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Chapter 1  

Introduction 

In the instance of the big bang (or big suck) if you are so bold in flash of less than 10 to the 
minus 43rd of a sec all of the matter of the universe crossed a singularity. Of course at the time there 
was no matter, no light even. Light matter and the rest of our normal universe develop later in the 
time space continuum. At the time of the big bang the mathematic relationships of all vibration of 
energy, light and matter are developed. These become the laws of the 12 dimensions that make up 
or universe. This book is a compilation of articles to help us understand the mathematics and the 
laws of existence.  

At this time there appears to be dark matter and dark energy which seem to obey different 
mathematical laws. It is possible that they came thru a different singularity and a different big bang 
in our 14 billion year history. Then they would have a different set of laws. But of course all of these 
things are but theories that change from year to year. All in the evolution of science and all science is 
but mathematics. 
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Real Numbers 

 
The field of all rational and irrational numbers is called the real numbers, or simply the "reals," and 
denoted . The set of real numbers is also called the continuum, denoted . The set of reals is called 
Reals in Mathematica, and a number can be tested to see if it is a member of the reals using the 
command Element[x, Reals], and expressions that are real numbers have the Head of Real.  
The real numbers can be extended with the addition of the imaginary number i, equal to . Numbers 
of the form , where and are both real, are called complex numbers, which also form a field. Another 
extension which includes both the real numbers and the infinite ordinal numbers of Georg Cantor is 
the surreal numbers.  
Plouffe's "Inverse Symbolic Calculator" includes a huge database of 54 million real numbers which 
are algebraically related to fundamental mathematical constants and functions.  

Almost all real numbers are lexicons, meaning that they do not obey probability laws such as the law 
of large numbers (Gruber 1991; Calude and Zamfirescu 1998; Trott 2004, p. 69).  
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In mathematics, the real numbers may be described informally in several different ways. The real 
numbers include both rational numbers, such as 42 and −-23/129, and irrational numbers, such as pi 
and the square root of 2; a real number can be given by an infinite decimal representation, such as 
2.4871773339...., where the digits continue in some way; the real numbers may be thought of as 
points on an infinitely long number line. 
These descriptions of the real numbers, while intuitively accessible, are not sufficiently rigorous for 
the purposes of pure mathematics. The discovery of a suitably rigorous definition of the real 
numbers —— indeed, the realisation that a better definition was needed —— was one of the most 
important developments of 19th century mathematics. Popular definitions in use today include 
equivalence classes of Cauchy sequences of rational numbers; Dedekind cuts; a more sophisticated 
version of "decimal representation"; and an axiomatic definition of the real numbers as the unique 
complete Archimedean ordered field. These definitions are all described in detail below. 
The term "real number" is a retronym coined in response to "imaginary number". 
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Basic properties of the real numbers 

A real number may be either rational or irrational; either algebraic or transcendental; and either 
positive, negative, or zero. 

Real numbers measure continuous quantities. They may in theory be expressed by decimal 
representations that have an infinite sequence of digits to the right of the decimal point; these are 
often represented in the same form as 324.823211247…… The three dots indicate that there would 
still be more digits to come. 
More formally, real numbers have the two basic properties of being an ordered field, and having the 
least upper bound property. The first says that real numbers comprise a field, with addition and 
multiplication as well as division by nonzero numbers, which can be totally ordered on a number line 
in a way compatible with addition and multiplication. The second says that if a nonempty set of real 
numbers has an upper bound, then it has a least upper bound. These two together define the real 
numbers completely, and allow its other properties to be deduced. For instance, we can prove from 
these properties that every polynomial of odd degree with real coefficients has a real root, and that 
if you add the square root of minus one to the real numbers, obtaining the complex numbers, the 
result is algebraically closed. 
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We were all taught in 5th grade that we are made of atoms and atoms are made of electrons in 
energy states around protons and neutrons in the center. Electrons don’t ever touch because they 
are so charged. So no atom ever touches the next atom. And when I slap my hands together nothing 
touches anything there is just repulsion of electrical fields. 

If we take the number of all of the grains of sand on the entire planet earth and add to it all of the 
stars we see in the sky of our galaxy and times this huge number by 100 and we still have more 
electrons in one human body. These electrons never touch. What we are is an incredibly complex set 
of electro-magnetic-static-quantic and photonic fields. So nobody has ever perceived what we truly 
are. 

As such the complex energy fields that make up us has a central guide and mind state of being that 
starts to make ideas and theories of what we are. No idea is fully right and no idea fully wrong. The 
brain is subject to suggestion. Greed does not exist we cannot touch it or see it. It is imaginary 
mental unreal concept. Love, anger, freedom, justice etc are called abstract nouns 
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Concrete Nouns 

A concrete noun is a noun which names anything (or anyone) that you can perceive through your 
physical senses: touch, sight, taste, hearing, or smell. A concrete noun is the opposite of a abstract 
noun. 

The highlighted words in the following sentences are all concrete nouns: 

The judge handed the files to the clerk. 
Whenever they take the dog to the beach, it spends hours chasing waves. 
The real estate agent urged the couple to buy the second house because it had new 
shingles. 
As the car drove past the park, the thump of a disco tune overwhelmed the string quartet's 
rendition of a minuet. 
The book binder replaced the flimsy paper cover with a sturdy, cloth-covered board. 

Abstract Nouns 

An abstract noun is a noun which names anything which you can not perceive through your five 
physical senses, and is the opposite of a concrete noun. The highlighted words in the following 
sentences are all abstract nouns: 

Buying the fire extinguisher was an afterthought. 
Tillie is amused by people who are nostalgic about childhood. 
Justice often seems to slip out of our grasp. 
Some scientists believe that schizophrenia is transmitted genetically. 

But at one sense of the deep energetic truth of existence all things are abstract. The brain exists to 
try to make sense of it all and in doing so the brain needs to judge when to take or reject a 
suggestion. Some 60% of the people are very prone to accepting any suggestion. Our minds are 
manipulated by expectations. The whole world is of the mind 
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Uses of the real numbers 

Measurements in the physical sciences are almost always conceived of as approximations to real 
numbers. While the numbers used for this purpose are generally decimal fractions representing 
rational numbers, writing them in decimal terms suggests they are an approximation to a theoretical 
underlying real number. 

A real number is said to be computable if there exists an algorithm that yields its digits. Because 
there are only countably many algorithms, but an uncountable number of reals, most real numbers 
are not computable. Some constructivists accept the existence of only those reals that are 
computable. The set of definable numbers is broader, but still only countable. 
Computers can only approximate most real numbers. Most commonly, they can represent a certain 
subset of the rationals exactly, via either floating point numbers or fixed-point numbers, and these 
rationals are used as an approximation for other nearby real values. Arbitrary-precision arithmetic is 
a method to represent arbitrary rational numbers, limited only by available memory, but more 
commonly one uses a fixed number of bits of precision determined by the size of the processor 
registers. In addition to these rational values, computer algebra systems are able to treat many 
(countable) irrational numbers exactly by storing an algebraic description (such as "sqrt(2)") rather 
than their rational approximation. 
Mathematicians use the symbol R (or alternatively, , the letter "R" in blackboard bold) to represent 

the set of all real numbers. The notation Rn refers to an n-dimensional space of real numbers; for 

example, a value from R3 consists of three real numbers and specifies a location in 3-dimensional 
space. 
In mathematics, real is used as an adjective, meaning that the underlying field is the field of real 
numbers. For example real matrix, real polynomial and real Lie algebra. 

  

History 

Vulgar fractions had been used by the Egyptians around 1000 BC; the Vedic "Sulba Sutras" ("rule of 
chords" in Sanskrit) * ca. 600 BC contain the first use of irrational numbers, and approximation of πp 
at 3.16. Around 500 BC, the Greek mathematicians led by Pythagoras realized the need for irrational 
numbers in particular the irrationality of the square root of two. Negative numbers were invented by 
Indian mathematicians around 600 AD, and then possibly invented independently in China shortly 
after. They were not used in Europe until the 1600s, but even in the late 1700s, Leonhard Euler 
discarded negative solutions to equations as unrealistic. 

In the 18th and 19th centuries there was much work on irrational and transcendental numbers. 
Lambert (1761) gave the first flawed proof that πp cannot be rational, Legendre (1794) completed 
the proof, and showed that πp is not the square root of a rational number. Ruffini (1799) and Abel 
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(1842) both construct proofs of Abel––Ruffini theorem: that the general quintic or higher equations 
cannot be solved by a general formula involving only arithmetical operations and roots. ÉÉvariste 
Galois (1832) developed techniques for determining whether a given equation could be solved by 
radicals which gave rise to the field of Galois theory. Joseph Liouville (1840) showed that neither e 

nor e2 can be a root of an integer quadratic equation, and then established existence of 
transcendental numbers, the proof being subsequently displaced by Georg Cantor (1873). Charles 
Hermite (1873) first proved that e is transcendental, and Ferdinand von Lindemann (1882), showed 
that πp is transcendental. Lindemann's proof was much simplified by Weierstrass (1885), still further 
by David Hilbert (1893), and has finally been made elementary by Hurwitz and Paul Albert Gordan. 
The development of calculus in the 1700s used the entire set of real numbers without having 
defined them cleanly. The first rigorous definition was given by Georg Cantor in 1871. In 1874 he 
shows that the set of all real numbers is uncountably infinite but the set of all algebraic numbers is 
countably infinite. Contrary to widely held beliefs, his method was not his famous diagonal 
argument, which he published three years later.  
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Sacred mathematics discovered in Japan 

 

Definition  

 

Construction from the rational numbers 

The real numbers can be constructed as a completion of the rational numbers in such a way that a 
sequence defined by a decimal or binary expansion like {3, 3.1, 3.14, 3.141, 3.1415, ....} converges to 
a unique real number. For details and other construction of real numbers, see construction of real 
numbers. 

 

Axiomatic approach 

Let R denote the set of all real numbers. Then: 

￠ The set R is a field, meaning that addition and multiplication are defined and have the usual 
properties.  

￠ The field R is ordered, meaning that there is a total order ≥= such that, for all real numbers x, 
y and z:  

￠ if x ≥= y then x + z ≥= y + z;  

￠ if x ≥= 0 and y ≥= 0 then xy ≥= 0.  

￠ The order is Dedekind-complete, i.e., every non-empty subset S of R with an upper bound in 
R has a least upper bound (also called supremum) in R.  

The last property is what differentiates the reals from the rationals. For example, the set of rationals 
with square less than 2 has a rational upper bound (e.g., 1.5) but no rational least upper bound, 
because the square root of 2 is not rational. 

The real numbers are uniquely specified by the above properties. More precisely, given any two 
Dedekind complete ordered fields R1 and R2, there exists a unique field isomorphism from R1 to R2, 

allowing us to think of them as essentially the same mathematical object. 
For another axiomatization of R, see Tarski's axiomatization of the reals. 
 
Completeness 

The main reason for introducing the reals is that the reals contain all limits. More technically, the 
reals are complete (in the sense of metric spaces or uniform spaces, which is a different sense than 
the Dedekind completeness of the order in the previous section). This means the following: 

A sequence (xn) of real numbers is called a Cauchy sequence if for any εe > 0 there exists an integer 
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N (possibly depending on εe) such that the distance |xn −- xm| is less than εe provided that n and m 

are both greater than N. In other words, a sequence is a Cauchy sequence if its elements xn 

eventually come and remain arbitrarily close to each other. 
A sequence (xn) converges to the limit x if for any εe > 0 there exists an integer N (possibly 

depending on εe) such that the distance |xn −- x| is less than εe provided that n is greater than N. In 

other words, a sequence has limit x if its elements eventually come and remain arbitrarily close to x. 
It is easy to see that every convergent sequence is a Cauchy sequence. An important fact about the 
real numbers is that the converse is also true: 

Every Cauchy sequence of real numbers is convergent.  

That is, the reals are complete. 

Note that the rationals are not complete. For example, the sequence (1, 1.4, 1.41, 1.414, 1.4142, 
1.41421, ...) is Cauchy but it does not converge to a rational number. (In the real numbers, in 
contrast, it converges to the square root of 2.) 

The existence of limits of Cauchy sequences is what makes calculus work and is of great practical 
use. The standard numerical test to determine if a sequence has a limit is to test if it is a Cauchy 
sequence, as the limit is typically not known in advance. 
For example, the standard series of the exponential function 

 

converges to a real number because for every x the sums 

 

can be made arbitrarily small by choosing N sufficiently large. This proves that the sequence is 
Cauchy, so we know that the sequence converges even if we do not know ahead of time what the 
limit is.  

 

"The complete ordered field" 

The real numbers are often described as "the complete ordered field", a phrase that can be 
interpreted in several ways. 

First, an order can be lattice-complete. It is easy to see that no ordered field can be lattice-complete, 
because it can have no largest element (given any element z, z + 1 is larger), so this is not the sense 
that is meant. 

Additionally, an order can be Dedekind-complete, as defined in the section Axioms. The uniqueness 
result at the end of that section justifies using the word "the" in the phrase "complete ordered field" 
when this is the sense of "complete" that is meant. This sense of completeness is most closely 
related to the construction of the reals from Dedekind cuts, since that construction starts from an 
ordered field (the rationals) and then forms the Dedekind-completion of it in a standard way. 
These two notions of completeness ignore the field structure. However, an ordered group (in this 
case, the additive group of the field) defines a uniform structure, and uniform structures have a 
notion of completeness (topology); the description in the section Completeness above is a special 
case. (We refer to the notion of completeness in uniform spaces rather than the related and better 
known notion for metric spaces, since the definition of metric space relies on already having a 
characterisation of the real numbers.) It is not true that R is the only uniformly complete ordered 
field, but it is the only uniformly complete Archimedean field, and indeed one often hears the phrase 
"complete Archimedean field" instead of "complete ordered field". Since it can be proved that any 
uniformly complete Archimedean field must also be Dedekind complete (and vice versa, of course), 
this justifies using "the" in the phrase "the complete Archimedean field". This sense of completeness 
is most closely related to the construction of the reals from Cauchy sequences (the construction 
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carried out in full in this article), since it starts with an Archimedean field (the rationals) and forms 
the uniform completion of it in a standard way. 
But the original use of the phrase "complete Archimedean field" was by David Hilbert, who meant 
still something else by it. He meant that the real numbers form the largest Archimedean field in the 
sense that every other Archimedean field is a subfield of R. Thus R is "complete" in the sense that 
nothing further can be added to it without making it no longer an Archimedean field. This sense of 
completeness is most closely related to the construction of the reals from surreal numbers, since 
that construction starts with a proper class that contains every ordered field (the surreals) and then 
selects from it the largest Archimedean subfield.  
 

Advanced properties 

The reals are uncountable; that is, there are strictly more real numbers than natural numbers, even 
though both sets are infinite. This is proved with Cantor's diagonal argument. In fact, the cardinality 
of the reals is 2ω?, i.e., the cardinality of the set of subsets of the natural numbers. Since only a 
countable set of real numbers can be algebraic, almost all real numbers are transcendental. The 
non-existence of a subset of the reals with cardinality strictly between that of the integers and the 
reals is known as the continuum hypothesis. The continuum hypothesis can neither be proved nor 
be disproved; it is independent from the axioms of set theory. 

The real numbers form a metric space: the distance between x and y is defined to be the absolute 
value |x −- y|. By virtue of being a totally ordered set, they also carry an order topology; the 
topology arising from the metric and the one arising from the order are identical. The reals are a 
contractible (hence connected and simply connected), separable metric space of dimension 1, and 
are everywhere dense. The real numbers are locally compact but not compact. There are various 
properties that uniquely specify them; for instance, all unbounded, connected, and separable order 
topologies are necessarily homeomorphic to the reals. 
Every nonnegative real number has a square root in R, and no negative number does. This shows 
that the order on R is determined by its algebraic structure. Also, every polynomial of odd degree 
admits at least one root: these two properties make R the premier example of a real closed field. 
Proving this is the first half of one proof of the fundamental theorem of algebra. 
The reals carry a canonical measure, the Lebesgue measure, which is the Haar measure on their 
structure as a topological group normalised such that the unit interval [0,1] has measure 1. 
The supremum axiom of the reals refers to subsets of the reals and is therefore a second-order 
logical statement. It is not possible to characterize the reals with first-order logic alone: the 
Lööwenheim-Skolem theorem implies that there exists a countable dense subset of the real 
numbers satisfying exactly the same sentences in first order logic as the real numbers themselves. 
The set of hyperreal numbers is much bigger than R but also satisfies the same first order sentences 
as R. Ordered fields that satisfy the same first-order sentences as R are called nonstandard models 
of R. This is what makes nonstandard analysis work; by proving a first-order statement in some 
nonstandard model (which may be easier than proving it in R), we know that the same statement 
must also be true of R. 
 

Generalizations and extensions 

The real numbers can be generalized and extended in several different directions. Perhaps the most 
natural extension are the complex numbers which contain solutions to all polynomial equations and 
hence are an algebraically closed field unlike the real numbers. However, the complex numbers are 
not an ordered field. Ordered fields extending the reals are the hyperreal numbers and the surreal 
numbers; both of them contain infinitesimal and infinitely large numbers and thus are not 
Archimedean. Occasionally, the two formal elements +∞8 and −-∞8 are added to the reals to form 
the extended real number line, a compact space which is not a field but retains many of the 
properties of the real numbers. Self-adjoint operators on a Hilbert space (for example, self-adjoint 



 

Page 19 of 422 
 

square complex matrices) generalize the reals in many respects: they can be ordered (though not 
totally ordered), they are complete, all their eigenvalues are real and they form a real associative 
algebra. Positive-definite operators correspond to the positive reals and normal operators 
correspond to the complex numbers. 

 

See also 

￠ Decimal representation  

￠ Completeness  

￠ Total order  

￠ Limit of a sequence  

￠ Field (mathematics)  

￠ Ordered field  

￠ Real closed field  

￠ Hyperreal number  

￠ Calculus  

￠ Real analysis  

￠ Complex number  

￠ Algebraic number  

￠ Transcendental number  

￠ Continued fraction  

￠ Dedekind complete  

￠ Tarski's axiomatization of the reals  

 

 
Sacred Numbers in Leonardo’s art 
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Pythagorus Numbers 

 
 
 
 

What are the "real numbers," really? 

The short, simple answer used in calculus courses is that a real number is a point on the number line. 
That's not the whole truth, but it is adequate for the needs of freshman calculus. The freshman 
calculus course (at most universities nowadays) follows the 17th century style of Newton and 
Leibniz, emphasizing computations and omitting many proofs. The omitted proofs depend on a 
careful explanation of what the "real numbers" really are. That explanation and those proofs were 
not discovered until the 19th century, after Newton and Leibniz were long dead.  

A proper explanation of the real numbers nowadays is covered, if at all, in a course in "real analysis" 
in the junior or senior year of students who are majoring in mathematics. Surprisingly few students 
take such a course; perhaps that's because it is too algebraic for the analysts' taste and too analytic 
to please the algebraists.  

