting the word ‘or’ between
them, the resulting compound statement is a disjunction (or alternation), and the two
statements so combined are called disjuncts (or alternatives). The word ‘or’ has two
different senses, one of which ‘is'clAearly intended in the statement ‘Premiums will be
waived in the event of sickness or unemployment’. The intention here is obviously that
premiums are waived not only for sick persons and for unemployed persons, but also
- for persons who are both sick and unemployed. This sense of the word ‘or’ is called
weak or inclusive. Where precision is at a premium, as in contracts and other legal
documents, this sense is made explicit by use of the phrase ‘and /or’.

.
A different sense of ‘or’ is intended when a restaurant lists ‘tea or coffee’ on its menu
list, meaning thét for the stated price of the meal the customer can have one or the other, |
but not both. This second sense of ‘or’ is called strong or exclusive. Where precision is
at a premium and the exclusive sense of ‘or’ is intended, the phrase ‘but not both’ is
often added.

A disjunction which uses the inclusive ‘or’ asserts that at least one disjunct is true,
while one which uses the exclusive ‘or’ asserts that at least one disjunct is true but not
both are true. The partial common meaning, that at least one disjunct is true, is the
whole meaning of an inclusive disjunction, and a part of the meaning of an exclusive

disjunction.

In Latin, the word ‘vel’ ex,présses the inclusive sense of the word ‘or’, and the word
- ‘aut’ expresses the exclusive sense. It is customary to use the first letter of ‘vel’ to
symbolize ‘or’ in its inclusive sense..Where p and q are ahy two statements whatever,
_ their weak or inclusive disjunction is written pvq. The symbol ‘v, called a wedge (or a

vee), is a truth - functional connective, and is defined by the following truth table:
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pvq

U .
fa)

T T T
T F T
F T T
F F F

An obviously valid argument containing a disjunction is the following Disjunctive - ;

Syllogism:

The United Nations will be strengthened or there will be a third world war.
The United Nations will not be strengthened.

Therefere there will be a third world war.

"It is evident that a Disjuncﬁve Syllogism is valid on either interpretation of ‘the word
or;, that is, regardless of whether its first premiss -asserts an inclusive or exclusive/
disjunction. It is usualiy difﬁeult, and sometimes impossible, to discover which sense of |
the word ‘or’ is intended in e disjunction. But the typical valid argument that has a -

_disjunction for a premiss is, like the Disjunctive Syllogism, valid on either interpretation .
of the word ‘or’. Hence we effect a simplification by translating any occurrence of the .
word ‘or’ ihto the logical symbol ‘v’ — regardless-of which sense of ‘or’ is intended. Of
course where it is explicitly stated that the disjunctioh is exclusive, by use of the added
phrase ‘but not both’, for example, we do have the symbolic apparatus for symbolizing

that sense, as will be explained beio_w.

The use of parenthes.es,: brackets, and_‘ braces for punctuating mathematical expressions' '
is familiar. No number is uniquely denoted by the expression ‘6 + 9 + 3°, although when

punctuation makes clear how its constituents are to be grouped, it denotes either 5 or 9

Punctuation is needed to resolve ambiguity in the language of symbohc logic too, since '

- compound statements may themselves be combined to yield more complicated 1

o compounds. Ambiguity is present in p-q v r, which could be either the conjunction of p

with q v r, or else the disjunction of p-q. with r. These two different senses are.
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- unambiguously given by different punctuations: p- (q v r)and (p-q) vr. Incase pand q -
are both false and r is trne, the ﬁrst punctuated expression is false (since its first
conjunct is false) but the second punctuated expreésion. is true (since its second disjunct
is true). Here a difference in puhctuation makes all the differences between truth and
falsehood.' In symbolic logic, as in mathematics, we use parentheses, brackets, and" .
braces for punctuation. To cut dovt'n on the number of punctuation marks required,
however, we establish the symbolic convention that in any expression the curl will.
apply to the smallest component that the punctuation permits. Thus the ambiguity of ~p
v g, which might mean either (~p) v.qor ~(p v q), is resolved by our convention to
mean the ﬁrst of these, for the curl can (and therefore by our convention does) apply to
the first component p rather than to the larger expression p v q. ‘
: l

The word ‘either” has a variety of different uses in English. It has conjunctive force in
“The Disjunctive Syllogism is valid on either mterpretation of the word ‘or’. It
frequently serves merely to 1ntroduce the first disjunct ina dlSJunctlon as in ‘Elther the
United Nations will be strengthened or there will be a third world war’. Perhaps the

most useful function of the word “either’ is to punctuate some compound statements.

Thus the sentence :

‘More stringent anti-pollution measures will be enacted and the laws will be strictly

enforced or the quality of life will be degraded still further’.

Can have its ambiguity resolved in ohe direction by placing the word ‘either’ at its
i'beginning, or in the other direction by inserting the word ‘either’ right after the word
‘and’. Such punctuation is effected in our symi)olic language by parentheses. The
ambiguous formula p-q v r discussed in the preceding paragraph corresponds to the
ambiguous sentence considered in this one. The two different punctuations of the
formula correspond to the two different punctuations of the sentence affected by the two

different insertions of the word ‘either’.
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-All types of | conjunctions are not fofmulated by explicitly placing the word ‘and’
_between complete sentences, as in ‘Charlie’s neat and Charlie’s sweet’. Indeed the latter
would more naturally be expressed as ‘Charlie’s neat and sweet’. And the familiar ‘Jack |
and Jill went up the hill’ is the more natural way of expressihg the conjunction. ‘jack

went up the hill and Jill wént up the hill’. It is ’thfe same with disjunctions: ‘Either Alice

or Betty will be elected’ expresses more briefly the proposition alternatively formulated -

as ‘Either Alice will be elected or Betty will be elected’; and "Charlene will be either
secretary or treasurer’ expresses somewhat more briefly the same proposition as ‘Either -

Charlene will be secretary or Charlene will be treasurer’.

_ The negation of a disjunction is oft'én' expressed by using the phrase ‘neither-nor’. Thus
| the disjunction ‘Either Alice or Betty will be elected’ is denied by the statement
. “‘Neither Alice nor Betty will be elected’. The dlsjunctlon would be symbolized as A v
B -and its negation as either ~(A v B) or as (~A)-(~B). (The logical equivalence of these ,
two formulae will be_dis__cuséed in Section 2.4). To deny that at least one of two .

statements is trLie is to assert that both of the two statements are false.

The word ‘bdth’ serves various functions, one of which is a matter of emphasis. To say
‘Both Jack and Jill went up the hill’ is only to emphasize that the two of them did what
they are asserted to have done by saying ‘Jack and Jill went up the hill’. A more useful

function of the word ‘both’ is punctuatxo_nal, like that of ‘either’. ‘Both ... and - - - are
not ---* is used to make the same Ast‘e‘i_tement as ;Neither ... nor - - - is ---’, In such'
sentences the order of the words ‘both’ and ‘not’ is very significant. There ié a great.

difference between. : '

‘Alice and Betty will not both be elected.
and |

Alice and Betty will both not be elected.

The former wbuld be symbolized as ~(A-B), the latter as (~A)-(~B).
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Finally, it should be remarked that the word ‘unless’ can be used in expressing the
disjunction of two statements. Thus ‘Our resources will soon be exhausted unless more
recycling of materials is effected’ and ‘Unless more recycling of materials is effected
our resources will soon be exhausted’ can equally well be expressed as ‘Either more
recycling of materials are effected or our resources will soon be exhausted’ and

symbolized as M v E.

Since an exclusive dlsjunctlon asserts that at least one of its disjuncts is true but they are
not both true, we can symbohze the exclusive disjunction of any two statements p and q
quite simply as (p v q)- ~(p-q). Thus we are able to symbolize conjunctions, negations,
and both inclusive and exclusive disjunctions. Any .compound statement, which is built
up out of simple statements by repeated use ef truth-functional connectives, will have
its ltruth value completely determined by the truth values of those simple statements. For
example, if A and B are true statements anle and Y are false, the truth-value of the )
compound statement ~[(~A v X) v ~(B-Y)] can be discovered as follows. Since A is
true, ~A is false, and since X is false also, the disjunction (~A v X) is false. Since Y is
false, the 'conjunction (B-Y) is false, and so its negation ~(B-Y) is true. Hence the
disjunction (~A v X) v ~(B-Y) is true, and its negation, which is the original statement, -
is false. Such a stepwise procedure, beginning with the inmost components, always
permits us to determine the truth-value of a truth-functionally compound statement from |
the truth-values -of its component simple statements. Here we find a very systematic

expression of a statement through appropriate symbol.'

All these operatives are also available in Indian Philosophical systems, thougﬁ
linguistically (not symbolically). The term ‘ca’ meaning ‘and’ is used to connect one or
more than one entities. The grammarians have shown various meanings of ca like
samdhdra, anvdcaya etc. In the like the disjunction is expressed with the term ‘va’, or
‘athav@’. In the same way, the implication is expressed w1th the terms ‘yadi’ or ‘cet’
etc. Negation is so important in Indian Logic that it occuples the place of a category

called abhdva. Though regarding the nature of absence and its way of meaning there is
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~ «controversy among the thinkers within the Indian systems, it is accepted by all that’

negation is possible and it has got a prominent role in conveying meaning. But it should
be carefully noted that the absence of something is one of the meanings of negation. It

has got various other meanings also.

Lastly, the grammarians have accepted six meanings of negation of which ‘absence’ is
one. It has been stated by the grammarians “Tatsadrsyamabhavasca .tadanyatvafn
tadalpata, aprasastyam virodhasca nafiartha satprakirt@’. That is, negative partiéle ,
‘naii’ can be used in the sense of similarity i.e., Sadrsya (e.g., abrahmana meaning
’similar to Brahmanas), in.the sense of absence i.e., abhdva (i.e., asat meaning the
absence of honesty), in the sense of'r"x.lutual difference i.e. anyatva (e.g. aghata meaning
different from a jar), in the sense of less quantity i.e., alpatd (e.g. akesT meaning less
quantity of hair, in the sense of non-suitability (aprdsastya) (e.g. asamaya meaning
improper time) and in the sense of enmity or contradiction (virodha) (e.g. asura) .
meaning the . enmity with the duties (suravirodhi). “Tatsadrsyamobhavasca
tadanyarva;)1 tadalpata/aprasastyam virodhasca nafiarthahsat prakirtit@”. Among these
six meanings the second one can be applicable in the caAse of Advaita meaning the
absence of duality as to,l&l earlier, Unless we have an idea of duality we cannot prove its
~ absence. It is sensible to negate something, which really exists in this world. To negate
something which does not exist in this world is non-sensical. It is very much a futile
exercise to prove the non-existence of an object, which is absurd. This phenomenon is
called altkapratiyogikabhava i.e., an absence, the absentee of which is an absurd entity.
If phenomenal existence of duality is an absurd entity, the negation of it is meaningless
leading to a futile exercise. To prove the absence of duality (advaita) ‘duality’ has to be
accepted as an existent object. In order to know this duality the different means of
knowing (p}‘amd}ga) are very much relevant. The realisation 6f the absence of duality

follows from the realisation of Brahmén.
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CHAPTER - 3

Methods of Reductio - ad - 'gbsurdum and Tarka

‘Redictio - ad - absurdum’ is a mathematical concept, which has accépted as a
" philosophical method by the Indian and Western Philosephers. In the mathematical
'logic 'Copy has introduced this method, which is otherwise known as. indirect ﬁroof.
This indirect proof is nothing but th; proof by reductio - ad - absurdum. It is said in the
mathematical logic that the nega’ciori. of the conclusion is deliberately taken and from
this it is shown that; if it is taken for granted, it will lead to some‘contradiction or

absurdity. Hence this assumed conclusion ié abandoned and the original coﬁclusion is |
established as true. “The method of indirect proof often called the method of proof by .
reductio - ad - absurdum is familiar to all who have studied elementary geometry. In
deriving the theorems, Euclid often begins by assuming the opposite of what he Wanté
to prove. If that assumption leads to a contradiction or reduces to an absurdity then the
assumption must be false énd so its negation — the theorem to be proved, must be true.”
- (Copy : Symbolic logic 5™ edition). This method is also found in Indian logic where
mainly the Naiyayikas (both earlier and latter) have adopted to prove certain
conclusion. Though there was no interaction between two traditions, some striking
resemblances are found between them. This method is described by the Naiyayikas as
many ways like Vipaksavadhaka tarka, dhdryajﬁdna, anistaprasanga, anista dpatti etc.
In the following pages we shall see the nature and logical flavour of this method as

accepted in Indian Philosophical systems specially in Nydya.-

‘A problem may be raised how one can think of "knowledg‘e produced through desire’
(icchd@janyajiiana). A solutien to this problem may be offered in the following way. Let
us look towards the exact nature of aharyajiiana. The knowledge, which is produced-

out of one’s own desire at the time when there is the contradictory knowledge, is called
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aharyajiiana.  (Virodhijiianakalinecchaprayojyajiianatvam  aharyajhidnatvam  or
‘dedhakdlz'necchdjanyam jhanam)'. The word ‘Gharya’ means ‘artificial’, which is
found in the  Bhattikavya  where  the ladies are  described as
aharyasobharahitairamayaih® (that is, free from artificial beauty). From this, it follows
that the word anahdrya means ‘natural’ which is expressed by the term ‘dmdyailjz’.
When we talk of dhdryafi(onwledge, it has to be taken as an artificial knowledge on
account of the fact that between two objects an object is deliberately thought as
' otherwise in spite of knowing the-,dis’_t‘inct character or real nature of these two objects.
In these cases one’s desire of thinkiﬁg an object as otherwise acts as an instrument
(icchajanya). 1t is to be borne in mind that the Navya Naiyéyikas have given much
“importance on vivaksda (that is, will f6 say). Let us put forth some cases where we find a
knowledge produced through the instrumentality of desire (icchdjanyajiiana). One is
allowed to say sthalt pacati (he cooks with clay-pot) with the hominative case ending to
the pot instead of the correct expression ‘sthdlya pacati, with the -instrumental case-

ending with the word sthalf if-one so desires.

" Apart from these there are a few cases where we find knowledge attained through the
instrumentality of desire (icchdjanya) as in the case of paksatd. If someone bears a
strong desire to infer (sisddhayisa), he can infer in spite of having siddhi.
(‘si,sddhayisc‘zsattve’numitirbhavatyeva’f. It is permissible as the Naiyayikas believe in
the theory of pramanasamplava (that is, capability of applying various pramdnas) to
- ascertain an object. According to this theory, ‘fire’ which is perceived can be inferred if
someone so desires. That a cloth is cbmpletely different from a jar is completely known
from the perception and hence there is not at all any necessity to infer a cloth as distinct
from a jar. In spite of this one is found to infer : ‘It (that is, a cloth) is endowed with the
mutual absence of a jar, as it has got clothness’ (ghatanyonydabhdavavan patatvar). All
these cases are supportable as an individual desires to do so and hence the role of
icchajanyatva in the attainment of knowledge cannot be denied. But it should be clearly
borne in mind that all icchgjanya — inferences or knowledges — are not gharya. The

icchajanya — jihana as found in the case of riipaka and tarka are the instances of
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aharyajiiana. From the above-mentioned cases it is proved that desire may act as the

instrument of knowledge, which is called icchdjclmyajﬁdna.

Another problem may be raised how the concept of @hdryajiiana can be accommodated
in Nyaya as the sentence conveying such cognition has no yogyata or semantic
competency. It may seem strange to us as to why such artificial nature of knowledge is
at all essential in the context of Nyaya. Though there is no direct result of the
deliberation of such artificial knowledge due to not having semantic competency

(yogyata), it plays a great role in pointing out the exact nature of an object indirectly.

The importance of accepting dhc'zrydjﬁdna can be realized easily if we ponder over the
importance of tarka as a philosophicali rriethod. Tarka is nothing but an aharyajfidna,
which is evidenced from the definition given in the Nilakanthaprakasika on Dipika
‘dharyavyapyavattabhramajanya aharyavyapakavattabhramastarkah'® That is, tarka is.
an imposed (@harya) erroneous cognition of the existence of a pervader (vyapaka)
which is produced by another imposed erroneous cognition of the existence of a vyapya.
If the knowledge in the form — ‘There is fire in the lake’ (hrado vahniman) is produced
out of one’s desire at the time where there is the awareness of the contradictory
knowledge in the form - ‘there is the absence of fire in the lake’ (hrado -
vahnyabhdvavan), it is called @hdrya. In this case erroneous cognition is delibéfate
which is not found in ordinary illusion., |

The main purpose of accepting aharyajiiana is to ascertain. the true nature of an object
(visayaparisodhaka) and to remove the doubt of, deviation (vyabhicarasamkanivartaka).
The aharyajfiana existing in the former type — ‘If it has no fire, it has no smoke
(Yadyam vahniman na syat tada dluimavan na sydt) ascertains the existence of fire in a
particular locus. In the same way, the Navya Naiyayikas have accepted another form of
tarka, which is also aharya in order to eliminate one’s doubt of deviation
(vyabhicarasamka). If someone bears a doubt whether smoke and fire have an

invariable relation or not, this doubt of deviation (vyabhicarasamka) can be dispelled by
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demonstrating the aharya knowledge in the form : ‘If smoke be deviated from fire, it
- will not be caused by fire’, (dhiimo yadi vahnivyabhicdrt‘ syat tarhivahnijanyo na syat).
From this it is indirectly proved that as smoke is caused by fire, it will not be deviated

‘from fire.’

By virtue of being 5hdrya both the parts — the ground (@padaka) and consequent
(dpddya) are imaginary or hypothetical. If the first part is true, the second part would
become automatically true. But it is a well — known fact that the second part is not true
in so far as we do not get any smoke, which is not caused by fire. So, the doubt as to the
deviation of fire with smoke can be removed by applying the farka in the form of
aharya. It, being a kind of mental'cdﬁStruction, is useful for removing doubt and hence
it becomes promoter to pramdnas. This @harya cognition is otherwise called anis;&pqtti
or anistaprasanga, that is, introduction of the undersired through which the desired one

is established. This imposition of the undersired is of two types :

rejection of the established - fact and the acceptance of the non-established object -
(Syadanistam dvividham smrtam pramanikaparityagastathe-taraparigrahah). If there is
an aharyagjfidna in the form — ‘water cannot quench thirst’, there would arise an
objectiori — ‘If it is so, no thirsty people should drink water’. It is known from our
experience that water is capable of quenching thirst, which is denied here and hence it

comes under the first type of anista.

If it is said that water causes burning, there would arise objection in the form — ‘If it is
so, the drinking of water would cause a burning sensgtion. The burning sensétion from
water is not an established fact, which is admitted here and hence it belongs to the
second type of anista. We often take recourse to ahdryajiiana even in our day-to-day
debate. If an opponent says to a Naiyayika that self is non-eternal (anitya), he may first
agree with what the opponent says in the following manner — ‘O.K., initially I agree
with yoil that self is non-eternal’. This agreement for the time being is d'hdrya and the

next step in the form — ‘If self were non—eterrial in nature, there would not have been the
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enjoyment of karma, rebirth or liberation due to the destruction of the self’, is also

ahdrya which indirectly points to the eternality of self. In the same way, various
| expressions like ‘If I were a bird, I would have flown from one place to another’, ‘If
you were a firmament, I would have stretched my wings like a crane’ (which reminds
me of a Bengali song — Tumi akds yadi hate ami balakar mato pakha meltam) can be

included under aharyajriana.

The accommodation of aharyajiiana in Navya Nyaya is primarily to promote an indirect
method through which truth is ascertained. In the indirect proof in symbolic logic the
negation of the conclusion is deliberately taken which is also an aharya and from this it
is shown that, if this is takén as éonclusion, it will lead to some contradiction or
absurdity as said earlier. It the negation of P which is originally a conclusion is taken as
a conclusion of aharya — type and proved it as contradictory or absurd, it will
automatically follow that the original conclusion, that is, P (andharya) is true. The -
method is also called the method of pfoof by reductio ad ;;{)surdum.(’

In metaphorical expressions such ahdryajiiana bears a completely different import.
Riipaka remains in the representation of the- subject of description, which is not
concealed, as identified with another well-known standard (ripakam rapitaropad visaye
nirapahnave.)’ In the famous case of riipaka - mukhacandra the upameya is ‘face’
which is identified with ‘moon’. In this case, the distinction between these is not
concealed in spite of having excessive similarit)}. Though the difference between them
is not concealed yet there is the ascription of the identification between two objects
(atisamyat an&pahnutabhedayoh upamanopameyayoh abhedaropah). In spite of
knowing the distinction between upamana and upameya, there is the hypothetical

ascription of identity deliberately, which is also an ghdrya.t
From the above discussions, it is known to us that the accommodation of the

aharyajfiana presupposes some intention of an individual. In the case of metaphor,

aharyatva is taken recourse to in order to show the extreme similarities between two
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objects. In the same way, ahdryajfiana is accepted by the logicians to ascertain the real
nature of an object indirectly. Hence aharyajfiana can be utilized as an accessory to a
pramana (pramananugrahakariipena). Though semantic competency (yogyatd), the
criterion of the meaningfulness of a sentence, is not found in the sentences conveying
aharyajiiana, meaning of such sentences is easily understood by others. Had these been
not understood at all; the absenc¢ of yogyata cannot also be known. Moreover, as there .
is semantic incompetency, a search for other indirect or secondary meaning is
permissible. As there is the absence of yogyatd in the expressions like mukhacandra and
‘If T were a bird, I would have ﬂown’, efc.,, a thlorough search for indirect meahing like
extreme similarity (atisdmya) between face and moon, the absurdity of describing a
man as bird, etc. have to be ascertained. It is to be kept in mind that the.semantic
competency is essential only in the case of direct meaning (sakyartha) but not in
implicative or suggestive meaning (laksyartha or vyangyartha). In fact, an implicative
or suggestive meaning is looked for 1f there is the incompetency among the words -
(mukhyarthatadhe). Hence the sermhantic incompetency paves way to the indirect
meaning as found in the expressions like ‘I am building castles in the air’, ete.
Following the same line it can be said the aharyajfidna can communicate something to

us indirectly in spite of not having the said competency.

Can we speak of aharyajfiana existing in the pure music or rdagas, pure dance or
abstract paintings that are new worlds created through imagination ? In response to this,
the following suggestion can be made. Though aharyajiiana is a product of imagination,
all imagination cannot be taken as gharyajfiana. The imaginary ideas as found in the
fanciful stories or fairy tales, etc., are not dhdrya. Some imagination is created out of
one’s own will (icchaprayojya) at the time when one is conscious of the contradictory
knowledge (virodhijfianakalina). In spite of being conscious of the fact that fire cannot
stay in the lake, we imagine that the lake has fire out of our strong will. It is a case of
ahdrya as already mentioned. In the case of pure music, dance and abstract paintings,
we are not aware of the contradictory knovﬂédge (virodhzjﬁ’dm?) through which the

imaginary states are sublated (badhita). Though these are the cases of imagination
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having the characteristic of icchaprayojyatva, or icchdjanyatva, they are not
aharyajiiana due to the lack of the other characteristic, that is, virodhijfianakalinatva or
vadhakalinatva. In the case of aharyajiiana both the characteristics should be taken as
- adjuncts of ifnaginations. An imaginary cognition associated with icchaprayojyatva or
icchajanyatva and virodhijfianakalinatva is called aharya. Due to the absence of the
second characteristic the charge of avyapti of the definition of ahdryajfidna to the pure

music, etc., does not stand on logic.

I propose to consider some problems relating to the concept of Tarka. As a mode of
apogogic proof the concept has been ubiquitous in diverse philosophical persuasions in
India. However [ shall have my cc;nsiderations focused on Vatsayanas’s view on the
matter. [ will be defending in position of. I shall consider in the context the formiilations

of the later thinkers of the Nyaya School. ~ + =~ ¢ - .

Let me begin by quoting Gautama’s definition of Tarka in translation. Tarka is a kind of
knowledge or deliberation, which is applied for the purpose of determining the right
knowledge of an object ‘whose .nature is knoWn roughly, but not specifically after
pointing out some causes in favour of it. (“Avijfiatetattve’rthe karanopapattitah

tattvajianarthamuhastarkah”.)’

