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1.1 Introduction, Research Problem and Objectives

e Origin of the universe has been a long researched and yet an open ended problem.

e The problem not only brings in connectionism at single layer but makes the whole framework
multilayered.

e Every single layer is sub-layered, thus making the very nature of the problem multidimensional.

e The systematic scientific discoveries in the modern science and technology strangely and
uniquely correlates with Vedic (Vaidika = 3f<a) optics and work-flows.

o This creates a need and desire to dig deep to bring out such highly correlated pieces and study
the patterns for connecting the dots.

Analytics 1.1.1 — The-Big-Bang-Theory. e The Big Bang theory is an effort to explain
what happened at the very beginning of our universe. Discoveries in astronomy and physics
have shown beyond a reasonable doubt that our universe did in fact have a beginning. Prior
to that moment there was nothing; during and after that moment there was something: ‘our
universe’. The big bang theory is an effort to explain what happened during and after that
moment [1].

e According to the standard theory, our universe sprang into existence as “singularity” around
13.7 billion years ago. What is a “singularity”" and where does it come from? Well, to be
honest, we don’t know for sure. Singularities are zones which defy our current understanding
of physics. They are thought to exist at the core of “black holes". Black holes are areas of
intense gravitational pressure. The pressure is thought to be so intense that finite matter
is actually squished into infinite density (a mathematical concept which truly boggles the
mind). These zones of infinite density are called “singularities". Our universe is thought
to have begun as an infinitesimally small, infinitely hot, infinitely dense, something - a
singularity. Where did it come from? Why did it appear? [2].

e After its initial appearance, it apparently inflated (the “Big Bang"), expanded and cooled,
going from very, very small and very, very hot, to the size and temperature of our current
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universe. It continues to expand and cool to this day and we are inside of it: incredible
creatures living on a unique planet, circling a beautiful star clustered together with several
hundred billion other stars in a galaxy soaring through the cosmos, all of which is inside
of an expanding universe that began as an infinitesimal singularity which appeared out of
nowhere for reasons unknown. This is the Big Bang theory in Nutshell [3].

— Vedic Conceptualization. e Even since immortal times of Vedas, Ori-
gin of Universe has been one curious and open ended question. There are instances of subtle
mention about the origin of universe, however these are encrypted forms.

e We develop Vedic connects by keeping ‘Nssadiya Sikta’ (ATH&EZ &) from RgVeda
(3RT9<) at the heart of the study.

e With this at the heart, we propose to build the Vedic equivalent tree for bringing correspon-
dences through correlation with Big Bang Theory.

e This Vedic tree would consist of other hymns and verse from RgVeda (F&79%) as well as
other Vedas, along with Sankhya (ATg]) and Advaita Vedanta (aqi?r FET=T) implementa-

tions.

Schema

The research schema is as shown in diagram below:

Quantum
Physics

Newtonian
Physics

Nasadiya

Sukta

The-Big-Bang-Theory The-Vedic-Tree

Theory of
Uncertainty

Sankhya
Philosophy

Vedanta
Philosophy

Theory of
Relativity

“mAzmgzowWwumRAXRXON

e The schema of this work is being put down.

e We intend to build the Modern-Science-Tree (MST).

e This MST includes Energy Analysis, Newtonian Physics, Quantum Physics, Theory of Rela-
tivity by Einstein, Theory of Uncertainty and Schrodinger’s theories.

e On the other side we will build the The-Vedic-Tree (VT).

e This VT includes Nasadiya Siikta, Other Siiktas, Sankhya Philosophy, Vedanta Philosophy
with the foundation of that of Pranava (J9T) or 2%.

e We intend to bring out the correspondences between MST and VT.

e Our conclusions will be based on the detailed analysis carried out.
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1.2 Significance of the Proposed Research Study

Beginning and development of Universe has been a long researched and yet an open ended
issue.

While few cryptic hymns from Vedic literature are devoted for describing the beginning, it is
needed to decrypt these scripts scientifically to make sense.

It is equally desired to connect the findings from these Vedic hymns with the modern effort of
Big Bang Theory.

Such efforts has not been done in the past to the best of our knowledge and while the newer
finding from Big Bang are becoming prevalent, such effort shall only help enhance the
understanding of human race about our universe.

This study shall be done without any preconceived notions and only through systematic and
scientific methods.

1.3 Research Problem

Although the two domains have been studied discretely, there is a need to do it jointly,
systematically and analytically.

While few cryptic hymns from Vedic literature are devoted for describing the beginning, it is
needed to decrypt these scripts scientifically to make sense. One Example is shown below:

[ 9 Al T TAT 377 AT |

@ AT d9% dRIIGEEE I T AT 2|l

T STRITHET TeoeHd ST Wiee FaAT 3570 |
m qmﬂlriwm—Hm-uuﬂqnw-L I3l

Most of the research that has taken place is uni-modal
There is scope to go beyond and study the linkages, thus creating a multi-modal system.

1.4 Aims and Objectives of the Proposed Research Study

Analytics 1.4.1 — Aims and Objectives. e Building Vedic Big Bang Tree with ‘Nasadiya

Sukta’ as reference point

e Creating an adaptive multimodal framework for studies at Physical, Conceptual and Tempo-
ral levels.

e Testing the hypothesis using modern parametric and non-parametric methods.

e To Benchmark the findings.

1.5 Research Questions

How the Universe was formed?

What are the corresponding evidences from Vedic Literature?
What efforts have gone into connecting the two theories?

Are the results sequestered?
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e What level of accuracy is desired and how much is the gap between desired and available
levels?
e Will enhancement in these results help elevate human understanding of the problem at heart?

Hypothesis the Proposed Research Study

— Hypothesis. e We hypothecate to carry out the systematic research at
three different levels as follows:
1. Physical Level
2. Conceptual Level
3. Temporal Level
e Physical Level:
1. Hypothecation is based on similarities observed, e.g. between ‘Skambha devata’ from
Atharva-Veda and Hydrogen from modern chemistry.
2. The hypothesis is: There are a little too many such coincidences. From incidentals to
coincidental, there must be a crisp logic beneath!
e Conceptual Level:
1. Theoretical Advancements
Understanding Evolutionary Patterns
Scientific meaning of ‘Sat’ and ‘Asat’.
Analyzing concepts like THTEHI etc
Figuring out noticed similarities like 3 leads of modern Transistor and Brahma, Visnu
and Mahesa.
e Temporal Level:
1. Similarities noticed in modern physics and ‘Puranas’.
2. Time keeping with reference to ‘Puranas’ and ‘Vedas’.
3. Time Evolution of the creation of the Universe.

A g W

Research Design

e Most of the research that has taken place is uni-modal.

e There is scope to go beyond and study the linkages, thus creating a multi-modal system.
e Hence we propose to carry out the systematic research at three different levels.

e The ground truth shall be established by annotation through experts.

e Statistical methods shall be used to do the analysis.

Research Methodology and Techniques

e Data Collection from both the domains

e Annotation of data from domain experts

e Building consensus using inter-rater statistics

e Creating the ground truth

e Training the supervised BP NN for non-linear, non-stationary and non-parametric solution
e Creating fuzzy c-means graphs

e Drawing conclusions based on these

e Cross-Validation
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Research Approach

Multi-modal approach for enhancing understanding of origin of universe

Building connectionism amongst Vedic hymns and Big Bang Theory.

Enhancing, Enriching and Embellishing human understanding of Universe.

Bringing out scientific importance of Vedic hymns.

Betterment in correlation and correspondences between modern and vedic schools of thoughts.

Scope and Limitations

This sections describes the scope and limitations of this work.

This study uses energy analysis for bringing out correspondences between Modern Science
Tree and Vedic Tree.

There are several other means of bringing out the correlation, however this study focuses on
the energy analytics that emerges out of basic of signal processing.

This study touches allied branches of science and spirituality, but the focus remains on the
energy analysis to build the correspondence.

The multiple other ways of building the correlation exist (e.g. numerical system, functional
system), however in this work these pathways are not explored to the fullest and they fall
beyond the purview of this work.

The characterization of the systems is also restricted to signal processing realms.

e The authors certainly respect and value these other pathways, however to maintain the focus

and crispness in the analysis, it was decided consciously to concentrate on the signal processing
aspects of the study.

Chapter-wise Plan

This thesis is divided into five chapters. The names, description and short summary of all these
chapters is as follows

1.

Introduction:

This chapter introduces the research problem of this work to the readers. This chapter also
details down the research schema, methodology adapted, scope and limitations of the work.
This chapter also describes the hypothesis emerging out of the basic research problems beneath.
Survey of the Research:

Any research is incremental in nature and is based on the work done by others. This chapter
systematically brings out the literature survey and converts into literature review. The potential
areas of research are also brought out to justify the hypothesis presented in the first chapter.

. Methodology:

This is an important chapter of the thesis and presents the main part of the research carried out.
This chapter provides the interpretation of the decoding on the verses from Nasadiya Siikta
CILEIRE gad). This chapter provides comprehensive analysis of every word and presents
a novel style of decoding the verses. The correspondences are drawn between the decoded
verses and the modern postulates of signal processing. The chapter also delves into few other
important Siiktas to make the presentation more comprehensive and robust.

Results, Analysis and Discussions:

This chapter takes an important thread from the previous chapter further. From verse 4 and 5
of Nasadiya Siikta (H'I'Hf‘l? gad) the doctrine of Satkaryavada GISIRELEY gets established.
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The two important schools of thoughts out of the SatdasSanas (Tc‘\?flﬁ) or the six schools of
Indian Philosophy which prescribe the concept of Satkaryavada (AchTIdTS) to it’s potential
are:

(a) Sankhya (ATg])

(b) Vedanta (a?'le‘) or Advaita (aqi?r)
This chapter presents the signal processing experimentation carried out on these two schools of
thoughts. The mathematical results are supported with simulations. The results are discussed
in detail to provide insights into the subject matter.

5. Concluding Remarks:

This chapter presents the conclusions drawn out of the experimentation carried out. The
chapter presents the contributions which emerge out of the analysis presented in this thesis
and the advancements proposed. The chapter also presents the future scope for furthering this
research work.
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2.1

2.2

Survey Overview

Any research is incremental and literature survey followed by review helps in understanding the state-
of-the-art of that specific piece of research. The review of research also enables in understanding how
other researchers have approached that research problem. This chapter provides detailed literature
review with identified research areas. The review of the research is done in three areas:

e Origin of the universe as per the modern science

e Visvotpatti (ﬁ"ﬁ?ﬂ?ﬁ') that is the creation of the universe as per Vaidika (3’&?) tradition.

e The correspondences drawn between the above two approaches.

To review the literature, we refer to the research schema as put down in chapter 1.

Origin of the universe as per modern science

The literature is reviewed to build the Modern-Science-Tree (MST). At the heart of this MST remains
The-Big-Bang-Theory and allied theories like Theory of Relativity by Albert Einstein, Classical
Physics by Newton and Theory of Uncertainty by Heisenberg revolve around it. The following four
manuscripts had lasting impact on the author to think more of the subject matter:

e Tao of Physics by Fritjof Capra [4]

e Dancing Wu Li Masters [3]

e Lost Discoveries by Dick Teresi [6]

e Cosmos by Carl Sagan [2]
This triggered curiosity was the genesis for the literature survey presented in Table (2.1) below:

These eleven readings formulate the core of the Modern-Science-Tree (MST). There are other
pieces of literature which were also referred and it includes [18], [19]. [1], [3], [20]. [21], [22],
[23].

From the literature read and comprehended following important pointers were derived:
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Sr No Name of the | Name of the | Year of | Short Review Summary
manuscript and | Publisher Publica-
Author tion

1[7] The universe and | Harper  and | 1948 This research discusses the relativity and
Dr. Einstein by L | Row, NY how Einstein looked at the universe and it’s
Barnett emergence. The manuscripts also connects

science with spirituality towards the end
from the prespective of Einstein

28] Atomic Theory | Cambridge 1934 This manuscript discusses about the very
and description | University core of an atom and how microscopic phe-
of nature by Neil | Press, England nomenon are observed at macro level. This
Bohr connects the atomic constructs with the

laws of nature that build this universe.

3 9] On Physical Real- | Franklin Insti- | 1936 This journal article by Einstein himself dis-
ity by Albert Ein- | tute Journal cusses and presents the physicist’s perspec-
stein tive towards the making of the universe.

4 [10] Mathematical Schwmeger 1958 This Quantum formulation of modern
formulation  of |- Selected physics enables one to explore probabilistic
Quantum Theory | papers, New domain to characterize the very notion of
of  Electromag- | York, Dover creation and understanding of the universe.
netic Interactions

5[11] Singularities in | Adams Prize, | 1966 This very famous article by Hawking
the Geometry of | Cambridge presents the thematic understanding of sin-
Space-time by | University gularities. The space-time unison and
Stephen Hawking

6[12] Physics and | Harper and | 1968 This manuscript by the scientist who in-
Philosophy by | Row, NY vented the uncertainty principle is a won-
Werner Heisen- derful treatise on the unison of science and
berg spirituality

7[13] Philosophiae Nat- | Berkley 1946 This reprint of the original work by New-
uralu, Principle | University, ton is an important piece in underatanding
Mathematica California the mathematical construct of the Newto-
trans Andrew | Press nian Physics which dominated the scene
Motte, reprinted before emergence of the Quantum Physics.
in Sir Isaac Newton not only presents the laws of na-
Newton’s Mathe- ture in his unique style, but also explores
matical Principles the connect with the realms of philosophy
of Natural Phi- and gives his system of world. This is a
losophy and His profound thesis of analysing the giving the
System of the cause and existence of the very universe.
World  (revised This is certainly an important milestone in
trans Flonan presenting the foundation of all future at-
Cajon) tempts.

8 [14] The Philosophy | Norton, New | 1936 Max Planks is considered as father of
of Physics by | York Quantum Mechanics. His work brings out
Max Plank paradigm shift in the theory proposed by

Newton

9 [15] Image of Matter | Clarkson Pot- | 1961 Schrodinger’s Equation is considered to be

by E Schrodinger | ter, New York an enhanced version of Theory of Relativity
by Einstein. This work presents his myste-
rious equation and the annotations

10 [16] Black Hole: The | Random 1973 In the early 80s the topic of Black Holes
End of Universe | House, New was discussed widely across the globe. This
by J Taylor York, manuscript presents detailed description of

understanding Black Holes in a very scien-
tific way

11 [17] The Mathemati- | Princeton Uni- | 1955 Von Neumann is considered as father of
cal Fooundation | versity Press, modern computing. His writings on the
of Quantum | Princeton Quantum Mechanics and very precise. He
Mechanics by also presents the big picture of connecting
Von Neumann this theory with the universal laws and un-

derstanding them.

Table 2.1: Literature Review of Modern Science on Universe
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e There are various theories about ‘Creation of Universe’, and yet it still is an open ended
problem and has good research potential.

e The scientists and technocrats have used modern science and technology to decode the mystery
behind genesis of Universe effectively.

¢ Almost unanimously, these scientists have eventually converged with the philosophical and
spiritual realms.

o This leads to a strong case with good potential to explore science and spirituality together.

e The notional understanding of universe by these scientists is almost similar although outwardly
the manifestation may appear different.

Origin of the universe as per Vaidika Literature

This builds a strong case to explore the Vedic-Tree literature further. The heart and core of this is
Nasadiya Siikta (AT F&d).

Nasadiya Siikta (ATH&T gFd) has seven hymns. For every hymn we take into consideration
commentaries provided by 15 scholars across the globe. These scholars are from vivid religious,
geographical, cultural backgrounds and everyone adds value to our understanding. It should be
mentioned however, the interpretations given by Swami Vivekananda, Sayanacarya and others who
follow them are closest to our heart. The interpretations of these scholars are provided as a ready
reference before giving our decoding of the hymn. Following Table (2.2) provides the list of these
15 scholars. The interpretations presented by Dr. Bheemarao S Kulkarni [24] and Shri. R G
Kolangade [25] were also studied along with the work done by Ahitagni Rajawade ETfEartT
THare) [26].

Various interpretations of Nasadiya Siikta are studied in depth and the new interpretations are
presented in this thesis. Along with this, other literature including [42], [43], [44], [45]. [46].

The study of these various interpretations gives following leads:

e Most of the interpreters are either philosophers or philanthropists from various regions of India

e There are very few interpreters who bring confluence of Vedika scriptures with modern science

o Although the interpretations provide very strong hint of all the hymns being very scientific,

there is a need to bring the same out systematically.

e There are certain studies where very tall claims of one can know everything is Nasadiya Siikta

is understood are made, however there are no concrete doctrine to support the same.

Literature on combined approaches

The third category of survey of literature presents the works where Nasadiya Siikta and Vaidika
literature is studied along with modern science to understand origin of universe. In this study only
scientific literature is considered, and multiple blogs on internet about the Nasadiya Siikta and
creation of universe are not considered.

The important manuscripts studied along with the research potential in it is presented in Table
(2.3) below. This tabular presentation has one exemplar from Vaidika and one from modern literature.

Few more manuscripts comprehended under this category also include: [47], [48], [49]. [50],
[51], [52], [53]. [54], [55]- Amongst these, the work by Dr. Apte [56] is worth special mention.
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List of Comparative Interpretations of scholars on Hymns of Nasadiya Sukta

Name of the interpreter

Title, Publisher and Year

Vivekananda [27]

The Complete Works of Swami Vivekananda, Volume 6 by RamKrishna Mission, 1892.

Max Mueller [28]

History of Ancient Sanskrit Literature, Williams and Norgate, 1860

A. A. Macdonell [29]

A History Of Sanskrit Literature, Motilal Banarasidas, New Delhi, 1965

Raimundo Panikkar [30]

The Vedic Experience - Mantra Manjari, Motilal Banarasidas, 1977

Griffith [31]

The Hymns of the Rigveda - English Translation of the Rigved, Motilal Banarasidas, 1976

Jamison & Brereton [32]

Edifying Puzzlement: Rgveda 10.129 and the Uses of Enigma, Journal of the American

Oriental Society, 1999

Geldner [33]

Der Rig-Veda, Rotshchild publishers, 1951

A. L. Basham [34]

The Wonder That Was India, UK, 1954

Wilson, HH: [35]

Rig-Veda Sanhita: A Collection of Ancient Hindu Hymns, UK, 1850

Wendy
O’Flaherty [36]

Doniger

The Rig Veda: An Anthology, Penguin, New York, 1981

Pandit
Trivedi [37]

RamGovind

Hindi RigVeda, Indian Press Limited, Prayag, 1954

Siddheshwar Shastri Chi-
trav [38]

RigVedache Marathi Bhashantar, Bharatiya CharitraKosha Mandal, Pune, 1996

Krishnananda [39]

Nasadiya Sukta, 2004

Hari Damodar Velankar
[40]

Rksilktavaijayanti, Vaidika Samshodhana Mandala, Pune, 2009

Sayanacarya [41]

Rgveda-Sarihita with the commentary of Sayanacarya, Vaidika Samshodhana Mandala,
Pune, 1946

Table 2.2:

Contemporary Interpretations of Hymns of Nasadiya Siikta

Sr No Title and Author Limitations Research Potential
1 Nasadiya Sukta | The interpretations are | There is need to interprete hymn 4 and
Bhashya - Ahitagni | skewed. In particular, hymn | for that matter all the hymns in more
Rajwade 4 is interpreted in a manner | scientific manner. The signal process-
that changes the course of | ing perspective is missing which can br
further study. brought out.
2 The Cosmic Connec- | The study provides deep in- | There is good potential to explore cos-

tion: An Extraterrestrial
Perspective - Carl Sagan

terpretations on the cosmol-
ogy. The balance between
modern and conventional lit-
erature is missing

mology from the very fundamental per-
spective as provided in Vaidika litera-
ture. A good balance between vaidika
and modern literature may lead to novel
pathways.

Table 2.3: Critical Literature Pointers - Research Potential
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Summary

The summary of the literature surveyed and reviewed is as follows:

e There is need to combine modern science with Vaidika science in balanced way to understand
the creation of universe better.

e There are very few attempts made on these lines and most of these attempts are skewed.

e There is very little done using energy analysis using the signal processing perspective.

e Energy analysis from signal processing perspective can be identified as potential area of
research on the said topic.

e The comprehension of cosmogenesis may get evolved by combining the best of modern and
Vaidika principles.



Introduction: Towards Deciphering

‘Nasadiya Siakta’

Schema for comprehending Vedic Rca
Nighantu / Nirukta of Yaskacarya
Classification provided by Yaska
Energy Analysis Fundamentals
More on Energy Analytics

Nasadiya Sukia - Deciphering the Hymn
~ Nasadiya Stkta - Verse Number 1
Nasadiya Stukta - Verse Number 2
Nasadiya Stkta - Verse Number 3
Nasadiya Stkta - Verse Number 4
Nasadiya Stkta - Verse Number 5

~ Nasadiya Stkta - Verse Number 6
| Nasadiya Stkta - Verse Number 7
Asya Vamasya Sukta

3.1

Introduction: Towards Deciphering ‘Nasadiya Sakta’

Nasadiya Siikta (ATHSIT &) appears as 129 in the 10" Mandala (AUS) of RgVeda (FH7d%).
There are total seven Rcas (F&<T) composed in tristupa (ﬁl’g‘l‘) meter or chanda (,+<). This section
provides our interpretation of these towards decoding the origin of the universe.

This Sukta (F&) begins with ‘N, asadasinnosadasit’ (ITHRT IR IR EARST ) and hence the name.
The Rsi (BEFN‘) of this sukta (¥ ) is prajapati (‘JlTriT‘Tﬁ-F) named paramesthi (‘T{'ﬁfg‘) and devata
@Ear) is paramatma (TCHTCHT).

p) From the philosophical and spiritual perspective, this sikta (&) is so enriching, that author
genuinely thinks that it should have become an Upanisada (ITfT9®).

The language used in Nasadiya Sikta (ATETT T&d) appears to be confusing for many scholars.
The very subject of this siikta (<) is to throw light on the very kernel of what is beyond the very
realms of the physical world. The effort is to explain what is inexplicable! That is why, although
the description sounds or looks and appears confusing, it is not. In fact, if understood appropriately,
it leads one to enlightenment. The most crisp dictum of Nasadiya Stikta (ATH&ETZ gad) is - the
physical world around us is of the form of Dvandva (%) and the creator is beyond the physical
world and hence is Nirdvandva (ﬁi@). At metaphysical level this journey is from Dvaita (a?l') to
Advaita (IT5d).

The Nasadiya Siikta (AT9<= gad) in devanagari (FF9T9TET) with Svara (¥9%) marked is as
follows:

.. Nasadiya Siikta ..

CADo




24 Chapter 3. Methodology: ‘Nasadiya Sukta’

oGy

1. ATHETHIET AEEAeTEr ATHgSr A7 SHATHT 9 I |
frmmatra: 5 Feg sann: fAaTEEeET M 1 g0 920 09
2. T gogITEIEAA T afg T T W AT |
FTHTEaTd SUaT ded qeaTg=a+ 0 & T8 1| 90.932 03
3. TR HTEITHAT TomAY ST dfder 99T §20 |
H@‘—Wﬁﬁﬁﬂ‘qumwmﬁls-ﬂwemcw I 90.93° .03
4. FTEEATT THIGATT qHET I TUH qETEI |
Wwﬂﬁﬁﬁﬁfg{ﬁrwﬁwmqﬁw I 90.93° .0¥¢
5. fae=ar fadar T feardr g feramersa |
WWWquwqm TEEATT I 90.93° .04
6. ®T FgT 9% F IE T AlScdd WAl Fd g7 fagie:
FATIAT FT fqoaaArdr &7 3T 79 FET zo.m.oa
7. o fegfdg wrqg e ar e AR ar T
IT FEATAT: TIH ATH-AT Ty 42 R ar T a2 11 90,932 09

oD

The devata (&9aT) of Nasadiya Stkta (ATHE T&d) is paramatma (T¥HTAT). Paramatma
essentially means Paramatattva (%5 d<e) or the ultimate that is to be understood and comprehended.
Thus, it is obvious that this siukta (&) discusses the subject matter which is of the highest order and
hence, the treatment and the way in which it is explained is also of the highest quality and extremely
matured. It is then imperative that the seekers should elevate their maturity to understand the same.

Schema for comprehending Vedic Rca

Rgveda (F#79%) is arguably the oldest doctrine in text form. It has been researched vividly by
western scholars, Indian scholar and others too. The language of Rgveda (F74%) is little cryptic and
therefore in this work Rgveda (374%) is studied and looked upon as a code-book.

It is then important to come up with a systematic approach to decipher it. This and next few
sections bring out the schema which is used for appropriate decoding. Before deciphering the hymns,
first efforts put together by researchers in the same direction are discussed now.

The credit of taking the Vedic scriptures and making the western world familiarize with it
goes to Colebrooke and he has produced extensive account of the same in [55]. Amongst earlier
scholars from Germany who understood the importance of the study of Vedas, and Rgveda (79=)
in particular was Adolf kaegi [57]. The work done by Max Miiller is one of the most referred and
sought after work [28] along with which under the guidance of his teacher Burnhof, he also went on
to compile Rgveda Sarnhita (&79= dfgar) with the commentary of Sayanacarya (TFum=Td). In
the praise of the Indian culture and the advancements which were achieved at several levels, Arthur
A Macdonell wrote [29]:

Quotation 3.2.1 — Macdonell. “When the Greeks, towards the end of the fourth century B.C.,
invaded the North-West, the Indians had already fully worked out a national culture of their own,
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unaffected by foreign influence. And in spite of successive waves of invasion and conquest by
Persians, Greeks, Seythians, Muhammadans, the national development of the life and literature
of the Indo-Aryan race remain practically unchecked and unmodified from without down to the
era of British occupation. No other branch of the Indo-European stock as experienced an isolated
evolution like this.

A few examples will serve to illustrate this remarkable continuity in Indian civilization.
Sanskrit is still spoken as the tongue of the learned by thousands of Brahmans, as it was centuries
before our era. Nor has it ceased to be used for literary purpose, for many books and journals
written in the ancient language are still produced. The copying of Sanskrit manuscripts is still
continued in hundreds of libraries in India, uninterrupted even by the introduction of printing
during the present century. The Vedas are still learnt by heart as they were long before the
invasion of Alexander, and could even now be restored from the lips of religious teachers if every
manuscript or printed copy of them were destroyed.”

The Vedas are the primitive knowledge source per Hindi tradition. The word Veda has its origins
from the root ‘Vid® (fa) which essentially means knowledge or wisdom. This knowledge has been
manifested through the wisdom, internal vision and intuition of the seers, which makes Vedas to be
sacred knowledge bank. Conventionally Vedas have been considered to be Apauruseya (T9T&Y),
that is existed from eternity with non-human and divine origin. The elevated minds of the Seers or
Rsis (3¥T) could grasp it directly from the Supreme Being. As a result of the austerities performed,
these seers could literally see the Verses or Rcas (34=T). The word Rea (%4T) is derived from the
root Rk (@) which clearly states that Rgveda (79%) is a codebook with sacred hymns. It is then
important to understand the code to be able to decode the Rcas (F4T) in Rgveda (F7a%).

Mr N D Sonde [58] has provided excellent quotations and insight into the work of Whitehead
[59]. It is worth revisiting and pondering over the following quotation of Whitehead provided by
Sonde.

Quotation 3.2.2 — Sonde/Whitehead. “Veda is eternal, imperceivable, all pervading, all-
comprehensive, exceedingly subtle, un-decaying, without beginning and without end entirety
of wisdom though receptivity, reflection and constant meditation. It is what Dr. Whitehead
designates ‘as something which is real and yet waiting to be realized; something which is remote
possibility and yet the greatest of present facts; something that gives meaning to all that passes;
and yet alludes apprehension; something whose possession is the final good and yet beyond
all reach; something which is ultimate ideal and the hopeless quest’. Veda is Wisdom of the
unknown and not the Knowledge of the known”

The universality of Vedas is nicely captured by T N Dharmadhikari [60]. In his own words:

Quotation 3.2.3 — Dharmadhikari. “The word Veda therefore mens consideration, discussion
and experience also. The cognate roots of the term Veda are also found even in European
languages. Thus - Oida in Greek, Videre in Latin, Wissen in German and wit in English. If the
word Veda is related to vedeo or wisdom or vision, it would mean DARSANA. Etymologically
also, the Vedas, therefore are seen internally by the Seers. The word Rgveda (F79%) is also
sometimes derived from the root drs (33) to see.”

Lokamanya Tilaka (Fr&aT=r fe&®) provides astronomical analysis and refers to Satapatha
Brahmana (SIa T FT&T0T) and Vedanga Jyotisa (3&Tg SATTA), thus providing chronology in Vedas.
He fixes period of Rgveda (F74%) to be 4000 B.C. The very ancient nature of Vedas, primordial
language and cryptic manifestation makes interpretation of Vedas extremely challenging.
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It is of utmost importance though to understand the meaning of the the Rcas (3=T) in Rgveda
(3/749%). Although the Rcas (=) are the Mantras (537) and when uttered using Swara (¥9¥), namely
udatta (3¥T™), anudatta (FJ<T<7) and swarita (=afa), it produces the effect of supreme order called
Swara-Siddhi (57 -fagr). Though this is true, Yaskacarya (IT&hT=ST¥) in his Nirukta (FreeT)
emphatically proclaims, if the verses are only memorized without understanding the meaning behind,
such person is a tree, a stump, a mere carrier of the load! But the difficult part is Vedic Samskrta
(%) is different than its present day form. Hence, we take help of Nirukta (F%@) of Yaskacarya
(FTERTETH) to decipher it.

Nighantu / Nirukta of Yaskacarya

Nighantu (f9vg) = Vedic dictionary and Nirukta (F=&T) = commentary on Nighantu are master-
pieces of Yaskacarya (ITewr=1a) which dates back to 800 B.C. It is indeed one of the oldest and
richest Indian texts which provides insight on how to understand Vedic hymns and has scientific
discussion on Etymology, Semantics and Philology. Yaska (IT&#) provides commentary on some
600 hymns in Nirukta (f%@). This is commentary on his own Nighantu (f=vg). Nighantu is
divided into three sections [61]:

1. Nighantu Kanda (=g #TvS) - provides synonyms

2. Naigama Kanda (S379 &) - provides homonyms

3. Daivata Kanda (Raa #T0%) - section dedicated to deities

According to Yaska (IT&®), in (1-19) of Nirukta (F=a), the sacrifice is flower and it fruitions
into knowledge of deities! (31 aT=: TTRAATE | ATTTd TR | FgareaTem ari feea
9.92). We therefore, focus more on the Daivata Kanda (3ae #T9=) which provides detailed account
of vivid deities.

Yaska (IT&F) is very clear that the Mantras (F37) are not recited for nothing and for unseen, but
for the meaning! This is an example of Rcas 4.58.3 (R=T ¥ .45 .3).

o TCATIL IIT FAT E TIET, & IMY I &9l 3+ |

BraT T8, I TEAT 7R &9 A ATGS || RG9S ¢ UG .3

This hymn is of Agni (37f3+T). If the interpretation is not done appropriately it leads to confusion.
The four horns are four Vedas, and the three legs are three worlds namely Bhah ({:), Bhuvah (@)
and Swah (¥:). All the deities reside and operate in these three worlds! It is well established that
they all originate from the one and only ‘Sat’ () and are manifestation of that alone. This is
expressed as Ekam Sat Vipra bahudha vadanti in Rgveda - 1.164.46 (W& & fauT ag9T aaf= |
B/IGT - 9.95¢.5¢).

As Bloomfield [62] writes that Vedic deities to be representatives of nature objects, it becomes
more obvious that Western scholars have difficulty understanding the true nature of the Vedic deities.
They are also struggling to understand if this is Polytheistic or Monotheistic as is expressed by Max
Miiller [28]. These two quotations are reproduced as a ready reference below:

Quotation 3.2.4 — Bloomfield. “For my part I always come to this theme in the spirit of
scientific elation. You know from preceding statements what I meant by transparent gods. They
are the gods who are at one and the same time nature object and person. In other words, they
are mythic formations whose personification is arrested; by the continued action and the vivid
memory of the very qualities which lead to personification. Figuratively speaking, just when the
chemical is about to precipitate or to crystallize into something unrecognizable, and fare removed
from its elements, it is shaken and dissolved anew. We are spared the labor of a qualitative and
quantitative analysis.”
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Quotation 3.2.5 — Miiller. “I could not even answer the question, if you were to ask whether
the religion of the Veda was polytheistic, or monotheistic. Monotheistic, in the usual sense of that
word, it is decidedly not though there are hymns that assert the unity of the Divine as fearlessly as
any passage of the Old Testament, or the New Testament, or the Koran. Thus one poet says - That
which is one, sages name it in various ways- they call it Agni, Yama, Matarisvan. Another poet
says - the wise poets represent by their words Him who is one with beautiful wings, in many ways.
And again we hear of a being called Hiranyagarbha, the golden germ (whether the original of that
name may have been), or whom the poet says - In the beginning there arose Hiranyagarbha; he
was the one born lord of all this. He established the earth and this sky. Who is the god to whom
we shall offer our sacrifice?. That Hiranyagarbha, the poet says, is alone God above all gods - an
assertion of the unity of the Divine which could hardly be exceeded in strength by any passage
from the Old Testament.”

It is quite clear that Western researchers are confused. This confusion arises out of ignorance
towards correct method of decoding the hymns. This key to unlock the treasure is provided by Yaska
(@TF) in Nirukta (fFre=).

Classification provided by Yaska

To help researchers understand the Vedic deities better and to help them realize their areas of
operation and scope, Yaska provides crystal clear directives. Interestingly, this clarity provided by
Yaska (ITF) is based on one Mantra (1.139.11) from Rgveda (374%). The hymn is as follows:
o T ZATET faagaTasr & AT IR & |
HHfAr AfeA@Tes & T a7 IFAEA JTEH || HIGE 993299
Mantra (1.139.11) from Rgveda (F79%) clearly describes 11 deities each in Prthvi (T24T),
Antariksa (37=7f¥e) and Dyuah ().

There are only three primeval deities and others are only variants of these three. These three
primary deities are:

e Agni (3717) on Prthvi (T%&T)

e Vayu (@T9) or Indra (%) in Antariksa (T=afean)

e Sirya (%) in Dyuah (3]:) or Svarga (FaT)

There is enough room for imagination to also think of these three worlds on temporal axis and
that will help put many pieces in the jigsaw puzzle. The imaginary picture of this can be as depicted
as in Figure (3.1):

Prof. Macdonnel has listed these corresponding deities in the three worlds as follows: [63]

e 11 deities in Svarga (¥a37) - Dyauh (&T:), Varuna (%), Mitra (f=), Siirya (89), Savitr
@faq), Pusan (I99), Visnu (), Vivasvat (faaeae), Adityagana (ATfeeamon), Usas (ITH),
Asvina-Yugala (37 - J37eT)

e 11 deities in Antariksa (=af¥eT) - Indra (5), Trita (fe), Aptya (3T=), Apanapat (ITITA),
Matari§van (ATate=+), Ahirbudhnya (37f&9+T), Aja Ekapada (3757 U&9T%), Rudra (¥%),
Marudgana (F%gvT), Parjanya (T57=), Apah (31T7:)

e 11 deities in Prthvi (T=4T) - Rivers (F/@T), Prthivi (IF4@T), Agni (31f7), Soma (&)

The deities are enlisted, however it is important to comprehend the nature of these three worlds.
Only then, we will be able to assign the hymns to various aspects of the three worlds and derive
meaningful interpretation. The classical characterization of these three worlds in Yaska (IT&#) style
is as depicted in Table (3.1).
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Vayu @m®) or Indra G5

Siirya (F)
_—
\

Singularity

Dyuah () Antariksa (3T=Tf7er) Prthvi (T34T)

Figure 3.1: Three Worlds as per Yaska

It is interesting to note that the hymns expressed in Chanda (%) or meter Tristup (FgT)
predominantly represent the happenings in Antariksa (37=afar). The present Nasadiya Siikta
CLEEIRS g#d) however, must be an exception to this. We should take into consideration that this
hymn is the hymn of creation and hence goes beyond the scope of one particular world.

The concept is extremely useful though! For example, Indra (%) is in human form being the
King of Gods on Parthiva (91¥) world, and it is purely of energy form in the remaining two worlds.
The other forms will be uncovered and explained in detail in later part of this thesis, however at
this point it is important to note that the nature and manifestation is different in these different
worlds. Since this important link was overlooked or not understood by most of the western scholars,
their interpretations are skewed and biased. They either put their brains to map the entities strictly
on physical characteristics or completely in spiritual or mythological or imaginative realms. The
appropriate understanding has a main connect in figuring out which world the hymn and the verse
belongs to and then interpret it accordingly. This was very well comprehended by Sayanacarya
(ATFUTETT), however it was so obvious amongst Indian scholars, that he has not mentioned it
explicitly anywhere. That could be the reason why, western scholars particularly - without any
exception, missed this important link in the chain.

In this research work, we intend to establish the correspondence between the Vedic science
and the modern science. Therefore, it is important to understand these three worlds and their
corresponding realms in accordance with the modern science. The detailed explanation of this
will get reflected at multiple instances in this thesis, however the fundamental depiction is brought
out for clarity and demystification. As per hymn (5.69.1/2/3/4) of Rgveda (79%), the scientific
characterization of these three worlds is as shown in Table (3.2). This is in line with the modern
understanding of physical world, comprising the earth, the space and the construct of galaxies.

Readers should note here that, Gravitational Force (m) operates only at Parthiva (q1f¥e)
level and only Parthiva (9Tf¥@) and Antariksa (37=qf¥&T) are bound by the time! This is extremely
important in deciding the chronological sequence of creation of the universe (fa=eafT).
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World Dyuh Antariksa Parthiva

GUERS) () (sr=fran) (arfei)

Deity Aditya Vayu/Indra Agni

(&) (i) (3T AT 5) ()

Sthana Svah Bhuvah Bhuh

(BT) (=) (72) (1)

Savana Sayam Madhyandina Pratahkala

(Fa) (GIRD) (\TAT=) (ST :&TA)

Rta Varsa Grisma Vasanta

(FT) (@) (T>T) (FF=T)

Chanda Jagati Tristupa Gayatri

(&) (STTefT) () QIRIED

Prarthan 17 15 3

CIREY) (29) (24) ®)

Karma AdityaKarma IndraKarma = | AgniKarma =

Pravahlitam BalaKrtih Darstivisayakam
(&) (ATfEeTRe EFHH = FAS(d:) | (FAARA =
yafEaq) EURIERREL )

Adhika Rt Sisira Hemant Sarada

CIREIE)) (Forfore) (&) (@7=)

Adhika Chanda Atichanda Pankti Anustupa

Afaw T=) (FAfT==) (7faT) (T9E)

Stoma 33 27 (3x9) 21

(=) (33) (9) (%)

Table 3.1: Three Worlds - Philosophical

World Dyuh Antariksa Parthiva

GRERD) () (ar=feen) SURED)

Sthana Svah Bhuvah Bhuh

@) (=) (4T2) (1)

Wave (Vani) Para Pasyanti Madhyama +
Vaikhari

(aTum) (TT) (Faf=T) (T=THT + JE)

Form Sat Seed (Suksma) Gross (Sthila)

(FET) (FD) (F&) (BIT)

Gravitational Force I No U No M Yes

(et (ATED) (ATED) (&T)

Time (0 No I Yes I Yes

(F7e5) (FATET) (8D (8T

Table 3.2: Three Worlds - Scientific
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Energy Analysis Fundamentals

It is interesting and important to note that all the three worlds (S3T=%) as depicted by Yaska are of
the energy form. The energy gets transformed while moving from one world to another and hence
now we present the energy based interpretation of the three worlds. For this we will revisit few
important concepts from the modern signal processing. This will not only help us understand the
nature of these three worlds, but it will also enable us to decipher the very reason for the universe to
come into existence as stated in Rca (49T) four of Nasadiya Stikta (ATH&IT qad).

Let’s examine the most natural form of signals that exist in the world, these are continuous
signals.

§ Continuous Signals:

1
I, r=y |

A /J\T A sin(wt+0)

It is to be noted that the given signal is expressed mathematically as A sin(wr + 0). Here A is the
amplitude or the magnitude of the signal, m represents the frequency and 8 is the phase. The given
signal is function of time (FTe5) 1.

