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Chapter 1. Riddleof the Sphinx: The Mysterious Role of
Mathematicsin Physics.

In the ancient world there was a myth abou a aeaure cdled the Sphinx. This creaure
was a strange hybrid between an angelic woman (sometimes even endowved with wings)
and a powerful lion. If youwant afed for this credure, take alook at the traditional
Tarot trump card for Strength. It shows a cdm and beautiful lady taming alion with her
bare hands. You will also sometimes find the Sphinx depicted as a hybrid creature
perched ontop of the Whed of Fortune cad in many Tarot decks.  Or you may go to
Egypt and stand by the great pyramids. It is said that the Sphinx would pcse riddles to
people, and, if they could na answer the ridd es, the Sphinx would then devour them.

Exercise: Do you remember the Sphinx's ridde that Oedipus lved? What might it
have to dowith Observer Physics?

It occurs to me that the Sphinx herself is an appropriate symba for the mysterious ridde
of how mathematics comes to be such a powerful tod in the study of physics.
Mathematics is a beautiful angel of the Mind, and physics is a powerful beast that
commands a World o dynamic motion and force Beauty and the Beast.  Beauty
cdmly and effortlesdy tames the Beast.

How is it that the degant beauty of a purely mental discipline can hande the wild
physicd world with such precision, confidence, and accuracy?

In short, why is mathematics © useful in the study of physics?

Mathematics is an abstract language for describing mental constructions. Why shoud it
be useful in constructing models that describe the physical world and even predict its
behavior? Is there asubtle link between the structure of the mind and the structure of
the physical world?

Let us begin with an understanding of what mathematicsis.

First of all mathematicsisalanguage. What isalanguage? A languageisasystem for
communicaing ideas. In its bare bores a language wnsists of a vocabulary of basic
elements, and a grammar or set of rules for organizing the vocabulary in dfferent ways.
The set of rulesisredly a ollection d relations and operations. Relations are ways of
linking vocabulary elements into expressons, and operations are ways of transforming
one epresson into ancther expresson. So mathematics, a its basis, is not redly abou
numbers. It is a @mmunicaion system for describing various relationships and
transformations of those relationships.

1. Inalandmark article the linguist Charles Hockett (" The Origin of Speed, Scientific
American, 2033 (1960), 8996) identified a number of design features that are
involved in the construction d languages. Primitive communicaion systems (for
example, various anima systems) have only a few design fedures. More
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sophisticaed systems add more design feaures. This is true for mathematics as
well.

Let's outline the basic design features that are found in human language. | classfy
Hockett's design features into three cdegories of threefeaures each. My definitions of
the feaures follow Hockett closely, with perhaps some differencein how | view duality
and arbitrariness

Since human language requires a minimum of two interading participants who agreeon
the meaning of a communicaion, it is ruled by what in mathematics is cdled a dyadic
equivalence relation. Dyadic means a relationship between two participants.
Equivaence means that the cmmunicaion bketween the two parties is equal --
theoreticdly they bath can agree and urderstand ead ather equally well, and share the
same information. Dyadic relations such as equivalence have three properties:
symmetry (a =b; b = @), reflexivity (a = 9, and trangitivity (a =b; b=c; a =c). Inthe
foll owing outline we show how the design fedures of any full-fledged human language,
including any richly developed mathematicd system, spring from these properties. This
is by no means the end pant of language development or of mathematical development,
but it is abeginning that provides a rich enough framework for lots of exploring.

1. ThelLanguage Community
a Interchangeability: A symmetric language mmunity of indviduals
exchanging information.
b.  Total Fealback: A reflexive system that all ows a communicator to monitor his
message, editing and refining it through tedhniques such as revision, iteration, and
redundancy.
C. Traditional Transmisson: A transitive system for accumulating, preserving,
and transmitting expressons generation to generation. Ead individual is only born
with language aility and must lean to use aspedfic grammar(s) and lexicon(s).

2. The Content (Semantics)

a. Displacement: transitive displacements in various dimensions such as time,
space reasoning, extrapolation, and truth.

b. Semanticity: a reflexive meaning inherent in communicaions. A creation
means what it means.

c. Duality: alexicon that symmetrically maps sgns to correspondng significants
and vice versa by means of definitions. Definition makes an abstract element
‘concrete.’ Different semantic systems (interpretations) may result in dfferent
dictionaries. Definitions are fundamentally "circular”.

3. The Message System
a. Arbitrariness a symmetric modality for shifting communicaion from medium
to medium. (For expressng a message, orne medium is as valid as any other, and
the message may be translated badc and forth between media. Hence the means
of communicaion is arbitrary. This feature ranges from choasing among
synonyms to choice of medium.)
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b. Discreteness a vocabulary of primitive (often undefined), self-reflexive, and
discrete dements for constructing expressons. The dements can be
distinguished as sparate from each ather.

c. Productivity: Syntax provides a productive set of rules for transitively
generating a rich unverse of expressons. These rules are operational
procedures for establishing and transforming relations between dscrete
elements.

My use of the = sign to represent the dyadic relation is not exadly the same as a
mathematica equivalencerelationship. You can translate asentence in language A into
language B, and then from B into language C. The meaning will be the same & the
sentence in language A. That is transtivity. So the fedures | cdl symmetricd
(interchangeability, duality and arbitrariness) also sean transitive.  But the key point
with them is that you can go from A to B and from B badk to A. The key point with
Tradition, Displacement, and Productivity is that you can keep on going, transmitting
from one to anather.  So when senders keg passng a message on, that is Tradition, nd
Interchangeability. When you keep trandating to dfferent languages, that becomes
productivity, na arbitrariness  Any use of language tends to involve several or al of the
feaures used al together at once so the features overlap o bunch even thoughthey are
distinctly different features.