 I'll discuss the mathematical meaning of "real number." Before that, I want to discuss this more 
elementary question: where did the name "real" come from? (It turns out to have little to do with 
the deeper properties of real numbers.) To answer that question, I first need to talk about complex 
numbers.  
Treating points in the plane as numbers 

There is a natural way to "add" or "multiply" two points in the Euclidean plane. By "natural" I mean 
that the definitions have turned out to be useful for many applications, and that the definitions are 
fairly simple. Unfortunately, the definitions take their simplest forms if we use different coordinate 
systems for the addition and multiplication operations.  

 

1. The "addition" of points is described most simply as vector addition. A vector can be 
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represented by a directed line-segment; two vectors are considered equal if they point in the same 
direction and have the same length. (See diagram.) We can change the representation of a vector by 
moving it (i.e., "translating" it) to a new position parallel to the original position.  

2. To add two vectors V1 and V2, represent them with directed line-segments so that the initial 

end of V2 is located at the terminal end of V1. Thus the arrows in the diagram form a path: start at 

the initial end of V1, proceed to its terminal end, then turn a corner and follow V2 from its initial end 

to its terminal end. The sum, or resultant, V1+V2, is the journey going from the initial end of V1 to 

the terminal end of V2. That sum is represented by a single directed line-segment, the dashed third 

side of the triangle.  

 

To represent vectors with the Cartesian coordinate system, draw a vector V so that its initial end is 
at the origin (0,0). Then the coordinates of the location of its terminal end are used as the 
coordinates of the vector. (See diagram.)  
 

If we use that coordinate system, then the formula for vector addition is very simple: The first 
coordinate of V1+V2 is the sum of the first coordinates of V1 and V2, and the second coordinate of 

V1+V2 is the sum of the second coordinates of V1 and V2. That is,  

(a,b) + (c,d) = (a+c, b+d) 

 

3. The "multiplication" that we want to use can also be described in Cartesian coordinates: (a,b) 
e; it looks somewhat arbitrary 

and contrived. We get a much simpler, more geometrically appealing definition if we switch to 
-- i.e., if it is 

located r units away from t

substitute those values into our Cartesian formula for multiplication, and then simplify using 
some trigonometric identities, you'll end up with this much simpler definition of multiplication:  

If P1 has polar coordinates <r1 1> and P2 has polar coordinates <r2 2>, then  

the product P1P2 is defined to be the point with polar coordinates <r1r2, 1 2>. 

In other words, multiply the radii and add the angles. The effect of multiplying points in the 
plane by P2 is to rotate 2 and stretch (or shrink) the plane by 

a magnification factor of r2. This concept is very simple, and it's quite useful in engineering, 

which is often concerned with describing rotations (e.g., of engines).  

When addition and multiplication are defined as above, then the points in the plane are called 
complex numbers, for reasons that will be discussed a few paragraphs from now.  

arithmetic just like "ordinary" numbers; we will write (a,0) more briefly as a. For instance, (5,0) will 
be written as 5. The points along the vertical axis also have a shorter notation: the point (0,b) will be 
written more briefly as bi; for instance, (0,5) will be written as 5i. The i stands for "imaginary", for 
reasons explained below.  
Important exercises. Using either the formula (a,b) 

of polar coordinates, the beginner should now verify that i2 . That will be important in the 
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discussion below.  

Here are the answers to those two exercises: Using the Cartesian coordinate system, we compute i2 
= (0,1) 

2 
complex num  

 

What's "real" about the real numbers? 

Probably the simplest way to understand "complex numbers" is to start with points in the plane, as I 
have done in the preceding paragraphs. However, by a historical accident, the simplest explanation 
was not the first explanation discovered. Indeed, the geometric, points-in-the-plane viewpoint 
wasn't discovered until the 19th century, long after the algebraic computations had been 
investigated. As early as the 16th century, mathematicians were devising new "numbers" as a way of 
solving polynomial equations; they were thinking in terms of algebraic formulas rather than pictures. 
They were particularly interested in the third and fourth degree equations at that time, but they 
even had new insights into the quadratic equation. The attitude that they took was something like 
this:  

We all know that there isn't really any "number" p that can satisfy the equation p2 
"number" can only exist in our imagination. But if it somehow did exist, what kind of arithmetic 
rules would it have to follow?  

You have to admire the genius of the 16th century mathematicians: They correctly worked out the 
arithmetic rules of the complex numbers despite their lack of the simple geometric model; they 
calculated with "numbers" whose existence they didn't even believe in!  

Their terminology was unfortunate, however. There is nothing fictitious or dreamlike about rotations 
of engines, but the name stuck. The points on the vertical axis are now called imaginary numbers, 
despite the fact that they have very tangible applications. The points on the horizontal axis are (by 
contrast) called real numbers. All the points in the plane are called complex numbers, because they 
are more complicated -- they have both a real part and an imaginary part.  

Thus ends our tale about where the name "real number" comes from. But we have barely begun 
investigating the mathematical properties associated with that name.  

Getting rid of the pictures 

The "point on a line" answer is not a fully satisfactory answer, because it is not axiomatic or 
algebraic. It relies on pictures that we don't really understand. For instance, the set of real numbers 
and the set of rational numbers have essentially the same picture, but their algebraic properties 
differ in ways that are very important for analysts.  

Imagine studying that picture of a line under a super microscope. If you could magnify the line at a 
very high power -- say at a magnification of a googolplex, or better yet a magnification of infinity -- 
would it still look the same? Or would you see a row of dots separated by spaces, like the dots in a 
picture in a newspaper? (It turns out that, in some sense, the real numbers would still look like a line 
under infinite magnification, but the rational numbers would be dots separated by spaces. But that 
is only a vague and intuitive statement, not anything precise that we can use in proofs.)  

The only way to get rigorous answers to these questions is to set up a very careful system of axioms 
about geometry ... but that amounts to the same thing as setting up a careful set of axioms about 
the algebraic properties of the real numbers. It turns out that the latter is a little easier, so we may 
as well concentrate on the algebraic aspects of the situation. To answer questions like this, 
ultimately we have to get away from the pictures; we have to understand the real numbers entirely 
in terms of formulas.  
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As a preview, here is the definition that we're going to end up with: the real line is a 
Dedekind-complete ordered field. That's complicated, so we'll work our way up to it in stages. We'll 
discuss:  

4. What is a field?  

5. What is an ordered field?  

6. What is a Dedekind-complete ordered field?  

7. Why do I say that the real line is a Dedekind-complete ordered field? How can that be a 
definition?  

Groups and fields 

First of all, a group is a mathematical object; it is a triple (X,e,*) with these properties:  

8. X is a nonempty set.  

9. e is a specially chosen member of the set X. It is called the identity of the group.  

10. * is a binary operation on X, which we may call the group operation. This means that whenever 
p and q are members of X, then p*q is also a member of X.  

11. (p*q)*r = p*(q*r) for all p,q,r in X.  

12. p*e = e*p = p for every p in X.  

13. For each p in X, there exists at least one corresponding q in X that satisfies p*q = q*p = e. (It can 
be shown that there is at most one such q, and thus q is uniquely determined by p; we call q the 
inverse of p.)  

Exercises:  

14. The identity is uniquely determined --- i.e., if p*e1 = e1*p = p and p*e2 = e2*p = p for all p in X, 

then e1 = e2.  

15. Inverses are uniquely determined --- i.e., if p*q1 = e and p*q2 = e then q1 = q2,  

The group is said to be abelian (or commutative) if it also satisfies this property:  

16. p*q = q*p for all p,q in X.  

Examples:  

17. (Z,0,+) is an abelian group, where Z is the set of all integers  

18. ({even integers}, 0,+) is an abelian group  

19. ({-1,1}, 1, x) is an abelian group  

20. (R+,1,x) is an abelian group, where R+ is the set of all positive real numbers  

21. (R\{0},1,x) is an abelian group, where R\{0} is the set of all nonzero real numbers. (Here "\" 
means the difference of two sets.)  

22. (T,1,x) is an abelian group, where T is the set of all complex numbers that lie along the unit circle 
centered at 0  

Now, a field  

23. Y is a set, 0 and 1 are two specially chosen members of Y, and + and 
on Y.  

24.  

25. The triple (Y,0,+) is an abelian group.  

26. The triple (Y\
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members of Y except 0.)  

27.  

(Exercise
one "field" in which 0=1. For that field, the set Y has only one member.)  

Here are a few examples:  

28. The rational numbers (i.e., numbers like 3/4 and -171/25) are a field.  

29. The real numbers (i.e., numbers like 87.324116279...) are a field.  

30. The complex numbers are a field. (Exercise: Verify all the axioms. Also, what is the multiplicative 
inverse of 3+2i ?)  

31. 
subset of the reals and a superset of the rationals. (Exercise: Verify all the axioms. Also, what is the 

2 ?)  

Following is one more example. We will present a finite field -- that is, a field with only finitely many 
members. For the set Y, we'll use Y={0,1,2,3,4}. For its addition and multiplication operations, we'll 
use ordinary addition and multiplication, modified by this rule: If the result of addition or 
multiplication results in a number greater than 4, subtract 5 or 10 or 15, to get a number in the set Y 
again. In other words, we'll use these tables for addition and multiplication:  

+ . 0 1 2 3 4   . 0 1 2 3 4  

. .   

0      0 1 2 3 4 0      0 0 0 0 0     

1      1 2 3 4 0 1      0 1 2 3 4     

2      2 3 4 0 1 2      0 2 4 1 3     

3      3 4 0 1 2 3      0 3 1 4 2     

4      4 0 1 2 3 4      0 4 3 2 1     

This field is sometimes called arithmetic modulo 5. (Exercises: Show that a similar field can be given 
with 5 replaced by any prime number. Show that there is also a field with 4 elements, and a field 
with 9 elements, but there is no field with exactly 6 elements. Much much harder: It can be shown 

that there is a field with exactly n elements, for some integer n, if and only if n is of the form pr for 
some prime number p.)  

Ordered fields 

Next, we need to define an ordered field  

32.  

33. < is a binary relation on the set Y. This means that for each p and q in the set Y, either p < q is a 
true statement or p < q is a false statement. That can also be described this way: We are given some 
subset S of the set of all ordered pairs of elements of Y, and we abbreviate the sentence "(p,q) is a 
member of S" with the notation p < q.  

34. For each p and q in Y, one and only one of these three statements is true:  

p < q, p = q, q < p. 

(That's called the Trichotomy Law, because we are cutting the possibilities into three cases.)  
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35. For all p,q,r in Y, if p < q, then p+r < q+r.  

36.  

The reals and the rationals, with their usual orderings are two familiar examples of ordered fields. A 

are rational numbers. (Exercise: Show that that set is an ordered field.)  

It can be shown that every ordered field contains, as a subset, an isomorphic copy of the rational 
numbers -- i.e., a set that is identical to the rational numbers in all its arithmetic operations; it may 
differ only in the names of some things, via a change in labeling. If you relabel things a bit, you can 
say that the rational numbers are a subset of every ordered field.  
In particular, every ordered field contains infinitely many members. Therefore, the field of the 
arithmetic modulo 5 cannot be made into an ordered field by defining < in some clever way.  

It can also be proved that, in any ordered field  
37.  

38. 2 > 0.  

Since i2 there is no way that we can make the complex numbers into an ordered 
field, no matter how we define <.  

Infinitesimals 

This next part is optional -- i.e., you can get through the definition of the real numbers without ever 
thinking about infinitesimals. But I think this next part is interesting, and also makes the definition of 
the real numbers easier to understand.  

About 300 years ago, Newton and Leibniz invented calculus. Well, that's an oversimplification. Some 
of the ideas of calculus were already around, but they cleaned it up and knitted it together with 
what we now call the Fundamental Theorem of Calculus. Newton also showed some of the ways 
calculus can be used -- he worked out many of the basic laws of physics, and showed how to 
compute the orbits of the planets much more simply and accurately than anyone had ever done 
before. In doing so, he contributed greatly to the beginning of the Age of Enlightenment -- an age in 
which people realized that they can accomplish quite a lot through reasoning, and that they don't 
have to just live in fear, superstition, and confusion. This may have indirectly contributed to things 
like the industrial revolution and the birth of democracy.  
Anyway, Newton and Leibniz knew how to do many of the computations that we now teach in 
calculus, but they didn't know how to do satisfactory proofs of the theory behind calculus. They tried 
to do proofs, but their explanations were a bit lacking. Many of their explanations were based on 
infinitesimals -- i.e., numbers that are infinitely small but not zero. For instance, in their 
explanations, dy/dx did not represent a limit of changing numbers. It represented a quotient of 
unchanging numbers, but those numbers were infinitesimals.  

The computations of Newton and Leibniz were accepted by other mathematicians, but the proofs 
were not. The explanation of infinitesimals didn't entirely make sense, and mathematicians were 
uncomfortable with it. In the following centuries, Cauchy and Weierstrass produced the 
epsilon-delta proofs that we now find in calculus textbooks. Those proofs involve numbers that are 
of "ordinary" size (not infinitesimal), but the numbers would vary through many different ordinary 
sizes; thus we take the limit as epsilon changes toward zero. In our textbooks, dy/dx represents the 
limit of a changing quotient of two ordinary numbers. In the late 19th century, Dedekind finally gave 
a clear explanation of the real numbers (which we'll sketch at the end of this web page), and we can 
prove that in Dedekind's number system there are no infinitesimals. Arguments with infinitesimals 
were no longer needed and fell out of favor. Ultimately, infinitesimals were discredited and 
discarded by mathematicians (though they continued to be mentioned in some physics books many 
decades later).  
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In the 1960's, mathematician Abraham Robinson finally figured out how to make sense out of 
infinitesimals. Thus nonstandard analysis was born. It involved some nonstandard real numbers, 
among which we can find some infinitesimals. In the paragraphs below, I will give an example of an 
ordered field that has some infinitesimals. The discussion below is based on 20th-century ideas, not 
just on those of Newton and Leibniz. I should mention, however, that the example that I will present 
is not the approach preferred by the nonstandard analysts. They prefer an approach that is more 
complicated but also more powerful. (It involves making careful logical analysis of a formal 
first-order language, but we don't need to discuss that here.)  

  

  
Some of the nonstandard analysts now actually feel that infinitesimals yield a better understanding 
of calculus. After all, it gave Newton and Leibniz the intuition that they needed. We can actually 
make rigorous mathematics, with only slight adjustments in the ideas of Newton and Leibniz. (For 
instance, the derivative should be the standard part of that quotient of infinitesimals; this term is 
explained in a later paragraph below.) But most mathematicians still prefer the epsilon-delta 
approach, which they feel is simpler. (Both methods are correct, and both yield the same results.) At 
any rate, some discussion of infinitesimals may be helpful in our explanation of ordered fields.  

Definitions. Suppose that Y is an ordered field. An infinitesimal member of Y is a member r, other 
than 0, that satisfies all of these infinitely many conditions:  

 

Two members of Y are said to be infinitely close if their difference is an infinitesimal.  

Some ordered fields have infinitesimals, and some don't. The ordered fields that have no 
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infinitesimals are called Archimedean fields; we'll see later that the real number system (i.e., 
Dedekind's number system, also known as the standard real numbers) is Archimedean. The ordered 
fields that do have infinitesimals are called non-Archimedean fields; we'll give an example of such a 
field in the next few paragraphs.  

The example will be based partly on rational functions. By a rational function in the variable t, we 
will mean a function of the form p(t)/q(t), where p(t) and q(t) are polynomials with standard real 
coefficients, and q is not the constant polynomial 0. Note that each real number can be viewed as a 
rational function -- for instance, the number 7 can be viewed as 7/1, where 7 and 1 are both 
polynomials of degree 0. Thus the set of real numbers is a subset of the set of rational functions. (Of 
course, to make sense of this, we have to assume that we already have some understanding of the 
real numbers. But we won't need a very deep understanding; the "points on a line" conception will 
suffice for now.)  

We define addition and multiplication of rational functions in the usual fashion, as in high school 
algebra. However, we make this one alteration in the usual treatment of rational functions: We will 
consider two rational functions to be "the same" if they agree except at finitely many values of t. For 
instance, these two functions  

 

  t2  

 and   

1  t+2 

are not really the same, because the first one is defined at t = 
two functions are identical for all other values of t, so we will view them as "the same" for purposes 
of the present discussion. With that convention, it can be shown that the set of all rational functions 
is a field.  

Also, the real numbers are a subset of the rational functions. For instance, the constant 1 and the 
constant 7 are polynomials of degree 0, so the constant 7/1 is a rational function. In this fashion we 
can view every real number as a rational function.  

We can make the rational functions into an ordered field, if we just define the right ordering. To do 
so, we will make use of the following theorem. (We will omit the proof of the theorem, which is a bit 
harder, but it just involves some advanced calculus and some college algebra.)  

Theorem. Suppose that q(t) and r(t) are given rational functions in the variable t. Then there exists 
some real number t0 (which may depend on the choice of q and r) such that exactly one of these 

three cases holds:  

. For every real number t > t0, the real number q(t) is less than the real number r(t).  

. For every real number t > t0, the real number q(t) is equal to the real number r(t).  

. For every real number t > t0, the real number q(t) is greater than the real number r(t).  

Furthermore, if case 2 holds, then q(t) = r(t) for all but finitely many values of t. 

We now define an ordering on the rational functions, by saying that  

q < r or q = r or q > r 
if cases 1, 2, or 3 hold, respectively. In other words, one rational function is less than another if it is 
eventually less -- i.e., if it is less when we go far enough to the right on the graphs of the two 
functions. How far to the right we have to go may depend on which two functions we're looking at; 
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but the theorem says that for each choice of two rational functions, there is some point after which 
one function stays below the other (unless they're the "same").  

With this definition of ordering, it turns out that the set of rational functions is an ordered field. But 
it also turns out that the functions  

1/t, 2/t, 1/t2, etc.,  

are infinitesimals. Thus, the field of rational functions is non-Archimedean, when ordered as we have 
described.  

How does this relate to Newton's view of numbers? I'm sure that Newton wasn't thinking of his 
infinitesimals as rational functions. But we can get some idea of his viewpoint, as follows:  
There are no infinitesimals among the standard real numbers. But we could imagine that, with a 
sufficiently powerful microscope, we might discover some additional "nonstandard" numbers that 
we had not noticed before. Nestled around each standard real number r, infinitely close to it, are 
infinitely many new nonstandard numbers. (Then r is the standard part of any of those new 
numbers.) In particular, nestled around 0 are the infinitesimals. We can also get some other 
nonstandard numbers by taking the reciprocals of the infinitesimals; those numbers are infinitely 
large. The collection of all the numbers -- both "standard" and "new", together -- is an ordered field. 
Its ordering is the same as the ordering of the set of rational functions.  

Least upper bounds 

Suppose that Y is an ordered field, and S is a nonempty subset of Y, and b is a member of Y. We say 
that b is an upper bound for the set S if we have s < b satisfied for every s in S.  