The same signal can be expressed as phasor for the ease of computing using ‘Euler’s Identity’.
The derived version of Euler’s Identity is as follows:

et = cos(¢) =+ jsin(9) (3.1)
if,x(t) = Acos(wt+0) (3.2)
A . A
_ 2 j(ot+0) . 21 —j(01+6)
2e +2€ 3.3)
Im

A2 (} +ve

wt+0

Re
wt+0

A/2 i) —ve

Since, the signal is considered as combination of rotating complex exponential with opposite
angular frequency, the phase mapping becomes much simpler. In the modern era of powerful
computing, we typically use the discrete (after sampling) and further digital (after quantization) form
of the continuous signals.

§ Discrete Signals:
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1 4
0.5
.
-0.5
—1 1+
x(t) = Asin(or) (3.4)
—  Asin(2nft) (3.5)
x(n) = Asin(2nf - nty) (3.6)
= Asin(27‘cf-n-}) 3.7
= Asin(27m-]]:) (3.8)
_ Asi _ S —ilp
= Asm(27an),F—fS S sampling (3.9)
x[n] = Asinjon], ©=2nf (3.10)
x[n] = Asinjon+ 0] (3.11)

Thus, x[n] here is a discrete signal.

These variations are only for the convenience. Deeper understanding of the signals in general,
emerges out of bringing out understanding of whether the signal is a ‘Power signal’ or an ‘Energy
Signal’. The salient feature of these types of signals is as under:

e A signal is referred as energy signal if 0 < E < o0

e Power signal : 0 < P < o0

e Energy signal : ‘0’ average power — Deterministic & non-periodic.

e Power signal : ‘e’ energy — random & periodic.

The total energy in a given continuous signal x(¢) is given as:

Ec = /jo X2 (t)dt (3.12)

For discrete signal x[n], the energy is calculated as:

Ep= ixz[n] (3.13)
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Similarly, let’s examine the formulae for calculating the power in signals. The power in continu-
ous signal x(¢) with fundamental period 7 is given as:

P—l e d 3.14
c—T/mxo)r (3.14)

For discrete signal x[n] with fundamental period N, the power is calculated as:

1 N—-1
Pp= N ; x?[n] (3.15)

The summary of this can be represented in Table (3.3) below:

Type of Signal Power Energy

Vedic Name Sakti (3rfeT) Urja (3=T)

Continuous Domain Pc= %([TTzzxz(t)a’t Ec= [~ x*(t)dt

Discrete Domain Pp = /l\,zgvfl x2[n] Ep=Y".x*n]

Energy P=0 0<E <o

Power O0<P <o E =00

Nature Periodic and Stochastic Aperiodic and Deterministic

Table 3.3: Power and Energy Signals

3.2.4 More on Energy Analytics

It will be shown that Power signals are not meant for transmission of any kind. This physical world
is essentially governed by the ‘Energy Signals’. For periodic power signals, the analysis is performed
by using series expansion methods. There are many known series expansions like Taylor series,
Fourier Series, Maclaurin Series to name a few. For aperiodic energy signals however, ‘Transform’
techniques are needed, with the likes of Fourier Transform, Laplace Transform, Z-Transform to
name a few.

Need for transformations

There are many reasons for carrying out a transformation, most significant one is convenience! For
example we do not understand music as just few time domain signals with varying voltage, we
understand music as sequence of frequencies. Thus it makes sense to transform musical signal into
frequency domain and then the analyzer will be more comfortable dealing with those frequencies.
Ultimately we want to design filters, more pertinently filter banks in the context of wavelets, and it
is more convenient to design filter banks in frequency domain compared to time domain or spatial
domain.

For all conventional transforms like Laplace transform, Z transform, Fourier Transform and
Logarithmic Transform the basis function comes from natural logarithmic base e. However for
understanding wavelet transform we have to go beyond purview of these conventional transforms.
We already know how to analyze Linear Time Invariant (LTI) Systems. For doing so traditionally we
have two methods,
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1. Convolution

2. Difference Equations

Convolution comes out of the fact that given a signal x[n], we can decompose that signal into
scaled and shifted impulse sequences. After doing so we can write,

=5

x[n] =Y x[k]&[n—K] (3.16)

k=—c0

This is the scaled summation of shifted impulses. We are able to do this because the system
is assumed to be linear and shift invariant. Since the system is linear and thus would follow
superposition theorem we are able to add up the products to get x[n]. Also because of time invariance
property we are able to shift the impulses without affecting the end result.

Once we do this and understand how the system reacts to impulses as stimulus, we would be able
to get the systems impulse response. Now if we call the impulse response as h[n], excite the LTI
system with an exponential e/ as an input x[n] and call the output as y[n] we would have,

oo

yin] =Y /™" h[n — k| (3.17)

—oo

However we know by commutative law,

5]

yinl =Y, x[k]h[nk]:ix[nk]h[n] (3.18)

k=—o0

Thus by putting /™" in place of x[n] we have,

y[n] = i /@K pp] (3.19)

k=—o0

This forms an interesting eigen system for LTI analysis. That is because we can split the
exponential term from equation (3.19) and then the summation happens for variable k and the term
e/®" can be brought out out of this summation of k terms.

Y] = Z /D I XK 1) (3.20)
k=—c

y[n] = e/l Z /MM pp) (3.21)
k=—o0

From equation (3.21) we can see that after exciting the system with exponential of frequency wy
the result is the same term with something. The term /" is known to us as eigen function and the
multiplying term is known as a eigen value. This eigen value in a broader sense is known to us as a
Fourier Transform. The basis function here is exponential e. This fact as discussed earlier in this
chapter remains the same for other transforms also, for example in Z transform the basis function Z
also equals e/. It would be interesting now to look at from where this constant ‘e’ comes from.

The constant e was discovered by Dr. Bernoulli in a vague accident for which the story doesn’t
have authentic source, it is still very interesting though. Dr. Bernoulli was trying to help his banker
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friend because his business was not picking up. He gave him a solution based on the formulae for
calculation of compound interest. As we know the formula for investment of a one rupee or one
dollar or one euro as principle amount is given as,

{4y

Dr. Bernoulli brought in series expansion by applying limit for n terms to infinity,

lim {1+ l}” (3.22)
n—yoo n

and the constant ‘e’ came into existence, waiting for Euler to give it meaning! An engineer’s
perspective is provided in the MATLAB code below for readers to try out the above limit approxima-
tion through simulations (rather than solving it actually — may be a mathematician’s perspective!)
and get convinced that it indeed gives us the constant after few iterations.

— MATLAB code to approximate constant ‘e’. \\
%) ek sk ok sk ok o o ok sk ok sk ok o o K ok ok ok ok o o o Kok sk ok ok o o ok Kok koo ok o o ok oK koK ok o
%************************************************
% MATLAB code to understand calculations for
% Constant ’e’: To be accompanied with thesis by
% by Aditya Abhyankar
%************************************************
%% ek sk ok sk ok o o ok sk ok sk ok o o ok ok ok ok ok ok o o ok Kok sk ok ok o o ok Kok sk ok ok o o ok ok sk ok ok o
clear all;close all;clc;

for n=1:1000000000 ¥ MATLAB doesn’t support zero index
% we can’t take ’n’ all the way to infinity
% hence some big number 1000000000

(1+(1/n))"n % compound interest formulae
pause; % to see the value after every iteration
% slowly value saturates to 2.7183
end
% End

5 acob Bernoulli

Jacob Bernoulli (1654-1705) was son of Nicolas Bernoulli and elder brother of Johann Bernoulli.
Jacob acquired degree in theology to start his formal education as his father was against his
children taking up mathematics. In spite of that due to his deep interest and curiosity he became
mathematician. In 1687 he became Professor of mathematics at University of Basel, where he
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taught till the end of his life. He continued working on the lines of Napier and was able to
successfully discover the constant ‘e’. His contributions in the field of calculus are also well
known and respected.

Though the story of banker friend of Dr. Bernoulli lacks authenticity, it was certain that
around 1889 he published series of articles on theory of infinite series and proposed continuously
compounded interest. There were also some series expansions like

! 1 1 1
+1+§+...+ﬁ—|—...
for which he couldn’t settle with a converging number and the quest was completed by Dr. Euler
when he showed that above infinite summation equates to 72/6. Thus in many ways Dr. Euler took
Dr. Bernoulli’s work forward. After Dr. Bernoulli invented constant e, Dr. Euler came up with an
identity known today as Euler’s Identity which is still regarded as one of the most beautiful of all
mathematical discoveries.

=1 (3.23)

From application perspective more useful version of Euler’s Identity is,

¢'® = cos(0) + jsin(0) (3.24)

The interesting thing to note is if we draw a tangent to any point on this exponential curve the
y-intercept and slope of this tangent matches. Thus at any point along the curve we can resolve the
point into ‘cos’ and ‘sin’ components which are in turn orthogonal in nature. Dr. Euler really gave
special meaning to this constant ‘e’ and it’s because of his contribution we get orthogonal and energy
preserving transforms. It’s because of this unique property of ‘e’, the inverse of the transform also
exists.

=)= eonard Euler

Leonard Euler (1707-1783) was a Swiss mathematician and he was well known for the quality
as well as quantity of his work. His contributions in the field of graph theory, number theory
and calculus are considered to be outstanding. Born in Basel in 1707, in 1727 he went to St
Petersburgh Academy. In 1741 he joined Berlin Academy and in 1766 joined back St Petersburgh
Academy. He died in 1783. In 1748 he gave a meaning to the constant ‘e’ and gave base to the
natural logarithm which then went on to become basis to most of the transforms.

After Dr. Euler gave a powerful meaning to ‘e’, Dr. Fourier worked on analyzing periodic and
aperiodic functions and signals. The legacy of transforms is thus result of contribution from these
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three great scientists. Dr. Fourier gave a systematic way of analyzing periodic as well as aperiodic
signals through Fourier series and Fourier Transform framework. For a time domain signal x(¢) the
corresponding Fourier Transform is given by following equation:

X(Q)= /_ 3 wX(t)e " dt (3.25)

Thus, conceptually Fourier description is the inner product between the signal to be analyzed
and the basis or kernel function.

acob Fourier

(1768 1830) Jacob Fourier was a French mathematician and a well known scientist with the
contributions like Fourier series, Fourier descriptors, Fourier transform etc. Fourier introduced
the notion of representing continuous as well as discontinuous functions using continuous basis
functions. This was an important and path-breaking research which also encouraged scientists
like Laplace to build their own theories like Laplace transform.

Now, let’s look at question why wavelet transform? The wavelet transform decomposes signal
into two separate series. One which represents the coarse version which leads to scaling function
and other which represents the details or the refined version which leads to wavelet function or the
mother wavelet function.

Still two more questions need to be answered, aren’t the traditional methods of representing signals
good enough? And what is so special about this wavelet transform? We will answer this gradually in
this book.

Lets take these questions one at a time. In the traditional methods the most basic representation of
signals is with Taylor series. For e.g. Taylor series expansion at xy = 0,

1 2 3 o .n

X X X X
e=1+—+—+—=+..=

— (3.26)
12 3! =n!

Every single coefficient in the above expression can be looked upon as a decomposed piece and
such pieces can be used for reconstructing the corresponding signal or function. If we only make use
of finite number of coefficients lets say up to first 5 coefficients and try to reconstruct the signal then
the reconstructed signal would look like the signal shown in figure (3.2).

In the figure (3.2) sub-figures (3.2b),(3.2¢),(3.2d),(3.2e), (3.2f) show Taylor series approximation
of exponential function with number of coefficients usedtobe N=1,N =2N =3, N=4,and N =5
respectively. It is clear that as the number of coefficients increase the approximation (shown as red
dotted line) starts approaching the actual function (shown as blue solid line). Thus in Taylor series,
cooperation to build better representation is rigid from the perspective of lack of inter-coefficient
resolution. Since we have to work with large terms, also scale and translation of every single term is
limited. In contrast to this in wavelet analysis the scaling function and its associated wavelet function
makes the representation flexible.
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(a) Exponential Function y = (b) Taylor series approximation (c) Taylor series approximation
flx)=e¢" using N =1 using N =2

(d) Taylor series approximation (e) Taylor series approximation (f) Taylor series approximation
using N =3 using N =4 using N =5

Figure 3.2: Approximation of exponential function using up to 5 coefficients from Taylor series.

The MATLAB code to try more coefficients out is provided for readers:

— MATLAB code to understand Fourier Transform. \\
%************************************************
Y ksk sk ok sk sk ok o sk sk ok o ok sk o e sk sk ok ok sk sk ok e sk sk ok e sk sk sk e ok sk sk e ok sk e ok sk o ok sk ok o
% MATLAB code to understand working of Fourier
% Transform: To be accompanied with thesis by
% by Aditya Abhyankar
Yo oksk sk ok sk ok ok ok sk ok ok o ok sk o e sk sk ok e sk sk ok e sk sk ok e sk sk ok o ok sk s ok sk ok ok sk ok sk ok sk ok ok
%************************************************
clear all;close all;clc;
x=-2:0.1:2; 7 Create x-axis
y=exp(x); % The exponential function y=e~"x
figure(1);
plot(x,y,’b?,’LineWidth’,3); % The function in blue
grid on; title(’Exponential Function approximated using Taylor
series’);

N=5; % No of coeffs in Taylor series approximation
y_est=0;% Initialize the estimate to zero
for n=0:N

y_est=y_est + (x."n)./factorial(n); % Taylor series formulae
end hold on;
plot(x,y_est,’--r’,’LineWidth’,3) % Plot the approximation as red dotted
legend (’Function e~{x}’,’Taylor series approximation N=5’) % legend
% End

This is useful, for example in wavelet analysis the scale {1/2}/ is dependent upon the analyzer.
Thus while sampling a high frequency signal we can bring in a very high value of j. Then a translation
Tix=k/ 2/ can be used to focus on that part. Hence with wavelet analysis we can look into any
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particular part of the signal. By changing the scale and translation parameter we have an interesting
zoom-in or zoom-out facility of wavelet transform. Fourier series has a noteworthy advancement over
the Taylor series. Since elements of a Taylor series do not necessarily and always form an orthogonal
set. However in case of Fourier series the set {1,cos(nx),sin(nx)};_, is always orthogonal on
(—m, ). But still flexibility with scale and translation parameters remains to be explored.

Even though Fourier series is rigid in terms of rotations and translations, we derive some
information related to wavelet transformation from it. Fourier series is represented by following
equation,

£ = ao +ki[akcos(kx) 4 bysin(kx)] (3.27)
Where, _
do = % /_ Z Fx)dx
a = % [  (x)sin(ke)dx

by = %/:Of(x)cos(kx)dx

We observe that a special relationship exists between cosine and sine terms of the series. A similar
relationship also exists between scaling ¢(.) and wavelet y/(.) functions. This relationship although
trivial is very interesting. Though wavelets are radically different than conventional transforms like
Fourier transform, its rise has its roots in the shortcomings of these conventional transforms. This
concept is useful in establishing the ‘Advait’ (37ga) philosophy at the root of the creation of the
universe.

With this background, we have enough tools to start the journey towards uncovering the Nasadiya
Stukta.

Nasadiya Sukta - Deciphering the Hymn

The following sub-sections discuss every verse independently now.

Nasadiya Sakta - Verse Number 1
The very first verse along with the anvaya (37=a) is as follows:

.RkNol..

SV o —

B

oGy

| | . |
o ATHSITHIAT HRTHITRTAL ATEIGHT AT SAHT 997 Iq |

framada: o7 #eg ween: fAaTdEeT M 10 90,939 09
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o T - T | HAQ | ATHIG | AT (T | Q| ATHIT | TEAT | ATHIG | TS 1 AT gfq
foser 19w T fF e sEERdT oFE o oFE owET e fe W
TET LT N 90939 -0

e Y=Y - T =no0 | AT = non-being or non-existent | ATHIT = existed | AT T = also not
| ¥ = being or existent | FTHIT = existed | &I = Before universe | ATHIT = existed |
T1: = middle of the three Gunas or innate qualities, leading to action-passion | AT e = also
not | fasefI® = encompassing sky | 9: | I =beyond | f& | =T | sr@EEffT = Who
covered whom? | & = Where? | & | H = For what purpose(pleasure) | 30: | f& |
HATHIT | T8 | T 1| = What that deep and infinite water was? 90 -93% - o9

===

For every hymn we take into consideration commentaries provided by 15 scholars across the
globe. These scholars are from vivid religious, geographical, cultural backgrounds and everyone
adds value to our understanding. It should be mentioned however, the interpretations given by Swami
Vivekananda, Sayanacarya and others who follow them are closest to our heart. The interpretations of
these scholars are provided as a ready reference before giving our decoding of the hymn. Following
Table (3.4) provides the views and interpretations of these 15 scholars on verse 1 of the present
hymn. Author has also looked as the interpretations presented by Dr. Bheemarao S Kulkarni [24]
and Shri. R G Kolangade [25]. Both these works are very profound and scholarly, for the present
hymn however, they closely follow Citrava Sastri (fr=re srmesT) [38] and hence are not reproduced
as ready reference. Author would also like to mention a prudent and comprehensive and yet lucid
work by Shripad Damodar Satwalekar [64] with gratitude.

Author would like to state that the work done by Ahitagni Rajawade (ATFEaT= TTS1aTS) is
unique and author has drawn inspiration from few concepts from this work [26]. Authors would
also like to state that it is indeed disheartening to observe strong hatred in the writings of Ahitagni
Rijawade (ATfEATI TToraTe) towards the work done and theories proposed by Adi Sankaracarya
(arTfe s eT=T) and authors strongly condemn the same. In fact, authors would like to express
deep gratitude towards Adi Sankaracarya (T Sre<T=¥) and in this thesis it is shown that various
theories ultimately converge into Advaita (37ga) philosophy. Few interesting but less accurate
interpretations like [65] and [66] are not taken into consideration.

We will evaluate all the verses at three different levels:

1. At spiritual conceptual level

2. At physical level
3. At Temporal level
This is the reason, this study is tri-fold study.

— Proposed decoding of Verse 1. We will now look at every word and try
and decipher it towards one unified interpretation. The attempt is to blend the spiritual view with
the scientific view and show that they have huge overlap and commonalities.
gaT-it:- The word ‘Tadanim’ (F=T+T) indicates the time when the universe did not exist. Thus, this

sukta (&) starts the discussion from the times prior to the genesis of the universe. This
is a confirmatory test that this sikta (&) discussed about the origin of the universe. The
very first verse captures the essence of creation of the universe. The theorem is expressed in
a subtle way and needs to be understood carefully.
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Comparative Interpretations of scholars on Verse 1 of Nasadiya Siikta

Name of the interpreter

Interpretation

Vivekananda [27]

Existence was not then, nor non-existence, The world was not, the sky beyond was neither.
What covered the mist? Of whom was that?What was in the depths of darkness thick?

Max Mueller [28]

There was then neither what is nor what is not, there was no sky, nor the heaven which is
beyond. What covered? Where was it, and in whose shelter? Was the water the deep abyss
(in which it lay)?

A. A. Macdonell [29]

Non-being then existed not nor being: There was no air, nor sky that is beyond it. What was
concealed? Wherein? In whose protection? And was there deep unfathomable water?

Raimundo Panikkar [30]

At first was neither Being nor Nonbeing. There was not air nor yet sky beyond. What was
wrapping? Where? In whose protection? Was Water there, unfathomable deep?

Griffith [31]

THEN was not non-existent nor existent: there was no realm of air, no sky beyond it. What
covered in, and where? and what gave shelter? Was water there, unfathomed depth of water?

Jamison & Brereton [32]

The non-existent did not exist, nor did the existent exist at that time. There existed neither
the airy space nor heaven beyond. What moved back and forth? From where and in whose
protection? Did water exist, a deep depth?

Geldner [33]

Weder Nichtsein noch Sein war damals; nicht war der Luftraum noch der Himmel darber.
Was strich hin und her? Wo? In wessen Obhut? Was war das unergrndliche tiefe Wasser?

A. L. Basham [34]

Then even nothingness was not, nor existence. There was no air then, nor the heavens beyond
it. What covered it? Where was it? In whose keeping? Was there then cosmic water, in
depths unfathomed?

Wilson, HH: [35]

The non-existent was not, the existence was not; then the world was not, not the firmament,
nor that which is above (the firmament). How could there be any investing envelope, and
where? Of what (could there be) felicity? How (could there be) the deep unfathomable
water?

Wendy
O’Flaherty [36]

Doniger

There was neither non-existence nor existence then. There was neither the realm of space
nor the sky which is beyond. What stirred? Where? In whose protection? Was there water,
bottlemlessly deep?

Pandit
Trivedi [37]

RamGovind

IT qET AT g q 9T 7 swaq (Faame @ i # gure faaer sfeges w6 &) T@r
JT| ST Gq (SaredT Arfe) &, a8 off TEr o7 IRrET ot 98 o ST etrerer aqur
ATHTI T (=T aaqr Ja= T T&7 0 | ATIE0 (TR0 T FaT 47?2 (Hear Far 21T
qT? T §OH AT TRIT ST 39 G99 9T ?

Siddheshwar Shastri Chi-
trav [38]

FESAT AT G AT T, Ta AATCEr AT ATHIT ATTHT FIETT SATeqeaTed
TeEer. 7T (EUdiea ATUT RITAT ATILT ST ? RIVT=AT GETETHT & TTT HTeT ? 0T
T aYr ST AT AT Bld w1 ?

Krishnananda [39]

Then even nothingness was not, nor existence, There was no air then, nor the heavens beyond
it. What covered it? Where was it? In whose keeping Was there then cosmic water, in depths
unfathomed?

Hari Damodar Velankar
[40]

IF FAT (AT giEa 99) F§ aq {7 TEr 9T, AFQ T TED 9T | T A=qfoer Al qr
IHH TT TEAATAT ST ATRII a5 W7 Tar 97 | (a7 f/e) 3899 (9= 3237) =7 f8ur
TET IT? TE FET AT [Faar 4T F 97?7 T AT TEIT, UAT A ar 39 99T
T faaraTT T uT?

Sayanacarya [41]

AT g AT dhe geATiaanr gie: sfaarafasad | srgar

Table 3.4: Contemporary Interpretations: Verse 1 of Nasadiya Siikta
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T A ATHIG AT A ATHI:- Neither was there ‘Asat’ (3IF = not being), nor was there ‘Sat’
(8 = being)!

The most fundamental form of Dvandva (), expressed by ‘Sat-Asat’ (eternal-
ephemeral) or ‘Asti-Nasti’ (being-not being), is the genesis of the beginning of the
physical world. Here ‘Sat’ suggest existence and ‘Asat’ indicates absence. This
captures in the very essence of symbolically mapping the beginning of the world!
We will also show that this Dvandva (§g,) eventually converges into Dvaita (ET-I‘).

vwT::- Now, let’s examine ¥T:. There are two ways to look at it:

1. Rajah (¥=T:) = middle of the three Gunas or innate qualities, leading to action-passion.
It may appear strange that there is no mention of either Satva (%) or Tamo-Guna
(9T -7 ), however it is logical.

2. Rajah (¥<7:) = Rajoloka (¥&reit®). This is the middle one in Prthivi (3FET) -
Antariksa (37=q17&T) - Dyu (3]), that is Antariksa (37=qf&r). This is in line with
this hymn being in Tristupa (Fr¥T). It could also mean, the middle one in Bhih (1) -
Bhuvah (&) - Svah (&), that is Bhuvah(:{@).

For both the cases, the choice of is befitting and apt. The word ‘Rajas’ (¥ST9) germinates
from root ‘{_w[ = Y3791, which means to be colored. Thus, ‘Rajas’ indicates varied colors
- the colors being many - it also indicates plurality. The big picture associated with the
use of word ‘Rajas’ is depicted in Figure (3.3). ‘Rajas’ (¥519) indicates plurality as it
represents multifold colors. ‘Sattva’ (<) can be depicted with white color, where white
essentially reflects every wavelength (1) back. ‘Tama’ gets represented with Black color, as
it essentially absorbs wavelengths () corresponding to all the colors. From the reference of
the color bands, thus ‘Satva’ and ‘Tama’ form yet another ‘Dvandva’ (875 = contradictory
pair). Thus, this physical world (S3Te) on the Parthiva (Tf¥@) has two salient features:

e By mixture of all the three Gunas (F3T97), it is “Trigunanvita’ (FEAToTT=ran)

o It is made up of contradictory pairs and hence is ‘Dvandvamaya’ (5§-899)

The physical world hence is plural, partly manifested and partly not manifested (I9&HET,
Fadreq4a). Satva-Guna leads to ‘Sat’ (F) which is: singular, non-unique and manifested
(THET, afgdi™, =a&d). Tama-Guna leads to ‘Asat’ (379 which is: singular, non-unique
but not manifested (T&®T, AfgdI, 75ad). The creator (SITEI) is beyond the reals
of the physical world (STTeTe ), singular (T&HHAATIA =), Unified (frE%) and beyond the
three Gunas (F—ré@w). This holds true for Parthiva world. For Antariksa, it is Advaita
(31570 and for Dyuh it is Advaya (3753)!
Sayanacarya (FTuT=TH) has interpreted Rajas (T579) as ‘Rajo-Guna’ (FSIT -3T) in Tait-
tiriya Bhasya (@<= 9T=T) and as ‘Rajo-Loka’ (T9T -&T%) in Rgbhasya (F&TsT) [41].
From the above discussion it is clear however, that it does not make any difference as
what we are discussing is beyond the realms of Lokas and also Gunas. Interesting enough,
it also provides the link for the next exploration. Rajas (¥579) also leads to Rajahkana
(TsT:&r), which are dust particles. Fort these particles to reside and propagate, they need
some medium. Typically this medium is void of some kind which is indicated next.
We conclude, that ‘Rajas’ essentially indicates the Antariksa (7=af¥&r) which also did not
exist at pre-primordial times.

9¥: faseT:- Here Parah (7%:) means beyond. This is connected with ‘Rajas’ indicating
Antariksa (37=fver). Therefore, ‘Vyoman’ (31TH+) indicates the third world, that is Svar-
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loka (Fet@) or Dyuloka («T®). This is AEtherial region which consists of multiple
galaxies. Etymologically Yaska has given definition of Antariksa (J7=af¥er) as ‘@™
FraTgeAT:aTd Aaferd wata’. Thus, ‘Vyoman’ (&H) indeed indicates Dyuloka
(FATH). At pre-primordial times, even Dyuloka (#T#) did not exist.

f& F& s &= s ?7:- Who covered whom? Where was this cover done? For whose

existence was this cover done? The word Avarivah (3Ta¥1:) is the key here. This descrip-
tion clearly states that Dyuloka (E\Jfﬁ?) is the super-set, Antariksa (37=aT¥&T) is the sub-set
and Parthiva (9T is the sub-sub-set. This hierarchy of the three worlds is neatly captured
by this construct. The same is depicted below:

Antariksa

Parthiva (qTFe)

8¢

T T ail‘é{ f& 3TI'FﬁT-[ ?:- Here the word Ambha (37+) refers to the Primeval water. The

)

question arises is, why call this Primeval Water to be ‘Gahana’ (\T&=T) and ‘Gambhira
(IfI¥)? Here ‘Gambhira’ (MIY) means unfathomably deep and ‘Gahana’ (fT&<T) means
way too difficult to enter in. These adjectives indicate the non-differentiable nature of
this Ambha (31+7). That is why it is ‘Primeval water’. The water which plays important
role in the manifestation of the universe is essentially differentiable water and that same
is described in next few verses. The water mentioned in this very first verse is different.
It is not-disintegrable, uniquely unit and hence unfathomably deep water! Here, a doubt
may arise: Taittiriya Brahmana (1= SIT&TOr I gives ‘SATIT AT SEHY AAAATHIA as
Sruti Vacana (xfa a=). But this is not conflicting with the description given in first verse
of Nasadiya Sukta (ATa<= g#a). This gets resolved due to ‘Tadﬁnfm’ (F=T=T). Nasadiya
Stkta (ATEET &) provides account of pre-primordial time and what is given in the Sruti
() is the beginning of the physical world. In fact, Nasadiya Siikta (ATE€ra g&d) also
discusses ‘Apraketam Salilam’ (37w&d &feTer) in the next verse!

Thus Verse-1 of Nasadiya Siikta (H'I'H?h‘l'q T&d) can be summarized as follows:
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TR, At Pre-primordial times;

T TEq SHTH"WT'L There was no not-being;

ar qaq 3TI'Fﬁ_c[, Neither was there being and the conflicting pair,
thus no Parthiva (IT¥) world;

qr T, There was no Antariksa (ST ¥&T) world;

gqq 9 farsere A, There was no Dyuloka (ngvﬁ?) world;

f& stmada: ? T8 7 Q'I'ﬁ_-[? , There was no cover of any kind
and no force to bind the cover.

TET T ST & STI'H'ﬁ_c[?, The unfathomably deep ‘Primeval water’
also did not exist.

Drawing correspondences: Verse 1

It is important to understand the science hidden beneath and to draw correspondences of that with the
modern scientific works. Well, this verse-1 describes the times which are Pre-primordial! Nothing
existed which has some form and which belongs to this physical world. What exists eternally is
beyond any description and hence in lieu of stating what existed, it is intelligently stated what did
not exist. The description is extremely scientific though. It connects very well with the modern day
physic and technology.

Out of the three worlds prescribed by Yaska (IT&F), the one where all the human beings reside,
is the Parthiva (ITf¥) or the physical world or the Bhiiloka (Hjﬁ?). It has been captured in the
most scientific manner in this verse.

This physical world or ‘Jagat’ (STTTq) emerges out of ‘Dvandva’ (8% = conflicting pair = duel)
like ‘Sat-Asat’ (A - 379 =being-nonbeing). This is because Jagat (STTTQ) is a moving thing.
Motion arises out of Dvandva (§g) and Dvandva (§%) emerges out of motion. Thus, Dvandva
(i@) or duel and motion are interdependent. Therefore, Jagat (STITQ) is ‘Relative’ (FFI'ﬁ'&T) and

in fact, ‘Relativity’ (ATIeTET) is the most fundamental norm of motion. This is in line with
the Theory of Relativity proposed by Albert Einstein [67]. The theory of relativity proposed
by Einstein has two components: Special Relativity and General Relativity. General relativity
explains the law of gravitation and its relationship with the other forces that exist in Nature.
The same is mentioned through the concept of STEYIE: in the first verse () of the Nasadiya
Sikta (ATHET GFd). Special relativity applies to physical phenomenon at particle level and
explains the interactions at macro and micro level, but does not cover gravity. This special
relativity is captured in the second verse ({) of the Nasadiya Siikta (-‘-|TH’<4"‘\'?T qadq).

Before addressing ‘Relativity’, let’s examine the more fundamental things first. Please refer to
Figure (3.4). The most fundamental form of duel (e aT T §5) is captured in the first verse
(7=) of Nasadiya Siikta (TAET g&). In Nasadiya Sikta (ATHErE &) it is stated in the form of
‘Sat-Asat’ (9 - 31Eq = being-not being). Through the mention of ‘Rajas’ (¥579), Nasadiya Sikta
GRS g&d) verse 1 also captures the duel of ‘Sattva-Tama’ (< -@H). There are two schools of
thoughts from the ‘Sat DarSanas’ (Y& T9), namely Sankhya (9T%%) and Vedanta or Advaita (F=T=
aT 37gd), which are predominant. We will consider these two schools of thoughts primarily in
this thesis. The Sankhya (8T%T) philosophy gives ‘Prakrti-Puriisa-duel-dual’ (Y&fe - 77 - 575, - &)
and Vedanta or Advaita (F&T=T aT =75q) philosophy give ‘Sapala Brahma-Maya-duel-dual’ (r9er
FET - AT - 55 - &) as the most fundamental form of duel or dual (= aT &a). The remaining
expansion is as follows:
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( Prthivi \ ( Antariksa \ Dyu gg_lr_g_l)
CIRED) (1= var) @)
v
Bhuh > Bhuvah | _ Svah Loka
019) Cep) (=) (7T)
Rajas
(T5H)
Sattva Raja | _ Tama (Gun)a
(@) > |T @) il
] ¥ |
Singular " “ Singular
Non-unique Non-unique
Manifested . Unmanifested
) Whlte (
g \| T afgdrr
) ;)

: Dvandvamaya :
_______ 1 (EEHT) |
|

i Jagat |

: ) 1~ R
Singular ~ \ "~~~ °~-° I Plural Singular
Non-unique Manifested + Non-unique

anifes Unmanifested Unmanifested
Manifested . )
(TFET . (ATHET ) (TFET
S CIEE N W & O Y A L\
) 1 Sat : : Asat )
@ (=FrEa)
I

Figure 3.3: The use of ‘Rajas’ and the big picture
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e The most fundamental form of duel/dual (=g aT &) is captured in the first verse (F=) of
Nasadiya Sukta (ATEET g&d)
e These most fundamental form of duel or dual (& ar g1 - §=5 ar Ew)) pairs are as follows:
1. Mila Dvandva (& &%): ‘Sat-Asat-duel” (A - 319 = being-not being)from Nasadiya
Stkta (ATFET FFT) verse 1
2. Mila Dvandva (& §%): ‘Sattva-Tama-duel’ (A< -@®)from Nasadiya Sikta (AT
g&d) verse 1
3. Miila Dvaita (F gd): ‘Prakrti-Purusa-dual’ (¥&fd - 7% - §=5)from Sankhya (97%)
philosophy
4. Mila Dvaita (e ) ‘Sapala Brahma-Maya-dual’ (ST9eT ST&T - AT4T - 5a)from Vedanta
or Advaita (I=T=T aT 37ga) philosophy

The pair is Dvandva (§8,) pair when the entities are opposites and contradictory, like
‘Sat’ (A) and ‘Asat’ (378q). One can not exist when the other exists and vice versa.
When one arises, it annihilates the other.

The pair is Dvaita ) pair when the entities are cooperating and complimentary, like
‘Prakrti’ (‘Jl'djﬁ'!‘) and ‘Purusa’ (T%Y). They not only co-exist, but they also complement
each other and in fact are incomplete without each other, thus forming a good pair.

e Dvandva (575) and Motion () are interoperable and interdependent
e This Dvandva (g75) manifests the non-moving ‘Ajagat’ (37573Tq) into moving ‘Jagat’ (S3Tq)
e If the motion (Tfe7) in the Jagat (ST is considered as cause, it has three-fold effect as

follows:
1. Radiance (@7 -a7): This results into creation of Akasa (Aether or STTETIT)
2. Attraction-Repulsion-Duel (HT&YUTEATI -5+5): This fruitions into creation of Dik
(Space or f=#)
3. Beginning-End-duel (ST -7 -&-%): This effectuates into creation of Kala (time or
FT AT FH)

e This is why Aether is termed as Aka$a (JT®TIT), meaning FHaTA &9 or glittering from all

directions, as it originates from radiations or (@7 - @)

e The connect between Akasa (Aether or 3T#T9T) and Attraction-Repulsion-Duel (ST ITTeaTor -

g-5) is important in formation of Dik (Space or ﬁ?\)

e The connect between Dik (Space or ﬁ?\) and Beginning-End-duel (§=9 - - §-45)) is critical

in creation of Kala (time or &TeT dT HiTH)

e From Akasa (Aether or IT&TT), the remaining four of the five Maha-Bhiitas (7% - 5&T - ad)

get created. This will be explained subsequently

All of this is captured comprehensively in Figure (3.4). Thus, everything begins with Dvandva/Dvaita
(=% aT g). This is why even Lord Krsna (F9T) in Bhagavadgfté (W‘;{"]T-IT) proclaims: “:@‘r?i‘
7Y I9 fa=r=Tr I9mafa’. From the modern physics the basic duel relationship between Electron-
Proton is just like ‘Prakrti-Purusa-dual’ (‘;l?rﬂ‘ -I®Y - ).

Now, lets connect these concepts with classical mechanics. Before doing that however, we must
put few important facts in light. These facts clearly show how Bharatiya Vedika (qT¥er=r afes)
thinking was divine, perfect, matured and way ahead of the counter western parts.

e Yaska clearly states that Aditya (the Sun) is the prime deity (7= Z@dT). Thus, Vedic Rsi

knew that the universe was heliocentric and not geocentric.
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e [t was Polish astronomer Nicolaus Copernicus, who in year 1543 proved the universe being
heliocentric. Till then, western world was under the impression of the world being geocentric!
Those, like Galileo Galilei, who supported him were burnt to death!

e The the first verse (A=) of Nasadiya Siikta (THE T&d) captures gravity through JTa<ia:

e It was not before year 1686, when Sir Isaac Newton gave his profound theory on law of
universal gravitation, the western world got familiarized with it.

e The theory relativity is also profoundly captured in Nasadiya Siikta (ATE&r= g&d), which
was given by Albert Einstein to the western world!

The moment we start discussion on the moving Jagat (STfa®TT S3TT), and particularly movement

in it, we need to check the correlation of it with the modern mechanics. In Newtonian mechanics,
the momentum is given as:

p=my (3.28)

where, p is the momentum, m is the mass and v is the velocity of the object. The famous Newton’s
second law of mechanics is stated as: “the rate of change of momentum of a body is directly
proportional to the force applied, and this change in momentum takes place in the direction of the
applied force". Thus,

F—d—p _ d(mv)

= = 3.29
dt dt ( )
This gets further simplified from Equation (3.28) and (3.29) as:
d
F:mizma (3.30)

For a given object with its position x, the first order derivative gives the velocity of the object.

dx
=— 3.31
V= (3.31)
Now, the second order derivative of x with respect to time ¢, it gives us acceleration a!
d’x
a=— 3.32
i (3.32)

It is to be noted that using first order derivative we only generate velocity, which with mass can
produce momentum. Thus, for generation of momentum, duel (§=%) is absolute necessity. Although
momentum is mass times velocity, acceleration is rate of change of velocity and this is captured by
Teja or Tapa (&< aT @7). This acceleration times mass then produces various Forces in moving Jagat
@TfaHTT STer), with the likes of forces of attraction and repulsion (JIT&YurTeaTYr) for example.
Thus, the model in the first verse of Nasadiya Siikta presenting the ladder of ‘Dvandva-Gati-Teja-
Akasa’ (g - i - a7 - SATHTI = duel-momentum-Force-Ether) fits in with the modern Newtonian
Mechanics Model and particularly the second law of motion and law of conservation of moment.

Two more brilliant pieces from Einstein can be wonderfully uncovered here.
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1. In 1917, in his famous paper ‘Cosmological Considerations in the General Theory of
Relativity’, Einstein gives his preferred cosmology as a model which is temporally
infinite but spatially finite model! The spatial finite nature is captured by the ‘Sattva-
Tama’ (<d -dH) duel (§-5) and temporal infinite is captured by multi-fold ‘Rajas’
(T=])!

2. In his famous Theory of Relativity [67] convincingly showed that ‘time’ and ‘space’
are not absolute and independent of each other. If fact, they closely relate to each other
and the same concept is brought out in Figure (3.4). Thus, Nasadiya Siikta emphatically
and with great clarity brings out one of the most profound theories presented in modern
physics in the last century!

tla Dvandva / Dvaita (T - 55 -E@) Dvandva (575)

g Sat (Fq)
Sapala Brahma

(9T W)/(
Purus
(T*W)

7 a 3 A |

Sattva Maya Beginning - Attraction - Radia\nce

F<) (&) End Duel Repulsion Duel @I -as)
Asat ( D)

RV\% (V\‘;?h g
b R,

Aether

Earth Water Fire Air
(TAD) | | (=) GED) @™

I\ ~ Yl +
First of the five Maha-Bhuta (75 -A8T - )

Figure 3.4: Jagat from the most Fundamental Duel/Dual or Dvandva/Dvaita

We know today, that Newtonian physics does not answer many questions and therefore there is
need to go beyond. The next verse takes us in the realms which are beyond the classical Newtonian
physics and mechanics.

3.3.2 Nasadiya Sikta - Verse Number 2

The second verse along with the anvaya (37=99) is as follows:

..RkNo2..