There is a tenth fedure that seems a universal human fedure. That is Spedalization,
the aility to perform other operations while carrying on communication. When a bee
dances, his whale being is invaved in communicaion. He can©t do anything else. But
we can hdd a omnwersationwhiledrivingacar. Thisisavery useful talent.

Hockett mentions other features such as broadcasting, vocal-auditory channel, and rapid
fading, but these features are daraderistic only of speda types of human
communicaion and are nat generally foundall the time. They are not universal design
feduresin human language, bu are "localized". For example, speech fades rapidly, but
not carvings on stone. Spamming involves broadcasting, bu a private conversation
(usualy) does not. The voca-auditory, broadcasting, and rapid fading feaures are
adually sub-features of the choice of medium. Arbitrarinessranges from the choice of
items to map in the lexicon to the medium that is chosen. Thus arbitrarinessis closely
related to duality, though still a separate fedure.

[t©s fun and illuminating to examine various communicaion systems (including many
animal systems) and identify what feaures they include. Mathematics, of course,
qualifies as a full-fledged human language system. Numericity is not a separate feaure
in my opinion. It is a composite expresson d several features.. For example, the
generation d numbers in set theory is an exercise in productivity. The notion o set
itself is an idea (semanticity). So is cardinality. Seledion d symbds for numbers is
duality. Numbers are written in an arbitrary medium and manner. The primitive
elements of a postulational mathematical system exhibit discreteness even though they
may contain naions of continuity.
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From the a&ove analysis, it is clea that the observer plays a fundamenta role in the
language of Mathematics. The observer not only creates al the @mponents and
expressons, he dso determines all of the feaures he dooses to use and how he uses
them. The design features may occur in clusters or all at once. According to ancient
Indian linguistics the diverse features of language emerge from a unitized thought bublde
cdled "sphaad'. Sphaa emergesfrom "para’, or undefined awareness
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A unique aspect of mathematics, similar to music, is that in its pure form it often has no
spedfic interpretation a "pradicd world" semantic meaning. We say it is abstract. Pure
mathematicd objeds are mental creations that are only wedkly defined or whally
undefined in the physicd world. This generalization paver is deliberate and may be a
combination d semanticity and dsplacenent. Interpretations of abstrad mathematical
systems lead to models and applicaions, bu such extensions are optiona. The
"meaning” of pure mathematics can be gprehended in an abstract, aesthetic way simply
as patterns of relationships and their orderly transformations.

The "pradica" usefulness of any mathematical system in physics comes from the
credion d an interpretation that appli es the mathematical system as a model for physicd
world phenomena. This is the process of mapping a message system to a physica
situation. Physics further has a theoreticd and applied aspect, each with its own
mathematicd regimen. Given these definitions, hov can mathematics srve physics
(and aher sciences) so precisely and paverfully?

Mathematics is predse thinking. A mathematicd system is a precisely defined and
internally consistent set of abstract beliefs. Beliefs can be projeded into experiences.
The experiences are nothing other than strongly held beliefs. Therefore it is natural that
we shoud be ale to articulate in thought and language the beli efs that are expressd in
the form of physicd systems. The only discrepancy between a mathematicd description
and the arrespondng physicd system might arise due to transparent beliefs that have
been owerlooked o wrongly seleded beliefs that are not consistent with the physicd
system.
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A number, algebraic expresson, a relationship can be very exad. Ordinary languageis
usualy relatively imprease thought. The previous sntence is an example, | suppcse.
So is that one. Let me show you how levels of CERTAINTY -- which correspondto
levels of precision -- are reversed by the mirror (or perhaps lens) of observation that
resides in the gap between observer and olserved. The discrepancy with regard to
cetainty arises from an interadion between the mental principle of numericity and the
physicd quantum principle.

In the mental world of numbers, integers and rationals are discrete, carrying predsely
catain values (infinitely precise?) and sequence.  Non-algebraic irrational numbers, on
the other hand are not precisely definable. We can na be certain what the nth deamal
digit of such anumber is. For example, we know that the nth decimal of 5is 0, and the
nth dedmal of 1/3 is 3. We can©t do this for hardcore irrationals. They are
fundamentally uncertain with regard to their decimal values.

Dedamals can be viewed as infinite mental wave forms. Their comporent digits get
"smaller" by orders of magnitude & they go dff into the mental "distance”. They can be
written dowvn symbdlicly in part. This part may be complete if the decimal "terminates”
and then degenerates into an infinite string of 0©s.

In the world of quantum physics, the basis for our world of objedive experience, we find
that the continuows wave function is predse and cetain, bu the discrete quantum
particles that we observe are totally uncertain in the way that Heisenberg has described.
This stuation pus physics in a quandary when it uses mathematics to describe physical
systems. We habitually use integersto court phaons and eledrons and such. But their
locaions and/or momenta (i.e. hov we define them -- mass velocity, pasition, etc.) are
inherently fuzzy because of Planck©s constant.

Wave functions tend to be continuows probabili ty distributions gpread ou over time and
space Probability is often expressed by a value between O and 1. The wave function
tell s us the probabili ty for a certain particle or event at any point in spaceor time. Most
red functions are continuows. For example, here is a definition d a function from a
standard calculus text (Edwards and Penney, 2nded., p. 9)

* A red-vaued function f defined ona set D of red numbersis a rule that assgns to
eat number x in D exadly one red number f(x).

And hereishow continuity is defined in the sametext, p. 63.
*  Suppcse that the function f is defined in a neighbarhood of a. We say that f is
continuous at a provided that lim (x-->a) f(x) exists and, moreover, that the value of this

limit isf(a).