If the set S has an upper bound, then in general it has many upper bounds. Say B is the set of upper 
bounds of S, and B is nonempty. Does B have a lowest member? If it does, that member is called the 
least upper bound of the set S.  
The word "complete" has different meanings in different branches of mathematics. Generally, an 
object is called "complete" if there are no "holes" in it -- i.e., if nothing that seemingly "ought to" be 
there is missing. This vague description has different meanings for different kinds of mathematical 
objects -- a complete ordered field, a complete measure space, a complete logic, etc. Here, we will 
only consider the meaning of completeness for ordered fields.  

An ordered field Y is said to be complete, or Dedekind complete, if it has this property, also known 
as the least upper bound property:  

Whenever S is a nonempty subset of Y, and S has at least one upper bound, then S has a least upper 
bound.  

Dedekind completeness turns out to be crucial in analysis, because it enables us to take limits.  

Some ordered fields are Dedekind complete, and some aren't. Here are two quick examples of 
ordered fields that aren't complete:  

The set of rational numbers is incomplete (i.e., not complete). To see this, let S be the set of all 

rational numbers r that satisfy r2 < 5. Then S has many upper bounds -- for instance, 3 is an upper 
bound, and 2.24 is another upper bound, and 2.23607 is another upper bound. We can keep finding 
more of these numbers -- whatever rational number we propose for an upper bound for S, it is 
possible to find another rational number that is still a little lower and that is also an upper bound for 
S. You can probably see why already: These numbers are converging to  

 

But that number is not rational. Any rational upper bound for S would have to be slightly 
higher 
another rational number. In the field of rational numbers, the set S does not have a least 
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upper bound.  

If Y is a non-Archimedean field -- i.e., an ordered field that has infinitesimals -- then Y is incomplete. 
One way to see this is to let S be the set of all infinitesimals. Since some of the infinitesimals are 
positive, any upper bound for S must be greater than 0. Note that 1 is an upper bound for S, and 1/2 
is another upper bound for S, and 1/3 is another upper bound for S, and so on. Suppose (for 
contradiction) that b were the least upper bound for S. Then b must be positive, and must be less 
than or equal to all of the numbers 1, 1/2, 1/3, etc. -- thus b must be a positive infinitesimal. Then 2b 
is also an infinitesimal, so 2b is a member of S. Since b is an upper bound for S, that tells us 2b < b. 
But b < 2b since b is positive. This is a contradiction.  

(Note that, conversely, any complete ordered field must be Archimedean.)  

Complete fields 

We have used the real numbers in some of our preceding discussions. For instance, the complex 
numbers are ordered pairs of real numbers, and our example of infinitesimals involved rational 
functions with real coefficients. In effect, we "borrowed" the real numbers -- we used the reals in 
examples, even though we hadn't formally defined them yet; we just relied on the informal and 
intuitive understanding that students already have, based on the geometric line. Trust me, there is 
no circular reasoning here -- I won't use the "borrowed" concepts when I finally get around to 
defining the real numbers. You'll see that if you actually work through all the details. (I'm not 
claiming that this web page is more than an outline.)  

The definition of the reals depends on two more theorems, both of which are difficult to prove.  

Theorem 1. There exists a Dedekind-complete ordered field. 

The literature contains many different proofs of this theorem. I think three are simple enough to 
deserve mention here:  

Proof using decimal expansions. Let Y be the set of all infinite decimal expansions -- i.e., expressions 
1897... . Adopt the convention that 2.719999... is the "same" as 

2.7200000..., etc. Use the usual operations of addition and multiplication. Then Y is a complete 
ordered field, but verifying that fact is extremely tedious. It generally isn't worked out in full detail. 
One place that you can find it in fairly complete detail is in J. F. Ritt, Theory of Functions, 1946. It is 
also sketched in M. Rosenlicht, Introduction to Analysis, reprinted by Dover.  

Proof using Dedekind cuts. Let Q be the set of rational numbers; we assume that we already have a 
good understanding of those. By a Dedekind cut we mean a pair (A,B) with these properties:  

. A and B are nonempty subsets of Q whose union is Q  

.  

. A has no highest element.  

The set B might or might not have a lowest element. Here are some examples of cuts in which B has 
a lowest element:  

A-2 -2}, B-2 -2} A3.7 3.7  

and here is an example of a cut in which B has no lowest element:  

2 2 > 5}.  

(That cut would be called (AÖ , BÖ all cuts can be made into a 

complete ordered field, if we define addition and multiplication the right way. Again, it's tedious; 
you can find some of the details worked out in W. Parzynski and P. Zipse, Introduction to 
Mathematical Analysis.  
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Proof using Cauchy sequences. Again start from the rational numbers. Say that a sequence r1, 

r2, r3, ... of rational numbers is a Cauchy sequence if it has the property that  

for each positive integer p there exists a positive integer m (which may depend on p and on the 
particular sequence being studied) such that, whenever i and j are greater than m, then |ri j| < 

1/p. 

Now, say that two Cauchy sequences r1, r2, r3, ... and s1, s2, s3, ... of rationals are equivalent if they 

have the property that  

for each positive integer p there exists a positive integer m (which may depend on p and on the 
particular sequences being studied) such that, whenever i is greater than m, then |ri i| < 1/p. 

By an equivalence class we mean the set of all the sequences that are equivalent to some particular 
sequence. Now, it can be shown that the set of all equivalence classes is a complete ordered field, if 
we define addition and multiplication on it in the right fashion. This proof, due to Cantor, is a slight 
modification of a proof that can be found in many analysis or topology books, showing that every 
metric space has a metric completion.  

The other theorem is harder to prove, and I won't even sketch a proof here. In fact, this theorem is 
even difficult to state:  

Theorem 2. Any two Dedekind-complete ordered fields are isomorphic i.e., there exists a 
one-to-one correspondence between them that preserves, in both directions, the orderings and 
the arithmetical operations. Thus, any two Dedekind-complete ordered fields are essentially "the 
same"; one is simply a relabeled copy of the other. 

In particular, the decimal expansions, the Dedekind cuts, and the equivalence classes of Cauchy 
sequences, though they appear to be entirely different, all turn out to have the same arithmetic and 
algebraic structure -- they are really the "same" object. It is that object which we call the real 
number system.  

 

Annuaki 16 pointed star musical mathematics central to secret society metaphysics 
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Finally, the real definition of the reals 

(No pun intended.)  

Definition. The real number system is that unique algebraic structure represented by all 
Dedekind-complete ordered fields. 
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You might wonder why mathematicians want to use such a complicated definition. Wouldn't it be 
easier to simply define the real numbers to be the Dedekind cuts, or define the real numbers to be 
the decimal expansions, or something like that? That is the approach taken in some elementary 
textbooks, but ultimately it is less productive. When we actually use the real number system in 
proofs, the properties that we need are not specifically the properties of (for instance) Dedekind 
cuts or of decimal expansions. Rather, the properties we need are the axioms of a Dedekind 
complete ordered field. It is much simpler to think in terms of those axioms. To think of "numbers" 
as being cuts or expansions would just encumber us with extra baggage. The cuts or expansions are 
models -- they are useful for the job proving Theorem 1, but they are useful for little else. Once 
they've done that job, we can discard and forget them.  

If you wish, you can now think of the points on a line as representing the members of a 
Dedekind-complete ordered field. It is then correct to say that the real numbers are the points on a 
line.  

 
 
 

 
 
 
 
 
Imaginary number 

In mathematics, an imaginary number (or purely imaginary number) is a complex number whose 
square is a negative real number. Imaginary numbers were defined in 1572 by Rafael Bombelli. At 
the time, such numbers were thought not to exist, much as zero and the negative numbers were 
sometimes regarded by some as fictitious or useless. Many other mathematicians were slow to 
believe in imaginary numbers at first, including Descartes who wrote about them in his La 
Gééoméétrie, where the term was meant to be derogatory.[1] 
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Definition 

Any complex number can be written as a + bi, where a and b are real numbers and i is the imaginary 
unit with the property that: 

 

The number a is the real part of the complex number, and b is the imaginary part. Although 
Descartes originally used the term "imaginary number" to mean what is currently meant by the 
term "complex number", the term "imaginary number" today usually means a complex number 
with a real part equal to 0, that is, a number of the form bi. 0 is the only number that is both real 
and imaginary. 

 

Geometric interpretation 

Geometrically, imaginary numbers are found on the vertical axis of the complex number plane, 
allowing them to be presented orthogonal to the real axis. One way of viewing imaginary numbers is 
to consider a standard number line, positively increasing in magnitude to the right, and negatively 
increasing in magnitude to the left. At 0 on this x-axis, draw a y-axis with "positive" direction going 
up; "positive" imaginary numbers then "increase" in magnitude upwards, and "negative" imaginary 
numbers "decrease" in magnitude downwards. This vertical axis is often called the "imaginary axis" 
and is denoted or simply Im. 

In this model, multiplication by −- 1 corresponds to a reflection about the origin, i.e. a rotation of 
180 degrees about the origin. Multiplication by i corresponds to a 90-degree rotation in the 

"positive" direction (i.e. counter-clockwise), and the equation i2 = −- 1 is interpreted as saying that if 
we apply 2 90-degree rotations about the origin, the net result is a single 180-degree rotation. Note 
that a 90-degree rotation in the "negative" direction (i.e. clockwise) also satisfies this interpretation. 

This reflects the fact that −- i also solves the equation x2 = −- 1 —— see imaginary unit. 
In electrical engineering and related fields, the imaginary unit is often written as j to avoid confusion 
with a changing current, traditionally denoted by i. 
 

Applications of imaginary numbers 

Despite their name, imaginary numbers are as "real" as real numbers.[2] (See the definition of 
complex numbers on how they can be constructed using set theory.) One way to understand this is 
by realizing that numbers themselves are abstractions, and the abstractions can be valid even when 
they are not recognized in a given context. For example, fractions such as ⅔? and ⅛? are 
meaningless to a person counting stones, but essential to a person comparing the sizes of different 
collections of stones. Similarly, negative numbers such as −- 3 and −- 5 are meaningless when 
keeping score in a US football game, but essential when keeping track of monetary debits and 
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credits[1] (or yards gained on a play in the same football game). 

Imaginary numbers follow the same pattern. For most human tasks, real numbers (or even rational 
numbers) offer an adequate description of data, and imaginary numbers have no meaning; however, 
in many areas of science and mathematics, imaginary numbers (and complex numbers in general) 
are essential for describing reality. Imaginary numbers have essential concrete applications in a 
variety of sciences and related areas such as signal processing, control theory, electromagnetism, 
quantum mechanics, and cartography. 
For example, in electrical engineering, when analyzing AC circuitry, the values for the electrical 
voltage (and current) are expressed as imaginary or complex numbers known as phasors. These are 
real voltages that can cause damage/harm to either humans or equipment even if their values 
contain no "real part". The study of AC (alternating current) entails introduction to electricity 
governed by trigonometric (i.e. oscillating) functions. From calculus, one knows that differentiating 
or integrating either "+/- sin(t)" or "+/- cos(t)" four times (with respect to "t," of course) results in the 
original function "+/- sin(t)" or "+/- cos(t)." From complex algebra, one knows that multiplying the 
imaginary unit quantity "i" by itself four times will result in the number 1 (identity). Thus, calculus 
can be represented by the algebraic properties of the imaginary unit quantity (this was exploited by 
Charles Proteus Steinmetz). 
Specifically, Euler's formula is used extensively to express signals (e.g., electromagnetic) that vary 
periodically over time as a combination of sine and cosine functions. Euler's formula accomplishes 
this more conveniently via an expression of exponential functions with imaginary exponents. Euler's 
formula states that, for any real number x, 

 

Some programming languages also have built-in support for imaginary numbers. For example, in the 
Python interpreter, one may use them by appending a lowercase or uppercase J to the number:[3] 

>>> (5+2j) * (8+5j) 
(30+41j) 
 

 

History 

Descartes was the first to use the term ““imaginary”” number in 1637. However, the discovery of 
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imaginary numbers occurred much earlier by Gerolamo Cardano in the 1500s but they were not 
widely accepted until the work of Leonhard Euler (1707-1783) and Carl Friedrich Gauss (1777-1855). 
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syntax and are not part of the equation.  

. What is an imaginary number? What is i? 
 
Contrary to what some people might tell you, imaginary numbers are not numbers that only exist in 
the brains of weird people. Or maybe they are; all numbers in math are "imaginary" in the sense that 
you can't touch them or experience them directly.  

. But this is not what people mean when they talk about imaginary numbers. Imaginary 
numbers are numbers that can be written as a real number times i.  

. So what is a real number, and what is i?  

. Well, the real numbers are all the positive numbers, negative numbers, and zero. These are 
numbers like  
. 5  
-2.9 
-4/3  
0 
1.11211211111221312211131122211113213211...  
(bonus points if you can tell us  
what the next few digits are and why!)  

. So the real numbers are the numbers that you probably already know: they're the ones on 
the number line.  

. What is i? It's the square root of -1 (see footnote below). And it's NOT a real number. i was 
invented because people wanted to be able to take square roots of negative numbers, and you can't 
do that if you limit yourself to real numbers.  

. So we can make an imaginary number by taking a real number like 5 and multiplying it by i. 
That gives us 5i. Some other imaginary numbers are  

. 37.3i  
1.11211211111221312211131122211113213211i  
Pi*i.  

. Note that the square of any imaginary number (except 0) is a negative number.  

. Complex numbers are numbers like 7 + .4i; they're a real number plus an imaginary number.  

. Footnote: actually, there are TWO numbers that are the square root of -1, and those 
numbers are i and -i , just as there are two numbers that are the square root of 4, 2 and -2.  
. Browse the Dr. Math archives to find answers written for a variety of levels. Here are five:  

. Elementary / About Numbers: What is i? 
Middle / About Numbers: The Imaginary Number 
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Advanced / Complex Numbers: What Are Imaginary Numbers? 
Advanced / Complex Numbers: What is the Square Root of i? 
Advanced / Complex Numbers: Graphing Complex and Imaginary Numbers 

. And don't miss this commentary on the word "imaginary number":  

. Imaginary Numbers, History and Commentary - Howard Engel  

. Search the Dr. Math archives using the words "imaginary number" (that exact 
phrase; just the words, not the quotes) to find more questions and answers. 

 
 

 

 
 
Up until now, you've been told that you can't take the square root of a negative number. That's 
because you had no numbers that, when squared, were negative. Every number was positive after 
you squared it. So you couldn't very well square-root a negative and expect to come up with 
anything sensible. 

Now, however, you can take the square root of a negative number, but it involves using a new 
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number to do it. This new number was invented (discovered?) around the time of the Reformation. 
At this time, nobody believed that any "real world" use would be found for this new number, other 
than easing the computations involved in solving certain equations, so the new number was viewed 
as being a pretend number invented for convenience sake. 
(But then, when you think about it, aren't all numbers inventions? It's not like numbers grow on 
trees! They live in our heads. We made them all up! Why not invent a new one, as long as it works 
okay with what we already have?) 

Anyway, this new number is called "i", standing for "imaginary", because "everybody knew" that i 
wasn't "real". (That's why you couldn't take the square root of a negative number before: you only 
had "real" numbers; that is, numbers without the "i" in them.) The imaginary is defined to be: 

 

Then:  

 

Now, you may think you can do this: 

 

But this doesn't make any sense! You already have two numbers that square to 1; namely ––1 and 
+1. And i already squares to ––1. So it's not reasonable that i would also square to 1. This points out 
an important detail: When dealing with imaginaries, you gain something (the ability to deal with 
negatives inside square roots), but you also lose something (some of the flexibility and convenient 
rules you used to have when dealing with square roots). In particular, YOU MUST ALWAYS DO THE 
i-PART FIRST! 

 

. Simplify sqrt(––9).  

 

(Note: This is " ", not "". The i is outside the radical!) 

. Simplify sqrt(––25).  

 

. Simplify sqrt(––18).  

 

. Simplify ––sqrt(––6).  

 

 

In computations, you deal with i just as you would with x, except for the fact that x2 is just x2, but 

i2 is ––1: 

. Simplify 2i + 3i.  

2i + 3i = (2 + 3)i = 5i 

. Simplify 16i –– 5i.  

16i –– 5i = (16 –– 5)i = 11i 

. Multiply and simplify (3i)(4i).  

(3i)(4i) = (3··4)(i··i) = (12)(i2) = (12)(––1) = ––12 

. Multiply and simplify (i)(2i)(––3i).  
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(i)(2i)(––3i) = (2 ·· ––3)(i ·· i ·· i) = (––6)(i2 ·· i) 

=(––6)(––1 ·· i) = (––6)(––i) = 6i 

Note this last problem. Within it, you can see that , because i2 = ––1. Continuing, you get: 

 

This is a cycle: 

 

In other words, to calculate any high power of i, you can convert it to a lower power by taking the 
closest multiple of 4 that's no bigger than the exponent and subtracting this multiple from the 
exponent. For example, a common trick question on tests is something along the lines of "Simplify 

i99", the idea being that you'll try to multiply i ninety-nine times and you'll run out of time, and the 
teachers will get a good giggle at your expense in the faculty lounge. Here's how the shortcut works: 

i99 = i96+3 = i(4××24)+3 = i3 = ––i 

That is, i99 = i3, because you can just lop off the i96. (Ninety-six is a multiple of four, so i96 is just 1, 
which you can ignore.) In other words, you can divide the exponent by 4 (using long division), discard 
the answer, and use only the remainder. This will give you the part of the exponent that you care 
above. Here are a few more examples:  

. Simplify i17.  

i17 = i16 + 1 = i4 ·· 4 + 1 = i1 = i 

. Simplify i120.  

i120 = i4 ·· 30 = i4·· 30 + 0 = i0 = 1 

. Simplify i64,002.  

i64,002 = i64,000 + 2 = i4 ·· 16,000 + 2 = i2 = ––1 

Now you've seen how imaginaries work; it's time to move on to complex numbers. "Complex" 
numbers have two parts, a "real" part (being any "real" number that you're used to dealing with) 
and an "imaginary" part (being any number with an "i" in it). The "standard" format for complex 
numbers is "a + bi"; that is, real-part first and i-part last. 
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Irrational Numbers 

The relationship of arithmetic to geometry 
The square drawn on the diagonal 

"Speechless" 
The invention of irrational numbers 
A common measure with 1 
THE JOB OF ARITHMETIC when confronted with geometry is to provide a number -- a name -- for 
every ratio of magnitudes. Thus, if we say that a length is 3½½ meters, then the number 3½½ names 
the ratio of that length to 1 meter. (Lesson 7.) Some other length might be 3/8 of a meter, or 6.314 
times it, and so on. The names of numbers indicate ratios to some unit. 