—_— =0

LHE AR
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oGy

o T JYIIHEHd T Af% T IT=AT F& WTEIeTad: |
HTHTEaTd ET9aT a9h TeATga+ 92 f& I9m8 1 90,932 .03

o T - T IHA: |ATHIC | AT | T 1 qfe | T | AT | A& | AT | T5dhd: |
AT | AGTT | &FHIT 1 Tq | T | TN 1A= T 190 & 157 13mm
90 -3R% -

e W= - T =no | §9: = Mortality | HTHIT = existed | 3¥qa | T = Nor Immortality
existed | @& = At Pre-primordial times | T | ¥T34T: | 3&: | AT = Neither night nor
day existed | ws&a: = Symbol giving distinction (between night and day) | € | T& = That
one and only one | &94T = by the inherent self-power | 31aTa = windless or unpurturbed
| AT = was breathing | TATA = Apart from that (one) | & = Indeed | =4I | T7: =
Anotherone | f& 199 | T 139 I=did notexist 90 -932 -3

&=

Following Table (3.5) provides the views and interpretations of these 15 scholars on verse 2 of

the present hymn.

— Proposed decoding of Verse 2. We will now look at every word and try

and decipher it towards one unified interpretation. The attempt is to blend the spiritual view with
the scientific view and show that they have huge overlap and commonalities.
dfg:- This word is equivalent to the word AT from the verse 1. This word is yet again indicator

of the Pre-primordial time. Thus, we can conclude that the first two verses of hymn Nasadiya
Siikta describe the situation at the time when this physical world (Jagat = S3Tq) did not
exist.

T Jg: ATHIQ T ;qa:- This indicates that neither mortality existed not immortality existed.

e It is important to note that Mrtyu and Amrta (&g SAT{oT 379) yet again form Dvandva
(&%) pair. )

e In accordance with the meaning given by Sayanacarya (FT39m=T%) in Taittiriya Bhasya
(@< ) the meaning is taken in generic sense. Therefore generic Mortality-
Immortality pair makes more sense than specific Life-Death.

e Here Mrtyu and Amrta (J&T SATor 1Ha) are equivalent to Asat and Sat (37&q =TIr
gq) correspondingly.

e The theory of forming transcendence proposed by Ahitagni Rajavade however, it not
acceptable to authors and hence we refute the same. (For example complementarity
between Asat and Mrtyu is flawed).

e Here Mrtyu and Amrta (Fg #T{0r 37H) also represent organic (8Tg¥) and inorganic
(fafefg=r) parts of the world. Still the question remains why this is mentioned in this
verse? It is important to understand the significance here.

e In order to unlock this question, let’s visit hymn no (10.72) of Rgveda (F¥a=Td T

T 3. 90.193). This hymn is called either as ‘Aditi Atmakathana’ (3rfafa TeTHT)
or ‘Srstyutpattisiikta’ (Fegeataaad). As the name suggest it is a tale of creation of

universe (F=[cT1) told by Aditi (zrfefa).
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Comparative Interpretations of scholars on Verse 2 of Nasadiya Sukta

Name of the interpreter

Interpretation

Vivekananda [27]

Death was not then, nor immortality, The night was neither separate from day,But motionless
did That vibrate Alone, with Its own glory one-Beyond That nothing did exist.

Max Mueller [28]

There was not death - hence was there naught immortal, There was no confine betwixt day
and night; The only One breathed breathless in itself, Other than it there nothing since has
been.

A. A. Macdonell [29]

Death then existed not nor life immortal; Of neither night nor day was any token. By its
inherent force the One breathed windless: No other thing than that beyond existed.

Raimundo Panikkar [30]

There was no death then, nor yet deathlessness; of night or day there was not any sign. The
One breathed without breath by its own impulse. Other than that was nothing at all.

Ralph Griffith [31]

Death was not then, nor was there aught immortal : no sign was there, the day’s and night’s
divider. That One Thing, breathless, breathed by its own nature : apart from it was nothing
whatsoever.

Jamison & Brereton [32]

Death did not exist nor deathlessness then. There existed no sign of night nor of day. That
One breathed without wind through its inherent force. There existed nothing else beyond
that.

Geldner [33]

Weder Tod noch Unsterblichkeit war damals; nicht gab es ein Anzeichen von Tag und Nacht.
Es atmete nach seinem Eigengesetz ohne Windzug dieses Eine. Irgend ein Anderes als dieses
war weiter nicht vorhanden.

A. L. Basham [34]

Then there were neither death nor immortality, nor was there then the torch of night and day.
The One breathed windlessly and self-sustaining. There was that One then, and there was no
other.

Wilson, HH: [35]

Death was not nor at that period immortality, there was no indication of day or night; THAT
ONE unbreathed upon breathed of his own strength, other than THAT there was nothing else
whatever.

Trivedi [37]

Wendy Doniger | There was neither death nor immortality then. There was no distinguishing sign of night nor

O’Flaherty [36] of day. That one breathed, windless, by its own impulse. Other than that there was nothing
beyond.

Pandit RamGovind | 39 AT geg TaT 4T, H7AT fT F87 47, 7 A7 fag &7 9 o 767 971 arg -g=

T ATHTTATTT T =TT - WA -JFT F9eT Uh Fa&f T | ITd AfAaFd AT Fg Tar
qT |

Siddheshwar Shastri Chi-
trav [38]

RIS Jog  (FeIueq AToad g37) T9eqr sqafg  (tfaamer qany) siieara
ATHI=ZATH FEA TR AIAT. FATHIT AT ATTARS AT FET TR

Krishnananda [39]

Then there was neither death nor immortality nor was there then the torch of night and day.
The One breathed windlessly and self-sustaining. There was that One then, and there was no
other.

Hari Damodar Velankar
[40]

IT GHT T HG 9T; T AFAT o7 | IHT T&/1¢ 0T a7 famrawr ot 1€ =g 987 o139
AT (TTHTST ) AHAT &l qraar Afeqed T &1 9% {7 @=gre "rar=gard &7v
TET IT | 999 IqT T AIE T I 9T T & A&

Sayanacarya [41]

TIFTET FTqHETTT gevaeaTd 9 UF

Table 3.5: Contemporary Interpretations: Verse 2 of Nasadiya Siikta
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Let’s looks at few select verses (=) from the hymn no (10.72) of Rgveda (R7a=Td e
FET 3. 90.93):

— T I ToH AAT: dq ASaqT |
A ATHT: A AN aq IAHIS: TE || GG 90,193 .3
o STOr AT T SATEIT: SASATI |
e Tar: ASTI AT I Afafd: TE ) FHIAT 90.93.¢
- I 34T: AS: iAot § AT AfqEd |
;T T JoAAT IT AN T JAIMAT N FIIT 9093 .§
T *4T: Fqd: ToT a1 Afg=q |
AT TG AT Tom T4 ATAAT || FIIE 90,1929
AET AT Afed: T FAMaT: a=a: T |
A9 IT U AL TIT AT N FIGE 90,93 .5
The big picture is captured in Figure (3.5). It eventuates the sequence of creation of
the universe.
Initially (this is expressed by TATET S=H TIT in verse 10.72.3) the universe was not
manifested (Asat = 37qqQ).
Form ‘Asat’ the manifested form of the universe, that is (Sat = dq) got created (AT :
A ASTAT ).
Form Sat = & all the three worlds came in existence namely Dyu (), Antariksa
(sr=af¥er) and Parthiva (ITRe).
From the Water (Adah Salile = =15 dfeter from 10.72.6) emerged the eight sons of
Aditi (Astau Putrasah Aditeh - 378t g3e: ffe: from 10.72.8). These are:

1. Surya (g%)
Bhaga (\77)
Martanda (FTAT0S)
Vivasvana (faaeamT)
Mitra (=)
Aryama (379HT)
Savita (gfadT)

8. AnSu (377Y)
Out of these eight, seven went to Devah (Z4T:) as per 10.72.8.
Aditi establishes Martanda (ATATUS) in Antariksa (S7=aTar).
It is important to notice the similarity between Martanda (ATaTs) and Mrtyu ()
Martanda (HT9TU) creates time (t) or Kala (®1e7). The moment time is created it
embarks upon the concept of beginning and end. This is because what has start, it has
to have end. This is the creation of Dvandva (57%) pair Mrtyu and Amrta (Feg ATfor
).
Martanda (ATATUS) also makes the earth rotate around it and this creates Dika (ﬁ?\ =
space).

Ny P

o This is in line with the concept of space-time put forth by Einstein.
e Martanda (ATATUS) imparts gravitational force that binds the Jagat (S7Te).
e From Vivasvana (feaear), Vaivasvata Manii (39 #7) and subsequently other

human beings (AT W=T) gets created.
From Vivasvana (fga&a1+) also Uttanapada (3FIT4) is generated. This has its roots
in the Antariksa (37=af¥er) or upward direction and its leaves and fruits in downward
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direction, that is Parthiva (9TR¥&). This nomenclature of Uttanapada CEISELD)
from verse 10.72.4, is similar to ‘(E‘ﬁ'ﬂ?«l‘ ::9mEH)’ from (15.1) of Bhagavadgitﬁ
(TR TAT) or Asvatthavrksa (eI ger) from (1.14.7) of Rgveda.

e Form this Advatthavrksa (37g=Jg47) all the plants and other beings get generated.

e The sequence is as follows: Unmanifested form (Asat = 278) - Manifested form (Sat
=Hq) - Dyu () - Antariksa (er=af¥ar) - Parthiva (Imf¥) - Water (Salila = &)
- eight sons of Aditi (Astau Putrasah Aditeh 3TSt TamH: 3tfed:) - (1)Strya () -
(2)Bhaga (¥T) - (3)Martanda (ATATUS) - (4)Vivasvana (faaear) - (5)Mitra () -
(6)Aryama (375HT) - (7)Savita (FfaaT) - (8)Ansu (3779) - seven went to Devah (34T:)
- Martanda (ATETUS) in Antariksa (37=af¥&T) - Creation of time (t) or Kala (FTeT) -
Creation of Dik (f&& = space) - Creation of gravitional force - Creation of Vaivasvata
Mani (F9eq #) and subsequently other human beings (TS ¥=T) - Creation of
Agdvatthavrksa (37g=Jg47) and all the plants and other beings.

T ITAT: A&: Tohda: Arera:- This description fits in with the earlier interpretation. The day
(37%:) and night (T again form a duel pair (§7%). The distinction of night from day
occurs because of Martanda (ATATUE) in Antariksa (37=af¥er) which makes the earth revolve
around it. This symbol (¥&d:) of distinction did not exist as Martanda (ATaTU¥) also did not
exist in Pre-primordial times. The lack of distinction between day and night also indicates
that there was no time-keeping (THITUIAT), since time itself did not exist.

dd Tah:- After telling good account of what did not exist before, this is for the first time now the
author of the hymn (FFa&1T YT) describes what existed then! Well, it was that ‘one’ and
only one! That ONE:

e In Parthiva (9Tf¥) world it is beyond any duel pair (§75) and hence is ‘Nirdvandva’

(=)
e In Antariksa (37=f¥er) world it is beyond any dual pair (&) and hence is ‘Advaita’

().
e In Dyu (3]) world it is beyond any double pair (%) and hence is ‘Advaya’ (37g%).
That ONE is also being indicated by four ‘Maha-Vakyas’ (F&T - 1)

1. ‘Prajianam Brahma’ (J57T=T &) from Aitareya Aranyaka (Tq¥3 SATYUT®) essentially
describes that one unified ultimate Caitanya (I9)

2. ‘Aham Brahma Asmi’ (37& #& 71&7) from Brhadaranyakopanisada (FE=T70d&I1R)
also decribes going beyond dualism by the word Asmi (37f=T) and unison with that
one unified ultimate Caitanya (IT)

3. ‘Tat-Tvam-Asi’ (8 - @# - %1T9) from Chandogya (FT=17F ITF9F) also decribes
union by the word Asmi (37f&T) with that one unified ultimate Caitanya EFa=)

4. ‘Ayamatma Brahma’ (37FHTeHT §7&T) from Mandukya (RT9gH YY) again describes
the same one unified ultimate Caitanya EFa=)

&gagr:- This is the most appropriate adjective to that one! That ONE is not dependent on anyone,
therefore it is does not need anyone else to form a pair or either duel or dual. The existence
of that ONE is through self-kernel and there is no external support system (A1) that
is needed. What does that ONE do with this self-power is discussed next.

AT AaTa:- This is yet another adjective of that ONE that did exist at pre-primordial times.
Apart from this ONE, no one else existed! But the present description of that ONE may
sound contradictory or impossible. 3@ means to breathe, but this breathing is extra-
ordinary. Can we breath without oxygen? Of course not! But that ONE can! 3TaTd means
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without a7 or a1y (air) or JTurary (air). That ONE breathes with self-power without any
air. That ONE does not require any medium for breathing and that is why only that ONE
existed then. Everything else in this Jagat (S7Tq) is of duel/dual (8§75 ar ) form and is not
comprehensively independent. Everything in the physical world is interdependent. Ether
depends on the radiation and space-time depends on ether for example. This is why none
of this existed at pre-primordial times. Here the question is how that ONE could breathe
without any medium? This can be answered scientifically as follows:

Ajagat Kala (3T<7Tq &TeT) Jagat Kala (ST #TeT)

Aperiodic
Energy

Resonance
OOOTOOO o
> Standing

Wave
Power signal with infinite period

ctro-Magnetic Wave Propagatio!

Let’s understand this from the signal processing perspective.

In Ajagat Kala (375T7Tq. &TeT) only that ONE existed, no one else

This ONE is a periodic power signal with period = oo

Such signals have finite power (3Tf#) but infinite energy (FT)

They form standing waves which are stationary and can not transfer any power, thus

they retain all the power.

e Standing waves being stationary, they do not propagate and does not require propaga-
tion medium.

e This explains AT 27aTa part of that ONE.

o In standing waves the troughs and crests, that is nodes and antinodes, they often collide
and thus have excellent correlation.

e This correlation causes resonance. Since o undergoes resonance, it results into ‘Big-
Bang’ or (AET - T¥FhI).

e The ‘Big-Bang’ or (F&T - 9f¥&®hI<) converts Power signal of ONE into Energy signal
of many.

e Energy signals have finite energy, but zero average power.

e These waves require medium to propagate. For these energy waves time-space also
gets created.

e In Jagat Kala (ST &Te7) thus, all the transformations are governed by energy propa-
gation.

e For energy propagation, electro-magnetic waves are formed.

o In electro-magnetic waves, electric and magnetic fields - which are perpendicular or
orthogonal to each other- are combined for energy transmission.
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This is how T AT in context with the ONE gets explained.
TEAT A~ T¥::- Apart from that ONE with finite power and infinite energy
7 fe= T =1m:- Indeed, nothing existed

p ) Thus Verse-2 of Nasadiya Siikta GRS {d) can be summarized as follows:

afs, At Pre-primordial times;

T 7Y EFITFﬁ_c[, There was no mortality;

T BTFiT-i', Neither was there immortality and the conflicting pair,
thus no Martanda (H'I_ci'i'u_ér);

T =T A&, There was no day and night;

T Idd: BTWﬁH:, There was no space-time to mark it;

S8 Q?, There existed only that ONE with finite power
and infinite energy;

AT AT AT, That ONE with the self-kernel could breathe
without air, through standing wave;

TETT AT I feas 3TH, Apart from that ONE and only one;

g fFaT T o1, Indeed nothing else existed.

(1)Dyu () Bhaga Mitra Aryama AnSu
. () . GED) . (1) &) @
Strya Vivasvana Martanda Savita .

@ (ST (Frars) (@ferem)
Vyakta = Sat
me;e:?[ . =f Space + time (t) EZ)Antari)ksa
B Dik fe= + Kala (FTeT

Uttanapada

Vivasvana

(EELCIED)

Vaivasvata Manu

@Fg=T 77) -
Plants
Avyakta = Asat +
(T = ) . Other
Unmanifested Human Beings

=

(R olie BD|blle) DIPY JO SUOS 8

Beings

Figure 3.5: Creation of Universe as per Srstyutpattisiikta (10.72) of Rgveda
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Drawing correspondences: Verse 2
This verse presents one of the most fundamental principle based on which the other theories can be
based. This is verse in which for the first time the Rsi (3f¥) has given clear account of what existed
at pre-primordial time. What existed is beyond realms of any kind and hence is truly extra-ordinary.
This is captured by F9IT AT T
e The concept that neither mortality existed nor immortality truly brings in the concept of
Martanda (ATAT0S).
e Because of Martanda (ATdTU), the day and night gets symbolized and marked, that also did
not exist.
Thus, in a very profound manner the enlightened seer has brought out the concept of time (t).
The concept of space will be brought out in the next verse, however it is implied in time here.
Now comes the most important part captured by T=3T ATHIA AT
That ONE that did exist is truly extra-ordinary and the same is captured here.
This Jagat (ST) or the physical world around us is full of energy transfers.
In Pre-primordial times, before this physical world came into existence that ONE breathed
without any air by virtue of its own special power.
This special power is ‘Periodic Power signal with period 7, = o’.
e This forms a unique standing wave for which even nodes and anti-nodes are at o locations.
e Standing waves are the waves which do not propagate and hence are also termed as Stationary
waves.
e Standing wave pattern is a vibrational wave pattern.
e It can not be just coincidental that Swami Vivekananda has used word ‘vibration’ to describe
this extra-ordinary phenomenon! [27].
e The remarkable things about this standing wave is, for any standing wave to occur interference
between two waves in needed, here these two waves are embedded in that ONE and only one!
e While getting manifested one becomes Sat and other becomes Asat, for example.
e Standing waves do not transmit any energy
e The importance of this standing waves lies in the fact that while vibrating, the oscillations
coincide with the frequencies and the nodes and antinodes are perfectly matched.
e This leads us to phenomenon of resonance!
e It is this resonance that eventuates into ‘Big-bang’ or (F&T - ¥®Te). This will be explained
subsequently.
e Here, it is important to note that the seed for ‘Big-bang’ is sowed in this verse!

— Bharatiya Kalaganand. Since we have discussed how Martanda (ATdTUS)
created Mrtyu (F<9) and effectively ‘time(t)’ (Kala = @TeT), and that got manifested into ‘Space’
(Dik = fa®), let’s discuss Bharatiya Kalaganana (qT¥a = &TaerorAT) here. Bharatiya Kalaganana
(MTTAT &) is so profound that it also gives us good estimate of time since The-Big-Bang
or HET - If¥ - ThI<.

e In order to understand Bharatiya Kalaganana ({T¥eT= &TeAITorIT), we need to put the units
in place first.

e We refer to first Amsa (379T) of Visnu-Purana (Fsor - 9777T) to set the units in place.

e The 19" Sloka (&T#) from chapter 3 (T 3T=41H) of Visnu-Purana is as follows:

o TS VAEEHTV fToaaT H%&qaT S[aH |
fgraTearTrT=aTt geEvafaatT g oo fasy- g 3 .90
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e This Sloka (&%) clearly states that 1 Manvantara = 8,52,000 years. But these are ‘Deva-
Samvatsaras’ (9 H§aed¥) or ‘Deva-Varsas’ (I a¥)

e Now, the 20" and 21" Sloka (&) from chapter 3 (FeT= =1<=T9) of Visnu-Purana is as
follows:

o Forchreg=g q¥IIT: HweaTaT: qeaT fgsr |
qAYEET=aT fAgart= aam= | fasy- g9 3 .20

o faurfaeg draTir wrersTafy®: faar |
T g[d ATgNacaiga | fasy-ger 3.39

e From above two verses, 1 Manvantara = 30,67,20,000 years (30 crore, 67 lac, 20 thousand).
These are human years!

e Thus, (30,67,20,000 - 8,52,000 = 360) is the conversion factor.

e Therefore, 1 Deva-Varsa = 360 Siirya-Varsa

e Let’s now put together Caturyuga (Ig4T) in terms of Deva-Varsa (39 -d¥)

Yuga (F), Deva-Varsa (39 -d¥) Sirya-Varsa (3 -a¥);
Satya/Krta (8¢ at &a), 4800 17,28,000;
4 { Trea Gam), 3600 12,96,000;
Dvapara (879%), 2400 8,64,000;
Kali (&), 1200 4,32,000.

e Thus, 1 Caturyuga (IqI) = (4800+3600+2400+1200) = 12,000 Deva-Varsa @T-av)

e Therefore, 1 Caturyuga (IgI) = 12000 x 360 = 43,20,000 Sirya-Varsa (3 -q7)

12,000 divine years (Deva-Varsa) = 4 Yugas = 1 Maha-Yuga = 43,20,000 human years

The 18" Sloka (&T#) from chapter 3 (e 34T of Visnu-Purana is as follows:

FIIIMUT AT AT daaia: |

Heg=q¥ HAT: &TA: AT F g7 || fasr-gemor 3 .92

e Now, as per 18" Sloka (&) from chapter 3 (T2 =1<=TT) of Visnu-Purana, 1 Manvantara
(H=g=a¥) is little more than 71 Caturyugas (a‘@‘éﬁ). This little more is the Sandhikala
(@feerahTeT) and is captured by term ‘Sadhika’ (&TfT = & rfaehm) in this 187 Sloka.

e Now, 1 Carana (F79r) = 1200 Deva-Varsa (39 -a)

e [et’s calculate Kalpa (&) now.

e 1 Kalpa (&) = 1000 Caturyugas (Ig3) = 1000 Maha-Yugas (98T - J37) as per Visnu-
Purana (farsg - g7707)

e 1 Kalpa (&) includes 14 Manvantaras (F=a=¥) + the closure of Sandhikala (Ff=aTeT).

e 1 Manvantara (A=a=a¥) includes 71 Caturyugas + the closure of Sandhikala (Ff==Ter).

e . 1 Kalpa (®=7) = 14 x 71 = 994 Caturyugas (Ig4ir) + the closure of Sandhikala
@fersren).

e This indicates the closure of Sandhikala (Ff=T&TeT) should be of (1000-994) = 6 Caturyugas
(I = 6 Maha-Yugas (F&T - Z3) — (a)

e Let’s confirm this!

e As per Visnu-Purana (fasiy - 4777), 1 Sandhikala (Af=a&1er) is of the duration of Satya
Yuga (e F7) = 4 Caranas (I707) = 4800 Deva-Varsas (39 -q¥)

e This Sandhikala (f==TeT) is the transition phase and happens after every Manvantara
(@=g=a¥) and also before and after the first and last Manu (57).

e There are total 14 Manvantaras (F===¥), and .. 15 Sandhikaala (Ff=&TeT).

e Thus, TOTAL Sandhikala (Tgor feqarer) = 15 x 4 Caranas ().

e -, TOTAL Sandhikala (T&vr &f=arer) = 15 x 4 x 1200 Deva-Varsa (3T -a¥) = 72,000
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Deva-Varsa (39 -3Y)
e .. TOTAL Sandhikala (T&ur qf=aahter) = (72,000/12,000) = 6 Caturyuga (IgET), .- 1
Caturyuga (IgI) = (4800+3600+2400+1200) = 12,000 Deva-Varsa (39 -a¥)
e This matches with (a)!
e Thus, 1 Kalpa (&) = 1000 Caturyugas (ﬂ‘cﬁ:ﬁ) =4,320,000,000 solar years!
We will subsequently show that these calculations match with estimate by Plank (incorporating
Hubble constant) and the rough estimate for the time since The-Big-Bang (H&T - 9f¥ - TRI€) is
~ 13,799,000,000 solar years!

Now, let’s examine verse-3 of Nasadiya Sikta.

Nasadiya Sukta - Verse Number 3
The third verse along with the anvaya (37=9%) is as follows:

.. RkNo. 3 ..

—_— =0

- I

oGy

| | | . 1 . o
o TH HTHITHAT [emHIU SHhd Al HAAT 387 |

TeoIATied TRTETTEETHETHEAHA | 20.939 .03

o AT - TH: | AT | GHAT | oxm | 3 | AWSHT | AfASA | 9 | ATz | 8 |
T2 | Ay | Afwsfed | I | ATHIG | GO | a9 | AfgAT | ASET | TEA
90-33% -03

e =Ty - d®: = UnManifested | 31|'|'Fﬁ?[= existed | HET = darkness, obscure | e =
enigmatic, unfathomable, camouflaged | =73 = At primordial times, beginning of the creation
of the universe | 3T¥s&a = Incomprehensible | Ffeer = moving entity, water | §& | g9 =
All this | 3IT: = existed | T=J=T = empty or void | T = moving entity, water, immense
power | FTTsfET = covered, concealed | I | @ = this and that | ST = existed | TIH:
| FTEAT | 3T9T=a = Born out of greatness of penance resulting in energy amplification and

transformation | T&H Il = Undifferentiable 90 -93% -03

=

Following Table (3.6) provides the views and interpretations of these 15 scholars on verse 3 of
the present hymn.

— Proposed decoding of Verse 3. This according to us is the most difficult
verse to decipher. We will now look at every word and try and decipher it towards one unified
interpretation. The attempt is to blend the spiritual view with the scientific view and show that
they have huge overlap and commonalities.

Here, it should be noted that the first two verses (F=T) of Nasadiya Suikta (FTH&r= gaa) discuss
the situation at Pre-primordial times. Now, verses 3-4-5 will discuss the Primordial time. This is
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Comparative Interpretations of scholars on Verse 3 of Nasadiya Sukta

Name of the interpreter

Interpretation

Vivekananda [27]

At first in darkness hidden darkness lay, Undistinguished as one mass of water, Then That
which lay in void thus covered, A glory did put forth by Tapah!

Max Mueller [28]

Darkness there was, and all at first was veiled in gloom profound, - an ocean without light. -
The germ that still lay covered in the husk burst forth, one nature, from the fervent heat.

A. A. Macdonell [29]

Darkness there was at first by darkness hidden; Without distinctive marks, this all was water.
That which, becoming, by the void was covered, That One by force of heat came into being.

Raimundo Panikkar [30]

Darkness was there, all wrapped around by darkness, and all was Water indiscriminate, Then
that which was hidden by Void, that One, emerging, stirring, through power of Ardor, came
to be it;

Ralph Griffith [31]

Darkness there was : at first concealed in darkness this All was indiscriminated chaos. All
that existed then was void and formless : by the great power of Warmth was born that Unit.

Jamison & Brereton [32]

Darkness existed, hidden by darkness, in the beginning. All this was a signless ocean. When
the thing coming into being was concealed by emptiness, then was the One born by the
power of heat.

Geldner [33]

Im Anfang war Finsternis in Finsternis versteckt;all dieses war unkenntliche Flut. Das
Lebenskrige, das von der Leere eingeschlossen war, das Eine wurde durch die Macht seines
heissen Dranges geboren.

A. L. Basham [34]

At first there was only darkness wrapped in darkness. All this was only unilluminated water.
That One which came to be, enclosed in nothing, arose at last, born of the power of heat.

Wilson, HH: [35]

There was darkness covered by darkness in the beginning, all this (world) was undistinguish-
able water; that empty united (world) which was covered by a mere nothing, was produced
through the power of austerity.

Trivedi [37]

Wendy Doniger | Darkness was hidden by darkness in the beginning; with no distinguishing sign, all this was

O’Flaherty [36] water. The life force that was covered with emptiness, that one arose through the power of
heat.

Pandit RamGovind | & & Yo =TT (T AAT-FAT FG0T) F F=AHTT (T SAHIOT) G FAT

IT | T T 3T 9 ToAdqT (T ATaa) o7 | AfqerA T aeq & g7 95 qaATIr
AT=GH oT | TIEIT & T F Tal T ded Joae gl |

Siddheshwar Shastri Chi-
trav [38]

HAET T qHIATT AT YETWEfasd A9T aIHe =TT T6he STl aaeardr Jal
(DY) I A8 (T=5) AT=FIar &I

Krishnananda [39]

At first there was only darkness wrapped in darkness. All this was only unillumined water.
That One which came to be, enclosed in nothing, arose at last, born of the power of heat.

Hari Damodar Velankar
[40]

FiEF TF A= &7 A=aT & [dT 97 7 I8 977 fg Tomg g1ae 397 fwdra
Fr% A= wdi@ TEr &1aT 97| a8 WgHa aarer (AT ) 39 (F9) ¥ (39
) ATSFITET & AT 4T T AT-q¢ G TeH7TE Tar T aoa (STET) T Yhe
BT AT

Sayanacarya [41]

FIFAIRTO T TAHE TOTAEIT FF e

< kS

Table 3.6: Contemporary Interpretations: Verse 3 of Nasadiya Siikta
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the time when the universe comes into existence and the process and sequence of the universe

getting manifested in mentioned now.

T:- e This mention of time is different than the first two verses. The words ‘@&T=1" and ‘@&’
from the first two verses indicate the time which is Pre-primordial. When nothing
existed except that ONE.

e This word ‘313" indicates the primordial time. So this is the time of actual beginning
of the universe.

e This is that time when everything is still unmanifested, however now that ONE is to
become many!

e This is time just after the Big-Bang or #&T - 7Y =hie.

aH: ATdIa:- e Now this verse presents an account of how the manifestation happened and

what existed at primordial times.

Here word ‘@’ indicates lack of motion or 3.

Thus, ‘@7 essentially indicates the unmanifested form or the ‘Asat’ (9.

At primordial time what gets created first or what existed first was ‘Asat’! This is in

line with the earlier discussion, depicted in Figure (3.5).

From Asat (376<) what germinates is Sat (5).

A word of caution! It must be understood here, that Asat (3T8) only and strictly
means ‘Unmanifested’ and Sat (F) only and strictly means ‘Manifested’. These
words should not be misunderstood with the meaning of these words in context with
what gets used by Sankhya and Advaita schoolts of philosophies to establish the well
known doctine of ‘Sat-Karya-Vada’ (A - T3 -9T).

THET & 3¢ 99 AWad Aol AT::- e Here THET means Asat (378) or the darkness due
to lack of any motion (7Tfe).
e This Asat is again obscurely incomprehensible expressed by ez
e Now let’s decipher &fee. This word is derived from root ‘sal gatau = gatimaana
ho.ne’ or to become moving.
e Thus, &fee clearly depicts the Sat () or the moving physical world.
e This AfA however, is 3TW&d or non-differentiable as it gets camouflaged by the
darkness of Asat.
gfere is also ‘Mahattatva’ (Hg<ed).
e The word pair & T4 means the physical world.
e =T: is the Trtiya Purusa Ekavacana (qdﬂlq 7®Y Uaa=+) of root ‘Asa’ (319). It
indicates existence.
e Since the most fundamental movement is captured in water, EfeieT also means water.
Iq aﬂﬁ_—l‘ AT ATTTET ATHC a9 T qua: qfeqr Argd:- e Here word 91T indicated
water and essentially symbolizes movement in the Jagat (ST3Te).
e This 31 is the same 3 from verse-1 that did not exist at pre-primordial time.
e This 3T was covered up (3TTaf&d) by = or void. This §=9; is equivalent to Maya
(ATET) of Vedanta (3=T=T) school of philosophy.
e T here is different than ONE that existed at pre-primordial times. This T& is
in primordial time and is also called as ‘gapala Brahma’ (79«7 &) in Vedant and
‘Purusa’ (T®Y) in Sankhya philosophy. Whereas the ONE that existed at pre-primordial
time is ‘Turiya Brahma’ (4 F&7).
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e This T& performs Tapa (87) or radiates exceptional haet power.

e Because of the greatness of this radiation heat, the manifested Jagat (S7Tq) was born!
This is indeed in line with Figure (3.5), but this is also in tune with doctrine of ‘Trivrtkarana’
(Frgewor fagr=) given in Chandogyopanisada (FT=ITI{AYR) or its extended version
called ‘Paficikarana’ (T5T<0T) as per Paficadasi (T=&9m).

Thus Verse-3 of Nasadiya Siikta (ATHETT T&d) can be summarized as follows:

T, At Primordial time (beginning of universe);
[SESIX 33!T{=ﬁ_c[, There was Asat (Unmanifested world);
SEESHN ﬂﬁ ECy H?GF, All this was motionless, dark

and hence was obscure and incomprehensible;
qq @Wﬁ? srfafea, What illusionary void covered;
AR AT ad, the moving water was this;
aq Q?, This one is with finite energy;
qIE: HAfg" S19d, That world was born out of,

the greatness and depth of heat radiations.

Drawing correspondences: Verse 3
Let’s do this with reference to Figure (3.6).

;_% ’ I Primordial
) T Time o=
Pre-Primordial |- > . . EE)
Time aF (=) (W Fierer)
T
I Asat
T (=7E) (e
. T 4  Unmanifested =) Dual -~
1 Moving @Tfaeier)
@ 1
N I (T
SRR T )
qeg: T Covered (Camouflaged)
Ern I
AT +
& 4
A T
farseir) T
T . @a:
P Manifested ) )

Figure 3.6: Sequence of Creation of Universe as per verse-3 of Nasadiya Siikta in Rgveda

There is good clarity on the fact that this verse-3 discusses the primordial time. The first two
verses discussed the pre-primordial time when only ONE existed with its own kernel and it was a
periodic power signal with period being co. The time described in this verse is the time when the
creation of the universe actually begins. As per the sequence the first thing that comes into existence
is Asat (379Q).

This is perfectly in compliance with vivid theories which emerge out of Vedika literature (Ffa&
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argH). For example, Taittiriyopanisad (Ffa¥r=Tafavg) declares, ‘SHgr $THY ATHITAr
gaarga’, which means ‘Initially Asat (379q) existed and from that Sat () was produced’. We
have already stated this, but we reproduce it here once again to reconfirm appropriate understanding
of nomenclature.

A word of caution! It must be understood here, that Asat (3T9) only and strictly means
‘Unmanifested’ and Sat (5<0) only and strictly means ‘Manifested’. These words should not be
misunderstood with the meaning of these words in context with what gets used by Sankhya
and Adbvaita schools of philosophies to establish the well known doctrine of ‘Sat-Karya-Vada’

(A - HTH -AqTE).

Thus, what we wish to state it, this sequence of creation does not refute ‘Sat-Karya-Vada’ (9 - &1 -
a1%) and the context must be understood for clarity in comprehension.

Sat (F9) and Asat (379%) in the context of present Nasadiya Siikta only and essentially means
manifested and unmanifested respectively. Sat (8) and Asat (379 in the context of six philosoph-
ical schools of ancient Bharata (Y& Z3=) means being and not-being respectively. In context with
the cause-effect model (I &L 9TT) the effect can originate only from the cause if the cause
has that potential. For example, gold ornaments (effect) can be created from raw gold (cause with
potential), but not from soil (cause with no potential). Therefore, the doctrine of ‘Sat-Karya-Vada’
(T - &1 -aqTS) suggests that this world (being ‘Sat’ =being), could have originated only from ‘Sat’
(potential) cause. With good clarity on this, we now move on to see close connection of this with
evolutionary pattern with doctrine of ‘Trivrtkarana’ (Fr@ewvor fagr=) given in Chandogyopanisad
(FT=rTIIfE) or its extended version called ‘Paficikarana’ (T§&<T) as per Paficadas$i (Tg=3iT).

The concept of “Trivrtkarana’ is depicted in Figure (3.7).

o Fgemvurtagr= that is doctrine of “Trivrtkarana’ appears in Chandogyopanisad (FT=aTa{-vg)

o A Rsi (3fT) named Uddalaka Aruni (IETe< 3T=) states this

e The doctrine proclaims the srsti (F¥T) being created out of three fundamental entities (hence

Trivrt or f5raa)
e These are: ‘Teja’ (A=), ‘Jala’ (¥eT) and ‘Anna’ (37¥)
e Human beings (AT 9TUT) is made of 16 units which emerge out of the 3 fundamental, hence
is called as ‘Sodasakala’ (YIS9r&dT).
The mathematical details of “Trivrtkarana’ is expressed in Figure (3.8).

‘Trivrtkarana’ (frge®vor fagr=) as given in Chandogyopanisada (FT=RIATIYR) gets ex-
tended and becomes ‘Paficikarana’ (T5T&70r). The complete process of ‘Paficikarana’ (TFT&7r) is
given in detail in Paficadasi (T9&9T) [42]. The process is shown in Figure (3.9), which is taken as is
from [42] with slight modification by the author.

Thus, we conclude that the sequence given in verse 3 of Nasadiya Siikta is very much in
line with the theories proposed in ‘Trivrtkarana’ (Frge®or fagr=) from Chandogyopanisada
(BT=TT=I9fYe) and it’s extension, ‘Paficikarana’ (T5T¥0T) as per Paficadasi (T9=3T).

It is indeed a matter of logical conclusion to see excellent agreement between ‘Big-Bang-
Theory’ [1-3,20-23] and Nasadiya Siikta. This is neatly depicted in Figure (3.10), the imaginary
picture of The Big Bang used is taken from Wikipedia [19]. The sequence of formation namely
Bang (FaTe), Dark Ages (37/9), Big Bang Expansion ().

Hiranyagarbha

e We have now formed consensus on the fact that from Asat (379q), sat (§q) was pro-
duced. Taittiriyopanisad (Ffe¥=mafa¥g) in (2.7.1) proclaims: ‘39T TR ATHIAT T
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£ e fegr= =T
[ ‘N S — _a_rgw
U THAATGAIH 9q T AT | AT Tog
(Initially only that extraordinary ‘Sat’ existed) TEAT ThST
- J qaasT
v
( ' |
(That one became many by virtue of
L ‘Tksana’ that is 1T - fa=9Te - GaheT)

(“Teja’ heat was created)

e ~
1 <:
(Water was created)
\ J
e N
AT TR le
(Food was created)
\ J

Figure 3.7: “Trivrtkarana’ as it appears in Chandogyopanisada

gewraa’ and Brhadaranyakopanisad (F8aT¥va&afvg) in (1.2.1) proclaims: ““rag fF==mr
ATH g AaeqTgaaTeIa . This is captured by ‘THHET Tees in this verse.

e In this process the sequence is critically driven by Hiranyagarbha (fE¥v=nY), hence let’s
explore it more.

o ‘T UF GEWIGr aTq FEHATIRIA | TESHITGH I edammiT I | From Teja (37), Apa
(317) got created and from Apa (T7T) an egg shaped golden construct got created. This was
Hiranyagarbha (fg¥viny)!

e Hiranyagarbha (f§¥9=RY) removed the darkness from the water and that created Akasa
(JATHT).

e This Hiranyagarbha (f¥v=iT¥) is no differen than Brahmanda (F&T0%).

e The reason behind the creation of Brahmanda (§&IT9%) can be analyzed in four different ways:

1. Upadana Karana (39TeT=T &¥or=Root Cause): The Salila (8f@er = moving or 7rfaaT=
entity) that was born out of the ‘Tapa’ (@7) or the heat energy that emerged out of
resonance from that ONE which existed at Pre-primordial times.

2. Nimitta Karana (ffa=r #m¥or=Incidental Cause): ‘Kama’ (FTH=perturbation) as we will
see in the next verse.

lrgEfa. oo
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Guna ()

[ 1/2 Pfadhan Anna
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[+, 14 Guna Apa *@ )
[,’ 1/4 Guna Te]“a~ ]

E “1/4 Guna Teja 0
1 complete Teja ] [ 1/4 Guna Anna @t -

\_/\_/_///

i 1 complete Anna
(@ T 1)

(3 9T &)

1 complete Apa
(2 IO +T)

Figure 3.8: ‘Trivrtkarana’ Mathematics

3. Ripa Karana (¥7 @eor=Formal Cause): The very process of ‘Trivrtkarana’ (Fraemvor
fagr=T) as seen earlier.

4. Phala Karana (T &12or=Consequential Cause): The creation of entire universe thus
realizing g ST TSI
e Taittiriya Sruti (&&= 3(fa) in (6.2.2.5) - ‘T=imafad fe¥oani:’ confirms that Hiranyagarbha
(fevu=nT) is Brahmadeva (87&T<a) who created this universe.
e To explore more about Hiranyagarbha (f§¥v= i), there is a Stuikta (&) in Tristubh Chanda
(=™ &) by Prajapatiputra (TT9fa =) and Devata (F94T) is ‘Ka’ ‘(ka)’! Let’s explore
this more.

Stkta of ‘Ka’ Devata

In this hymn the word ‘Kasmai’ (=) is used with intended pun.

‘FEH FATT gfaWT fa9H is a question and also an answer!

For question &TsT & 7, the answer is 31T T &:.