Functions may be discontinuows and nd necessrily red-valued. Quantum wave
functions are generally expressed in the omplex domain. Thisis aset that contains the
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reds as asubset. In any case awy differentiable function must be continuous, although
there are continuous functions (such as certain fradals) that are nat differentiable.

Red-valued and complex valued functions are mostly comprised o irrational values, yet
the evolution d the qwiff (quantum wave function) is fully determined and certain orce
the initial condtions are set. So we use discretely certain numbers to construct mental
images of uncertain physicd objeds and fuzzly uncertain numbers to construct our
mental images of physicd systems that are certain. Most of us, including physicists,
live our lives al twisted and misled by appearances.

Most people look at the world upside down through the funhowse mirror of the mind,
where the simple @urting numbers are supremely reliable. That is why people
mistakenly put so much trust in physical objeds. Integers are trustworthy beyond all
time and space and they also resemble astrad objeds. So people usualy "calculate”
the objedsin their world using trustworthy natural numbers, integers, and rationals.

We say, "I saw four chairs."
We do nd say, "l saw 4.29683651287532746389236478301920037&hairs."

We oount one gople, two apples, three gpples. Tomorrow or next year the numbers 1, 2,
and 3will still be aound, ba thase goples will be gore.  People shoud redly trust the
gwiffs that they can©t see and nd the gpples. Of course, it©s OK to talk abou 2 apples if
you are going to ea them today and then move on.  So this rough mapping works well
enough in a limited reference frame. But it bregks down as on as you stretch the
boundxries of the reference frame.

The qwiffs tell the evolution d the gple wave function over time.  The particles that
make the gples are only symptoms of the presence of qwiffs. When you count apples
and aanges, you have ahillusion d areliable cournt because of the quantum statistics of
so many atoms. But it is an illusion noretheless If you expand your frame of time
and/or space that you olserve them in, they get fuzzy real quick.

Look a an arange under an electron microscope. Leave it sitting in the sun for a few
weeks. Where is it? The discoveries of quantum medianics invite physicists to
uninvert the mirror that they use to observe the world. Perhaps the gwiffs shoud be
dedt with as rationals or algebraic numbers and the quantum particles counted as
irrational "peanut” numbers.

| cdl irrationals "peanut" numbers because they are like the styrofoam peanuts used as
padcking fill. Mathematicians made them up to padk intervals until they became
continuows. No mathematician can buld continuity from the discrete comporents he
starts with. Look at the definition o continuity again. The mathematician must use
the aoncept of limitsto conwey theidea of continuity. Thisinvolves an infinite sequence
In the real world there ae noinfinite sequences.

Somewhere, at a superfine interval, the mathematician makes the quantum leg. He
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gives up going to smaller and smaller neighbarhoods of a, and jumps over to the limit.
Hereisthe definition d limit given by Edwards and Penney, p. 41.

*  We say that the number L isthe limit of F(x) as x approaches a provided that, given
any number e > 0, there exists anumber d > 0 such that |[F(x) - L| < efor al x such that O
<|x-a|<d.

So the concept of a limit is that you can sneak up onit by taking values of x that get as
close s youliketo a, bu not equal toa. Then the mrrespondng value of F(x) will get
correspondngly closeto L.

The tricky part is that the mathematicians like numbers to have no physicd size in their
geometry interpretation. They are infinitesmally smal ©point-size© objeds. The
complete set of red numbers written as infinite dedmals can be represented in a
geometry interpretation by the points on aline segment between Oand 1. (This ssgment
can standin for the entire Real Line. Red number sets have ahdographic property that
they reflect the whaolein the part.)

The situation is complicaed by the use of the word "neighbahoad” in the &ove
definition o continuity. | could na find adefinitionfor "neighborhoad" in Edwards and
Penney, adthough they do speak of a "deleted neighborhood. So we define the
founcition for calculus using a key term that lacks a definition. This is a genera
property of mathematicd systems -- they are based on a smal number of discrete
primitive dements that are undefined. When you try to look squarely at them, they
"fuzz out" completely on you. Furthermore, the nation d a deleted neighbarhood (we
dor©t alowx to become exadly equal to a) is used to justify an expresson that otherwise
results in dvision by O at the limit when x = a, a sSituation that causes the function to
explode into -- you guessed it -- INFINITE UNCERTAINTY.

*  FX)=1f(x)-f(@)/x-a.

This is the basis for cdculus -- infinite uncertainty. And yet it results in extremely
predse and marvelous cdculations. Very odd.

The invention d zero was a great advance in mathematics. It gredly expanded and
fadlit ated the performance of arithmeticd cdculations. But there was a problem when
you tried to dvide by zero. To patch things up, dvision by zero was outlawed. What
Newton dd was show that this outlawing of division by zero was an overreadion. He
broadened his viewpoint and generalized the operation d division by zero. In so dang
he discovered that the problem of division by zero ony really occurs in specia cases.
The triumph d this insight was his discovery of the calculus and a beautiful way of
resolving the paradox of Zeno.

Draw a figure of any kind. Organize that figure by impaosing an x-y coordinate
Cartesian grid ower it. We can nawv write an equation in terms of (x) and (y) to describe
thefigure. The operation d division can be represented as aratio of the rise (Dy) to the
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run (Dx) of any point in ou figure in terms of values on ou x-y grid. This ratio is
cdled the "dope”, sincethat isjust what it looks like -- the slope of aterrain. It usualy
is a roughly triangular shape. Newton studied the behavior of these "triangularish”
slopes and dscovered that they more or lessresemble right triangles. In genera, the
bigger the dice of the drawing we cnsider, the less they resemble the wrrespondng
triangle. The smaller slices get closer and closer to the crrespondng perfect triangle.
The ideadawned that there wuld be alimit at which the two become essentialy identicd.
That limit is reated when the run (Dx) is reduced to zero. Since the slope ratio is the
rise over the run, thisislike dividing by zero.