But is there a number to indicate every ratio? If the square on AB is to the square on CD in the ratio 
2 : 1, then AB, CD themselves are incommensurable; 2 and 1 are not both square numbers; and no 
rational number can indicate the ratio of those sides. For, any two rational numbers always have a 
common measure. Incommensurability has been and is the historical problem in the relationship of 
arithmetic to geometry. 

It is not only an intellectual problem, but it has been an extremely practical one in the history of 
science. For if we want to involve AB, CD in some calculation, there is no number to write! AB = ? ×× 
CD. 

The problem was first realized by Pythagoras in the 6th century B.C. He discovered it by looking at a 
simple square. 
 
The square drawn on the diagonal 
 
Let ABCD be a square, and on its diagonal, AC, draw a square. 
Problem 1.  
a) What ratio has the square drawn on the diagonal AC to the square on 
a) the side BC? 
To see the answer, pass your mouse over the colored area.  
To cover the answer again, click "Refresh" ("Reload"). 
 
The square on the diagonal is twice the square on the side. For, we can see that the square on the 
diagonal AC is made up of four equal triangles, while the square on the side BC is made up of two. 

b) Are the diagonal and side commensurable or incommensurable? 

 
Incommensurable. The squares on them are in the ratio 2 : 1, and 2 is not a square number. 
c) Explicitly, what ratio has the diagonal to the side? 
Can you express it? 
 
"Speechless" 
The student should know that this discovery -- The diagonal and side of a square are 
incommensurable -- was a landmark in the history of mathematics. It drove home the distinction 
between geometry and arithmetic; between what is continuous and what is discrete; and, as we are 
about to see, it led to the invention of irrational numbers. 

Pythagoras realized that we cannot say how the diagonal and side are related, and he referred to 
their ratio as "speechless." That has been called mathematics first logical scandal. 
Nevertheless, knowledge of a square figure is still rational: The square drawn on the diagonal is 
twice the square on the side. This suggests that the fundamental magnitude is not length but area. 
Area --the figure itself -- is what is geometrically real. 
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The invention of irrational numbers 
 
We have seen (Lesson 9) that if squares are in the same ratio as two square numbers, then their 
sides will have the same ratio as the square roots. Thus if CD were 1 meter, then we would like to 
say that AB is "Square root of 2" meters -- but there is no such rational number. For if there were, 
then again, AB, CD would have a common measure, which they do not. 

If we insist, however, that there be a number to indicate the ratio AB : CD, then we keep the name 
"Square root of 2," and we call it an irrational number. Its numeral is . That is, 
×× = 2. 

is that number which when multiplied by itself -- when squared -- is 2. "Square root of 2" is its name. 
It is not any whole number, any fraction, any mixed number or any decimal -- it is not any rational 
number. It is a pure creation. 
For suppose were a rational number. Then we could express it as  

a fraction  

m
 
n in lowest terms. That is, suppose 

 

m 
n ··  

m 
n =  

m·· m 
n·· n = 2 

 

But that is impossible. Since  

m
 
n is in lowest terms, then m and n 

have no common divisors except 1. Therefore, m·· m and n·· n also have  

no common divisors. It will be impossible to reduce  

m·· 
m 
n·· n and  

get 2 

There is no rational number whose square is 2. 
Naturally, we wonder, "How much is ?" But we can only answer, "Well, it's almost 1.414." How 
would anyone know that? Because 1.414 squared is almost 2. 

1.414 ×× 1.414 = 1.999396 

We could come closer to 2 by approximating to more decimal places. But no decimal squared can 
ever be exactly 2. is irrational. 
It was argued for many centuries whether "really" is a number. Mathematicians thought of as a 
convenient symbol, but as for its being a number, that was something else. Because again, if we ask, 
How much is it?. . . we cannot say. 

In the following Topic, we will investigate the existence of irrational numbers. 
In any event, is not the only irrational number. Let us approach it this way: 

The square roots of which numbers are rational? 
Answer. Only the square roots of square numbers. Thus, 

= 1 is rational.  
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, are irrational.  
= 2 is rational.  
, , , are irrational.  
= 3 is rational.  
And so on.  
Problem 2. Say the name of each number. 

a)  Square root of 3.  b)  Square root of 5. 

 

c)  Two. It's rational.  d)  Square root of 3/5. 

 

e)  Three-fifths.  f)  One. 

Problem 3. Which of the following are rational numbers and which are irrational? 

a)  Irrational.  b)  Rational. 

 

c)  Rational.  d)  Irrational. 

 

A common measure with 1 
We have seen that every number has a ratio to 1. A rational number is to 1 in the same ratio as two 
natural numbers. That is, every rational number has a common measure with 1 (Topic 8). We can 
say, then, that an irrational number is a number that has no common measure with 1. 

1 and are incommensurable. 

Problem 4. What number is a common measure of each pair? 
a) 1 and 5 1 

b) 1 and  
5 
8  

1 
8 

c) 1 and 2.617 .001 

d) 1 and None. 
Problem 5. Why have irrational numbers been invented? 
To express the ratios of incommensurable magnitudes. 
Problem 6. The squares on the sides of triangle ABC are in the ratio 1 : 4 : 3. Express the ratio of each 
pair of sides as a ratio of numbers, whether rational or irrational. 
 
a) AB : BC = 1 : 2 b) BC : CA = 2 : c) CA : AB = : 1 

d) is approximately 1 

5
 
7 , or  

12 
7  . How could you know that? 

 

12 
7  ··  

12 
7  =  

144 
49  -- which is almost 3. 

e) Use that approximation to approximate the ratio of BC to CA as a 
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e) ratio of natural numbers. 

BC : CA = 2 :  
12 
7  = 14 : 12 = 7 : 6 

Problem 7. One square is four fifths of another. 

 
a) Are the sides commensurable? No. 4 and 5 are not both square  
a) numbers. 
b) Express the ratio of the sides as a ratio of numbers. 
2 :  
c) Are the squares commensurable? 

Yes. They are in the same ratio as natural numbers. 

 
In mathematics, an irrational number is any real number that is not a rational number, i.e., it is not 
of the form where a and b are integers. It can readily be shown that the irrational numbers are 
precisely those numbers whose expansion in any given rational base (decimal, binary, etc) never 
ends and never enters a periodic pattern. Almost all real numbers are irrational, in a sense which is 
defined more precisely below. 
When the ratio of lengths of two line segments is irrational, the line segments are also described as 
being incommensurable, meaning they share no measure in common. A measure of a line segment I 
in this sense is a line segment J that "measures" I in the sense that some whole number of copies of J 
laid end-to-end occupy the same length as I. 
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History 

The earliest known use of irrational numbers was in the Indian Sulba Sutras composed between 
800-500 BC. The first proof of irrational numbers is usually attributed to Pythagoras, more 
specifically to the Pythagorean Hippasus of Metapontum, who produced a (most likely geometrical) 
proof of the irrationality of the square root of 2. The story goes that Hippasus discovered irrational 
numbers when trying to represent the square root of 2 as a fraction (proof below). However 
Pythagoras believed in the absoluteness of numbers, and could not accept the existence of irrational 
numbers. He could not disprove their existence through logic, but his beliefs would not accept the 
existence of irrational numbers and so he sentenced Hippasus to death by drowning. Theaetetus 
worked with other quadratic irrationalities, but it wasn't until Eudoxus developed a theory of 
irrational ratios that Greek mathematicians accepted irrational numbers. Euclid's Elements Book 10 
is dedicated to classification of irrational magnitudes. 

The sixteenth century saw the acceptance of negative, integral and fractional numbers. The 
seventeenth century saw decimal fractions with the modern notation quite generally used by 
mathematicians. The next hundred years saw imaginary numbers become a powerful tool in the 
hands of Abraham de Moivre, and especially of Leonhard Euler. For the nineteenth century it 
remained to complete the theory of complex numbers, to separate irrationals into algebraic and 
transcendental, to prove the existence of transcendental numbers, and to make a scientific study of 
a subject which had remained almost dormant since Euclid, the theory of irrationals. The year 1872 
saw the publication of the theories of Karl Weierstrass (by his pupil Kossak), Heine (Crelle, 74), Georg 
Cantor (Annalen, 5), and Richard Dedekind. Mééray had taken in 1869 the same point of departure 
as Heine, but the theory is generally referred to the year 1872. Weierstrass's method has been 
completely set forth by Pincherle (1880), and Dedekind's has received additional prominence 
through the author's later work (1888) and the recent endorsement by Paul Tannery (1894). 
Weierstrass, Cantor, and Heine base their theories on infinite series, while Dedekind founds his on 
the idea of a cut (Schnitt) in the system of real numbers, separating all rational numbers into two 
groups having certain characteristic properties. The subject has received later contributions at the 
hands of Weierstrass, Kronecker (Crelle, 101), and Mééray. 
Continued fractions, closely related to irrational numbers (and due to Cataldi, 1613), received 
attention at the hands of Euler, and at the opening of the nineteenth century were brought into 
prominence through the writings of Joseph Louis Lagrange. Other noteworthy contributions have 
been made by Druckenmüüller (1837), Kunze (1857), Lemke (1870), and Güünther (1872). Ramus 
(1855) first connected the subject with determinants, resulting, with the subsequent contributions 
of Heine, Mööbius, and Güünther, in the theory of Kettenbruchdeterminanten. Dirichlet also added 
to the general theory, as have numerous contributors to the applications of the subject. 

Lambert proved (1761) that πp cannot be rational, and that en is irrational if n is rational (unless n = 
0). While Lambert's proof is often said to be incomplete, modern assessments support it as 
satisfactory, and in fact for its time unusually rigorous. Legendre (1794), after introducing the 

Bessel-Clifford function, provided a proof to show that πp2 is irrational, whence it follows 
immediately that πp is irrational also. The existence of transcendental numbers was first established 
by Liouville (1844, 1851), the proof being subsequently displaced by Georg Cantor (1873). Charles 
Hermite (1873) first proved e transcendental, and Ferdinand von Lindemann (1882), starting from 
Hermite's conclusions, showed the same for πp. Lindemann's proof was much simplified by 
Weierstrass (1885), still further by David Hilbert (1893), and has finally been made elementary by 
Adolf Hurwitz and Paul Albert Gordan. 
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Example proofs 

 

The square root of 2 

One proof of the irrationality of the square root of 2 is the following reductio ad absurdum. The 
proposition is proved by assuming the contrary and showing that doing so leads to a contradiction 

(hence the proposition must be true). 
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. Assume that is a rational number. This would mean that there exist integers a and b 
such that a / b = .  

. Then can be written as an irreducible fraction (the fraction is shortened as much as 

possible) a / b such that a and b are coprime integers and (a / b)2 = 2.  

. It follows that a2 / b2 = 2 and a2 = 2 b2.  

. Therefore a2 is even because it is equal to 2 b2 which is obviously even.  

. It follows that a must be even (odd square numbers have odd square roots and even 
square numbers have even square roots).  

. Because a is even, there exists a k that fulfills: a = 2k.  

. We insert the last equation of (3) in (6): (2k)2 = 2b2 is equivalent to 4k2 = 2b2 is 

equivalent to 2k2 = b2.  

. Because 2k2 is even it follows that b2 is also even which means that b is even 
because only even numbers have even squares.  

. By (5) and (8) a and b are both even, which contradicts that a / b is irreducible as 
stated in (2).  

Since we have found a contradiction, the assumption (1) that is a rational number must be false; that 
is to say, is irrational. 

This proof can be generalized to show that any root of any natural number is either a natural 
number or irrational. 

 

Another proof 

Another reductio ad absurdum argument showing that is irrational is less well-known: 

. Assume that is a rational number. This would mean that there exist integers m and n 
such that m/n = .  

. By substitution, it can be shown that = (2n −- m)/(m −- n).  

. Since > 1, it follows that m > n, and it can be shown that m > 2n −- m  

So a fraction in lowest terms is reduced to yet lower terms. That is a contradiction if n and m are 
positive integers, so the assumption that is rational must be false. 

Similarly, assume an isosceles right triangle whose leg and hypotenuse have respective integer 
lengths n and m. By the Pythagorean theorem, the ratio m/n equals . It is possible to construct by a 
classic compass and straightedge construction a smaller isosceles right triangle whose leg and 
hypotenuse have respective lengths m −- n and 2n −- m. That construction proves the irrationality of 
by the kind of method that was employed by ancient Greek geometers. 
 

 

The square root of 10 

If √v10 is a rational, say m/n, then m2 = 10n2. But in decimal notation, every square ends in an even 

number of zeros. So then m2 and 10n2 in decimal must end in respectively an even and odd number 
of zeros, a contradiction. 

More generally, in any radix r that is not itself a square, every square divisible by r ends in an even 
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numbers of zeros, whence √v10r in radix r is irrational, that is, √vr is irrational. It follows that the 

only integers with rational square roots are squares. As a case in point, 2 is not a square, and 2 in 
binary is 102. (Note the convention of subscripting nondecimal numerals with their radix, to avoid 

ambiguity. As part of that convention the subscripts are understood to be in decimal, not being 
subscripted themselves.) 
 

 

The golden ratio 

When a line segment is divided into two disjoint subsegments in such a way that the ratio of the 
whole to the longer part equals the ratio of the longer part to the shorter part, then that ratio is the 

golden ratio, equal to 

 

Assume this is a rational number n/m in lowest terms. Take n to be the length of the whole and m 
the length of the longer part. Then the length of the shorter part is n −- m. Then we have 

 

But this puts a fraction already in lowest terms into lower terms——a contradiction. Therefore the 
initial assumption that φf is rational is false. 

 
 

Logarithms 

Perhaps the numbers most easily proved to be irrational are certain logarithms. Here is a proof by 
reductio ad absurdum that log23 is irrational: 

. Assume log23 is rational. For some positive integers m and n, we have log23 = m/n.  

. It follows that 2m/n = 3.  

. Raise each side to the n power, find 2m = 3n.  

. But 2 to any integer power greater than 0 is even (because at least one of its prime 
factors is 2) and 3 to any integer power greater than 0 is odd (because none of its prime 

factors is 2), so the original assumption is false.  

Similar cases such as log102 can be treated similarly. 

 
 

Transcendental and algebraic irrationals 

Almost all irrational numbers are transcendental and all transcendental numbers are irrational: the 

article on transcendental numbers lists several examples. er and πpr are irrational if r ≠? 0 is rational; 
eπp is also irrational. 

Another way to construct irrational numbers is as irrational algebraic numbers, i.e. as zeros of 
polynomials with integer coefficients: start with a polynomial equation 

p(x) = an xn + an-1 xn−-1 + ... + a1 x + a0 = 0  

where the coefficients ai are integers. Suppose you know that there exists some real number x with 

p(x) = 0 (for instance if n is odd and an is non-zero, then because of the intermediate value 



 

Page 49 of 422 
 

theorem). The only possible rational roots of this polynomial equation are of the form r/s where r is 
a divisor of a0 and s is a divisor of an; there are only finitely many such candidates which you can all 

check by hand. If neither of them is a root of p, then x must be irrational. For example, this 

technique can be used to show that x = (21/2 + 1)1/3 is irrational: we have (x3 −- 1)2 = 2 and hence 

x6 −- 2x3 −- 1 = 0, and this latter polynomial does not have any rational roots (the only candidates to 
check are ±±1). 

Because the algebraic numbers form a field, many irrational numbers can be constructed by 
combining transcendental and algebraic numbers. For example 3πp+2, πp + √v2 and e√v3 are 
irrational (and even transcendental). 
 

 

Decimal expansions 

It is often erroneously assumed that mathematicians define an "irrational number" as a number 
whose decimal expansion neither repeats nor terminates. No mathematician takes that to be the 

definition, and not only because the choice of base 10 is arbitrary. The standard definition is simpler 
and better-motivated. Nonetheless it is true that a number is of the form n/m where n and m are 

integers only if its decimal expansion repeats or terminates. When the long division algorithm that 
everyone learns in school is applied to the division of n by m, only m remainders are possible. If 0 

appears as a remainder, the decimal expansion terminates. If 0 never occurs, then the algorithm can 
run at most m −- 1 steps without using any remainder more than once. After that, a remainder must 
recur, and then the decimal expansion repeats! Conversely, suppose we are faced with a recurring 

decimal, for example: 

 

Since the length of the repitend is 3, multiply by 103: 

 

and then subtract A from both sides: 

 

Then 

 

(The "135" above can be found quickly via Euclid's algorithm.) 

 
 

Open questions 

It is not known whether πp + e and πp −- e are irrational or not. In fact, there is no pair of non-zero 
integers m and n for which it is known whether mπp + ne is irrational or not. It is not known whether 

2e, πpe, πp√v2, Catalan's constant, or the Euler-Mascheroni gamma constant γ? are irrational. 

 
 

The set of all irrationals 

The set of all irrational numbers is uncountable (since the rationals are countable and the reals are 
uncountable). The set of algebraic irrationals, that is, the non-transcendental irrationals, is 

countable. Using the absolute value to measure distances, the irrational numbers become a metric 
space which is not complete. However, this metric space is homeomorphic to the complete metric 
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space of all sequences of positive integers; the homeomorphism is given by the infinite continued 
fraction expansion. This shows that the Baire category theorem applies to the space of irrational 

numbers. Whereas the set of all reals with its usual topology is connected, this Baire space, 
topologized in the same way as the reals, namely with the order topology, is totally disconnected: 

there is no path from any irrational to any other along the irrational line. 

If removing the rationals from the continuum (the reals) totally disconnects the space, one might 
imagine that having two copies of every rational, ordered so that one is less than the other, would 
connect it even better than with one copy. But two copies makes the continuum just as totally 
disconnected as no copies, though not homeomorphic to Baire space but instead to Cantor space 
(provided we also include as endpoints ±±∞8). The nature of the total disconnection in both cases is 
that at every rational, both Baire space and Cantor space partition as the disjoint union of two 
clopen sets, one on each side of the selected rational. The difference is that whereas the clopen sets 
of Baire space have no least or greatest element, the selected rational being missing, those of Cantor 
space have both a least and greatest element, the selected rational showing up in both intervals. The 
reason both intervals are clopen is that for Baire space both are obviously open but the complement 
of an open set is closed, so both are closed; for Cantor space both are obviously closed but again the 
complement of a closed set is open. In contrast, when we partition the continuum at any rational as 
a disjoint union of two intervals, the selected rational itself must belong to one interval or the other 
and so one interval is open at that point while the other is closed. The open interval thereby created 
is not closed, and its complement is not open, the essential difference between the continuum and 
either Baire space or Cantor space. 
 
 
 
In nature, we find patterns, designs and structures from the most minuscule particles, to expressions 
of life discernible by human eyes, to the greater cosmos. These inevitably follow geometrical 
archetypes, which reveal to us the nature of each form and its vibrational resonances. They are also 
symbolic of the underlying metaphysical principle of the inseparable relationship of the part to the 
whole. It is this principle of oneness underlying all geometry that permeates the architecture of all 
form in its myriad diversity. This principle of interconnectedness, inseparability and union provides 
us with a continuous reminder of our relationship to the whole, a blueprint for the mind to the 
sacred foundation of all things created.  