Thus this ‘Ka Devata’ (# =9dT) is Prajapati (7ST9fa) = Sirya (%) = Tvasta (=) =
Vi§vakarma (fr=&#AT) = Atma (31TedT) = Hiranyagarbha (fg¥ven¥) = Suparna (997) =
Purusa (T%Y).

e The first verse (A= aT F4T) in this hymn (F%) is as follows:
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(@ TEIA)
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Figure 3.9: ‘Paficikarana’ as per Paficadasi

ferra T gHadanr yaeT STa: 9faid ATHI |
H?{W‘{ﬁrﬁmﬂﬁmaﬁéﬁwgﬁwﬁh | ST 90.939.9
Thus, Hiranyagarbha (f&¥v=in) was created first and then he created everything else.
e This Hiranyagarbha (f%TU'qTDi‘) gets manifested as Virata Purusa (faeTe g=W).
o T TTHIASIA IAT: AT FHIT TIHATTET |
T & AT ATGATT: 99q I T4 grear: wf zaT: | SHTIE 90.20 98 aT 9.96¢ .9

e This 90 .. is the well known ‘PurusaSukta’ (T&YgeT)!

e The manifestation of the entire universe is crisply given in ‘PurusaStikta’ (T&YHFT).

o TEGINYI J&V: TEHTE: HEAIT |
T e fa=ar g fases o IFRTaT 90.%0.9

e TG 90.%0.9 can be understood as follows: That ‘Purusa (%)’ or the Universal form has
thousand heads, eyes and feet (here thousand should be understood as innumerable). This
‘Purusa (T®¥)’ encompasses and pervades every piece of creation and yet extends beyond the
realms of the ten directions symbolized by ten fingers i.e. the entire universe!

3.3.4 Nasadiya Sikta - Verse Number 4
The fourth verse along with the anvaya (37=9%) is as follows:

.. Rk No. 4 ..

—_— =0

LT WG
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Big-Bang-Theory Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. Galaxies, Planets, etc.

Nasadiya Sikta (ATHET )

Figure 3.10: Primary Connectionism between The Big Bang and Nasadiya Stikta

o FIHEASY THAAATS HFET Y TIH qeTEli |
AT FeqFata fefama=fa gorsar &Gt F09T 1 90,932 o7

o ITT - F: | A | FU | H | Fgad | AT |\ FAE: 1 TT: |\ TIH | I | ATHI |
ga: 199 | wgfa | sfaet gfe owfasss & 1 9T 0 90-939 o7

e Y=Y - FHA: = radiance, perturbation | @ = that | 373 = at the beginning of the world
| & = union, conjugation | gdd = repeating, churning | =¥ = foundation, reference
place | #99: = mental, intellectual | I = seed, virile | T = foremost | Iq = this |
3=|TF|"1T-[ = existed | 9a: = manifested world, being | a'g = connect, relation | T|fT = at
non-manifested, non-being | fT: | =1fa&= = comprehended, figured out | Ef< = in heart,
soul | WfasTT = seeking | AT : = seers, sages, wise men | #-NT || = wisdom, intelligence
90 -93° -o¥¢

==

Following Table (3.7) provides the views and interpretations of these 15 scholars on verse 4 of
the present hymn.

— Proposed decoding of Verse 4. This according to us is the most important
verse to decipher. We will now look at every word and try and decipher it towards one unified
interpretation. The attempt is to blend the spiritual view with the scientific view and show that
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Comparative Interpretations of scholars on Verse 4 of Nasadiya Siikta

Name of the interpreter

Interpretation

Vivekananda [27]

First desire rose, the primal seed of mind, (The sages have seen all this in their hearts - Sifting
existence from non-existence). Its rays above, below and sideways spread.

Max Mueller [28]

Then first came Love upon it, the new spring of mind - yea, poets in their hearts discerned,
pondering, this bond between created things and uncreated.

A. A. Macdonell [29]

Desire entered the One in the beginning: It was the earliest seed, of thought the product. The
sages searching in their hearts with wisdom, Found out the bond of being in non-being.

Raimundo Panikkar [30]

In the beginning Love arose, which was primal germ cell of mind.The Seers, searching in
their hearts with wisdom, discovered the connection of Being in Nonbeing

Ralph Griffith [31]

Thereafter rose Desire in the beginning, Desire, the primal seed and germ of Spirit. Sages
who searched with their heart’s thought discovered the existent’s kinship in the non-existent.

Jamison & Brereton [32]

Then, in the beginning, from thought there developed desire, which existed as the primal
semen. Searching in their hearts through inspired thinking, poets found the connection of the
existent in the non-existent.

Geldner [33]

Uber dieses kam am Anfang das Liebesverlangen, was des Denkens erster Same war. Im
Herzen forschend machten die Weisen durch Nachdenken das Band des Seins im Nichtsein
ausfindig.

A. L. Basham [34]

In the beginning desire descended on it - that was the primal seed, born of the mind. The
sages who have searched their hearts with wisdom know that which is, is kin to that which is
not.

Wilson, HH: [35]

In the beginning there was desire, which was the first seed of mind; sages having meditated
in their hearts have discovered by their wisdom the connexion of the existent with the
non-existent.

Wendy Doniger | Desire came upon that one in the beginning; that was the first seed of mind. Poets seeking in
O’Flaherty [36] their heart with wisdom found the bond of existence in non-existence.

Pandit RamGovind | 9 -F9® TCHATCHT & A7 7 &H (T T $=97) IO gAT| I 99 -0 d1T
Trivedi [37] (Ieafaareor) fA&ar | gigamr 7, g & g, A9 A= &0 7 (991 #ea Afqaa T

Teg § faem a=g &7 vt - = et far

Siddheshwar Shastri Chi-
trav [38]

STRIT=AT AT JW w0 (G2 FATIgeT) Iooer Aefr. o5 T (3799)
faamstt afor gwor it (Aq) SSoaT &7 Ifgdr g9 g1

Krishnananda [39]

In the beginning desire descended on it that was the primal seed, born of the mind. The sages
who have searched their hearts with wisdom know that which is is kin to that which is not

Hari Damodar Velankar
[40]

I gEIT U, AATEdr JEYRT 9T 9ayH (GRS 97 #vaarer) &7 (55197)
AT ¥ 399 39 (TVHTeAA™T ) &7 ATHT of (g7 | Afauma o= #fad 59 Th1T A9q40
UTIATE TAIY EEAH & @IS T §H GOATT (S) & FATRT TLHTHTEH faeErT
7% g e "awaar fafgaesd s foram

Sayanacarya [41]

Table 3.7: Contemporary Interpretations: Verse 4 of Nasadiya Siikta
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they have huge overlap and commonalities.

Here, it should be noted that the first two verses (7=T) of Nasadiya Sikta (ATH&r= g&d) discuss
the situation at Pre-primordial times. Now, verses 3-4-5 will discuss the Primordial time. This is
the time when the universe comes into existence and the process and sequence of the universe
getting manifested is mentioned now. We would also like to mention that some of the critically
acclaimed researchers like [43] have ignored this verse stating that this is not in compliance with
the modern physics and science in general. This is indeed disheartening. We believe that this
is the most crucial clue in decoding the complete hymn and hence can not be either ignored or
neglected. Therefore, we present our analysis now.

;U:- e This mention of time is different than the first two verses and similar to the one in

verse 3. The words ‘@&T=" and ‘@f&” from the first two verses indicate the time which
is Pre-primordial. When nothing existed except that ONE.

This word ‘373 indicates the primordial time just like in verse 3. So this is the time
of actual beginning of the universe.

This is that time when everything is still unmanifested, however now that ONE is to
become many!

This is time just after the Big-Bang or H&T - Tl¥=hie.

Iq {99 ¥::- This refers to the mental seed of that ONE.

Here word A=79: or mental essentially means the inherent exact overlap of nodes and
antinodes in the standing wave.

e It must be noted that word ¥ can not be interpreted as semen or §ukra ().
o This is in our opinion gross error committed by many interpreters.
e In [26] for example, the author has misinterpreted this verse to such an extent that he

has ended up writing a complete volume on sexology.
This is phenomenon of creation of universe, truly extra-ordinary. Naturally, we can
not apply the theorems of ordinary realms to such an extraordinary phenomenon.

e Here, ¥a: only means the seed of the very creation in the making.
e This also lies in the vibrating and expanding nature of the standing wave.
YA ATHIA:- Initially existed. This is with reference to I #=&: ¥a:. Thus, it together
indicates that initially at the time of creation of the universe, first the mental seed existed
and the rest followed.

qefa s

:- This is the moment of truth in our work! This is the most critical interpretation and

if not done appropriately, then there is sanger of the complete work going on toss. Here,
there are two terms, let’s understand them:

= indicates the reference or the foundation for that. And ‘that’ here is 797 ¥
or the mental seed.

Now, comes the most critical one. Decoding and understanding the meaning of
‘Kamah’ (#19:).

e Here, ‘Kama’ (®TH) can simply not be the desire, let alone sexual desire of any kind.
e Most of the interpreters from Table (3.7) have used word ‘desire’. Max Miiller has

used the word ‘love’.
Rajwade [26] has given the most unacceptable interpretation and has written complete
volume on sexology.

e Let’s decode it appropriately.
e We interpret ‘Kama’ (&TH) as radiance or perturbation.
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e Please refer to the illustration given below.

Resonance I

Electro-Magnetic Wave

Power signal with infinite period

e As shown, in the ‘Ajagat’ (3T<TTe) stage, that ONE is a power signal with oo period.

e For such power signal to break it’s periodicity, equally strong perturbation is needed.

e The resonance builds it up to effectuate it into a strong perturbation or probe, which is
captured by the word ‘Kama’ (&TH).

e Thus, ‘Kama’ (f77) means perturbation or probe or disturbance, which breaks the
period and makes the original ONE signal aperiodic.

e The aperiodic signal is an Energy signal, which has finite energy and zero average
power.

e The moment power signal becomes energy signal, ‘Ajagat’ (37ST9Tq) stage becomes
‘Jagat® (ST9TQ) stage.

e ‘Jagat’ (S3Tq) stage is thus manifestation of energy and it’s propagation for transfer
and change of mode.

e This is the reason why Yaska (IT&#) claims only three important deities, which are
energy forms!

e ‘Sirya’ (%), ‘Indra’ (57%) and ‘Agni’ (37137 are all energy forms!

e That is why ‘Ajagat’ (37STTq) stage was Power phase and ‘Jagat’ (S9Tq0) stage is
Energy stage.

e A big enough probe is ‘Kama’ (&TH) which breaks the periodicity.

e Thus, ‘Kama’ (#1H) = the perturbation is the reason for breaking the periodicity,
converting Power signal into it’s Energy manifestation, converting ‘Ajagat’ (31S79Tq)
stage into ‘Jagat’ (ST9Tq) stage.

e In short, ‘Kama’ (®T¥) = the probe is the most fundamental Nimitta Karana (fFfa=r
&1 = Incidental Cause) behind creation of this Universe.

g =fgqd:- This clarifies the above concept further. A doubt may arise here, how ‘Kama’ (1) =
the perturbation gets generated? There has to be a logical explanation to this. The same is
captured in § Tqd = FHIA.

e Here word ‘Sam’ (%) means conjugation or union

e ‘Avartata’ (379dd) means repeatition or churning or gyration. E.g. ®@&&TaqT is
repeated recital of some hymn 1000 times.

e So, together ‘Samavartata’ (9add) essentially means @=TsTad. This is an adjec-
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tive of ‘Kama’ or the perturbation.
e ‘Samavartata’ (FHdqd) indicates that the ‘Kama’ or the perturbation got created out
of the unison within the standing wave, thus leading to resonance, which finally got
manifested into the giant probe which disrupted the periodicity of the Power Signal.
e This disruption resulted into the Big Bang or #&T - If¥ - Thl<.
Thus, the sequence of starting phase of creation of world (SRTEFSTATIN) is:

1. The ONE power entity with finite power and infinite energy.

2. Formation of standing wave with overlapping nodes and antinodes.

3. This leading to resonance and creation of ‘Tapa’ (@7) - ‘@ dIrsqdT .

4. This leads to strong perturbation converting power entity into an energy entity.

5. The energy entity has finite power - ‘THTsE TgdT".

6. ‘Tapa’ (@7) creating ‘Salila’ (&fereT).

7. From ‘Salila’ (8feeT) creation of the rest of it.
This concept of strong perturbation makes sense and can also be confirmed from second
Kanda (fesr +12), second Prapathaka (fesr g9Te=), nineth Anuvaka CELECEEIED)
of Taittiriya Brahmana (5= sT&7or) with word ‘Faa=a".

Faa: gfe garsg qwr Aefa==:- The seers, after striving very hard, could confirm this wis-

dom in their hearts, souls and minds!

e Here, the word f7fa=== indicates that this is a discovery!

e No discovery happens without striving hard and putting the brains together. This is
captured in ¥ ST

e T=INT is wisdom! This goes beyond just the integral knowledge or 1. This re-
confirms, that this hymn is of highest quality and describes the most ultimate that is
there.

e =T captures the hearts, minds and souls of these great Vedic researchers (dfes
HITH).

e That is why they are called as &&= :. Kavi from root ‘Kii’ indicates wise person.

So what do these wise men understood as an eternal wisdom is:
Fafa g T4:- The ‘Kama’ (FTH) = the perturbation is the first connect between Asat (=EQ)
world or non-existent world and Sat (5<) world or existent world.

e Asat (379q) world in the non-manifested world. This is the power signal. It has
infinite energy which is unmanifested.

e For this Asat (379q) to become Sat (A) or for the power signal to become energy
signal, a connect is needed.

o This first connect which spans unmanifested power signal to manifested energy signal
is ‘Kama’ (1H) = the perturbation.

e The power signal has infinite energy but only exists in potentia and that is why it is
unmanifested!

e This world is all about energy and energy transformations. Thus, this is the first
connect that helped in manifestation.

e This is illustrated as follows:
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Jagat

Resonance

.<>

Power signal Aperiodic Energy Signal
with infinite period I

p Thus Verse-3 of Nasadiya Stkta (AT &) can be summarized as follows:

3T, At Primordial time (beginning of universe);
gqq "H99: i‘d‘:, That mental seed of the ONE;
T SATHI, Which existed at the beginning
qefa &, is what became the foundation for;
the radiance or the perturbation;
quaad, which existed in unison with the seed;

eventually leading to resonance;
F|fq aq: a9, This Kama (perturbation) is the;

first connect between unmanifested and manifested;
FIT: I TS,  After seeking and striving hard;

in the hearts of the wise men;

q9T favfa==, This wisdom was discovered.

Drawing correspondences: Verse 4
The question here is how Kama can be interpreted as perturbation? Further to this, to break the
oo periodicity of the original power signal, what ensures that the perturbation or the probe is large

€nou
[ ]

gh? The answer to this question is ‘resonance’! This is neatly captured in FHaqd!
In modern science, resonance is a phenomenon in which a vibrating system gets driven to
oscillate with greater amplitude at restricted range of frequencies
The magnification in magnitude is closeness between system natural frequency and the external
excitation frequency.
These frequencies at which the response amplitude is highly magnified is known as ‘resonant
frequencies’.
At such resonant frequencies, a small periodic force can also produce oscillations with huge
amplitudes.

e This accounts to total vibrational energy.

Let’s recollect that Svami Vivekananda has used the term ‘vibration’ to describe the extra-
ordinary phenomenon captured in verse 2.

Let @y be the natural and wy be the input frequency.

Here damping coefficient 0 can be defined as:

(O

o=1—-
(COO

)? (3.33)

The resonance transmissibility is calculated as:

1
G = ——a7 3.34
’ (wA)’ |1_(%)2| ( )
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From equation (3.34), it is quite clear that when @y matches with @, it makes 6 = 0.
When 6 = 0, the resonance transmissibility |G(w4)| = oo

This phenomenon of |G(@y)| — oo is nothing else but The-Big-Bang or #&T - T¥EhTe!
This is neatly captured in Figure (3.11).

Resonance Transmissibility I

6
Envelope: 1/]1-(o, /o, )] @, = Natural Frequency
b 5=0 o, = Input Frequency
. Disastrous resonance when &= 0 for (V)A/(V)” =1
5 The-Big-Bang
] @ET-ufr-=we) 5=0.10,
44 ; ) .
Maximum Curve: : HIH: HHACC =
> b 1NT-(o0 1o ) 3
g __ A 5=0.150 £
__9 —_~ 3 . 0 8
g 8< o
E > 2
2 O) 1 5=0.20 S
© 5=0.50 ! %
[ 2 a
5=0.30, o
] 5=0.40,
1 4
0 T : 7 . T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
(uA/wO

Frequency Ratio

Figure 3.11: Resonance creating The-Big-Bang.

Nasadiya Sukta - Verse Number 5
The fifth verse along with the anvaya (37=99) is as follows:

..RkNo. 5 ..

—_— = O—————————

B I

oGy

o fazeiar faaar dfemvymay: fedarersgaf? feamrsg |
TATIT HTFHIEATT FTHETST Faeareqaia: T0Eara | 90.929 .04

o 37 - fov=fi: | fasaa: | e O | e | feEq | STETST | ST | =
ATHTST | Tq:59T: | ATHA | ATGATT: | ATAA | ST | @& | $Ffa: | o= |
30 -93% -o%
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o =Ty - fa¥==: = horizontal, across | fasda: = extended, far-spread | ¥f¥T: = ray of
light, cord, beam | TST = seeking, following, going after | 37s: | = | ATHTST = what (or
indeed) existed below or beneath | IT¥T | fF=g | AATHTST = What (or indeed) existed above
or upwards | ¥ATSHT: | HTHT = The seed bearing Prakrti (7&fa) existed | AfEATT: | A8
= Might and power of Purusa (T®¥) also existed | &9T = the inherent self-power | ATEITq
= before | y=fa: | 70 T Il = Manifestation afterwards 90 -93° -o4

=

Following Table (3.8) provides the views and interpretations of these 15 scholars on verse 5 of
the present hymn.

— Proposed decoding of Verse 5. This verse provides the clues in an ex-

tremely subtle manner. This verse not only brings clarity on the necessary Dvaita () between
Purusa (&) or gapala Brahma (319t &&T) and Prakrti (S@ﬁ-r) or Maya (HT14T), but it also
strengthens the doctrine of Satkaryavada (AchTadT®).

Here, it should be noted that the first two verses (F=T) of Nasadiya Stikta (FTH&r= g&d) discuss
the situation at Pre-primordial times. Now, verses 3-4-5 will discuss the Primordial time. This is
the time when the universe comes into existence and the process and sequence of the universe
getting manifested is mentioned now.
fa=f::- This should not only be interpreted as horizontal. We interpret this as transverse or

one that goes beyond or across.
Tf¥::- This means the ray of light, chord or the beam. This is that essential connect between the
seed and the actual manifestation!

The word Rasmi (¥f¥7) is arguably the most important word of this verse.

In the earlier verse that it was clearly mentioned that the perturbation eventuated into
the seed which converted the power signal into an energy signal. This is essential for
the further manifestation.

In the previous verse it was mentioned: ®HEEAGY FHIAANE HAAAT Id: TIH
TETHI | Whose mind (%) could this be? This has to be that of Hiranyagarbha
(fE¥vTmY). The journey from eternal to ephemeral happens through connect. This
interesting connectionism is brought out by the word Rasmi (¥f¥#).

e Carl Segan refers to Hiranyagarbha (f§¥v=ny) as ‘Cosmic-fire-ball’!
e From Table (3.8) it can be seen that various researchers have used different words to

describe Rasmi (¥f¥#) including: cord, ray of light, spark, 9T3TT, = ec.

This in a way confirms our hypothesis that the word in manifested through various
forms of energy signals. For these signals to propagate the medium is essential.
Word Rasmi (Zf¥#) establishes that connect and thus confirms the transverse energy
mapping.

If =g AT 79Td is the cause behind The-Big-Bang (W8T - If¥ - ¥h1e), then
the word Rasmi (¥f) actually captures the very phenomenon of The-Big-Bang
(TET - I -Thle).

Rasmi (¥f¥) is clearly the indicator of The-Big-Bang (A&T - 9f¥ - /1<) and hence it
is not inappropriate to state that The-Big-Bang-Theory (8T - 9% - &hie - fagrd) was
first stated clearly in Nasadiya Siikta.
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Comparative Interpretations of scholars on Verse 5 of Nasadiya Sukta

Name of the interpreter

Interpretation

Vivekananda [27]

Creative then became the glory, With self-sustaining principle below. And Creative Energy
above.

Max Mueller [28]

Comes this spark from earth, piercing and all-pervading, or from heaven? Then seeds were
sown, and mighty power arose - nature below, and Power and Will above.

A. A. Macdonell [29]

Their ray extended light across the darkness: But was the One above or was it under?
Creative force was there, and fertile power: Below was energy, above was impulse.

Raimundo Panikkar [30]

A crosswise line cut Being from Nonbeing. What was described above it,what below?Bearers
of seed there were and mighty forces, thrust from below and forward move above.

Ralph Griffith [31]

Transversely was their severing line extended : what was above it then, and what below it?
There were begetters, there were mighty forces, free action here and energy up yonder.

Jamison & Brereton [32]

Their cord was stretched across: Did something exist below it? Did something exist above?
There were placers of semen and there were powers. There was inherent force below, offering
above.

Geldner [33]

Quer hindurch ward ihre Richtschnur gespannt, Gab es denn ein Unten, gab es denn ein
Oben? Es waren Besamer, es waren Ausdehnungskrifte da. Unterhalb war der Trieb,
oberhalb die Gewihrung.

A. L. Basham [34]

And they have stretched their cord across the void, and know what was above, and what
below. Seminal powers made fertile mighty forces. Below was strength, and over it was
impulse.

Wilson, HH: [35]

Their ray was stretched out, whether across, or below, or above; (some) were shedders of
seed, (others) were mighty; food was inferior, the eater was superior.

Trivedi [37]

Wendy Doniger | Their cord was extended across. Was there below? Was there above? There were seed-
O’Flaherty [36] placers; there were powers. There was impulse beneath; there was giving-forth above.
Pandit RamGovind | #TT- o7& T&Y (MTHT) Io0H | AfGAd (WF) Ioqe 5| I (A1&ATAT) &

FE -FATT &AT I0AT (1 AT F97) Fqe goaT | 9 =47 (3797) HaET AT FAT
yafa (MTEaT) sraferd g |

Siddheshwar Shastri Chi-
trav [38]

T AT ST AT &T 90T (TF9) \TAITET a4 ATSAT THIAT. T STATI ]
FTET YTT 99T (TATUT) BT HIST STAT. a7 AT Squied Afdshs ATr ima
(vgfq) Ieiiehs 9T,

Krishnananda [39]

And they have stretched their cord across the void, and know what was above, and what
below. Seminal powers made fertile mighty forces. Below was strength, and over it was
impulse.

Hari Damodar Velankar
[40]

T STSAATAT a7 [ad® 8167 J99 AT g7 9T | |7 Jg (TATHA ) A 7 317
FIT AT YET 9T? (9% 999F & VN s &7 79T oY I9er AT feqar)
YT HF FEAATAT TEIATT a7 g ST AT AT (TS0 - 90 97 g faumer
(SHa=T) & g | 6T Tfed T o 3T ygiawted 39« 77 (FI7) o7 |

Sayanacarya [41]

Table 3.8: Contemporary Interpretations: Verse 5 of Nasadiya Siikta
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Carl Segan mentions this Rasmi (¥f¥#) as ‘Fibre of Space’! It is baffling to see the
similarity.

fade::- This refers to Rasmi (¥f%) being extended or spread out or diffused. This it clearly
states the diffusion of the solar rays as energy transverse mechanism.

uNT:- This indicates the act of seeking again in connection with the energy transcendence.

3TH: ﬁa—c[ aTITﬁ‘&_c[ :- This means What (or indeed) existed below or beneath.

I ﬁﬁﬁ[ BHTH'ﬁ‘ST-[ :- This means What (or indeed) existed above or upwards.

The above terms describe the scope and extent of Rasmi (¥f¥).

This same cord or 9T indeed exists above as well as below.

The words 214 or below and 3T¥T or above should also be understood from the
perspective of Uttanapada (STTTIT) or Advatthavrksa (3rgcgar).

For this ASvatthavrksa (379cq4T), the roots or the cause is above and the expansion
or the effect is below.

It is then this Rasmi (¥f¥) that connects the two and formalizes the cause-effect-
relationship (FTI - &I - HTT).

YqredT: AT~ This means the seed bearing (F1T9=) Prakrti (T&fd) or Maya (ATHT) existed.
afEaTT: ATE-:- This means Might and power of Purusa (T®¥) or Sapala Brahma (19«7 58T)
also existed.

The above two terms describe exactly how the effect (F) in the form of the universe
got manifested.

For the Advatthavrksa (37g<ga7) mentioned above, the roots are in the form of the
seed which is captured by #ET ¥ in the earlier verse.

e From these roots how the universe gets created is the question!
e This important question is answered using the expansion of the same themology

mentioned indirectly in the first two verses. This themology is of:

1. Dvaita (97) in the Antariksa (37=T¥T) - complementary dual

2. Dvandva (75 in the Parthiva (9TR®) - contradictory duel
The Dvaita () or the complementary dual needs to be bound by the connecting link,
the Rasmi (¥f¥) again!
The part that becomes ¥aTSHT: is the Prakrti (T&fa) or Maya (AT4T). From the signal
processing perspective, we call this as the mother Wavelet function or y(.) function.
The part that becomes afEaT=: is the Purusa (%) or Sapala Brahma (I19<T sT&).
From the signal processing perspective, we call this as the father Scaling function or
¢(.) function.
This will be explained in detail in the subsequent chapters in the context of Satkaryavada
(AcTIaT), starting with the robust Sarhkhya (8T%7) philosophy, ultimately culmi-
nating into Advaita Vedanta (378 a=T=T) philosophy.

YT ATedTa gqta: 9veara:- This clearly states that the inherent self-kernel existed before
and that created the rest of the manifestation. This ¥4 is sometimes what is popularly
given nomenclature as ‘Brahma-Deva’ (F&T -%9) in the literature. From there starts the
manifestation of the universe.

e Here &99T is the inherent self-power or the self-kernel! This is also explained from its

mention in the previous verse.

e Sayanacarya (ATIUITETH) has given Mimarhsa (FTHTET) as: ‘SaATHA MTITI=:" 4
e The word ¥&fa captures the multi-fold manifestation!
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This all can be summarized in a diagram as follows:

Cause (FTYT)

Tirascino Vitato
(favfeqr faaan)
Rasmj (Tz+T)
(D

N

Cause-Effedt-Relationship

(T - HTLI(- 9T

v

Effect (&#TT)

Here we end our direct interpretation of verse 5 of Nasadiya Siikta by summarizing it.

Thus Verse-5 of Nﬁsadfya Siikta (ﬂ'l'Flﬁ'q' gad ) can be summarized as follows:

=T ﬁ_d_c[:, Across got extended;
W, the seeking cord or the ray of light;
T ﬁ-_cl'f[ BTl'ﬁTSF[ ,  This is what (or indeed) existed below or beneath
I ﬁ?‘c[ ATET S, This is what (or indeed) existed above or upwards;
IATSHT: ATE, The seed bearing Prakrti (ﬁ?ﬁ'l‘);

or Maya (HTHT) existed;
qfgHTT: AT, Might and power of Purusa (T&¥);

or Sapala Brahma (19T §&]) also existed;
YT AT, The inherent self-power or self-kernel;

existed before (in time);
Tt EESSSIGH The Universe Manifested afterwards

g ATEE T &

Drawing correspondences: Verse 5

From the perspective of drawing correspondences, this verse is the most important one according to
us. In fact, this verse takes us on the lines proposed by one of the greatest minds of the last century,
Albert Einstein!

Einstein was trying to figure out, in this constantly changing world (Tf¥@a=r=r §9T¥.... as per
& r), what is it that remains constant or unchanged? After years of observations, cross-validating
those with the laws of physics and by virtue of performing several experiments, he came up with
interesting answer. According to Einstein, in this constantly expanding and changing world, what
remains unchanged is the speed of light! The speed with which the light rays or Ra§mi (Tf¥#) travels
is what remains constant. Therefore, the energy mapping in the universe, the transverse mass-energy
conversion and relative moments can only be mapped by keeping Rasmi (¥f¥%) as the central theme.
Is it not mind blowing, that Rsi Paramesthi (¥ 97#T) already knew this! This great sage was not
only able to envisage this, but he was also able to put this in practise! In this verse he clearly states
that the same sun-rays transcend and are responsible for mass-energy conversion, conservation and
balance. In modern era, we call this as ‘The Theory of Special Relativity - by Albert Einstein’!
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Theory of Special Relativity by Albert Einstein:

Year 1905 is probably the most interesting year in the history of modern physics.

Before Einstein ‘time’ and ‘space’ were considered to be distinct, uncorrelated and separate.
Similarly, before Einstein ‘mass’ and ‘energy’ were also considered to be distinct, uncorrelated
and separate.

By bringing these then seemingly uncorrelated entities together, Einstein could carve out a
niché!

First the concept of 4D space-time was phenomenal.

e On the top, by connecting energy and mass with famous equation E = mc?, Einstein could
complete his theory of special relativity.

of Relativity and introduced £ = mc

— The famous E = mc?. In 1905, when Einstein proposed his Special Theory
2, very few people could comprehend it. In that sense,

Einstein was truly ahead of his time. It was only when in 1919, series of experiments were carried
out at Geneva and the theory was finally proved by inference. We will see the quick intuitive
proof of this famous equation and connect it with verse 5 of Nasadiya Sukta.

where,

The crux of this proof lies in the principle of the constancy of the speed of light.

The speed of light in a vacuum has the same constant value c.

This ¢ of Einstein is captured by Rasmi (¥f¥) in this verse 5 of Nasadiya Siikta.

E = mc? is derived directly from Special Relativity.

Because of ¢, mass can be turned into Energy. This is the essence of the manifestation and
expansion of the Universe.

379 feaq AT ST = Energy E.

;e ATET ST = mass m.

One was of understanding the Special Relativity is the mass changes with speed!

In our day to day activities the speed is so low, that the mass change goes unnoticed, it
exists though!

The following equation specifies by how much mass increases with reference to speed:

m— o (3.35)
(1=v?)/c

mp, mass of stationary object;
m, mass of moving object;
v,  speed of velocity of object;
¢, speed of light.
Thus, as an objects travels faster, its mass appears to increase
The kinetic energy of moving objects is give by,
1 5

KE = —my

> (3.36)

Now, if v is very low in equation (3.35), then increase in the mass gets accounted by ~ mc?.

The total energy, taking into account the Kinetic Energy and mass change can be written as
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1
E ~mc* + Emv2 (3.37)

For any body with zero speed, the equation reduces to E = mc? as the Relative Kinetic
Energy reduces to zero.
Thus, for any non-stationary body, the total energy will be given as,

m02

m= ——— (3.38)
(1—v2)/c?
This is an equation of an Energy and talks about the energy with potential in the form of

mass m.
Nuclear atomic stations, Nuclear weapons are the best examples to see this equation is use.

Nasadiya Sukta - Verse Number 6
The sixth verse along with the anvaya (37=a9) is as follows:

.. Rk No. 6 ..

SV o —

ol

N

o FT Hgr 4% & & ¥ dI=chd HIWIAT Fd T4 fagie: |
FATTEAT FeT faAstaarar &7 I3 98 FTE 0 20922 o8

e AT - @ |AGT 195 | & 158 |IT 1= | & | ATS@r 1 Fa 1537 | fagiE:
AT 1 ZGT | T | faEqsi |97 1 AT V& 1FE 1 TT I ATT 1T Nl 90-93° -0f

e T - & = who, what | 35T = certainly | & = knows | & = who, what | & =here | ¥ =
about which | =T = being spoken | T = how, whence | SATSITAT = produced | FT = how,
whence | 99 = this | fagf&: = Multifold manifestation | 37917 = after | FaT = Gods | 37T
= abode, becoming | fa&Si= = creation | 9T = no? | ATIT = Then | & = who, what | 3§ =
to know | I = the place | 3Tq = beginning | ¥9 |l =to come into being 90 -93% -0%

Following Table (3.9) provides the views and interpretations of these 15 scholars on verse 6 of
the present hymn.

— Proposed decoding of Verse 6. This verse most certainly pushes the entire

discussion towards Advait Vedanta philosophy (3T8d I&T=d TwaaT).
Here, it should be noted that the first two verses (F=T) of Nasadiya Suikta (FTH&r= gaa) discuss
the situation at Pre-primordial times. Then, verses 3-4-5 will discuss the Primordial time. Now,
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Comparative Interpretations of scholars on Verse 6 of Nasadiya Sukta

Name of the interpreter

Interpretation

Vivekananda [27]

Who knew the way? Who there declared Whence this arose? Projection whence? For after
this projection came the gods. Who therefore knew indeed, came out this whence?

Max Mueller [28]

Who knows the secret? who proclaimed it here, whence, whence this manifold creation
sprang? - The gods themselves came later into being. - Who knows from whence this great
creation sprang? -

A. A. Macdonell [29]

‘Who knows for certain? Who shall here declare it? Whence was it born, and whence came
this creation? The gods were born after this world’s creation: Then who can know from
whence it has arisen?

Raimundo Panikkar [30]

Who really knows? Who can presume to tell it? Whence was it born? Whence issued this
creation?Even the Gods came after its emergence. Then who can tell from whence it came to
be?

Ralph Griffith [31]

Who verily knows and who can here declare it, whence it was born and whence comes this
creation? The Gods are later than this world’s production. Who knows then whence it first
came into being?

Jamison & Brereton [32]

Who really knows? Who shall here proclaim it? - from where was it born, from where this
creation? The gods are on this side of the creation of this world. So then who does know
from where it came to be?

Geldner [33]

Wer weiss es gewiss, wer kann es hier verkiinden, woher sie entstanden, woher diese
Schopfung kam? Die Gétter kamen erst nachher durch die Schopfung dieser Welt. Wer
weiss es dann, woraus sie sich entwickelt hat?

A. L. Basham [34]

But, after all, who knows, and who can say whence it all came, and how creation happened?
The gods themselves are later than creation, so who knows truly whence it has arisen?

Wilson, HH: [35]

Who really knows? who in this world may declare it? whence was this creation, whence was
it engendered? The gods (were) subsequent to the (world’s) creation; so who knows whence
it arose?

Trivedi [37]

Wendy Doniger | Who really knows? Who will here proclaim it? Whence was it produced? Whence is this

O’Flaherty [36] creation? The gods came afterwards, with the creation of this universe. Who then knows
whence it has arisen?

Pandit RamGovind | Y@ ToF & &I A9AT & ? FT Iq6T 0T &7 7 T5 ¥ &7 IO &w 7 552

faer fafesr sroor & o fafay gfegr g2 F9ar @07 & gfEar & S9=07 3094 g0 7 |
FET T G¥ g€, J§ AT AT & ?

Siddheshwar Shastri Chi-
trav [38]

aq 97 &7 wa@er (fa|r) Fumaree A @ Seue ST, § Arver Atue faererT
() T G0 Ided ? Fq grE=Ar FEE=ay Ie0 qroedr @i 8 qa ATar.
T &g faTer, & #or s ?

Krishnananda [39]

But, after all, who knows, and who can say Whence it all came, and how creation happened?
the gods themselves are later than creation, so who knows truly whence it has arisen?

Hari Damodar Velankar
[40]

T FE &I FEAT £ 7 TET S g5 TOL EGH gqT G072 FE quSr gy fmeer
IEIH £% AT FEE AT ) T 3T §F a4 (AHE ITT AT qHaE & 7 | R
ar, feaa o gfe faair g8 99 feaa s faar 872

Sayanacarya [41]

Table 3.9: Contemporary Interpretations: Verse 6 of Nasadiya Siikta
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verses 6-7 raises interesting questions and builds intuitional model of the universe.

@I TGr 9< &:- This means, who really knows or comprehends? A very interesting question is
raised here. The questions leads our interpretation towards ‘Atma-Jiana’ (31T - §TT7T) or
self-realization!

e Know it, to know it.

e No it, then no it.
One who understands and comprehends the self-soul (STIETeAT) and realizes that it is no
different than the Supreme-soul (F¥HTHT) only knows! This is the crux of Advait Vedanta
philosophy (g 9=~ T<aH).

& g% warad:- This means who can talk about it? Well, only the one who knows and comprehends
can talk about it. This takes us to the four Mahavakyas (IT¥ HETaTaH).

RgVeda- ~
Aitareya Upanisad Prajfianari Brahma YajurVeda-
(FTaT - (ST =T 1) Brhz{(vlﬁrunyaka Upanisad
T M) Y, (g -
FESTIUASH IT(TTT)
_ 4
Ayamatma Brahma Aharh Brahmasmi
(FFTHTHT 57T ) (T8 FEITsteT )
-
Atharva Veda-
Mundaka Upanisad SamaVeda-
(CREIEEE Tat-Tvam-Asi Chandogyopanisad
qUsH IIVR) (T - - AT ) HET -
CARARIEIEREY)

e Prajfianarh Brahma (I3 &7 |) appears in RgVeda - Aitareya Upanisad - (3.3) (F7a<
- Uq¥T IIYR). It is the concept of that ONE becoming many. The first two chapters
of RgVeda- Aitareya Upanisad (F7d5 - Ua<a 399g) talk about the creator and
multi-fold manifestation of the same soul.

e Aharh Brahmasmi (378 F&ITST |) appears in the YajurVeda- Brhadaranyaka Upanisad-
(1.410) @ 9% - AL ET 3I9fAYE). This establishes the true nature of Brahman
through dialogue between Gargya (TT7%) and Ajatasatril (TSTA9T).

e Tat-Tvam-Asi (3 - & - AAH |) appears in SamaVeda - Chandogyopanisad - (6.8.7)
ATET - Fr_rara-vg). Itis the ultimate knowledge given by Uddalaka (IgTa&)
to his son Svetaketii (FTHd).

e Ayamatma Brahma (37FHTcHT 8T ) appears in Atharva Veda - Mundaka Upanisad -
(1.2) (319 3T - gus& II9F). Upon insistence of Maharsi Vyasa (A&f¥ &19),
his son Suka (31%h) gets this preaching from King Janaka (XTSIt &<#). This philosophy
emphasizes on being Brahma-Conscious always.

e This is the very essence of Upanisadas (ITf9g:).

o These four statements are the ultimate truth, per say.

Fq ATarar:- This means who is the creator of this universe? This question has been answered
in depth already, let’s quickly recap that.

e That one which is referred to be creator of the universe is called upon by various
named.

e ‘Prajapati’ (7=Tafa), ‘Ka’ (% ==«r), ‘Hiranyagarbha® (fg7vamnT), ‘Brahmadeva’




3.3 Nasadiya Stikta - Deciphering the Hymn 79

(F&T<9) are the various names of it.

e This creator of the universe is also the one who sustains it and eventually destroys it

for the next new creation.

Saint Jiane$vara that is why says ‘@d H@ETS ATE qTT TGATEE || <.

This creator has self-inherent-kernel-power captured by ‘Svadha’ (FaHT).

This ultimate is called as ‘Parabrahma’ (9¥51&]) or ‘Paramatma’ (TTHTHT).

The nature of this ultimate is captured by the IITfa®= of YajurVeda- Brhadaranyaka

Upanisad (A9d% - FEI0TH IYR):

qUHEE: JUITHE JUcduHe=ad | T TUHTETT TUHaTE arsad |

This Almighty is called as $3T as per I§avasya Upanisada E¥ImaTer 39f9T).

EUTATEA AT 99 Ifcws SRTCAT ST | O cad = {SireT 7T 9 & (g7 .9

Here, S9mam& = §97 + #(rared. This, Ultimate spans the universe inside out, in its

entirety!

Fa 9 fagfe::- This means how the multi-fold manifestation of the universe took place from
that one? This is an extremely important question and once again it indicates the framework
proposed by the Advait school of thinking. The ‘Sarga’ (&37) as per Advaita Vedanta
(37g F=T=) philosophy is extremely comprehensive, all-encompassing and seamless. The
essence of that can be expressed as shown in the Table (3.10) below.

e In the seed form (1T =7), the Sarira (¥¥17) is Karana (HT7), Avastha (7€) is

Susupti (FYfT) and Kosa (F1¥) is Anandamaya (ATH=<HT).

In this seed form, the being at individual level (Vyasti (37sT)) is Prajfia (ITgT).

Also in this seed form, the being at universal level (Samasti (F5T)) is I§var (£7).

Similarly, all the forms and corresponding multi-level manifestation can be understood.

The five level Kosa (&) system is as depicted in the diagram below:

Annamaya
Pranamaya
Manomaya
Vijiianamaya

Anandamaya
(ET=HT)

SqTear =7 faawi=a:- This clearly states that ‘Deva’ (% = Gods) are born much after the
creation and multi-fold manifestation of the universe!

