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The notions of Time which hove il now obeyed the conventional undersiondings,
may nol find it easy to do away with the prevalent elegant sets of equations supposed
to have been ifs excellent criteria so far. A notable precursor in this field of
conventional time sense, in which various findings are gradually replacing the
established rules, is the theory of quantum physics which appears to take the logic
of the state of exception to an unsurpassed exireme. Scientists have discussed the
birth of lime or when the fime was born. To the question what is time, the different
studies show that it rarely obeys any fixed pottern and theory. This question may
appear redundant to many. Nevertheless it is meaningful to investigate the path
Time has treaded through diverse areas which in turn may or may not provide us
with one absolute criterion regarding it's nature.

Itis not easy, in fact, 1o make on assessment of Time in few paragraphs. The most
concise effort in this context may leave out a lot of things but this is how the efforis
are to be made. The areas of invesligation may be cultural, philosophical, linguistic
and other diversities in various contexts. Besides, they may oppeor interconnected
and hence multidimensional in nature. As for instance, al some stage of enquiry
Physics may seem to be at the threshold of philosophy. Today, there are many who
ore well qualified both in physics and phitosophy and their speculations cannot be
ignored by both disciplines.

Scientists have hoiled achievements of the human intellect to pin down the age of
the Universe. Astronomers claim that they can persuade people to believe that the
astronomer really does know the age of the Universe, no mean achievement when
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you recall that it was only in the nineteenth century that scientists began fo appreciole
that there was a beginning for the Earth and Sun, let alone the cosmos af lorge.

Did Time begin ot some point? To this question, o panorama of references from
various disciplines point fo both the exiremes of Time having begun and Time as
beginningless. The earliest and most widespread view of Time in cullures as the
Hindus and the Buddhists saw il in ferms of cycles of birth, death and rebirth. Like
the changing cycle of the seasons, in which the earth itself is conslanily renewed,
the Universe was seen as being reborn, but changing in o regular rhythm. Also,
many thought that it is our vivid ideas that have been continuously projected and
determined our thinking on Time. The concepl had aliracled it's complement of
myth well before the scientists made their map regarding Time. Nevertheless, this
mapping is so diverse that somefimes it appears a reality and of other fimes it is
dimly discernible through experiments.

Time was fancied in the Hindu cultural site as the wilness of all activilies. Besides
playing many roles of being an eternal substratum for everything possible Time was
conceived os a healer, a philosopher a leacher and a guide. This helped to engender
the myth of science fiction, Around the World in Eighly Days from Jules Verne.
From this flight of fancy based on folk experience and culture came the understanding
of Time as an all encompassing phenomenon which is never going to be exlinct,
Combined with this idea as a frontier forerunner Time was soon 1o be vivified os
one of the significant choices that gave substantial results to scientific investigations
of varfous stages that the scienlists were reasoning to understand. James Hution in
a paper published by the Royol Society of Edinburgh in 1788, wrote that the result
of our presenl enquiry is thal we find no vestige of a beginhing—no prospecis of an
end.

Time has been posing an enigma since fong. The problem was not that the physicists
did not know what was going on. Quite the reverse is the facl. Lord Kelvin, for
instance, was the towering figure in physics in Britain in the second half of the
nineteenth cenlury, and almost as dominant in the conlext of European science.
Among his many achievements in science Kelvin laid the foundations of
thermodynamics {the second law of thermodynamics in 1851, which says that heat
cannot flow unaided from a cooler object to a hotter one), and helped to develop
the theory of the electromagnetic field. it was through his study of thermodynamics
that he was led to ponder the question of the ages of the Earth and the Sun. The
most important thing that thermodynamics teaches us is that nothing lasts for ever.
All things must pass, and everything wears out. In 1852, Kelvin wrote, within a
finite period of ime past the earih must have been, and within a finite period of .
time to come the earth must be again. This was speculated with absolute confidence
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by the Buddha in the sixth century BC when he said that everything is of the nature
of flux.