Tarka is intended to reveal the right knowledge of an object. It cannot be employed for
revealing an object, which is unknown, That’s why, the term °‘avijidta’ is not
introduced in the definition. The ‘tattva’ as conjoined with avijfiata points to the fact
that the object which, though vaguely known, is not known as it really is (tatfva) may be
known through Tarka. In order to indicate that in case the faftva of an object is hitherto
unknown or which is not known as such could be known though 7arka, the term ‘artha’
is inserted in the definition. This deliberation must be supported with the justification or

ground in favour of a particular conclusion (karanopapattih).
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| In respect of an object: not known properly an inquiry arises in the cogniser. He may
laterly became confused in seeing the existence of two contrary characteristics in the
same object of inquiry. But finally he removes his doubt by ascertaining one of the
characteristics of the object on the strength of some proofs févouring one of the
alternatives. In other words, the individual knower has to get proof in favour of a

particular alternative, which eliminates the other.'°

Let us try to understand the process of reasoning following Vatsyayana with the help of
an example. A person desirous to knpw the real nature of the self or the knower may be
in doubt expressible in the foﬁn ‘Whether it possesses the properties of something
which is produced or those of someiﬁing which is not produced’. How to eliminate one
of the alternatives ? In order to show the method Vatsyayana indicates that the potential
cogniser proceeds to eliminate one alternative by applying some arguments of the
following form. He thinks that, if fhe self possesses the properties of something not-
produced, which is otherwise called eternal, it can enjoy the result of karma performed
in the previous birth. In Nyéya it is held that among suffering, birth, inclination, evil -
and false knowledge each of the succeeding one causes the preceeding one and the
cessation of the succeeding one leads to the cessation of the preceeding one, and this
indeed is the state of liberation. Accordingly, the knower would have got into both
transmigratory as well as liberated states.!! If the self, on the other hand, is taken as
possessing the properties of the produced, it will not have these. F or, the knower after
being produced becomes associated _witﬁ the body, the senseorgans, happiness, and
miseries etc. on account of which he does not have any scope for enjoying the result of
karma done by him, as he is non-eternal in natufe. The RnO\;ver; of ‘course, does not exist
before his coming into being. The knower who Idid not pre-exist or who is completely
annihilated at death is not capable of enjoying the fruits of his karma. As the knower is
non-eternal, like other non;etemal objects, he héls no existence before his coming into
being and then he is completely annihilated at the destruction of his body. If this be the

case, the relation of a knower with more than one body and the absolute cessation of

40



body i.e., absolute cessation of birth would be impossible, leading to the impossibility

of liberated and transmigratory states.

In other words, the non-eternal knower cannot be associated with more than one body
for enjoying the remaining result of karma and he would not be free from being birth
forever. If the knower were eternal, he would be associated with many‘bodies and
would be able to enjoy the result of karma. For that matter he might be liberated after
certain period. Hence, if the knower in the sens¢ of self is iaken &s possessing effectual
properties, he would never enjoy the result of karma and liberation. This alternative i.e.,
the self as possessing the causally brought about properties cannot be taken as granted
due to the absence of the proper grdund mentioned above. This type of argumentation
or this method of elimination is called Tarka."

Vitsayana describes the method as a promoting to the ascertainment of right-
knowle'dge, but it is not right knowledge itself. Because, Tarka, after pointing out some
grounds, asserts one of the alternatives, but it does not point out this alternative
definitely as having such and such characteristics. In other words, though accessory to
the attainment of right knoWledge, it does not definitely assert a bérticular alternative in
the form : ‘This object is of such nature’. The main characteristic features of the object

are not deliberated through this method and hence it is not right knowledge itself. 13

It is accessory to the right knowledge because, it, after pointing out some grounds in
‘favbur of the ascertainment of the right knowledge of an object i.e. correct alternative,
becémes promoter to the Pramanas. As Pramana is associated with Tarka, its power is
‘enhanced and thus the enhanced power becomes helpful for the revelation of the right
knowledge (tattva)."* In the context ‘fattva’ means ‘thatness’ i.e., to know an object as it
really is. In other words, the positivity of the positive and the negativity of the negative
entity may be described as tattva i.e. the absolute sameness.'> This real nature of an

entity is revealed through Pramdna associated with Tarka, the promoter.
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~ From the Vﬁfséyana’s analysis it is, found that Tarka is generally adopted by. an
individual who inquires -into the nature of an object not known properly and who isina
confusion there being two contrary propefties in an object (arising out of not having
proper knowledge of the object). At this point Vatsdyana suggests that inquiry comes
first and there arises confusion about the nature of the objects. The confusion as to its
nature prompts an individual to employ Tarka so that the confusion may be removed by
way of having tattvajfiana. A problem may arise in this regard. It is not always true that
_confusion follows from the inquiry into right knowledge. But sometimes inquiry into. -
right knowledge follows as well from confusion. Inquiry about an object follows if the
object is confusedly apprehended or if there be any necessity to know it. Vacaspati
Mishra in his Tatparyatikd and Bhamatt on Adhydsabhdsya of Samkara has remarked
thét inquiry into an object is permissible if there is sandigdhatva (confusion) regarding
the néture of an object and saprayojanatva (having the need) for knowing it. In other
words, here the properties like ‘asandigdhatva’ and ‘Saprayojanarva’ leave no room for -
vyapya on account of the fact that the relation between them can be described as
‘Vyapya-Vyapakabhava’. For where there is sandigdhatva and saprayojanatva, there is

Jjijfidsyatva. If a jar is seen in broad daylight and if our senseorgans and mind are
connected, further inquiry about the object is not permissible because it is asandigdha
i.e. not subject to confusion. If somebody asks ‘How many teeth a crow possesses’,
(kdkasya kati dantah) there should be no need for furfher inqﬁiry as the case is one of
‘saprayojanatva’. Hence, any type of inquiry presupposes confusion regarding the

nature of an object, apart from the need of knowing it.'®

In connection with the explanation of Tarka in the Nyayasutra Vatsyayana appears to

give priority to inquiry, which precedes confusion,

The problem may be solved in the following manner. Vatsydyana’s position may be
justified if we ponder over the theory. Though in most cases inquiry arises out of one’s
confusion, it cannot be denied that sometimes curiosity or inquiry may arise in one’s

mind spontaneously. Now curiosity may lead one into confusion as to the nature of the
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object to be known. That is, a man who aspires to know would endeavour to know the
nature of an object. If the object apparently possesses two contrary features, he will be
in confusion. This confusion prompts to apply the method of Tarka. At this point -
‘confusion again gives rise to a second order. of inquiry in that form : ‘This object is of
this type or that type’. This sort of inquiry prompts the knower to resort to one more
Tarka. Hence, Vitsyayana need not be taken laé contradicting the view of Vacaspati
Misra. What Vﬁisyéyana _has been trying to ppint out is that there are two types of
inquiry of V\;hich thé second ordér one is the reason for the application of Tarka. If
someone begins the process of knowing with confusion and then inquiry is of first
order, Vatsyayana makes the remark intentional.lly in order to include both first order
and second order levels of inquiry és providing the reason for employing Tarka. This
may again be substantiated by the fact that we may sometimes have the superficial
knowledge of an object. But if the specific knowledge of the object is to be acquired,
another type of inquiry becomes necessary, which may be designated asa sécond order’
induiry. Any type of inquiry-either of first order or of second order is the reason for
application of the method of Tarka. Hence, Vacaspaﬁ’s view that confusion gives rise
to inquiry is not rejected by Vatsyayana. Cognitive inquiry sometimes assumes the first
‘order or sometime the second order form br status. Both of them are preéeded by earlier

state of confusion.

In connection with the explanation of the Vatsyayana’s view on Tarka, it would not be
luncalled for if Vacaspati. Misra’s and Navya Naiyayikas views are put forward for a
better appreciation of the Vatsyayana’s statement regarding Tarka. Vacaspati says that
one cannot know an object through Pramana if there arises any doubt. Praména cannot
be applied as long as the doubt of illusion is not dispélled through Tarka in the form of
anistapatti (imposition of the undesired). After the removal of doubt, Pramc'ma. can

reveal the object and hence Tarka is called as an accessory to Pramana.

It has been stated in the Bhdsya that Tarka is to be applied when object is confusedly
apprehended as having the existence of two contrary characteristic features. Ultimately

this doubt is removed through 7arka, which eliminates the other possibilities.
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If such be the case, another problem may be raised. So far as the elimination of doubt
through 7arka is concerned, we are adopting Tarka in each and every case of
knowledge. We are going on eliminating one object from another following this process
of elimination. When the knowledge of a cow is attained, the cow is eliminated, though
unconsciously, from the ‘non-cow’. We are unconsciously following the methodology
of the Tarka in the form : “If this cow were horse etc., it would not have possessed such
chargcteristics existing in a cow’. From this anistaparti we drawA our conclusion in the.
form : ‘As this cow does not possess the characteristic features of a horse etc. this-
animal is cow’. In this way, each and évery piece of knowledge ‘is the outcome of Tarka
though we are not always aware of the technicalities of the method. That is the reason
why the Buddhists have laid greatér emphasis on the concept of apoha. It may be
recalled that Ramanuja has explained the term ‘apohana’ found in the §loka of the
Bhagavadgita.'” as Uha or Tarka. Venkatanatha in his Nydyaparisuddhi has admitted
the above-mentioned meaniﬁg of the term Tarka and has referred to Ramanuja’s view. '
From considerations as above it follows that Tarka has a wider perspective. It may be
said to have a use in each and every case of knowled_ge,.no‘p alone the object in
confusion. Why had Vatsyayana laid so much of empﬁasis on thve fact that Tarka is to
be applied whenever an object is in some 'confusion (avijiiatatattva)? From the
foregoing analysis it is found that we are ever applying Tarka even when the object is
known. In other words, it -automatically comes I’to our mind that the known object i.e.
‘jar’ is different from ‘non-jar’. That ‘jar’ is different ‘non-jar’ is known on the strength
of the knowledge of the chafacteristic featurles of a jar as well as ‘non-jar’. So
Vatsyayana’s concept of Tarka surely have been much more wider. That Tarka is
needed for revelation of the object about which we have no specific knowledge is to be
taken as a restricted function of Tarka, as suggevsted by Vatsyayana. That would be too

inadequate.

In response to the above-mentioned problem one solution may be offered to strengthen
Vatsydyana’s position. It is true that we go on eliminating when we attain knowledge of

an object. Though it is done spontaneously, it would be too much to give justification
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for knowledge of an objéct, which is not at ali in confusion, If it were not in confusion,
what is the use of providing Tarka (in a demonstrative way) for the justification of its
knowledge ? To provide justification or proof for the object which is already established
gives rise to & logical defect calléd Siddhasadhana. Though this method of elimination
is adopted unconsciously, the intellectual demonstration of the method gives rise to the '
defect mentioned above, as this attitude is nothing but an effort to prove the object
already established. Keeping this in view Vatsydyana has emphasized that Tarka is to
be applied in an object which is not specifically known. This view of Vatsyayana is
strengthened when he says that argument is to be put forward in the case when the
~object is neither ascertained nor unkr}_own (completely) but in confusion.'” This theory

is applicable in any type of argumentation, not only of Tarka.

The form of Vyapti is : where thefe is deviation of fire, there is the negation of being a
product of fire (vatra yatra vahnivyabhicaritvam tatra tatra vahnijanyatvabhavah). In .
- this form of Vyapti the first part is Vyapya (pervaded) and the second one Vydpéka
(pervader). In the same way, it can be said that the Apadaka-part is the pervader and
Apadya-part is pervaded. So invariable concommitance or Vyapti is included in Tarka.
In order to remove doubt about the existence of Vydapfi determ’ined by dpddya and
existing in apddaka in the form : “whether apadaka is pervaded by apddya or not”
(Apadaka apadyavyapyo na va) in this Vyapti, the necessity of applying another Tarka
 will érise. In this Tarka there is another Vyapti. In order to remove the doubt of the
above-mentioned form existing in this Vydpti also, another Tarka will have to be

resorted to and in this way the defect called ‘Infinite Regress’ (anavasthd) would crop

up®

The above-mentioned view is not tenable. For the doubt -of deviation does not arise in

Vyapti of a Tarka, for it would involve contradiction (vyaghdata) in respect of one’s own
|

activity and hence, the necessity of another Tarka does not arise at all.

One can doubt so long as there does not arise any contradiction in respect of one’s own

ptactical activity. A man is not permitted to bear any doubt about Vyapti between smoke
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- and fire; as he seeks fire in his practical life to get smoke without any hesitation. If he’
has a slightest doubt regarding Vyapti between smoke and fire, he would not seek fire
for having smoke. If there is any doubt, it will contradict his own activity. In this way, it
can be said that a man takes food to satisfy his hunger and. takes recourse to words to
make others understand his desire etc. So, one’s own activities indicate the absence of
doubt in them. Moreover, if we go on doubting, our doubting would be subject of doubt.

So, each and every case is not the subject of doubt.?’

It is found that Tarka is to be applied when there is doubt of deviation, but not in all
cases of inferences. In some cases inference is possible without any Tarka. The baby is
found to move on to suck mother’s‘breast without turning. to other objects. The reason.
behind this inclination of a newborn baby is the knowledge of its conduciveness to the
desired object (istasddhanatdjiiana). The reason behind its absence of inclination to
other objects is the knowledge of their conduciveness iﬁ gaining .objects that are not
desired (anistasadhanatdjfina). How does a baby come to know of the conduciveness
to the desired object ? As the baby has got no scope for experiencing conduciveness to
the desired objéct in this life, it is éssumed- that in the previous birth he had acquired the
kﬁowledge of Vyapti in the form : “Wh‘é_re there is the means for the maintenance of my
life, there is the means  of aftaining my desired object” (vatra yatra
majjivanaraksopdyatvam tatra tatra madista-sadhanatvam). The impression of the
knowledge of Vyapti, which was experiericed in the previous birth, remains in the soul
of a newborn baby. After the awakening of the impression i.e. samskdra, the baby
attains the knowledge of Vyapti which gives rise to the inference.?? In this inference
there is no scope for applying Tarka (Reductio-ad-absurdum), as he bears no doubt
about the efﬁcacy'of sucking mother’s breast and hence, there would not arise the

defect of Anavalvthd (Infinite Regress).”

It has been shown that as the child has got the knowledge of Vydapri without the help of
~any Tarka, it (Tarka) cannot be the cause of a'sceftaihing Vyapti. As the knowledge of

Vyapti is possible without taking recourse to Tarka, there is the violation of the rule ‘the
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method of agreement in absence.” Here, the effect i.e. the ascertainment of Vyapti is
present while the proposed cause (i.e: Tarka), is absent. So, Tarka cannot be the cause
of ascertaining Fyapti,** but it may help in removing the doubt of deviation existing in

an inference.
In this way the Indian as well as Western Logicians apply the method of Reductio-ad-

absurdum or tarka to determine the real cause on real nature of an object, which

originally beléngs to geomentry.
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Evam Sarirasya caitanye balakasya stanyapane pravrttirna syat, istasadhanatajiianasya

taddhetutvat, tadanimistasadhanatasmarakabhavat. Manmate tu

_ianméntarﬁnubhﬁtestasz‘idhanatvasya tadantm smaranadevapravrttib, - Siddhantamuktavali on

Versq No. 48.

“Jatamatrasya pravrttinivrttihetutvanumitijanakavyaptijiianam tarkam vinaiva...”- T.C.

(Vyaptigrahopaya Chapter).
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CHAPTER - 4

The Concept of Sunya or Zero

It is stated by L. Hogben that the intention of Sianya of ‘Zero’ liberated the human
intellect from the prison bows of the counting frame. The invention of Zero is an
‘wonderful thing in ancient Mathematical literature. Though there is the diversity of
op1n10n regarding the date and time of the 1nvent10n of ‘0’ and agency of such
invention, it is an established fact that.the ancient thinkers were completely aware of its
‘usages. Professor Hallsted said — “The importance of the creation of the zero mark can
never be exaggerated. This.giving to airy nothi-pg, not merely a local habitation and a
name a picture, a symbol, but helpful power is the characteristic of the Hindu race

whence it sprang”.,

All the Western thinkers have agreed that the Indian thinkers had used it since al long
time, In the fourth century B.C. Kautllya had used the term $anya in his Arthasastra.

The term like Sanya-nivesana, sunya-sthana etc. are found in use in his book. The -

Indian Mathematicians had been using the term sdnya in order to convince the

‘unknown number’ (gjiidtarasi).

Moreover, the use of sinya is found in the literary pieces like Vasavadatta of Subandhu,

Kﬁddmbar; of Bafpabhatta and in the Najsadhacarita of Sriharsa ete.

Brahrhagupta in his writing called Brahmasphutasiddhdnta has given a clarified view
on Sanya. It is stated by Aryabhatta that, if zero is conjoined with some number, the
value of the number remains unchanged. This i‘s also true in the case of subtraction. If
some number multiplies zero, the result will be zero. It is said by Brahmagupta —
"Dhanayordhanammammayoranantqram Samakai kham/Rnamaikyam ca dhanamma»-.

dhana.s‘ﬁnyayoh Sanyayoh Siinyam//” That is, the positive numbers if added with another
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positive numbers, the result would be positive. If otherwise, it would be negative. If
zero is added to a positive number, the ﬁumber will remain same or unchanged. If zero
were added to a negative number, the result would be unchanged equally. If two zeros
are added the result will be of zero. If this theory is explained in terms of modern

mathemat1ca1 idioms, it would be as follows :

a—a=0; at+ta=a; -at+-0=-a; 0+0=0

In the case of multiplication there are some rules. If zero is multiplied with a positive
number the result will be zero. If a negative number multiplies it then also the result is
zero. If zero is multiplied by zero, it is also.zero (ax0=0; -ax0=0; 0x0=0).
The original §#afra runs as follow; “S’ﬁnyanayoh rdhanayoh rSanyayoh va vadhah

Sanyam.”’

Brahmagupta has laid some principles also. If zero is divided by zero, the result will be
zero. If zero divides a positive or négative number, the result will be zero. The original
Sloka runs as follows

“Dhanabhaktam dhanamrnahrtamrnam
dhanam bhavatt kham khabhaktam kham/
bhaktamrnena dhanamrnam dhanend
hrtammammam bhavatill”

Acharya Bhaskara thinks that if a number is di|vided by zero the value of the number
will remain the same, which is technically called khd-hara, i.e. a/0 = kha-hara. If some
number is added to zero, the result remains unchanged as admitted by Bhaskara also.
We had hinted to great Indian theory in this cc;ntext. He said that the origination and
destruction of innumerable individual beings are occurring in god having infinite power
of omnipotent. With this origination and destruction of innumerable beings the
Omnipotent god is not affected. In other words,‘with-this he remains unchanged. From
this it is known that, if something is added or subtracted to the Almighty, He remains
unchanged. It can be understood with the help of the metaphor of ocean, which is also
unbound. If water of a jar is poured on the ocean, it remams unchanged, only because

ocean is unbound and unmeasured, which is descrlbed by the Upanisadic seers as
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‘Pirna’ or “full’. If something is full or piarna, it is not possible to affect its holistic . -+

character. It is said in the Upanisad “Qum piirnamadah pirnamidam pirnat
pirnamudacyate/Parnasya parnamc'za’dya purnamevavasisyate.”  (Brhadaranyaka
iipani;vadjShantimantra). That is, something is added to Parra or subtracted from
Piirna, it remains as Pirna. Even if Piirna is taken away from Purna, the Pirna entity

remains unchanged or P#irna. It can be symbolically represented as follows :
- _ _ _ - _
Piirna + a = Parna; Piirna—a = Piarna; Piirna - Parna = Piirna.

From the above it can be said that almighty or omniscient or omnipotent being is Pirna
and hence all limited objects either added or subtracted to Him cannot affect Him at all.
Moreover, can we really know the definite character of such Pirna entity ? The entity,
which is capable of being perceived or visualized, can be described. Something which is
not capable of being seen or known and which has no colour, shape, size etc. can never

be described, becausé it is not possible to get.it’s holistic character. If at all He is l
described, it either partial nature or a human being’s imagination which has no reality at
all. In this sense He may be described as sinya, because no description is adequate to
catch hold of His real nature. That is why, the Buddhists argued that is true in any case
of Reality, which is linguistically indescribable and hence each and every real object is
empty or siinya. The Buddhists admit that each and every entity is relative and hence it

is empty having no particular character of its own.

For the sake of attaining the state of abiding in the illimitable the Buddhists admonish
that each and every person should realize the essenceless character of objects, it is
which is technically called Siinya. When the knowledge of silver occurs in the place of a
sea shell, it is sublated by the subsequent knoWledge and what is revealed to us is that
the silver was not at there. In a like ‘manner, the awareness that no reall silver etc. are
met with the states of waking and dreaming counters the knowledge of silver etc. Had
there been a piece of real silver, there would have beén the tfue'kngwledge of the action
of seen, the substratum of thé illusory silver i.e., the shell referred to by the term ‘this’

(idam), the superimposed property i.e., silverness and the relation of inherence between

52



silverness and shell ness." Actually it is not taken as true. For, if the illusory silver were
present, all these would have been real. All of us are of the opinion that the perception
of silver of a seashell is illusory. It cannot be said that these things are partially real and
partially unreal, because it is unthinkable to assume an object, which is real as well as
unreal. In the case of the superimposed objects, locus of superimposition, their relation,
action of seeing and viéwer, if one is countered, others will also be the same. In other
words, the knower, the object known and knowledgé are mutually dependent. The
reality of one object is dependent on the other. If one is considered to be illusory, others
would also be similarly fated,2 j_ust the fatherhood of a man is false if it is proved that
the case of his having children is false. The object, which is real, must be independent
and should not depend on others for its origination and existence. But actually each and

every object is found to be dependent on others and hence it is not real.

The Buddhist believes in the theory of momentariness on account of which they do not
accept the permanent character of an object. Such impermanent character also exists in
the feeling - of pleasure, universal etc. This amounts to the acceptance of

Sarvasiinyavada. An object is known in four ways :

a) as existent; *

b) as non-existent;

c) as both existent and non-existent; and

d) as different from existent and non-existent (sadasadbhinna).

The object, which is free from this four-fold ways of description, is called Siinya.® This
may be illustrated in the following way. If ‘existence’ (sart@) becomes the essence of an
object, the function of the instrumental causes (Kdrakavjzdpc'lra) for its manifestation
would become useless. If the ‘non-existence’ (asarftd) an accepted as the nature of
objects like jar etc., the effort to produce it is useless due to its non-existent character.
There cannot be the cause of the existent objects like space etc. While it is impossible to
look for a cause of the non-existent objects like sky-flower etc. As the ‘existence’ is
diametrically opposite to ‘non-existence’, there can be an object bearing both existence

.and non-existence character like sky-flower etc. As the ‘existence’ is diametrically
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opposite to ‘non-existence’, there cannot be an object bearing both existence and non-

existence, and also an object devoid of both existence and non-existence.’

Sinyata or voidness is the nature for this indeterminable, indescribable nature of things.
Things appear to exist, but our intellect fails to draw out a real vnature of their existence
_if we try to understand them. That is why, it is accepted that the apparent phenomenal
world is perceived by us. Behind this phenomenal world there is a reality, which is not

capable of being described.

It has been said in the Lankavatarasitra that the nature of objects conceived with the
help of intellect is indeterminable. That is why, the objects are stated to be indescribable
due to not having any essence. When it is said ‘This is that object’, it is only for verbal
communication. But when an effort is made to conceive the object, it will be seen as
lacking any essence. Just as an object seen in the dream is nothing but the work of
imagination, the object seen in the waking state is also imaginary due to its relation with '
our ignorance.’ This point is highlighted with the hélp 'of a metaphor. Just as a female
body is imagined as a combination of flesh and bone, locus of desire and enjoyable
edible object by a saint, amorous person and a dog respectively, an object also is

similarly imagined in various predisposition and attitude.’

If the very nature of an object is imagined, there is no reality of it. Such an object is
properly to be called indescribable as it dependent on other things. Nagarjuna describes
this fact about dependent origination as Sianya. In other words, it is the Dharma of a
thing that it depends on other things for its origination. Dharma does not exist there if it
is not Sinya. An object is $finya, which means an object has_got conditional and

changable character, which ultimately suggests its indescribability.”

If an object is always dependent on other conditions, it is called conditional on account
of which an object is imposéiblc to be described as either sat, or asat etc. For this reason
it follows that each and every thing exists in relation to others and hence it is relative.

So, the theory called Sinyavada may be descriibed as the theory of relativity. No
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phenomenal object or-experience is absolute, or independent and hence, it is not.

absolutely or unconditionally true. .

The Buddhist formulated the theory of impermanence, dependent origination etc. to be
applied to the phenomenal world which enjoys only an apparent reality
(samvrtisatyata). Apart' from this there is a world where these theories do nbt apply.
That world which is unconditional, unchanging, non-relative has got absolute reality
(paramarthasatyata). Each and every teaching of Buddha is to be understood in two
ways : first through the light of phenomenal reality and seccndly through that of

absolute reality.®

It should be clearly borne in mind that the trutil at the phenomenal level points to‘the
' attainment of the truth at the absolute level. An individual, after‘ pondering over the
impermanent and dependent nature of a thing, can transcend this world and attain the
world of Nirvana. The transcendent world imaty be described as possessing the’
characteristic's opposite of those of the phenomenal world, though Buddha had never
directly spoken of that state owing to its indescribable character. The state, which is not
capable of being known through ordinary intellect, is indescribable. That is why,
Buddha observed silence whenever he was asked about the transcendent state, This fact
indicates that the truth of the tranécendental experience cannot be described with the
apparatus of ordinary intellect and descriptive capability. Moreover, any description

through language, being Kalpand or imposition, cannot disclose the reality.’