TUT &7 9T T AT T:- Therefore (as the Gods are much after the Universe), who really under-
stand the journey from beginning (3T¥) to coming into being (4a)?
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o This verse very clearly states the temporal sequence of evolution.

e The above question is extremely critical and we again need to take help from Advait
Vedanta philosophy (37& I=T=T a<a3T) to uncover this.

e First we need to understand that this is undoubtedly ‘Satkaryavada’ (qer&dars) and
there is no element of ParinamaVada (If¥ormaaTe).

e This is because the Jiva (3), Jagat (FTq) and JagadiSa (STT<IaT) - they all be-
long to different states of Satta (F<T) as per Satta-Traya (F9T - %) doctrine of Adi
Sankaracarya (3ATfe SravT=TH).

e This Satta-Traya (8T - F9) doctrine is depicted in diagram below:

Satta (8<T)

~ ) -
Parmarthika Jagadisa Pratyagatma (Fe3TTeHT)
[CIBGUPED) Paramatma (T¥HTHT)
\_/—\

Vyavaharika Jitatma (SfraresT)
(EETIRTH) Jivatma (sfrareaT)
Pratibhasika e
Anatma (TFTcHT)
(CUGENGED) J
[lusionary ~

e The question arises here: Why this verse explicitly mentions that Deva (&) were born
much after and they can not know how the universe came into existence?
e The answer of this important question lies in Advait Vedanta philosophy (37ga J&T=T

aTagT) yet again.
e This can be understood from the Anyonyadhyasa (I=IT=4T=ATH) as given below:

DA: TEId ATHRI=ETET DC: zeif= ‘o Iqe=

[ Mahakasa (HgT&TIT) ]— P —— Brahma (F&7) ]1 \

Ghatakasa (ST=hTT) ]— === == Kitastha (F&er) ]4 N

{
[ 1
[ Yalakasa (FeTTT) ]— ------ i -[ Jiva () ]& ol ,/'
[ {

I§vara (317) ]A T

Abhrakasa (STsTaTT) ]— leoooce

Here we end our direct interpretation of verse 6 of Nasadiya Siikta by summarizing it.

Thus Verse-6 of Nasadiya Siikta GRS {&d) can be summarized as follows:
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I AT 9T F, who really knows or comprehends?;
F TF g9, who can talk about it?;

G ATSITAT, who is the creator of this universe?
dd = ﬁ'ﬂﬁ.‘:, how the multi-fold manifestation;

of the universe took place;
Faedr 3T faasTa, ‘Deva’ (89 = Gods) are born;

much after the creation and multi-fold manifestation;
STIT & 98 Id 3MaYa,  Therefore, who really understand the journey;

from beginning to coming into being?

yasa (ST ")

(Indian) is also referred as Veda-Vyasa (3 - =3TH) for his contribution in structuring and classify-
ing the Vedas. Because of his dark complexion, he is also referred as Krsna Dvaipayana (T
Z9T9). He was son of Parasara (7%T97¥) and Satyavati (F=afad). He created so much literature,
that the saying became popular - FTHI=EE A TaH L

Form | Symbol Sarira Avastha | Kosa Vya§ﬁ Samagﬁ
&7 | @faw) | @E7) (FT=T) | (FV) (=%Y) (FHEY)
Bija O Karana Susupti | Anandamaya | Prajiia I$vara
GLED @ | @3 | G | (T &)
_ o Vijiianamaya . Sttratma
(Amku)ra . (Suky)nd 2;2_3;13 (e ) (lel JaS;i (TR
o O © Manomaya \
(=) or
Pranamaya Hiranyagarbha
(ITITHT) (ESSEUED!
Ropa "\J'L Sthiila Jagrti Annamaya Vai§vanara | Virata
(TTT) (BIT) (Fmyfa) | (r=EE) (F=TT) (fme)

Table 3.10: World Manifestation as per Advaita Vedanta

Drawing correspondences: Verse 6

e This clearly indicates that the initial condition are extremely important to determine the future
behavior.
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e The ‘Deva’ did not know the initial conditions and therefore, they may not be able to model
the initial states.

e This clearly suggest a strong correlation with the ‘Chaos Theory’.

e Within the apparent randomness, the complex chaotic pattern unfold. One way of capturing
this is through the self-similarity. In the subsequent chapter we will show the self-similar
structures, useful in such mapping.

e Conventionally, scientists believed that all the natural processes can either be deterministic or
non-deterministic.

e The third category is needed, when small change in initial condition may bring out catastrophic
change in the prediction model.

e Chaotic behavior exists in many natural systems, like weather and climate for example.

e The definition is give in [18] as follows: “In continuous time dynamical systems, chaos is
the phenomenon of the spontaneous breakdown of topological supersymmetry which is an
intrinsic property of evolution operators of all stochastic and deterministic (partial) differential
equations."

e Mathematically it is captured as follows:

18Z(1)| ~ €62 (3.39)

e In Equation (3.39), t = time, A = Lyapunov exponent.
e The number of Lyapunov exponents is equal to the number of dimensions of the phase space.

Nasadiya Sakta - Verse Number 7

The seventh verse along with the anvaya (37=a) is as follows:

. RkNo. 7 ..

SV o —

LR W9

N

o 57 fagfedg syg A ar ar af ar 7
IT HEATAT: L ATHAT Ty 42 q@ ar T a2 I 90,932 09

o o7 - = (fagfe: 139 1w v FfToar gy FfEoar T oA e
A | TIH | AW | HT 1§ 198 1 FfE 187 1T 198 1 90-33° -0l

e =Y - T = this | fg9f¥: = Multifold manifestation | T = where | ;T | ¥F =
beginning to come into being | FfE | T = whether-or | T = to possess | If<T 1aT 1T =
whether-or-not | IT | 3T¥T = since, the abode | 3TTaT: = power to perceive | T7H = highest
| ST = heaven | AT = to conclude | 37§ = Indeed | 3T =to know 1 fg 1aT 1T 13T 1
= whether-or-not-known 90 -93% -o\9

Following Table (3.11) provides the views and interpretations of these 15 scholars on verse 7 of
the present hymn.
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Comparative Interpretations of scholars on Verse 7 of Nasadiya Sukta

Name of the interpreter

Interpretation

Vivekananda [27]

This projection whence arose, Whether held or whether not, He the ruler in the supreme sky,
of this He, O Sharman! knows, or knows not He perchance!

Max Mueller [28]

He from whom all this great creation came. Whether his will created or was mute, the Most
High seer that is in highest heaven, he knows it, - or perchance e’en He knows not.

A. A. Macdonell [29]

None knoweth whence creation has arisen; And whether he has or has not produced it; He
who surveys it in the highest heaven, He only knows, or haply he may know not.

Raimundo Panikkar [30]

That out of which creation has arisen, whether it held it firm or it did not,He who surveys it
in the highest heaven, He surely knows - or maybe He does not!

Ralph Griffith [31]

He, the first origin of this creation, whether he formed it all or did not form it, whose eye
controls this world in highest heaven, he verily knows it, or perhaps he knows not.

Jamison & Brereton [32]

This creation - from where it came to be, if it was produced or if not - he who is the overseer
of this world in the highest heaven, he surely knows. Or if he does not know... ?

Geldner [33]

Woraus diese Schopfung sich entwickelt hat, ob er sie gemacht hat oder nicht - der der
Aufseher dieser Welt im hochsten Himmel ist, der allein weiss es, es sei denn, dass auch er
es nicht weiss.

A. L. Basham [34]

Whence all creation had its origin, he, whether he fashioned it or whether he did not, he,
who surveys it all from highest heaven, he knows - or maybe even he does not know.

Wilson, HH: [35]

He from whom this creation arose, he may uphold it, or he may not (no one else can); he
who is its superintendent in the highest heaven, he assuredly knows, or if he knows not (no
one else does).

Trivedi [37]

Wendy Doniger | Whence this creation has arisen - perhaps it formed itself, or perhaps it did not - the one who
O’Flaherty [36] looks down on it, in the highest heaven, only he knows - or perhaps he does not know.
Pandit RamGovind | 7 =T gfear #&1 & g2, fFaw gfear fx, v fems 781 & - a7 @3 7 & 900,

TT Fd STHT IO 9TH F YEd & | AT 9&dT & f&, T 95 99 980 S09d 87|

Siddheshwar Shastri Chi-
trav [38]

aq 91 &7 mmnr (faar) S AT for, § S seetareT Seareaae
(ferva ) FeTfaa T 9, IYJET 99d9iE.

Krishnananda [39]

Whence all creation had its origin, he, whether he fashioned it or whether he did not,he, who
surveys it all from highest heaven, he knows - or maybe even he does not know.

Hari Damodar Velankar
[40]

Ta qyET giwar s i gor, e sqar (3fgyas) == & 41 987, 9% 919
ST §E START ST g SIH SIS ® TET & I9 Al G99 q0d ar ar 39
T §Te T &T

Sayanacarya [41]

Table 3.11: Contemporary Interpretations: Verse 7 of Nasadiya Siikta
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— Proposed decoding of Verse 7. This verse fascinatingly shows correlation
with the modern science. Drawing the correspondences with this verse is very critical and joyful,
both!

Here, it should be noted that the first two verses (F=) of Nasadiya Siikta (ATH== gaa) discuss
the situation at Pre-primordial times. Then, verses 3-4-5 will discuss the Primordial time. Now,
verses 6-7 raises interesting questions and builds intuitional model of the universe.
g7 fagfe: o 19 y:- This means, This entire universe which is filled up with multiple

worldly matters, it got manifested from that Supreme cause which created the effect.
gfe ar @ FfT ar 7:- That Supreme cause bears and holds this universe, or may be not!
IT TET ;Aer: TOH ATHT:- That 37747 or the Supreme creator of this Universe, who has its
abode way up in the heavens (heavenly abode) -
AT g 9% I a1 T a2:- May be only that Supreme creator understand this Universe, or may
be not!
e This clearly depicts the probabilistic nature of the Universe.
e The contradictory questions (Ff< aT ) also suggest the finitely infinite nature of the
Universe.
e In ‘Markandeya Purana’ (AT&vS= I2TT) the description of Balamukunda (AT <)
is given.
e From that seven-stage evolutionary pattern of the Universe can be mapped:
1. Candra (¥=%)
Prthvi (T34T)
Strya (%)
Brahmanda (F&IT0s)
400 such Brahmandas (&%) = 1 Dirghika (ZrfeaT)
5000 such Dirghika (Ff&rT)

7. The entire Universe (f=)

e These seven stages can also be mapped with the concept of Saptarsi (A=) as follows:

N fa > @I

Paficasarnskrti (TeEwh )

Surya Rsi Deva Danava Manava Vanara
GR) (&) &) (&) (AT @)
A A

y A A

N
( Atri l (Maﬁca 1 (Vasistha] ( Pulaha W (Pulatsya] Angira W ( Kratu

29 4

(@) ) i @) @ G @ @)
KA v v v v )
Candra Vayu Akasa Prthvi Teja Apa
) @) (aFTTT) () (@) (&7
J
Paficatattva (T5d<9)

e Atri gives us the moon and Marica gives us the sun.
e Form the remaining five, we get either Paficatattva (F79a<9) or Paficasarhskrti (‘ﬁ'ﬁ@ﬁl‘)
e For example, Pulastya is father of Visrava and grand-father of Ravana (X79) - thus
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he gives us Danava (8T979) lineage
e Vasistha along with Agasti was born out of ‘MitraVaruna’ and hence gives us Vayu.
e Angira obviously gives us Teja!
e This is how the Universe manifests!

p) Thus Verse-7 of Nasadiya Sikta (HTHE'T*T T&d) can be summarized as follows:

R Fﬂi’fﬁ‘: gq AT ¥4, This entire universe which is filled up with multiple worldly matters;
it got manifested from that Supreme cause which created the effect;
gfe ar &9 gfe ar -, That Supreme cause bears and holds this universe;

or may be not!;
T T e TN SJﬁTFI‘, That 3T=TaT: or the Supreme creator of this Universe;
who has its abode way up in the heavens (heavenly abode)-;
ar A g Ifg ar 7 3T, May be only that Supreme creator understand this Universe;
or may be not!

Drawing correspondences: Verse 7

This verse very clearly depicts the random or stochastic or probabilistic nature of the universe. This
gives us the clues in the direction of realms of quantum physics.

e The Nature is governed by the rules of ‘Quantum Physics’

e These rules are different than the rules of ‘Classical Physics’

e E.g. Fusion inside the core of the Sun! Or conduction in solids and semiconductors.

e Even if at Macro level for certain phenomenon the classical physics works, for nano-and-micro
level the Quantum physics works.

At the Sun core, most of the phenomenon happen due to ‘Hydrogen’!

The amazing correspondence between Hydrogen and Skambha Devata (F=T adT) should
be noted.

Spectrum of this Hydrogen Atom is an important entry into the quantum realms.

) T tube
Quantized 4 spots! Balmer’s Formulae
=
656.3 nm = 6563 A 2
A 4861 nm=4861 A | 18
I k 6.1 nm =486 v . X
n)
5KV F— 434.1 nm =4341 A 21
36
410.2nm =4102 A 32
J
~
i !
N Discrete Wavelengths! = %’ m=345.6..
H2 (Hydrogen) gas at
Low Temperature

e The Balmer’s Formulae showed great intuitive understanding towards the discrete wavelengths!
e Based on these observations Bohr came up with Model of Hydrogen Atom:

1. Electrons goes in circular orbits around photon in an atom.

2. There are some specific orbits which do not emit radiations.
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3. Angular momentum of electron about the proton is:

nh
{=_—=nh 3.40
e (3.40)
4. In equation (3.40), 4 is the Plank’s constant and n = 1,2,3, ...
5. When an electron changes the orbit, the energy is emitted or absorbed in the form of EM

(Electro-Magnetic) radiations.

Calculations 3.3 — Classical Physics. e Any accelerated charged particle, when in move-
ment, has to emit energy!
e The Potential Energy (PE) is give as:

62
= 341
dregr ( )
e The Kinetic Energy (KE) is give as:
1 2
KE = MY (3.42)
e The Force (F) is give as:
my?
F—mg— — (3.43)
’
|
Calculations 3.4 — Quantum Physics. e Stationary Orbits allow electrons to stay without
radiating!
e This is only a boon of Quantum realms!
e For the jump of n orbits, the Energy E,, is given as:
4
me 1
Ey=—|—F——T-]%x= 3.44
" [2 X (47r£0)2h] n? (3.44)
e Thus, for the jump of n orbits, the Energy E, is given as:
13.6
E,=——-¢V (3.45)
n



3.3 Nasadiya Stikta - Deciphering the Hymn 87

Eq, -13.6 eV;

E,, 34 eV,
The different Energy E values looks as follows: ¢ E3, -1.5¢eV;

Ey4, -0.85eV;

AE|,1:3H2, 1.9 eV;
e The energy difference gives us the conceptualization of ‘Photon’

Quantum Idea!!!

e Light has dual nature!!

e Wave form and Particle form!

e It is extremely important to note that in Antariksa (37=af¥er), the primordial deity (=TT
Z9ar) also exhibits dual nature.

It is Indra-Varuna (3= - &%) dual pair!

This can just not be coincidental.

The Indra (37%) is the particle form.

The Varuna (%) is of wave form.

The wavelength is given as:

hc

A= AE

(3.46)

e c is the speed of light.

Calculations 3.5 — Limitation of Bohr’s Theory. e One of the most serious limitations is,
it works only for single atom.

For more electrons, the Columbian nature vanishes.

Here, ions are needed to be created:

ze*

U(r)= ~ dneor (3.47)

where, z is the number of extra protons.
The energy is given as:

me* 72

= e (3.48)

Calculations 3.6 — Generic Formulae of Quantum Mechanics. e The generic formu-
lae is give as:

hz
—%vzw(?) +V(7).y(7) = Ey(7) (3.49)
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e The time-independent Schrédinger’s Equation will take following form:

P’y Py Iy

o2 9y a2

Viy = (3.50)

Asya Vamasya Suakta

The Asya Vamasya Sikta (379T aTH=T ) in devanagari (F9-1T<T) with Svara (F&7) marked is
as follows:

.. Asya Vamasya Siikta ..

CADo

OGS

1. FET FAET TfATET EIGETET ATaT TSTHT FEAE: |

FATET AT JAYST FEATATI9T fauafa Goag=g | 9.95¢ 09
2. g A=feq TaEaTHASr T qEfT FEAAT |

ERUEECE RO RN ECIRCICIN L i O B R
3. §H TYATT T G g9 gu9h g9 dEcE" T |

HF FEIT AT F g I Ay AEar ' A o0 9.95¢ .03
4, FT T TIH FTAATTHEE 2047 faifa |

YEIT FEETAT  fEear fagEgd memEad 10 9957 o0
5. I JeSTHT AAETaST=aTaIaT fHEar = |

ToH THASHT G =~ afedd 9T Haar 3 I 9.95¢ o4
6. urﬂ'i}mlrﬁ&@'rﬁa' Fdgsea faas 7 fagr

for aEaeanT wfewT s ' AT fEem 1 9957 ek
7. 5% Fdg 7 iy TEreT A T T

WS T gET AT WET afe TEET 38F TETT I 9.95¢ 00
8. FraT fravgd HT T drery weET |7 ff

AT FhieivET ffagT THE=T SgTaTEHg: | 9.95¢ .on

wﬁﬁﬁwmﬁgm I 9.95¢ .02
10. 'ﬁ(—ql Hldwllvwdlﬂi? Wmaﬁ‘ THE TATIET |

qe=raq fi?ﬁ‘ww 7% fa=fag aramfaafa=rg 1 9.95¢ %
11. mﬁgﬁgmaﬁ'ﬁﬁwﬁw |

HT TAT T FATEr 7 A g e e o0 ggne
12. wgwE faa? grewmstd o= ang: 9% ghf

) o - | ! fasl
FAH H I9¢ (a7 Gah TBT HEaad | 9.95¢ 93

(T e —
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This is 164" Siikta (F=T) in the first Mandala (Fv=eT) of Rgveda (79%).

This hymns is exceptionally cryptic and mystic.

This hymns has a hidden cryptographic sequence that needs to be understood to decipher this.
This can be achieved by using a special system of interpreting numbers.

This system is called as ‘Katapayadi Sitra’ (Feq9T(T g7).

The crux of this system is ‘S&T=T FTHAT ITfA: 1.

The following table depicts the numerical cryptic-code.

F-T-T-T= 1
T-3-F-T= 2
T-T-T-A= 3
T-T--T= 4
T-U-T-T= 5
T-T---T= 6
Z-T---T= 7
T-T---F= 8
HT-T---F= 9
H-T---8T= Oor 10

e For example the word 19 gets interpreted as 54 (F=5,a1=4)

o T IS T UH = | gets decoded as - @H=7, T = indicates multiplication, T = 72,
==k = circle with circumference of 2 X 7 = 6.283, unit is 2.5. Therefore, 7 x 72 x 6.283 x 2.5
=7915 gives average diameter of earth in miles. NASA has published it to be 7915.5 miles!

e This also enables in calculating distance between earth and sun, gravitational force of sun etc.

Devanam Nu Sakta

The Devanam Nu Siikta (FAT9T T &) in devanagari (FF-I0TT) with Svara (F97) marked is as
follows:

.. Devanam Nu Siikta ..

=D

BRI

|, TATEL T 39 I T =0 e
IR TEAAHY T: TIAEAL T Il 90,0930
2. FERPTEIETET § AT E‘GITH'HT-[_l
TAAT g7 GHT: TRATIT I 90,0193 03
3. T T FUAGHT: RATAT |
ALTAT FATI=T TGATIEETL | 90,0192 .03
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4. ST IATAIRT T HTAT FATA |
Hfedesl TTad =Tgleld: 9% 1| 90.093.0¢
5. miefaa=f-g &= a1 gfgar aq |

AT AT AT ¥GT HHATIT: | 90.093 oY
6. FEAT F: AT AT FAET |

FAT T TAATHET Aar TqTTT | 99,0193 0§
7. FEAT FAAT TUT YAATAqaT |

AT FYF AT ToR&AT FAATAT I 90,093 00
8. T TATHT e FaTE e |

TATHT 3T ASHALT: T9T ATAIISHIETT | 90,093 0T
9. gafir: pfefasy Sersd T |

qTd Head c_qq#Hiausmq"{—c[ I 90.093 0%

B ——

e This is also known as ‘sTfafa sTTe®¥= (biography of Aditi - mother of Aditya the Sun) or

TfeeT T AT (genesis of Aditya the Sun).

e The third hymn of this Stkta provides the sequence of creation of universe and it matches
comprehensively with Nasadiya Siikta.

e This Sukta also presents a very important concept of Uttanapada (3TT9R) tree.

e This also comprehensively describes the 8 Adityas (FT=TaeT).

Na Taa Minanti Sukta

The Na Taa Minanti Siikta (7 aT fa=if=r g=) in devanagari (Fg=1T4T) with Svara (F97) marked is
as follows:

.. Na Taa Minanti Suikta ..

—_— =0

. 7 ar faaf= g .

N

1. 7 &t o= arfaer 7 it gar gart g9\ T gartr |
T TR TgET AT T B At 1 3460
2. TIHTTHT Tl AT faedd aivgqT ITd #: |
iﬁ?ﬂ@ﬂ'(lbﬁ«g{cﬂ&_‘l‘iﬁﬁ'ﬁ_‘w I 3.04%.0%
3. BrarstedT AT e T 3e AT 9E g |
SHIF: Te0d qTaATar= ?ﬂj’ﬂT‘{i‘q‘ TESTATT | 3.045.03
4. AT FTET TEA A TEe T 1Hs 9% T |
TS HYA=T 24T QIS T SHTET I 3.04%.07
5. Fr wyet famrafe: adaEe HaET fFeuy aue |
HATE AT TS AT fEaT e ST I 2 .euE oy
6.%@:W@%W@%@‘a§§ |
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7.

ﬁvreﬁwmﬂ'wa#ﬁrmfwrerﬁiwﬁaw&'w 3.04% .08
BT fa=: dfaar givdfa woar fEmasm H’q‘rﬂﬁ‘ |
mﬁaﬁﬁﬁwﬁwﬁw I 3.04%.09

It is also known as Trisamkhyayukta Kitastkta (=TT deqa).
The word “Tri’ (f7) is used in a cryptic way here.
For example, in the fifth hymn, it describes I1a (§e5T), Sarasvati (A&« T) and Bharati (77e).

Summary

This chapter presented all the seven verses of Nasadiya Stkta (ATHETT T&).

After studying and considering all interpretations from scholars, a unique, novel, different and
original interpretation of the authors is presented.

The correspondences were drawn between these interpreted verses and the modern scientific
endeavors.

This chapter decodes Nasadiya Siikta systematically.

It clearly brings out that Nasadiya Siikta prescribes ‘Satkaryavada’.

Other important Stuktas are also referred and partially decoded.

Based on this, in the next chapter we perform the experimentation with two schools of thoughts
which promote Nasadiya Siikta, namely Sankhya and Vedanta.



Evolution of Sankhya Concepts
Sankhya school of thought
Signal Processing Perspective of Sankhya
Philosophy
Sarga as per Sankhya
Signal Processing Perspective of Sarga
Evolution of Vedanta Concepts
Relation Between ¢, v and Filters: Towards
understanding Maya
Haar MRA - Decoding Sarga and Visarga
Two Channel Filter Bank
Haar Wavelet
The Haar wavelet

L, norms of x(r)
Axioms of MRA
Theorem of MRA
Daubechies Filters

o -

4. Results: Sankhya and Vedanta

4.1 Evolution of Sankhya Concepts

Origin of universe has been a long researched and yet an open ended problem. The problem not
only brings in ‘connectionism’ at single layer but makes the whole framework multilayered. Every
single layer is sub-layered, thus making the very nature of the problem multidimensional. The
systematic scientific discoveries in the modern science and technology strangely and uniquely
correlates with Vedic optics. This creates a need and desire to dig deep to bring out such highly
correlated pieces [46].

One aspect of understanding the universe is through Energy mapping. It is a well proven concept
in modern physics that Energy can not be created and can not be destroyed [68]. This can be
related to the concept of I§vara (97) being attributed as Anadi (379Tf<) (something that can not be
created ) and Anamta (3797a) (something which can not be destroyed) in Vedas (3%) and Upanisadas
(1Y) [50]. The energy analysis takes us to deeper understanding of source of knowledge -
Sat-darSanas (Y& T9) !. Amongst these darshanas Sankhya (87%T) school of though by Sage Kapil
(&faeT) provides profound though.

As for the origin of the universe, there has been diverse opinions amongst thinkers of different
schools. While some uphold ‘The theory of Creation’, others maintain the ‘Theory of Evolution’.
Among the Creationists we have the Naiyayikas (F=T1fa=), the Buddhists - one of the Nastikas
(@1%) and the Nastikas (ATf&a#) or Nihilists. Among the Evolutionists the dominant schools are the
Vedamtis (3gTe) and the Sankhyas (AT%). Even today the thought process of trying to answer the
‘Origin of Universe’ is very relevant [47]. Though majority of these different schools of thoughts of
Indian philosophy provide metaphysical discussion, the physical forms can be logically understood
to be manifested from the very metaphysical principles [51]. This gets reflected in the modern
‘big-bang-theory’ experimentation at physical level as depicted in Figure (4.1) [49,69-71].

1Only Astika dar$anas (Wfi?l? T ) are considered here. Those which do not consider Veda @? ) to be source of
divine knowledge are beyond scope of this study.
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Historv of the Universe

Figure 4.1: Modern ‘big-bang-theory’ experimentation at physical level to understand origin of
universe

4.2 Sankhya school of thought

Amongst different branches of Indian metaphysics [53]:

e A-Sat-Karya-Vada (37 -d -#144T1) of Nastikas (ATf&T#) states that a non-existent world

has been produced from a non-existent cause

e And of Buddhists (31%) that an existent world has been produced from a non-existent cause

e The Abhava-Utpatti-Vada (304Ta - 3e9f< - aT%) of Naiyayikas (@Tf@r=) that a non-eternal

world has been produced from an eternal cause

e Vivarta-Vada (fqa@ a1%) of Vedantins (3=Te) that the world is a revolution, an illusory

appearance, of the one eternal reality, viz., Brahman

e Sat-Karya-Vada (H‘c[—m—aﬁ‘) of the Sankhyas (AT%) that an existent world has been

produced from an existent cause.

Against the theories of A-Sat-Karya-Vada (37 - & -&154d1%), Abhava-Utpatti-Vada (30479 -
Ieqf -aTe), and Vivarta-Vada (fged a19), and in support of their theory of Sat-Karya-Vada
(T - FT4 -a1), the Sankhyas (F7%) advance following arguments:

1. There can be no production of what is absolutely non-existence: e.g., a man’s horn

2. There must be some determinate material cause for every product. Cream, for instance, can
form on milk only, and never on water. Were it as absolutely non-existent in milk as it is in
water, there would be no reason why it should form on milk, and not equally on water.

3. The relation of cause and effect is that of the producer and the produced, and the simplest
conception of the cause as the producer is that it possesses the potentiality of becoming the
effect, and this potentiality is nothing but the unrealized state of the effect.

4. The effect is seen to possess the nature of cause, e.g., a coin still possesses the properties of
the gold of which it is made.

2
o WETHAT THHTTH FA-AT Wfddd: g |
FIOU FHTE fAUTTTE ATTINTET THETET || AT aRTCRT 94



94 Chapter 4. Results: Sankhya and Vedanta

5. Matter is indestructible; ‘destruction’ means disappearance into the cause.
Thus is the Doctrine of Sat-Karya (& - #T) established. This is depicted in Karika 9 (&f¥aT ©) of
I$varakrsna (£7&T) as shown in Figure (4.2).

The natural corollary from the above doctrine is the other doctrine of Parinama-Vada (Yo -
gT1%) or translation. It is the doctrine that, as all the effects are contained in their causes in an
unmanifested form, the ‘production’ of the effect is nothing but its manifestation, and that, as cause
and effect are essentially identical, an effect is merely a transformation or Parinama (7forme) of the
cause.

) apila Muni (&fTer 77)

(Indian: Estimated to have lived in 6 century BCE) was a great Hinddi philosopher who is
also a founder of Sankhya (8T%T) school of philosophy. He was considered as incarnation of
Visnu (fs). Kapila, states George Williams, lived long before the composition of the Epics and
the Puranas, and his name was coopted in various later composed mythologies. As per Bhagavata
Mahapurana, he was son of Kardama (F€#) Muni and his wife Devahuti (F=gfe).

Now, the question arises, whether the cause of the world be a single one, or whether it be
manifold. Following table (4.1) summarizes various opinions in this regard [52,53].

Table 4.1: Cause of universe: single or manifold

School \ Proclaimer(s) \ Cause \ Nature of Cause \
Naiyayikas ([9Tfa#) | Gautama (7r9) Parama-Anus (7¢H17) manifold (pluralism)
Vaisesikas (F9rfys) | Kanada (F0T2) Parama-Anus (77HTT) manifold (pluralism)
Sankhyas (AT%T) Kapila (Ffaer) Purusa-Prakrti (W—Q?ﬁr) Double-fold (Dualism)
Advaita (37T ) Vyaasa (3979 Cit-Tattva (ﬁlT-[— a<a) Unifold (Monoism)

According to Sankhyas (8T%), it is the Root, and is described as Purusa (T®Y), that in which all
things are contained, and as Prakrti (¥&fd) or Pradhan (F9T), the mother of things. The Sankhyas
(@T=) undertakes to declare and expound the successive transformations of the Pradhan (<)
down to Gross Matter, with the object of accomplishing the complete isolation of the Self from even
the most shadowy conjunction with the Pradhan (s<7T). The definition of Prakrti (&) is that it is
state of equilibrium of Sattva-Raja-Tama (<& - ¥=7 - @H), called three Gunas (f%rlIUT). The doctrine
of three Gunas (ﬁ'ﬂ'ffl‘) is the very foundation of Sankhyas (8T%7) school.

At the beginning of creation, there arises in Prakrti (¥&fd), Spamdana (F9&) or cosmic vibration
which distributes its state of equilibrium and releases the Gunas (FJUT) from quiescence. The
transformation of Prakrti (T&fa) are either prakrti-vikrti (W& - fa&fe), original or evolving as well
as modifications of evolute or vikrti (fFA&eT), modifications of evolute merely 3. How this all begins,

3
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Figure 4.2: A-sat-a-karanat, from the non-effectuation of the non-existent. Upadana-grahanat, from
the selection of material for the effect. Sarva-sambhava-abhavat, from the absence of production of
everything by every means. Saktasya, of the competent. Sakya-karanat, from the effectuation of the
producible. Karana-bhavat, from the nature of the cause. Sat, existent. Karyam, effect.

however, is the questions of importance as Sankhyas (AT%X) explains this with Pangu-Amdha Nyaya
(T3] - 379 =7 as depicted in Figure (4.3).

TEIET FAATY FASATT qGT TIHE |

- Wﬁmmﬂﬁaﬁﬂ.ll Rl

Figure 4.3: Purusasya, of Purusa. Dar§ana-artham, for the sake of seeing or exhibition. Kaivalya-
artham, for the sake of separation. Tatha, likewise. Pradhana-sya, of the Pradhana. Pangu-Andha-Vat,
like that of the halt and the blind. Ubhayoh, of both. Api, also. Samyogah, conjunction. Tat-krtah,
originated by that. Sargah, creation or evolution.

Sargah (|7T:) means creation or evolution. This karika (FTT¥&T) explains the reason for the
creation of the world, however this Pangu-Amdha-Nyaya (9 - 374 - =TT needs to be looked into
deeply to understand the logical reasoning as one meaning of Sankhyas (AT%) is logic. In the next
section we rigorously analyze karika 21 (®TT¥&T %) in the light of signal processing framework and
try and bring out a different perspective all together [52,53].

Signal Processing Perspective of Sankhya Philosophy

In this section we bring out signal processing perspective of Sankhya (dTg]) school of thought.
The signal processing perspective is out and out energy perspective. Under the realms of signal
processing scientists and engineers try and deal with finite energy sources. There is reason as to why
signal processing perspective was chosen to analyze Sankhya (9T%) principles and the motivation
lies in the very first sloka of Rgveda (F79%) [31,44,45,72]. ‘AUM Agnimile Purohitam....” (2%
wfiwfae gorfgan ..) the very first Sloka (&T®) hypothecates the availability of free energy in
space. This provides sohd reasoning to probe the Sankhya (AT%) logic to energy analysis. The
coincidental part is the very first karika (®TT¥@T) by [Svarakrsna (§=7&T) also presents an existence
of Coherent, Perpetual, dynamic and unmanifested space. This is shown in Figure (4.4).

o I WHfaY Afasfay 7eg o@m: g fq fagaa: a7 |
Nrewde] faarr T gaia faafd: 5T | A& T 3
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F zat |

|

b Y
\ Unmanifest
Coherent

Dynamic

Perpetual

Figure 4.4: Duhkha-traya-abhighatat, from the disagreeable occurrence affection or action of the
or counter-active thereof. Hetau, into the means. Drste, there existing visible or ordinary means.
Sa, the enquiry. Apa-artha, purposeless, superfluous. Cet, if it is said. Na, no. Ekanta-atyanta-atah-
Abhavat, Coherent, Perpetual, dynamic and unmanifest

Sarga as per Sankhya

As per Sankhya (7%7) school of thought, the objective world contains twenty-four Tattvas 4, namely:
Prakrti (&)

Mahat (F8Q)

Ahamkara (3T8&TY)

Manas (H+)

Five imdriyas of cognition (FT=g)

Five imdriyas of Action (FHTET)

Five tana-matras (=HT=T)

Five gross elements (75 A&T)

The Purusa (3%¥) is isolated 25" Tattva which does not take part in the evolution process,
however is Saksi (AT&T) to the entire process °. When cosmic vibration disturbs equilibrium state
of Prakrti (&'l?f'\a'), Rajas (Y7579 at once acts upon Sattva (87) and manifests it as Mahat (F8Q),
wherein Mahat (&) denoted Buddhi (g@‘). From Buddhi (g?ﬁ‘) springs Ahamkara (3T&&T¥) which
is literally the I-maker. The modification of Ahamkara (37&&T7) is twofold, as it is influenced by
Sattva (<) or by Tamasa (@T9#). The Sattvika (ATfwa®) modifications are the eleven Indriyas,
that is, the five Indriyas of Cognition (FT={g), viz. the powers located in Eye, Ear, Nose, Tongue
and Skin, the five Indriyas of Action (Elﬁﬁ,?l‘), viz. the powers located in voice, hand, feet, organs of
generation and organs of excretion. The eleventh is Manas (A+T), which is both power of cognition as
well as action. The Tamasika (T T&#) modifications of Ahamkara (T&#T¥) are the five Tana-matras
(@=HT=), viz. of Sound, Touch, Form, Flavour and Smell. They are pure, subtle or simple elements,
the metaphysical parts of the ordinary atoms of matter. The transformations of the Tana-matras

4
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(@HT=T) are the Gross Elements of Ether, Air, Fire, Water and Earth - the ordinary atoms of matter.
This entire process is captured in Figure (4.5).

Jita. A-Jia.
Knower, Non-knower,
Intelligent, Non-intelligent,
Subject : Object =
25 Purusa.
|
A-vyakta. Vyakta.
Unmanifest : Manifest,
24 Prakriti, the state |
of equilibrium of 23 Mahat.
Sattva, Rajas and
Tamas. 22 Aham-kira.
I
x Battva. X Tamas.

|

| l
Indriyas Indriyas
of 21 Manas, of

Cognition : Action:
Powers located in— Powers locatod in—
20 The Eye. 15 Hands.
19 The Ear. 14 Feet.
18 The Nose. 13 Speech.
17 The Tongue. 12 Exeretory Organ.
16 The Skin. 11 Organ of generation.
I | | I |
10 Solund. 8 Tou]cll. 6 Foirm. 4 Fla\'lour. 2 Smell.
0 Ether. 7 Alr. 5 Fire. 3 Water. 1 Earth,

Figure 4.5: Sarga - Evolutionary process as per Sankhya.

Throughout this process, Prakrti (T&fd) is the one that undergoes transformations, however bring
Jada () it won’t be able to undergo transformations on it’s own. Purusa (3%¥) being Cetana GLED)
provides the necessary Adhisthana (3TF=T9), however remains totally isolated from the process
of evolution. This union of Purusa (T%¥) and Prakrti (¥&fa) is explained by Pangu-Amdha Nyaya
(93] - 379 =7) by Sankhya (FT%7) [52,53].

Signal Processing Perspective of Sarga
Purusa (%) is the principle of ‘being’ and Prakrti (T&fe) is the principle of ‘becoming’, their union
for the evolution to happen is hard to understand. Purusa (T®¥) eternally is and never becomes, while
Prakrti (W) is essentially movement. We analyze this using energy analysis in Hilbert domain.
Hilbert space is an infinite dimensional, complex vector space and comprises of an infinite set of
ortho-normal basis vectors with complex coefficients. The infinite size of the space basically indicates
that any physical system can characterize the behavior in infinite number of physically inequivalent
states. This abstract, quantum-mechanical space of all possibilities, called as Hilbert space, is good
starting point to visualize and map Coherent, Perpetual, dynamic and unmanifested form of the space.
We will show that this hypothesis holds good through implementation and equivalence of ‘Purusa-
Prakrti’ (%7 -W&fa) with ‘Scaling function-Wavelet Function’ from Wavelet theory [48,73,74].
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The modified evolutionary process is captured in Figure (4.6).

S, A-Jiia.

Knower, Non-knower,
Intelligent, q)(-) Non-intelligent, ‘-I’(-)
Baohject Object :
5 Purnsa.
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Unmanifest : V = {0} '\Ewll’e-.t
24 Prakriti, the state
of equilibrium of 23 ‘ilalul
Sattva, Rajas and |MHEZ |
V = /L (ER) Tamas. 22 Abam-kira.
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10 Sound. £
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Figure 4.6: Modified Sarga - Evolutionary process as per Sankhya from Wavelets perspective.

Conventionally wavelet transform decomposes signal into two separate series. One is a single
series which represents coarse version which leads to scaling function, popularly known as the father
function. Other is a double series which represents a refined version which leads to wavelet function,
popularly known as mother wavelet. Father function or scaling function typically represented as
¢ (.) can be thought of to be similar to Purusa (3%¥) from the Sankhya (F7%7) concepts and mother
wavelet typically represented as y(.) can be thought of to be similar to Prakrti (7&feT) from Sankhya
(AT%) concepts. They are similar in following ways:

Just like Purusa (7%Y) and Prakrti (T&fer) together produce Sarga (F37) 6, ¢ and y functions
together produce entire family of wavelet.

As Purusa (T%¥) is Tatastha (&T) in evolution process, ¢ function does not get involved in
the actual analysis.

The way Prakrti (¥&f) brings out evolution, mother wavelet function ¥ produces ladder of
subspaces thus producing multi-resolution effect.

Prakrti (T&fe), however, won’t be able to do evolution alone, similarly ¢ and y produce
projection in V; and W; subspaces thus creating nested subspaces.

Saiikhya (97%) proclaims the plurality of Purusa (%), similarly there are multiple wavelet
families.

Prakrti (E?f;d‘) is blind without Purusa (T®¥), from the dilation equation we can conclude the
same that y gets blinded without ¢.