The school of Nyaya-Vaisheshikas (NV} in the Indian Philosophical context refer to
Time as a Substance, {Dravya, for which the English term provided conventionally
is" Substance’) different from action, something which measures things in action.
Before describing their position | will like to mention the point of view of the linguist
philosopher Bhartrihori who elaborate this position in his treatise Vakayapadiyam.
He explains that it is Time which measures the course of the Sun and we get such
expressions as month (masa), year {samvatsara),et al. Time acts as the cause of
origin, existence and destruclion, the three states that any object go through. It is
also due to Time that there is sequence of things in the Universe, Things appear at
a particular way due 1o Time factor. Time is an agent of action. Time is differentiated
due fo association with the different actions of the objects of the Universe. The
aclions of objecis are the associoles of Time and it assumes distinctions due fo this
association. Motions of the Sun, of the planets and the stars are the associates of
Time. Due to the diflerentfiation in their motion, different measurements of Time
result. Day and Night, forinight, month, season, age, era are the conventional
measurements. The inferval belween the rising ond the setting of the sun is a day.
Night, tortnight, moment et al says Bhartrihari, are similarly conventionally defined
{vyavosthanam}. At every stage of activily Time is discernible. Hence, Time is
identified with activity itself.

The logicians of the NV school speculate Time (Kala) to be one of the nine categories
beginning with Dravya, enumerated in their philosophicol treatise. Theytoo accept
on the line of Bharirihari that Time is expressed as seasons, day, night, and so on.
Here, Time as Substance and Time as action appear to be merging on one plane
like mass and energy in Eienstein’s equationl If Sun (Tejas), is the Substance and
also responsible for notions like priority, posteriorily et al then the ticking of clock
on the wall, showing the time as 9 o’clock are two manifestations of one and the
same event. Likewise, the Sun as a ‘substance’, a large ball of gas and it’s energy
which is the result of atoms and molecules colliding with one another engendering
energy are also nol two events. Sun the mass and Sun the energy are two sides of
the same coin. Sun is action {Gali i.e. motion}, and action is Time.

it Time is perceived as aclivities revolving round the Sun referred to as Tejos and
categorized as ‘substance’, i's molion are considered as Gunas (Quadlities),
inhereing in the ‘substance’. These two, as observed earlier appear to have merged
as one. The sirict margin between ‘dravya’ and ‘guna’ does not exist anymore.
Bhartrihari {|11.9.46) puts the puzzle of dravye and guna together coming up with
this new lime-scale, the sun and it’s energy source in one package. Further, Time
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is considered to have three powers on account of which the appearance and
disoppearance of objects toke place. Of these three powers, post and future hide
objecls whereas Ihe present reveals them.

The power colled Future does not stand in the way of the power called Present
which is associated with the birth of objects. What is called Future is that which is
something in time will become present. But the power called Past does stand in the
way of power called Present. What is Past is Post. # does not become Present
whereas it is what was Future, which in time becomes Present. These three are also
described as paths and they are like light and shade, without sequence. In them,
objecls acquire sequence. Vyosabhashya which is an eloborative treatise on
Yogasutra (111,13}, it is mentioned ihat though these three powers exist in Time, they
are without any sequence, yet they operale like light and shade on objects hiding
them or manifesling them according to necessity and thus bring about their
sequence. In this respect they are like the three elemental characteristics {called
Gunas), Sativa, Rajas and Tamas that ore constituled in Prokriti (Matter), always
present but operate through co-ordination, as explained by the Sankhya school of
thought. The past and fulure hide objects and so they are called darkness {Tomoas).
Itis the function of darkness to hide (Sankhyakariko.13.). The present enables us to
see the object and so it is the effect of Safiva or light and Rajas stands for activity
and is Time itself in general.

This application of Time can throw an interesting question as to how the past and
the present being opposites, be the same thing? Vakyapadiya's stand in this confexi
is {I1.55) thal when the causes are active and functioning, a thing becomes present
and when its causes have stopped functioning it is not visible any more, itis to be
taken as past. To elaborate furiher, it is when the causes are all ready and mature
and produce their effect then the object becomes manifest, does it work and is said
lo be present. When the couses cease lo function and the object has also fulfilled
ils work, it becomes invisible and is said 1o be past. When the causes of an objecl
are nol yei ready fo produce it, it is said to be in the future. Thus one and the same
thing acquires different names on the basis of external circumstances according to
the presence or absence of purposeful activity.

There are yet other dimensions to Time. In 1771, Buffon, a French naturalist came
up with the first scientlific (at thot time) explanation for the origin of our planet and
thus the beginning of Time, suggesling that it had formed from a molten material,
torn oui of Sun by the impact of a comel. The question this raised was “How long
lime would have faken for this molten ball of rock 1o have cooled to the state it is in
today2” In fact, a cenlury before Buffon, Isaac Newion had mentioned in his Principia
thal a globe of red-hot iron as big as the earth would take 50,000 years to cool
down. The next step was taken by another Frenchman, Jeon Fourier (1768-1830)
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whose contribution fo science wos the development of mathematical techniques for
dealing with what are known as time-varying phenomena {Fourier analysis con be
used, for example, to break down o complicated pattern of pressure variotions in g
sound wave into a set of simple waves or harmonies which con be added together
to produce the original sound).