The object known through language has a secondary reality known as Samvrtisatyata.
The transcendent reality, which we are talking about, cannot be expressed through any

Vikalpa or Kalpana as it possesses paramdrthagfyatd.

This theory is known as Madhyamika as it adopts the middle path (madhyama). 1t does -
not accept the extreme views i.e. absolute reality and absolute unreality of the things.
To say that an object relatively real means that it is neither absolutely real nor

absolutely unreal.'®
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In the present time suffering of mankind is found in a global scale due to violence in
mind, body and speech. All individual beings have become disintegrated because they
are suffering from this worldly disease (bhavaroga) due to the absence of right vision

. (Samyag drsti) of the objects.

If the nature of an object is known as s§iinya, an individual may be free from the wrong
notion of an object. The detachment towards the enjoyable objects is possible for a man
if he realises that thé nature of the known objeét is relative, conditional and apparent.
The pﬁenomenon of upeksa, whicﬁ is accepfed as Brahmavihara, is possiblelif the void
character of an object is realized. Detachment towards an object gives rise to Upeksa
where 2 man can remain indifferent in loss and gain and in different to the ups and
downs of life. The detachment and Upeksa again are related to the understanding of the

void character of an object in the sense as mentioned earlier.

Nagarjuna has highlighted this point with the metaphor of mirage. According to him,,ani
individual who, mistaking a mirage for water and then comes to know that it was not at
ail water is not a fool. In the same way, a man who considers this world as having
existence just like a mirage and afterwards comes to know its absence is a real knower

having no infatuation towards the external world. '

One who understands Sinyata (voidness) can understand dependent origination
(pratityasamutpada). The knower of dependent é)riginafion ';cllohe éan realise four Noble
Truths, which are the causes of the removal of thirst etc. Due to this an individual can
know the real Dharma as well as the cause of it !and its result leading to the knowledge
of suffering. Those who know these can know the real naturel of happiness and
suffering, and also know the means of the attainment of happiness and removal of

1

suffering.'?

This state is known as right vision (samyagdrsti). Ignorance of the real nature of an
object is the main cause of our suffering. Morality is possible only through the change

of attitude towards the objects of enjoyment. The real or right knowledge of them can
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generate in us detachment and this in turn- renders moral action possible. All other ways
like right resolve (samyak samkalpa), right speech (samyak vak), right conduct (samyak
karmanta), right livelihood (samyag djiva), right effort (samyag vyayama) right
attention (samyak smr;ti)'and right concentration (samyak samadhi) follow from the
right knowledge of the objécts.'All other moral action like maitri, karund and mudita
apart from upeksa are possible due to one’s realizing the non-essential or void character

of sensuous objects. ,

If we can understand that the objects known as pleasant etc: are not really such, and
relative in nature, we shall not lust for enjoying them. This is the root of the pbssible_
change of attitude toward them and would lead one to the path of renunciation. Having
renounced the world might bring us at the threshold of the transcendental wisdom, only
then we shall be able to perform moral actions and enjoy the taste of abiding in the
illimitable (brahmavihdra). Under this circumstance an individual is purged of his
ignorance, the root of violence-je'alously, exploitation etc. and be a model for others in
socwty That Sunyavada a relevant point of view for restoring world-peace by removmg
the cause of violence, exp101tat10n etc. is aceepted by Nagarjuna who has said that the
person knowing Swzyavada knows the meaning of all and otherwise, he does not know
anything (“Prabhavati ca Sinyateyam yasya prabhantt tasya sarvarthah/Prabhavati na

tasya kificit na bhavati Sanyata yasya”)."®

An object is essenceless (Sinya) because it is relative. This sense of devoidness is a
"mathematical concept described as zero as mentioned earlier. The Bauddha Logician
Nagarjuna has successfu}ly shown another dimension of Sianyata which is used in the
sense of relativity. If an object is known in terms of other objects, which are technically
called by them as apoha, then the object known has no essence of its own. Had it been,
it would have been known independent of other entities. As it is not possible, it is better

to take it as void or Sinya, which is the property of mathematics.
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CHAPTER -5

Set theory and similar concepts in Indian Logic

i

We use the word ‘set’ in such a way that a set is completely determined when its
members are given; i.e., if A and B are sets which have exactly the same members, then

A =B. Thus we write:

The set of equilateral triangles = the set of equiangular triangles, for something belongs
to the first set if and only if it belongs to the second, since a triangle is equilateral if and
only if it is equiangular. This general principle of identity for sets is usually called the

principle of extensionality for sets; it may be formulated symbolically thus:

(1) A=B < (x)(x €A © x € B).

Sometimes one finds it convenient to speak of a set even when it is not known that this
set has any members. A geneticist may wish to talk about the set of women whose
fathers; brothers and husbands are all hemophiliacs, even though he does not know of
an example of such a women. And a mathematician may wish to talk about maps, which
canhOt be colored in fewer than five colors, even though he cannot prove that such maps
exist. Thus it is convenient to make our usage of the term ‘set’ wide enough to include -

empty sets, i.e., sets which have no members.

It is clear that if A is a set which has no members, then the following statement is true,

since the antecedent is always false: |

(2) (X)(x €A — x € B).

And, correspondingly, if B is empty, i.e., has no members, then it is true that:
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(3) (xeB—xeA).
From (1), (2) and (3) we conclude that if two sets A and B are empty, then:
A=B;

That is to say, there is just one empty set; for given two empty sets, it follows from the
principle of extensionality for sets that the two sets are identical. Hence we shall speak

of the empty set, which we denote by a capital Greek lambda:

A is the set such that for every x, x does not belong to A ; that is, symbolically :
(x)-(x € A), and we abbreviate ‘- (x € A)’ to ‘x 2A’, and write: (X)(x ¢A).

We shall find it convenient in general to use the notation ‘€’ to indicate that something

does not belong to a set.

Often we shall describe a set by writing down names of its members, separated by(
commas, and enclosing the whole in braces. For instance, by:

{Roosevelt, Parker}

We mean the set consisting of the two major candidates in the 1904 American

Presidential election. By:

{1,3,5}
We mean the set consisting of the first three odd positive integers. It is clear that

{1, 3,5} = {1, 5, 3} (for both sets‘have the same members : the order in which we write
down the members of a set is of no importance ). Moreover,‘ {1, 1,3, 5y ={1,3,5}

(for we do not count an element of a set twice).

The members of a set can themselves be sets. Thus a political party can be conceived as
a certain set of people, and it may be convenient to speak of the set of political parties in
a given country. Similarly we can have sets whose members are sets of integers: for

instance, by:
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1,2}, {3,4}, {5, 6}}

We mean the set which has just three members, namely, {1, 2}, {3, 4} and {5, 6}. By:

{{1,2}, {2.3}}

We mean the set whose two members are {1, 2} and {2, 3}. By:

{{1,2}, {1}}

We mean the set whose two members are the sets {1, 2} and {1}.

A set having just one member is not to be considered identical with that member. Thus
the set {{1, 2}} is not identical with the set {1, 2}: this is clear from the fact that {1, 2}

has two members, whereas {{1, 2}} has just one member (namely, {1, 2}). Similarly,

{Elizabeth II} # Elizabeth II, for Elizabeth II is a woman, while {Elizabeth II} is a set.

Ordinarily it is not true that a set is a member of itself. Thus the set of chairs is not a
member of the set of chairs : i.e., the set of chairs is not itself a chair. This remark
illustrates the very great difference between identity and membership: for the assertion

that A = A is always true, whereas that A € A is usually false.

The relation of membership also differs from the relation of identity in that it is not

symmetric: from A € B it does not follow that B € A. For instance, we have:

2¢e{l,2},but:
{1,2}¢ 2.

Moreover, the relation of membership is not transitive: from A € B and B € C it does

‘not follow that A € C. Thus, for example, we have:

2¢e {l,2} and:
{1,2} e {{1, 2}, {3,4}} but:
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' |
2 ¢{{1, 2}, {3, 4}}, for the only members of {{1, 2}, {3, 4}} are {1, 2} and {3, 4} and
neither of these sets is identical with 2. " |
It should be noticed that if, for instance, {a, b} is any set with two members, then, for

every X, x€ {a, b} if and only 1f either x = a or x = b, that is; s'ymbolically:
x)xe {a,b} & (x=aVx=hb).

Similarly, if {a, b, ¢} is a set with three members, then x € {a, b, ¢} if and only if either
x=aorx=borx= . It is for this reason that we just said that 2 e{{-l, 2}, {3, 4}}; for
ifxe {{1,2}, {3, 4}}, then either x = {1, 2} or x = {3, 4}; and since 2 # {1,2} and 2 #
(3,4}, it follows that 2 ¢ {{1, 2}, {3,4}}.

It should also be noticed that there is a close relationship betwee'n.saying that something
has a property and saying that it belongs to a set : a thing has a given property if and
only if it belongs to the set of things having the property. Thus to say that 6 has the
property of being an even number amounts to saying that 6 belongs to the set of even

numbers.

The principle of the idehtity of indiscemible in terms of broperties. Expressed in terms
of membership the principle becomes: If y belongs to every set to which x belongs, then
y = x. Put in this form, the principle has perhaps‘a more obvious character than it has
wheh put in terms of properties. For x € {x} (i.e., x belongs 1o the set whose only
member is x), and hence, if y> belongs to every set to which x belongs, we conclude that

y € {x}, so thaty =x.

Inclusion : If A and B are sets such that every member of A is also a member of B,
then we call A a subset of B, or say that A is included in B. We often us_é the sign ‘<’ as

an abbreviation for ‘is included in’. Thus we can write, for instance:

The set of Indians is a subset of the set of men, or:
The set of Indians is included in the set of men, or simply:

The set of Indians < the set of men. Symbolically we have:
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() AcBeo (x)(x€A—xeB).

It is clear that every set is a subset of itself; i.e., for every set A we have: A < A.
~ Moreover, the relation of inclusion is transitive; i.e., if Ac Band Bc C, then Ac C
(for if every member of A is a member of B, and every member of B is a member of C,
then every member of A is a member of C). The relation of inclusion is not symmetric,

however; thus {1, 2} < {1, 2, 3}, but it is not the case that {1, 2, e {1,2}.

It is intuitively obvious that identity, membership, and inclusion are distinct and
different notions, but it is still somewhat interesting to observe that their distinction may
be inferred simply from cbnsiderin_g the questiions of symmetry and transitivity. Thus
inclusion is not the same as identity, since idenfity is symmetric while inclusion is not.
And inclusion is not the same as membership, since inclusion is transitive while
membership is not. And we have seen earlier that identity is not the same as
membership, since identity is both symmetric and transitive, while membership is
neither. In every day languagé all three notions are expressed by the one overburdened

verb ‘to be’. Thus in everyday language we write:

Elizabeth II is the present Queen of England,
Elizabeth II is a woman,

Women are human beings. _

But in the more exact language being developed here:
Elizabeth II = the present Queen of England,
Elizabeth Il € the class of women, .

The class of women ¢ the class of human beiings.

When A c B, the possibility is not excluded that A = B; it may happen also that B c A,

so that A and B have exactly the same members, and hence are identical.

The Empty Set : As mentioned earlier, the empty set, A, is characterized by the

property that, for every x, x gA.
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‘Although nothing belongs to the empty set, the empty set can itself be a member of -
another set. Thus if we speak of the set of all subsets of the set {1, 2}, we are speaking
of the set {{1, 2}, {1}, {2}, A} which has four members; the thfee-member set {{1, 2},
{1}, {2}} on the other hand, is the set of all non-empty subsefs of {1, 2}..

We recall the fact that a set A is a subset of a set B if and only if every member of A is
also a member of B, i.e., if and only if: for every x, if x € A, then x ¢ B. In particular,
the empty set A is a subset of a set B if and only if: for every x, if x € A, then x € B.
.Since always x ¢ A, however, it is always true that if x € A. then x € B. Thus, for every

set B, we have:
AcB.

" That is, the empty set is a subset of every set. In addition, the empty set is the only set
which is a subset of the empty set; for if B < A, then, since we also have: A € B, we

can conclude that B = A.

An empty set is to be accepted as a set and because through the acceptance of its setness
it can be admitted distinguished from other set. Moreover an empty set is also a subset
of another empty set, because if something is susbstracted from another, it remains: m

the same status and hence it is taken as subset of another.

Operations on Sets : If A and B are sets, then by the intersection of A and B (in

symbols: A N B) we mean the set of all things which belong both to A and to B. Thus,
for every x, x € (A N B) if and only if x € A and x € B; that is, symbolically: |

(1) ()(xeANBoxeA&xeB).

If A is the set of all Indians, and B is the set of all blue-eyed people, then A N B is the

set of all blue-eyed Indians.
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If A is the set of all men, and B is the set of all animals which weigh over ten tons, then
A N B is the set of all men who weigh over ten tons. Iii thi$ case We notice that A N B is
the empty set (despite the fact that A # A and B # A, since some whales weigh more
than ten’tons). WhenANB= A, we say that A and B are mutually exclusive.

Our use of the term ‘intersection’ is similar to its use in elementary geometry, where by
the intersection of two circles, for- instance, we mean the points, which lie on both
circles. Some authors use, instead of ‘N’, the dot ‘.” Which is used in algebra for
- multiplication; such authors often speak of the “product” of two sets, instead of their

intersection.

If A and B are sets, then by the union of A and B (in symbols: A U B) we mean the set
of all things which belong to at least one of the sets A and B. Thus, for every x, x € (A
U B) if and only if eitherx € A orx € B, |

Symbolically:

One may intend to consider the union of two sets, however, even when they are not
mutually exclusive. For instance, if A is the set of all human adults, and B is the set of

all people less than 40 years old, then A U B is the set of all humén beings.

If A and B are two sets, then by the difference of A and B (in symbols: A ~ B) we mean
the set of all things which belong to A but not to B. Thus, for every x, x € A~ B if and
only if x € A and x ¢ B; that is, symbolically:

2. xX)(xeA~BeoxeA&xgB)

If A is the set of all human beings, and B is the set of all human ..., then A ~ B is the set
of all human males. One often desires to consiqer the difference of two sets A and B,
however, even when B is not a subset of A: For instance, if A is the set of human
beings, and B is the set of all female arﬁmals, then A ~ B is still the set of all human

males, and B ~ A is the set of all female animals which belong to a non-human species.
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Domains of Individuals : Often one is interested, not in all possible sets, but merely in
all the subsets of some fixed set. Thus in sociology, for instance, it is quite natural to
say mostly about sets of human beings; and to speak with the understanding that when a
set was mentioned it was to be t’aken to be a set of people, if an explicit statement to the
contrary was not made. In such discourse one might say, for example, ‘the set of
albinos’, and it would be understood that one was referring only to the set of albino

people, and not also to albino monkeys, albino mice, and other albino animals.

Similarly, in some geometrfcal discourse the word ‘set’ to mean ‘set of points’ is used.
Sometimes in mathematics peopie pfess,into service in some specialized sense some of
.the various words mentioned above'és being here taken to be synonymous with ‘set’: a
geometrician might, for example, adopt the convention of speaking of set of points,

classes of sets of points, and aggregates - or perhaps families - or geometrical curves.

When a fixed set D is taken as given in this way, and one confines himself to the
discussion of subsets of D, we shall call D the domain of individuals, or sometimes the
domain of discourse. Thus the domain of individuals of the sociological discussion

mentioned above is the set of all human beings.

1

We shall denote the domain of individuals by ‘V’. It is important to remember that
though ‘A’, stands for a uniquely determined entity (the empty set), the symbol ‘V’ is
interpreted differently in different discussions. In one context ‘V’ may stand for the set
of all human beings, in another for the set of points of space, and in another for the set

of positive integers.

When dealing with a fixed domain of individuals V, it is convenient to introduce a

special symbol for the difference of V and a set A:

~A=V~A,
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We call ~ A. the complement of A. More generally, the difference’ B ~ A of B and A is
called the complement of A relative to B; so the complement of a set is simply its

complement relative to the given domain of individuals.

Translating Everyday Language : This part is concentrated to the problem of
translating sentences of everyday language into the symbolism that we have been
developing. It should clearly be borne in mind that the usage of everyday language is
not so uniform that one can give unambiguous and categorical rules of translation. In
everyday language we often use the same word for essentially different notions (‘is’, for
exafnple, for both ‘¢’ and ‘c’); and, sometimes for. literary elegance, we often use
different words for the same notion (‘is’, ‘is a subset of’, and ‘is included in’, for

example, for ‘).

We consider here only those sentences, which can be translated into a symbolism’

- consisting just of letters standing for sets, parentheses, and the foilowing symbols:
N U~ A= #C

Such a symbolism can handle statements involving one-place predicates very well, but
it is not adequate to many-place predicates. This symbolism is essentially equivalent to
the language of the classical theory of the syllogism it is important to note that we are
not using here the notion of membership; we restrict ourselves to sets all of which are

on the same level-subsets of some fixed domain of individuals.

_ ‘ :
An English statement of the form ‘All ... are ...’, where the two blanks are filled with

common nouns such as ‘men’ or ‘Indians’ or ‘philosophers’, means, of course, that the
set of things described by the first noun is a subset of the set of things described by the

second noun, Thus, for example:
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M All Indians are philosophers Means; .

The set of Indians < the set of philosophers, or, using ‘A’ as an abbreviation for ‘the set

of Indians’, and ‘P’ as an abbreviation for ‘the set of philosophers’:
IcP
We can aléo express the meaning of this statement in other, equivalent, ways:
AUVPE=P,' or: A_m ~P=4A, cte,

and these other modes of expression often turn out to be useful.

!

We use the same mode of translation of statements of the form ‘All ... are ...

k]

also

when the second blank is filled with an adjective. For example, we take:

(2)  AllIndians are mortal to mean: o

The class of Indians c the class of mortal beings, or, using obvious abbreviations:

Ac M.

Sometimes, however, in contexts of this sort people suppress the word “all”- writing,

for instance: -
Tyrants are mortal instead of:

3) All tyrants are mortal, or : Women are fickle instead of :

4) All women are fickle, which we should translate, respectively, by:
.T < M and: '
WcF
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One must be on guard when translating statements of this kind, however; for ordinary -

Alanguage-uses the same form also to express essentially different ideas. Thus, as we . . *

have seen before:
(5)  Men are numerous does not mean:

The set of men < the set of nurr;erous things (i.e., that every"me_m is numf;r'ous)"But :
rather, letting M be the set of .men and N be the‘ set of sets which have numerous
members: |

M e N.

- Similarly:

(6)  The apostles are twelve Means that the set of apostles belongs to the set of sets |

* having just twelve members.

Corresponding to the distinction, which we have made between membership and

LR Y]

inclusion, the older logic _rriade a distinction between the “distributive gollective”
“applications of the predicate to the subject. Using this terminology, one says that in (1),
(2), (3), and (4) the predicate is applied to the subject distributively, and that in (5) and.
(6) it is applied to the subjec_f collectively.
An English statement of the form ‘Some.. are.. .I’, where the blanks are filled b'cbrrirrion o
nouns means that thér,e exists sofnefhing which is described by both terms: i.e., that the

intersection of the two corresponding sets is not empty. Thus, for instance:

(7)  Some Indians are philosophers Means that there exists at least one person who is

both an Indians and a philosopher, and is accordingly translated:
INP#L -

Although a statement of the form of (7) implies that the sets corresponding to subject
and predicate -are not empty, no such inferénce is to be-drawn from a statement of the

form of (1). Thus, for example, it is true that
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. ;All three-headed, six-eyed men are three-headed men, but it is not true that some three- -

headed, six-eyed men are three-headed men.

An English statement of the form ‘No...are..."(wher_e as before, the blanks are filled b
common nouns) means that nothing belongs both to the set corresponding to the first
noun, and to the set corresponding to the second noun' i.e., that the intersection of these

two sets is empty. For instance, the sentence:
8) " No Americans are philosophers is 'translav.ted:
. _'A N P = A;
Thus (2) ha§ the same meanihg as:
No Americans are immortal since both can be 'translated:

AN~M=A.

An English statement of the form ‘Some ... are not ...” (where the blanks are filled by
common nouns) means that there exists something which belongs to the set
corresponding to the first noun, and does not belong to the set corresponding to the
-second noun: i.e., that the intersection of the first set with the complement of the seéond »

is not empty. The sentence:
"Some Americans are not philosophers is translated:
AN~P#A.

We turn now to the problem of translating some statements of a more complicated sort.

The word ‘and’ often corresponds to the intersection of sets. Thus:
All Americans are clean and strong is translated (using obvious abbreviations):

AcCnSs.
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The same applies to the word ‘but’: thus:

Freshmen are ignorant but enthusiastic is translated:
FcINE.

" The situation is quite different, however, when the ‘and’ occurs in the subject rather

than in the predicate. Thus:

®) Fools and drunk men are truth tellers is translated, not by:
(10) (F N D)< T but rather by:
(11 FUD)cT.

For (9) means that both the following statements are true:

(12)  All fools are truth tellers and: | _

(13)  All drunk men are truth tellers; and (12) and (13) are translated, respectively, by:

(14 FcTand: '

(15) D < T; and (14) and (15) are together equivalent to (11). (It should be noticed
that (10) says less than (11); for: - | ' '

F N D c F U D is true for every F and D — and hence (10) is true whenever (11)
is true — while a statement of the form (10) can be true even when the

corresponding statement of the form (1 l)lis false.

Often the statement to be translated does not contain any form of the verb ‘to be’ at all.

Thus the statement:
Some Frenchmen drink wine can be translated:
F N W #A, if we think of ‘F’ as standing for the set of Frenchmen and ‘W’ as standing

for the set of wine drinkers. The statement:

71



- .. ..Some Americans drink ,buo.thi coffe_e‘_andm_i'lkpah be translated:

"ANC NM#A, where ‘A’ stands for the set of Arnerlcans ‘C’ for the set of people
who drink coffee, and ‘M’ for the set of people who drlnk milk. Here we have adopted
the practlce wh1ch is frequently employed, of suppressmg parenthe51s in representlng

the intersection of three or more sets, writing simply:

AN C N M instead of: A N (C.N M); we shall sometimes adopt'a similar practice in
connectlon with the representatlon of the union of three or more sets. Stlll more

comphcated examples are p0551ble If we consider:

(16) Some Americans who drihk"tea do not drink either coffee or milk. The genefal

form of this statement is: Some S are not P. The subject is translated:
ANT,where T= the set of tea drinkers, and the predicate is translated : C U M. ;
The whole sentence (16) is th!en;trérislated :

(ANT)N~(CUM)#A, which is also eduivalent to:
ANTN~CN~M# A smce, correspondlng to De- Morgan s laws for the

v sentent1a1 connectlves we have:
- an ;(C~UM)= ~CN~M. -

Venn Diagrams : In studying 'sets._“ahd AreYst’iohs between them, it is sometimes helpful

to represent the sets diagrammatically' one draws- a rectangle to represent the domain of

1nd1v1duals ‘and then draws cucles or other ﬁgures inside the rectangle — thinking of

the points inside the varlous ﬁgures as correspondlng to the members of the sets being
"represented by the ﬁgur,es. Thus sets A and B, for instance, mutually exclusive,.can be

represented by the following diagram: =
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- FIGURE 1

If we know that A'c B, we can represent the situation by Figure 2.

"FIGURE2

A more traditional way of describing Figure 2 is to say that all A are B, ie., all

members bf A are members of B.

If we know of three sets A, Band C. that AcB(allAare Byand BN C= A, (i.e,no B

- are C), we can represent the situation by Figure 3.
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_FIGURE 3.

Sometimes, instead of tryihg to incorporate the given information into the diagram -

simply by drawing the circles in an apprdpriaté_ manner, it is convenient to draw the
figures in‘a rather arbitrary way (so that they will divide the interior of the rectangle into
a maximum number of parts) and then get the information into the figure by other
.methods, such as the shading of areas. AHaving deéided, let us say, to indicate by
~ horizontal shading that an area coneSponds to the empty set, we indicéte that ANB=
A by Figure 4; and that A g.B by Figure 5; for to say that A is a subset of B means that
- no part of A lies outside B. | A
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_ FIGURE 4

FIGURES

With these diagrams, it is often easy to show what conclusions can be drawn from given
information about two or more sets. Thus suppose, for example, that it given, of two
sets A and B both that AN B = A, and that A < B. The first statement (as indicated in
Figure 4) means that the common part of A and B 1s to be shaded and the second
statement (as indicated in Figure 5) means that the part of A Wthh is outside of B is to
be shaded. Thus we obtain Figure 6, where we notlce that all of A is shaded. Thus we

see that the two given statements jointly imply that A is the empty set
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FIGURE 6

Horizontal shading is used to indicate emptiness of a région. Another kind of symbol is, . .
needed for non-emptiness, We shall use a device' of linked crosses. Thus if AN B+# A
‘(some A are B) we represent this situation by Figure 7; the cross indicates that the

region common to A and B is not empty. We represent the more complicated situation :

ANBUC)#A, (some A are either B or C) by Figure 8.