To his aurprise Newton found ou that reducing the "run" to zero dd nd cause the ratio to
explode! It only "explodes' into an indeterminate value when you think o the
denominator of the ratio in terms of a solitary cardinal number instead of an interval in
an adina sequence By just dightly shifting his viewpaoint, he found that there is a
whole dassof possbiliti es that occurs in the limit of an infinitesimali zed ratio, and orly
in ore cae does the ratio seem to explode, and that case makes snse too.

Thiswas the value of visualizingamodel. He could seethat something was redly there.
If youinscribe aright triangle inside acurve and then squeeze its (Dx) interval closer and
closer together along the aurve, the diagonal hypotenuse that represents the slope of the
triangle squeezes up closer and closer to the aurve.  When (Dx) readhes zero, the slope
of the triangle becomes the tangent to the arve & the point where (Dx) converges.
From this Newton dscovered the principle of the derivative.

y =x"3; dy / dx = 3 x*2 = avariable nonlinear slope.

y =x"2; dy/ dx =2 x = avariable linear slope.

y =x"1; dy / dx = 1 = aconstant slope.

y =x"0; dy / dx = 0 = aflat line with zero slope.

y =n; dy / dx = undefined = infinite slope, noslope a al -- averticd line.

b . S

These mathematical expressons all have graphicd representations. Not only did
nothing explode (except, understandably, in the last case), bu Newton hed found a way
of determining an "instantaneous’ or point value ratio in a varying situation. He dso
demonstrated the obvious fact that Achill es does beat the tortoise. The rest is history,
and lots of textbooks full of formulas, as they say.

Experiment: Go ouside of your house or apartment and stand at some distance from the
front doa. Leave the doa open. (If the weaher is inclement, do this indoas going
from your living room to a bedroom.) Walk half way to the doaway. Stop. Now
wak half of the remaining dstance to the doorway. Stop. Now walk half the
remaining distance to the doaway. Stop. Corntinue in this fashion urtil you find
yourself standing on the threshdd o the doorway right at the jamb. What prevents you
from stepping inside?

This demonstrates the power of challenging a generally accepted assumption and moving
infor a doser look.
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What abou the neighbarhoods in which ou function was defined? Hausdorff space is
developed from two primitive undefined elements, points and subsets of these points
cdled neighbahoods. In Hausdorff spacethe limit point is defined as foll ows:

* A pont x of H will be cdled a limit point of a subset S of H provided every
neighbarhood d x contains at least one point of Sdistinct from x. (Eves and Newsom,
Introduction to the Foundations and Fundamental Concepts of Mathematics, p.
260)

From this definition d a limit one may derive the theorem that a neighbarhood contains
an infinite number of paints. But when we look closer, we ae left in a quandary,
becaise the wncept of neighbahood itself is undefined. This is a fundamenta
characteristic of all mathematical systems, howvever marvelous and uwseful they are.
When you go down to the bottom of any mathematicd system to seewhat it is made of,
you find that it is built from at leasst TWO undefined elements. The house of cards is
built on urcetainty. It arises from an urdefined field. This is mething worth
exploring. Andwe will dothat in some detail aswe explore observer physics.

When we go down there to find the limit and we get into the "neighborhood', suddenly
everything gets fuzzy. The fuzziness comes from the "Heisenbergish” uncertainty that is
built into mathematics at the ground floor -- just like physics. In the system of red
numbers this uncertainty shows up most clearly in the non-periodic irrationals.

The nonperiodic irrationals make up the magjor "spatial portion” of the decimals between

0 and 1 onthe Red Line Segment.  Because points are size-less the irrationals must
therefore HAVE FINITE "GAP' SIZE. Otherwise you will never get anywhere in
filli ng the space between two ©points© no matter how many infinite buckets of points you
throw in. But that gap sizeisindeterminate. Thereis no standard for it. It iswhat in
Hausdorff space is cdled a "neighbahoad’.  Lines are made of points and certain
subsets of points cdled neighbahoods. The points are the rationals and the
neighbarhoods are the irrationals.

The observer definesthe SIZE of a neighborhood.

Exercise: Hereisasimple exercise to help you understand this principle.

(1) Mark two das an arbitrary distance gart on a blank shee of paper.

(2) Add adot anywhere between the two starter dats.

(3) Add more dats anywhere between the threedats.

(4) Continue this processuntil you kegin to see aline manifest between the two starting
points.

(5) All the dats represent point-value integers and/or rationals and/or algebraic numbers.
(6) The spacesin between represent neighbarhoods.

Theoretically those two ariginal points determine aline, but the line is as yet unmanifest.
Your mindfillsintheline. The dats become aline only when you believe they become
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aline, and nd until then. Thisis observer physics. The observer controls the whole
processand determines how and when the "quantum leg" istaken. That leap isaleg
of fath. The dots become aline only becuse you believe they form a line, and orly
when you believe they form aline.  With practice you can shift your viewpaoint and see
the line onceagain as a set of dats.

So the process of the "quantum leap” is reversible and thus symmetrical. In fad we
have just dore the reverse of the usual quantum legp in physics when a @ntinuows wave
jumpsto form adot-like particle!!