He improvised on Buffon's theory realizing thet although the earth is cool on the
outside today, it is still hot in it's intrinsic {as the activity of volcanoes demonstrate).
His equations could describe how heal flowed outwards from the hot interior of the
planet through the layers of cooler materiol at the surface layers of solid rock which
acts as an insulating blanket around the molten material inside the earth holding
the heat in and ensuring that the planet takes much longer to cool down than
Buffon had estimated. The number thal comes out of Fourier's equalions was so
staggering that it is said that he never brought himself to write it down. What he did
write down in 1820, and leave for the posterily was o formula for the age of the
earth, based on ihese arguments.

Retrospecting on the Indian philosophical context, one may say that one of the key
contributions of Bhartrihari is to take the number technique to indicale Time factor.
Anything which is an existence (Sata) is said fo have number. Things are
characlerized by difference and number expresses this difference. As mentioned in
an earlier context, for the NV logicians things are said to be different if there is
separation between them and they are distinguished as one, Iwo, and so on, on
the basis of number. Even in complex formations, the meaning of the secondary
word being a thing is cognized os something having number, as dislinct from the
meaning of the individuals which has no number (that number is called
Abhedaikalvasamkhya,— the number one in general). NV speculates number as
a qualily {Guna) residing in Substance. They further explain saying that some may
argue thal when a thing is by itself it is considered ‘one’ and when it is with ofhers,
we talk about them as “two’, ‘three’, and so on. Itis a question of whether a thing
is in company or not. However, this is not the right position say these logicians
(NV). Our cognitions differ in the two cases. It is not the same thing to perceive a
thing as being in company or to perceive il as one of fwo or more objecls. Numbers
like hundred efc. exist in several things together. They are inhering in more than
open (Vyasajyovritti) and they are perceived by intelligence which makes this
distinclion {Apekshabuddhi),

Those who do nol agree with this position of the NV logicians argue that number
can never be perceived apar from the things where it is found. Things are perceived
as qualified by numbers and this can never be so if number were absoluiely different
from it’s base {Ashraya). The school of linguistics (The Vyokarana} is not concerned
with what things really are. They are concerned with the notions which help in the
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explanations of the forms of words. What ultimotely is the nature of the meaning
which the ‘numbers’ represent. From these numbers we understand some property
which helps us lo distinguish things. Number is one such property. It helps us to
speak about things (Sumchashte). Hence it is called number (Sankhya).Further, it
really belongs to Substance {Dravya), but the expressions of language sometimes
present it as existing in other categories such as, Qualities(Guna),
Universals(Samanyo or Jati) and also in the category of (Abhava) Non-Existence
per sel There can be comprehension of language as not only expressing real things
but also altributed things. A unit or ‘one’ is the source of dualily etc. because all
distinctions are preceded by it. When two things are seen we see a unit in each of
them. Thus two unils, depending upon this cognition, produce the sense of duality
which inheres in the iwo things which are their substratum. The concept of number
in this contex! appears 1o be a manifestation of yet another dimension of Time.

Itremains to be seen whether the association of numbers mentioned above helps to
determine the enigma of Time or is it once again the part of the problem itself, if the
sun had a smoll number of oloms and molecules it would not hove been possible
to radiate heot but millions of atoms do make the same possible. It is one of the
insights from the thermodynamics that heat is associaled with millions of atoms
and molecules moving about and colliding with one another—the faster they move
the hotter the object is, If you imagine all the innumerable numbers of atoms that
make up the sun disposed into a thin cloud in space then falling together under the
influence of gravity o make the sun, it is easy 1o see how gravitational energy will
be converted into heat as all the atoms and molecules move faster and faster and
collide with one another. indeed, this is still the way that astronomers believe stars
torm and get hot in the first place. The relevance of this is thal the numbers moy be
tangential and realy matter to reflect the imporiance in the understanding of Time.
In round numbers (to the nearest hundred million tons) 600 million tons of hydrogen
are converied into 525 million tons of helium every second in the heart of the sun
with the other 5 million fonnes or so being converted into pure energy. | have
emphasized these details says John Gribbin, in order to just how well astrophysicists
do understand whal goes on inside stars. You cannot change these numbers by
even five or len percent and still get everything to malch up. The importance of all
this is, of course, that the slars are the oldest things in the Universe, and the
Universe itself must be surely older than the stars it contains,

From the above it may lead one to ask with surprise whether Time has a history of
it's own, whether it can be regarded os a single enterprise which has no equal as
a systematic account of how Itiiself is consfituted. The different approaches described
earlier may only display themselves as astonishing accessories to comprehend
Time to a very limited extent through economy of synthesis, vividness of delail and
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an acute sense of culiural differences yet whose signature is so bold and striking
and is something like ihe sky from which no one or nothing can escape.