FIGURE 7
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FIGURE 8

The threé crosses in Figure 8 are linked to show that at least one of the three small
regions is non-empty. If the linkagc had been omitted in Figure 8, the figure would
represent much more than that AN BUQC+# A. If the linkage were omitted, we could
infer: - | '

(l) (ANB)~C#A (the top éross)

2) ANBNC#A  (the middle cross)

3) ANC)~B#£A (the bottom cross)
Obviously, aiiy one of the assertions (1) — (3) implies that A N (B U C) # A and more.
Without the linkage Figure 8 would say far too much. ‘ |

The situation described by

AUB#A  (Something is either A or B)
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- AU~C#A (Something is either»AJ.or not C) is represented by Figure 9. Note the two

separate linkages, one for each of the two existential statements.

FIGURE 9

What should be an interpretation of a diagram in which a cross and shading occur in the

same region? Suppose, for example, that we have:

4) ANC+#A (Some A are C).
(5) CcB (All C aré B)

We obtain Figure 10, in which the part of C which is outside of B has been shaded
horizontally, to show that it is empty and linked crosses have been placed in the two
parts of the common region of A and C, to show that it is not empty. The problem of
interpretation centres around Region (1). Consideration of (4) and (5) cleariy urges the
stipulation that shading dominates a cross, and hence Region (1) is embty. We are thus
able to conclude that Region (2) is not cmpfy, that is, (4) and (5) imply that AN (B N
C) # A (some A are B and C). '
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FIGURE 10

There is one set of circumstances in which we do not want to say simply that shading
dominates a cross. When every cross in a linkage of crosses is “covered” by shadjng we
must conclude that the diagram is inconsistent rather than that thenlink‘ed regions are
completely empty, for a linkage of crosses means that at least one of the regions linked
is non-empty. We may in fact ‘use theée circuinstancés to invesiigate by use of Venn
diagrams the consistency -of a set of conditions. irﬁposed on sets. Thus suppose, for

example, that it is given of three sets A, B and C'that:

6) AcC (All A are C)
7 ANC=A (NoAareC)

(8) ANB #A  (Some A are B)
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“This situation is fepresented by a Venn diagrarh in Figure 11.

FIGURE 11

Assumptibn (6) leads us to shade Regions (1) and (2); assumptioh (7 leads us to shade
Regions (3) and (4); and assumption (8) leads.us to place two linked crosses in. Regions
(2) and (3).. Thus the given assumptions imply that Regions (2)1 and (3) are both empty - °

and non-empty, which is a contradiction.

There is, of course, a very great difference between saying that certain conditions on
sets are inconsistent and saying merely that they imply that éome'set' is empty. Thus -
assumptlons (6) and (7) above imply that Ais empty, but these two assumptlons by .

themselves are not inconsistent.

~With the notation for Venn diagrams now complete, it is of some interest to show how
the apparatus may be used to establish the validity of classical syllogisms. As an

example, consider the syllogism:
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(99 NoBareC
(10) AllAareB
(11)  Therefore no A are C

Premises (9) and (10) are represented by Figure 12.

FIGURE 12

5

We now examine the diagram to see if it implies that no A are C. We have seen at once
that the re’gion common to A and' C is horizonally shaded, and we conclude that the
" conclusion of the sylloglsm is valid. All other valid syllogisms may be tested in the
same way, but -there is no need to restrict the use of Venn dlagrams to testing the
validity of those arguments, which have the classical sylloglstlc form. Venn diagrams
may be used to represent any argument, which does not involve more than three sets.
Moreover, by a careful use of ellipées in place of circles relations among four sets ‘caﬁ -
be represented dlagrammatlcally, but relatlons among five or more sets can often not be

: represented by any sxmple diagrammatic device.'
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An Indian Counterpart

The relation between set and subset as found in the western logic has affinities with
Indian concepts of para and apara samanya {i.e., greater and comparatively smaller
universal). The universal (samanya) i's defined as a property which, being eternal, is
inhered in many individuals (nityatve sati anekasamavctatvam) as per the view of the
Natiyayikas. To them the properties like ‘cowness’ etc. are eternal in naturé and remain
in all the individual cows through relation of inherence. In other words, it can also be
said that the property ‘animality’ (pranitva) remains in all individual cases of animal

through relation of inherence and hence it is also a case of universal.?

The Naiyayika defines the univérsal as a character, which is nitya (eternal) and
anekasamaveta (inheres in rh’any particular instances). Therefore, according to,
Naiyéyikas, the relation between a universal and its particular instance is the relation of
inherence. Further, the universal is an eternal character inhering in more than one
particular instance. Therefore, where there is only one. instance of a thing, its
distinguishing character is not a logiéal universal, e.g., according to the Naiyéyika, there
is only one akasa or ether. Therefore ether ness is just a distinguishing character and not
a logical universal — an upadhi and not.ajdti. Again when a character or feature which
is re;lated to the substrate which it characterises by some relation cher than the relation
of samavaya or inherence, it is no logical universal in the strict sense, e.g., negativity or
~abhavatva is a common character of such particular abhdavas or negations as
ghatabhava, patdbhava, etc. But since the relation pf samavaya holds only between
positive objects of experience or bhavapadarthas, ‘and not bietween positive and
negative objects, nor between one negative object and another, the relation of
samavdyatvd does not hold between abhavatva or negativity and the particular
negatives in which it is found as a common character. Thus abhdvatva or negativity, as
not"admitting of the relation of samavaya, is not a logical universal. The Naiyayika also

rejects overlapping universals as not being logical universals in the strict sense, e.g.,
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bhiitatva or the character of being an element is common to the five elements earth, .
water, air, fire and ether and miirtatva or the character of moving is common to the five
moving substances, viz. earth, water, air, .ﬁre and mind. Thus both these cH’aracters have
earth, water, air and fire as their common substances while ‘the character of being an
element’ applies to dkdsa and not to mind, and ‘the character of moving’ applies to
mind and not to akasa. Therefore, if ‘the character of being an element is conceived as a
universal, it will apply to the four bhiitas — earth, water, air and fire which are moving
thing as well. And then the universal bhiitarva will coincide with the universal mirtatva
in respect of these four substances and ought therefore. to apply to. the other mira, viz.,
mind though' it does not. And the same objection will hold in respect of mirtatva which
should apply to akdsa though it doeé not. Further, the four substances, earth, water, air
and fire, will have to be regarded as instances of two difference universals, which is like
saying that some animals are both cows and buffaloes which ié absurd. This is why
character with partially overlapping denotation are not admitted by Naiyayikas to be-

logical universals.

Another negative condition of a logical universal, according to the Naiyayika, is
regressus ad infinitum. Where the acceptance of a character as a universal will land one
into an infinite regress, no logical universal is admissible according to the Naiyayika.
This is why the Naiyéyikas do not recognise universals of universals, e.g., ‘horseness’,
‘cowness’ and ‘dogness’ are three universals, and since each of these is a universal,
universality is a character common to these universals. If universality is, therefore, to be
regarded as a fourth higher universal, and ‘horseness’, ‘cowness’ and ‘dogness’ as
particular instances of it, then, in so far as this higher universal is a fourth universal, one
must conceive a still higher universal of these four universals, namely, ‘horseness’,
‘dogness’, ‘cowness’ and ‘universality’. In the same way we shall have to go from a

fourth to a fifth universal, from a fifth to a sixth and so on ad infinitum.

The fifth negative condition of a logical universal, according to the Naiyayika, is
‘riipahdani. By this the Naiyayika means that where recognition of a character as

universal contradicts the intrinsic nature or ripa of a thing, it is not admissible as a
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logical universal, c.g., antya visesa,. the ,ullim;alc differential, is an individuating .
principle inherent in every eternal substance. Each eternal substance is a unique
individual because of the presence in-it of this ultimate differential or visesa. Each
eternal substance has thus a vifesa inhering in it which differentiates it from all other
objects of experience. Visesatva or differentiating character is thus a character common

to different visesas inhering in different eternal substances. Why not then accept

‘visesatva as a universal, common character of the differerit visesas of the innumerable

eternal substances? The Naiyayika answer is in the negative as the admission of
vifesatva as a universal destroys the \}ery nature of visesa (ripahani). Visesa is that
which is unicue, uncommen and if a common chara’cter of the uncommoﬁ be adfnitted it
will destroy the very nature of the uncommon as uncommon.

A sixth negative condition also laid down by the Naiyayikas is that no separate second
universal can be admitted where the difference between two universals is a difference in

name only, e.g., between kalasatva and kumbhatva.

It may be noted that while Naiyayikas repudiate universal of universals, they yet
recognise a gradation of universals into higher and lower reaching up to one highest
universal (pardjari) which is sart@ or being. Thus éccording to the Naiyadyika, the
universal of ‘being’ or satta is the most comprehensive universal (pardjati) applying to
all particulars while lower universals (aparajati) apply to some particulars and do not
apply to other particulars, e.g., dravyatva, substantiality, or substanceness, is a character

of every dravya or substance, but not of a guna (quality) or a karma (motion). Similarly

- gunatva holds of every guna or quality, but not of any karma or dravya. Thus,

dravyatva is both anuvrttilaksang and vyavrttilaksana, both inclusive and exclusive.
Dravyatva, e.g., is inclusive of dravyas and exclusive of karmas and gunas. Gunatva is
inclusive of gunas and exclusive of dravyas and karmas. But satta or being is true of all
dravyas, gunas and karmas, i.e., it includes all and excludes nothing. In this sense satta

or ‘being’ is the highest universal or pardjati while other universals are lower in rank.
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It is obvious from the above that what the Naiyayika means by the gradation of
universals into lower and highest reaching up to one pardjati or highest universal, viz.,
satta is their grading in respect of extent or denotation, the highest being higher as
possessing a wider or more extensive denotation and the lower being lower as
possessing a narrowing or less extensive denotation and the highest being highest as
possessing the most extensive denotation of all. The Naiydyika does not mean a
connotative subsumption of one universal under another and that is why he repudiates

" universals of universals as leading to infinite regress.’

The Nyaya theory of universals is not without its difficulties as both Buddhists and
Advaitins have pointed out a universal is both eternal and an inherent character of its
particular instances, then how does the Naiyayika account for the appearance of a
universal in a newborn instance of it? And how does he account for its disappearance,
when it ceases to be? When a new jug is made out of a jump clay, does the eternal jug-
ness (ghatatva) come suddenly into being in the newly made jug, or, when the jug is
broken does the eternal jugness cease to be so far as the broken jug is concerned?
Suppose the species we call ‘cow’ becomes extinct in course of evolution so that not a
single individual is anywhere left on the earth. Where will the eternal ‘cowness’ go?
Will it wander about like a floating adjective, an abstract universal without a particular
locus? Further, when the universal inheres in a particular instance of it, does it inhere in
it in its entirety, or does only a part of it inhere in the par particular instance? If it
inheres in its entirety, then nothing of it will be left to inhere in other particular
instances, so that if there be one individual cow there will be no other cows. And if it
inheres only partially in a particular instance of it, then we are landed in the absurdity
that an individual cow is only partly a cow and partly some other animal such as a
buffalo. It may be noted that the. Buddhists repudiate the Nyaya view of universals and
offer instead their own theory known as Apohavada. According to them, the so-called
positive common character is a myth. Universality is only anyavyavreti. It is common
exclusion rather than common inclusion that constitutes universality. When we say X is

a cow, we do not mean that it is one particular instance of the universal ‘cowness’
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which X has in common with other cows as its inherent character. All that we mean 1s
that it is not a horse, not a dog, not a man; etc. Further, according to Naiyayikas,
‘existence’ (sattd) is the parajari, highest universal and is an inherent common
character of all dravyas, gunas and karmas, substances, qualities and actions. Therefore,
in so far as a. cow or a horse or a chair or a table is a substance, it has existence or sat(a
as its inherent character. Therefore, the negativé judgment ‘a chair is not’ or ‘a table is
not’ or ‘a horse is not’ or ‘a cow is not’ amounts to a manifest self-contradiction, for
‘this is the same as saying that the cow which is inherently existent does not exist.
Contrariwise, when we say that the cow exists, our judgment becomes a tautology, for it
amounts to saying that the inherently existent exists, or, that ‘that to which existence

belongs as an eternal inherent character exists’.*

Further, if the universal, as the Naiyayika says, be an inh%rent eternal character of its -
particular instances, then in so far as one and the same particular is an instance of two or.
more universals, e.g., in so far as a cow is an instance of the universal of substance
(dravyarva) and again an instance of the universal of sattd or being and also an instance -
of the universal ‘cowness’ (gotva) it becomes the seat of several universals, i.e., a case

of overlapping universals or jati sankara.

The Buddhists have accepted the reality of an object in terms of its casual efficacy

(arthakriya-karitva). All objects that have got casual efficacy are momentary in nature.

It has been argued by the Vaidesikas that the meaning of the term ‘Satfva’ (existence or
being) seems to be vague to them. The term ‘sattva’ means an object’s association with
sartd, samanya or jati and hence possessing this eternal generic property can be
momentary. . '

In response to this Buddhists rejoin that they do not accept that an object possessing
sattd samadnya is existent. It is so, the existence WOuld have to be admitted in substance,
quality and action due to accepting sattad samanya there. To the Vaisesikas Samanya,

Visesa and Samavaya do not possess existence or Sastd due to the probiem of infinite
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regress. If satta or samanya is accepted in Samanya or Visesa etc. there would arise the
question of accepting another Samanya in it i.e. Samanyatva, Visesatva etc. and in this
- way the defect of ihﬁnite regress cannot be avoided. In fact, Vaisesikas have accepted
the Samanya etc. as sat as they are revealed as such, but this is not SaGmanya in the
technical sense. If the Vaisesikas accept satta in the form of astitva in Samanya etc.,
and sarta in the form of sarta Samanya in substance etc. there would be gaurava, in
determining the criterion of apprehending the Sar object. Mofeover, another problem
would crop up. There would arise common apprehension (anugatapratyaya) in the
substance etc. due to having the same sattgjati in Samanya etc. and hence there would

also arise the common apprehension, which is not observable.

It has been accepted by the Nyaya - Vaisesikas philosophers that Sarta or Jati exists in
different Joci bearing same shape and size t‘hrough relation of inherence. In this
connection, the Buddhists ask that, if Samanya exists in many things bearing same size,,
how do they admit samanya or sartgjati in different objects bearing different shapes and
sizes like substance, quality and action and also between mustered seeds and mountain?
To the Vaisesikas sarta samanya exists in substance etc. through the relation of
inherence (samanya). If it is taken for granted, the Buddhists argue how the usage of
differentiation between a man and a cow in the form: ‘This is a cow and this is a man’
can be made. If it is said that the universals l-ike‘ humanity, cowness etc. pervading in a
man and a cow are the causes of the usage of the differentiation between man, it is not

tenable because the concept of universal as propounded by them is under consideration.

It is enquired by the Buddhists whether the universal exists in all objects or in all
individuals belonging to a particular class. In the case of former, all objects would be of
a same type due to the existence of same universal in them. If the universal *humanity’
existing in a human being remains in horse ctc., the horse etc. would have to be
considered as man due to having humanity in them, which is not possible. Moreover, it
will go against the established thesis of the Naiyayikas. If the latter is taken for

consideration, it will also create some difficulties. That universal exists in all
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individuals belonging to the same class is admitted by Prasastapada. If this line is

accepted, it will lead to some philosephical difficulties as follows:

1

The universal ‘Jarness’ did not exist in a piece of mud before the origvination of a jar but
it is produced just after the origin_atioﬁ of the same. It is asked by the Buddhists whether
the universal ‘jarneés’- existing in a jar situated in other place is related to this jar
existing in a different place or not. If it is sd, whether this universal is related to a
particular individual after coming from other places or without coming from there. In
the case of former the universal would have to be designated as substance as it
possesses the action in the form of movement. In the case of latter there would arise the
difficulty in apprehending the relation. For, how cari the relation of one object to

another be established without accepting the action or movement.

It cannot also be said that the jar ness etc. existing in a jar etc. is related to a jar existing
in a different place through its self-extension. For, self-extension is possible for an
object having parts (Savayava). As jarness etc, have no parts (niravayava) the extension

of it is not possible.

Moreover, when a jar is destroyed, the problem is whether the jarness existing in it
remains in it or is destroyed or goes elsewhere. The first alternative is not correct as
universal cannot remain without its substratum i.e., an individual. Moreover, universal
always remains only in the objects other than the eternal ones. If the second alternative
is taken into account, it will lead us to accept the antithesis i.e., the eternity of the
universal as acceptéd by the Naiyayikas. The acc;:ptarice of the third alternative leads to
accept another undesired situation. For, univ‘ersaL can go elsewhere if there is
movement. If the existence of movement is accepted in samanya, it would turn into a

dravya or substance but not sdmanya due to having movement in it.

To the Vaisesikas universal exists in substance etc. through the relation of inherence. If
it is so, the Buddhists argue that the ground on which a jar exists also contains the

jarness existing in a jar as the lower part of a jar is connected with the upper surface of
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the ground. If jarness remains on the ground, the ground would also be taken as a jar,
which is not possible. Moreover,-jarness cannot pervade a jar existing on the ground

. without keeping it associated with the ground.

Considering all these defects the Buddhists do not accept Samdiya. To them, Sattva is

' ﬁot in the form of Samanya but in the form of causal efficacy (arthakriya-karitva).

If Samanya is not accepted, how is the comr.nop-knowledge (anugatapratyaya) among
various individuals of the same.class poSsible. Tlo the Buddhists bit is not true that cow is
differentiated from other animals like horse etc., with the help of Samanya, but cow is
known as distinct in terms of the knowledge of ‘non — cow’ (agovyavrtti). In the same
way, a jar is known in terms of the knowledge of non — jar (aghatavyavrtti). This is type -
of negative way of knowing is called apoha. Apoha is that which can differentiate a
particular object from others (svetaravyavrttiripa).” The distinctness of a jar from other
object (ghatetarabheda) which remains in all individual jars leads us to the
~apprehension in the form: ‘This is a jar but not a cloth® and through this similar
cognition arndng all individuals belonging to the same class is established the derivative

meaning of the term ‘apoha’ is as follows: -

That which differentiates something from - othefs (apohanam) is apoha. As -it
differentiates -a particular object from others, it is called anydpoha. Ratnakirti has
opined that the verbal usage in the form ‘This is a cow’ is originated from the
apprehension in the form “This cow is different from non-cow’ (agovyavriti). Hence,
the phenomenon of anyapoha is the cause of similar apprehension (anugatapratyaya)
and hence; there is no necessity of Samanya. In other words, the similar cognition of all
individuals of the same class is due to an object’s unique character (svalaksanar) which

is possible through its distinct nature from other objects.’

Now the question of empty set or null set comes. A set havi'ng no members is to my
opinion, not a set at all. A set having no members is contradictory in terms. In fact, the

collection of some members makes a set in the ordinary sense of the term. If there is a
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set having no members at all, it is not to be said to be a set. Hence a set without any

member is contradictory in terms.

In Indian logic the null set or empty set is found in the terms like ‘sky-flower’
(khapuspa), hare’s horn (Sasasrnga) etc. The Naiyaylkas think that these words are
meaningless as they have no references. As there is no object or referend of the terms,
they are absurd entities. An object which is referred to by this word does not belong to
the category of real. Hence it is neither substance nor quality nor action nor universal
nor particularity nor absence. It is not even absence because for being an absence there
-should be an awareness of its absentee (pratiyogi). The cognition of absence always
depends on that of an absentee (prdtiyogij'ﬁdnasdpeksam abhdvajiianam). If an absentee
(pratiyog?) is not known, its absence can also be known. The entities like khapuspa etc.
do not come under the absence also, because these (the counter positives) are not known
at all. The absence in the form: ‘khapuspam nasti’ is also non-sensical, as the absentee
called khapuspa.is not known at all or not knowable at all. An entity which cannot be
categorised as substance, quality, éction_etc. is taken as non-entity (apadartha). As the
Naiyayikas are realists entities which have no existence at.all. The following kdrika
carries the examples of empty terms: “Eso b&ndhyc‘zsulo yati khapuspakrta - Sekharah/
kiirmaksiracaye snatah Sa&'aérngadhanurdharqh”. (That is, here goes the barren
woman’s son with a crown made of sky-flowers, who has bathed in a pool of tortoise —

milk and carries a bow built of rabbit — horn). -

Western logicians have accepted such null classes or empty classes in spite of knowing
that there is not a simple'mémber in it, because null or empty class is a notion, which is
opposed to non-empty class. To prove that there is a non-empty class it is to be known
what empty class is as per the principle — ‘the cognition of an absence presupposes that
of the absentee’. Hence empty set is to be admitted as a real set only to understand a

non-empty set.

The grammarians in Indian tradition also contribute to this view.
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The statements mentioned above — bandhyc’zput#a etc. involve a lot of empty terms, yet
they communicate some thought to the hearer and the discovery of its incompatibility
- w1th the world of facts makes him laugh at the speaker. Why should one find a
statement amusing if one grasps nothing at all? The thought directly conveyed by an
expression is looked upon by the Paninians as a conceptual existence, which may or
may not find a corresponding external counterpart in the realm of realities. Thus
“according to these grammarians a meaning, as a conceptual existence, is independent of
external existence. A referent is not a must for a meaningful word. Buddhisattd or the
_conceptual existence, as it is understood by the Paninians, is a near approach to what is
described as ‘Being’ by Russell in The Principles of Mathematics where it is shown that
even the words like chimera and Aum’corn have Being in spite of their having no
- Existence. If the words like ;’aéas’mga (‘rabbit-horn’) conveyed no sense how could
they be used as pratipadika (i.e., stem), which, by definition, is bound to have a
‘meaning (arthavar)®? The Vaiydkarana concepts of buddhisatta.and bahihsatta can be’
‘roughly replaced By ‘Being’ and ‘Existence’ respectively as they are employed by
"Russell in The Principles of Mathematics. Inspired by Patafijali’s comment on the
matup-sttra (i.e., the Paninian rule 05/02/94) — ‘na sattam paddrthb vyabhicarati’
(which literally means ‘a word-meaning is not without an existence’)’. Bhartrhari,
Kaiyata, Helaraja and Nagesa have developed their doctrine of buddhisarta. Actually
speaking, the word sartd in Patafijali’s remark means buddhisatta or a conceptual
existence, i.e., Being, and not bahihsa_ttd or Exisfence proper. There is no such meaning
of a word as has no conceptual existence — this is the purport of Patafijali’s obscrvation.
Conceptual existence is no existence proper (i.e.i, mukhyasatta according to Bhartrhari),
it is only an imposed existence (aupacdriki sattd), which is nothing external to human
consciousness. Helaraja’s description of aupacdarikt satta or buddhisatta as
bhavabhavasadharana is highly significant.® It shows that conceptual existence is
commonly extended to both the existent (bhava or saf) and the non-existent (abhdva or
asat). It is the thought or sense (an approximate e'quivalent,‘not an exact equivalent of
buddhisarta), which every word must have. Hence, there is no word or expression

which may be labelled as ‘nonsensical’.
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The Paninian theory of meaﬁing aspires after solving many a problem which one finds
difficult to-explain in terms of the naive referential theory advancéd by the Naiyayikas.
It provides an-early but convincing answer to the plaguing problem — ‘Is Existence a
Predicate’? That which does not exist"can-never be referred to. As soon as we employ a
term as the subject of a proposition we assume the existence of what it means.
Predicting existence of something existent in sentences like vrksah asti’ (‘the tree
exists’) runs the rlsk of being a mere ‘referential tautology’, an example of what we call
siddha-sadhana (‘establishing the established’) in Indian Philosophy. Again denying
existencé 6f that which is existent, apparently sounds contré.dictory ‘as we may find in
sentences like ‘vrksah nasti’ (‘the tree does not exist’). The Péninians try to avoid this
-risk of either ‘referential tautology’ or ‘referential contradiction’ by saying that in the
. affirmative categorical statement we assert that our subject which is thought to have a
conceptual existence -has a factual exxstence too, whereas in a negative sentence the
- subject is not so fortunate as to have a factual existence apart from the assumed one.?
One may contend that even if the words astzI and ‘ndsti’ are supposed to have a
éonceptual existence for their meaning, the same difficulties will continue unabated. Let
us in this context reproduc‘:‘e some significant observations from a thought provoking

article by Prof. V.N. Jha :

...... according to the bauddhartha-vadins, all words Aexpre'ss bauddhartha and so
when ghata expresses “pot hdving conceptual existence”., the word asti should also
express conceptual existence (bauddhasatta) and in that case the use of the verb asti
becomes reduﬁdant since the “existence” is alfcady conveyed by the wérd-gha_ta
(uktarthanam: aprayogal:z). -Similarly, there will be a contradiction in the negative
sentence since 'ghata’conveys existe.nce and ndsti.conveys non-existence. Thus if

bauddhapadartha is accepted, the difficulty is unavoidable”.”. ’

But, to do full justicé to the grammarians, we should clarify a bit further. In the

affirmative sentence ‘ghatah asti’ (‘the pot exists’) the subject term conveys the th{)ught

or conceptual existence of a tree we may find in reality and the predicate term does that
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of a real existence. Our predicating ‘asti’ of ‘vrksah’ amounts to the affirmation of the
factual existence in relation to-what is conveyed by the subject term. Thought is the
vehicle through which this affirmation takes place. In the negative sentence, ‘ndsti’
conveys the thought of the negation of existence. Our predicating ‘ndasti’ through the
medium of thbught conveys‘the denial of the referent of ‘asti’ (i.e., existence) in relation
to the subject and shows that the latt_ér has no existence apart from the assumed one. It
is the bauddha artha, which is directly expressed by ‘asti’ or ‘nasti’ at first, then it
stretches out to the factual level and makes the sentence relevant by pointing to the
existence and the negation of the subject respectively. The Paninians are quite
conscious that the word ‘ghatah’ is apparently sufficient, since as soon as we utter
something we assume its existence. ‘Thié is evident from Bhartrhari’s assertion that our
uttering ‘ghata’ assumes that the pot has existence in the form of sustaining itself.'o
Existence or sustaining itself (Gtmadharana) is the very nature of a thing. Nagesa hints
at the same when he remarks — ‘loke’ styartham ving Suddhapadarthanavagatesca’ ! [It
is because a person cannot grasp a pure entity without ’graspi-ng its existence.] Yet, the
predicate term asti is of importance, if the context demaﬁds it. Suppose somebody
expresses doubt about the existence of the pot and you then putba special emphasis on
the word “asti” to dissolve his doubt. Here the assertion is of an additional significance;
‘through the vehicle of thought it confirms the existence of the subject. If again, one is
mistaken that a pot is there; you want to dispel that wrong conception. You then,
through the thought-medium, confirm the negation of the existence and thus correct the
erring person. The Vaiyakaranas attach paramount importance to the context and the
speaker’s will which often determine the use .of a particular word. Herein lies the
significance of Nagesa’s remark that in their opinion the expressions ‘does exist’ and
“does not exist’ are employed in order to intimate the ‘existence’ and ‘non-existence’

respectively of the subject concerned.'?