We asume that the dots can be infinitesimally small. But this is nat true in the ©red©
world. Even thoughts occupy mental space ad require energy. We ae stuck with the
Situation that at some subjedive point our mind fill s in the line from the stand pant of
perception, like aTV image getting smoothed ou. Instead of dots we see aline. Do
the steps outlined above and ndice when the dots ssem to conred in your mind to give
the impresson d a line. This is the game of "Conrect the Dots” Can you
"disconrect” the dots?

If the dats are finite, then we don©t need "neighbahoods’ to fill the gaps. We just fill
the spacewith dads. If the dats are size-less then we need "neighbarhoods® to fill the
gaps. But as long as we can distinguish ore dot from ancther, there must be a gap
between the dats.

Thisisthe principle of the GAP.

In his course called The Science of Creative Intelligence Maharishi emphasizes the
nation d agap that sits between any two creaions. Pamer aso discusses this principle
in his Avatar M aterials. The nation d a gap is esentia to the nation d continuity.
Dots and ggps are complementary. The gap has indeterminate size. It is undefined.
The "ungaps’ -- or daots -- on the other hand, are well defined, bu have nosize. Or you
can switch them around. Generally we stick in an arbitrary number of gap numbers to
fill i n the gaps.

Cantor liked to think of the set of irrationals (gaps) as hugely infinite, "uncourtable”, and
infinitely more numerous than the infinity of rationals (dots). We can just as easily
envision a gap between each dd. However many dots we have, finite or infinite,
determines the number of gaps. The value of adat "labels’ the ajacent neighbarhood
gap peanut number, giving it a predse value. We can label a dot as (Na), and its
partner gap as (Nb). For every (Na) thereisa crrespondng (Nb). Thus we find exadly
as many gaps as dots, minus one, the terminal paint, which has no partner.

You cedde how many dots and gaps there are.  Minimum: 2 dds and ore gap.
Maximum: "infinity" dots and infinity minus one gaps. There©s always one more dot than
gap for aline. You reel atermina at ead end d aline segment. Seehow simple it
is?
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However, ore thing is catain. Gap numbers are fundamentaly different from dot
numbers, just like gwiffs and particles are different animals. Yet they are inseparable like
the two sides of a @in. They have adependent relationship. Gap numbers are "conned-
the-dot" numbers. They can©t exist withou dots. They are dot-dependent. They are
countable because eab gap is labeled by its contiguous dat.  If the dots are finite, the
gaps are finite.  If the dats are infinitely many, the gaps are infinitely many. The gaps
have nofixed size. The observer determinestheir sizes. Thisishis metric.

Cantor formulated a dever proof that the irrationals are uncountable.  We®©lIl look at it in
more detail later. In framing this proof Cantor turned upa paradoxicd problem in math
akin to Goedel©s incompleteness theorem, because the purpaose of numbers is to court.
Cantor©s proof by contradiction begins by suppasing a theoretical list of al the irrational
dedmals. A list is by nature courtable. Then Cantor "diagonalized" his list, changing
digitsin such away as to generate anew number in the set but not onthelist. Thus he
showed the "uncourtabili ty" of the set of red numbers.

It seems very strange to say that irrationals are akind d number you can©t court with.
How do you krow which is bigger and which smaler if you can©t write them in full ?
You can©t court them ordinally as a set or even write asingle one -- and yet you nedl
them to domath! This gnadks of contradiction. This stuation is like proving that yes
isno a that 1 = 0inabinary number system.

The interpretation d the irrationals that | propase -- gap numbers or "neighbahoods” --
paosits them as REAL real numbers. They map ore-to-one (minus one if you include
bath terminals) to the rationals, and are cmurntable, and behave like normal numbers.
But, like imaginary numbers, they are in a different mental dimension d redity from the
rationas. Yet thetwo dfferent mental dimensions are nicely connected, complementary,
in a one-to-one relationship, and you can jump from one dimension to the other with no
problem. Continuity becomes anon-issue. The role of the Observer becomes a mgor
issie. The Observer defines the resolution d the system, the size of the neighbahoods,
and thereby the threshdd o continuity, the stage & which the olledion d points
guantum legps to beaome a ontinuos line -- or, vice versa, the @ntinuous line quantum
legpsinto a wlledion d dats.

Redo the "Conrect the Dots" exercise and pay close dtention to the moment when you
suddenly see the set of dots as a line. Does the threshold change when you do the
exercise more than once?

The old children©s game of "conrecting the dats' is a fundamental game of quantum
physics. The dats are particles, and the finished drawing is the quantum wave form.
Once we understand this game, we will understand the transduction d energy, (how the
forces fit together), and the vital role of the Observer in the whole scheme.

The role of the observer is clearly one of dedsion and interpretation. These ae
judgmental processes that introduce biasinto a system.
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Any element of a system may have severa, or even urlimited, dfferent interpretations.
We may interpret an element as a graphic dement, a symbadlic semantic dement, a
numeric dement, a relationship link, a transformational operator, and so on. How an
element is used is an arbitrary choice of the scientist who is organizing and applying the
system. Some believe that the numerical interpretation d elements -- courting abili ty
-- may even qualify as a design feature of human language. | suspect that it is merely
ancther name for the fedure of productivity.

Question: If you examine the data in a cmputer, you find it consists of nothing but
arrays of numbers in the form of 0©s and 1©s. Yet some of these 0©s and 1©s represent
numbers, some represent words and messages, some represent graphics, and some
represent program instructions. How does the computer know which is which?  Who
deddesthat?

Numbers as numbers can be interpreted in various ways. For example, they may be
cadina or ordinal. Cardinality refers to a cetain quality of a set, and ordinality refers
to the relation d one set to anather. Even more primitive than number may be the
notion d a set, a wllection d obeds. Some mathematicians derive number theory
from set theory.