Still a kind of functional understanding of the enigma of Time may arise ofter going
through the epic span of events that are all the time happening. They are more self-
standing with features that mork them off from their predecessors. The process of
measuring from one even 1o the other allows a seemingly consistent scheme,
classically fraditional in it's logic. Events can be perceived and Time in this senses
of events experienced and perceivable. This peculiarily was faced by the logicians
ot the Nyoya School. Some of them hold that Time is a form of experience and is
perceived by the sense organs as a qualification/adjecives of objecls perception
for example when we cognize obijecls as existing ol present, Time also moy be said
lo be perceived. In the perception of the jar (ghatam) as existing af present {idam
ghato variate}, present Time also enters into the perception of the objecl. Every
object is perceived as existing in Time, though Time is never perceived by itself.
Temporal relotions are dependent on the terms related. There is no sooner or later,
before or after apart from evenls and actions. Time is perceived as a qualification/
adjeclive of objecls and is therefore a substantive reality.

The Nyaya and the Buddhist logicians had always had a clanking of theoretical
armour. Without conceoling the distaste towards the view of the Madhyamika
Buddhist who say that there is no present Time (Vorlamanakola) aport from the past
and the fulure, the Nyaya searing this line of thinking osseris thal the past is
defined as that which precedes the present, and the fulure as that which succeeds
it. But the present has no meaning apart from the past and the future.

This sympathy towards one’s own ideology is forthright. They are sure that this
Madhyamika view is portly a matter of confusion in understanding the relation of
space and Time, For instance, when the object falls, we have the time taken up by
it's raversing a ceriain distance and the fime that will be faken up by it in traversing
the remaining dislance, and there is an intervening distance which the object can
be said to lraverse at the present lime. Space traversed gives the idea of past time,
space to be traversed that of future and there is no third space which could give
rise to the presoni ime. But Time (Kaala) is not manifested by space {Adhvoa), but
by action {Kriyaa). We have the conceplion of Time {os past) when the action of
something falling {for instance) has ceased... When the same aclion is going to
happen, we have the conception of Time {os future) and lastly, when the action of
the thing is perceived as going on at the time, we have the conception of {present)
lime. In the circumstances, if a person were never to perceive the action as ‘going
on’, ol the time, whal could he conceive of as having ceased as going to happen?
At both the points of fime (past and fulure) the object is devoid of action, whereas,
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when we have the idea thot the thing is falling down, the object is aclually connected
with action, so then what the present time apprehends is the actual exisling
connection of the object and the aciion and it is only on the basis of this (existing
connection and the time indicated by il) that we could have the conception of the
other two points of fime, which lofter, for this reason, would not be conceivable, if
the present fime did not exisl. Again, perceptions arise in connection with things
which are present in time. There cannot be perceplion, if there is no time.

Asurvey of the intelleclual scene in the area of Sankhya school of thoughi cannot
conceal prejudice for Moiter {Prakriti}, mitigated by admiration for it's titanic
capabilities. Matler is uniquely juxlaposed against Consciousness (Purusha)
according to the Sankhya school. However, excepling consciousness everything
else in the cosmic evolution is pervaded by Matter and is characterized by action,
change and motion {Parispanda} Time and Space are not exception fo this rule, All
things undergo infinitesimal changes of growth and decoy. In the smallest instant
of time {Kshana), the whole universe undergoes o change. In the empirical world,
Space and Time appear as limited and are said to be conditioned by co-existent
things in space and moving bodies in time. In fact, Space ond Time are for Sankhya
more conceptual than empirical phenomena.