The Paninians adopt a similar line of thinking to account for the subject-predicate
relation in the expression ‘ankuro jayate’ (‘the sprout is being born’). Ankura, the

subject, is taken as the nominative agent (kartrkdraka) of the act of being born. The
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karakas are the causal conditions, which combine to produce an action —
“samagrisadhyatvat kriyanam sarve karakatvam krzyamspattlwsayam abhedena

pratipadyante'®

as Heharaja describes the matter. An action is a process, which awaits
completion (sadhya), but those, which perform it, must be pre-established (siddha) and
the nominative agent plays the major role in this production process. The subject (i.e.,
the nominative agent) having its existence already established, it is absolutely
superfluous to speak of its birth. How can one assert the birth of something, which is
already born and existent? However, this is no problem for the Paninians aécording to
whom, thro'u‘gh the above sentence one relates the thought of a real birth to the sprout
the existence of whiéh is already ass;’i'rned. Thus there is an obvious journey from what
is imposed to what is real. Bhartr_héri, in his Sadhanasamuddesa, arrives at the same

conclusion from another angle. To the probable question how something which is not

yet born can be treated as the nominative agent, Bhartrhari puts forward the reply —

utpatteh prag asadbhavo buddhyavasthc‘znibdndhanah/ '

aviSistah satanyena karta bhavati janmanah// 14

That which has no (factual) existence before its birth owes an intellectual existence to
the speaker’s iﬁtention and thereby has got an (assumed) efficacy to perform the action
in question. The sentential meaning settles down to predicating external factual birth to
that of which the existence is caught in intéllect, and which has thus -an intellectually
grasped capacity  to do some jbb (" buddhya niscitasattvasya

kriyasiddhavupagrthitasamarthyasya bahyena riipena janmeti vakyartho” vatisthate.) I3

The Naiyayikas may, on the contrary, count upon a ‘bossible reality’ and argue that'the
referent of the word ‘ankura’, though not existent at present, is to come into being in the
near future. Only that thing can be called unreal or non-existent which doces not exist in
the three phases of time — past, present and future. A sprout is not unreal in that sense.
Through the sentence ‘ankuro jayate’ one asserts the' birth, a physical phenomenon, of

something real which, however, does not exist at the present segment of time.
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The Paninians on the other hand, though speaking of a superimposed apparent reality,
do not make allowances for any possible reality. There is no such thing as past or furure -
existence (bhiita-bhavisyat-sattd). ‘To exist’ means ‘to be present’.'® A reality is only
that which is and not what may be or will "be or will cease to be. Otherwise how can we
declare ‘a thing has ceased to exist’ or ‘a thing will come to exist” which simply means
that the thing does not exist? When one says ‘the jar will exist’ (i.e., at the time of its
pre-absence or prdagabhadva) or ‘it will be raining’, one has only a conception or thought
of the jar or of the rain which has not yet come into being, may be the prior perceptions’
of some existent jars or rain have worked behind this thought. One cannot deny that the
particular jar which is conceived.or thought of does not exist at the time of that
conception. It is quite understandable why Nagesa has drawn our notice to a rule of
Gautama, the Nyayasitrakara himself, which states that the non-existent effect, is,
however, established in our intellect (‘buddhisiddham tu tadasar’)."” The weaver who
knows which specific type of material is required for a specific type of product has a’
thought of the individual cloth, which he is going to produce. He does not mean to
produce which is already existent. The non-existing individuzl then exists in the
intellect aloné; nevertheless his conception is nourished by the individuals he has seen.
Nagesa makes it a point that even the referentialists and the realists like the Naiydyikas -
~ cannot do aWay with ‘buddhisatta’. He has for his support an observation of another
idealist, the author of the Bhamati on the S’dnkdrabha’sya under the Brahmasitra 1/1/2
(‘Yanmadyasya yatah’), who states that ‘a person | makes a ‘yet-toQbe-produced’
(nirvartya) non-existing jar the object of his production on the strength of a conceptual

determination (antahsamkalpatmand). 18

Or, consider the situation when a person informs thét he wants to cook. The particular
act of cooking is not performed as yet; if it were so one could not wish to perform it
again. One cannot perform what has been performed already. To find out a rationale
behind the informative sentence ‘I want cooking’ you must say that-here in this
expression ‘cooking’ does not have the referent, i.e., the real individual act of cooking

for its meaning. The word ‘cooking’ conveys just a thought or conception which awaits
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materialisation. A desire, just like a knowledge, should have an object of which it is the
desire. In this sense, the object ié one of the causal conditions that produce a desire. A
desire is an inner phenomenon and so, Nagesa argues, the direct object which causes
this desire should also be an inner one.'? It is true that the desire works behind the actual

happening of the act in the world of facts. But it is equally true that a pre-conception of

‘that ‘yet-to-materialise’ object prompts the person to act. This is the import of the

following comment of Durbalacarya, the learned commentator of Nagesa’s
Laghumarijiisa — “‘siddhe pakadavicchader virahad asiddhasyaiva pakader iccham prati
hetutayavacyataya buddhdaveva hetu-hetumatoh samandadhikaranyam updpddam’yam”.zo
[Since, if the cooking is done there is no scope for the desire, ‘yet-to-be-established’

cooking etc. will be considered the cause; hence an equilocativity between the cause

and what is caused is to be found out in (the plane of) intellect alone.]*!

Again, suppose somebody narrates that Krsna is killing Kamsa, or one may refer to a‘
particular scence of a drama and say ‘Kamsa is being killed’. Now, if one believes in
the Purana story, Kamsa was slain long ago; how can he be the object of killing again?
Patafijali’s Mahabhdsya on Panini’s rule ‘Hetumati ca’ (3/1/26) shows the way how one
can account for the meaning cognition of the above statements — “safo buddhivisayan
prakc'z's'ayan'ti’’.22 [The narrators communicate the conceptually existent meanings.]
Bhartrhari, Kaiyata and Nagesa — all agree that this is the only way in which Kamsa
etc., the objects of imaginative intellect, are conveyed by words and thereby treated as

different agents (karakas) of an action which seems to be enacted before our eyes —

Sabdopahitariapamsca buddhervisayatam gatan/
pratyaksamiva kamsadin sadhanatvena manyate// *

Nagesa reminds us of another case where acceptance of bauddha artha comes to the
rescue. Somebody asks you — “who is Devadatta?” You, in reply, direct your index
finger towards a particular person and say ‘This person with armlets, earrings, a broad
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chest and round arms — Devadatta is like this.” Here Devadatta is a single person who is
referred to. But Whei_lev_er we talk of a resemblance we suggest that there is some other
individual resembling the one who is placéd before us. All this talk of resemblance is
meaningless when only a single person is concerned. There cannot be different persons
in one individual (‘ekavyaktau bhedabhavar’) who is referred to. To make the word
‘idrsa’ (meaning ‘like this’) meaningful you have to adfnit that the word ‘idrsa’, in spite
of its having no other referent apart from the one which the name ‘Devadatta’ refers to,
has a distinct thought for its meaning. Unlike the words ‘go’ (meaning a cow) etc.
where the etymological sense is fully sacrificed for the sake of a conventionally
established meaning, the word ‘id(s’d’ retains t:,h‘e derivative sense ‘like this’. For the
Paninians, however, there is nothing inconsistent in applying the word ‘idr§a’ which is -
inserted to assert that the thought expressed by the different words, both fhe proper
noun and its adjectives together, finds its conﬁ;maiion in a real counterpart, the object

of identification.?*

The realists cannot justify the statements like ‘vinds Sabdah’ (‘Asound is destructible”)
until and unless they admit a conceptual or intellectual existence of the desfruction,
which is yet to materialise. The expression conveys a qualifier — qualificand relation
betWeen destruction and the entity, which is destroyed. Destruction is posterior absence
(dvamsabhava) and an absence or negatic;n cannot be coeval with the negatum of which
it is the negation. So how can there bé a relation between the two? Yet one conjures up
a non-existent relation in one’s intellect; otherwise where is the scope for stating vindst
Sabdah or vinasi ghatah (‘The jar is destructible’)? Even Jayantabhatta, the Naiyayika
of great repute, is apprehensive of this linguistic predicament and finds a wav-out by
admitting that while stating vinast §abdah, the speaker connects through the thought-
medium the existing sound with only a conceptually or intellectually existent

destruction.?’

Let us also take note of some faulty syllogisms (hetvabhdsas), which project a non-

existent relation. Take an example of badhita hetvabhasa — ‘vahnir anusnah dravyatvar’
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(‘Fire is non-hot, since it is a substance’). Factually speaking, there can never be a
relation between sadhya or probandum (i.e., ‘being non-hot’ or anusnarva) and paksa or
the subject, fire. Yet a thought of that relation is communicated through the above
statement.?® There are of course phenomena like a fire and ‘being non-hot’, yet their
relation is a non-entity. The same can be asserted with reference to a svarlipasiddha
hetvabhasa which records that sound is impermanent, since it is visible (‘Sabdah
anityah caksusatvar’). Despite the fact that ‘visible’ and ‘sound’ have their respective
referents, the thought expressed by the statement, which brings their rélationship into
the focus has no referent to fall back upon4. Or consider the major premises involved in a
viruddha hetvabhasa — ‘All produgts are eternal’ (‘yet krtakam tan nityam’) which
iterates the contradictory of what really is. If the above statements are described as
focussing only a new arrangement of the referents of the words, then one cannot help
admitting that at least a non-existent arrangément is caught in the intellect. The
referential status is lost beyond recovery in the case of an dsraydsiddha hetvabhasa,
e.g., ‘the sky-lotus is fragrant, since it is a lotus’ (‘gagandravindam surabhi,
aravindatvar’) wherein the very subject is an empty term. Even the Naiyayikas are
doubtful if a truth-value can be assigned to the above statement. Gangesa himself seems
to be in two minds when he remarks that the subject‘ ‘sky-lotus’, if taken in its totality,
makes the statement non-significant (apdrthaka) which is considered a point of defeat
(nigrahasthana) for the arguer concerned.?® But ‘we have already discussed that the fate
of not only asrayasiddha, but of many other hetvabhasas as false assertions hangs in the
balance, if one does not accept a thought of some non-existing relationship or
arrangement to be conveyed by the statements concerned. In other words, many of our
hetvabhasas have got to be dismissed as purely aparthaka or nonsensical if we do not

recognise a conceptual existence as the direct meaning of an expression.

- Examine a debate (vada), which consists of contradictory statements.?” Does not the
proponent grasp the meaning of what his opponent says? Had there been no meaning
conveyed by the opponent’s statement, wHy should the proponent strain himself by an

uncalled for attempt to refute him? Why should he not ignore that statement as some
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sort of deliium? ~—  kificaivam  sati i vade prativc‘zdis’abda&ydbodhakatve
' tatkhar_zdanakathocchedah.28‘ One of the contradictory statements must be true and the
~other false. Should we then say that a false statement expresses a false fact? But there is

no false fact at all.

- Hence the grammarians believe that the empty set comprising of bandhyaputra etc. is
associated with meaniné, which is similar to the mathematicians. But for the Naiyayikas
such expressions are meaningless leading to the non-aéceptancé of null set, because
even the absence of bandhydputra etc. cannot be predicted due to the absence of the

absentee as a category.
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CHAPTER-6

Some Astronomical Principles : An Indian Perspective

Two types of knowledge: aparavidya (inferior knowledge) and pardﬁidyc‘z (superior or
spiritual knowledge) have been accepted in Indian tradition. An act of worship done
with a specific worldly desire was _<.:onsid_e’red.an inferior form of worship and was
popular with the kings. Aparavidya énables man to attain material progress, enrichment
and fﬁlﬁlment of life and paravidya énsures attainment of self-realization or salvation in
life (Chand. Up. 7.1.7; Munda. Up. 1.2.4-5). The Vedic people, in general, made
interesting synthesis by adopting nitya (perpetﬁal or daily) and ka@mya (optional for wish-
fulfilment) sacrifices or offérings. The first was supposed to bring happiness . to the
family and second was for material progress. The perpetual daily sacred fires and the
optional fires were placed on altars of various shapes. As to the reasons, which might
have induced the ancient Indians to devise all these strange shapeé,‘ the Rg-Veda
(1.15.12) says, ‘He who desires heaven, may construct falcon shaped altar, for falcon is
" the best flyer among the birds’. These may appear to be superstitious fancies but led to
important contribution’s in geometry and mathematics because of their conviction in’

social value systems.

To find the right time for religious, agricultural, new year and other social festivals gave
the motivation for recording of recurrence of repeated events. from seésons, stars,
~ movement of planets, moon etc. This helped to 'develop many a framework for mapping
of movements of heé.venly bodies with reference to East, West, North and South points,
nalcsatras; calendar, yuga, mahc’lyugd and movement of planets for mean and true
- positions of planets. Various ‘mathematical jand trigonometrical tables were also

formulated for better and better results. The Vedanga Jyotisa' mentions as under:
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Having saluted Time with bent head, as also Goddess Saraswati, I shall explain the lore
of Time, as enunciated by sage Lagadha. As the crests on the head of the peacocks, the
jewels on the serpents, so is the (jyotisa ganitam) held at the head of all lores among all

vedanga sastras.

Ganita is a variant reading for jyotisa meaning computation, which is the essence of this

science.

Another tradition, which has enriched specialized activities in mathematics and
astronomy is the guru-sSisya-parampara (teacher-student tradition). Different recensions
of Vedic schools, s’ulbakd?as, Jyotiskaras (Varahamihira names tWer;ty scholar before
him), Kusumpura school, schools of Ujjain and Asmakadesa, and .Téin and Buddhist

schools are also well-known in this connection.

Beside these, there were commercial and ot}}er problems, which were tackled for-
lokavyavaharartha, used for common people. The restriction ‘and emphasis were also .
assured on social use and value systems, which helped people to take up different
activities for commerce, education and other areas. These helped undoubtedly to

concretise knowledge resulting in original contributions to mathematics and astronomy.

Construction of altars and nature of knowledge :

The ritual connection of Indian geometry, as elaborated by Thibaut and Burk, has been
intensively discussed by Datta, Seidenberg, Sen and Bag, and others.? The ceremonies
were performed on the top of altars built either in the sacrificer’s house or on a nearby
plot of ground. The altar. is a speciﬁéd raised area, generally made of bricks for keeping
the fire. The fire altars were of two types. The perpetual fires (rziiya agni) were
constructed on a smaller area of one Sq. purusa and optional fires (kamya agni) were
constructed on a bigger area of 7% sq. purusas or more, each having minimum of five
“layers of bricks. The perpetual fires had twenty-one bricks and optional fires had two

hundred bricks in each layer in the first construction with other restrictions. For optional
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fire altars, the whole family of the organizer had to reside by the construction site of

- optional fire altar, for which another class of structure known as mahavedi and other

related vedis were made. However, a summary of these types of altars with ground
. X i

shapes are grouped below:

(2)

(b)

©

Perpetual fire altars (area coverage: 1 sq. purusa): ahavaniya (square),

garhapatya (circle or square), daksindgni (semicircle).

Optional fire altars (area covérage;?-‘/z square purusa):

Caturasrasyenacit (hawk bird with square body, sq vare wings, square tail),
kankacit and alajdcit (bird .-with curbed wings and tail), prauga (triangle),
ubhayata prauga (thombus), rathacakracit (circle), dranacit (trough),

Smasanacit, (isosceles trapezium), kdrmacit (tortoise) etc.

Vedis: mahavedi or saumiki vedi (isosceles trapezium), sautramani vedi
(isosceles trapezium, and also one-third of the mahavedi), paitrki vedr (isosceles

trapezium or a square, area one-third of sautramani vedi), pragvamsa

~ (rectangle).

One. can guess the nature of knowledge, which could originate from such altar

constructions. However, the S'ulba—Sﬁtras of Baudhayana, Apastamba and other schools

have summarized this knowledge as available from the Samhitas and Brihmanas. Both

* Baudhayana and Apastamba belonged to different schools but followed a similar

pattern, which also suggests that these schools inherited the knowledge from older

schools. While giving details, the Sulba-Sitras use the word vijiigyate (known as per

traditions), vedervijiidyate (known as per Vedic Jtrad‘it’ion) etc. very often. A summary of

this knowledge will be of great interest.

Baudh#yana gives various units of linear measurements viz., 1 pradesa = 12 angulas; 1

pada = 15 ang; isa = 188 ang; 1 aksa = 104 ang; lyuga = 86 ang; 1 janu = 32 ang; 1

Samya = 36 ang; 1 bahu = 36 ang; 1 prakarma = 2 padas; 1 aratni = 2 pradesas; 1

purusa = 5 aratnis; 1 vydyama = 4 aratnis; 1 ang = 34 tilas = % inch (approx.).
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Knowledge o.f rational numbers like 1, 2,3 ... 10, 11 ... 100 ... 1000, '2, ‘A, %, '4, 1/16,
3/2, 5/12, 7%, 8%, 9% etc. were used in decimal word notations and their fundamental
operations like addition, subtraction, multiplication and division were carried without

‘any mistake.

Baudhayana had knowledge of square, rectangfe, triangle, circle, isoscelés, trapezium
and various bthef diagrarﬁs and transformation of one figure into another and vice-
versa. Methods of construction of square by adding two squares or subtracting two
squares were known. The areas of these figures ‘were also calculated correctly. That the .
length, breadth and diagonal of a right triangle maintain a unique relationship, a’+b’=
¢ (where a = length, b = breadth aﬁd ¢ = hypotenuse) or in other words (1, 1, 2) (2, 1,
3) formed important triplets thereby forming an important basis for number line, and
were used for construction of bricks and geometrical figures. For easy verification,
Sulbakaras suggested triplets expressed in rational and irrational numbers like (3, 4, 5)
(12, 5, 13), (15, 8, 17), (7, 24, 25), (12, 35, 37), (15, 36, 39), (1, 3, V10), (2, 6, V40), (1,
10 V11),-(188, 78, 203%), (6, 2%, 6%), (10, 41/6, 105/6) and so on. A general
| statement on ‘Theorem of Square on Diagohal’ was also enunciated thus: ‘The areas (of
the squares) produced separately by the length and the breadth of a rectangle together
equals the area (of the square) produced by the éame diagonal’. This has been wrongly
.referred to Pythagoras who was associated with the triplet (3, 4, 5) and the theorem is
known as the Pythagorian theorem. Indian knowledge is based on rational and irrational
arithmetical facts and geométrical knowledge of transformation of area from one type to
the other and its importance was perhaps correctly and perfectly realised. How the
Babylonians, Egyptians, Chinese and the Greeks came upon the knowledge of triplets

but not the general statement is equally important for an interesting study.’
The Sulba-Satra tracition vanished. Only a limited commentary from a late period is

available. Whether the ';radition has been lost or the elements have beéen absorbed in

temple architecture is still to be investigated and may be the part of other studies.
. ' | .
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Decimal scale, decimal place-value, numerical symbols and zero :

‘Our numerals. and the use of zero’, observes Sarton® (1955), ‘were invented by the
Hindus and transmitted to us by the Arabs (hence the name Arabic numerals which we
gave them)’. The study of Sachs, Neugebauer on Babylonian tablets, Kaya and Carra de
Vaux on Greek sciences, Needham on Chinese sciences and study of Mayan culture
have many interesting issues. The study of scholars likes Smith and Karpinski, Datta,
Bag and Mukherjee® have analysed Indian contributions, but still there is a need for a
comprehensive volume, However, the salient points may be of interest: The Indians had

three-tier system of word-numerals starting from the Samhitas as follows:

(@) -Eka (1), avi (2), tr (3), catur (4), pafica (5), sat (6), sapta(7), asta (8),and nava (9).

(b) Dasa (10), vimsati (2 x 10), trimsar (3 X 10), catvarimsat (4 x 10), padicasat (5 x
10), sasthi (6 x 10), saptati (7 x 10), asiti (8 x 10) and navati (9 x 10).

©) Eka (1), dasa (10), Sata (102, sahasra (10°), ayuta (10, niyuta (10%), prayuta
(10%), arbuda (107, nyarbuda (10%), samudra (10%), Madhya (10'%), anta (10')
and parardha (10'). '

The nameé and their order have been agreed upon by almost all the authorities for (a)
and (b), whereas there is a variation in (c) whlere mostly one or two terms have been
added later. The numbers below 100 were expressed with the help of (a) and (b)
sometimes following additive or substractive principles e.g., trayodasa (3 + 10 = 13),
unavimsati (20 — 1 = 19), while for numbers above hundred, groups (a), (b) and (c)
were used. For example, sapta Satdani vimsati = (720), sasthim Sahasrd navatim nava
= (60, 099).

One feature of the application of the scale is that it has been used in higher to lower
order (sahasra, Sata, dasa and lastly the eka). Real problem started when the numerical
symbols began to appear. The astakarni or astamrdam fairly indicates that Vedic people

identified eight marks but whether they identified other syfnbols is not known. The
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- Mahabharara (Ill. 132-134) narrates a .story in which it says that “The signs of
calculation are always only nine in humberz. The astadhayt of Panini (450 BC)-used the
word Jopa, and Patafijali the word §unya in connection to metrical calculations. When
Brahmi and Kharosthi numeralls/alplh'abets appeared on the scene, there were lot of
confusmns creating more problems for ordlnary business people and the mathematicians -
and astronomers as to how to use the numerical symbols and adjust with the ex1stmg
decimal system. The early inscriptions show the number system was additive and did
not use decimal scale. Moreover numerical symbols were many in the begi;ming and it

was difficult to decipher the correct meaning.

First attempt of a synthesis of the Vedic decimal system with the prevalent situation was
possibly made by the Jains. The Anuyogadvarsitra (100 BC) has described the
numerals as anka as we find in Bengali to meéan mathematics and describes decimal
scale as decimal places (ganandsthana) and their numeral vocabulary was anaiogous to,
that of the Brahmanic literature. They have enlarged these places to 29 and beyond, and
we find more clear statement in mathematics cum astronomical texts from Aryabhatta
.onwards in expressions like sthanasthanam dasagunam syat (ffom one place to next it
should be ten times) and dadagunottarah samjiiah (the ‘next one is ten times the
previous ,one).v This indicates that the scale was merged with the places, and the system

‘became very simple. For example, the Vedic numbers:

sapta Satani vimsati and sasthim sahasra navatim nava reduces to:

sahasra (103), Sata (10%), ‘ dasa (10), eka (1)  Places
‘ 7 2 - 0 =720
60 0 9 9 = 60,099

The order of the Vedic scale was from higher to lower (sahasra, Sata, dasa and éka).
But later, the orde'r of the scale was changed from left to right i.e., eka, dasa, sata etc.
This is obvious when we think that in the Vedic system all words were spoken, and in
the latter system the scale obviously followed the writteh style (that is from left to right)

j
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and the place values were from eka to higher order. Moreover, the symbols were not
standardized and interpreted differently in different regions. To avoid this problem,
experts coined synonymous words and used them as symbols in decimal place-value in,
lower to higher order and the actual number was obtained by revgrsing'the number. For

example: sunya (0), dvi (2), pafica (5), yama (2) was actually 2520.