- GERTEACHT: A || AR RS I
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Evolution of Vedanta Concepts

¢ In this section we build on top of the Sankhya concepts from the previous sections. We bring
in the signal processing perspective to uncover the Advait Vedanta (37g@ a&T=) philosophy.

e It will also be demonstrated that eventually Advait Vedanta (37ga a=T=T) overrules Sankhya
concepts and monoism outperforms dualism.

e This is shown crisply as lower resolution ¥ emerges from higher resolution ¢. Thus, towards
the completion of the L, norm, everything adds up to that ONE as proclaimed by Advait
Vedanta (3Tgq d&T=).

e Although both the Sankhya as well as Vedanta (37§ a=T=) doctrines support the concept of
Satkaryavada (AchTaaT®), they differ in the basic conceptualization of the Nimitta (Frfa=r)
and Upadana (391e1) Karana (reason) behind the creation of the universe.

e As per Advait Vedanta (37§ 3=T=), the Nimitta (fFTf&=7) and Upadana (39T=T) Karana
(reason) behind the creation of the universe is one and the same.

e The lineage that we trace for comprehensive analysis of Advait Vedanta Philosophy is as
follows: Bhagavana Nardyana (MITaT_T dT9T90T) - Brahmadeva (F&[<d) - Vasistha (FfH%) -
Sakti (Irf4) - Parasara (TX7917) - Vyasa (3ATH) - Suka (&) - .......... - Gaudapada (TTre9Te) -
Govindapada (fTrfa==9T2) - Sankaracarya (=) - ..... |

e The reference for Advait Vedanta Philosophy includes Prasthanatrayi (T&IT=4T) as follows:

1. Brahmasiitras (a‘grﬁﬁ') + gﬁnkarabhﬁsya (FITgTHTs)
2. Upanisadas (39f1v%)
3. Srimadbhagavadgita (SresTragTar)

— Fundamentals of Advaita. The crux of the Advaita Vedanta (37 I=T=T)
is captured in the first 4 Sitras (F3) of Uttara Mimamsa (3W¥ HHTET) or BrahmaSitras (F&TE):
1. SITSar FErfaaraET |
2. T T I |
3. STEEETET |
4. T qH=a4Tq |
e From these it is clear that Parabrahma (7%sr&T) is that ONE as per Advait Vedanta (37ga
I,
e From the framework that we have developed, to prove this, what we need to show is as
follows:
1. The Father function or the Scaling equation or the Low pass filter or ¢(.) is the Sapala
Brahma (3197 &]).
2. The Mother function or the Wavelet equation or the High pass filter or y(.) is the
Maya (J74T).
3. We need to show that ¢(.) in the finer resolution can produce the ¢(.) and y(.) in the
coarser resolution.

7
- 3¢ ATEV AN J(EE e T qega e T
HATH & SIS AR M= da 5o forsmg |
UG AEANTET T8 7 §AA® 7 (T |
T qred FTdRAAATTERT S TAqATarsten | TEETH 20-39
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4. This ¢(.) as we reach out to the finest resolution gives us L, norm.
This L, norm with the closure is nothing else but the Parabrahma (9%75&T).

6. All the ¢(.) and y/(.) pairs in the resolutions lesser than the L, norm are the cor-
responding Sapala Brahma (79t 987) and Maya (A7) pair in the corresponding
resolution and scale.

We now prove this in this chapter using the signal processing framework.

It must however be noted that Advait Vedanta philosophy (Tg@ I&T= a<agT) is the
paramount of Indian Philosophy and one needs to get equipped to understand the subtle
details. This could be the reason why Lord Krsna mentions ‘&==T afw aw@a: I in
Bhagavadgita (\ITagTar).

The four pre-requisites have been provided by Sadananda (F&14%).4

The four pre-requisites or FTITIg=D” is as follows:

1. fAeatfaega=gfaa® - Prudent confirmation that ‘Brahma’ (¢(.)) is the only Fg&] or
real operator.

2. SETATIRATNTEINT - Detachment from the physical materialistic pleasures.

3. sHTfes®EsT - Sama (@) = serenity of mind, Dama () = control of senses,
Uparati (I7¥fT) = satiety, Titiksa (fqfa@iT) = endurance, Sraddha (=€) = unflinching
devotion, Samadhana (FATHT) = content and satisfaction.

4. 94T - Intensified desire for enlightenment.

o

“In Vedantasara @?TTCFH'IT), Sadananda (@ETH) proclaims - T d ﬁﬁﬂ?ﬁm

AMTAT: AfGEEAIR™: AT T AL a7 & Nga Ty T
frafafaaaeryaar FarafaeaeET=: araaaqEaarT=T:

2

YHTAT !

) ankaracarya Adi (3T W)

(Indian: Early 8" century Indian Philosopher) was the greatest of the Hindi philosophers who
reinvented Advaita Vedanta (378 a=T=T) school of philosophy. He exemplified confluence of
Para-Bhakti (73T - Wfe) and Para-Jfiana (93T - T+T). Along with his scholarly works like Sariraka
Bhasya (WITEI¥& w=7) and Vivekacudamani (Fa&gSTHI), he has also written beautiful Stotras
with great exhibition of devotion.

4.5 Relation Between ¢, v and Filters: Towards understanding Maya

In this section we will demonstrate how to relate y(¢) and ¢ () of the MRA to the filter bank by
studying the generic structure of the analysis and synthesis filter banks. We have already drawn the
correspondence that ¢ (.) is the Sapala Brahma (379ef 5&T) and y/(.) is the Maya (AT3T). It must have
been obvious by now that such a connection exists. In fact we will soon demonstrate that y or 74T
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emerges out if ¢ or F&T.

After the theoretical part (3TaqeaTerqs), we will also build the filter bank out of the idea of
multi-resolution analysis with the Haar MRA as an example (7ZTTeq ). So before proceeding
any further let us make a few generalizations which will help us to build that relationship more
comprehensively. We will arrive at the general structure of the analysis and the synthesis filter banks
based on the study of the Haar MRA. The complete characterization of these functions emerges out
of the preface (ITTET) written by Adi Sankaracarya (Tfg ITgar=Ty).

The Jiiana Adhyasa (T 3T=4TH) is given by the first two sentences:

1, AT - A= - FFFT=Ar: - favr - favfomr: - a @ gaweE
fererg, =TT - gEYET - T - AT - FEgET
2, TEHAOMATT - a0 - Faac - u‘m—g’wf%r T |
Similarly, Artha Adhyasa (37 3T=4TH) is given by the next three sentences:
3, IAIIET - favfat - Fees - gHoeET=ETE=T -
favaer agatm T - AT |
4, afgragor favfaor: - agaom T favwr - srsmET
5, frafa vfag g=a7
These statements are very crisp and using them the following can be clearly stated:
e Here =T&q or =17 clearly indicates the Visayi (fa¥=T) or Atma (soul) or Brahma (3&T) the
Supreme Soul.

e THT or 5% indicates the Visaya (F¥=) or the objects of sensory organs or Maya (AT3T).

e They are opposites of each other and therefore the .’ or ‘dot’ or ‘inner’ product between ¢

and v is zero indicating the orthogonality.

e As already proved in the third chapter, this opposite nature is of the form of Dvaita () and

not Dvandva (§-g)).

e The manifestation of the world happens through Adhyasa (1=aTH).

e The nature of it is ‘Satyanrte Mithunikrtya’ (FeaTa fg=iaeD).

e This is captured as MRA or Multi-resolution Analysis framework.

Haar MRA - Decoding Sarga and Visarga

In this section, we will try to establish a relation between the functions ¢ (¢) (Ir9eT &), y() (ATET)
and the filter banks. Let us focus our attention on Haar MRA to explore more on understanding
Sarga (&) and Visarga (&) of Srsti (F¥T). We use Dyadic Multi-resolution Haar analysis to
prove the concepts.

Relation between the $apala Brahma function ¢(r) and filter banks
For Haar MRA, ¢ (¢) is the basis of Vj i.e ¢(¢) € Vo. Since this function is confined to finite linear
sub-set, it captures the essence of being the Sapala Brahma function. Also recall that there exists a
ladder of spaces in MRA which states that V) C V;. This leads to the conceptualization of nested
sub-spaces, which has been vividly expressed in Advaita Vedanta (37ga g=T=T) philosophy .

¢ (1) should therefore be expressible in the basis of V i.e. ¢(2t —n) , n € Z.

— Connecting ¢(¢) and filter banks. From the figure we see that ¢ (z) is ex-
pressible in its own dilates and translates. This dilation property is captured as AT ITA AR

8c.g. W ﬂ%’ﬂ'ﬂﬁﬂ' ‘;{ﬁiﬁmﬁ[ | 9. 94 -9, here Tfafa= refers to the nested sub-sets which

leads to Multi-Resolution Analysis
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(1)

D(21) DO(2t-1)

0 12 1

Figure 4.7: Expressing ¢(¢) in term of dilates and translates

| TSI, 2.

N

¢(t) =9 (2)+9(2t—1)

The above equation is called as the dilation equation. If we write down the coefficients of
¢ (2t —n) as a sequence, we get the impulse responses corresponding to the Low-pass filter.

1 1

0

This is in compliance with AT IR9MET=I: | &T=a9=. 9, which in turn follows Chandogya
Upanisada “.
The dilation equation can thus be modified in a generalized way as follows:
If h[n] is the impulse response of the low pass filter in the two band filter bank then,

9(t) =) hlnl¢(2t —n)

nez

9T F UNTGALEcd BT o9 | 3T 9-5-%

Relation between the Madya function y(¢) and filter banks

y(t) € Vp should also be expressible in terms of basis of Vi i.e. ¢(2t —n), n € Z.

- O(2t-1)

Figure 4.8: Expressing y(¢) in term of dilates and translates
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— Connecting y/(¢) and filter banks. Graphically, from the figure 4.8, we can
see that the dilation equation will be of the form

w(t) =¢(2t) —9(2t 1)

If we write down the coefficients of ¢ (2t —n) as a sequence, we get the impulse responses
corresponding to the High-pass filter.

The dilation equation can thus be modified in a generalized way. A doubt may arise here
as to whether this is in line with Vedas? Indeed, it is. We confirm this through €9 9 yfa&qr
TYT T €T TAT4UTT | §51 ATATR: J9&T 9 T & g9 9ar q9ta I (T
-4 -9°, | % -¥\9-9c). If g[n] is the impulse response of the high pass filter in the two band
filter bank then,

() =) gln)¢ (2t —n)

nez

This implies that, if we know the impulse responses, we can go the reverse way round to generate
0(1) and (1)

Thus in short,

Low-pass filter — scaling function expansion (Brahma or 8T function)

High-pass filter — wavelet expansion (Maya or AT4T function)

Therefore, we can completely characterize the system ¢ (¢) and y/(¢) if we know their dilation
equation.

o —=

Now, the concept of Parabrahma (9%s&T) being the L, norm can be established only if we prove
that the filter bank structure that emerges out is perfectly reconstructible and there are no energy
losses. Before doing that we will quickly visit the implementation strategy for this in the form of
Two-Band Filter Bank.

Two Channel Filter Bank

This structure is often used in the implementation of discrete wavelet transform. In this structure we
ensure orthogonality by relating the Z-transform at every point of following structure and finding
relationship between Hy(Z), Hi(Z), Go(Z) and G (Z) which ensures perfect reconstruction at Y (Z).
We also aim to enhance our analysis to understand ‘conjugate quadrature filter banks’.”

The two channel filter bank is shown in figure 4.9.

9The conjugate quadrature nature is extremely critical. Here once again we refer to the preface or Sqlsﬁ of
TTTFITST of AT TGITATH as - TATT AT A ITHRATH A TIHT T T

TIYAT Afaad=T ... | The word =TT indicates the mutual part of it. The mutual nature also protects the energy
loss and makes the complete structure complementary.
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Hy(Z) 4’®—’®—’ Go(2)

X(Z) Y(Z)

iz —[ao

Figure 4.9: Two Channel Filter Bank

Y

Y

Haar Wavelet

To explain the Multi-Rate framework and then initially fit Sankhya (FT%) principles and then elevate
it to Vedanta (3=T=) principles accordingly, we introduce the Haar Wavelet construct here first.

In this section we shall get introduced to the Haar Multi-resolution Analysis. Haar was a
mathematician, and he gave a very radical idea that any continuous function can be represented in the
form of discontinuous functions, and by doing so one can go to any level of continuity that one desires.
This is the central idea in the ‘Haar way’ of representing functions. This exactly gets captured in the
Tatastha Laksana (@& &&) of Brahma (&) 10, We start from a very discontinuous function and
make it smoother and smoother by adding more and more discontinuous functions (which is in a
way some additional information) to it until we reach arbitrarily closer to the continuous function
that we are trying to approximate. The same concept is being captured by Sribadarayanacarya
(TR EuTETT) in Vedanta Siitras (.. $.2.4.95) This idea is opposite to the idea of the Fourier
transform. One can relate that in Fourier transform the discontinuous function is represented in the
form of smooth continuous function.

¥

Ifred Haar

(Hungarian: Haar Al fréd; 11 October 1885, Budapest 16 March 1933, Szeged) was a Hungarian
mathematician. In 1904 he began to study at the University of Gottingen. His doctorate was
supervised by David Hilbert. The Haar measure, Haar wavelet, and Haar transform are named in
his honor. The Haar sequence is now recognized as the first known wavelet basis and extensively
used as a teaching example.

[,%5
D

OST=ATereT I | T 9= -2.9 ., which is also being supported with a Sruﬁ(’a—tﬁ? as TAT AT AT ‘ﬂ:("lTﬁT
AT, IT AT Srafea, Jora=atvataut=r, qfgfaarae ag a&7 | d.3.3.9
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The Haar wavelet

We use Haar wavelet to illustrate the entire construct. The function shown in the figure 4.10 is the
Haar Wavelet or Haar Maya (914T) function.

Vit
1

142 I

HALR wavelet

Figure 4.10: f>(¢) — f1(r) Haar Wavelet or Maya function

This function is represented as y/(). By using scalar multiplication and delaying, we can see
that f>(7) — f1(¢) can be reconstructed from y/(¢). Thus,

PO~ fit) = X W/ T+ ()

here /1 and A, have usual connotation. The function y(#) is called the Haar wavelet or Maya
function. In general when we start with y(r) we can construct a function y(=*) as a building
block, where ‘s’ is positive real and 7 should be real. This dilation and translation ability of Wavelet

function is responsible for the effective projection of any signal. In Brahmasutrabhasya (Fg7g=11T9)
1-3-19, it clearly states: T& UF T3HET: Feed AT AT ATTIT ATIAT AATGIT ATHHT
ECIECH!

The variable ‘s’ dilates y/(7) and ‘T’ translates y(¢). The variable 7 is called the translation
index and the variable ‘s’ is called the dilation variable. If we consider time intervals of length 7/2
for piecewise constant approximation then the value of ‘s’ is 772, if length of time interval is 7" then
s=T. It means the single function y/(¢) allows you to bring in resolution step by step to any level
of detail. Thus, by dividing 7 into smaller subdivisions of 7/2, T/4 and so on, any function x,(?)
can be made arbitrarily close to original function x(¢). This ability is clearly stated in Svetasvetara
Upanisad (Faraa¥ I9YY) 4-10: AT4T T F&fd fa=rm=arfa= § #&=<1 L This also brings in
important point that in connotation, Maya and Prakrti are similar.

If x,(¢) denotes the error due to approximation, it can be expressed as

xXe(t) = x(t) —x,(t)

)

N IR

Where, { is the squared error. What we mean by arbitrarily close is that for any fixed value of
{(> 0), we can always find a positive integer m such that a piecewise constant approximation of
x(r) with an interval of T /2™ satisfies the requirement of ¢.
It must be noted that any signal can be represented in piece wise constant form if and only if it has
finite energy. This once again confirms our discussion on Verse 1-3-5 of Nasadiya Stkta (AT8<=
g&d). The analysis that we demonstrate is Energy analysis.
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L; norms of x(r)

— From infinite (=) to finite. A function has finite energy content implies
and is implied by its L, norm being finite. So what is this L, norm? The L, norm of a signal is
defined as

1

Loy s @ 70) — [/w | x(t) |2 dt} ’

—oo

A doubt may arise here:

e With reference to Svariipalaksana (F9%9<7&10T) of Brahma (&), it is in infinitely blissful
state and hence captured as ‘T FTH-=a &7 | in (2-1) of Taittiriya Upanisada (Ffe<rar
ITHTE).

e As per Vedanta philosophy, Brahma is also Upadana Karana of the world. (Bra.Suai.1-1-3:
ST T ).

e TaittiriyaBhasya clearly states: STITHTETSEE@THTATI AATHT &RTAT: ATTTH |

o If Brahma is limitless and beyond the realms of time, space and dimension, why are we
considering L, norm for finite energy signal here?

This can be answered systematically as follows:

e That reflection of Brahma which controls Maya is called as ISvara (397).

e The limited form of the limitless is termed as éapala (Ir9eT) or Sabala (3rg<T) brahma.

e This limitedness is also expressed by specific terms in Paficadasi (T5=3T).

e As per Paficadasi (T93T) the journey from infinite to finite is through stages including:
Mahakasa (AgTTIT) corresponding to Brahma (3&T) to Abhrakasa (ITITeRTIT) correspond-
ing to I$vara (3%7). Similarly, from Ghatakasa (F€T&T3r) corresponding to Kitastha
(FEE) to Jalakasa (STATHTEN) which corresponds to Jiva (Sa).

e Therefore, we work with the limited form of ‘Brahma’ and hence work out the L, norm for
energy analysis.

In general, we can define the L, norm of x(t) as

1

| x(2) |P dt] ’

oo

L, norm of x(t) = V

—oo

where p is any real number. The L., norm of x(¢) is defined as

1

Lo s 6 5) = B [ / " xe) P dt] ’

p—)(x: —00

Significance of L.. norm

As the value of p increases, large values in x(r) are being emphasized. This happens because for a
large p, the integral will have a large contribution from higher values in x(z).

L,(R) is said the to be the space of all real functions whose L, norm is finite. The word ‘space’
is used with the intent that if we take a linear combination of two or more functions in that set then
we get back a function in that set. As we reduce the size of the individual time intervals previously
considered, we said we could as close to the original function as we desire by reducing the error.
This clearly means that L, norm of the error can be reduced to as small a value as we desire. The
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Fourier series allows us to do this for a reasonable class of functions.

The same kind of thing is happening here. Just on function y/(z) is able to take us as close as we
desire to the function which we wish to approximate. And this is just one y/(¢). The whole subject
of wavelets allows us to build many such y/(z)’s. Each time we improved the resolution by factors
of ‘2’ and hence the term ‘dyadic’ which represents steps of two was used in the beginning of the
chapter. Thus the Haar wavelet is an example of a dyadic wavelet. In the following chapters we will
mostly focus our attention on dyadic wavelets. Dyadic wavelets are the most easily designed, the
best and most easily implemented and also the best understood.

If one understands the ‘Haar wavelet’ and if one understands the way in which the Haar MRA
is constructed many concepts of multi-resolution analysis would become clear. In this chapter we
brought out the idea of the Haar wavelet explicitly. We now know that dilates and translates of this
function can capture information in going from one resolution to the next level of resolution in steps
of two each time. So in terms of the spaces we are actually going from one subspace of L, (R) to the
next subspace.

This whole concept of building nested sub-sets leading to formation of the ladder of sub-spaces
in extremely important. This is because as we move up the ladder we achieve L, norm leading
to the conceptualization of Sapala Brahma (19T sT&I) and down the ladder gives us the trivial
space {0} leading to Jivatma (STrETeAT). For explaining the notional constructs behind doctrines
like “Tat-Tvam-Asi’ (@ -H - =7f¥), we can use Jahadajahallaksana (STEESTE&&TUIT) only

s

due to the ladder of nested sub-sets '!. Here “Tat’ refers to Sapala Brahma or Isvara and ‘“Tvam
refers to Jivatma. As per Jahadajahallaksana, we need to give up the limitedness of Jivatma
and unlimitedness (perfect norm reconstruction) of I§vara, which is possible by moving from
one resolution and/or scale to another!

The next task is to see how the dilates and translates of Haar wavelet help us in adding more and
more to the subspaces in going from a coarser subspace all the way to L,(IR) on one side and all the
way down to a trivial subspace on the other (also referred to as the ladder of subspaces). Further we
will bring out the idea of the basis of these subspaces and how the Haar wavelet helps in capturing
the difference subspace.

In general a function which belongs to space V,, also belongs to space V,,+1. Hence a ladder of
subspaces is implied as depicted below:

VooV i CcVyCcViCcs...

Intuitively, we can see that as we move towards right i.e. up the ladder we are moving towards L, (R)

{UVintmez = L2(R)

The expression above, if written without the cover-line implies that it covers all the interior region
whereas with closure (by cover-line) ensures the covering of boundary patches too. This talk is not
of much importance though but a slight glance at it is necessary.

USTESTEAUT - aTATIEI&®SY T T eI oa |
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Now what happens when we go left towards the ladder? Movement towards leftwards implies,
piecewise constant approximation over larger and larger intervals as m in 2~(") goes more and more
negative. Now consider L, norm of function going towards leftwards:

Z |Cm (I’l) |22—m

n——oo

where C(-) is approximate coefficient at resolution 27". Now as we move towards left m becomes
negative and m — —oo. Therefore L, norm is given by

2\m\ Z ‘Cm(lfl) |2

n——oo

If we require L, norm to converge, however for large |m|, Z |C,u(n)|* must be zero. That is

n—=—oo

Cin(n) = 0V n. Hence movement towards left implies movement towards trivial subspace {0}.

{MVatmez = {0}

One important point to note here is that trivial subspace is different then null subspace as
null subspace does not contain any element. Thus, this NOT in compliance with ‘Stinyavada’

(S[FATR) of the Buddhist (F1g) 2.

We say that a set of functions {f1, f2, f3, ..., fx, ...} span a whole space if any function in that
space can be represented by the linear combination of these functions.
What is function ¢ () and how does its integer translates span V? We may consider function ¢ (¢) as
shown in Figure 4.11.

(1)

Figure 4.11: Function ¢ (¢)

Any function in Vj) can be expressed in the form

12As given in Vedanta Bhasya (2-2-31): r=arfawereq a4 -ya1or -fawfafrg sfa afswraooms ame:
Ercll
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Z Cn¢(t _n)

nez
where C, is piecewise approximation constants and ¢ (r —n) are the integer translates of @(z).

Figure.4.12 shows a function belonging to Vj. It can be expressed in terms of translates of ¢ () as
shown below:

0.6

05

04

0.5

Figure 4.12: Example of a function belonging to Vj

0.20(t+1)+0.79(1) — 0.4¢(t — 1) +0.69(r —2) + 1.30(t — 3)

Hence any space V,,, can be similarly constructed using a function ¢ (2"¢).

Vin = span{ ¢ (2"t —n) }, mez,

¢ (1) is called as scaling function(Haar MRA), also known as ‘Father function’. The ladder of
subspaces
VooV cVypcVicva...

with these properties is called as Multi-Resolution Analysis (MRA).
The Sarga (|1T) in the light of Wavelets can be looked upon as Multi-resolution Analysis (MRA).
The MRA axioms and theorem are stated as follows:

Axioms of MRA
There exists a ladder of subspaces, ..V_, CV_{ CVyp C V) CV,... such that

{Witmez = L2(R)
{Wntmez = {0}
There exists ¢ () such that, Vo= span{¢(t —n)}rez
{0 (t — n) },ez is an orthogonal set.
If f(t) €V, then f(27"t)eVy, VYVmeZ
I f(t)eVo then f(t—n)eVy, Vnel

Here, L,(R) refer to the finest possible scale and is equivalent to the very concept of Prakrti
(H?ﬁ-l‘) or Maya (AT4T) attaining back the equilibrium of Sattva (<), Raja (¥<7) and Tama ().
The {0} is the coarsest form and can be compared to Pamca-Mahabhiita (7= #&T:a). All the scales
that translate from L,(IR) to {0} is the very process of evolution, that is Sarga (|3T).

N
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Theorem of MRA

Given the axioms, there existsa y/(-) € Ly(R), so that {y/(2"f—n)}uecz ez spans the L (R).

The wavelet function y(-) is also called as ‘Mother function’ or ‘Maya function’.

The wavelet function y/(-) is also called as ‘Mother function’. This mother function is the Prakrti
(F&fa) or Maya (AT3T) and is responsible for moving from one subspace to another thus creating
coarser forms from finer ones or taking coarser forms towards finer ones by adding details and thus
making the system comply to L, (R) norm.

This leads us to a sound mathematical framework which explains the crux as follows:

— Spanning Spaces. In this illustration we will consider the vector space V;
spanned by the discrete scaling functions {¢(2/x — k)} or Sapala Brahma (Ir9eT &&T) function,
we use this span of the vector space to project any function say f(x) such that f;(x) € V;. The
projected function can be mathematically encoded as,

£i(x) = ¥ o249 (27x — k) “.1)
k

In this equation, a; depict the approximation values as it derives the components from the
low pass scaling equation as given in equation,

g = /_ o; F(x)2%9(20x— k)dx (4.2)

where the set {¢(2/x —k)} constitutes the basis. This f;(x) represents “approximation” of the
signal f(x). This is exactly what is the essence of ‘T<&@ TgEAT TAET " qT.5.2.3, TR &.
The same is also depicted in Paficadasi (Tg=¥T) “. In most of the de-noising applications this finds
it’s scope, and this set is orthogonal on (—eo, ) with respect to the translation, i.e.,

/m 299(27x—k)p(2/x—k) =0, k#K

Also,
0> (x—k)dr= 4.3)
since,
® 2m] Lo o 1
[ 9P@-Rdy = o [ 9(@x—k)5dx (4.4)
1 (=, 1
= 5 | e o-Ray=5; 45)
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where we used the change of variable y = 2/x — k and the fact that [*_¢?(x)dx = 1. So, the factor
23 is for the normalization of ¢ (2/x — k) to be 22 ¢ (2/x — k), in order that we have,

/ B 2é¢(zfx—k)2é¢(zfx—k’)dx_{ (1)’ ’;i’: (4.6)

We mention that the orthogonality of the scaling functions on (—oo, ) with respect to trans-
lations, is a very basic requirement in the (usual) definition of the multi-resolution analysis
b

We know that V; € V;; as depicted in Figure (4.13), and that V; | has better refinement than
V;. This “difference” (as only a refinement and not an approximation like f;(x) in (4.1) of the
signal!) is a subset of V| spanned by the discrete wavelets of the subspace W;, gj(x) € W; or the
Maya (H74T) space,

gi(x) =Y B2t y(2/x—k) 4.7)
k

This spanning of the spaces of Maya (HTHT) projections also happens in the dyadic style. Maya
(HTET) projections are depictions of the details captured and in terms of signal processing it is
termed as High-Pass-Filtering! Because the Maya (ATHT) projections are capable of spanning vari-
ous resolutions, from coarsest to the finest, Rgveda (F79%) in (1-32-4) proclaims - ATAATHHAT:
sra J714T: | It should be noted that the word ‘Maya (ATHET)” appears several times in Rgveda
(®:79%). Some scholars have taken the objection that Adi Sankaraacaarya (JATf& Irg¥T=T¥) in-
vented Maya (HTET) to propose his doctrine of Maya (HT4T) which is popularly called as Mayavada
(@T9TaTE) or Vivartavada (feadate). Obviously this is not true and the doctrine put forth by Adi
Sankaraacaarya (HATfe Irg¥T=TH) is honestly consistent with the Vedas. Adi Saikaraacaarya
(ATFE wrg=r=T) has certainly elaborated on the concept of Maya (HT4T) in BrahmasatraBhasya
(FRTETATST) - TUT HATATE: THEAFEG GAT ATRIS ATHRd: T UF HATATET TEATIEIT
JfEETs=: 1in (1-1-17) and U& U qv8=7: deedtaar fagmarg: stfaear ar=ar garfaaq
FHHT faTeaa 1in (1-3-19). This exactly what the dot product of S 4 - 25 y(2/x — k) indicates.

Bix= l Z F)28yw(2ix—k) (4.8)

The basis {y(2/x —k)} of this vector space W; are always orthogonal to the scaling functions
{#(2/x—k)} of Vj on (—o0,0),

/ " 24 g(2ix— )23 W(2x—K)dx = Sp (4.9)

This relation resembles the orthogonality of the cosine functions to the sine functions of the
Fourier series.

An example again is that of Haar function and their associated wavelets, where they are
orthogonal even when k = K/, as can be seen from figure (4.14), where their product is ,for example
O(x—1)y(x—2)or ¢(x—1)y(x—1),is zero on (—oo,o0). With this orthogonality of the basis of
V; to those of W;, we have W; as the orthogonal complement of V; in V; 1, V; 11 = V; @ W;. This
can be done in the same way for V; =V; | ®W,_, whereas V; | =V; | ®W;_; & W,. Then this
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process can be continued until we reach a coarse (or blurred) resolution, for example, such that of
Vo with scale 2% =1,

Vin=VwoWeW owmo..eW,_1eW; (4.10)

This is a mathematical form of STraT s&ya AT 9¥: | The orthogonal addition in lower subspace
between V; and W; leads to V| formation!

Figure (4.14) shows schematically this relation with the blurred approximation in V; of scale
lp = 1, and the refinements that are added to it by Wy, Wi, W, and W3. We must note that, for
example, V| and W) are two subspaces in V,, where the W, basis span the difference between V,
and V.

In the next illustration we show the decomposition fy(x) € Vy of the function f(x) =x, 0 <
x < 3 as a rough approximation of f(x), then wrote its decomposition (refinement) as go(x) € Wp.
We showed that the latter decomposition go(x) is not an approximation to the function f(x) =
x, 0 < x < 3, but it represented a helping hand to fy(x) € Vj at the scale [p = 1 where it added to
it a bit of a refinement to advance this approximation fy(x) to the more refined one f;(x) € V; at
the smaller scale [} = % This is the essence of Wy being the orthogonal complement of Vj in V;.
Both Vy and W are subspaces of V| and V| = Vy & Wy, where the basis of W; span the difference
between V| and Vj. Another way of putting this is that, for having the refinement at the lower
scale [1 = % that help us go from Vj at scale [y = 1 to V] at the scale % Vo € V1, we can go to the
basis of Wy at the same scale /o = 1 to span the difference between the spaces V| and V,. This
alternative means that while we work with the scale lp = 1 for Vjy and W,, we are getting the
equivalent refinement of being with the smaller scale /| = % in V. Well, the credit must go to the
little details (refinement) in the wavelets series (4.8) versus its associated scaling function series
of (4.2) for j = 0. This can be seen clearly, where the Haar basic wavelet,

1, 0<x< %
()= -1, 1<x<1 4.11)
0, otherwise

has more structure (refinement-details) than that of its associated scaling function,

1, 0<x<1
o) = { 0, otherwise “@.12)

IR Al aat—=ar | I9€9.1.15
VA THRTIEA - [a%g TITAT: in the preface or IITETT of ITLITd HTST by AT IIT=TH

— A brief look at implementing signal decomposition with filters. In line
of this observation that the wavelets (Maya or ATHT) decomposition brings refinement to that
of the scaling functions (blurred) (Sapala Brahma or ST9eT &T) approximation of the signal in
fo(x) +go(x) = fi(x) € Vi, we may venture to make this comparison in terms of the “frequency
content” of the signal as it is measured by the inner product of < f(x),¢(x) > and < f(x), y(x) >
of the function f(x) and the Haar scaling function and its associated wavelet (Maya or HTIT
function) respectively. The simplistic observation is that the Haar function ¢(x), 0 < x < 1
resembles the behavior of cosOx = 1 on (0, 7), while y(x),0 <x < 1 with its oscillation-like on
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Figure 4.13: Nested subspaces spanned by the (discrete) scaling function ¢ (x), ¢ (2x—k), ..., ¢ (2/x —
k)7 ¢(2j+1x - k)

-~
V=V 0N,

X
V=V EW,
V=V

V=V, N,

Figure 4.14: Wavelets subspaces W; as the orthogonal components of V;in V1, Vi1 =V; @ W;
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Description Type of =1t Philosophical School
HfeET: 7T TEgEad T | stfra=rer =t HgA dar=ir
AFATIIHATATT: | AITATIT ERIIRED
AFATTIHATATT: | AT T IO g

IT AT : dlgdeTUsaa=a=T | ST=ITT I IED

g |

PED TTATH: TET | F9q SATa qrefad arg
farrfauseseTT |

Table 4.2: Types of Khyati

[0, 1) resembles cosx on (0,7), which is with higher frequency n = 1 than that of 0 for cosOx.
Now, the coefficients ¢ and fy o, as the inner products < f(x),¢(x) > (Sapala Brahma or
I9A F&T projections) and < f(x), y(x) > (Maya or ATIT projections), respectively, measure
the frequency content in the signal- quoting Fourier series analysis. Hence < f(x), y(x) > is
expected to indicate a frequency content of frequency 1, while < f(x),¢(x) > would indicate a
frequency content of zero frequency. Hence, the refinement we get from < f(x), y(x) > versus
that of < f(x), y(x) >.

Another more accurate way of interpreting < f(x),¢(x) > and < f(x), y(x) > is that for a
continuous function f(x) on [0,1),

<ﬂ@¢@>:[iﬂ@1w:é%@ﬂm 4.13)

which is the “average” of f(x). So, < f(x),@(x) > gives a very coarse “blurred” approximation
of f(x) as just “the average” of f(x) on [0, 1). These are Sapala Brahma or r9<T sI&T projections.
On the other hand,

<S> = [ v

1
2

1
_ Of@1w+Afuﬂ—nm

< F(x), w(x) >= /O ® fx) ldx—% ﬁ ) dx (4.14)

which is the difference between the two averages of f(x) on [0, 1) and [1,1). Hence, while
< f(x), ¢ (x) > is satisfied with just the average of f(x) on [0, 1), < f(x), y(x) > goes much farther
than that searching for “differences”, “variations”, “refinements” or “fine structure” in the signal.
These are Maya or HTHT projections. So, again, the mere blurred averaging of < f(x), ¢ (x) > or
Sapala Brahma or ST 5T&T projections versus the more detailed differential of < f(x), y(x) > in
the signal or Maya or HTHT projections, may still be associated with low and high frequency by

contents, respectively.
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Long before the advent of the wavelets analysis about a quarter of a century ago, now and
forever, electrical engineers work with the frequency content of the signal. Before wavelets, their
measure of frequency contents was in the Fourier series coefficients, a, = % < f(x),cosnx >,
[y = % < f(x),sinnx >, —m < x < 7 as, again, inner products. Also, for f(x) € (—co, o), the
Fourier integral (transform), F(w) = 5= < f(x),e '®* >=< f(x),e ™ >, where o is the
frequency in radians per seconds and Vv is in cycles per seconds (hertz). The periodic signals are
subjected to Fourier series analysis and aperiodic signals will be subjected to Fourier Transforms
Techniques.

At this time we may say that the electronics engineering method of looking for the high
frequencies in a signal is to use what is called a “high pass” filter or now Maya or HTIT projections.
This means that such filters stop all frequencies below certain frequency @y, and allow only the
frequencies above @y with a band (@, ®,), where @, is the highest frequency anticipated in the
signal. For the low frequency content below @y, they have a “low pass” filter that allows only such
low frequencies or Sapala Brahma or Sr9eT &&T projections. Now in the context of < f(x), w(x) >
searching for the “differences” or higher frequencies than that of < f(x),¢(x) > the content
with the average, blurred or low frequency. Electrical engineers jumped at implementing such
operations with “high pass” or Maya or #T4T and “low pass” or Sapala Brahma or Sr9eT &&T filters
respectively. Let us assume that we have a signal that may have a refinement close to the scale /; =
%. So, we approximate it in the space V; with its scaling functions {¢; o, ¢1 1 } and their respective
coefficients @ o, @ 1. This is in line with approaching Sarga (937). Since these functions use is for
approximating the signal by f; (x) in V1, we know the basis used 1 o, 1.1 = {v/2¢(2x),v/2¢ (2x —
1)}. So, we will indicate the fi(x) approximation by the coefficients used for {a; 0,0t 1} in
the approximation (&) or decomposition (ATHT) series. We do the same for g; (x) € W;, where
we indicate it by its coefficients {10,811} of the wavelets {v2y(2x),v2y(2x—1)}. We
take it that the coefficients {; o, a1} of the scaling function represent an average or “blurred”
decomposition of the signal, while the wavelets coefficients {f 9,1} represent the search
for “differences” or changes in the signal (as with ATET or Sl?ﬁl‘). To have these two different
characters that gives the indication of the low frequency associated with {a o, &t 1 } and a high
frequency associated with the differences of {0, 1,1}, the signal is passed through two parallel
low pass and high pass filters. Thus, gapala Brahma (3r9<T 5&T) and Maya (HT4T) work in tandem.

The output of the low pass filter, as expected, is associated with the averages of {1 o, 01,1}
of the scaling Ir9<T s&T functions, while the output of the high pass filter is associated with the
(differential) coefficients {3 ¢, 1,1} of the wavelets HTHT function.

This operation is represented schematically as shown in Figure (4.15). We note that if the
signal has, for example, 256 samples, then the outputs of the two (parallel) filters add up to double
of that,i.e., 512 samples. What is done in this case is to cancel half of the samples of each output
to end up with the same number (256) of the input (to the two filters) samples. The usual way of
doing this is to throw away every other sample from the output of each filter to end up with 128
samples output for each sample, a total of 256, the same number of input samples. This process of
cutting the output samples to a half, is called “down sampling”, and is designated by the sign |.
We shall refer to the operations of the low and high pass filters by L and H, respectively.

As seen in Figure (4.15), while we have only averages associated with the coefficients
{a1 0,011} of the scaling functions in V;, the output of the low pass filter still gave a “blurred”
average associated with & o of @ o, while the output of the high pass filter produced differential
associated with By o of the wavelet Yy . This is the essence, in a very practical way, of saying that
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Vi=VodeW.

This also very strongly establishes Adhyasavada (37=ITdaTE) or Vivartavada (fqaddare) of as
per Vedanta school of thought. The various thoughts on this can be reflected as given in Table
(4.2).

Here stfa==1r=r =AT{T gets subtly established. As per Advaita Vedanta, the process of gaining
knowledge (TAT = Z¥T FTT) happens because of Caitanya (). This Caitanya (¥9-) is of
four types and gets captured neatly in this framework as follows:

1. Wm— < Wk, fj>

2. THITSA - < Qjj, &5 >
3. favg=a=- < ﬁjyk,fj >
4. FAITHT - < k. gj >

All other types of ®ATfa are naturally refuted thus. What we have in Figure (4.15) is the
decomposition process of f(x) € V; via its representation of the sum of the two outputs of the
low and high pass filters. Such a decomposition may be stored or transmitted. In the latter case,
we receive the two outputs of Figure (4.15), and we are to reconstruct the original signal. For this,
the reverse process of Figure (4.15) is used as shown in Figure (4.16). However, when we have
such a two outputs with, for example, 128 samples each, they will be inputs together as only 128
and not the original 256 samples of the input of the decomposition. For this an “up sampling” 1
by a factor of 2 is used to recover the number 256. This is done by inserting 128 zeros in between
the 128 samples. The two operations in Figure (4.16) of decomposition, then the reconstruction in
Figure (4.17) constitute a simple example of what is called “quadrature mirror filter pairs”.

In Figure we showed the decomposition as well as the reconstruction of the signal f>(x) € V»
via the (quadrature mirror filter) pairs.

As we had commented on Figure (4.15), Figure (4.17) depicts the first stage of the two filters
is expressed as V, = V| & Wi, while the second stage of the decomposition via the second two
filters is expressed as V1 = V) & Wy. Hence the output of the two sets of the parallel low pass and
high pass filters becomes V, = Vj & Wy @ W,. This means that the details in V, are formed via the
projections of f(x) onto the wavelets spaces Wy and W, with scales of 1 and %, respectively. The
scaling functions role, on the other hand, is only a coarse (blurred) projection of the signal onto
their space V with its large scale of 1 in the above case.

So, for the general case when a signal is suspected to need a very fine projection, for example
g = 31—2 then we start with f5(x) € Vs, and the above decomposition goes as Vs = Vo @ Wy & W; @
W, @ W3 @ Wy, which requires five low and high pass filter pairs.

More details on defining filters including the low and high pass ones, are can be understood
with the following depiction of Adhyasa (7<TH).
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ITETE = superimposition AT = superimposition

This concept of Adhyasa is very powerful and once again it gets established through stfaa==ir=r
=TT as: AoaATawa T AAaaaeT Toqra: &ATa: Fqiia: Afqaa-1a@aria: | Because of
this, the ladder structure of the nested sub-sets holds and we get the complete MRA (Multi
Resolution Analysis) framework.

v /I\ W,

10,0
RLLTY

Figure 4.15: The outputs fy(1) € Vp and go(t) € Wy of the low and high pass filters respectively (after
down sampling)
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Figure 4.16: The reconstruction part of the (quadrature mirror) filter pairs to implement the scaling
function wavelets reconstruction of the signal fi(x) € V;.
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Figure 4.17: Decomposition and reconstruction of f>(x) € V, - A special case of a “quadrature mirror
filter pairs”.

Figure 4.18: Signal f(x)

11z |
1

Figure 4.19: Haar Wavelet Function
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Figure 4.20: Haar scaling Function

The conceptual part of Sarga (83T7) is well captured now. To understand the practical part and to
enable us to understand the actual process, we uncover one complete signal decomposition cycle by
invoking the zoom-in and zoom-out features of Wavelet function or the Prakrti (T&fe).