This is eloborated here by one of the scholor exponent of this school, Vijnanabhikshu
in his work Sankhyapravachanabhashya. He speculates thot eternal space and
time are of the form of Malier and are the specific madifications of Matter, Hence,
the universality of space and time, he thinks, is established. On the other hand,
space and time which are limited are produced through the association of this or
that limiling object (Upadhi). These are known as the modifications of Malter.
Space and Time are by themselves abstractions. They are not substances as the
Nyaya envisaged but relations binding the events of the development of Matier.
Events sland in relalions of time and space. We have no perception of infinite time
or infinite space, and so they are said fo be constructed by the understanding.
From the limited objects of perception which stand to one another in relation of
antecedence and sequence, we construc an infinite time-order to represent the
course of evolution. Yet another spokesperson and scholar Vyasa (in his
Yogabhashya) whose signature is like the sudden bolt of electricity says, just as the
alom is the minimal limit of Matter, so the moment (ksana) is the minimal limit of
time or the time faken by an atom in motion in order io leave one point and reach
the next point. But the continuous flow of these is a sequence (Kroma). Momenls
and sequences of these cannol be combined into a real (Vaslu), Thus, Time being
of this nolure, does not correspond to anything real, but is a product of mind, and
follows as a result of perception or of words; but the moment is objeclive rests on
the sequence. The sequence (Krama) has for it’s essence an uninterrupted succession
of moments which is called Time {Kaala).
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Two moments cannol occur simultaneously, since it is impossible that there be a
sequence of two things, since il is impossible that there be a sequence of two things
that occur simultaneously. When a laler moment succeeds an earlier, there is a
sequence. Thus, in the present there is a single moment and there are no earlier or
later moments. Therefore, there is no combination of them. But these moments
which are past and future are o be explained as inherent in the changes {Parinama).
Accordingly, the whole world passes through change in any single moment; so, all
the aspecls of the world are relative to this present moment.

Atthis level of enquiry the interesting and fundamental principle of General Relativity
(GR) Einstein’s radical idea concerning the nalure of space and time is significant
to note. As it is well-known, in classical Newtonian physics, space and time are o
fixed backdrop against which particles move, fields oscillate and so on. If we took
away all the particles and fields we would slill be left with space-time. Einstein’s
Special Theory of Relativity, which preceded GR, retained the fixed backdrop, but
changed it's geomelry in such a woy that spatial distances and temporal intervals
were no longer obsolute, bul relativized according to the observer, An absoluie
notion of ‘distance’ between events in space-time formalized by the mathemalician
Hermann Minkowski. Then with GR, Einstein introduced the idea of o varioble
geometry in which the curvature of space-time interacts with it’s material contents.
Geometry was now dynomic and the fixed backdrop abandoned. This was a
revolutionary move.

In the area of quantum physics @ novel idea wos infroduced to understand Time.
That in general, pariicles don’t have positions, Rather, in some mysterious way,
sharply defined classical quantities “fluciuate’ so thot ‘particles’ become probability
distributions, described in terms of the famous Schredinger wave function, which
generoles the probability of finding a particle at a given position if one were able to
observe it. But the wave function dealt in ordinary, unquantized space and fime,
L.e. with a background assumed 1o be fixed. So how could one do Quantum
Theory {QT) against the variable geomelry of GR? Somehow fluctuations would
have to be introduced info the underlying geomelry itself, which seemed to make a
nonsense of QT's formalism, remarks (Redhead). QT’s other great innovation was
the idea that some physical magnitudes (though not spatial extensions) could exis!
only discrele or ‘quontized’ amounts. In GR meanwhile, the variable geomelry is
used lo describe the force of gravily, so that to quantize GR would mean developing
a theory of quantum theory.

Physicists like Lee Smolin’s account of understanding of theories for explaining
quantum gravily hos been expended Irying to find an answer fo this problem. It is
crucial to assessing and inventing a theory which would explain the problem
adequately. The imporiant point is that though the empirical predictions of GR can
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be recovered in siring theory, it does not accommodate the fundamental idea of
GR, it's variable geometry. The string is slill imagined vibrating against fixed
background (typically with a forge number of spatial dimensions than Minkowski
space, the exira dimensions so tightly ‘rolled up’ that their presence is revealed only
at extremely shorl distances ). However, there have been space-time premises of
exolic discovery of ‘M’ theory (the quip is that ‘M’ stands for mystery) from which a
proper quantum gravily might emerge.

The relevance of this we need to remember is to quantize geomelry. To the obvious
question what is geometry, the standard answer may not be tangential or may be,
But people like Smolin are sure that the notion of o ‘point’ has no place in the
space-time of GR. It sounds weird fo have geomelry without points. The fact is that
the school geometry teaches us that lines are made up of points, But suppose we
think of lines as fundamental entities in their own right, we could then define o
point as specified by a pair of intersecting lines (if the lines are parallel their point
of correspondence will be at infinity. The points will then be dragged along with the
lines, so that they can’t’ be identified with fixed points on the paper. Their identity is
constiluted by the activily of the lines.