~ The Kashmiri Atharva-Veda also uses similar symbols.

Association of decimal scale with place-value was so popular in Indian tradition that it
was not even commented upon. The popularity went to deep that even Sankaracarya (c.
AD 800), the great social reformer,- pointed out that the same numerical sign if placed in
unit, tenth, and hundredth places becomes 1, 10, 100. The men in business or in
elementary schools (pathsald) used wooden board (par), hence the name patiganita, for
quick calculation, in which dust was spread and finger or hard materials were used for
calculation. The sys'tem-also,'moved-to Java, Malaya, and other East. Indian coloniesl
along with the business people, which is evidenced from some available insc;riptions.
The use of decimal place-value in lower order ,with word-numerals and higher to lower
order with numerical symbols was in practice. For calculation on a pari, numerical
symbols were used:, but for writing or copying a manuscript, final results were written in
word mﬁnerals to avoid confusion in decoding a symbol and also to keep rhythm in
verses in which it was written. The zero in many places of Bakshali. Ms (AD 400) has
been used as a round symbol (Sunya, 0). It also came out as dot (-), may be, that thick tip
of pen used for circle became dot in the process. This is distinctly visible in Bakshalr
Ms and the Kashmiri Atharva-Veda. Alberuni (e. 1020 AD) has incidentally referred to
two systems of notation of numbers, namely alphabétic (abjd) system (Huruf al-jummal
or HiSab al-jummal) and the Indian numerals (al-Arqam al-Hind). He has recorded
Indian numerals of nine symbols, and zero as dot in the Kitab al-Tafhim (the book of
instruction in the art of astrology). He also referred to circular symbol (O) of the Indian.
Al-Khwarizmit (825 AD), another Central Asian scholar, writes about Indian numerals®

thus, ‘The beginning of the order is on the right side of this writer, and this will be the
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first of them consisting of unity. If instead of unity they wrote X, it stood in the second |
digit and their figure was that of unity, they needed a ﬁgufe of ten similar to the figure
of unity so that it became known that this was X, and they put before it one digit and
wrote it in a small cicle “0” so that it would indicate that the pléce of unity is vacant.’
The Indian name sunya was taken over by the Arabs as as-sifr. This was subsequently
changed to zephirum (1202, Fibonacbi), tziphra (1340, Planudes) and Zenero, zepiro
(sixteenth century, Italy). ' ' |

Astronomical Features :

The fire sacriﬁcés. including construction of fire altars appearing in the Sambhitas, -
Brahmanas and the Srauta-Sitras clearly indicate that agnifotrs were concerned mainly -
with directions for laying the sacrificial fires, new and full moon, the season and
accurate caléulation of the times of the yéar'etc. The fixation of east-west and north-
south lines was considered very important for the construction of altars. Katydyana séys’
that eastern and western shaciow-points of a central pole in a éircle on equinoctial day
fix the east-west line and the line perpendicular to that gives the north-south line. The
Satapatha-Brahmana feports the Krtrika never deviated from the east. R.N. Apte, the
well-known Vedic scholar feels that east point was verified by the rising point of
Kittika in the Vedic period. Thé Vedic people took Sun as the sole light-giver bf the
universe, the cause of the season’s,» winds, controller and the lord of the World. The
Moon was described as s#ryarasmi, one which shines by the.sun’s light. Different
phases of the moon viz., raka (full-moon daj), anumati (preceding full-moon day),
kuhu (next full-moon day), Sinivali (preceding new;moon day) etc. was known. The
Taittiriya-Brahmana gives a full list of name of 15 days of the light half (p@irva paksa)
and also of dark half (aparapaksa). The day was called vasava or aha and reckoned
from sunrise to sunset. The day was further divided iﬁtb different parts. The period from
~one moonrise to the next or from one moonset to the next was known as tithi, which is
somewhat different from the pfesent concept of tithi of fixed time. That the -

phenomenon of new and full-moon is related to moon’s elongation from the sun was
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also correctly guessed. The invisibility of the Moon on the new-moon day is explaiﬁed

by its being swallowed by the Sun and its appearance by its being released by the Sun.

'Naksatras, Months, Names of Seasons and New Year :

The naksatras or the gfoup of stars near which the moon could be seen are the
conventional division or marker of the ecliptic, (the path) which is followed by Moon,
Sun and the Planets. The Moon returns to the same position.in' more than 27 days but
less than 28 days. There is mention of 28 naksatras early samhitas, Atharva-Veda and
others, but the numbers were reduced to 27 from the time of Vedanga Jyotisa. The
names of these naksatras with their-presiding deities are enumerated in the Yajur-Veda
beginning with Krt#tikd. The lunar (or synodic month) was.measured from full-moon to
“full-moon or from new-moon to new-moon (T S. 7.5.6). The Taitt, samhita (5.6.7) refers
to 12 or 13 lunar months of a year and calls the 13" (intercalary) month by the names
Samsarpa and Amhaspati (TS. 1.4.14). The six rtus in solar year with names of 12
tropical months are in 7aitt. Sam, (4.4.11.1) and Vdjasanéyz' sam (13.14). Studies have -
already been made on Rohini, KrttikG, Bharani and Asvini legends by Tilak,
Shamasastry, Sengupta, Dikshit, Kupahnaswamy Sastry which indicéte that the
reference point on the ecliptic'on equinoxial day (when day and -night were equal)
shifted to asterism Rohini, Krttika (Samhita perxod) Bharant (Vedanga Jyotisa period),
asvini (Suirya Siddhanta period) in course of time. A seal from the Mohenjo-daro (M.
2430) corroborates the Krttika legend’ which supports that the new year started from
Agrahdyani after the full moon at Krttika. By the time of Kausitaki-Brahmana (19.8)
the new year started with the winter solstice (shortest day) and it was on the new moon
day of Magha. This indicates that the purnimanta system (from the termination of full
moon) changed to amanta system (from the termination of new moon) with time and the
effort went on to synchronize lunar month with the beginning of the tropical year and

sc€asons.

110



Naksatras

Taitt-Sam 4.4.10
Athar. Ved. 19.10

1.

2.

- Krittika
(Alcyon, 360 long) - -

Rohini
(Aldebaran, 460)
Mrgasdirsa

(A Orionis, 600)
Ardrd
(Betelguese, 650)
Punarvasu
(Pollux, 900)
Pusya

(Cancrii, 1050)
ASlesa

(Hydras, 1090)
Maghds
(Regulas, 1260)
(Ptrva) Phalguni
(8 Leonis, 1380)
(Uttara) Phalguni
(Denebola, 1480)
Hasta

(d Corvi, 1700)
Citra

(Spica, 1800)
Svatt

(Arcturus, 1810)
Visakhe =~
(Centauri, 2160)
Anuradhas
(Scorpi, 2190)
Jyestha

(Antares, 2260)
Mila

(A Scorpi, 2410)
(Ptrva) Asadhas

_ Sagittarii, 2510)

19.
20.
21,
22,
23.
24.
25.
26.
27.

28.

(Uttara) Asadhas

Sagittarii, 2590)

Abhijit

(Vega, 2620)
ravana

(Altair, 2780)
ravisthas

(B Delphini, 2930)

Satabhisa
(A Aquarii, 3180)

(Pirva) Prosthapadas

(Markob, 3300)

(Uttara) Prosthapadas

(¥ Pegasi, 3460) -
Revatt

(€h Piscium, 3560)

Asévaujau
(B Arietis, 100)
BharanTs

(41 Arietis, 250)

Lunar
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Solar Months & Seasons

Sarada
(Autumn)

Haimanta
(Dewy)

Sisira
(Winter)

Vasanta
Spring

Grisima
(Summer)

Varsa
(Rainy)

Months Taitt-sam 4.4.11
Vaj. Sam 13.14

Kartika Urja
Agrahdyant Saha
Pausa Sahasya

. Mdgha Tapa
Phalguni Tapasya
Caitra Madhu
Vaisakha Madhava
Jaistha Sukéa
Asada l Suci
Sravana Nabha -
Bhadrapada Nabhasya
Asvina Isa

Sarada
(Autumn)



Luni-solar adjustmenfs and time units :

The natural means of measuring a -year originated from the experience of periodic>
recurrence of climatic seasons. Likewise, the natural means of measuring a day was the
period between two full moons. The return of the Sun to the same position with respecf
to the fixed star might have appeared to be much more reliable than the slow seasonal
variation of the leﬁgth of day light. ’fhere appears to be a constant attempt at adjusting
the lunar month with the season. The Taittiriya-Samhita (7.2.6) mentions how eleven
days ceremony (ekdd&s’ardtra) were performed Iafter lunar year of 354 days to make up
with the seasons (rtus) i.e., with the sidereal year of 365.25 days. The idea of
iﬁtercalating a month at regular intéfVals of time or of adding of five or six days in one
month or more months was thus developed. Naturally, three units of time measurement
viz., the solar day, the lunar month and the solar year are involved. Consequently ;che
luni-solar adjustments depended on the problem of finding the integers X, y, z which/
satisfy the relation, x years = y months = z days. The Rg-Veda gives two years
(samvatsara, parivatsara), Taittiriva-Brahman (1.4.10) mentions . four years
(samvatsara, parivatsara, idavqtsara and dnuvatsara). Shamsastry also bélieved in a
four year cycle, first three years of 360 days and fourth year = 146% = 365%4 days. The
Vedanga Jyotisa gives (both Rgvedic recension — arca jyotisa, 36 verses and Yajurvedic
recension - ydjusa jyotisa, 43 verses) a five-year cycle, the number of sunrising, moon
rising, tithi, naksatra, the new-moon, full-moon, account for solstices, seésons,. Sun’s
northward and southward journey, increase and decrease of day lengths during these
journeys, rules for determining the beginning of the season,' etc. It prescribes five solar |
years = 62 sidereal months (moon’s revolution) = 67 Alunar months (synodic) months. In
this cycle of five yéars, solar days = 5x12x30 = 1800, ci\./il days (solar rising_ = 1830, sidereal
days (solar rising plus solar cycle, earth’s rotation) = 1835. A five year was conceived as yug&
in Veddnga-Jyotisa. The conception of caturyuga, and kalpa were later developments. The
Vedanga Jyofisa (Y-VJ, 24) also gives time units (measured by water clock), 1 adika = 50 palas,
1 kudava = 1/16 adika = 3'% palas, 1 nadika = 200 nalas — 3/16 adakas.= 4 adakas-3/16 adakas
=6 1/16 adakas = 61 kudavas, | nadika =10 1/20 k&lds, 60 nadikas = muhirtas = | day.8 |
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Astrological tradition : -

The Atharva Jyotisa (in 14 chapters, 162 verses) attached to Atharva Veda tradition
deals with the muhirta branch of astrology. Atharva Veda says that it was taught by"
Pitamaha to KasSyapa. The muhirta as a time unit comes first in the Satapatha
vBrdhmana (12.3.2.5) which gives 1 divasa = 30 muhirtas, | muhirtas = 15 ksipra, 1.
kspra = 15 itarhis, 1 itarhi = 15 idanis, 1 idani = 15 pranas. The Atharva Jyotisa gives
the unit as ahoratra (whole day), muhiirta, truti, kala, lava, former being 30 times the
next instead of 15 times. The last unit is nimesa (1 lava = 12 nimesa). Reference to 7
planets, sun, moon and five plaﬁet_s ére found. The Atharva-Veda (19.9) writes, ‘May
the Gandramasa and Aditya graha;along with Rahu prove auspicious to you’. The
Atharva Jyotisa also gives names of seven week days with names of planets and
describing planets as ‘Lord of the days’. The names are dditya (sun), Soma (moon),
bhauma (mars); budha (mercury), brhaspati kJupifef), Bhdfga;a (Venus) and sani -
(Saturn). In other places it has also used names of planets as being applicable to planets
like Szirya (Sun), Lohitdnga (Moon), Somasuta '(Mercury), Devaguru (Jupiter), Bhrgu,
Sukra (Venus), Muryasuta (Saturn). This also contains the seeds of prediction of Jataka
astrology expressing fears, woes and horrors when certain naksatras are accompanied
by planets, meteors (u/ka) etc. The As’vcilayanai Sutra contains instructions like fields
should be ploughed on the uwuttara prosthapada’, (Grhya-Sitra, 2.10.3), ‘thread
ceremony should be performed on auspicious naksatras’ (Grhya-Sitra, 1.4.1) etc. The
words, muhiirta and ksana also appear in the ‘nirukta’. The Ydjfiavalka Smrti gives the
names of nine planets (seven planets, Rahu and Ketu (Acaradhyaya) and twelve parts of
the ecliptic (rasis) in order fo find proper times (S'ﬁrya—&amkarama) for performing the
$radha. The Yavana Jataka of Sphujidhvaja® (AD 269) is considered as a major work
carrying Greek influence. But it has also used (last chapter) time units viz. palas,
kudavas, liptas, nadika, kala, muhiirta, (or ksana) same as Vedanga Jyotisa, with the
exception that it has used 1 nadika = 10 kalas instead of 10 1/20 kdlas used by Vedanga
Jyotisa, possibly to avoid fraction. It has conceived a cycle of 165 years instead of S

years and has given the number of solar months, solar days, civil days, intercalary
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, frxonths, tithes, omitted tithes, sidereal months and other elements for this cycle. The. -
. Brhajjataka (or Brhat Jataka) is the next most important werk on astroiogy by
Varahamihira (¢. AD 505) who alsoi‘.compafed ‘Brhat Jataka (horoscopic work) and
three smaller works on marria’ge and yatra (journey) on astrology, besides collection of
five important works on as;tronomy (Paﬁcas{ddhc’mtikd). Varﬁhamihira referred to
Parasara (twice, ‘ Mandavya and acaryas like Satya, Maya, Yarana, Manithya,
Jivasarma, Visﬁugupta'(identiﬁed as Canakya Visnugupta, the minister of Candragupta
by the commenfator). Bha,t_totpald (c. AD 966), the commentator on the Brhat Jataka
-has given astrological quotations from. the works of Gargi, Badardyana, Yajfiavalkya
and Mandyavya. The Brhat Jataka contams 36 Greek words namely, the 12 signs —
kriya, taburz Jituma, kulzr leya pathena Jiika, kaurpya, tauksika, akokera, Hrzdroga
Ittham and twenty four other words 1nclud1ng the words, lipta, hora_, dreskana,A Kendra,
-kona etc. On the basis of these terms, Weber and Kerﬁ believe that there was Greek
influence on Indian astrollogical 'worksT Large number of le.te astrological works on’
Jjatakas (Kdlacakra-Jdtaka.,. 'Gauri-Jdiaka, Minaraja-Jataka, Jatakasara of Nrhari,
Saravali-Jataka Paddhati etc.) dea{ling'with misery and woe based on ascendants and
descendents of planets, horas (by Vasistha, Garga, Parasara, Varﬁha Lalla, Narada etc.)
g dealmg with whether an event will happen at all, if so, when and how on the basis of
horoscope cast muhurtas (tzthes naksatras prohibited for auspicious ceremony, taboos
etc.), pasaka vidya (questlons answered according to the casting of dice), fdjik

(forecasting as per ascendance and descenderice of planets) etc. were in vogue.
Yuga, Kalpa and Mahayuga :

The Vedanga Jyotisa had a cycle of five ‘years in a yuga. The Yavana Jataka had 165
years cycle. The Panini, though refers to yuga- and kali, it is Manusmrti which gives
four yugas'(K.i:la, Trelad, Dvc'zpdra and Kali) = 1 2000 divine years = 4320000 ordinary
human years, since 1 Divine year = 360 ordinar_ﬁl years. The Mahabharata alse had the
same yuga and time units as that of Manusmrti. The Siddhantic astronomy, unlike
Greek astronomy, has established on epoch when all planets were in zero longiﬁlde:

Aryabhatta I considered on epoch when the Sun, the Modn, Mars, Mercury, Jupiter,
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Venus and Saturn were last 1n zero longitude at sunrise in Lanka (a hypothetical place at
the intersection of the equator and the meridian of Ujjain) on Feb. 18, Friday,l 3102 BC.
The period of one such epoch t-b the next, according to Aryabhatta I is 1,080,000 years.
‘When the Moon’s apogee ahd the Moon’s ascending node are included in the list of the
planets, the above mentioned period (mahayuga) becomes 4,320,000 years, which fs
defined as the duration of yuga. The yuga is a period of time which begins and ends
when the Sun, Moon, Mars, Mercury, Jupiter, Venus, Saturn, the Moon’s apogee and
the moon’s asceﬁding node are in zero longitude. It consists of 4 periods, Krta, tretd,
dvapara and kali, the current qu_artef yuga is the current kaliyuga which is assurhed to
have begﬁn at sunrise at Lanka on _-Fﬁday, 18 Feb., 3102 BC..A bigger period than the °
yuga is called kalpa. According to Aryabhat_té I, kalpa consists of 1008 yugas, and
459% yugas had elapsed at the beginning of »c;u;rent kaliyuga since the beginning of-
current kalpe. The main -difference in Aryabhatta, Stirya-Siddhanta and Brahmana
Siddhanta School is that the length of the ye'ar. and motion of planets in a kalpa and-
mahayuga is different and othér_ elements are same. There is also difference of opinion
as to the starting of kali era on 18 Feb., Friday, 3102 BC, which needs more careful
scrutiny. The Hindu astronomical works called Siddhanta adopt the terms of creation as

the epoch of calculation whereas those called kaliyuga as the epoch of calculation.
Old Siddhantic Tradition :

The Jains did posjtivé contributions to mathematics. A few works like Surya
| Pfajﬁnapti, Candra Prajriapti, Jamboo Divipa Prajfiapati, Sthc'mdnga. Sttra, Bhagavatt |
Stiitra, Anuyogad;zdra Sitra are available to us. It deals with problems dealing with
circle, chord, circumfefence, p (=10), diameter, arc, segment, big numbérs, infinity,
laws of indices, symbolé, operations etc. Varahamihira was born in AD 505 in the
,Villégc of Kapithaka (Farrukabad district of Uttar Pradesh) and moved to Ujjain. His
forefathers migrated to India from Maga country in Persia and settled in the Kapithaka.
He quoted Aryabhatta I several times and compiled Paficasiddhantika i.e., five
siddhﬁnta works,_ namely, auliSa, romaka, vasistha, saura and paitamaha besides -

astrological works. Colebrooke (1807-17), Whitney and Burgess (1860), Kern (1865),
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- . Thibaut (1890) and a few. other European _schcl)lars passed judgemeni on the relative
importance and origin of Indian astrbﬁomy. Thibaut in his introduction to thc
Pqﬁcasiddhdntikd observes that the Paitamaha Siddhanta (c. AD 80) is the oldest and
carries pre-scientific stage of astronomical knowledge. The Vasistha Siddhanta, written
prior to AD 269 is more advanced. The Romaka and Paulisa have Greek inﬂuence. The
Saura Siddhanta only contains new features. During the early centuries of the Christian
era the Indians were.in touch with th,e‘ Greeks, Romans .and other scholars and those of

Babylonian and Greek knowledge may have been available to them.

The scholars like Dikshit,'Sengupt_a_{ 'Gan'guly, Kuppannaswamy and Shukla'' testified
that the reﬁner_nents'introduced by ‘Pto»lemy (AD‘ 150) and even Hipparchus (150 BC)-
remained unknown to India. Whatever Greek influences are theré, they are all of bre-
Ptolemaic period and possibly of pre-Hypparchus time. The extent and nathrevof contact
were through conferences or direct borrowal through translation of texts is still to be
investigated. Neugebaur has' shown that the Vasistha and Paulisa were inspired by

Babylonian linear astronomy.

The Paricasiddantika (five siddhantas) were known in India from first century AD to
fifth ceﬁtufy AD. By this time, the Indians had already acquired the knowledge of zero
~and decimal place-value, eight fundamental operations of arithmetic addition, '
subtraction, multiplication, divisibn ete., rule of three, inverse IfL_‘c‘i'C of three, knowledge
of éombinations of six savours (a, b, ¢, d, ¢, ), 2 at a time, ¢ (6,4) — ab, ac, ad, ae, af, bc,
bd, be bf, cd, ce, cf, de, df, ef — fifteen in all), 3; at a time c (6,3), 4 atatime c (6,4) was
known. Likewise, the knowledge of binomial  expansion for calculating the
shortcomings in metrical" rhythm of music based on long (a) and short (b) sounds were
known. Or in other words binomial exbansion like (a + b)® = 1.2’ +2a.b + 1. b?; (a+ b)*
= 1.3 +3.2% + 3.ab% + L%, (a +b)* = 1.a* + 4.2% + 6 a’b® + 4ab® +1.b* and achieved
various other mathematical results. These undoubtcdly Brought great change in the
Indian scenario in the ﬁeld of mathematics: and astronomy. The development of

algebraic and trigonometric tools also revolutionized the calculations and methods in
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astronomy.'® A series of writings came in with Aryabhatta II Aryapaksa school,
Latadeva, the student of Aryabhatta I and author of revised (Siryasiddhanta Saryapaksa
school), Brahmagupta (Brahmapaksa school), Bhaskara I (AD 628), student of
Aryabhatta School and a host of other scholars namely Lalla (c. AD 749), Vate$vara
(AD 904), Aryabhatta II (AD 950), Sripati (AD 1039), Bhaskara II (AD 1150) and
others. Aryabhatta I, an dsmakiva (Keralian) lived iﬁ Magadhé (modern Bihar) and
wrote his Aryabhatta. Magadha in ancient tim? was a great centre of learning and is
well-known for the famous university at Nalanda (situated in the modern district of
Patna). There was a special provision for study of astronomy in this umver51ty
Aryabhatta I is referred to as kulqpa (=‘ kula{Jatt or Head of a University) by the

commentator.

Aryasiddhanta and Aryabhatiya of Aryabhatai A(bl. ad 496) :

The Aryasiddhanta of Aryabhatta is only known from the quotations of Varahmihira
(AD 505), Bhaskara I (AD 600) and Brahmagupta (AD 628) in which the day begins at
midnight at Lanka. The Aryabhatia begins the day with sun-rise on Sunday caitra-
krsnadi, Saka 421 (AD 499). A summary of contents of Aryabhatta will give an idea
how the knowledge exploded. Under arithmetic, it discusses alphabetic system of
notation and place-value including fundamental operations liké squaring, square root,
cubing and cube root of numbers. The geometrical problems deal with area of triangle,
circle, trapezium, plane figures, volumes of right pyramid, sphers, properties of similar
triangle, inscribed. triangles and rectangles. Theorem of square on the diagonal,
application of the properties of similar triangles. The algebra has concentrated in -
finding the sum of natural numbers (series method), square of n-natural numbers, cubes
of n-natural numbers, formation of equatibn, use of rule of three for application (both
direct and inverse rule), solution of quadratic equation, solution of indeterminate
equatioﬁ [by =ax + ¢, X =(by —¢)/ a]‘ where solution of x and y were obtained by
repeated division (kuttaka kut means to pulverize) etc. In trigonometry, jya (R Sine) is

defined, and 28 jya table at an interval of 3° 45° (R = 3438’) was constructed, the value
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of = 3.1416 was found to bé the correct to 34 places of deciméls. Aryabha‘_cta I’s value
of p = 62832 / 20000 = 3 + 1/7 + 1/17 + 1/11. Successive convergents are 3, 22/7,
355/113, 3927/1250 which were used by later astronomers. In astronomy, three

important hypothesis were made viz.,

(1) The mean planets revolve in geocentric circular orbits,
(2) The true planets move in epicycles or in eccentric,

(3) All planets have equal linear motion in their respective orbits.

The knowledge of indeter‘miﬁate equations played a significant role. The method of
indeterminate equation was a sucéessive method of division. The same method is
possibly used for value of, solution of first degree and second-degree indeterminate
equation. Tt was also used to determine the mean longitude of plane for mean longitude
= (R x A)/C, where R = revolution number of planets, A = ahargana = no. of days since-
the epoch and C = no. of days in a yuga or kalpa. Large number} of astronomical
problems of Bhaskara I are changed to (ax — c)/l__) =y wherq X = aﬁargana any y = Sun’s

mean longitude.
. . . o
Astronomical corrections and astronomical instruments :

The geocentric longitude of a planet is derived by the mean longitude by the following

corrections. . i

(D Correction for local longitude (desantara correction).

) Equation of the centre (bahuphala).

?3) Correction of the equation of timé due to eccentricity of the ecliptic.
4) Correction of local latitude (cara) in case of sun and moon, and an

additional correction (Sighraphala) in case of other planets.