 
Starting with what may be the simplest and most perfect of forms, the sphere is an ultimate 
expression of unity, completeness, and integrity. There is no point of view given greater or lesser 
importance, and all points on the surface are equally accessible and regarded by the center from 
which all originate. Atoms, cells, seeds, planets, and globular star systems all echo the spherical 
paradigm of total inclusion, acceptance, simultaneous potential and fruition, the macrocosm and 
microcosm.  

The Circle 

The circle is a two-dimensional shadow of the sphere which is regarded throughout cultural history 
as an icon of the ineffable oneness; the indivisible fulfillment of the Universe. All other symbols and 
geometries reflect various aspects of the profound and consummate perfection of the circle, sphere 
and other higher dimensional forms of these we might imagine.  

 

The ratio of the circumference of a circle to its diameter, Pi, is the original transcendental and 
irrational number. (Pi equals about 
3.14159265358979323846264338327950288419716939937511...) It cannot be expressed in terms 
of the ratio of two whole numbers, or in the language of sacred symbolism, the essence of the circle 
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exists in a dimension that transcends the linear rationality that it contains. Our holistic perspectives, 
feelings and intuitions encompass the finite elements of the ideas that are within them, yet have a 
greater wisdom than can be expressed by those ideas alone.  

The Point 

At the center of a circle or a sphere is always an infinitesimal point. The point needs no dimension, 
yet embraces all dimension. Transcendence of the illusions of time & space result in the point of 
here and now, our most primal light of consciousness. The proverbial "light at the end of the tunnel" 
is being validated by the ever-increasing literature on so-called "near-death experiences". If our 
essence is truly spiritual omnipresence, then perhaps the "point" of our being "here" is to recognize 
the oneness we share, validating all "individuals" as equally precious and sacred aspects of that one.  

Life itself as we know it is inextricably interwoven with geometric forms, from the angles of atomic 
bonds in the molecules of the amino acids, to the helical spirals of DNA, to the spherical prototype of 
the cell, to the first few cells of an organism which assume vesical, tetrahedral, and star (double) 
tetrahedral forms prior to the diversification of tissues for different physiological functions. Our 
human bodies on this planet all developed with a common geometric progression from one to two 
to four to eight primal cells and beyond.  
Almost everywhere we look, the mineral intelligence embodied within crystalline structures follows 
a geometry unfaltering in its exactitude. The lattice patterns of crystals all express the principles of 
mathematical perfection and repetition of a fundamental essence, each with a characteristic 
spectrum of resonances defined by the angles, lengths and relational orientations of its atomic 
components.  
The Square Root of Two 

 

The square root of 2 embodies a profound principle of the whole being more than the sum of its 
parts. (The square root of two equals about 1.414213562...) The orthogonal dimensions (axes at 
right angles) form the conjugal union of the horizontal and vertical which give birth to the greater 
offspring of the hypotenuse. The new generation possesses the capacity for synthesis, growth, 
integration and reconciliation of polarities by spanning both perspectives equally. The root of two 
originating from the square leads to a greater unity, a higher expression of its essential truth, faithful 
to its lineage.  

The fact that the root is irrational expresses the concept that our higher dimensional faculties can't 
always necessarily be expressed in lower order dimensional terms - e.g. "And the light shineth in 
darkness; and the darkness comprehended it not." (from the Gospel of St. John, Chapter 1, verse 5). 
By the same token, we have the capacity to surpass the genetically programmed limitations of our 
ancestors, if we can shift into a new frame of reference (i.e. neutral with respect to prior axes, yet 
formed from that matrix-seed conjugation. Our dictionary refers to the word matrix both as a womb 
and an array (or grid lattice). Our language has some wonderful built-in metaphors if we look for 
them!  
The Golden Ratio 

 

The golden ratio (a.k.a. phi ratio a.k.a. sacred cut a.k.a. golden mean a.k.a. divine proportion) is 
another fundamental measure that seems to crop up almost everywhere, including crops. (The 
golden ratio is about 1.618033988749894848204586834365638117720309180...) The golden ratio is 
the unique ratio such that the ratio of the whole to the larger portion is the same as the ratio of the 
larger portion to the smaller portion. As such, it symbolically links each new generation to its 
ancestors, preserving the continuity of relationship as the means for retracing its lineage.  
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The golden ratio has some unique properties and makes some interesting appearances:  
. phi = phi^2 - 1; therefore 1 + phi = phi^2; phi + phi^2 = phi^3; phi^2 + phi^3= phi^4; 

ad infinitum.  

. phi = (1 + square root(5)) / 2 from quadratic formula, 1 + phi = phi^2  

. phi = 1 + 1/(1 + 1/(1 + 1/(1 + 1/(1 + 1/(1 + 1/...)))))...  

. phi = (sec 72)/2 =(csc 18)/2 = 1/(2 cos 72) = 1/(2 sin 18) = 2 sin 54 = 2 cos 36 = 2/(csc 
54) = 2/ (sec 36) for all you trigonometry enthusiasts  

ratio of segments in 5-pointed star (pentagram) considered sacred to Plato & Pythagoras in their 
mystery schools. Note that each larger (or smaller) section is related by the phi ratio, so that 

a power series of the golden ratio raised to successively higher (or lower) powers is 
automatically generated: phi, phi^2, phi^3, phi^4, phi^5, etc.  

 

. phi = apothem to bisected base ratio in the Great Pyramid of Giza  

. phi = ratio of adjacent terms of the famous Fibonacci Series evaluated at infinity; the 
Fibonacci Series is a rather ubiquitous set of numbers that begins with one and one and each 

term thereafter is the sum of the prior two terms, thus: 1,1,2,3,5,8,13,21,34,55,89,144... 
(interesting that the 12th term is 12 "raised to a higher power", which appears prominently 

in a vast collection of metaphysical literature)  

The mathematician credited with the discovery of this series is Leonardo Pisano Fibonacci and there 
is a publication devoted to disseminating information about its unique mathematical properties, The 

Fibonacci Quarterly  

Fibonacci ratios appear in the ratio of the number of spiral arms in daisies, in the chronology of 
rabbit populations, in the sequence of leaf patterns as they twist around a branch, and a myriad of 
places in nature where self-generating patterns are in effect. The sequence is the rational 
progression towards the irrational number embodied in the quintessential golden ratio. This most 
aesthetically pleasing proportion, phi, has been utilized by numerous artists since (and probably 
before!) the construction of the Great Pyramid. As scholars and artists of eras gone by discovered 
(such as Leonardo da Vinci, Plato , & Pythagoras), the intentional use of these natural proportions in 
art of various forms expands our sense of beauty, balance & harmony to optimal effect. Leonardo da 
Vinci used the Golden Ratio in his painting of The Last Supper in both the overall composition (three 
vertical Golden Rectangles, and a decagon (which contains the golden ratio) for alignment of the 
central figure of Jesus. The outline of the Parthenon at the Acropolis near Athens, Greece is enclosed 
by a Golden Rectangle by design.  
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The Square Root of 3 and the Vesica Piscis 

 

The Vesica Piscis is formed by the intersection of two circles or spheres whose centers exactly touch. 
This symbolic intersection represents the "common ground", "shared vision" or "mutual 
understanding" between equal individuals. The shape of the human eye itself is a Vesica Piscis. The 
spiritual significance of "seeing eye to eye" to the "mirror of the soul" was highly regarded by 
numerous Renaissance artists who used this form extensively in art and architecture. The ratio of the 
axes of the form is the square root of 3, which alludes to the deepest nature of the triune which 
cannot be adequately expressed by rational language alone.  

Spirals 

 

This spiral generated by a recursive nest of Golden Triangles (triangles with relative side lengths of 1, 
phi and phi) is the classic shape of the Chambered Nautilus shell. The creature building this shell uses 
the same proportions for each expanded chamber that is added; growth follows a law which is 
everywhere the same. The outer triangle is the same as one of the five "arms" of the pentagonal 
graphic above.  

Rotating a circle about a line tangent to it creates a torus, which is similar to a donut shape where 
the center exactly touches all the "rotated circles." The surface of the torus can be covered with 7 
distinct areas, all of which touch each other; an example of the classic "map problem" where one 
tries to find a map where the least number of unique colors are needed. In this 3-dimensional case, 
7 colors are needed, meaning that the torus has a high degree of "communication" across its 
surface. The image shown is a "birds-eye" view.  
Dimensionality 

The progression from point (0-dimensional) to line (1-dimensional) to plane (2-dimensional) to space 
(3-dimensional) and beyond leads us to the question - if mapping from higher order dimensions to 
lower ones loses vital information (as we can readily observe with optical illusions resulting from 
third to second dimensional mapping), does our "fixation" with a 3-dimensional space introduce 
crucial distortions in our view of reality that a higher-dimensional perspective would not lead us to?  

Fractals and Recursive geometries 

There is a wealth of good literature on this subject; it's always fascinating how nature propagates 
the same essence regardless of the magnitude of its expression...our spirit is spaceless yet can 
manifest aspects of its individuality at any scale.  

Perfect Right Triangles 

 

The 3/4/5, 5/12/13 and 7/24/25 triangles are examples of right triangles whose sides are whole 
numbers. The graphic above contains several of each of these triangles. The 3/4/5 triangle is 
contained within the so-called "King's Chamber" of the Great Pyramid, along with the 2/3/root5 and 
5/root5/2root5 triangles, utilizing the various diagonals and sides.  

Here are LOTS of math details and images of the Platonic Solids and Archimedean Solids  

The Platonic Solids 

 

The 5 Platonic solids (Tetrahedron, Cube or (Hexahedron), Octahedron, Dodecahedron & 
Icosahedron) are ideal, primal models of crystal patterns that occur throughout the world of 
minerals in countless variations. These are the only five regular polyhedra, that is, the only five solids 
made from the same equilateral, equiangular polygons. To the Greeks, these solids symbolized fire, 
earth, air, spirit (or ether) and water respectively. The cube and octahedron are duals, meaning that 
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one can be created by connecting the midpoints of the faces of the other. The icosahedron and 
dodecahedron are also duals of each other, and three mutually perpendicular, mutually bisecting 
golden rectangles can be drawn connecting their vertices and midpoints, respectively. The 
tetrahedron is a dual to itself.  

Tradition holds that over the entrance to Plato’’s Academy was written the words:  

““Agewmetrhtoz mhdeiz eisitw””  

““Only he who is familiar with geometry shall be admitted here.””  
(Apparently a knowledge of the Greek language was also important.)  

This website is not quite so stringent, and will happily admit any she who is interested in entering. 
(The guys will, of course, still need some geometry.) Alternatively, anyone who can carry a tune may 
enter -- in a bucket or by any other means. Music is, after all, based on geometry and mathematics. 

For anyone who doesn’’t think of themselves as being ““familiar with geometry,”” the words 
attributed to Plato’’s school might be considering insulting, and thereby construed to have little or 
no validity. Any grapes from the discourteous must inevitably be sour. 
This circumstance is indeed unfortunate in that anyone who is not familiar with geometry, anyone 
who does not appreciate the premise that Philosophy is about understanding the meaning of a 
mathematical ratio (the Golden Mean), and anyone who adheres exclusively to a literal 
interpretation of spiritual teachings... Such an individual might find it difficult to fully comprehend 
and appreciate the exquisite beauty of the universe. 

One appealing aspect of geometry is that it constitutes A Graphic Description of the universe, one 
which is easily visualized, and in some cases can even be aesthetically pleasing. Mathematics in 
general can often get bogged down in jargon, i.e. abstract symbols which tend to hide the meaning 
of an equation. But geometrical figures have body, depth, width and the advantage that a picture is 
worth a thousand words. 
At its most fundamental level, Philosophy may be said to involve the use of reason and interactive 
communications in seeking truth and knowledge. This laudable goal is undertaken in an attempt to 
understand reality: i.e. the causes and nature of things, the principles governing existence, the 
material universe, the perception of physical phenomena, and the analysis of human behavior. 
Which, when you think about it, is quite inclusive. Philosophy is also notably distinct from the 
mundane -- the dull, routine, of-this-world boredoms, all of which include: work, sports, politics, 
money, lack of money, and whatever else distracts us from studying philosophy. 
The word, philosophy, derives from the Latin philosophia, and can be written as phi-lo-sophia in 
order to investigate the meaning of the word based on its parts (using the philosophical tools of 
““reason and interactive communications””). The first portion, ““phi”” is simply the Greek letter F or 
f (equivalent to F or f in the English alphabet). Meanwhile, ““lo”” (according to the Oxford 
dictionary) is an archaic form of ““calling attention to an amazing sight”” (as in ““lo and behold””). 
““Sophia””, on the other hand -- besides being the Goddess of Wisdom (and to which the biblical 
Book of Proverbs is essentially dedicated) -- is considered to be a combining form meaning 
““knowledge””, ““thought””, or ““wisdom””. 

The end result is that philosophia -- or F lo Sophia -- can be viewed as the wisdom, knowledge, or 
calling attention to the amazing sight of F. Which is precisely what sacred geometry is all about. 
A dedicated study of a simple Greek letter might appear to the unenlightened as something short of 
an illuminating quest. This allegedly simple Greek letter, however, is a mathematical symbol for 
what is known as the Golden Mean -- a mathematical ratio which is enormously influential in 
understanding everything from the universe and nature, to ancient cultural monuments and esoteric 
traditions, to the rise and fall of hemlines or stock prices. The Golden Mean (or F) is by its nature the 
essential ingredient in Sacred Geometry, Numerology, and as it turns out, Connective Physics and 
science in general. 
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The inherent connection between philosophy, sacred geometry, and numbers is manifested in 
numerous ways. There is the Geometry of Alphabets, i.e. the Hebrew, Greek, and Arabic alphabets 
being sacred and the first five books of the Bible being representations of sacred geometry. Much of 
this understanding was contained in the Ha Qabala, an aspect of Jewish and Christian mysticism 
which is worthy of prolonged and concentrated study.  
(6/1/05) It has also been said that "Sacred Geometry exists beyond religion, belief or nationality. It 
unites us all in the belief of the one. By understanding the concept of the one each of us can take 
control over our own lives and break free of the circle of chaos in the material world which Judaism 
calls the world of lies." [quoted from ka-gold's Age of Aquarius article] This is significant stuff! 
For just an inkling of what Sacred Geometry is all about, consider just one facet of it, the Golden 
Mean or Golden Number. The latter website provides a wealth of information in a very nicely 
designed web-package.  
The idea that philosophy is inherently mathematical might not be construed as good news for 
mathematically uninclined philosophers. But as pointed out in A Non-Mathematical Digression, it 
might be a good idea to momentarily address this potential obstacle. 
Given that disclaimer, the amazing phenomenon of Fibonacci Numbers (complete with ““bunnies””), 
the Golden Mean (a very rewarding subject), Golden Mean Mathematics (for those so unwise or so 
inclined), The Great Pyramids (a really big subject), Nines (e.g. cloud addresses), Transcendental 
Numbers (for those who really want to get above the crowd), Cycles, Music, and the Harmony of the 
Spheres (harmonies of all kinds being a good thing)... All of these glories await your click of the 
mouse. 
For the more sophisticated mathematicians, an excellent beginning commentary can be found at 
<http://mathworld.wolfram.com/GoldenRatio.html>. As an initial example, the referenced website 
describes the Golden Mean (Ratio) as ““A number often encountered when taking the ratios of 
distances in simple geometric figures such as the pentagram, decagon and dodecagon. It is denoted 
f, or sometimes t (which is an abbreviation of the Greek ““tome,”” meaning ““to cut””). f is also 
known as the divine proportion, golden mean, and golden section and is a Pisot-Vijayaraghavan 
constant. It has surprising connections with continued fractions and the Euclidean algorithm for 
computing the greatest common divisor of two integers.”” Wow.  

Sacred Mathematics Magic Squares Nines  

Fibonacci Numbers Modified Fibonacci Series  
Forward to:  

Pythagorean Theorem Vesica Pisces 

 
The Library of ialexandriah 
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In mathematics, the Fibonacci numbers are the numbers in the following integer sequence: 

(sequence A000045 in 
OEIS) 

By definition, the first two Fibonacci numbers are 0 and 1, and each subsequent number is the sum 
of the previous two. Some sources omit the initial 0, instead beginning the sequence with two 1s. 

In mathematical terms, the sequence Fn of Fibonacci numbers is defined by the recurrence relation 

 

http://en.wikipedia.org/wiki/Integer_sequence
http://oeis.org/A000045
http://en.wikipedia.org/wiki/On-Line_Encyclopedia_of_Integer_Sequences
http://en.wikipedia.org/wiki/Recurrence_relation
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with seed values 

 

The Fibonacci sequence is named after Leonardo of Pisa, who was known as Fibonacci (a contraction 
of filius Bonacci, "son of Bonaccio"). Fibonacci's 1202 book Liber Abaci introduced the sequence to 
Western European mathematics, although the sequence may have been previously described in 
Indian mathematics. 

Fibonacci numbers are used in the analysis of financial markets, in strategies such as Fibonacci 
retracement, and are used in computer algorithms such as the Fibonacci search technique and the 
Fibonacci heap data structure. The simple recursion of Fibonacci numbers has also inspired a family 
of recursive graphs called Fibonacci cubes for interconnecting parallel and distributed systems. They 
also appear in biological settings,[2] such as branching in trees, arrangement of leaves on a stem, the 
fruitlets of a pineapple,[3] the flowering of artichoke, an uncurling fern and the arrangement of a pine 
cone.[4] 

n the West, the sequence was studied by Leonardo of Pisa, known as Fibonacci, in his Liber Abaci 
(1202).[9] He considers the growth of an idealised (biologically unrealistic) rabbit population, 
assuming that: a newly-born pair of rabbits, one male, one female, are put in a field; rabbits are able 
to mate at the age of one month so that at the end of its second month a female can produce 
another pair of rabbits; rabbits never die and a mating pair always produces one new pair (one male, 
one female) every month from the second month on. The puzzle that Fibonacci posed was: how 
many pairs will there be in one year? 

 At the end of the first month, they mate, but there is still only 1 pair. 
 At the end of the second month the female produces a new pair, so now there are 2 pairs of 

rabbits in the field. 
 At the end of the third month, the original female produces a second pair, making 3 pairs in 

all in the field. 
 At the end of the fourth month, the original female has produced yet another new pair, the 

female born two months ago produces her first pair also, making 5 pairs. 