— Zoom-in and Zoom-out. We have seen that wavelet transform decomposes
signal into two separate series and this is in line with the basic understanding of the notion of
‘Brahma’ (FgT) and ‘Maya’ (AT4T). One is a single series which represents coarse version which
leads to scaling function and corresponds with ‘Brahma’ (5&T), popularly known as the father
function. Other is a double series which represents a refined version which leads to wavelet
function and corresponds to ‘Maya’ (ATET), popularly known as mother wavelet. We also build on
top of the idea of nested subspaces, an MRA and two band filter bank to realize an MRA. The
major problem regarding an MRA was that while analyzing a signal we move down the ladder
in an MRA. However in many applications moving up the ladder is desired. Thus an alternative
framework is needed. So let us start defining that framework.

Whole concept of MRA is in a way based on the idea of nested subspaces. This gives the entire
wavelet structure ability to ‘zoom-in’ and ‘zoom-out’ of any signal under analysis. We can bring
about this essence using two mathematical equations.

1. Equation of scaling function,

0(r) =V2Y h (2t k) (4.15)
k

In above equation we can clearly see that ¢ (7) belongs to subspace Vj. Similarly we can see that
@ (2t — k) belongs to subspace V;. Thus idea of nested subspaces is captured in the above equation.

2. Equation of Wavelet function,

v(t) =v2Y gd(2t —k) (4.16)
k

Similar to the case seen above we can see that y(z) belongs to subspace Wy and ¢ (27 — k) belongs
to V.

From above two equations we can see that,
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Vi=Vi—1eW,-1

Above equation leads us again to the idea of subspaces. If we start at Vjy and go on adding details
then at some stage we would be able to go tantalizingly close to the signal. Let’s now see how to
achieve that,

Let a function be,

1
filx) eV, scale=5. | |
To span these space V; the basis function would be 2//2¢ (2/x — k),
Here k is the translational parameter and 2//2 is the normalizing factor to convert orthogonal basis

into an orthonormal basis.
Thus we can write,

£i(0) = Y (2779 (27— k))

k
Alpha can be calculated by as,

e . .
o= / fi(x)2772¢ (27 x — k)dx
Similarly for W subspaces,
1
gj(x) € Wj, scale = o
The basis would now be,
212y (2/x — k),

Also we can write,

=Y (Bix2/Pw(2x—k))
k
e . :
Bis= / 8 (x)2/ 2y (2/x — K)dx
B values here would give us the details which are required to move from one subspace to another.

Now to understand how the framework we designed is useful in moving up the ladder let us
consider a problem.
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Consider a signal,

f(x)—{x 0<x<3,

0 elsewhere

The function f(x) is shown in figure (4.18).
Objectives:

1. To find fo(x) € Vo
2. To find go(x) € Wy

3. To find fi(x) € Vi by fi(x) = fo(x) @ go(x). This would be moving up the ladder since
we are getting fj (x) from fp(x) and go(x).

4. Ultimately to prove Vo @ Wy =V

1 1 . .
Firstly let us find fy(x) € Vo, j=0 Scale= E:?:L In, (27/2¢(27x — k) )i

if we put j=0 the basis function would be,y(x — k),. The projection would be,

fo(x) = Tio (a0 (x—k))

For k=0,

wo= [ ol

The interesting thing to note is, here we can choose our own scaling function ¢ which is not
the case with Fourier or any other conventional transforms discussed in the last lecture. In the
conventional transforms the basis function is fixed and is exponential.

Here we would be using Haar scaling and wavelet functions shown in figure (4.19) and figure
(4.20).

For k=0 the equation would result in,

1
0o = / xdx
0
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122
Correspondingly,
2
00,1 :/ x¢(x—1)dx
1
2
o1 = / xdx
1
_ 2
0p,1 = 2
Similarly,

3
%72:/2 x¢(x—2)dx

3
060,2:/ xdx
2
_d
0,2 >

Now we can write,

fox) = 59() + 30— 1)+ 29(x~2)

4.17)

This is how we can find out projections of signal f in space V. The coefficients of fy(x) represent
the approximations of the signal. This can be seen in figure (4.21).

Now the next task is to find the projections go(x) of the signal on Wy. Let, go(x) € Wy, scale =1.

The basis function would be, 2//2y/(2/x — k), .

We will again make use of Haar wavelet function. Thus as j=0, the basis function would now

reduce to, Y (x —k),.
Thus we can write,

go(x) =Y (BoxW(x—k))

k

Boa= [ solx)wle—K)dx

As the projections are taken in Wy subspace these  values will now represent all the details. Simi-
lar to the case of & values, from above equation we can find out corresponding 3 values as follows,
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Boo = /_:mgo(x)ll’(x)dx

1
130,02/O xy(x)dx
Boo = /Ol/z(l)xdx+/1;2x(—l)dx

1 1 1
Po=g-3"%
—1

ﬁ0,0 = T

Boi = /fxl//(x— 1)dx

3/2 2
30,1:/ (1)xdx+/ x(=1)dx
1 3/2

—1
ﬁO,l = T

Similarly,

—1

ﬁ(O,Z) = T

Thus we can write,

go(x) = Boow(x) +Bo1y(x—1)+ Bopy(x—2)

=1 —1

80 = W)+ vl D+ S y(-2)

4

(4.18)

—1
Hence we can see that all the 8 have the same value R We will discuss that later on in the

chapter. The projections go(x) are plotted along fj(x) in figure (4.22).

Now lets find out projections on V; subspace. Let, fi(x)€V, j=1, scale=
The basis function would now change to, 2//2¢ (2/x — k),. As j=1, v2¢(

Correspondingly we can write,

5

filx) =Y (0129 (2x— k)

k=0

1

22
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At the point the ¢ values obtained from above equation should match numerically with the values
obtained by orthogonally adding o values in Vy with 8 values in Wy. If these values match we can
say that the framework we developed is definitely working and we would be able to move up the
ladder.

So let’s now calculate o ; values.

061,0 = /:X’ fl (x) \/E(P (2x)dx

1/2

o= | f1(x)V20 (2x)dx

From figure (4.23),
1/2
o= \6/ x(1)dx
0
1
a0 = \[2*
8
S 1
170 - 4\/§

From figure (4.22) we can calculate o g as,

06170 = a(io‘i’ﬁo_p

11
Ho=373
1

0617021

The above value matches the previously calculated one with an exception of v/2 which would
eventually be getting cancelled since we have normalized the basis basis functions. We can see
this with the help of following,

5

filx) =Y (04,vV20(2x—k))

k=0

For k=0,
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fi(x) = a10V2¢(2x)

1
ﬁ@=ZﬁV%@ﬂ

fil) = 762

Similar to o o we can calculate other « values.

w3
L=
o 5
2=

7
051,322
w9
4=
o 11
15= 7

Thus we can conclude that approximations obtained in V; are better than those obtained in Vj.

Hence this is a mechanism through which we can not only think of moving up the ladder but also
think of making the choice of the scale and translation parameter and then specifically zoom on to
a particular point in the signal or function which is of greater importance. This framework enables
the analyzer to either zoom-in onto a specific part of the signal or zoom-out to understand the big
picture. This big picture can be glanced in figure (4.24).

Figure 4.21: Plotting of fy(x) coefficients

The following MATLAB code presents the analysis carried out in the previous illustration.
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T aO.Z ]
T %oy )
"3 T Ay |
“T" Bog [770: 777777 by I
Figure 4.22: Plotting of go(x) and fy(x) coefficients
1

0 12 1

Figure 4.23: ¢ (2x)
T aO.Z ]
L o, i
g i a0.0 |
TR A |

Figure 4.24: Plotting of « values of fj(x), Note - The thick black lines are ¢ values of fi(x)
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— MATLAB code: Fourier for Non-Stationary Signals. \\
%************************************************
Y%k ok ok ok ok o sk ok ok ok sk o ok ok o sk ok ok ok ok sk o Kok ook ok o sk o ok ok o sk o ok ok ok o ok
% MATLAB code to understand MRA (MultiResolution Analysis)
% example: To be accompanied with thesis by
% by Aditya Abhyankar
Y4k ok ok sk ok ok sk ok sk ok ok sk o ok ok o sk ok ok o ok sk o ok ook ok o sk ok ok o ok sk o ok ok ok o ok
%************************************************
clear all;close all;clc;

x0=0; % Lower limit of signal
x1=3; % Upper limit of signal

level=9; ’ Resolution of the signal
x=x0:1/100:x1-1/2"1evel;

alpha00=1/2;alpha01=3/2; alpha02=5/2;% alpha_0,k values for VO
beta0=1/4; betal=-1/4; % beta_0,k values for WO

f=x; % The given function

plot (f,x,’k?,’LineWidth’,2); axis([0 4 -1 4]); grid on; hold on;
% Ploting of projections in VO

plot(x(1:100) ,alpha00, ’+b’,’LineWidth’,8);
plot(x(101:200),alphaOl, ’+b’, ’LineWidth’,8);

plot (x(201:300),alpha02, ’+b’,’LineWidth’,8); hold on;

% Ploting of projections in WO

plot(x(1:50) ,betal, ’*g’,’LineWidth’,8); plot(x(51:100),betal,
>xg? ’LineWidth’,8); plot(x(101:150),betal, ’#g’,’LineWidth’,8);
plot(x(151:200) ,betald, ’*g’,’LineWidth’,8); plot(x(201:250),betal,
>xg?,’LineWidth’,8); plot(x(251:300),betald, ’#g’,’LineWidth’,8);
hold on;

alphalO=1/4;alphall1=3/4; alphal2=5/4; % alpha_1,k values for V1
alphal3=7/4;alphal4=9/4; alphalb=11/4;

% Ploting of projections in V1

plot(x(1:50),alphal0, ’or?,’LineWidth’,1); plot(x(51:100),alphall,
Yor’,’LineWidth’,1); plot(x(101:150),alphal2, ’or’,’LineWidth’,1);
plot(x(151:200) ,alphal3, ’or’,’LineWidth’,1);

plot (x(201:250) ,alphal4, ’or’,’LineWidth’,1);

plot (x(251:300) ,alphalb, ’or’,’LineWidth’,1);
title(’Multi-Resolution Example’); save test_f.mat f;

% End

The saved function can be opened in the wavelet toolbox of MATLAB by typing ‘wavemenu’ on
the command prompt and loading the test signal and doing analysis using wavelet of the reader’s
choice. The output is shown in the figure(4.25).
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Multi-Resolution Example

Figure 4.25: MRA exercise. Black line indicates the function f(x), blue projections indicate
fo(x) € V, green projections indicate go(x) € Wy, red projections indicate fi(x) € V;

Along with Sarga (87T), PratiSarga (STa&1T) is extremely important. Both the procedures are
possible in the form of either moving up or down the ladder of nested sub-sets. The same is illustrated
further in this chapter.

Daubechies Filters

The salient feature of Daubechies filter bank is that its construction of depends on addition of
polynomial of higher and higher degree in filter transfer function. To be specific, more and more
(1 —z71) terms are utilized in high pass analysis filter bank.

® ngrid Daubechies

(born 17 August 1954) is a Belgian physicist and mathematician. Between 2004 and 2011
she was the William R. Kenan, Jr. Professor in the mathematics and applied mathematics depart-
ments at Princeton University. In January 2011 she moved to Duke University as a Professor
in mathematics. She is the first woman president of the International Mathematical Union
(20112014). She is best known for her work with wavelets in image compression. At Courant
in 1986 she made her best-known discovery: based on quadrature mirror filter-technology she
constructed compactly supported continuous wavelets that would require only a finite amount of
processing, in this way enabling wavelet theory to enter the realm of digital signal processing.
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Impulse response of Daubechies analysis low pass filter
The first member of the Daubechies family is the Haar filter bank itself. In the second member of
Daubechies family the analysis side high pass filter has factor of (1 —z~!)2. Now high pass filter
of analysis side is of form z PHy(—z"!), where Hy(z) is the analysis side low pass filter. So Hy(z)
should have a factor of (1+z1)2.

— D2 calculations. It can be recalled that in the Daubechies family the filter
lengths are always even. So for the second member of the Daubechies family, filter length will be
4 and the order will be 3. So Hy(z) has 3 zeros. Two of them are already specified to be at z = —1.
The third zero is to be determined to get complete transfer function. This falls in line with the
equivalence of ‘Brahma’ (F&T) with ‘Dahara’ (88¥), as prescribed in Chandogya - =&l gx
TET IS d9H RIS | BTt 9.9, The complete transfer is obtained as follows:

Let impulse response be,

h[n] = [ho hy h2Th3:|

So hn] is orthogonal to its even shifts e.g. shifts of 2,4,6 etc. So the only non-trivial relation is
obtained by the dot product of i[n] and h[n — 2|.

hin] = [ho hy hzT h3]

hln—2] :[ ...... ho hy h2h3]

Tn:Z
Hence their dot product is (hohy + h1h3) and because of orthogonality of dot product with respect
to even shifts,

hohy +hihs =0 (4.19)
Now system function can be expressed as,
Ho(z) = ho+hz '+ hpz 2 +hyz 3 (4.20)

Also as Hy(z) has a factor of (1 +z!)?, so in general Hy(z) can be written as,
Ho(z) = Co(1+z71)*(1+Boz™")

where Cy is a constant.
Here two zeros are constrained at z = —1. If we neglect the constant for time being and then
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expanding the previous expression, we can write,

Hy(z) = 142z 42724 Byz7 ' +2Byz7 2 +Byz 3
Ho(z) = 1+4(2+Bo)z 1+ (1+2Bo)z >+Boz > 4.21)

Comparing the coefficients of powers of z~! from equation 4.20 and 4.21, we get,

hy = 1

hy = 2+4+By
h, = 1+2By
h3 = By

Putting this value in equation (1),we get,
(142By)+(2+By)By =0

= B3+4By+1=0

Solving the above quadratic equation, we get,

Bo=(—4+2V3)/2=-2+3 (4.22)

Now the implication of By is that the third zero of Hy(z) is at By. For By = —2 — /3 i.e.
By = —3.732, the zero is outside the unit circle in the z-plane. Because |By| > 1, this will
not become the minimum phase implementation. The magnitude response being the same as
required. So there will be more phase delay and group delay in the system which is not desired.
But for By = —2+ /3 i.e. By = —0.268, the zero is inside the unit circle in the z-plane and so the
system remains the minimum phase system, because |Bg| < 1. So we choose By = —2 4 /3 i.e.
By = —0.268.

So the impulse response of the analysis side low pass filter of length 4 of Daubechies family is,
shown in table (4.3) below.

In this derivation process we have neglected the constant Cy. To find Cy, let’s recall:
Ko(z) + Ko(—z) = constant (4.23)
where,

K0(z) = Ho(z)Ho(—z ") (4.24)

In order to choose the constant Cy the easy thing to do is to make the norm of the impulse response
of Hy(z) unity in the sense of /; norm. Now the dot product of a sequence with itself gives the
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square of its I, norm. So the sequence corresponding to kp(z) at the 0/ location is essentially the
squared norm in the /5 (Z) of [ho h; hy h3]. So Cy chosen such as,

Ci(h3+m+m5+h) = 1 (4.25)
C5=1/4287 = 0.233
Co = 0.4829
ho hy hy hs

0.4829*%1=0.4829 | 0.4829*1.732=0.8364 | 0.4829*0.464=0.2241 | 0.4829%(-0.268)=-0.129
Table 4.3: Normalized Impulse Response

Calculation of Scaling Function

Now our next job is to calculate ¢ (z) and y/(¢) from the calculated impulse response. To calculate
the scaling function ¢ (¢) we have to keep on compressing and convolving k[n] iteratively. This is
done as follows:

Let us treat h[n] as the set of coefficients of an impulse train containing only 4 impulses in the
continuous time domain such as the function in the continuous time domain is A(¢) such as,

h(t) =hod(t) +h16(t —T)+had(t —2T) +hsd(r — 37T) (4.26)

These calculations are well supported by several clear descriptions in Advaita Vedanta Philosophy.
For examples of which are as follows - & H9 TEIHTHT | T.2 - ¢ -§, ATHIE TIH | JT.\9 -3 -3,
FRlaeHHd IO | §.3 -3 -39, 99 Gfceas &l | BT.3-3¢ -3

Accordingly the shape of h(2t),h(4t),h(8t) etc. are shown in figure 14.2.

The iterative convolutional kernel re-confirms the doctrine stated in Chandogya Upanisada
(Wwﬁrw) TT AT, Ud JleqveT g9 quas fagma & e faarer aere
qiascdd c0H | BT.5-9- 7.

For the iterative convolution, first 4(¢) is convolved with /(2¢) and the result is convolved with
h(4t). Then the result is convolved with 4(8¢) and so on. If this convolution process with compressed
version of h(¢) is carried on infinitely, we will get the scaling function ¢ (¢).

There is an interesting conclusion of this iterative convolution process. Suppose /(¢) has length L i.e.
h(t) =0 for any # < 0 and for any ¢ > L. So h(2t) has a length L/2, h(4¢) has a length L/4, h(8¢)
has a length L/8 and so on. Now the convolution of A(¢) with h(2t) gives result with length L+ L/2.
This result when convolved with h(4t), gives a result with length L+ L/2 4 L/4. So going on this
way we can get (), which is of length L+L/2+L/4+ ... = 2L.

It means ¢ (7) is zero for any < 0 and 7 > 2L i.e. we converge towards a compactly supported scaling
function. The independent variable region over which the scaling function is non-zero is finite. This

Table 4.4:
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hit)

h(2t}

hiAt)

Figure 4.26: Shape of h(t),h(2t),h(4t) and h(8t)

is the most important contribution made by Daubechies. Before Daubechies came up with these set
of filter banks idea of neatly constructing a family of compactly supported multiresolution analysis
was not existing in the literature. So this is a very useful contribution in MRA.

Interpretation for Daubechies filter banks

The theories of wavelets and filter banks developed in parallel. Using filter banks effectively to
generate compactly supported scaling function is an important contribution by Daubechies.

A different interpretation can be thought about the Daubechies filter banks. The high pass analysis
filter bank essentially reduces the degree of a polynomial input. Suppose there is an input of the form
x[n] = a+ bn, where a and b are constants. So the factor (1 —z~!) in the high pass filter reduces the
degree of the input. If there had been only this term in the high pass filter, the output would have
been in the form of y[n] = a+bn —a —b(n— 1) = b. If there had been another term of (1 —z!)
the output becomes 0. So in Daubechies length 4 (abbreviated as Daub-4) high pass filter bank the
polynomial is annihilated. On the other side, in the low pass analysis filter, because of the (1+z~!)
term, the output becomes y[n] = a+bn+a+b(n—1) =2a+2bn — b. It can similarly be extended
for another (1 +z~!) term. This means that the polynomial form of expression remains in the low
pass branch and the high pass branch contains some residual component, thereby retaining a few
more smoother terms related to polynomial in the low pass branch and removing them from the high
pass branch.

While calculating the iterative convolution we saw that the scaling function thus obtained has
a compact support. But it is important to note that had it been taken any arbitrary values of
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ho, h1, ho, h3 the iterative convolution process might not have converged to a function with finite
number of discontinuities. But beauty of Daubechies family is that whatever be the filter length,
the convolution always converges to a function with finite number of discontinuities. The specialty
that makes the convolution to converge is denoted by a term ‘regularity’ in Wavelet literature, i.e.
the filters need to obey regularity for the iterative convolution to converge. This regularity comes
because of the presence of the zeros in the system function. One guaranteed way of forcing regularity
is to introduce factors of (1+2z7!), i.e. adding zeroes at z = —1 i.e. @ = 7 in the low pass analysis
filters. In case of high pass analysis filter the zeros are added at z =1 i.e. ® = 0. So the zeros are
put at the extreme high frequency in low pass filter and at the extreme low frequency in high pass
filter. In case of different filter banks, the number of zeros are as listed in table (4.5).

Table 4.5: Daunechies family member and corresponding zeros

Haar 1 zeros
Daub-4 | 2 zeros
Daub-6 | 3 zeros

Higher is the filter length more regular is the Daubechies filter. This means the function to which
we converge by iterative convolution becomes more and more smooth i.e. they have more and more
derivative which are continuous. In Daubechies-4 there are some issues in the differentiability but in
the higher order filters that is also taken care of.

Next Daubechies family member Daub-6
The next member of Daubechies family is a length 6 filter of degree 5. So in that case Hy(z) can be
written as,

Hy(z) = Co(14+2 1) (14+Boz ) (1+B1z7") 4.27)
here Cy is a constant. Three zeros are constrained and two are free (Evo and Evl ). Let the impulse
response be,

hin] = [h0h1h2h3 h4h5]
/]\

so h[n] is orthogonal to its even shifts e.g. shift of 2, 4, 6 etc. So the non trivial relations are obtained
by the dot product between h[n] and h[n — 2] or h[n — 4]. Here,

h[n] = [h() hl h2 h3 h4 h5:|

/]\
h[n—Z] = [ ...... ho hy h2h3h4h5]
Tn:2
h[n—4] = |: ................. hoh] h2h3 h4l’l5:|
Tn:4
= hyhy+ hshy +hghy +hshs = 0 (4.28)

= hahg+hshy = 0 (4.29)
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From equations 4.27, 4.29 and 4.29, we can find out the values of }’5’3 and Z?vl . There from we can
construct the impulse response in a way similar to Daub-4 case.

This type of filter banks are called Conjugate Quadrature filter bank. The reason for this nomenclature
is that the low pass and the high pass filter frequency responses are & apart from each other. So the
principal equation governing the conjugate quadrature filter is,

Ko(z) + Ko(—z) = constant
where,

Ko(z) = Ho(z)Ho(z ")

Ko(e/”) = Ho(e/”)Ho(e’?)

If the frequency response is real then,

|Ho ()| = (/) (4.30)

This means designing a conjugate quadrature filter bank is essentially designing ko(e/®) only. Kko(z)
corresponds to a real and even impulse response with the constraints that even samples of the impulse
response are all ‘0’ except at the Oth sample.

There are many ways to design such filter banks. Once we have kp(z) we find its roots. For each
root there are pairs of reciprocal roots Hy(z) and Hy(z~!). Out of each reciprocal root pair, one root
is assigned to Hy(z) and the other automatically gets assigned to Hy(z~!). The Daubechies filters are
one class of conjugate quadrature filters.

Our future study will aim at what we are looking for out of these filter banks in both time and
frequency domains.

Daub-4 and Daub-6 Design Details
This aims at using linear algebra and matrices.

we wish to come up with design procedure to construct even’length Doubechies filter.

Let
h= {ho,hy,---h} be the LPF coefficients and
g= {g0,81, -8} be the HPF coefficients and

Let both these filters be finite impulse response filters

. 111
c.g. lf, h= {ho,hl,hz}:{4,2,4}

Then the Fourier series i(®)will be
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H(o) = Liligo L pio :ejw-l(l—l—cosco) (4.31)
4 2 4 2 ’
If we plot the magnitude graph over [0, ],then
|H ()|
1
0]
0 T
low pass filter conditions could be
1
H|(0)] = E(l—kcosO) =1 &
1
H|(m)| = 5(1 +cosm) =0
Now,
L .
Hw)=Y h-e /X (4.32)
k=0
Now lfg = {g07glag2a o gL}
L .
G(w)= ) gi-e /™ (4.33)
k=0

High-pass conditions will be |G(0)| =0 & |G(7)| =1
To design Daub-4 & Daub-6,

L=3 &5.

Now,let’s construct system of linear & quadratic equations that coefficient of h’ show satisfy.
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Design 1- Daubechies-4
h={ho,h1,h2,h3}
2={20,81,82,83}

Typical output of any filtered is mathematically captured by ’convolution’.

x— h —y=uxxh

L
Yn= ) hi-xp_x=ho-xn+hy-x,+--- (4.34)
k=0

.. For causal system & sequences (i.e. noy_1,y_2,---andx_1,x_2,--- terms)

Yo X0
Y1 X1

| =H-|. (4.35)
2 X2

Important things to note about *H’ matrix:

1. Since it represents system in matrix form it is a system of linear equations.

2. ’ho’s constitute main diagonal.

3. With reference to main diagonal,upper triangle is *0’,which suggests, system is causal

[Hij =0Vj>i,i,j EZ]
4. Since all diagonals are constant,it indicates,system is shift invariant.
5. ..’H’ is a causal LTI system.
Similarly,for high pass filter G’ matrix can be built.’H’ and G’ together constitute wavelet

matrix w’,as in wavelets we use filter bank,combination of LPF(H) and HPF(G).

E.g. if in case of Haar,
1 -1

h[ﬂ]={%, \%} and g[n]:{\—ﬁ, ﬁ}

"W’ matrix will be,

[

,& look like
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12

0

—12

0

12

0

12

0

This is Daub-2 or Haar.
Now,for Daub-4,the filter length will be 4’ & W matrix will be 8 x 8.
Let’s call that as Wpy.

s
0
0

h

Wps = | —

83
0
0

L81

Now,for Wp4 to become a transformation matrix.

1. The inverse should exist.

0
12
0

—-12 12

12

0

0

o o

=

81
83

2. Wpy should be unitary,i.e. for real values,W,, = W},.

3. Wpa4 should be orthogonal.

Assuming 1% two criteria,
For the orthogonality,

Wpa - Wi, =1

. Wpa - Wg4 = [

. Hpy 'Hg4 =1

Hpy
Gps

] [HD4 GD4] = [

Hps 'Hg4
Gpa - H,

Hpy - GLT)4
Gps - Gy

|

|

I
04

04

(4.36)

(4.37)
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hs hy hy ho
0 0 hs h
0 0 0 O
hi hpy 0 O

0
hy
h3
0

0
ho
hy
0

=)

ho
hy

(s 0
hy O
hy  h3
ho
0 n

0
0 O
| 0

hy
ho
0
0go
0
0
h3
hy |

SO O =

S o= O

S = O O

- o O O

Let’s work on 1* row,1* column — should lead to 1’
& 1% row,2™ column — should lead to ’0’

Ry +h3+hi+hG=1 (4.38)

hi-h3+ho-hy =0 (4.39)

The orthogonality between 'h’ & ’g’ plays vital role.One way of understanding orthogonality is
"zero’ dot product between two vectors.”Dot” product is element by element product.For every *h’, if
we create corresponding g’ by flipping the sequence & making alternate samples go negative, then
that will certainly achieve orthogonalization.

e.g. if h={1,2,3,4}

then g={4,—3,2,—1} is a good candidate to produce orthogonal framework.

(h)y =[1x442x(=3)+3%x(2)+4x(=1)]=0!

Mathematically,this can be captured using:
ge=(=D%-hyy,

where, h={h0,h1, ce ,]’lL} &g = {go,gl, s
This grantees (h,g) = [h-g] =0

2.8 =180,81,82,83} = {h3,—ha,h1,—ho}
Now,

agL}

[—hy O 0 —h

h 0 0 h3
hy hy hy hp 0 O 0 O —hy, —hy 0 O 00 0O
0O O hs hy Wy hy 0 O h3 hy 0 0] |00 0O
0000h3h2h1h0'0—h2—h0O_OOOO
h hg 0 0 O O hy h 0 53 h O 00 0O

0 0 —h —mh

L 0 0 h3 h |
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Similarly,
Gps - Hg4 = [O]4><4

(A3 0 0  hy]
hy 0 0  h
—hy hy —hy hs 0 0 0 O hy hs 0 O 00 0O
0 0 —hy i —hy hy 0 O ho h, 0 Ogo| |0 O O O
0 0 0 0 —=hy hi —hy hs O hy hs 0| [0 0 O O
—hy h 0 0 0 0 —h h 0 hy ho O 00 0O
0 0 h N~
L0 0 hy ho
Also0,Gpy - Gpy = Iy
[—hy O 0 —ho
hy 0 0 h3
—hy hy —h, h3 0 O O O —hy —hy O 0 1 00O
0 O —hy hiy —hy h3 0 O hy hy 0 O 101 00
0 0 0 0 —hy by —ha h3| | 0 —hy —hy O | |0 0 1 0
—hy h3 0 O 0 0 —-h Mh 0 hy I 0 0 0 0 1
0 0 —h -
| O 0 hy  h
(4.40)
We again confirm,
h§+hi+h3+h3=1
hohy, +hihs =0
Now,
let’s impose conditions so that *h’ is truly a low pass filter on [0, 7]
Being a LPFEit should pass frequencies at @ = 0 & block frequencies at ® = 7.
Let H() be the Fourier representation of h(n)in the form of series,
H(®)=ho+hy-e/® +hy-e*7® 4 hy- 37 (4.41)

Let’s impose first condition to pass frequencies at w=0,and let the magnitude by *Unit” decided
by us.

S H(0,0)=ho+hy -+ hy-e® +hy -0 = Unit (4.42)

What unit should we choose.Well,we choose it carefully to normalize orthogonal system,thus making
it orthonormal.

Recall the MRA framework we saw,/; is linked with ¢(-) and s is linked with y(-).For set
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{2% 0(2/x —k) },being orthonormal & linearly independent,it constitutes a basis for vector space V/

at window of analysis W, = 12/.
This is truly orthonormal on (—oe, c0),since

0, kI
1, k=1

/ ) 250(2x—k)- ¢ (2x — I)dx = { (4.43)

This is condition for orthogonality,whole makes it orthonormal is normalizing factor of 2% in
{2%¢(2fx—k)}.

If we take norm of ¢ (2/x — k),we get that factor.
. o0 . 1 . .
16(27x—K)|? = / 02(27x — K)dx - E/ 02(2/x —k) - 2dx (4.44)
Let’s put 2/x —k = a
Differentiating both sides

2/.dx—0=da
s 2ldx=da

lo@ix—RIP =5 [~ ¢*a)as 445)

Let’s prove it for Haar,where

0(a)

2/\

1

0 4
0o 1 2

19 (@x k)| = 5 Jy (1) da= 5(1) = 5

Taking square root for positives,
19(27x = K)[I* = 5

.. We can divide ¢ (2/x - k) by its norm to get orthogonal basis converted to orthonormal basis,
¢(2ix—k) =22x—k) =22¢(2/x—k)

~.
[N

From the point of view of nested subspaces, we have to account for v/2 every time we move from
one subspace to another.
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V2 V2 V2 V2
SN TN T TN
Vo, C V4 C Vo C Vi - Vs

This is a ’dyadic’ style of realizing discrete wavelet filters.
.. We choose *Unit’ to be *v/2’ to maintain orthogonality.
We will put this in equation (4.41),

ho+hy +hy +hy = +v2 (4.46)

We will use this as a final check whether the LPF coefficient satisfy this condition or not.
Let’s impose second low pass condition of complete attenuation at w=7.
S H(m)=0=ho+hy-e/™ +hy- 2™+ hy-e3i7
Using euler’s identity e/"=-1
ejn=(e/n)? = (1) =1
Sjn=(e/n) =(-1)P3=-1

H(?T)Z():ho—hl—i-hz—h3 4.47)
’g1’being a highpass filter,let’s impose conditions accordingly,

8k = gT()aglag%gE}

G(a)) =go+g&1 -ej“’—i-gz -ezj“’+g3 PR
Put {g0,81,82,83} = {+h3,” ha,+ 1~ ho}

G(®)=hy —hy-el® 4 hy-e2® — p.3I®
G(0)=0 -(block low frequencies)

ohs—hy+hy—hy=0 (4.48)
G(7) =unit= /2
|ho+hi +hy + h3| = V2 (another check condition)

Let’s combine two orthogonality conditions and one

LPF condition towards finding /; From (1),(2)& (5)

hi+hi+h3+h}=1
hohy, +hihs =0 ——  (D1)

ho—hi+hy—h3;=0
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These are our design Equations!
let’s start with the following equation
ho +hyhihs =0
This clearly implies [ho 717 and[h,  h3]7 are orthogonal
i.e. inner or dot product([hg hi], [hy h3]) suggests
hohy + hy 4+ hs — going to ‘0’
e.g. hg = 1,hy = 1,hp = —1,h3 =1 ensures
[ho h1]T L [y h3)T

We can also prove graphically [hy h3]T L ¢[—hy ho)"
(=1,1) = [ha h3] (1, 1) = [ho I

orthogonal

.. it is easy to see that

[hy h3)T L c[—hy ho)" (4.49)
with c=1 in this case!

For c# 0,if we insert
[hah3)" L ¢[—hiho]" in equation 4.39
We get

R+ h3 = ui@ (4.50)
One way of looking at equation (??) is
hy = —ch &hs = chyg
Let’s plug these values in (4.47)
. ho — hy — chy + chp=0
Soho(l—c¢)+hi(14¢)=0

1—c¢
h1:<1+6)h0:{ ey 4.51)
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.. (4.50) is clearly a equation of circle of radius \/117 & (4.51) is a equation of straight line with

1—c
slope {7

Graphically,
hy :
1 1+
= VA (1+)
= (15¢) -ho
ho
—(14¢)
V2-(14¢2)
. . . . 17(3 . . . 1 .
.. For any given c#-1,the line with slope of = intersects circle of radius mtwwe

.". For each ’c’ there are 2 possible solutions,that will satisfy design conditions D;.
Let’s simplify

h3+h? = T

oo (1=c Pl |
0" \1+c¢ 07 142
1—c\? 1

n| 1 =——
O( +(14—c> ) 1+4¢?
(I+c)T(1—-c)*\] 1

(1+¢)? 142
S [((T+2c+c*+1—2c+¢? 5 [2(1+¢%)

h

[e]\S]

(1+c¢)? 1+¢2
1 1+c)?
212 = o)
14+c2 142
w2 1+¢2
07 2(14¢2)2
1
ho = te the ‘two’ solutions!

V2(1+¢)
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Let’s choose (+ve)root

I+c¢
V2(1+¢2)

By plug & solve

0= (4.52)

l—c —c(l—=c¢) —c(l4c¢)
= e kg = b
V2(1+¢2) V2(1+c?) V2(1+4¢?)
D1 is a system of three equations & we are trying to figure out four unknowns
Let’s add one more LP condition
H(m)=0
As ideal filtering not possible we impose
H'(m)=0
First order difference (derivative) will give us,

hy =

H(0)|o=r = jhe/® +2jhe?® 43 jh3e®| p—n
0=j (hi(=1) 4 2ha(—=1)2 4 3h3(—1)%))
cohi—2hy+3h3=0 4.53)

Let’s add (4.53) in D1 to get complete set D2

h+hi+h3+hi=1
ho+ hohihs; =0

(D2)

ho—hi+hy—h3=0

hiy —2hy +3h3 =0

Now,Let’s plug hy = —ch| & hs = chyin(4.53)

hl—|—2Ch1+ch():h1(1+2C)+3Ch0:0
o 3¢
ST\ (1 20) o

we already know the slope matches with 7

C
) —3c L 1—c¢
"142¢ l+4c

=3¢ —=3c2=142c—c—2c*
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so=3¢=32=1+c-2¢
P4+ 1=0 (4.54)
Roots of (4.54) wiil be
c=-24++3
¢ = —2—+/3 makes system slow& sluggish as the zero lies outside unit circle& it ensure max-phase
system.
. we choose minimum phase ¢ = —2 + /3 solution by backward substitution in D2
1+3 3+V3
hy= —— h=——
42 42
1-v3 3-V3
hy=—— hy =
42 42

Now, g = (—1)fh3 —k, k=0,1,2,3

1—V3

80 3 4\5 81 2
3+43

82 1 4\5 83 0

Now let,s repeat this for Daub-6 where

h={ho---hs}
g=1{g0--8&5}
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0 O hs hs hy hy I

0 0 O O hs hy hs
hi hgy 0 0 O O bhs
hsy hy hy hgy 0 0 O
Wio=|- - - — — — =
8 8 8 & & & O

0 0 g g & & &
0 0 0 0 g g &
gr & 0 0 0 0 gs

We can extend D1 conditions directly

B+ 13 +h34+h}+h+hs =1
hohy + hihs + hyhy 4+ hshs =0
hohg +hihs =0

g:h5ah4ah37h27h17h0
) T _ T _
.. Hpio-Hpio' = Gpio-Gpio” =15 &

: T T
.. Hpio-Gpio” = Gpio-Hpio® =0s
Low pass conditions-

H()=0=ho—h;+hy—h3+hy—hs
H(0) =2
ho+hi +hy+h3 +hy+hs =2

additional conditions on H(®) will be
H'(m)=0

& further flatten at @ = & by
H"=0

=

81
83
85

(D3)
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R H(CO) = ho+h1€jw +h2€2jw +h3e3jw +h4e4jw +h5€5jw
L H'(0) = j-h1e/® +2j-he*® +3j-h3e’® +4j-hyet® 4 5] - hseI®

using j2 = (v/—1)?>=—1

H"((D) = —hlejw — 4h2€2jw — 9h3€3jw — 16h4€4jw — 25h5€5jw

let’s evaluate @ w = 7
H/(TL') =0=h; —2hy+3h3 —4hs+ 5hs

.'.H”(ﬂ?) =0=h; —4hy 4+ 9h3 — 16hs +25hs

*. complete set of design equations:

B+ h R+ R+ R+ hE =1
hohy + hihs + hohy + h3hs = 0
hohg +hihs =0

ho—hi+hy —hs +hy — hs

hy —2hy +3h3 —4hy + 5hs

hy —4hy +9hs — 16hy + 25h5

(D4)

solving we get daub-6 coefficients

hoz—(1+\ﬁo+\/m)
(5+\F+3\/5T)
(10-2v10+2v/5+2V10)

hgzﬁ(l —V10-21/5+2V/10)
(
(1

S 8l

54+v10-3v/5+2 )
+V10+V/5+2V10)

& ge=(—1)hs—k k=0,---5
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go=h5=£(1+\/ﬁ+\/5+2\/ﬁ)

2
g1 =—hy= —\3€ (5+\/ﬁ—3\/5+2m)
g =h3= ‘3/3 (10—@-2 5+2\/ﬁ)
g3 = —h2 = —\3/25 (10—2\/ﬁ+2\/5+2\/ﬁ)

ga=h :\5 (5+\/ﬁ+3\/5+2x/ﬁ)
V2

gs=—ho =3 (1+V10+V/5+2/10)
Analytics 4.13.1 — Linear Sarga - Vedanta Style. Illustration::Use Haar wavelet transform
on following signal and solve given objectives:
9 x
8
7
6
5
4
3
2
1
0 3
0 1 2 3 4 5 6 7 8
x, 0>x>8
i) = {0, otherwise
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1. f() (x) €V

2. go(x) € wp

3. f] (x) €V

4. Prove: vi = vy B wg

Directives:To solve this problem,we are going to use haar wavelet.The Scaling function of

Haar wavelet is:

1
fj(x) €Evj, Wg = 37

span {2%¢ (27x — k)}

£i(0) =Y ;28 (27x— k) (4.55)
k
jik = / fi(x)236(27x— k) (4.56)
o (%)
2 x
1
X
0 .
0 1 2
The dilation function of Haar wavelet is: g;(x) € wj, w, = 2_lj
span {2% v(2/x—k) }
(4.57)

gj(x) = Zﬁj,ﬂ% w(2/x—k)
k

Bjx= /_ i gi(¥)2tw(2ix—k) (4.58)
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V(x)
22

1
[

&)
Yl
<

1] fo(x) €vo .. j=0s0w, =5 =1

But,

(4.59)

(4.60)

(4.61)
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(%)
2
1
X
0 >
0 2
So scaling function ¢ (x) varies from 0 to 1.
1
= Jo (x)(1)dx
8]
=%,
-1
)
1
So0p0 = 5
Putting k=1 in equation (6),
1 = / So(x)¢(x—1)dx
(4.62)
—/ So(x)¢(x—1)dx
But,
¢(x—1)
2
1
X
0 >
0 1 2 3
So scaling function ¢ (x — 1) varies from 1 to 2.
2
= Ji (x)(1)dx
2 2
_ |
[2 } 1
=3
=2
3
.01 = 5

Putting k=2 in equation (6),
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oo

cw2= [ folw)9(x—2)dx

o]

= | fo(x)o(x—2)dx

—o00

But,

(4.63)

=[5 (x)(1)dx

_ 3
—2
5
AVES 5
For k=3,

But,

(4.64)

w
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1563

So scaling function ¢ (x — 3) varies from 3 to 4.