Besides these, Vatesvara (904) gave lunar correction, which gives deficit of the moon’s

equation of centre and evection. Bhaskara II (1150) gave another correction, variation.
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Mafijula (932) used a process of differentiation in finding the Velocity of planet. All
siddhantic astronomy gave me'thod' and time of eclipse, along with rithi, nak_satra,

karana, yuga, since these had an important beari'ng on religious observations.

A large number of astronomical instruments were referred to and used. To cite a few
from Lalla’s Sisyadhivrddhida'' (eighth — eleVenth centuries), these are (1) air and
water instrument, (2) golayantra, (3) man with a rosary:of beads, (4) 4se1f-rotating
wheel, and self-rotating spheres, (cakra yantra circle), (6) dhanur yantra (semi-circle),
(7) kartari yantra, the scissors, (8) kapala yantra (set horizontelly on the ground and its -
needle vertical), (9) bhagdr,za y'qntr~a,. (10) ghatt yantra and conversion of observed |
ghatis into time only, (11) Sanku yantra, (12) Saldka ydntra, needle, (13) Sakata yantra
(for tithi observation), (14) yasthi yantra and graduated tube (for altitude, zenith

distance and bahu) and others.

The extension of knowledge by Kerala astronomers :

~ The knowledge of jya (or jiva), kojya and Sara for a planet in a circle of known radius
(¢rijya) was used. The scholars used gradually improved value ef (trijya) where Sinus
totus = 24th jya = R = 3438 (Aryabhatta 1), 120’ (Paﬁcasiddhdﬁta), 3270°
(Brahmagupta), 3437°44”19” (Govindésvﬁmi AD 850), 3437°44748”° (Madhava c. AD
1400). From the relation C = 2aR, where C = 01rcumference and R = radius of the
circle, R was calculated. The value of C was taken as C 360 degrees = 21600 minutes
and ©m = 3.1416 (Aryabhatta I). Madhava (c. AD 1400) used a value of & correct to 11
places of decimal_é. Maglhava used knpwledge of series to approxifna!lte the value of jiva

=s=s°/31r% and Sara = s*/2Ir for an arc s of radius r and applied them repeatedly.

. 3 . I k B * ] ’
Important trigonometrical relations were also found by scholars from Aryabhatta I
onwards. The successive approximation'? of Madhava and other Kerala astronomers

lead, for s = rx, to the discovery of
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Sinx = x ~x/31 +x°/5! --...

Cos x =1 —x%2! +x*/4! ..
These were investigated and rediscovered later in Europe.

For the study of history it is important to find out the date or at least a period of any
incident in the history of any country. This aspect of fixing the dates of Indian history
came to importance when European scholars began their studies of Indian history. The
European scholars had no concépt pf measurement of time with the help of astronomy.
They used to count the days and yedfs from a particular king or event. Such records are
not present in the ancient history of India. Theré.:fore‘nc:)bod'y was ‘éble to fix the dates of

_ the ancient Indian history.

It made clear that the Indian authors have given details of time 'by the astronomical
records and by proper studies we can easily fix the dates of various incidents in the

ancient Indian history accurately.

We think that the modern scientific calendar is very good because it is easy but it is not
‘good. If a calendar from our wall is lost we are unable to find the date and month. If we
happen to go to some isolated island after wrecking our ship then in four to five days we
will fdrget the date and month and- then will never be recalled. But a man like me who
has studied the Indian calendar can easily tell Tithi, Nék_satra, Paksa, Lunar months by
looking at the night sky. By looking at the rising sun R and Ayana can be told.
Counting of the days can be done by Tithi and Naksatra. Tithi depénds on the size and
shape of the Moon. Naksatra is the star near which the Moon is seen. Every day the

Moon changes its Naksatra and completes a round in 28 days. Thus the Indian calendar

. is eternal.
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Naksatra tells the position of the Moon among; the stars. Tithi tells the distance of the
Moon from the Sun, because in one Tithi the Moon goes 12 degrees away from the Sun.
Lunar month is named after the Naksatra near which the full-moon resides. It is also the
Naksatra which rises at the Suﬁset and remains, visible throughout the night. From the
‘name of the Lunar month the Moon’s position is fixed and from it the position of the
Sun can be easily calculated. The sun is exactly opposite at the full-moon while both are

together at Amavasya.

Rtus are six in number, three in .each Ayana. Ayanas are two, Uttarayana and
Datksinayana. Uttarayana means the Sun’s northern journey. It begins with Shishira Rtu
at the Winter Solstice on 22" December of the modern calendar. Dakshinayana is the
southern journey of the Sun which begins with the Varsa Rtu at the Summar Solstice on
2on J.une. Varsa, Sarad, Hemanta are the three Rtus of Dakshiriayana, while Shishira,
Vasanta and Greeshma are the three Rtus of Uttardyana. Each Rtu consists of two solar’
months. Nabha and Nabhés}yazare the two solar months of Varsa Rtus, which correspond
with 22™ June to 21% July and 22™ July to 21% August. IsG@ and Urja are the two months
of Sharad. Isa corresponds to 22"“j August to 21% September. A period from 23™
September to 22" October means Urja. 23" September of the beginning of Urja is the
Autumnal Equinox having equal day and night. Hemanta rtu consists of Saha (22
October to 21 November) and Sahasya (22" November to 21% December). 22™
December is the Winter Solstice when Tapa, the first month of Reu Sisira begins. The |
second month of Sis’z‘r_a i.e. Tapasya extends from 22" January to 21% February.
Madhu, the first month of Vasanta Rtu begins on 22™ February and ends with the
Vernal Equinox oﬁ 21% March. Then Madhava, the second month of Vasanta begins
which ends on 21* April. From 22™ April Greeshma begins, the first month of which is
Sukra. lts second month Suchi begins on 22" May and ends on 21* June. 22™ June is
the Summer Solstice when Nabha and Varsa begin. Thus the solar seasonal months of
RAtus correspond with the modérn seasonal months (Taittiriya S&mhitﬁ 44.1. Also

Vishnu Purana Ansha 2, Adhyaya 8, Sloka 83).
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Visnu Purana 28 70 clearly speak about two solar months forming Rru.

- -

Ancient authors are particular in giv'e Tithi, Naksatra, lunar month and Rtu. Sages are
particular to mention the Naksatra of the Sun at the Winter Solatice or the Summer
Solstice or the equinoxes. From these records it is evident that the ancient sages knew of
the precession of Equinoxes due to which the Sun recedes in the Naksatra Cakra. 1f we
know the rate of the precession of equinoxes as one degree in 72 years or one Naksatra
in 960 years or one Rashi i.e. 30 degrees in 2160 years, we can calculate the year or the |
period of any incident about whlch these records are available. We get the data for
calculations if the Rru and lunar month is glven because the lunar month indicates the
Sun’s position in ‘Nak.satras while Rtu mdlcates the Earth’s position in relation to the
Sun. Let us now see how precise is the method to fix the dates or years or period of
some incidents. |

‘Paiicanga means five important points regarding the time. These are Tithi, Naksatra,
Masa, Rtu and Ayana. In addition to these ﬁve, =the sages were particular to record the

positions of the planeté, which pinpoint the time.

In the epic Mahabharata, Maharshi Vyasa gives the positions of all the planets in
Bhishma Parva, Adhyaya 2,3, thus — Saturn in Piiva, Jupiter in Sarvana, Rdhu in Uttara
Asadha and Mars in Anuradha. All these planets have a fixed rotational period. Saturn
. completes one rotation in 29.4545832 years. Jupiter takes 11.863013 years for one
rotation, Rahu takes 18.5992 years, Mars takes.1.88089 years per rotation. Taking the
respective positions of each of these planets in any year we can calculate backwards to
find out when the planets were in the said positions. I found the year to be 5561 years
before Christ. When Bhishma died it was Winter Solstice and he had fought for ten days
and had lied on the arrow bed for 58 days. 68 days earlier than 22™ December is 16"
October when the Great War must have commenced. Thus we could fix the date of the
Mahabharata war exactly as 16™ October 5561 B.C. Three more planets are found
described by Vyasa in the Mahabharata under the names of Shveta, Shyama and

Teevra. These are Uranus, Neptune and Pluto. Calculating back we can find that the
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respective positions get confirmed on the above date. [n addition Vyasa describes two
. consecutive Amavasyas, one Ksaya Paksa, two eclipses lunar and solar in one month’s
time and a big comet. All these evidences show the same date 16™ October 5561 B.C.
Eighteen mathematical points converge on this date and many other evidences point to
the same date. Therefore_ we have to accept it as the date of the beginning of the

M_ahdbhc’zrata war.

Accepting this date we can fix the dates of about sixty incidents from the Mahabharata
-including the date of exile 4™ September 5574 B.C. and exposure of Arjuna on 16"
April 5561 B.C. -

Except Astronomy no other method can give such details and exact dates. In the case of
the Mahabharata we have to solve some riddles put forth by the sage Vyasa ‘

deliberately, but in another books no such problem arises.

Rtus and lunar months as described in thé Mahabharata point to the same time of 5561
B.C. The planet Saturn had been in the arms of Rohini according to the Mahabharata.
According to the calculations of late Shri Dixit S.B. this phenomenon took place for

many centuries before 5294 B.C. |

At the time of Rama’s birth five planets were exalted according to Valmiki Ramayana.
The exalted positions well-known in astrology are thus : Sun 10° in Mesa, Mars 28° in
Makara, Jupiter 5° in Karka, Venus 27° in Meena, Saturn 20° in Tula. For calculations
of thousands of years only the slow moving planets are useful and only by two planets
Saturn and Jupiter we cannot fix the exact date. At least three planets are essential. In '
the Valmiki Ramayana, it is stated at Ayodhya Kanda 4/18 that the Sun,- Mars and Rahu
were aspecting Dasaratha’s Naksatra at the time of Rama’s coronation on Caitra
Suddha 9", when Rama completed 17 years of his life. In the Caitra Masa Sun resides
in Mesa Rasi, so Rahu also must have been Mesa or just opposite in 7wla Rasi. Rahu

completes one rotation in 18,5992 years, hence 17 years earlier Rahu must have been in

123



~ Kanya ie. Virgo. Calculations on this data show the date of Rama’s birth as 4"
December 7323 years B.C.

Instead -of coronation Rama had to leave for forFst i_n Hemanta Rty on Caitra Suddha
9™ At this occasion Va'\lmi_ki states the star posiltions at Ayodhya 41/10, 11. These tally
with the modém mathematics. Rama went fo the forest life on 29" November 7306 B.C.
Rama was married to Sitd on 7" April 73-7 B.Ci., in Bhadrapada Suddha 3™ on Uttara
Phalgunt Naksatra.

When Hanumana returned after burning Lanka, Valmiki describes the sky vividly,
which indicates the date as Pousa Krishna 1% or'3™ September 7292 B.C. The war was
fought from 3" November to 15" November 7282 B.C.

I have fixed almost 40 dates of various important events from the Ramayana, showing

that the astronomical records are helpful in fixing dates in history.

Vedic literature records abundant astronomical data, which can fix the periods. Rigveda
10161-13 states — “Who awakened Rubhus ? The Sun replied, “The Dog, because today
is the end of the year.” The Dog means Canis major or Mrga Naksatra. Rubhus means
clouds. Clouds were awakened by Mrga means rains began with AMyga. At present rainy
season begins with Mrga. Thus a cycle of 27 Naksatras must have been elapsed
between the present age and the Vedic age. At the rate of 960 years per Naksatra 27
Naksatras have taken 25920 years. So the Vedic statement is 25920 years old. In other
word the period of Rgveda is 23720 yéars B.C.

Taittiriya Samhita 7-4-8 states that -Pirva Phalgunt is the last night of the year while
Uttara Phalguni is t'he‘ first night of the new year, and Vasanta is the mouth of the year.
This shows the Vernal eciuino,x in thelfnonth of Phalguna at the full Moon. Naturally,
the Sun was diagonally opposité in the Bhadrapada Naksatra at the vernal equinox

showing a period of 23720 years B.C. | |
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Rgveda 4-57-5 requests Shunasirau to shower the water made in heavens on the Earth.

Shuna means god. Sirau means two heads. Two heads of dogs means Canis major and

minorine Myga Naksatra. This suggests beginning of the rainy season at Mrga Naksatra
' the period being 23720 years BC |

The equinoxes recede backwards through Naksatra. So from Mrga it must have gone to
Krttika. To show it there is an evidence in the names of the Stars Kr#fikd. The
constellation Kretika is fbrmed of seven small stars, which are named as Amba, Dula,
Nitatni, Abhrayanti, Meghayani, Varsayanti, Cuputika (Taittiriya Brahmana 3—1-4). All
these names indicate water. Abhgjdnti means bringing Abhra i.e., white clouds.
Meghayanti means bringing Wateriioaded black clouds. Varsayanti means bringing
showers of rains. At the beginning of rainy season first whiteA clouds. of Abhra come,
then Megha or water-loaded clouds come and then showers come. Thus these names
definitely point to the rainy season. Krttika was bringing the Varsa Rtu  during 21800-
years B.C.

Between Myga and K_ftt‘z'kc'z there is Rohini. The rainy season must have begun on Rohini
some time. It is reported in the Mahabharata Vana Parva 230 wherein it is also stated

that the fall of Vega or Abhijit began because of Kritika went to water i.e. Summer |
Solstice When Varsa Rru began. This was the condition around 21800 years B.C.

Before this, during 22760 years B.C, the Su_mmef solstice was at the Rohini.

Apabharani is a Vedic name of Bharani Na/csat}'a. It was called as Apabharani
because it was filling water. How a Naksatra from the Sky fill water on the earth? Of

course by inducing rains. Thus this name was given around 20840 B.C.

The deity of Mula Naksatra is mentioned as Niruti. Nairutya means southwest. The
sages discovered that the rainy season in India comes from southwest winds. Therefore

they fixed the deity when Mizla was at the summer solstice and introduced rains during
11240 B.C.
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Before Miila, Pirva A_sdd'ha used to induce rains so that its deity is fined as Water
during a period of 12200 B.C.

“Rgveda 1-164-19 states, “O Indra and Soma, you two rotating like a yoked horse are
supporting this work.” These rotating deities are nothing else but the solstices. That
time Jyestha was at the summer solstice whose deity is Indra, and Mrga whose deity is

Soma was at the winter solstice. This period is 10280 B.C.

Taittiriya Brahmana 1-5-1-6.7 states that Kritika td Visakha is the northern course of
the Sun while Anurddha to Apabharani was the southern course of the Sun. This clearly
shows that the winter solstiée was between Kritika and Bharani i.e. 26" 40" while the
summer solstice was between Visakhd and Anuradha at 213" 20'. On 22™ December
1995 the Sun is at 245" 50' 45" in Miula Naksatra on the winter solstice. It has come
here from 26" 40". So total shift back is 140" 49’ 15", The rate of the precession of
equinoxes is 50.2 per year. So it is seen that 10098. 704 years ago the statement is

written. It comes to 8103 years B.C.

Asvalayana Gryhya Siitra 2-3-5 advises to meditate on Hemanta Rtu  on Margasirsa
Parpima. Naturally, Hemanta was ending at Magha Purpnima on the winter solstice.
The full Moon at Magha shows the Sun to be at 307" at winter solistice. At present the
winter solsﬁce occurs at 246". It shows that the Sun has receded back by 61"”. The
precession rate is 72 years per degree. So 61X 72 = 4392 years ago Asvalayana Gryhya
sétra is written. It shows 2404 B.C. at least 1900 B.C. as its period.

SusriitaSamhita 6-10 tells rainy season in Bhadrapada and A$vina Masas. 1t was the
condition around 400 B.C. The Samhiti also states that Magha Masa and Sishira Rtu
began together. This indicates 2000 B.C. Thus it appears that the first edition of
SusritaSamhita was formed in 4000 B.C. while the second edition was prepared at
2000 B.C.

Maitrayani Upanisad 6/14 records the summer solstice atthe beginning of the Magha

Naksatra or at-120°. At present it is at 65° 40’ 42!". The difference is of 54° 19’ 18" or
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195558 seconds. The precession rate is 50.42" per year. It shows that Maitrayani
Upanisad is composed 3895,5776 years ago or 1909 B.C.

Vishnu Puréna tells at 2/8/66 to 76 that equal day and night come when the Sun entered
Mesa or Tula Rasi. It shows a period not later than 1609 B.C.

Vedanga Jyotisa shows the winter solstice on Dhanisthd which cannot be later that

1640 B.C.
1

Parasara tells Summer solstice at middle of Aslesa at 1137 20". Its date comes to 1159
B.C. '

Kausitaki or Sankhayana Brahmana 1/3 tells that in the middle of the rainy season one
should see at the Panarvasu Naksatra while offering oblation. But in-these days in the
first fortnight the Moon does not combine with Punarvasu. Therefore give oblation on -
' Amavasya, which comes after 4sadha, because on the. Amavasya there is Purnavasu

. Naksatra.

In the first fortnight of Punarvasu is invisible in the months of Pausa to Asadha. These
are omitted. It shows that Jeshtha and 4sadha were not the months of rainy season It is
suggested to use Amavasya coming after A_sddhd. Thus it appears that the fainy season
used to begin from Srdvana Masa. At present the rainy season begins from Jestha
Masa. The rainy season has shifted back by two months. It means that the Sun has
receded 60°. At the rate of 72 years per degree the shift must have taken place in 4320 -

years. Thus KauSitaki Brahmana appears to be written around 2320 B.C.

Matsya Purana 204/5 tells that if one oblates on the Trayodasi with Magha Nak.sdtra
during Varsa Rtu he gets benefited. Magha Naksatra on Trayodasi comes in Sarvana
on Bhadrapada masa. Thus these two were the months of Varsa Rtu when Matsya

Purana is composed. The period is around 200 B.C.
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Shrimad Bhagavata. Purana shows equal day and night when the Sun was in Mesa or

Tula Rasi. It shows the time to be 1600 to 2000 B.C.

Kalidasa describes Varsa Rtu from Asadha first day. From that he appéars to be at the

- beginning of the Christian era i.e. 2000 years ago since today.
Varahmihira gives the summer solstice at Karkadya i.e. at 90°. So his date is 520 A.D.

Thus all the steps of one to two thousand years are shown by Astronomy. This cannot
be done by Archaeology or linguistics of any other science or method. There is a gap
from 12000 B.C. to 20000 B.C. which can be filled up by stray evidences such as the
.fall of Vega (Abhijit) mentioned in the Mahabharata which took place around 13000
B.C. Valmiki Ramayana states that Daityakula had Miila as their Naksatra and Iksvaku
Kula Naksatra was Visakha. 1t means that Daitya Kula began when Vernal equinox was
at Mila i.e. 17000 B.C. Iksvaku Kula started with Visakha at the Vernal 'equinox around ‘
15000 B.C. Thus all the steps of history of the ancient Indian culture are seen ranging
from 25000 B:C. to 520 A.D. Only Astronomy can give such fineries about time.
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CHAPTER — 7

Mathematical principles in ordinary life

In this section an effort will be made to show that how mathematical principles regulate
the life of an ordinary human being, particularly to the villagers. The mathematical
sense of them was so prominent that they formulate a peculiar formila to indicate
something else. In fact, they are habituated in using a mathematical phrase on a
mathematical code to describe something, which is very difficult to express in ordinary.

non-mathematical language. Sometimes mathematical principles'serve the purpose of

artistic expressions, which are normally done by the villagers. A particular number may

be seen to be similar with the name of someone’é dear one. If he or she wants to express
it artisticélly,,he or she wil! take recourse to the numbers or addition or multiplication of
some numbers, the result of which is phoneticaliy similar to his/her wife’s or husband’s
name. Particularly among the villagers and tribal people such techniques taken from

mathematics are normally used as modes of expression.

A fairly discernible trend in any venture seeking mathematical traditions in the Indian
context seems to be obsessed with the contributions of great celebrities of mathematics
in those days. It is uncriticality in such studies that hardly enables anybody to get at the
evolution of mathématiqal thinking or ideas in periods of antiquity. This apparent lack
of linkage, often blurred by religious beliefs, between different types of pursuits,
doubtless, make such studies vulnerable to a total view which reckons necessarily
societal, cultural, historical and, in some sense, philosophical underpinnings. On the
other hand, a discipline like mathematics did not have, to speak in modern idioms,
elitist adherents only but alsp practitioners of mathematics, to use modern jargon, at the

grass root level. Extant studies on mathematical traditions in India have, by and large,
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]
identified areas of pursuits associated with dominantly theoretical studies but not

specifically those out of which mathematics can emerge somewhat organically as a

discipline oriented activity.

A cultural vis-a-vis anthropological view of mathematics or strictly speaking,
mathematical way of thinking becomes a necessity and hence, some examples in the
Indian cohtcxt drawn from folk wisdom and practices are set forth. Next, we delve into
conceptual issues on ethno mathematics and its possible offshoots. Environment can
hardly be ignored in such contexts and hence, the linkage between ethno mathematics
and environment is brought out.. Fqliowing this, we swing back to the consideration of
cultural vis-a-vis anthropological dimensions of mathematics. A matrix model is made
use of to bring out relational features between entries on mathematics and those on

cultural dynamics.

In the succeeding section, philosophical view of ethno mathematics is considered. Some
remarks, as a part of winding up, are made in the context of a wider need for developing
or perhaps, identifying an integrated trajectory of mathematical thinking against the
backdrop of the vast landscape intermingling society, culture, philosophy, history, ethos

and mathematics.

ETHNO MATHEMATICS : CONCEPT OF D’AMBROSIO

The image of mathematics that has come to stay is one of abstraction divorced from
realities, but at the same, one that caters to usages of a diverse nature. The use of
mathematics, for its own sake and for others, is being contested, and hés remained
within the confines of a select few; the bulk of society, as it were, is outside the group
of the privileged few. This poses a threat to dynamics of culture and society. Hence, in a
bid to set at nought possible disruption of societal equilibriufn, there is now an effort to

seek social and cultural roots of mathematics in the vast repository of human endeavour.
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The shift in paradigm lies in looking at reality from the standpoint of ‘perception’ by
individuals. Ubiratan D’ Ambrosio, the architect of this view, has proposed a model of
human endeavour which has cqnnectivities, reality-individual-action-reality, obviously
a cycle, as characteristic of human individuals, see, D’./Sx'mbros“i_o.l This does not run
counter to hierarchial order of human endeavour; which ailows the flow from
individuals to collective (or social) to cultura!l behaviour and ultimately, to cultural
dynamics. Knowledge fits in as action in the framework of cyclic model and this allows
human endeavour to rnové from one level to ;mother. The basic assumption, here, is
action inherent in individuals, whatever be the dimensions. Action keeps on recasting
the reality, which may be material; or may be |purely a cognitive (intellectual, psychic’

and emotional) reality.

The concept of knowlédge emerges properly 'if we look deep into several cultural
contexts. Knowledge, in such contexts, does not make a distinction between actions tlof’
understand and to create and hence, science and technology, as they are understood, }ar‘e
well reckoned. The complementarities of science and artistic activities are also :i;vell‘

assured.

The reality, as mentioned earlier, is taken to have essentially two dimensions; namely,
environmental (including natural and artificial) and intellectual (emotional, psychic,
cognitive) which constitute the intrinsic and intimate abstract reality of ideas. Thoughts
‘then become part of the reality-affecting individuals along with their erhotions. Reality
is obviously social and hence, one has to accept the possibility of interconnectivities

between environmental, abstract and social entities.

D’ Ambrosio® builds up the concept of society out of cultural attitudes and diversities so
that different groups of individuals behave in a similar way, on account of their modes
of thought, interests, motivations, often myths etc. Societal groups exist with clearly
defined cultural roots, modes of production, class structure, class conflicts, individual
rights etc. Such groups develop, over the centuries, ways to count, to measure, relate

and classify or in other words, ways to mathematize. These are in many ways different
(
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from the ways, which are done by other cultural groups. The question that now comes
up is this: how do we relate mathematics with culture? What kind of culture is this?

What kind of mathematics is this?

By culture, we ought to understand something that is added to the world as a result of
human labour, creativity of an endeavour for survival; it becomes thus an acquisitioﬁ to
be shared and nurtured by (cultural) groups. The structured form of khowledge; it
precedes all forms of scientific understanding of the world through recorded repository

‘of endeavour of all civilizations.