What is anumber? We might say that a cadinal number is alabel placed onaset. A
set is a murtable wllection d similar objeds. The number label indicaes uniquely
how many members there ae in the set, rather than any other properties assgned to the
members. Thus cardindity is the axswer to the question, "how many?* Ordinality isa
linking of numbered sets by a relation such as "is lessthan" (<) or "is greater than" (>).
Cardinality is an expresson d the design fedaure of discreteness and adinality is an
expresson d the design fedure of productivity.  Notice how we defined nunber in
terms of "countability”. How do we define wurtability? It is the &ility to pace
labels on sets to represent the number of members in each set. We are drcular.
Circularity of definitions implies the principle that at its basis every language (including
mathematics) begins with undefined elements.

My American Heritage Dictionary defines "cournt" as "to name or list (the units of a
groupor colledion) one by one in order to determine atotal.” A "label" is"an item that
serves to identify...a distinctive name...."  "Number"” is defined as "one of a series of
symbols of unique meaning in a fixed order that can be derived by counting.”
"Symbad" is defined as "one that represents mething else. . ." "Represent” is defined
as "To standfor; symbadlize."

At some point we just have to believe that we know what we ae doing when we ae
"courting" with "numbers".

Graphics conned with sensory images by an imagined resemblance  Linkage appears as
juxtaposition in time or space or other dimensions.  Operators suggest processes of
physicd transformation and change. Symbds, by conventional agreement, represent
personal choices and interpretations. Numbers expressan experience of sets of objeds
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that are discrete, yet share common poperties within the set. The number label
represents the nation d how many members are in the set.

Most natural languages have words for objects that are wurtable and for objects that are

nat considered courtable. For example, ©table© is a mwunable noun,and ©milk® is a non
courtable noun. We can have five tables, bu not five milks. We can have five
©cartons© of milk, though, because the cartonis a mntainer for the weakly bounaded olject,
©Omilk.© We can have five caes of cartons of milk. So cardinality of sets has smething
to dowith the boundry that defines an olged and gvesit discreteness  Usualy, but not
necessarily, thisisin time and/or space

Mathematicians have studied the types of numbers that can exist under the ordinary
arithmetic operations. The most primitive numbers are called the natura numbers, N.
They are what we cdl the whoe numbers. They are the set of numbers related by the
"size" dyadic relations, (a <b) and (b > @ and (a =b). Then come the integers, Z.
They are aset related by the binary operators (a +b) and (a - b) as well as the size
relations. Then come the rational numbers, Q. They further include the binary
operators (a x b) and (a/ b). Then come the irrational numbers, R, and the imaginary
numbers, 1. They still further include the operators [(a)*n] and [(&"™(1/n)]. For
example, 2\(1/2) is irrational, and -1°(1/2) is imaginary. With these sets we have
sufficient operators to do al of ordinary mathematics. We dso have numbers that
correspondto every relation and operation defined in the system.

Mathematicians along the way developed a shorthand way of representing numbers: the
dedmal system. The invention d the decimal format provided a very convenient way
of writing numbers. The problem was that many rational and irrational numbers
adualy produced infinitely long decimas. The rationa numbers at least produced
periodic dedmals, so you could write out the period, and then just add a symbal
indicating that the period repeaed itself indefinitely. The irrational numbers were
nowhere nealy as cooperative. They formed nonperiodic deamals.  So there was no
way to indicae their exad value in deamal format. What was worse, mathematicians
showed that, in addition to the dgebraic non-periodic deamals, there existed infinitely
many non-algebraic non-periodic decimals representing other irrational numbers.

Because you could na write out their exad value even in principle, you could na even
court them. They were uncountable. This creaded an awkward situation. Numbers
originally were defined and intuiti vely understood as representing the wurtable nature of
objeds. Sets were suppased to be cuntable. But here were numbers that no ore could
court in any predase order no matter how hard they tried! They were uncourtable in
principle.

Were these "peanut” numbers really numbers? Well, as we have seen, there is awhole
class of physicd objects defined in natural human language that are inherently
uncountable. These include such common items as water, milk, buter, mud, cement,
and so on. Maybe there is a mnnedion between urcourtable objeds and uncountable
numbers.



1 * Riddeof theSphinx * 14

Mathematicians went further and dscovered that the dgebraic description d the world of
numbers corresponced exadly to a description d the world of shapes using geometry.
The only difference was one of interpretation and the medium of expresson. Thus was
born anaytic geometry and the crrespondence of numbers with pants on lines and in
gpace This invention d Descartes© was a major step forward in the development of
modern science.

But the deamal system, while compad and efficient, has yet another awkward feature
beyond the introdwction d nongeriodic dedmals. Any infinitely repeaing decimal that
turns into an infinite string fill ed with the highest primitive digit in a particular base (i.e.
9in base 10,and 1in base 2) is equivalent to anather dedmal with an infinite string of 0©s.
That results in two numbers in the notation system mapping to ore single value. The
red numbers contain infinitely many such dugicae numbers. This is not a good
situation when ead unique number is suppased to have aunique vaue. To fix this
situation, the mathematicians made aspedal ad hac rule that disall ows infinite strings of
9Osin base ten and dsall ows infinite strings of 1©sin basetwo. When they foundthat the
relationship of any number divided by 0 explodes, they simply made ancther ad hoc rule
disallowing O in the denominator of a rational number. These a hoc rules sean to
hande the problems with the number system, bu they end up marring the degant
symmetry that we intuitively seek for mathematicd notation. Zero and infinity turn ou
to be espedally tricky comporents of a mathematicd system. Sure enough, they turn
into challenges for the physicist as well.