At the end of the nth month, the number of pairs of rabbits is equal to the number of new pairs 
(which is the number of pairs in month n-2) plus the number of pairs alive last month. This is the nth 
Fibonacci number.[10] 

List of Fibonacci numbers 

The first 50 Fibonacci numbers Fn for n = 0, 1, 2, ... ,49 are:[11][12] 

F0= 0 F1= 1 F2= 1 F3= 2 F4= 3 

F5= 5 F6= 8 F7= 13 F8= 21 F9= 34 

F10

= 
55 

F11

= 
89 

F12

= 
144 

F13

= 
233 

F14

= 
377 

F15

= 
610 

F16

= 
987 

F17

= 
1,597 

F18

= 
2,584 

F19

= 
4,181 

F20

= 
6,765 

F21

= 
10,946 

F22

= 
17,711 

F23

= 
28,657 

F24

= 
46,368 

F25 75,025 F26 121,393 F27 196,418 F28 317,811 F29 514,229 

http://en.wikipedia.org/wiki/Leonardo_of_Pisa
http://en.wikipedia.org/wiki/Liber_Abaci
http://en.wikipedia.org/wiki/Indian_mathematics
http://en.wikipedia.org/wiki/Financial_markets
http://en.wikipedia.org/wiki/Fibonacci_retracement
http://en.wikipedia.org/wiki/Fibonacci_retracement
http://en.wikipedia.org/wiki/Fibonacci_search_technique
http://en.wikipedia.org/wiki/Fibonacci_heap
http://en.wikipedia.org/wiki/Fibonacci_cube
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-S._Douady_and_Y._Couder_1996_255.E2.80.93274-1
http://en.wikipedia.org/wiki/Phyllotaxis
http://en.wikipedia.org/wiki/Pineapple
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-Jones_2006_544-2
http://en.wikipedia.org/wiki/Artichoke
http://en.wikipedia.org/wiki/Pine_cone
http://en.wikipedia.org/wiki/Pine_cone
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-A._Brousseau_1969_525.E2.80.93532-3
http://en.wikipedia.org/wiki/Fibonacci
http://en.wikipedia.org/wiki/Liber_Abaci
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-8
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-9
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-10
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-10
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= = = = = 

F30

= 
832,040 

F31

= 
1,346,269 

F32

= 
2,178,309 

F33

= 
3,524,578 

F34

= 
5,702,887 

F35

= 
9,227,465 

F36

= 
14,930,352 

F37

= 
24,157,817 

F38

= 
39,088,169 

F39

= 
63,245,986 

F40

= 
102,334,155 

F41

= 
165,580,141 

F42

= 
267,914,296 

F43

= 
433,494,437 

F44

= 
701,408,733 

F45

= 
1,134,903,17
0 

F46

= 
1,836,311,90
3 

F47

= 
2,971,215,07
3 

F48

= 
4,807,526,97
6 

F49

= 
7,778,742,04
9 

The sequence can also be extended to negative index n using the re-arranged recurrence relation 

 

which yields the sequence of "negafibonacci" numbers satisfying 

 

Thus the complete sequence is 

 
Properties 

Every 3rd number of the sequence is even and more generally, every kth number of the sequence is 
a multiple of Fk. Thus the Fibonacci sequence is an example of a divisibility sequence. In fact, the 
Fibonacci sequence satisfies the stronger divisibility property 

 

The Fibonacci numbers are also an example of a complete sequence, meaning every positive integer 
can be written as a sum of Fibonacci numbers, using any one number at most once. 

Relation to the golden ratio 

 
 
Approximate and true golden spirals. The green spiral is made from quarter-circles tangent to the 
interior of each square, while the red spiral is a Golden Spiral, a special type of logarithmic spiral. 

http://en.wikipedia.org/wiki/Negafibonacci
http://en.wikipedia.org/w/index.php?title=Divisibility_sequence&action=edit&redlink=1
http://en.wikipedia.org/wiki/Complete_sequence
http://en.wikipedia.org/wiki/Golden_spiral
http://en.wikipedia.org/wiki/Logarithmic_spiral
http://en.wikipedia.org/wiki/File:FakeRealLogSprial.svg
http://en.wikipedia.org/wiki/File:FakeRealLogSprial.svg
http://en.wikipedia.org/wiki/File:FakeRealLogSprial.svg
http://en.wikipedia.org/wiki/File:FakeRealLogSprial.svg
http://en.wikipedia.org/wiki/File:FakeRealLogSprial.svg
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Overlapping portions appear yellow. The length of the side of one square divided by that of the next 
smaller square is the golden ratio. 

 
 
Closed-form expression 

Like every sequence defined by linear recurrence,[13] the Fibonacci numbers have a closed-form 
solution. It has become very well known as Binet's formula, even though it was already known by 
Abraham de Moivre:[14] 

http://en.wikipedia.org/wiki/Recurrence_relation
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-12
http://en.wikipedia.org/wiki/Closed_form_expression
http://en.wikipedia.org/wiki/Closed_form_expression
http://en.wikipedia.org/wiki/Jacques_Philippe_Marie_Binet
http://en.wikipedia.org/wiki/Abraham_de_Moivre
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-MathWorld-13
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where 

 

is the golden ratio (sequence A001622 in OEIS). 

That 

 

follows from the defining equation above. 

The Fibonacci recursion 

 

is similar to the defining equation of the golden ratio in the form 

 

which is also known as the generating polynomial of the recursion. 

[show]Proof by induction 

 

Computation by rounding 

Since for all , the number F(n) is the closest integer to 

Therefore it can be found by rounding, or in terms of the floor function: 

 

Similarly, if you already know that the number F is a Fibonacci number, you can determine its index 
within the sequence by 

 
 
Limit of consecutive quotients 

http://en.wikipedia.org/wiki/Golden_ratio
http://oeis.org/A001622
http://en.wikipedia.org/wiki/On-Line_Encyclopedia_of_Integer_Sequences
http://en.wikipedia.org/wiki/Fibonacci_number
http://en.wikipedia.org/wiki/Rounding#Exact_computation_with_rounded_arithmetic
http://en.wikipedia.org/wiki/Floor_function
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Johannes Kepler observed that the ratio of consecutive Fibonacci numbers converges. He wrote that 
"as 5 is to 8 so is 8 to 13, practically, and as 8 is to 13, so is 13 to 21 almost”, and concluded that the 
limit approaches the golden ratio .[15] 

 

This convergence does not depend on the starting values chosen, excluding 0, 0. For example, the 
initial values 19 and 31 generate the sequence 19, 31, 50, 81, 131, 212, 343, 555 ... etc. The ratio of 
consecutive terms in this sequence shows the same convergence towards the golden ratio. 

Decomposition of powers of the golden ratio 

Since the golden ratio satisfies the equation 

 

this expression can be used to decompose higher powers as a linear function of lower powers, 
which in turn can be decomposed all the way down to a linear combination of and 1. The 
resulting recurrence relationships yield Fibonacci numbers as the linear coefficients: 

 

This expression is also true for if the Fibonacci sequence is extended to negative 

integers using the Fibonacci rule  

Matrix form 

A 2-dimensional system of linear difference equations that describes the Fibonacci sequence is 

 

or 

 

The eigenvalues of the matrix A are and , and the elements of the eigenvectors of A, 

and , are in the ratios and Using these facts, and the properties of 
eigenvalues, we can derive a direct formula for the nth element in the fibonacci series: 

 

http://en.wikipedia.org/wiki/Johannes_Kepler
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-14
http://en.wikipedia.org/wiki/Recurrence_relation
http://en.wikipedia.org/wiki/Generalizations_of_Fibonacci_numbers#Extension_to_negative_integers
http://en.wikipedia.org/wiki/Generalizations_of_Fibonacci_numbers#Extension_to_negative_integers
http://en.wikipedia.org/wiki/Difference_equations
http://en.wikipedia.org/wiki/Eigenvalue
http://en.wikipedia.org/wiki/Eigenvector
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This matrix has a determinant of −1, and thus it is a 2×2 unimodular matrix. This property can be 
understood in terms of the continued fraction representation for the golden ratio: 

 

The Fibonacci numbers occur as the ratio of successive convergents of the continued fraction for 
, and the matrix formed from successive convergents of any continued fraction has a determinant of 
+1 or −1. 

The matrix representation gives the following closed expression for the Fibonacci numbers: 

 

Taking the determinant of both sides of this equation yields Cassini's identity 

 

Additionally, since AnAm = Am + n for any square matrix A, the following identities can be derived: 

 
 

In particular, with m = n, 

 

 

For another way to derive the F2n + k formulas see the "EWD note" by Dijkstra.[16] 

Recognizing Fibonacci numbers 

The question may arise whether a positive integer z is a Fibonacci number. Since F(n) is the closest 

integer to , the most straightforward, brute-force test is the identity 

 

which is true if and only if z is a Fibonacci number. In this formula, F(n) can be computed rapidly 
using any of the previously discussed closed-form expressions. 

Alternatively, a positive integer z is a Fibonacci number if and only if one of 5z2 + 4 or 5z2 − 4 is a 
perfect square.[17] 

http://en.wikipedia.org/wiki/Determinant
http://en.wikipedia.org/wiki/Unimodular_matrix
http://en.wikipedia.org/wiki/Continued_fraction
http://en.wikipedia.org/wiki/Closed_expression
http://en.wikipedia.org/wiki/Cassini%27s_identity
http://en.wikipedia.org/wiki/Edsger_W._Dijkstra
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-dijkstra78-15
http://en.wikipedia.org/wiki/If_and_only_if
http://en.wikipedia.org/wiki/Square_number
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-16
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A slightly more sophisticated test uses the fact that the convergents of the continued fraction 
representation of are ratios of successive Fibonacci numbers. That is the inequality 

 

(with coprime positive integers p, q) is true if and only if p and q are successive Fibonacci numbers. 
From this one derives the criterion that z is a Fibonacci number if and only if the closed interval 

 

contains a positive integer.[18] For , it is easy to show that this interval contains at most one 
integer, and in the event that z is a Fibonacci number, the contained integer is equal to the next 
successive Fibonacci number after z. Somewhat remarkably, this result still holds for the case z = 1, 
but it must be stated carefully since 1 appears twice in the Fibonacci sequence, and thus has two 
distinct successors. 

 

Simple Truths 

http://en.wikipedia.org/wiki/Convergent_%28continued_fraction%29
http://en.wikipedia.org/wiki/Continued_fraction
http://en.wikipedia.org/wiki/Coprime
http://en.wikipedia.org/wiki/Closed_interval
http://en.wikipedia.org/wiki/Fibonacci_number#cite_note-17
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BUT STILL All ONE AT ONE LEVEL OF PERCEPTION  
STILL ALL ONE THING IN SUBSPACE CONNECTION 

The birth of the universe was what scientists call a big bang. The whole universe exploded thru a 
singularity in 10 to the -43 of a sec. So, at one time all things were exactly intimately one. 
According to our highest science of today, Quantum Electro Dynamics, when things were once 
so connected they will share some quantum connection and be entwined forever. If Twin 
photons are separated by great distance; and when we tell one photon something the other on 
knows it instantly even at the opposite ends of the Universe. This means that there is a subspace 
connection of all things. 
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Carl Jung called it the collective unconsciousness.  Einstein said “it is an illusion we are separate. 
All things are one. It is our job as humans to widen our circle of compassion to include all 
things.” Scientists have proposed 11 dimensions and I have finished the calculation to propose 
the 12th dimension which I call Subspace. Subspace is connection of all things from a 
mathematical perspective where the universe is still mathematically one thing. 
So there is a God consciousness of the universe. And we all are connected because we all have 
some of that God consciousness in us. But just because a drop of water and the ocean have 
mutual characteristics, it is wrong for the drop to think it is the ocean. 



 

Page 68 of 422 
 

 



 

Page 69 of 422 
 

 

 
 

The most beautiful thing we can see is the mysterious.  
It is the source of all true art and all science 

 
There are powers in the human mind as I proved in the movie “Proof”. The Ultra Rich and the 
powers of our society do not want you to know this. Scientists ignore this truth and are thus 
ignorant. Science is no longer the search for truth and understanding it is the search for funding. And 
they fear being laughed at for belief in the paranormal. But as we all know the world is not normal it 
is paranormal.  



 

Page 70 of 422 
 

ESP and the paranormal are very real. The so-called Scientific Explanation is always an after Hind 
Sight often contrived explanation to dismiss the paranormal. There is in all of us the ability to 
influence (not control) the things around us and our life circumstance. Positive minded people 
succeed. Negative hearts fail. We say your attitude determines your altitude. Many books are made 
to tell us of the effects. All of our societies believe in the powers of the mind.  
There also is a GOD consciousness that operates above. The collective GOD consciousness acts to 
help us protect us and to reward or punish us for our behaviors. This we call karma and it is a reality. 
If we are good we will draw good to us and if we are bad we will draw punishment to us. We are all 
in the classroom of life trying to learn about how to make ourselves higher conscious being. If you 
are alive there is more to learn.  
We say there are no atheists in foxholes. It seems that when we are at the edge of the abyss and 
face death we are much more likely to feel God’s presence. Now religion exists to help to teach us 
about God’s grace and how to be a better person. Jesus was a teacher and he taught us the powers 
of the mind. He said it is not just the action of murder, it seeds are in the mind as hate. It is not the 
action of stealing the seeds are in the mind as wants and coveting. So Jesus took us to a higher level 
beyond actions to the mind where we need to learn control of our feelings and thoughts. He speaks 
of the powers of the mind.  
But many religions become institutions they care more about their institution than the people in the 
religion. Some get of the beam and teach that actions are not important just belief. Jesus said by 
your works you will know them. He knew that how you act in the world is important and how you 
think sets the stage for your actions. Your mental state determines your actions. 
Jesus was the finest and most known example of the paranormal. He did miracles that everyone 
today still knows. He cast out demons (for they do exist). He healed the sick with spiritual energy. He 
dealt with witches. The bible believes in witchcraft.  
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Bell's theorem  

In 1964 John showed that the world according to quantum mechanics really is nonlocal. The 
universe is 'nonlocal at the level of individual events' (even though the locally observable aggregates 
of the universe predicted by quantum mechanics do not bear any traceable nonlocal signature).  

Bell inverted the EPR argument since EPR had used locality as an assumption - Bell's theorem 
converted EPR's local-realist position into a paradigm of what is not true.  

Bell's ingenious proof focused on EPResque 2-particle systems: pairs which are perfectly correlated 
along any given measurement axis - recall that EPR had taken this correlation as implying underlying 
variables, but Bell problematized this conclusion by examining some other similar correlations of the 
pairs: for example when measured along respective axes with a relative rotation though some 
angle...  

With a relative angle between them the correlation between the two measurements is no longer 
perfect but varies as the cosine of the angle. Bell explored the type of underlying variable models 
(with built in locality) which EPR had suggested, and showed that the entire class of such models 
could in this case not give the same cosine varying correlation as quantum theory predicted.  
Generally, the quantum correlations are "stronger" than the limit possible for local hidden variable 
theories.  
In 1991 GHZ sharpened Bell's result by considering systems of three or more particles and deriving 
an outright contradiction among EPR's assumptions.  

Because of issues associated with relativity, such as the relativity of simultaneity, nonlocality is 
problematic - some people prefer to avoid this conclusion and so try to interpret violations of the 
Bell inequality as implying something else...  

Quantum theory "looks" nonlocal (e.g. I measure here and collapse everywhere) and Bell's theorem 
seems to resolve the question in the affirmative. In the language of wavefunction collapse, Bell-GHZ 
showed that wavefunctions "collapse at a distance" as surely as they do locally.  

 

EPR  

Bell's theorem  
 
Kochen and Specker   GHZ   Mermin  
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The Nuonic Nature of Nonlocal Reality 

by Donivan Bessinger 

ABSTRACT 
In a previously published paper, I presented arguments for construing the nonlocal reality as 
a mindlike nuocontinuum. Nonlocal reality as nuocontinuum would account for the forces 
and symmetries of the physical cosmos, and also form the basis for understanding 
consciousness and deeply unconscious psychological experience. Here, I will propose further 
ideas about the "fine structure" of nonlocal reality, in the hope of clarifying the concept of 
nuocontinuum and unifying the idea with several other converging proposals: implicate 
order (Bohm), idealistic science (Goswami), morphic resonance (Sheldrake), the 
orchestrated objective reduction theory of consciousness (Hameroff and Penrose), the 
collective unconscious (Jung), and nonlocal influences on healing (Dossey).  
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Introduction 

Achieving a "unified field theory" which harmonizes current knowledge of the physical world with 
the full spectrum of personal psychological experience would profoundly alter our understandings of 
healing process. Many people worldwide are working toward such an integration of theory with life 
and healing practice.  

In a previous paper, [1] I presented arguments for construing the nonlocal reality as a mindlike 
nuocontinuum. Nonlocal reality as nuocontinuum would account for the forces and symmetries of 
the physical cosmos, and also form the basis for understanding consciousness and deeply 
unconscious psychological experience. Here, I will propose further ideas about the "fine structure" of 
nonlocal reality, in the hope of clarifying the concept of nuocontinuum and unifying the idea with 
several other converging proposals.  

 

 
The Nuon 

In that earlier paper, the initial condition of the spacetime universe was envisioned as a superpoint 
at which dimensions, symmetries, and forces were in unity. That point was a nuon which retained its 
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nonlocal character even in the face of the explosive creation of particle/waves in an expanding 
"local" spacetime cosmos. Yet, since the nuon carries the symmetries (for example, the conservation 
of energy) and other abstract dimensions which must influence every quantum object in spacetime, 
the initial superpoint must somehow be construed to expand as spacetime expands.  

According to the complementarity principle, "the elemental thing" may be defined as either particle 
or wave, depending on the method of observation. Thinking about the nature of the nonlocal realm 
is easier if "particles" are thought of as waves, or "energy knots." For convenience, I will use Nick 
Herbert's generic term quon [2, page 64] for any particle/wave subject to the field of forces within 
spacetime, and nuon to designate any (speculative) object of thought beyond the limits of direct 
physical measurement.  

An object with nonlocal properties would, by definition, be smaller than the Planck length, a "natural 
unit" [3, p.292] defined by the speed limit of light. Though small indeed, about 10^-33 cm, that 
leaves plenty of room for a whole spectrum of nuonic effects. After all, Zeno's paradox reminds us 
that for any value, an infinitude of halvings is required as we attempt to approach zero.  
There are complex interference patterns when sets of waves interact, resulting in new wave 
patterns. Further, these interactions also occur among the harmonic frequencies above and below 
the fundamental frequencies ("prime tones"). In the scale of harmonic wavelengths between the 
prime tones for any two quons, and the Planck length, there would be a very complex interference 
pattern, which expressed the relationship ("correlation") between the quons. Any such "subtle" 
patterns whose wavelengths are above the Planck length would be "local" in character, since they 
would be representable (at least in thought) in terms of spacetime coordinates.  
At harmonic wavelengths below the Planck length, the spacetime representation of these 
interference waveforms (the "nodes" formed by contact between two "parent" waves) becomes 
diffuse and indefinable in spacetime. That is, they take on a nonlocal nature, even though they 
express relationships among objects and clusters of objects within spacetime. The term nuon may be 
used to refer to such "nodes of knowing" whereby the photon (or other object/cluster) may 
correlatively know her sister.  
 