The word ethno mathematics is used in such contexts, because the word ethnos has
come to connote race/culture, necessarily implying specific cultural racial codes,

symbols, values, attitudes and so on. D’ Ambrosio succinctly puts this as:

Ethno rhathematics is a concept resulting from perception of man as an animal in search”
of survival and continuation of species but with a plus over the other animal species.
This plusis the drive to transcend one’s won exi:stence :(the sense Bf the past and ﬁiture,
sense of religion and art, sense of explaining and understanding) and to transcend, by
giving to it and extra dimension, the search for survival and procreation, which is Homo
Sapiens, resuits from a ditferent perception of the other, giving rise to sensés of love,
shareability, generosity, charity and the like. We prefer to call mathema the action of
explaining and understanding in order to transcend ané of managing and coping with
reality in order to survive. Throughout all known life histories and throughout the
history of mankind, fechnes (or tics) of mathematics have been developed in very
different and diversified cultural environments i.e., in diverse ethnos. So, in order to
satisfy drives towards survival and transcendence, human Ibeings have developed and
continue to develop in every new experience and in diverse cultural environments, their
ethno mathematics. These are communicated vertically and horizontally in time and for
the reason of being more or less effective, more or less potent and sometimes even for
political reasons, these various tics have either lasted and spread (i.e., measuring) or

confined themselves to restricted groups and even disappéared.3
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.Accordlng to him, ethno mathematics depends on new understanding of history and
eplstemology, ‘essentially a new way of lookmg into the process of generation,

transmission. institutionalisation and diffusion of knowledge’, see, D’ Ambrosio.*

This approach should make us think afresh particularly in relation to human
understanding and creativity, whether there are socio-emotional and political elements
“and, perhaps, many more, which we know as arts, science, religion, culture etc. We
should also make an effort to verify whether there was any semblance of historical
entity or even existential entity, before sucﬁ levels were designated. These ideas
inevitably give rise ‘to theoretical concerns as a part of the explanation of nature as a
whole and of human endeavour in ‘fhe environment. Human beings have intrinsic but
unique characteristics of codifying and symbolizing these practices as a means for
survival and then going beyond this, that is, to transcend. There does not seem to be any
dearth of endeavour through cultural environments to explore tﬁe body-physique and its
ailments, strengths, weaknesses etc. and there is a greater realization now than what it
was ever before, see, Horacio.” The history of development of mathematical ideas shdw,
. in very succinct terms, evolution of the concept of time and aiso its importance. Even
while going to the other extreme, one finds a counterpart in rural but culturally vibrant
setting. For example, in Tamilnadu, vide, L.S. Saraswati,® the concern was to identify
and measure time with, of course, the ulterior objective of performing some activities,
mainly agricultural and, perhaps, some rituals of religion. D’Ambrosio draws upon this

as follows:

What they do for reckoning time is-to use a simple device for measuring shadow. They
take a piece of straw of any length aﬁd divide it into'sixteen equal parts by folding it in
half, eight times. The straw is then bent like an ‘L’ and held on the ground with the
vertical portion towards the sun, so that shadow of the upright portion falls on the
horizontal portion kept on the ground. The vertical 'poftion is adjusted iﬁ such a way that
the length of its shadow is equivalent to the length of the horizontal portion. In this way
the number of parts of the upright portion indicate the number of units of time that have

passed since sunrise if it is forenoon or the number that have passed since noon if it is
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the afternoon. People in this community are reported to tell time and to reckon with the

precision of minute.

One finds in human endeavour the kind of cycle, already mentiohed, namely, ‘reality-
individual-actual-reality’. Thus, in terms of D’Ambrosian framework of ethno
mathematics, the population of Tamilnadu has developed tics (technes) of mathema
(action of explaining and understanding in order to cope with reality and, perhaps, to
transcend). One can cite a host of such tics of mathema in wide and diverse cultural

environment that is what D’ Ambrosio calls diverse ethnos.

Ethno mathematics has, thus, come to stay’ as a -concept tliat allows generation,
transmission and diffusion of knowledge with an accent on socio-cultural environment.
It is not just rituals or daily mundane activitiesi that show semblances of mathematical
enterprises. There is in s’fu reality of mathématical exercises well reflected through
folk-culture, folk-lor¢, folk-rhymes, folk-proverbs, folk-riddles and folk-wisdom, see,
Bhaumik and Sinha.” Let us now cite a few of them, as they occur in a dominantly

Bengali setting.

We begin with few cases that appear as a part'c')f folk-practice and folklore. The first
one is about the number ‘sixty’ whose Bengali variant in a dialect is shait, as it is

pronounced.

A Bengali tribal woman, who is not allowed to take her husband’s name, in order to

provide the name of her husband, puts it as follows:
Tin tero diya baro
Noi diya milani karo
Mor soamir namti aei

Par kore dao barit jai

This means: if you; multiply the number ‘three’ by ‘thirteen’ and add ‘twelve’ and

‘nine’ with the result, you see the answer is simply ‘shait’ i.e. sixty. Here the numerals
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tin (three), tero (thirteen), bdro (twelve), noi (nine) are used. And the number shait

(sixty) comes out of the mathematical operation (i.e., 3x13+12+9=60).

There goes a similar riddle: ‘Panchanan’ is the other name of the God Siva, the husband
of the Goddess Parvati. There runs a beautiful mathematical verse commented with the

name of ‘Panchanan’.

Tin tero madhye baro
Char dia puran karo
Amar bari nandigram

Aei amar swamir nam

If one multiplies ‘three’ with ‘thirteen’ and adds ‘twelve’ plus ‘four’ with the result, one
géts the number ‘fifty five’ which corresponds to the Bengali version ‘Panchanan’.-
- Thus originates the name ‘Panchanan®. In accordance with the accepted condition, the
problem may be posed as follows: (3x13+12+4=55). All these shbw how the

community can handle computational or operational exercises on numbers.

The following example, again, will reflect the concern for numeracy. While playing
together in the field, farmer’s boys count the number of players among themselves by
reciting very interesting and peculiar rhymes, eaclzh word of which represents a particular

number. For example,

Yakor byakor tyakor shail
Kail porshu Mongol bar
Kari gone majumdar
Dhaner aga naler shish
Khaia doba unish bish

Here the word yakor represents the number one, byakor two, tyakor three, shail four,

kail five, porshu six, mongol seven, bar eight, kari nine, gone ten, majum éleven, dar
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twelve, dhaner thirteen, agg fourteen, naler fifteen, shish sixteen, khaia séventéen,
doba eighteen, unish nineteen, bish twenty. Thus they are able to count all the numerals

from one to twenty. A
A few more exarhples regarding numbers may be given here.

Sunyo: The word sunyo implying mathematically ‘zero’ may be seen in the Bengali

proverb: Dusta gorur cheye sunyo goal bhalo

It is better to have an empty (Sunyo) cowshed than a notorious cow.

Ram: Ram stands for the number ‘One’ in someiplaces of Bengal for weighing things.

Duna: It means double. There is a well-known proverb in Be'ngal'i' .

This means, double-strength may be gained takihg less diet whereas more food brings,

danger.

Dera: This means ‘one and a half*. There is a saying (Kame Kura Bhojae Dera). This is

aboﬁt one idle person, which takes one, and half times of his normal food.

Punke: 1t is a fraction and is one-sixteenth part of the whole. In the proverb Punke satru

‘baro apod. Punke stands for a small fractional quantity. A small enemy may sometimes
~ be harmful. | |

Kara and ganda: One kara is one-twentieth part of a paisa and four aras make a ganda.
A ganda is one fifth of a paisa. A Baul song rega;ding this kara and ganda may be

quoted here:

Amike tai ami janlem na

Ami ami kari kintu, ami amar thik hailo na
_ Karai karai kari gani
" Char karai ek ganda gani

Kotha hoite elam ami, tare koi gani?
|
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The central thought of the song that the Baul sings is: ‘I always keep account of my

belongings but I have never tried to know myself.
The following examples illustrate the use of terms for measuring the weigﬁts of thiﬁgs:

Poa: This is one-fourth of a seer and is an important unit of measurement of weight
. prevalent among the folk-life and -culture. Four ‘chhataks’ make a pod. A proverb

regarding the poa goes like this:

Bhdt roche nd roche moa

Chria roche pod pod

/

This may be stated as follows: you don’t Iiké'bread but you take delight in eating cakes
and tasty crisps in pods (that is, in plénty). ' ’

Rek is equal to twenty ‘chharaks’ and one-fourth of a don. A proverb associated with

rek 1s as under:

Khabona khabona anichhey
Tin rek dal ek uchhey

This means that even though I have no appetité, I may take three rek dal.

Ari is another unit in expressing the measurement of weight. The proverb connected

with this is as follows:

Ha-bhdter ari atharo seere

In fact, ari does not actually mean eighteen seers. One ari is equal to sixteen seers.
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.. Here are some examples illustrating the use of shapes and sizes that are the basic -

rudiments of geometrical knowledge. \

Arahi Penchi: Tt is an ornament with ‘two and a half circles’. Its shape is pinpointed

here in the following Bengali riddle.

Gol gol érdhi penchi tar nam ki?
Sidha: It means straight. A well-known pfoverb in Benéali runs thus:
Sidha angule ghee othe né
It is not possible to collect butter with a straight finger.

" The conception of time is lying scattered in various folk-literature - in phrases, idioms,

proverbs, lyrics and in all walks of rural life of Bengal. A proverb with time:

Samayer ‘ek’ phonr

Asamayer ‘dash’ phonr

The equivalent English proverb is ‘a stitch in time saves nine’.

Prahar is an important unit in measuring time used by the villagers in their daily lives.

This can be illustrated in the Bengali proverb:

Kukurer maar aarai prahar
|
It means that the pangs of a dog do not last long and soon after, it responds to the person
beating it. The inner significance of the proverb is that a shameless person commits the |
same nuisance after being insulted time and again. dardi }Jrahar mentioned in the

proverb signifies a very small period of time, as one prahar is one-eighth part of a day.
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. Thousands of such examples may be cited from the folk-practice and folk-culture.

All these are remarkable examples of ethno mathematics, which abounds in the’
community. If we look at them critically, we may be persuaded to a point of view that
these stem form and, perhaps will continue to mark, the participation in what sometimes

may be called ceaseless cultural dynamic.

SOCIAL AND CULTURAL FACETS

|

Given the premise that mathematics is a fairly deep-rooted element in the fabric of
culture that keeps on flowing through the ages, we need to hark back to social and
cultural history coupled with anthropology with a view to unearthing mathematical
elements that have stood the test of time. By social history of mathematics, vide
Mehrtens et al.,? one' aims at understanding the interplay of socio-cultural, economic
and political factors in the development of mathematics. There are few studies on this
score, see Wilder,9 Bhaumik and Sinha.'® But that mathematics is embedded in cultural
phenomena without members being aware of the same has been excellently brought out
by Ascher.'' One can cite a host of pedagogical studies which show, in an abundant
measure, the mathematical stuff produced by many different historical cultures in their |
immense diversity, running to contemporary times, see, Asc.her,12 F rankestein,13 Lave,l4
Millroy15 and, certainly, Freire.'® Of late, there is move to link up, in such contexts,
culturél features and mathematical topics, in a one-to-one correspondence  style.
Rubenstein'” attempts to develop a matrix in which there are entries for both the
dimensions, cultural and mathematical. Indeed, cultural attributes are amenable to
analysis in terms of few distinct categories, which/are, by no means, decisively
comprehensive. For example, one can have categories with labels of languages, of
history and geography, economics and politics, social aspects, aesthetics and recreation,

see, Rubenstein;'® it should be mentioned that. the last five entries are side rubrics,
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covering elements that may not be strictly distinguishable in few cases. But, by and
large, customs, traditions, habitats etc. are well reckoned as social features while
aesthetics have dominantly fine arts, performing arts, handicrafts etc. as the leading
components. Mathematical enfries can have wide extents and, sometimes, depths
depending on levels of capabilities and competences. But, if we agree to basic °
rudiments of mathematics, we can possibly agree to categories such as communication;
reasoning, number and numeration, measurement, patterns, functions, and élgebra,
geometry, statistics and probability, and discrete mathematics, see, Rubenstein.'® All
these are designed as ‘eight by three’ matrices. For example, in a row of Ianguége and a
column with a number and numeration, one may have an entry relating to comparison
of strength to people, animals and géds so as to build, in ancient India, powers of ten or
in a row for geometry and column of social features, one may seek the Way of
structurally similar elements in Taj Mahal and so on. Essentially it comes to examining
closely some leading strand of cultures and also in cultural phenomena, mathematical”
entities, as Ascher®® has mentioned: ‘how people categorize things is one of the major
differences between one culture and another’. The matrix should be so designed as to
begin with a cultural context and to extract as much of the possible mathematics from it
as one may can. Thus the multicultural matrix becomes crucial to the process of
generation, transmission, dissemination and, perhaps, institutionalisation of apparently
naive ideas in mathematico-cultural terms and relationships which, indeed, form the

bedrock of ethno mathematics.

PHILOSOPHICAL VIEW

Having disposed of cultural and social aspects interspersed with historical elements, let
us explore if there are philosophical underpmmngs of ethno mathematlcs The
epistemological approach to mathematics is sufﬁc;lently well known but that, too, in an

ethno mathematical framework is yet to be conceptualised to a fairly acceptable degree.
) !
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- Our starting point ought to be the human element, rather, a view of human beings which
is so fundamental to the idea of ethno mathematics. Unless one sets up the anages

: befween the idea of ethno mathematics and a view how people relate to other human
~ beings and to the world, one can hardly build up possible philosophical moorings of

ethno mathematics.

Let us have (see, Borba)*! the basic concept on the view of humans. There is the well-
+ known phenomenologicai approach in whi.ch a human can only be seen in relation with
the world and if there is no world, human is not visible. Thus, there is an intrinsic
linkage between the concepts ‘human_’ and ‘world’, with a serious limitation that both of
.them havé. or acquire meanings Because of the humans. There is, of course, the
fundamental relation of eacﬁ human to other humans depending essentially on abilities
to understand to compfehend existing implications and also >t_o go well beyond extant
nuances. It, therefore, boils down to the existence of the location in the world each
person in definite historical situations. To live in a world, one has to undergo
ex;ﬁeriehces often without being cdnsciously aware of the element of time. Freire®
makes positive distinctions between one kind of consciousness and the other.
Mathematically spéaking, a transitive consciousness develops in a person, the ability to
reflect deeper on the experiences, at least to the extent of distinguishing the cﬁrrent ones
with earlier counterparts. There is obviously an element of criticality in transitive
conscious’hess. But, unless one crosses this hump, one can hardly be active so as to
émbark upon interactions with other personé, say, in the form of dialogues. This is
precisely what has been called dialogical process. A coupling of the two is essential to
the subsequent development processes of each human in relation to the other. One
should hasten to add that in the dialogué, words are not only elements to be
ncom_muni‘cated but the very wide variety of unconscious signs and symbols such as
pauses, gestures which may even baffle lgxicographic storage. There is every
.eventuality that signs and symbols may evolve from one cultural group to another in
their implications; meanings and interpretations. A" necessary concomitant for the

dialogue should share a common concern and a perceptioh. In other words, the so-called
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dialogue can hardly become a reality if there bé no problems emanating out of the
cross-fertilization of problems with different groups. According to Saviani : ‘A
problem, as any other aspect of human experience, has a subjective side and an
objective one, closely connectéd by a dialectical unity.... The concept of problem
implies a consciousness of a situation of necessity (subjective aspect) and a situation

that puzzles his consciousness (objective aspect)’.>

Both the aspects, subjective and objective, of the definition of a problem have cultural
limits, for these cannot but depend on cultural traditions of a person so much so that
even the irritants having objecﬁvg semblances are culturally bound, for the simple
reason that an impediment in a givéh culture may not pose to be the same in another.
Thus, one gets stuck and also grapples with it for own survival in the evolution of life-
styles. A mathematical problem is bound to emerge because of this encounter and
hence, the generation of mathematics. Language is .d.eﬁnitely an important vehicle to.
express a way of knowing developed by a culturally sensitive group of human beings. If
we accept that. one way of knowing is mathematics, then according to Borba,*
mathematical knowledge ‘expressed in the language code of a given socio-cultural
groups’ should be termed ethno mathematics, with connotations for ethno mathematics

set forth earlier.
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CONCLUDING REMARKS

It should not be taken for granted that ethno mathematics as a distinctive area of
’ pursuits has gone totally unscathed. The bulk of such exercises have ranged heavily on
educational enterprises perhaps, often slurring over conceptual shortcomings. While the
cultural context as a central theme is undeniably important, there is scepticism as to the
intrinsic characteristics of ethno mathematics to be able to be transformed to the nature
of mathematics which is dominantl-y‘ intellectual. The social institution of mathematics
which sociologists, historians and others pursue as an important area of invesﬁgation

can hardly be glossed over.

Cobb? has looked upon ethno mathematics as self-generated mathematics, which as’
argued, is basically individualistic and anarchistic. Ethno mathematics, it is often
alleged, addresses the question of how context affects and structures experience. There
is an element of substance in the unassailable statement thét mathematics which we do
not directly experience can still have important consequences having direct impact on
our life-styles. Critical thinking stems out of confrontation with problems as described
above. Once critical thinking acquires a certain measure of communality in respect of
sharing problems, ‘selfjgenefated mathematics’ of Cobb should be inevitable to ensue.
Mellin-Olsen?® has gone to the extent of drawing upon the Freirian concept of
‘conscientization’ in that the people are made aware of their culture how their
experiences are structured and conditioned. One may look for conceptual underpinnings
of how the ethno mathematics produced could be affected by techniques, be made
available and the value adopted by the social institutions of mathematics. One can even
move on a bit of micro-level analysis so as to investigate that if structures of
mathematical experiences have any influence on the generation of ethno mathematics,
taking into account that these forms, basically part of éubcultures and mathematical

resources. This may be logically pushed to a conclusion that ethno mathematics can
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facilitate structuring of mathematical experiences of those outside the subculture which
have generated it; but of course, that can again be the role of ethno mathematics once it

gets a solid footing..

Ethno mathematics puts the accent on plurality of mathematics rather than a
monocultural phenomenon. It often rakes up the notion that mathematics is only
produced by mathematicians. It enables us to look for ways in which one can
understand cultural ways of producing and expressing their mathematics. That there can
be indigenoﬁs ‘frozen; mathematics in diverse (;ultures of the country hardly requir—es
any reiteration. The indigendus_- wisdom, if it is a correct term in the context of the
International Year for Indigenous ?6pu_lations (1993), provides the vast repository of
ethno mathematical and ethno scientific concepts and ideas which need to be articulated

as inter-connectivities discernible in the landscape of mathematical endeavours.

The Advaita Vedantins have used a sentence ‘dasamastvamasi’ (i.e., you are the tenth)’
to explain the phenomenoh of perception generated through testimony calléd
sabdajanyapratyaksa. An individual who is really tenth but did not count himself éut of
ignorance. When it is pointed out whether he has not counted himself and he is the
tenth, he suddenly realises that he is a mémber occupying the number of ‘ten’. This
realisation is direct percéption generated through ‘testimony.” In such cases .the

philosophers of different schools have used number to indicate a fact or person.

|
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CHAPTER - 8

Conclusive Remarks

We may cite some concluding remarks as diseussed in earlier chapters regarding the
implication and application of some mathematical principles in Indian philosophical

tradition.

First, inference is taken as most fundamental means of knowing in Western
Mathematical Logic as found in different ﬁeldé of knowing. In fact, without inference
no knowledge is possible. Such is the view held by the Naiyayikas though to them the
form of anumana is somehow different. Though there are fundamental differences
between the theory of inference and anumana yet in both the systems it is accepted as'
very important way of knowing. One may enquire in this }:ﬁcontext that to the Western

Logicians the following form of inference is a correct one :

. P>Q

It is valid, because the conclusion is deduced under M.P. rule. Can it be applicable to

the form of inference admitted in Nyaya ? It may be expressed in the following way :

1. Wherever there is Simsapatva (a kind of tree called Sisu) there is
i
vrksatva (1.e., treeness).

2. " There is Simsapatva (i.e., the property existing in a Sisu tree).

Therefore, there is treeness. ‘
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The Naiyayikas can explain the case as.anumana (inference) if it is desired strongly by
~ them which is called sisadhayisa (desire to »infer). To them anything can be inferred-
from the related thing if there is strong desire to infer, even if it is a case of perceptioﬁ.
In the previous example, that a simsapa is a tree. is known through perception. In spite
of this one, is allowed to infer ‘treeness’ from the Simsapatva if he has got strong desire

to infer (sisadhayisa).

The rule of M.P. is difec;tly applicable to the Buddhist notion of inference. To them
‘treeness’ is inferred on the strength of the property Sim$apédrvd. To the Buddhist any
_ determinate cognition (savikalpaka) is inferential in nature. That which is expréssed
through language, universal etc. is called dete’rrninate‘ cognition. The entity which is
devoid of such language und momientary in nature is alone perceptual. When a tree is
known as such through the fact that it fs Simsapa, it is surely inferential. The first -
premiss is — ‘Wherever there is §imsapdtva there is treeness’. The second prer_n‘iss is
‘This has got Simsaparva’, The conclusion follows from these is : ‘This -has got
treeness’. This is a ciear case of Modus Ponence. In this way all the rules can be applied

to Indian theories of inference.

* Secondly, mathematical logié deals with the proof by Reductio-ad-absurdum or Indirect
Proof as a method. We have shown already that the Naiyayikas have made use of such
method technically known as Tarka in connection with determining the nature of an
object and with removing the doubt of deviation (vydbhicdras’amkd). The Reductio-ad-

absurdum method is known as. vipaksabddhakatarka in Indian Logic.

Thirdly, we have shown the applicability of the Set theory in Indian Logic. The Set-
- Subset relationship is found among the Indian Logicians when they deal para, apara
and parapara samanya. In this connection an effort has been made to shbw that the
concept of null set is not fqreign to Indian Systems. So far as the grammarians view is
concerned, the terms conveying null set are well accepted by. them. As they provide
meaning. On the otherAhand the Naiyayikas do not admit such po.si‘tion;'Be'cause', cannot

be included under seven accepted categories and hence nonsensical.
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Fourthly, the concept of Sinya (zero) is found in both in mathematics and Indian
philosophical literature almost in the same sense. Sometimes, absence (abhava) is
expressed With the term Sinya or zero. If someone wants to convey the absolute absence
of money in his house, it may be conveyed with f_‘h;: term $tinya or zero. It is said in the
proverb used in Bengali language, which runs as fgllo\ys : ‘dustu garur ceye Sinya goal
bhalo’ (i.e., it is better to have an empty cowshed than to have a notorious COW).
Another 'examplé may be taken from the song of Kazi Nazrul Islam which runs as
follow : Sinya e buke pakhi mor phire @y’ (That is, O bird, come back to my chest
which is empty). Here also the term sanya has been taken as empfy. Another meaning
of it is accepted by the Buddhists. T§ them s#nya means catus/éb_tivinirmukta (free from
four-fold modes of expression). When an object is relative it cannot be expressed in
language like asti, nasti etc. For this reason it is called relative. Moreover, the
Upanisadic seers have to show an inner link between:$inya and pirana, as both of them
hav'e some connotation in certain stage as found in the Mantra — ‘parnasya

purnamadaya piirnamevavasisyati’.

Lastly, the Sanskrit rendéring of the term ‘number’ is samkhyd, which occupies a
prominent role in Indian Philosophy as well as m Mathematics. Any type of calculation,
pointing out, direction, identification etc. are d:'one wi{h the help?..of number. Hence in
our day to day behaviour the use of number has a significant role. The number serves
the purpose of identifying an object from olthers and hence it has the power of
distinguishing an object from the rest (itaravyavarttaka). In fact, through number we
can ‘see’ the thing in its own nature and it is instrumental to the right cognition of .an
object, which is echoed in the derivative meaniné of the term Samkhya. The root khya is |
prefixed with sar, which means samyak jiiana or right cognition. The term samkhya
means right cognition of an object in wider perspective. The literature dealing with the
right cognition of the entities is colled samkhj)d. There are two entities admitted in
Safnkhyfi; which are Prakrti and Purusa. The real cognition (samkhya) of these lies in
the fact of knowing that they are two in number, but not identical. In this way, the term

sm;zkhyd means right cognition of the discrimination between two objects. In other
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words, the cognition of Prakrti and Purusa as two (but not one) is called sat%khyc'z. In
the same way, to realise the existence 6f only one entity in the whole world movable
and immovable is also called right cognition a(:;cording to ‘fhe'Ad?Avaita Vedanta. That is
why, samkhya is defined as the cause. of the phenomenon of counting
(‘gananavyavahare tu hetuh samkhya bhidhiyage’ — Bhasapariccheda, Verse No. 106).
It is said in the commenfary that a jar is known as different from a pot through the
instrumentality of the number given to the jar and it is a case of perception. The number
‘one’ is identified with the particular jar and it cannot be realised elsewhere in another
jar | or cloth (ghatadisvaripasya ekatvasamkhyatve ghajdntare
tatpratyayabhavaprasangat). The humber ‘one’ is the basic depending on which the
property called ‘twoness’ existing in both the entities can be known. That is why, the
cognition of ‘fwo’ and more than ‘fwo’ is generated through the dependence to the
comparativé cognition (“dvitvadayo vyasajyavritisamikhya apeksabuddhijanyah”
Siddhaantamuktavali on Verse ~ 106). 'When someone realises ‘two’, he attains it ‘one’,-
and another ‘one’ (ayam ekah ayaﬁa ekah iti buddhih). From the number ‘rwo’ to
“innumerable’  this - comparative cognition works and hence it is called

apeksabuddhijanyah.
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