In any case, every agebraic expresson could be trandated into a rrespondng
expresson as a graphic image of geometry. The theory of functions was born. The
role of the uncourtable irrational numbers in the geometry interpretation was that they
provided continuity between the discrete natural numbers, integers, and rational numbers.
It was a very chalenging propasition to prove the @ntinuum hypothesis: that the
dedmas form a ntinuum just like a line gpeas to form a @ntinuum.
Mathematicians such as Dedekind felt they had achieved this, although Goedel
subsequently showed that the "proof* of corntinuity of the rea number system is
inherently a postulate independent of the rest of the postulates of the real number set
(rather like the parall el postulate in geometry). In ather words, you can take it or leave
it, just like your choice of geometry can be Euclidean, or Riemannian, o Lobadevskian,
and so on.

Goedel aso showed that the real number postulate system is incomplete, and it is not
paosshble to prove the real number system to be @nsistent by methods belonging to the
system itself. Notwithstanding these somewhat disillusioning discoveries, the red
number set till provides a nice analogy to the paintson aline. It aso fits pretty well
with the general intuitive nation d continuity that we seem to olserve in space-filli ng
objeds that lak self-defined bourdaries. The uncountable irrational red decimals play
the role in mathematics of the space air, water, cement, and mud o our "red" world.
They can be said to exist as objeds, bu they are "uncountable’. You can©t say for sure
their exad value. Uncourtables may also serve for abstract notions such as
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"consciousness” "deep,” "sorrow,” "happiness” "intelligence," and so on. If you can
giveit alabel, bu can na say exadly where it isor how much it is withou adding other
definitions (such as a battle), then it is uncountable. It isagap nunber. Just like the
abowve nations from our "red world", it fill sin the gaps between dscrete objects.

So we seem to have ahandy mapping between mathematics and ou world. The world
of numbers and geometry can paint a pretty acairate, sometimes amazingly accurate,
picture of our world. We eplain this as a refledion d the principle that the physical
world is an expressd form of a set of mental beliefs. But then there is the isue of
predictability and certainty. These ae key design feaures of science The discovery
of fundamental uncertainty in physics by Helsenberg precipitated a mgjor crisis, ablow to
the belief that it was possble to describe dl the parameters of a system with urimited
predsion. Heisenberg showed that the parameters were arranged in a conjugate fashion
that disalowed predsion for al of them. You have to make a toice of what you want
to look at closely.

In the world of mathematics, numbers are the objects.  The natural numbers generate a
set of predsely defined discrete objects. The ordina value of ead natural number is
entirely predictable. From any given natural number, we can aways generate the next
number in the sequence by using the productive rules for number generation. But
maybe thisis just our choice Maybe we have atransparent belief that natural numbers,
or any other numbers, can be precise.  Maybe you chocse dot numbers to be precise and
gap numbers to be fuzzy or the other way around, ba not bath ways at once  Maybe
thereis yet another way of looking at it.

Numbers can be mapped to physica world phenomena so that natural numbers and
algebraic expressons describe adual objects and processs.  Unfortunately as we shift
into the quantum view of things, we discover that even apparently very discrete objeds
such as protons and eledrons lack absolute predsion and take on quantum uncertainty.

For example, suppcse we dired a stream of eledrons with consistent velocity through a
tiny aperture to colli de with a screen that registers each collision. Intuitively we exped
the dedrons al to strike the target at the same spot. In fad we find that they are
distributed randamly over the screen in awaveli ke pattern caled an Airy diagram.

On the other hand, we can describe mathematically the continuows time evolution d a
quantum event by means of a wave function. The function that describes the Airy
diagram has the liquid wavy quality of vibrating air or water and forms a resonant pattern
that fills gace ad time. This property of continuity resembles the red number set.
But the certainty aspect of the wave function resembles more the natura numbers. At
any arbitrary moment or position we know the predse value of the function and the shape
of the wave. But we ae totally unable to predict where any particular eledronwill strike
the screen, just like we ae totally unable to predict what the nth dgit of a nongeriodic
dedma will be. We do krow that the dectron will tend to fall at the more probable
areas of the wave function©s pattern onthe screen.
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So there is a lens-like operation that goes on between the mental world of mathematics
and the physicd world of phenomena that reverses the gpearance of certainty. We
susped that this is caused by a property of the physical nervous system.  What we cdl
the "nervous system" is the medium conneding the mind and senses to the physical world.
We may have uncovered a previously transparent feature of human belief systems. The
two sides of the lens match in terms of ©shape®© but are reversed in terms of the asggnment
of catainty. Thisis exadly analogous to the way a visual image gets reversed spatialy
by passng through a lens or by reflection in amirror. It is aso analogous to the way a
light field gets reversed in time when refleded in a cnjugate mirror.

So ou first mgjor new discovery of Observer Physicsisthis:

The observer's Mental Space has a reation to his physical World Space
characterized by areversal of certainty.

It is not that the observer turns things gatialy or temporally upside down in his mind
from the way they "redly" are. That may happen also, bu we can nd prove it, because
we only see what we see. Influenced by the transparent effect of the reversal of
cetainty, people look in the "wrong" place in the physicd world for the stability and
cetainty they know and exped in the mental world. They try to buld a stable, logicd
world ou of discrete physical objeds based on the analogy of their mental world©s
discrete and logical natural numbers. These natural numbers seem to fit so nicdy to the
objeds they observe. Unfortunately, the physical objeds are inherently non-locd
energy fields that precipitate into randam and unpedictable particle events when
observed, so this house of cards is built on sand and subjed to the breeze and the tide.
Alas, we seem to livein aphysical world of entropy where randomnessrules the roost.