 
The Nuocontinuum 

In nuocontinuum theory, the nonlocal realm is construed as a superposition of all the nuons of the 
cosmos. That is, it is a holonomic representation of all the relationships among the "things" which 
exist within the spacetime realm.  

Since the nuocontinuum is nonlocal, we would not consider it a field in which there is 
communication by signals. Rather, nuonic actions must be considered as correlative, in that the state 
of the system as a whole is represented simultaneously and instantaneously throughout the cosmos. 
We may think of such correlations as "empathetic," for nuons would have a natural unity with, or 
affinity for, each other. In such a worldview, "nuons have nuons." Cosmos itself has (or rather, is) a 
nuon, for a nuon is not an object which can stand apart from the rest of cosmos. Cosmos must itself 
be construed as subject.  
The Aspect experiments, [2, p.226-227; 4, p.139-150] done in confirmation of Bell's Theorem, 
showed simultaneous changes of state in pairs of correlated photons, too far removed from each 
other to be influenced by a local signal. In the nuocontinuum theory, that would be accounted for 
not by the "physical" characteristics of the quon, but by its nuonic nonlocal component.  
It would be impermissible to think of the imprinting of nuons as though they were storage locations 
within the nuocontinuum, or of tuning into signals, for both metaphors would be mechanistic and 
spatial. The information of the nuocontinuum is stored in the patterns of all the individual quons in 
the physical cosmos, not nonlocally. However, it would be permissible to think that any physical act 
(for example, doing an experiment) adds to the total information in the cosmos and becomes the 
holistic "birthright" of all quons, and influences all in an appropriate physical circumstance. Because 
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of nonlocality, any changes in arrangements of particles would always be correlated throughout the 
whole.  
The nuocontinuum, then, is construed as an infinitely broad connecting principle, which integrates 
all physical and psychic states of the cosmos across time. As a particular organization of quons traces 
its "lifeline" of physical existence, it will also make a "trail" of correlations which will intensify its 
"image" within the holonomic nonlocal reality. Yet, the nuocontinuum also contains within itself 
potentialities for all possible physical and psychic states. All pasts and all futures nonlocally exist 
together. The particular future which is brought to pass through operations of the physical world will 
organically cohere with the state of the whole.  
 
Comparing Nonlocal Theories 

The idea of a nuocontinuum broadly overlaps, and very nearly superimposes, with several important 
theories of nonlocal reality currently under discussion. However, the nuocontinuum concept has the 
potential to shed further light on those theories, and to bring them further toward unification with 
each other.  

Bohm: quantum ontology 

The idea that the nuocontinuum is a "hologram" in which each nuon is a relational expression of the 
whole is consistent with Bohm's description of a holonomically enfolded (implicate) order. [5] 
Further, it complements the Bohm and Hiley ontologic interpretation of quantum theory. [6] In 
contrast to the "standard" epistemological model (in which the state of a system is "real" only when 
the wave function is collapsed by measurement or other conscious observation), they hold that the 
particle has an objective reality, whose probabilistic behavior derives from a "pilot wave" which 
guides it in one or another channel of possibilities, and accounts for interference patterns observed 
in double-slit experiments.  

Bohm and Hiley also consider that an elementary particle "has a complex and subtle inner 
structure." Such subtle structure might easily be accomodated within the scale between the 
particle's size and the Planck length, which is of the same order of magnitude as that between our 
own size and the particle's. [6, p 37-38]  

The Bohm and Hiley equations demonstrate nonlocal influences which would be consistent with the 
description of the nuocontinuum. Since the quantum potential contains the same term in both 
numerator and demoninator, "it does not necessarily fall off with distance." In one-body systems, 
the particle's behavior "can depend strongly on distant features of the environment." In a 
multi-body system, "the behavior of each particle may depend nonlocally on the configuration of all 
the others, no matter how far away they may be." [6, p. 57]  

[Note added in comment: See Note C] 

 

Goswami: science within consciousness 

The idea of a nuocontinuum is entirely consistent with physicist Amit Goswami's model [7; 8] of 
nonlocal reality as a transcendent/immanent unitary consciousness, but there seems to be more to 
account for than mere awareness. Nonlocal reality has a dynamic, expressed in the result of its 
"computing" through the processes of local physical reality. (Note that in this computer metaphor, it 
is not the nonlocal reality, but the physical spacetime reality which is the "hardware" whose state is 
changed and in which information is stored.)  

For example, consider that a synchronicity [9] often involves some sudden, dramatic, and otherwise 
unexplained physical phenomenon. The event is noncausal in ordinary spacetime terms, but even so 
the appearance is that something "mental" (i.e. nonphysical) "made it happen." Thus, nonlocal 
reality must have some quality of "mind" or meaning beyond mere awareness, and that quality can 
better be expressed by the term nuocontinuum.  
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This distinction having been made, the nuocontinuum and the unitary consciousness models can be 
superimposed. Goswami's terms "idealistic science" and "science within consciousness" would be 
equivalent to speaking of science practiced within awareness of the nuocontinuum.  
 
Sheldrake: habits of nature; morphic fields 

Biologist Rupert Sheldrake has advanced a theory of the formation of organisms (and inorganic 
forms) under the influence of morphogenetic (or morphic) fields. Though he does not explicitly 
name a fundamental nonlocal reality, nevertheless he writes, "Morphic resonance involves a kind of 
action at a distance in both space and time. The hypothesis assumes that this influence does not 
decline with distance in space or in time." [10, p.109] Thus the reality implicit in the theory is that of 
field, which he defines as "non-material regions of influence." [10, p.97] Further, "Morphogenetic 
fields are 'probability structures'...." And, the process "is analogous to composite photography...." 
[10, p.109] In a personal communication with the author (September 1996), Sheldrake writes that he 
thinks in terms of local morphic fields connected by nonlocal morphic resonance.  

It seems that the effects he describes could be clarified by the concept of the nuocontinuum, even 
as we remain in general agreement with the overall thrust of his arguments. If there is a holonomic 
nuocontinuum connecting every quon (and all the nested formations of quons), it is not necessary to 
postulate multiple "fields." The physical reality of cosmos is itself the storage medium of multiple 
forms, and all the rest of developing cosmos always has access to it through the nonlocal holonomic 
"coupling" of the nuocontinuum itself.  

Further, that form stored in cosmic experience would be an idealized blend of all similar forms, as 
indeed occurs in composite photography. When multiple observers rate blended faces for beauty, 
the score gets progressively higher when more faces are included in the blend. [Note A] Through the 
nuocontinuum, morphogenesis has access to the "most beautiful" composite expression of 
experience, but under local influences the form will not be copied exactly. But with each new 
physical variation, the composite of cosmic experience with that form is slightly altered, so that 
further evolution of that organism is "pulled" in a slightly different direction by the holistic 
composite. That is, it conforms to an holistically idealized version of itself. Organisms in relatively 
stable niches experience less alteration from the composite over time, so would have less "pull" 
toward change. "Darwinism" itself must involve a blend of both nonlocal and local actions.  

Sheldrake also argues in favor of laws of nature as having the nature of habits, rather than being 
immutable preexisting characteristics of the universe. In the nuocontinuum concept, all current 
experience is nuonically coupled ("unified") with all previous experience. The physical laws can be 
understood to be the influence of that unified experience bringing any object and combination of 
objects into a similar pattern of behavior. And that, of course, is an acceptable definition of habit. 
Still, the mind- consciousness character of the "superpoint" nuon would require that the "habits of 
nature" be congruent with the emergence of self- reflective consciousness for the cosmos, in 
accordance with the anthropic principle. [3; 10, p.9-10]  

 
Hameroff and Penrose: human consciousness 

Currently one of the most active fields of inquiry is the new science of consciousness, but the field is 
very far from any hint of consensus. One of its most interesting new theories, however, would 
require the concept of something like the nuocontinuum, and it describes a possible link between 
the local and nonlocal aspects of mental experience.  

Physician Stuart Hameroff and physicist Roger Penrose [11] propose that microtubules (cytoskeletal 
structures present in nucleated cells but especially well organized in neurons) are the physical site 
which interfaces with a nonlocal reality to produce consciousness, through a process they name 
orchestrated objective reduction. Within the microtubules, subunit proteins called tubulins can 
register quantum-superposed states, remain coherent, and recruit additional units "until a 
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mass-time- energy threshold (related to quantum gravity) is reached." [11, p.36] The quantum 
probability wave function is thus collapsed ("reduced") . They side with those who view reduction as 
a "real" (rather than merely theoretical) physical process. Hence, reduction is objective, and 
awareness arises through time-dependent concerted (orchestrated) action of blocks of 
microtubules.  

Thus is the physical neuropsychic apparatus coupled with a level of reality they describe as 
consistent with the idea of panpsychism; with Goswami's theory of the primacy of consciousness 
("monistic idealism"); and with the descriptions of consciousness as "occasions of experience" 
(Whitehead) and "moments of experience" in meditation (Buddhist texts). Further, it is a realm of 
"non-computable" effects.  

They write, "Our viewpoint is to regard experiential phenomena as also inseparable from the 
physical universe, and in fact to be deeply connected with the very laws which govern the physical 
universe." [11, p.37] The nuocontinuum theory would add that the realm is also nonlocal, holistic, 
and holonomic in character.  
Such a schema would allow us to understand the collective unconscious (Jung) as both local and 
nonlocal in nature. Symbol- formation would lie in physical mechanisms, be based on memory of 
experience, and could perhaps involve a certain degree of physical instinctual information (perhaps 
encoded in "junk DNA," as I have speculated elsewhere [12] ). However, "states of mind" and 
archetypal patterns [Note B] would be coupled through the nonlocal nuocontinuum, which could 
well play a correlative and "empathetic" role in triggering mood and symbol in others, as (for 
example) in a clairvoyant dream or in group hysteria or other collective phenomena.  

If the nuocontinuum, by this or similar mechanism, can function as an agent of correlation between 
individual and collective mental effects, in its dynamics lies the possibility for a better understanding 
of unconscious patient-healer interactions. Perhaps someday we might even develop a meteorology 
of the mind in which we read more readily the progression of psychic storms across the plains of the 
human unconscious, in time to do collective diagnostic work.  

Homeostasis and Healing 

Now we are in a position to exploit the link between the author's philosophical and surgical 
interests. A link is probably unexpected, but after all, surgery is the field of special interest and 
expertise in wound healing and the treatment of hemodynamic shock. The term wound usually 
implies some sort of traumatic disruption, even if it is the controlled trauma of a surgical operation. 
However, in an organic sense, any strain away from the idealized balance of the whole system 
(especially shock) is a "wound" of sorts, which must be brought back into a dynamic equilibrium.  

The efforts of the physician or other therapist are directed toward restoration of that equilibrium. 
The healer is the helper. The patient is the healer, for autonomic feedback loops of all types must do 
the fine tuning. Cannon, who gave us the term homeostasis for this constantly equilibrating 
condition of health, described it as "the wisdom of the body," [13 ] thereby giving us the core 
concept of the healing process.  

Homeostasis has heretofore been considered to be entirely mechanistic, mediated through a 
multitude of neurochemical messengers. Psychologist Daniel Weiss Miller, who has emphasized the 
importance of homeostasis in psychotherapy, [14; 15] has commented (personal communication, 
July 1996) that we have fallen into the habit of thinking of homeostasis as a static concept, and he 
offers the term homeodynamics as a possible corrective to that trend.  
If we look carefully, homeostasis is not merely a "holding sameness" as a flux equilibrium in the 
present moment. Any living system is drawn not only toward healing, but toward further growth and 
development. In some sense, homeostasis is "vectored" toward a goal specific for a level of the living 
system, and for the whole.  

From the perspective of the nuocontinuum, we can see flux equilibrium as conformance to an 
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holistically idealized balance for a dynamic system. Similarly, the quite striking capacity to heal and 
remold the human form after injury, and especially the regeneration of whole flatworms from 
halves, [10, p. 76] would be instances of morphogenesis holistically "recalling" its idealized structure. 
Such effects would then be susceptible to the "healing intentions" of the surgeon/therapist and 
patient, who give personal attention to a relationship with the nuocontinuum. Such is the nature of 
the effects of prayer/meditation, documented by Dossey. [16] In the context of the nuocontinuum, 
the wisdom of the body is the wisdom of the cosmos.  

 
Discussion 

As previously argued, [1] the interactions between matter and psyche presented by quantum theory 
require that any "theory of everything" must unify both physics and psyche. That must inevitably 
also require a careful delineation of local and nonlocal realities. But the Aspect experiments 
establishing a nonlocal reality have left open the question of the nature of that reality.  

The concept of nonlocal reality as nuocontinuum is offered as the most economical explanation of 
the nature of that reality, providing the "X" factor deemed necessary to account for consciousness, 
[17] consistent with current quantum theory. An infinitely broad connecting principle integrating all 
present states of cosmos with all past and future states, leaving dynamics to the organicity of 
cosmos itself, seems to be the simplest possible theory for describing cosmos as we actually 
experience it.  

Though its immediate goal was to provide a framework for harmonizing theories of medical and 
alternative therapies, it is not acceptable for that unless it is also acceptable in the description of 
cosmos generally. It is especially promising in that it harmonizes many separate but converging lines 
of current theoretical inquiry, yet it is also sufficiently open to accomodate whatever refinements 
future experience might require.  

A formulation such as this, though informed by science, stretches the frame of traditional science 
because it goes beyond the threshold of that which is directly measureable physically. We can, of 
course, measure physical parameters of health, treatment outcomes, and patient satisfaction, which 
may indeed be influenced by nonlocal effects. But the nonlocal reality must primarily be measured in 
psyche through thought experiment, for consistency and congruency with human experience over 
time. Yet that fact itself affirms the mind-nature of cosmic experience, and reminds us that there is 
no platform on which to stand to see cosmos as an "objective" observer.  
Any nonlocal theory always teters "dangerously" on the brink of poetry, inevitably leaving us 
enveloped with a sense of mystery. However, the cosmic answer will always be more than the sum 
of all possible questions, for the thought behind any question expands the nuonic complexity of 
cosmos itself. Paradoxically, even as our questioning pushes back the goal of our quest, cosmos 
draws us progressively more deeply into harmonious and creative participatory unity with itself. In 
that realization, we may find at last healing explanations which will give us, individually and globally, 
a measure of serenity and confidence as we confront the complexities of health and illness, and the 
needs of patients and society. Poetic science may not be such a bad thing after all.  
 
Notes 

A. The report of scoring beauty in composite photographs is based on a November 1996 broadcast 
of "Discovery magazine" (Discovery channel), and a similar news article elsewhere (reference lost), 
reporting research by a Harvard neuropsychologist, Nancy Etcoff. Her idea came from a nineteenth 
century series of blended mug shots: The result was not the sought for "criminal characteristics," but 
handsome faces. I have been unable to retrieve a Medline reference.  

B. Sheldrake has related Jung's archetypal theory to morphic resonance in references 10 and 18. In 
Sheldrake's theory, archetypes are special "habits of nature." The nuocontinuum theory would 
explain them as patterns of psychic experience nonlocally integrated throughout human history, 
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which is basically the same concept.  
C. Wojciech Zurek of the Los Alamos National Laboratory writes that the environment surrounding a 
quantum system can "monitor" some of the system's observables. In that view, the "environment" 
itself can act as the "observer" which "collapses the wave function." The nuocontinuum would be 
the "coupling mechanism" by which the "environment" carries out its "observation." Each 
interaction would then be "computed" to its place within the whole. This would be a quantum 
interpretation which, like Bohm's, is realistic, harmonizing local and nonlocal aspects of reality. [See 
"Decoherence and the transition from quantum to classical." Physics Today, 1991 (Oct); 44(10): 
36-44]  
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Quantum nonlocality 

The quantum framework is in some respects deeper than spacetime - the information flows 
which are deployed by the framework are difficult to characterize in spacetime terms.  

"Before the measurement there is no particle pair; there is only a gigantic atom. This atom 
pervades all space. The experiment dematerializes the atom, and in its place two particles 
appear. Each materializes, as it must in the universe, so as to preserve the laws of nature." 

Marvin Chester, Primer of Quantum Mechanics 

Generally, physical systems have global properties which continue to evolve globally even as the 
system becomes spatially separated - when the "parts" of the system are measured then they will 
manifest correlations which embody (or "cash in") the previous global state. Might these 
correlations be the result of local processes, perhaps involving other, unknown or "hidden" facts 
about nature? No. (This is precisely what John Bell proved, in 1964.)  
The process generating the correlations is "nonlocal".  

Can it be used for signalling then? No. Given quantum theory signalling via the quantum process 
is not in the cards... 

Yet quantum theory is an idealization, and some have shown how relaxing aspects of the 
idealization uncovers nonlocal possibilities. 

More fundamentally, we are nonlocal by virtue of simply being. What happens in the universe, and 
in our selves, is very different than would happen in a locally bound, classicalesque world. 

 

The history of nonlocality 

Einstein, Podolsky and Rosen first focused attention on correlated, spatially extended quantum 
systems in 1935, though in their argument they assumed 'locality' in order to find fault with 
quantum theory. 25 years later Bell's result showed that EPR's assumption was mistaken. In 
1989, Greenberger, Horne and Zeilinger sharpened Bell's results further by considering 
correlated states with 3 or more entangled particles.  

EPR  

Bell's theorem  
 
Kochen and Specker   GHZ   Mermin  

There is a relation between the kind of entangled states considered in these proofs and the 
phenomenon of quantum computation. 

How deep does it go? 

The full extent of nonlocality as a physical fact is not well understood - for example, does a 
superfluid exhibit nonlocality? Generally, almost any "collapse of a wavefunction" appears to be 
nonlocal: is this an artifact of our description?  

Since the 1964 analysis of John Bell (Bell's theorem) it is widely recognized that in some sense 
the nonlocality is real - quantum mechanics is a much different theory than one could assemble 
with local parts. In the words of Henry Stapp (1977),  

"The present formulation asserts that a theory entails a nonlocal connection if there is no 
conceivable way for the results in each region to be independent of the choice made in the 
other region. Quantum theory has such a nonlocal connection: That is what Bell actually 
discovered." 

It is probably not possible to signal using quantum nonlocality, though in my view it is a 
complete mistake to conclude from this that all of the nonlocality "washes out" in practice. 
(In fact it does not wash out!)  
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One could turn the question around by viewing the quantum description as completely global, and 
ask what is the root of the apparent, provisional locality.  
 

What is at the root of nonlocality? 

"That the guiding wave, in the general case, propagates not in ordinary three-space but in 
multidimensional-configuration space is the origin of the notorious 'nonlocality' of quantum 
mechanics..."  

John Bell  

Speakable and unspeakable in quantum mechanics  
 

Einstein, Podolsky and Rosen 

In a 1935 Physical Review article entitled Can Quantum Mechanical Description of Physical Reality 
be Considered Complete? Albert Einstein, Boris Podolsky and Nathan Rosen opened what is now a 
60 year old discussion of correlated multi-particle quantum systems.  