This is further explained differently (Redhead) os the two lines can be used to specily
an elementary shape, such as a small square if they are orthogonal. Different poirs
of lines will specify shapes with different orientations, so our new sense of “point’
can be understood as a shape with a particular orientation, but no fixed location.
In three dimensions we might, for example, have a collection of little cubes each
with it’s own orientation, Now draw a diagram in which each cube is represented
by a point, with lines joining the points representing the rotations or “spins’ that
iurn one cube into another. Such o diagram is called a “spin network’, and quantified
versions of spin networks were introduced some thirly years ago by Penrose to
produce a geomelry of ‘quantized directions’. The remarkable thing is that while
the volumes and areas in the spin network have definite but discrete (i, e. quontized)
values, there is no such thing as a definite length. So, the curved spatial geometry
of classical GR is recovered in this new theory os a ‘fabric’ woven out of loops,
knots and links of spin networks. As fime unfolds, the spin nelworks mulate, producing
a structure to which the epithet ‘spin foam’, has been aptly applied. Space-Time
has become spin foom.

Like one of the explorations in Indian schools of philosophy mentioning Time as
events, Smolin foo appears preoccupied with a similar idea. For him to talk about
Space-Time points would be to infroduce unacceptable elements of ‘fixily’ inlo the
geomelry. There are events, but they don't occur al space-time points because
there aren’t any. What we call spatial distances and temporal infervals are relations
between evenls, not between space-time points. Thus, if there were no events there
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would be no space-time — o point of view famously expounded by Leibniz against
Newion at the beginning of the eighteenth century.

If there are no points in space-time, what does this imply about the nature of Time?
To some, including Julian Barbour, in The End of Time (1999), itimplies that Time
is an illusion. To recile, ‘the clock siruck one and the mouse ran down’ is to
establish a correlotion between two physical events, the descent of the mouse and
ihe shiking of the clock. But we must not be tempted to think that the clock measures
the Time at which the mouse runs down. Changes and processes do nof accurin
time, they are Time.

References

1.

;oo owooN

¥ e N e

20.
21.

Albritton, Claude C., The Abyss of Time, Son Froncisco: Freeman Cooper And Co. 1980,
Bhoariihosi, Vokyopadiyom, Dethi: MIBD, 1974.

Burnet, Thomas, Socred Theory of the Earth, London: R. Noron, 1691,

Butler, C., Number Symbolism, tandon: Roulledge & Kegan Poul, 1970,

Christionsen, Gale, Edwin Hubble: Mariner of the Nebulae, New York: The University of
Chicago Press, 1995,

Eicher, Don L., Geologic Time Englewood Cliffs, Mew lersey: Prectice-Hall. Inc. 1986.
Gould, Stephen Jay, Time’s Arrow, Time's Cycle, London: Penguin. 1991,
Gribbin, John, The Birth of Time, Yale: Yale University Press, 2001.

Kragh, Helen, Cosmology and Controversy, Princelon: Universily Press, 1996.

. Longoi, Malcolm, Our Evolving Universe, Cambridge, UK: University Press, 1996,

- Michael, R.R., The Cosmological Distance Ladder, New York: Freemon, 1985,

- Moore, Ruth, The Earth We Live On, London: Jonathen Cape, 1959.

- Moton, Oliver, Mepping Mars: Science, Imagination and the Birth of a World, USA: Fourth

Estale, 2002,

. Radhakeishnon, 5., Indion Philosophy, London: George Allen ond Unwin, 1977,

Redhead, Michael, “Spin Foom,” London Review of Books 24110, {May 2002), 30-31.

- Roger lacques, Buffon, A fife in Noturol History, trans. Sora Bonnefor, New Yersey: lthaca, 1997,

Rossi, Paolo, The Dark Abyss of Time, Chicago: University of Chicago Press, 1984.

. Schneer, Cecil 1., {ed.), Toword o History of Geology, Cambridge. MIT Press .1947,

Smolin, Lee, Three Roads to Quanium Grovity: A New Understanding of Space, Time and
the Universe, Phoenix, USA: Basic Books, 2001.

Vatsyayane, Nyayobhashya, Delhi: Motilol Bonarasidas, 1975,
Vijnanabhikshu, Sonkhyoprovachanabhoshya, Dethi: MLBD, 1975,

20



	_3.pdf