(4.65)

1
—2
7
xp3 = 5
For k=4,
4= [ fo(x)¢(x—4)dx
= [ ho@o—4)dx
But,
¢(x—4)
2 IN
1
0
0 1 2

= [7 (x)(1)dx

But,

w

(4.66)
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S
W

So scaling function ¢ (x — 5) varies from 5 to 6.

O SC
J2(x—4)(1)dx

6
2y
2 ]

_ U
)
11
.05 = 5
For k=6

oo (4.67)
— [ fos(x—6)dx
But,
$(x—6)
2 3
1
0 =

=f67(x)(1)dx
_ x_zr
= %),
_13
- 2

13
.06 = 2
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o (4.68)

But,

So scaling function ¢ (x — 7) varies from 7 to 8.

= f78(x§(1)dx
- (3],

15
2

Using equation (5),we can write
fox) =700 +30(x—1)+30(x—2)+70(x—3)+30(x—4) + F(x—5) + FP(x—
6)+50(x—7)
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0 H
0 1 2 3 4 5 6 7 8 9

The red line is showing Wavelet scaling coefficients.
2]go(x) Ego.'.j:Osowazzlozl

span {2% y(2% — k)}

(4.69)
span{y(x—k)}
From (3) & (4),when we put j=0
folx) = Y Bos(2)2 w(20x—k)
k (4.70)
=Y Bosv(x—k)
k
Boi= [ o2ty k)
e (4.71)

— [ hove-h

For k=0,
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Bro= [ foloylx—0)ds
o (4.72)
— | v
But,
¥ (x)
2 x
1
X
0 >
2
-1
D ¥
So dilation function y/(x) varies from O to 1.
= F@)+ [} (<)(~1dx
1 2\ 11
— [fraCXZZ}S - [— (—%)] L
-}
1
B0,0 = 2
For k=1,
Boa = | _fow)wlx— D
.y (4.73)
— [ Ao 1dx
But,
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yx—1)
2 IN
1
X
0 >
1 ? 3
-1
_2 w
So dilation function y(x — 1) varies from 1 to 2.
1
2 1
= Jo () (1) + [ (x)(=1)dx
273 2
— | X 2 x2
=zl +[- ()],
—_1
4
1
ﬁ071 = _4_1
For k=2,
Boa = J7u fo(x)w(x —2)dx
But,
y(x—2)
2 IN
1
X
0 >
1 2 b 1
1
_2 w
So dilation function y/(x —2) varies from 2 to 3.
5
2 3
= J; ()(1) + J5 () (= 1)dx
3 3
212 2
==L+ -Gl
—_1
=3




4.13 Daub-4 and Daub-6 Design Details

159

1

[30,2 = 1

For k=3,

Bos = o fo(x)w(x—3)dx

But,

h 4

_2 N

So dilation function y/(x — 3) varies from 3 to 4.

= F @)+ [6) (-1

2
—_1
— 4
1
. -ﬁ0,3 = _Z
For k=4,

Boa = |7 folx)y(x—4)dx

But,
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_2 w

So dilation function y(x —4) varies from 4 to 5.

= @) + (-1

Il
[ —|
S
| I
Nl

+

|
/N
1L
N——
—_ 1

[SN-TEY) |

Bos = |70 fox)y(x —5)dx

But,

(=)
W

_2 N

So dilation function y(x —5) varies from 5 to 6.

= I3 (1) + [, ()~ V)x

-+ &,

2
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—_1
— "2
1
" Bos = 7
For k=6,

Bos = J o fo(x)w(x —6)dx

But,

2 5

(e)
L

_2 w

So dilation function y(x — 6) varies from 6 to 7.
13
= I& () + [ () (~1)dx

- 51+

2
—_1
— 4
1
-'-ﬁ0,6 = 2
For k=7,
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V(x—06)
2 a
1

0 u

1 2 3 4 5 6 711|8% o
-1
_2\r

So dilation function y/(x —7) varies from 7 to 8.

= I (1) + [ (- V)dx

1

/3()77 = _4_1

Using high pass projection equation,we can write
g0(x) = — gy (@) — g¥(x—1) = W (x—2) — 70 (x—3) — 7¢(x—4) — 70 (x—5) — 70 (x—
6) — 70(x—7)
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9 x
8
7
6
5
4
3
2
1
0 ¥—r—m—7m ——T""—++—+—— >
o 1 2 3 4 5 6 T 8 9
The Red line is showing Wavelet scaling coefficients.
The Green line is showing Wavelet dilation coefficients.
31filx) €vy ]—lsowa—zll—z
span {2%¢(20x - k)}
span {\/§¢ (2x—k) }
From (2),when we put j=1
1
fi(x) = Le 01 4(2)29(2'x —k)
= Yy 01 4 V2¢(2x— k)
o 0
ok = [T f1(x)220 (2% —k)
o = / A(x)9(2x k) @.74)

For k=0,
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o0 = [T, f1(x)V2¢(2x — 0)dx

= [ fi(x) V20 (2x)dx
But,
¢ (2x)
2 7
1
0 = ‘

As scaling function ¢ (2x) varies from 0 to 0.5.
1
= Jo V2(x)(1)dx
510
=2 [%} !
=V2-4

1
oo=—=
T 42
For k=1,

on1 = [T, V2f1(x)(2x— 1)dx

But,
o(2x—1)
2 N
1
x
0 >
0 1 2
As scaling function ¢ (2x) varies from 0.5 to 1.
0.5
= Jo" V2(x)(1)dx
210
=2 [x } 05

1

!
N
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3
S0 = —=
LI=35
For k=2,
a2 = [, fi(x)V29 (2x — 2)dx
But,
0(2x—2)
2 I
1
:
0
0 1 2
As scaling function ¢ (2x — 2) varies from 1 to %
3
= [ V2(x)(1)dx
2 1
=V2 [%} 3
=23
oo 5
1,2 - 4\/§
For k=3,
o3 = [T fi(x)V29(2x —3)dx
But,
o (2x—3)
2 i~
1
X
0 >
o 1 2 3
As scaling function ¢ (2x — 3) varies from 1.5 to 2.
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= [3V2(4-x)(1)dx

213
- [}
2],

_ 7
=21

7
o3 =—=
T4 2
For k=4,

o a= [ f1(x)V2¢(2x — 4)dx

But,

As scaling function ¢ (2x —4) varies from 2 to % .
= [ V2)(1)dx

=va[3];
_ V3.0

=

RN

9
04 = ——
a2
For k=5,

o5 = [0 f1(x)V2¢(2x — 5)dx

But,
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d(2x—5)
2

IN

As scaling function ¢ (2x — 5) varies from % to 3.

= J§V2(x)(1)dx

01,6 = [T f1 () V26 (2 — 6)dx

But,

As scaling function ¢ (2x — 6) varies from 3 to 7 .
= [ Vi )( )dx

-v2[s],

— 313

E
Y42

For k=7,

o7 =", fi(x)vV2¢(2x — T)dx
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But,

As scaling function ¢ (2x — 7) varies from 7 to 4.

= 7 V2(x)(1)dx
- va[g];
=21

I 15
1,7_4\/§
For k=8,

05 = [T f1(X) V20 (2x ~ 8)dx

But,

(@)
~

As scaling function ¢ (2x — 8) varies from 4 to % .

— [F V) (1)dx

o g =
1.8 Va
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For k=9,

1o = |7 fi (0)V20 (26— 9)dx

But,

As scaling function ¢ (2x —9) varies from % to 5.

—f9 V2(x)(1)dx
-va[3],
= \/§§9
19
061,9 = m
For k=10,

0,10 = [ f1(x) V26 (2x — 10)dx

But,

¢(2x—10)
DEs

As scahng function ¢ (2x — 10) varies from 5 to =

= [ VA)(1)dx
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o1 = [, fi(x)V2(2x— 11)dx

But,

o(2x—11)
2 3

As scaling function ¢ (2x — 11) varies from % to 6.

= J§ V2(x)(1)dx
-l
~V2.2

SO0 =

23
4v2
For k=12,

o112 = fjx,fl (x)\/i¢(2x— 12)dx

But,
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O(2x—12)
2 3

1

0

0 1 2 3

11
=[5> V2(x)(1)dx
575
=2 [%} 1
25
=2. 2
P 25
For k=13,

ins
2

013 = [0, fi(x)V2¢(2x — 13)dx

But,

. . . 11
As scaling function ¢ (2x — 10) varies from 5 to - .

W

0 1 2 3 4

As scaling function ¢ (2x — 13) varies from % to 7.

=[5 VA1)
-va[g],

_ 3.2
_28

[Nl

o x 27
For k=14,

W
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o114 = fiooofl (x)\/§¢(2x— 14)dx

As scaling function ¢ (2x — 15) varies from % to 8.

= [ V2(x)(1ax
- va[3],
— 3.3

(Sl

But,
0 (2x— 14)
2 3
1
0 s
0 1 2 3 4 5 6 7 8
As scaling function ¢ (2x — 14) varies from 7 to % .
15
= ;2 V2(x)(1)dx
217
=2 [%} 15
_ 29
=v2-2
o 4 — 29
S04 = N
For k=15,
0,15 = [0 f1(x)V2¢ (2x — 15)dx
= [= fi(x)V2¢(2x— 15)dx
But,
o (2x—15)
2 %
1
X
0 >
0 1 2 3 4 5 6 7 8 9
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31
42

SoAps =

9zs

h 4

0

0 1 2 3 4 5 6 7 8 9

The Red line is showing Wavelet scaling coefficients.
The Green line is showing Wavelet dilation coefficients.
4] Prove: vi = vo D wy
_Jy1 3579 11 13 15

VO=12:202:202:2°2°2
—y_ 11 1 1 1 _1 1 _1
wo={~3—3 9~~~ —5 3}

_ 1357 9 11 13 15 17 19 21 23 25 27 29 31

VI= 3444442442424 42424247 4 4>

Now, Take first component of vy and first component of wy.
and Find out following term,
o,1 - ¢(x) + Bo,1 - W(k)
The Scaling function varies from O to 1 and the value is 1 over all interval. The dilation
function varies from O to 1 and the value is 1 for O to 0.5 and -1 for 0.5 to 1. So, We will
get two values using these two functions.
For K=0
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_1

This is equal to o .

Also,
0,07 + Boo”
!

1l
BN —

This is equal to o ;.

For K=1
050,1(+) + ﬁ0,1(+)
3

ENTV1T[o)

This is equal to o .

060,1(7) + ﬁo,l(_)
=

EESEN|\S][OV]

This is equal to o 3.

Similarly, we can find values of ¢ x and By ; to make a conclusion that addition of
these two values will @ x.(k=Total number of coefficients).
Thus, vy is formed by combining vy and wy.

Hence,vi = vo ® wy.

— Squared (Non-linear) Sarga - Vedanta Style. Illustration:Use Haar
wavelet transform on following signal and solve given objectives:
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f(x)

IN

19
18
17
16 x?

15
14 /

13
12 /

—_ =
O =
T~

S~ N WA U ®O
\

) X, 0>x>4
X)) =

0, otherwise
1. Q(X)EV()
2. go(x) €wp
3. filx) ewr

4. Prove: vi = vy B wy
Directive:To solve this problem,we are going to use haar wavelet.The Scaling function of
Haar wavelet is:

filx) evj,wa= 2%

span {2%(])(2& — k)}

£ =Y ;249 (27x k) 4.75)
k
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11 fo(x) €vo .. j=0s0w,
span {2%¢(20x—k)}
span{@(x—k)}

1

o ¥

) W
t

2
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e = / fi(x)289(2/x— k) (4.76)
¢(x)
2 3
1
X
0
0 1
The dilation function of Haar wavelet is: g;(x) € wj, w, = %
span {27/ w(2/x— k)}
gi(x) =Y Bix2t w(2ix—k) 4.77)
k
Bix= / gi(x)2 y(2/x—k) (4.78)
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From (2),when we put j=0 we get

fox) =Y a4(2)29 (2% — k)
k
=Y o ¢(x—k)
k

s = /_Zfo(x)2g¢(20x—k)
= [ h@ea—n

Putting k=0 in equation (6),

a0 = [ fol)9r—0)dx
— [ hxewax

But,

(4.79)

(4.80)

4.81)

¢(x)
2 4

1

0

0

So scaling function ¢ (x) varies from O to 1.

= Jp () (1)dx

-[5

SO0 =

3

Putting k=1 in equation (6),

a1 = [ fol)or— 1)dx
— [ fx)elr— 1

But,

w

(4.82)
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(=)
Vv

So scaling function ¢ (x — 1) varies from 1 to 2.

= J{(?)(1)dx

7
C.0py = §

Putting k=2 in equation (6),

2= [ folx)9r—2)dx

- (4.83)
— [ @ (x—2)dx

But,

S
Vv

0 1 2 3 4

So scaling function ¢ (x — 2) varies from 2 to 3.

= J; () (1)dx

- [5],
312
19
==

19

3
For k=3,

.02 =
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But,

(4.84)

So scaling function ¢ (x — 3) varies from 3 to 4.
= J5 () (1)dx

-k
313
_ 3
=3

37

3

.03 =

Using equation (5),we can write
fo) =300 +3-9(x—1)+F-9(x-2)+F 9(x-3)

h 4




180 Chapter 4. Results: Sankhya and Vedanta

f(x)

IN

)
© S

—_—
~ o0

p—

(@)}

ks
)

—_
A~ O
—

—
W
~—_

—_ =
— N
~_

—_
)
T~

S~ N WA U ®O
\

The red line is showing Wavelet scaling coefficients.
2]go(x) €go..j=0sow, = % =1

span {2g v(20% — k)}

(4.85)
span{y(x—k)}
From (3) & (4),when we put j=0
folx) = Y ow(2)2w(2x— k)
k
(4.86)
=Y Boxv(x—k)
k
Box= [ @2 w@x—n
o (4.87)

= [ _f@vix—k)
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For k=0,
Boo = / Jo(x)y(x—0)dx
o (4.88)
— [ p@wdx
But,
y(x)
2 I
1
X
0 >
2
-1
o ¥
So dilation function y(x) varies from O to 1.
1
= J3 @)(1)+ [1 () (= 1)dx
217 [e1!
=[5],-[5],
—_1
=3
1
ﬁ0,0 = 2
For k=1
Bo.1 —/ fo@)y(x—1)d
(4.89)

But,
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y(x—1)
2 IN
1
X
0 >
| 3
-1
_2 w
So dilation function y(x — 1) varies from 1 to 2.
3
= [0 (1) + [F(2)(~D)ax
[ 3 312
=[s],- 151
—_3
— 1
3
ﬁ071 = _Z
For k=2,
Boa = Ju fox)w(x —2)dx
But,
y(x—2)
2 IN
1
X
0 >
| 2 b
-1
_2 w

So dilation function y(x — 2) varies from 2 to 3.

= K 02)(1) + @) (-1

3
3
+ 5]
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)
4
For k=3,

l3072 = —

Bos = 7w fo(x)w(x—3)dx

But,

182

_2 N

= [ )W)+ () (- 1)dx

- [5];-[5];
= 373 3 %
— 1

7
.‘.ﬁ073=—1

Using equation (6),we can write

So dilation function y(x — 3) varies from 3 to 4.

go(x) = —3v(x) —3y(x—1)—3y(x—2) — jy(x—3)
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f(x)

IN

)
© S

—_
oo

—_
-

p—

(@)}

ks
)

—_
A~ O
—

—
W
~—_

—_ =
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)
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LI]\I

o 1 2 3 4

The Red line is showing Wavelet scaling coefficients.

The Green line is showing Wavelet dilation coefficients.

31fi(x) et .'.j=1s0wa:2l1:%

span {2% ¢ (2%x — k) }
span {ﬁ(j) (2x— k)}

From (2),when1we put j=1
fi(x) = Le i (2)2¢(2'x—k)
= Y4 001 4V29(2x — k)

g = [ f1(x)229(2% — k)

= [ AlxoEx-K @.90)

For k=0,
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00 = 7. f1(x)V20(2x — 0)dx

= [ fi(x) V29 (x*)dx
But,
0(x%)
2 IN
1
0
0 1
As scaling function ¢ (x?) varies from 0 to 0.5.
1
= Jo V2(*)(1)dx
1
312
-v2[3],
1
=25
Lo
For k=1,

on1 = [T V2f1(x)9(2x — 1)dx

But,

o(2x—1)

IN

As scaling function ¢ (2x — 1) varies from 0.5 to 1.
1
= Jo V2(*)(1)dx
3
=v2[x]
7
=24

o1 =

1
2
0

7
1242

For k=2,
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02 = [ f1(x)V20(2x —2)dx

But,
6(2x—2)
2 x
1
)
0
0 1 2
As scaling function ¢ (2x — 2) varies from 1 to %
3
= [ V2(2)(1)dx
3
372
-V2[3|,
19
=4/2- 2
Qo 19
12= N
For k=3,
o3 =", fi(x)V2¢(2x —3)dx
But,
o(2x—3)
2 x
1
X
0 >

0 1 2 3

As scaling function ¢ (2x — 3) varies from 1.5 to 2.
= [7V2(2)(1)dx

2

2
3
=v2[3]
37
I 37

wlw
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For k=4,

o1 = [, fi(x)V20(2x—4)dx

But,

o
Vv

0 1 2 3 4
As scaling function ¢ (2x — 4) varies from 2 to 3 .
3
= [7 V2(x*)(1)dx
5
313
-]
61
— 3.8

S04 =

61
12V2
For k=5,

o5 = [, f1(x)vV20(2x — 5)dx

But,

0 1 2 3 4

As scaling function ¢ (2x — 5) varies from 3 to 3.
— J3 V20 (1

3
= V23]
= /D 91

24
91

O1s=——
5=/

3
3
2
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For k=6,

a6 = [T f1(x)V29(2x — 6)dx

But,

0 1 2 3 4

As scaling function ¢ (2x —6) varies from 3 to 7 .
7
= [ V2(x?)(1)dx
7
272
=73
127
=22
L. 12
T 12v2
For k=7,

7= [, fi(x)V20(2x—T)dx

But,

0 1 2 3 4

As scaling function ¢ (2x — 7) varies from % to 4.
= [7V2(2)(1)dx
2
2)
= 23]
_ 169
=218
Qo 169
1,7 1272

fik) = o) + Lo - 1) + p[ex - 2) + Fe(2x - 3)

4
A
2
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+8¢2x—4)+ L o(2x—5)+ 2 ¢(2x—6) + 12 (2x —7)

fx)
20

19
18
17
16 x2
15

14 —/L
13 /
12

—_ =
O =
~—.

I~
T

S = D W A UL N J 0O

The Red line is showing Wavelet scaling coefficients.
The Green line is showing Wavelet dilation coefficients.
The Blue line is showing Wavelet scaling coefficients of different Phi.

4] Prove: vi = vog D wo
17 19 37
3732313
-1 -3 -5 77
44 4> 9

v L 7 19 37 61 91 127 169
=12 1212012 120120 120 12

Now, Take first component of vy and first component of wy.
and Find out following term,
0,1+ ¢(x) + Po,i - y(x)
The Scaling function varies from O to 1 and the value is 1 over all interval. The dilation function
varies from O to 1 and the value is 1 for O to 0.5 and -1 for 0.5 to 1. So, We will get two values
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using these two functions.

This is equal to ot .

Also,
S 0ot + ﬁo,o(f)
1
=3+3
A

12

This is equal to o 1.

For K=1
L0 1(+) + ﬁ0,1(+)
7, =3 :
==+ —
o !
=2

This is equal to o ».

o)+ B O
:z—f—%
1
2

This is equal to o 3.

Similarly, we can find values of & and B x to make a conclusion that addition of these two
values will o x.(k=Total number of coefficients).

Thus, v; is formed by combining vy and wy.

Hence,v; = vy ® wy.

Experimental Results - Blind Prakrti v

Consider the following function,

4.91)

We can see that at t=0.5 there is a clear discontinuity. However such discontinuities are easier to
detect, we will slightly complicate the matter. We will smooth out this signal by integrating it.
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1 1
=~ 0<t< =

h(t)=/g(t)={ ) 2 Y (4.92)
C—t+3 $<t<1

2 1
6 O§t§77
f(t)Z/h(t)z{ EPLRNIN S @.93)

g(t) ht) f(t)

(] 00 200 30 40 &0 600 (] 00 200 30 40 50 600 (] 00 200 a0 40 50 600

Figure 4.27: Plot of functions g(t), h(t), f(t)

This appears absolutely smooth to eye, but in reality the discontinuity exists.
Simulation Results

As can be seen from figure (4.28), Haar filter completely missed the discontinuity. This is
because Haar has only one vanishing moment and can sense only up to first order derivative.

As can be seen from figure (4.29), higher members in Daubechies family can sense and detect
the discontinuity. This is because filters like db-2 onwards have at least two vanishing moments and
thus can sense up to second order derivative.

This result clearly depicts the blind nature of Prakrti (¥&fd) or the ¥ function if not chosen
correctly using concept of vanishing moments. In compliance with Sankhya (qT%X) school, this
knowledge can be obtained from the seeker, that is ¢.

Experimental Results - Age of Vedas

An experimentation is carried out to bring out how vedic age can be approximated using Sankhya
(@T=) school of thought.
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As Sankhya (8T%T) school of thought has been decoded as scalable wavelet structures in this
study it leads to interesting paradigms. Firstly, as the complete wavelet basis are scalable and
self-similar, they produce dyadic structures and can be mapped using 3D walks. Thus a 2/ scale
combined with third dimension makes it a volumetric proposition. The basic volume unit will be
1> = 1 and the next advancement will be 2° = 8. The gradient, i.e. first order derivative gives
8 — 1 =7 as volumetric increments. Thus, Prakrti (T&f) can be thought of bound by 7 divisions in
each direction with scope to get projected in all the 4 quadrants. Thus, 7 x 4 = 28 is the total number
of sub-division components needed to span the total linear space. This is in line with total of 28
Naksatras (T&7=). In today’s almanacs ‘Abhijita (373SIe)’ is lost and we are left with 27 Naksatras
(7&r=r). The proof for Vedika (@fe®) age from Sankhya (8T%) school will be as follows:

The earth spins on its own axis by 1/365.25 of its annual orbit around the sun.

The daily spin time is (24 x 3600)/365.25 = 236.55 seconds less than 24 hours.

For the day time adjustments we need to have standing wave relationship.

This is exactly as given in Guna Sitra (T[or &) of Sankhya (AT%), which depicts that
axiomatically, the rate of variation in cyclic time between any two identical interacting
subspaces has to be 1 : 2 as shown in Figure(4.30).

172

Figure 4.30: The rate of variation in cyclic time between any two identical interacting subspaces has
tobe1:2.

o This ratio can be solved using arctan philosophy, as tangent of an angle of 26.565 is equal to
1/2.

o At 26.565 degrees the resonant rate of oscillations of standing wave is 296575998. This is
identical to velocity of light at meter wavelength.

e Earth is tilted at 23.5 degrees and has mean surface velocity of around 462 m/s and moves
with average speed of 29840 m/s around the sun.

e Earth’s maximum spin vector is 462 x 0.91 x cos(23.5) = 423.52

e From this it can be found that 25740 cyclic years will be needed to repeat particular position
of earth’s orbital.

e 25740 divided by 28 Naksatras (&) yield around 920 years of Naksatras (&) cycle.

e Nakshtras Naksatras (&7=7) traversed between Punarvast (g'—lﬁ'ﬁ\‘) (taken as reference) and
Asvini (37F+T) being 7, time elapsed will be 7 x 920 = 6440 years.

o total sectors will be 28 -7 = 35, thus giving 35 x 920 = 32200 years.

e We are in 2014, reducing that 32200 — 2014 = 29986.

o This comes from the fact that it will take about 32200 years of full cycle to trace back recurring
position of Punarvasi (I799).

e This proves Vedic age to be around 30000 BC and it is in compliance with the arguments
put forth by Lokamanya Tilaka (fT&HT=T fees®) in his book ‘The Arctic Home in the
Vedas’ [54].
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Summary

This chapter presents a sound mathematical framework to bring out the wavelet conjunctures
from the Sankhya (dT%7) as well as Vedanta (3&T=) school of thought.

This work clearly explains Pangu-Amdha Nyaya (977 - 375 =4719) of Sankhya (8T%) Philoso-
phy with concrete examples from modern theory.

This work, explains how the Sarga (87T) proclaimed in the Sankhya (qT%7) philosophy fits in
with the concept of Multi-resolution Analysis of Wavelet domain.

This work uses the scalable and self-similar wavelet composition extracted from Sankhya
(A1) school to approximate the Vedic age with good accuracy.

e From Sankhya (8T%) we could elevate our understanding to Vedanta (&T=).

MRA (Multi-Resolution-Analysis) framework subtly deploys Adhyasavada (T<4199Ts) or
Vivartavada (feadare).

The building blocks of the MRA framework were demonstrated to work well through concep-
tualization of the notions of Sapala Brahma (Sr9eT &) as ¢(.) and Maya (AT4T) as y(.).
The theme is also proved using STfTa=== =TI,
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5.1

Contributions of Thesis

This thesis brings out a novel and unique interpretation of Nasadiya Siikta using energy
analysis by building signal processing perspective.

This work connects the ‘Origin of Universe’ as prescribed in Nasadiya Siikta with the modern
science and the allied theories.

The energy analysis is validated by applying the same to few other Stiktas apart from the
Nasadiya Sitikta.

The analysis is not only put forth mathematically and analytically, but it is also validated
through experimentation.

The experimentation is carried through analytical building blocks as well as simulations.
The experimentation is carried out on Sankhya and Vedanta systems.

While performing the experimentation the filter banks based systems are built and tested.
Few intriguing concepts like ‘Pangii-Andha-Nyaya’ (‘1{— 3= - =77 from Sankhya is estab-
lished and validated through simulations.

The results of simulations are presented as specific case study.

e Several such simulations are presented and the codes are made available for the readers to try

the things out themselves.

e Every hymn in Nasadiya Siikta is decoded systematically.

The meaning of every word is given and then a combined comprehension is brought out that
connects the dots to complete the big picture.

Special discussion section after every hymn to bring out the correspondence with the modern
science is another unique feature of this work.

This work uses the scalable and self-similar wavelet composition extracted from Sankhya
(AT%™) school to approximate the Vedic age with good accuracy.

e From Sankhya (8T%) we could elevate our understanding to Vedanta (F&T=).
e MRA (Multi-Resolution-Analysis) framework subtly deploys Adhyasavada (Fr=am94T1e) or

Vivartavada (feaaam).
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The building blocks of the MRA framework were demonstrated to work well through concep-
tualization of the notions of Sapala Brahma (Sr9eT &) as ¢(.) and Maya (AT4T) as y(.).
The theme is also proved using fTa==T= =TI,

e This work presents the mathematical proofs of the doctrines proposed and this feature of the

work makes the drawings more robust.

e Novel meaning of Big-Bang is brought out with reference to Verse-5 of Nasadiya Siikta.

This work also brings out the exact difference between Dvandva (575) and Dvaita () and
encodes the same mathematically.

This work also hence proves the importance of Advaita (375e) in the root cause of the creation
of the universe.

Conclusions form the experimentation

Nasadiya Siikta presents as very systematic but very subtle schema of understanding ‘Origin
of the Universe’.

Nasadiya Siikta strongly relates with the modern science particularly with Quantum Physics
and The-Big-Bang-Theory in general.

The Vaidika literature seams to have captures the theory of relativity long back in a very
prudent way.

The energy analysis works very well for deciphering the cryptic verses and presents the crisp
decoded samples.

The energy analysis as prescribed by Yaska (IT&#) solves many mysteries beneath like
‘Pangt-Andha-Nyaya’ (‘Ksi‘ - AT - 1),

The joint-time-frequency perspective as captured by the Vaidika literature and as per the
modern Wavelet theory resemble closely.

The doctrine of ‘Satkaryavada’ (FewT¥aTE) as prescribed by Sankhya as well as Vedanta
branches of philosophy are proved.

This is an important finding as the hymn begins with ‘Na-Sat...” (AT9g =9 &) and hence
may appear to be against ‘Satkaryavada’ (FehTadTe).

The verses of Nasadiya Siikta also manifest beautifully in later works including Upanisadas
(ITf9E), Bhagavadgita (T@gT4T) and Jhanesvari (FT=T).

The deep study of Vaidika literature presents the comprehensive picture of the Universe which
also harmonizes with the modern science. The advanced findings may also give direction to
the modern science.

Future Directions

Any good research gives rise to many interesting questions. This research has given many future
directions, few of which are as follows:

It is desired to explore this subject from perspective apart from Energy analysis.

Other Siiktas from energy analysis can also be good topic of study.

There are certain mysteries which are left as future work: e.g. divinity in number 432. Rgveda
has 432,000 syllables. Square of 432 gives the approximated speed of light! The diameter
of sun = 864,000 miles and 864 = 432 x 2! 432 +4 = 108 is a special number too! One
Mahayuga is 432000 solar years!

Furtherance as per three worlds depicted by Yaskacarya is desired.
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e This energy analysis can be taken to another spaces like Hilbert spaces to prove other doctrines
in modern physics.

In search of scaling and wavelets coefficients

We have already shown that y/(.) or Maya (974T) function emerges from the ¢(.) or Sapala Brahma
(@rget #&T) function. Therefore, once the trick to figure of ¢ (.) is understood, it unlocks the entire
ladder that follow. We have discussed so far Haar and Daubechies wavelets families. The coefficients
of low pass and high pass filters for these are well known. However where exactly we get these
coefficients from? Do we have a concrete procedure for finding them? What properties should the
scaling equation obey? These are few questions we would try to answer now.

Scaling function is also ‘Brahma’ (5&T) function and the entire universe is a manifestation of
the same. Finding the kernels which satisfy the norms and become ‘Brahma’ (&) functions is
a interesting quest. This sub-section provides the directions for finding the kernel function. This
certainly has huge potential for further research.

We are familiar with Haar wavelet and scaling function is given as,

1 0<x<i
y(ir)=q-1 3<x<1

0 otherwise

y(t) =

1 0<x<1
0 otherwise

However important question is where did the above values come from? We will now focus on
answering this particular question.
The dilation equation in time domain is given as,

0() =Y V29 (2t — k) (5.1)
k

w(t) =Y &vV20(2t — k) (5.2)
k

From equations (4) and (5) we can see that ¢ (1) € Vo, y(t) € Wy, ¢(2t —k) € Vy and y(2r —k) € W.
Also we know that, V| =V & Wp. Thus once we know ¢(2¢ — k) we can find out y(z) and ¢ (),
hence focus is on finding out scaling equation coefficients.

Now in order to achieve this lets go through three guiding theorems.
Theorem I:
For the scaling equation ¢ (t) = ¥ 7uv/2¢ (2¢ — k), with non-vanishing coefficients {/y }*,, only for

N <k <M its ¢(x) is with a compact support contained in the interval [N,M].

Theorem 1I:
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If the scaling function ¢ (x) has compact support on 0 < x < N — 1 and if, {¢(x —k)} are linearly
independent, then i, = h(n) =0, forn < 0 and n > N — 1. Hence N is the length of the sequence.

Theorem III:
If the scaling coefficients {/;} satisfy the condition for existence and orthogonality of ¢ (¢), then

w(x) =L V26 (2x 1)
where, g = £(—1)*hy_¢
and [© y(x—1)¢(x—k)dx =081, =0,l #k

From these theorems, we will try to find out coefficients of scaling equation. In order to be able to
do that following are some properties that scaling coefficients have to obey,

LYh=vV2

2. Y hoyy =

SI-

1
3. Y hopp1 = —=

N

4.¥ |y =1
5. Y he—othi = 810
6. Y2 _pihi—2j = 6

Now what is challenging is to understand from where exactly we get these properties from. We
would first delve on that and then we would solve one example with case study of Haar ¢ (7).

Consider property 1 of ¢ (),

Y he=v2

k
This property is dependent on what kind of normalization we make use of and rest of the properties
are in a way dependent on this property. So we would first understand from where this property

comes from.
We know the dilation equation,

0(1) =Y V29 (2t —k)
k
Integrating both the sides,

/ ¢(r)dz:2hk\f2/ ¢ (2t —k)dr
—o0 k —o0
Put,2t—k:x:>dt:%

/w ¢ (t)dt = th\fz% /m o (t)dt
e - o
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Let, [*_ ¢(z)dt which is normalization be 1. Then we are left with,
1=Y mv2 !
R 2
5.3)

Y he=v2
k

The point to note is that equation (6) holds true if we consider the normalization to be 1.

At this point let us assume that property 5 hold true and we would use it to derive the remaining

properties. The property number 5 tells us that,

Y i oihi = 81,
k

Replacing I by -1 we have,

8 1o="Y, Mol

k=—o0

Separating ’even’ and “odd’ terms,

8 10="Y, hasahu+ Y, horisahons
k=—oo k= —oo

Y 600=Y Y [howsaho+howsriahoi]

|=—o0 |=—o0k=—o0

However we know that,

SR

[=—o0

Thus,

1=Y hxl ) h2k+21]+k_z hoisr[ Y hokr1421]

k=—oo |=—o0 |=—o0

By substituting [ = [ — k we can write,

54
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Y =) hy=A

[=—o0 |=—o0

Y hysrim=Y hy1 =B

[ — J—

From equations (7), (8) and (9) we can write,

1 =AA+BB
1 =A%+ B

5.5

(5.6)

(5.7)
(5.8)

Which clearly represents equation of a circle with radius 1. However there are two unknowns A and
B and we have just equation. So we need another equation. This equation comes out of the first

property i.e.

Y he=v2
k

Splitting ’even’ and *odd’ terms,

V2= Zh2k+zh2k+l
% 3

V2=A+B

(5.9

At this point we have an interesting situation equation (11) represents a circle and (12) a line. The

situation is as shown in figure.

(11292,1/2°-)

Km”) 1 A
\ @ 205 g
— " AZ+B?=1

Figure 5.1: Solution to equation (11) and (12)

Hence from figure we have,

A=

SI-
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1
B=—

V2

Thus by substituting A we have,

1
Y o = v (5.10)
k

which gives us property number 2. Also substituting the value of B we have,

1
hojr1 = —= (5.11)
L=
which gives property number 3.

Now consider property number 4 from equation (11) we have,

Y > =Y n=1 (5.12)
k

k

Now lets verify these properties in case of Haar scaling function. We know that in case of Haar ¢ (7),

1
h():hl:ﬁ

Putting these values in property 1 we have,

1
Y =ho+h =2
0

Thus property 1 is obeyed.
Similarly for property 2, 3 and 4,

Zth =hy =
3

ZthJrl =h =
%

(Y o +{Y hon Y =hg+hi =1
% P

S-Sl-

Hence we can clearly see that these properties are obeyed. For property number 5 we have,

Y hi—aihi = 8oy
X
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We have only two indices i.e. 0,1. Lets take the first case,

Case (1)

k—2l=0ork=2I

if [ # 0, then k =2/ > 2. Thus sum vanishes unless / = 0 and in that case k = 0.
Thus we can write,

1
Y i —Ohy = hoho = = (5.13)
- 2

Also when k = 0, hy_»; = ho—p;, which is 0 unless / = 0. Thus,

1

Y iy =ng =~ (5.14)
- 2

From equations (16) and (17) we can see that the property 5 is obeyed since their results add up to
give 1.

Case (i)
k=2l=1,k=21+1
if I #0, k > 3. Thus 1 has to be 0 and k = 1. Hence we have,

1
Y iy =ni =< (5.15)
- 2

Now for k =1, [ = 0 hence,

1
Y i —Ohy = hyhy = (5.16)
- 2

Similar to case (i), equation (18) and (19) add up to give 1 hence for case (ii) also property 5 is
obeyed. Point to note is the property 5 gives us idea about the orthogonality and not all the functions
obey this property.

Hence the Haar scaling coefficients obey all these different properties. Also once we find out these
scaling coefficients we can find out coefficients of wavelet equation as follows,

ge=(=1)"hy —k

For N=1 we have,

gk =(—1)*n —k
For k=0,

0 1

go=(—1)"hy=h =—

V2
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Fork =1,

This is how we can find out coefficients of scaling and wavelet equation.

Wavelets and Self-Similarity

Wavelets or Maya (HT9T) functions are often used to determine self-similarity amongst signals.
This makes sense as Wavelets themselves are structures depicting self-similar nature and hence
are the natural choice for such type of applications. The Vedanta schools of philosophy also
projects the entire world to be Pratibimba (ffafa®) of this Maya (|T3T) function. Hence, exploring
self-similarity in these kernels is a potential area of further research.

Conventionally signal processing makes use of robust LSI (Linear Shift Invariant) structure for
analyzing various types of signals. For particular signals, which are self similar, a different approach
is required.

When the signals in local segments are similar in specific way to the entire signal, they are called
as self-similar signals. The temporal scaling of such signals produces the signal if it is deterministic
else produces statistical characteristics in case of stochastic signals. In literature many examples of
self-similar structures have been reported with the likes of Fractional Gaussian noise, homogeneous
signals, fractional Brownian motion etc.

Dilation provides the foundation to achieve scale changes in Wavelet analysis. In fact, ‘Dilation’
and ‘Dilation Equations’ are truly at the heart of the Multi-resolution framework we have seen since
chapter 2. It is through the dilation equation we create a linkage to use 2-band or M-band filter bank
structure to create the deployment platform for wavelet filters.

For many computer vision problems it is desired to have scale invariance. There could be two
different images captured with different zoom or actual physical distance and yet the application
may demand correct match and just the difference in the scales should not spoil the show.

Since dilation is inherent in any wavelet transformation, it leads to hidden self-similarity and
in a way the fractals with self-similar structures lead to scale-invariant systems. One easier way of
understanding scale-invariant systems is when an input is scaled by some scale, the output also gets
scaled equally. Such scale-invariant systems (SIS) can be represented as:

Slx(t/a)] = y(t/a) (5.17)

for a > 0. The scaling happens with reference to the independent variable, which is time ¢ is this
case. Thus, to gain scale-invariance, one has to give up time-invariance.

Let k(t,7) be the system kernel which is function of ¢ and 7 both and characterizes linear but
time varying system. For this kernel function to correspond to linear and time varying system, the
necessary and sufficient condition is:

k(t,7)=axk(a-t,a-t) (5.18)

System function can be written as,

W(t) = /T k(t,7) -x(7)dT (5.19)



204 Chapter 5. Concluding Remarks

Thus, the output is obtained by taking dot product between input and the kernel. For 7 # 0 the
kernel k(7, T) gets scaled at every instance, thus giving us,

Tk(t,T) = h(t,7) (5.20)

Given this,

)= [ om0 = [" xaonn s (521)

—inf —inf

For a deterministic signal x(¢), it is self-similar if

x(t) = a Hx(at) (5.22)
OR

x(t/a) = a Hx(t) (5.23)
fora >0

A random process X (¢), is self-similar if the mean (zeroth moment) My (¢) and autocorrelation

Rx (t, S)

Mx(1) = E[X(t)] = a " My (ar) (5.24)
and

Rx(t,s) = E[X(1)X (s)] = a > Ry (at,as) (5.25)
fora>0

In the MRA framework we have already seen the scaling of the wavelet kernel through dilation
equation. Through the wavelet dilation equation the wavelet function gets connected with father
equation, which is also called as scaling equation.

This leads to many hidden structures in every wavelet and its scaling function which are scaled
down versions of the bigger signal and make the complete structure self similar. This is illustrated in
figure (5.2) below.

Because of this very unique property, scaling and wavelet functions can be used to detect self-
similarity in signals. Interested readers can explore this further as this has started gaining importance
in research community.
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Figure 5.2: Daub-4 scaling function with hidden self-similarity.

5.3.3 Transistors and three deities

It will be a potential area of research to explore remarkable similarity between the three ports of a
transistor (in electronic circuitry) and the three deities namely ‘Brahma’ (5/gJT), ‘Visnd’ (f%’ml‘) and

‘Mahesa’ (H&T).

Emmiter

Collector

(5T&IT) (F=)

(Farsm)

The ‘emitter’ emits the electronics and this is similar to ‘Brahma’ (¥&[<) starting the operations
of the Universe. The ‘base’ controls the rate of flow of the electrons, which is similar to the
functioning of ‘Visn@’ (fasmr). The ‘collector’ essentially collects the electrons, which is similar
to the function of ‘Mahesa’ (H&¥T) which is responsible for the ‘Pralaya’ (7&7=). The similarity is
astounding and needs further probing.
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