Paradoxicdly, if someone wants red stability, he must turn to the uncountable aspect of
his world: the unboun@d norlocd flows of air, water, space consciousness and so on.
These ae described by the wave functions and exist physicdly only as patterns of huge
statisticd probability ensembles that shift abou according to the time evolution d the
wave function. Non-locd flows exist forever as waveforms pulsing throughou the
universe.

A single moleaule of water does not make water. Water is the manifestation d the
statistica outcome of hilli ons of randamly distributed moleaules, but it obeys the laws of
fluids. We will explorethis"redity" more deeply in ou subsequent discussons.

On the next page is a sketch of the relationship between the World Spaceof Physics and
Mind Spaceof Ideas.
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World Space
Quantum Particles Quantum Probability Waves
(unpredictable, uncertain relations) (certain, predictable relations)

(discreteness (continuity)

(Irrational)
Real Numbers Natural Numbers
(unpredictable values, (certain values, predictable relations)
uncertain relations) (discretenesy

(continuity)

Mind (Math) Space

This crisross gructure has a fractal nature.  As Mandelbrot, Wolfram, and dhers have
pointed ou, in the Mind Spaceit is possble to generate highly complex and even totally
randam results from very simple dgorithms. It isaso passble for arandamly initi ated
algorithm to collapse into a discrete, ordered system by means of an inherent attradtor
feaure in its design. Likewise, in the World Space oljeds that appear to be discrete
particles tend to expand and ds<lve their boundxries under the influence of entropy or
wave packet destructive interference until they become continuows wave functions with
no dscernible particle nature.  On the other hand, any World Spacewave phenomenon
tends to have an attrador such as gravity or an olserver©s measurement that can coll apse
it into ore or more locdized phenomena.

Therefore the use of mathematics in the study of physics may lead a student to redize
how he has been confused by the deceptive reversals of predictability and certainty
between Mind and World. A natural number exists forever in Mind Space A natural
objed is here today and gore tomorrow in World Space The flow of uncountable
objeds such as water, air, space, and consciousnessreliably fill sin gapsto give the World
Space ontinuity and certainty. The "gap" numbers that fill i n the Mental Space have no
predse values. They are optiona, randamly structured, and the observer must
arbitrarily define their values. Yet there ae crosover methods in each space and
between eat space Attentionto haw these methods operate diminates confusion.

There is an olserver viewpoint in which a perfed match occurs between the Mind Space
and the World Space The World Space IS the Mind Space and the Mind SpacelS the
World Space Thisis sometimes cdled Unity Consciousness We will consider such a
passhility more formally in Chapter 6.
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Summary:
*  Mathematicsis an excdlent tod for modeling physicd phenomena.

*  However, the physicist must be avare of what a predominant role the observer
(physicist as mathematician) plays in the nception and @eration d mathematics.
Thisisclea from a areful contemplation d the design feaures of mathematics.

*  Hemust aso be avare of the ©weak pants® of mathematics, espedally with regard to
0 and infinity. These values are dso tricky to handle in the physicd world. The basic
elements of any mathematicd system are always undefined. Thus any interpretation d
the system is an arbitrary ad by the observer, just as the very definition and construction

of any mathematical system isan arbitrary ad by the mathematician.

*  Ancther speda asped of the relation between mathematics and physics is the
Oreversa© of predictabili ty/certainty between the mind and the world. The predictable
mental elements (natural numbers) map to the unpredictable physicd objects (the
quantum particles); and the unpredictable mental elements (real numbers) map to the
predictable (continuows datisticd wave functions) aspect of physicd phenomena. Care
must be taken because the properties of certainty with resped to simil ar appearing objects
tendto be reversed when we map from mathematical objedsto physicd objeds.

*  This crosover effed, o mirror-like inversion, is echoed throughou both
mathematics and physics and forms a main theme of this book.
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Sample Dialogue Using Palmer's" Transparent Belief Exercise” .
SeeExercise #23,ReSurfacing (Altamonte Springs, FL, Star©s Edge, 1997)

Mathematics appears to provide aprecise mapping of the physical world into the mental
world. Why do ou mathematicd models break down at some point whenever we try to
apply them to the world?

Qa. What might someone believe to experience abreskdown of mathematicd models

when appliedto  physicd systems?

A. We ae not working hard enough to find the right model.

Qb. What evidence supparts this beli ef?

A. Peoplewhowork hard get more acomplished. We have made much progress

Qc. What other belief might someone have to experience abreakdown of mathematicd

modelswhen applied to physical systems?

A. Wemust be more predsein ou cdculations and measurements.

Qb. What evidence suppats this beli ef?

A. Precision alows us to refine our models. Successve paradigms have used better
mathematica models and achieved more precise verificaions.

Qc. What other belief might someone have to experience abreakdown of mathematicd

modelswhen applied to physical systems?

A. Aha Our wires have been crossed. At afundamental level we aetrying to force
physicd objects to behave like mental objeds when they live in adifferent redm by
different rules.

Qb. What evidence suppats this beli ef?

A. In number theory natural numbers have cetain values andirrationals have uncertain

values, but in physics quantum objeds have uncertain parameters and ony the quantum

wave functions are cetain. The sharp definition and certainty of natural numbers and
the poa definition and certainty in the value of non-algebraic reals are dl well attested in
number theory. All experiments to date suppat Heisenberg©s uncertainty principle
regarding the fuzziness of particles and clarity of wave functions. This explains the
paradoxicd feeling we have that mind and baly are somehow separate or different even
though they are tightly bonded together.