EPR discussed such systems as a way of critiquing what they called the completeness (as opposed to 
the correctness) of the quantum description. In 1964 John Bell used David Bohm's version of EPR's 
argument to ironically rule against them: EPR's assumption of locality is found to be false, releasing 
quantum theory from any claim of incompleteness or inconsistency.  

The status of nonlocality in quantum mechanics is still being debated.  
.  

EPR was attempting to embarrass some non-realist suppositions of quantum mechanics. They 
suggested considering two-particle systems which are correlated but become arbitrarily 
separated...  

 

EPR's starting point and central idea is that we can measure some aspect of one of the pair and 
subsequently predict outcomes of measuring corresponding aspects of the second one.  

 

EPR said that since this property of the second particle was predictable after the first 
measurement, it was therefore "real." (EPR suggested that the particle's properties were like the 
inevitably mismatched socks of Bell's colleague Bertlemann: once you see one of Dr. Bertlemann's 
socks you could make predictions about the other consistent with the fact that the socks are real.) 

The counterfactual idea: But for that matter, EPR argued, we might just as well instead measure 
some other, perhaps contradictory (complimentary) property of the first particle, and in this case we 
would know some corresponding other fact about the second particle in the pair: this 'other' 
property of the second particle would be "real."  
The assumption of locality: We at first go nowhere near the second particle (which might be at the 
other end of the galaxy by this time): we are only measuring the first particle to start with - EPR said 
that surely we could not alter "the real situation" of the second, distant particle, by measuring the 
first...  
EPR said, since  

. we could make either measurement of the first particle, and  

. since (by locality) this cannot itself influence the second particle,  

. therefore the second particle must have pre-prepared "real" values for 
both (all) possible properties corresponding to measurements on the first particle.  

Yet in the case of complementary variables quantum theory denies that both properties can be 
simultaneously present.  
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EPR concluded that since there were "real" properties of the world not even defineable in quantum 
theory, quantum theory is "incomplete."  
This conclusion of EPR's is based on an assumption of locality, and their recommendation favored 
the use of local underlying variables to complete quantum theory.  

The line of argument initiated by EPR was formally updated in 1964 when John Bell showed that 
the assumption of locality made by Einstein, Podolsky and Rosen was itself actually in 
contradiction with facts predicted by quantum mechanics.  

The quantum properties are not like Bertlemann's socks after all.  

(Eventually these nonlocal "predictions" were experimentally verified.)  
Bell summed it up this way in 1964,  
 

The paradox of Einstein, Podolsky, and Rosen was advanced as an argument 
that quantum mechanics could not be a complete theory but should be 
supplemented by additional variables. These additional variables were to 
restore to the theory causality and locality... That idea will be formulated 
mathematically and shown to be incompatible with the statistical 
predictions of quantum mechanics.  

Bell's theorem 

In 1964 John showed that the world according to quantum mechanics really is nonlocal. The 
universe is 'nonlocal at the level of individual events' (even though the locally observable aggregates 
of the universe predicted by quantum mechanics do not bear any traceable nonlocal signature).  

Bell inverted the EPR argument since EPR had used locality as an assumption - Bell's theorem 
converted EPR's local-realist position into a paradigm of what is not true.  

 

Bell's ingenious proof focused on EPResque 2-particle systems: pairs which are perfectly correlated 
along any given measurement axis - recall that EPR had taken this correlation as implying underlying 
variables, but Bell problematized this conclusion by examining some other similar correlations of the 
pairs: for example when measured along respective axes with a relative rotation though some 
angle...  

With a relative angle between them the correlation between the two measurements is no longer 
perfect but varies as the cosine of the angle. Bell explored the type of underlying variable models 
(with built in locality) which EPR had suggested, and showed that the entire class of such models 
could in this case not give the same cosine varying correlation as quantum theory predicted.  
Generally, the quantum correlations are "stronger" than the limit possible for local hidden variable 
theories.  
In 1991 GHZ sharpened Bell's result by considering systems of three or more particles and deriving 
an outright contradiction among EPR's assumptions.  

. Because of issues associated with relativity, such as the relativity of simultaneity, 
nonlocality is problematic - some people prefer to avoid this conclusion and so try to interpret 
violations of the Bell inequality as implying something else...  

Quantum theory "looks" nonlocal (e.g. I measure here and collapse everywhere) and Bell's theorem 
seems to resolve the question in the affirmative. In the language of wavefunction collapse, Bell-GHZ 
showed that wavefunctions "collapse at a distance" as surely as they do locally.  

 

The GHZ nonlocality proof  
Beyond Bell's Theorem... (I.) 

In 1991, GHZ fundamentally updated Bell's result, essentially by investigating Bell-like 
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relationships in correlated systems of more than two particles. What they showed surpassed 
Bell's result by eliminating the statistical nature of the proof.  

They show a situation involving three particles where after measuring two of the three, the third 
becomes an actual test contrasting between locality and the quantum picture: a local theory 
predicts one value is inevitable for the third particle, while quantum mechanics absolutely predicts a 
diffent value. (So, we only have to run the experiment once.) 
This is really equivalent to older proofs about the modeling of the quantum state by underlying 
variables, as was pointed out by David Mermin - Kochen and Specher required over a hundred 
particles in their original proof, while GHZ have it down to three. 

 

The Aharonov-Bohm Effect 

"AB showed that one of the results of elementary quantum theory is that there are physical 
effects on charged particles in regions in which the electromagnetic field is nonexistant. The 
controversial features of the AB effect concern its interpretation; there is no disagreement as to 
the effect itself. The interpretation problem arises because the charge particles are influenced 
although they always move in field free regions. Hence the key question of the AB effect 
concerns localization and action-at-a-distance. AB claimed a special significance for the 
electromagnetic potentials because they are non-zero 'where the action is,' whereas the fields 
are zero in the regions to which the charged particles are confined."  

Quantum coherence 

There are several distinct but very closely interrelated uses of the term "coherence" in physics. 
For example,  

·  
· -particle states may exhibit macrosopic quantum coherence  
·  
 

The first two of these share in common that a quantum wavefunction informs the evolution of a 
physical system as a whole, perhaps nonlocally. The second two have in common that given 
systems exhibit patterning, so that information about one part of a system provides information 
about other parts.  

"A quantum coherent state thus maximizes both global cohesion and also local 
freedom! Nature presents us with a deep riddle that compels us to accomodate 
seemingly polar opposites..." 

Mae-Wan Ho, The Rainbow and the Worm  

Coherence is important to the physics of nonlocality,  

computation,  
biology,  
and cosmology.  

 
Pure States 

For example, the fundamental picture of a particle in quantum mechanics is that all of the 
alternative possibilities open to the system co-exist as a 'superposition' in a 'pure state' which is 
said to be coherent. (The process which converts a pure to a mixed state is known as 
'decoherence'.) In this sense one can say of the two-particle singlet state considered by EPR and 
Bell that  

"The two particles are, as it were, entangled with each other in a pure or coherent 



 

Page 87 of 422 
 

state." (Ho, 1993) 

cf. Mandel's "Coherence and indistinguishability"  
 

Macroscopic Quantum Coherence 

A second, intimately related form of coherence involves multiple particles that that share a 
quantum state which is governed by a macroscopic wavefunction - this typically has the name 
'quantum coherence', and typically involves the spaciotemporal organization of the multiparticle 
system. (This is closely related to what is called 'Bose-Einstein condensation'.)  

"What is quantum coherence? This refers to circumstances when large numbers of 
particles can collectively cooperate in a single quantum state..." 

Roger Penrose 

Examples of quantum coherence in many particle, macroscopic systems include 
superfluidity, superconductivity, and the laser.  

Of these three paradigm systems, the former two (superfluidity and superconductivity) are basically 
equilibrium systems, whereas the the laser is our first example of an open system which achieves 
coherence by energetic pumping - this latter idea is of the greatest importance for understanding 
the general implications of coherence. The laser functions in thermal environments (eg. room 
temperature) and there are are other, perhaps many other, nonequilibrium possibilities for 
coherence to exist and endure at macroscopic and thermally challenging scales, as for example, 
Frohlich has shown...  
 

Classical Coherence 

When systems undergo phase transitions (e.g. boiling) they may become ordered ...  

 
 
 

Has science found god in non-local reality? 

Dr . Lee E. Warren, B.A., D.D.  

(c) September/October 1996 "PLIM REPORT"  

Feel free to copy and circulate this article for non-commerical purposes provided the Web site and 
author are mentioned.  
 

Introduction  

Some may argue that science has not proven the actual existence of God. However, quantum 
mechanics (a discipline that explains the interaction of the various forces and energies that exist in 
an atom) has discovered another realm that is not physical or in the realm of space and time. 
Quantum mechanics emerged about 1925 led by the research of Albert Einstein (1879-1955) and 
Neil Bohr (1885-1962) who we will discuss later in this paper.  

Houston Smith in his book The World’’s Religions states that science has been very doubtful of the 
unseen realm, ““but with Eddington’’s *Sir Arthur Stanley Edding-ton was an English astrophysicist 
1882-1944+ observation that the world is more like a mind than a machine, and astrophysicists’’ 
reports that 90 percent of the ‘‘matter’’ in the universe is invisible in the sense that it impacts none of 
their instruments, scientific skepticism has begun to subside (p. 319).”” Modern science may have 
found God whether they want to admit it or not.  
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Eastern mysticism does not divide spirit from matter as we do in the West. Swami Brahmanda said: 
““Show where matter ends and spirit begins. Only our own private delusion creates separate 
habitations for God And man (Vedanta, from the Introductory Chapter, ©©1971 Harper & Row, 
Pub.)."  
Quantum mechanics is the most precise area of science that man ever created to describe physical 
phenomenon. Its disadvantage is that it only operates for a large number of occurrences within 
subatomic particles; it cannot predict a single occurrence of an individual particle. Quantum 
mechanics provides an explanation for why the sun shines; why molecules bond themselves 
together; why the three states of matter——gas, liquid, solid——exist; why an iron bar magnetizes 
when it is placed near a magnet.  

On the practical side, quantum mechanics is the particular area of science that gives us our modern 
comforts, such as electricity, the compute chip, microwaves, lasers, and television. Quantum 
mechanics also provides the technology for our recent weapons of terror and destruction, such as 
the A-bomb and the H-bomb. Keep in mind that the science of quantum mechanics is the theory that 
explains the power inside atoms.  
What is the intent of this article?  

This article will compare the invisible, non-local order of our reality identified by quantum mechanics 
(specifically proven by the Bell Theorem) and Spirit that is invisible, omnipresent, and all in all. We 
are most familiar with a reality consisting of local events within space and time and one that exists 
and operates in a chronological framework. Quantum mechanics proves that there is a non-local 
part of our existence just as real as thoughts, feelings, and ideas that cannot be measured on an 
instrument. The invisible DNA instructions that directs our cells prove the unseen presence of the 
Creator in which we live, move, and have our being (Acts 17:22-28).  

What has science done to religious views?  

Theologians know that science has severely undermined the established concept of God taught in 
churches for the last 1500 years. As science has explained much natural phenomenon once thought 
divine, the image of God has transformed.  

Most people no longer think of God as an old man with white hair and a long beard that jumps down 
from a cloud to answer prayers. This has no more relevancy to us than our ancient ancestors’’ views 
of the cosmos and the world dominated by primitive magic, superstitions, and myths.  
Most traditional religions emerged before the scientific era. (See the article in this issue on the time 
world religions emerged on p. 9 of the ““Did U Know ...?”” section) Even Israel was superstitious. 
When you study their views on the Ark of the Covenant, for example, Israel thought power was 
literally in that box (Acts 17:24).  

Initially, science was a tool for man’’s quest to understand God. Science was supposed to supply 
evidence of God’’s existence that would eradicate man’’s ignorance of his creator. Scientific 
knowledge in the late 19th and 20th century has radically altered man’’s views of the universe and 
his place in it.  

Did man’’s view of the world change?  

As the birth of the Messiah changed time from B.C. to A.D., the advent of quantum mechanics 
changed science’’s old, materialistic way of viewing the world to a new, revolutionary perception 
(see illustration p. 16). During the scientific revolution, the philosophy of materialism was the 
dominate view. It is defined as follows: ““a) the philosophic doctrine that matter is the only reality 
and that everything in the world, including thought, will, and feeling, can be explained only in terms 
of matter (opposed to idealism), according to Webster’’s New World Dictionary.””  

Materialism was hostile to any religious beliefs. According to a paper entitled Quantum Mechanics 
and Reality, Thomas J. McFarlane (©© 1995) states: ““With the advent of quantum physics…… this 
materialist philosophy has become scientifically untenable. That is the evidence that science itself 
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contradicts a purely materialistic account of the universe (p. 1).”” This discovery caused science to 
alter its view of reality.  
Did science’’s view of quantum physics change?  

Astrophysicist Sir Arthur Eddington refined the world view some more when he made a distinction 
between old and new physics. ““The great difference between old and new physics is ……: both the 
old and new physics were dealing with shadow-symbols, but the new physics was forced to be aware 
of that fact——forced to be aware that it was dealing with shadows and illusions, not reality 
(Quantum Questions, Ken Wilber, (New Science Library ©©1985, p. 9).”” This is reflected in the Old 
Covenant (symbols) that Moses established and testified to the Messiah (Jn. 5:39), but was not the 
spiritual reality (Heb. 9:10-17).  

The Messiah caused Israel’’s view of Yahweh to change from worshipping Him with physical 
sacrifices, rituals and feast days (under the Old Covenant) to worshipping Him in Spirit and Truth 
(under the New Covenant, Jn. 4:24; Col. 2:14-22; Heb. 10:1-12). The change in physics from the old 
to the new is the same as the worship of Yahweh changing from the Old Covenant to the New 
Covenant.  

What four forces define the universe?  

Man from his very beginning realized that there are four fundamental elements in the universe. 
They are fire, water, air, and earth, which mankind thought defined all things in the physical, just as 
the four points of the compass (North, South, East, West) defined position and direction in the earth 
plane.  

Modern science has discovered that there are also four forces in operation within the universe; 
gravity, electromagnetic, weak, and strong forces. According to Nick Herbert’’s book Quantum 
Reality, scientists believed that these four forces cause and explain all things within the universe (p. 
32). All of these forces have force fields that influence matter and whose strength decreases as 
distance increases. For example, magnets are able to attract iron screws by their magnetic fields if 
the iron is sufficiently close to the magnet.  

Now the last three forces——electromagnetic, strong and weak forces——originate within the 
atom. Electromagnetic forces cause the following energies to exist. They are: ““the complete range 
of frequencies of electromagnetic waves from the lowest to the highest, including, in order, radio, 
infrared, visible light, ultraviolet, X-ray, and gamma ray waves”” (Webster New World Dictionary 
©©1995 Zane Publishing, Inc. ©©1994, 1991, 1988 Simon & Schuster, Inc.). Strong forces hold the 
nucleus together. Protons within an atom are positively charged and they would repel one another if 
the strong forces did not hold them together. The weak force breaks the nucleus apart in certain 
kinds of radioactive decay. These forces have great spiritual significance and will be discussed in 
future issues of the ““PLIM”” magazine.  
Before we explain the non-physical reality that science most recently discovered, there are some 
terms that we must define so that we can fully appreciate the results. We must understand two 
words: ‘‘locality’’ and ‘‘non-locality.’’  

What is the definition of ‘‘local’’ and ‘‘non-local’’?  

Our reality consists of local and non-local phenomenon. All things in space and time tend to be local. 
Nick Herbert in his book Quantum Reality (©© 1985 Anchor Books) explains what he means by the 
word ‘‘local.’’ ““Body A affects body B locally when it either touches B or touches something else that 
touches B (p. 212).”” This is the materialist philosophy. Not only science assumes this, but our 
everyday reality tends to support locality.  

Yet there are things that we know exist and are real that are not local, for example a thought, love, 
insight, etc. Many of these things are on a psychological and spiritual level.  

Mr. Herbert explains that: ““…… non-local is an unmediated action-at-a-distance.”” A non-local 
interaction jumps from body A to body B without touching anything between A and B. Most people 
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deny its existence because it does not seem to make sense.  

What examples demonstrate non-local occurrences?  

Examples of non-local interactions are intuition, synchronicity (simultaneous occurrences), and 
spontaneous healing. The first two examples of non-locality are Biblical, the last two are current.  

•• When the Messiah spoke some words, He healed a Gentile’’s servant who was ill and not 
physically present before Him (Mt. 8:8-11). The Messiah’’s disciples were awed because they could 
not physically observe the source of the miracles. He told them that it was the Father Yahweh in Him 
working and He was one with the Father (Jn. 14:8-12).  
•• Simultaneously, Yahweh told Moses’’ brother Aaron to meet Moses while He was commanding 
Moses to be His spokesman and tell Pharaoh to release Israel from Egypt. When Moses protested 
that he was a stutterer, Yahweh told him that his brother Aaron could speak well and was on his way 
to meet him (Exo. 4:10-16).  
•• Another example of a non-local interaction would be praying to Elohim to heal someone. 
Although most people do not consider non-local communication to be a part of the everyday 
physical or local reality, it is.  
•• Finally, no one can say that consciousness is confined to just the brain, or is local. It has to have a 
non-local origin, for it is not bound to space and time, nor is it physical (See an explanation of 
intuition and reincarnation in the article entitled ““Resurrection vs Reincarnation, Past Lives, P. 2”” in 
the March/April 1994 issue of the ““PLIM REPORT.””)  

With these local and non-local terms defined, this article can proceed to discuss a scientific discovery 
called Bell’’s Theorem, which proves the existence of non-locality.  

What was Bell’’s explanation of non-local reality?  

In 1964, an Irishman named John Stewart Bell developed a mathematical proof that supported a 
nonphysical part of the universe. This theoretical physicist stated that any model explaining the 
universe entirely as local or as physical reality is incomplete for it does not include the non-local 
part. He also stated that there is an interconnectedness to everything in the universe. This proof was 
called the Bell Theorem and it was verified by many scientific experiments. Larry Dossey, M.D., 
points this out in his book Recovering the Soul (©© 1989 Bantam Books). ““Whatever model of 
reality we wind up with in physics …… it must be nonlocal…… No local model of reality can explain the 
type of world we live in ……( p. 182).””  

Simply put, the Bell theorem proves that there is another reality (non-local), which can be referred 
to as Spirit, beyond our current, physical (local) reality. Non-local reality interacts with our reality 
and is the source and cause of the physical existence or reality. The nonphysical part of the universe 
is the definitive proof that all science was seeking. Bell’’s Theorem proves another realm exists that 
theology has talked about, but was unable to prove in a theoretical or empirical (experimental) 
sense.  

What comments have been made about nonlocal reality?  

Larry Dossey M.D., in his book Recovering the Soul states the following on non-local reality. ““Until 
recently it would have been scientific heresy to propose that the world is inherently non-local, that an 
invisible connectivity unites all things no matter how disparate (p. 179 ).”” Clearly, Dr. Dossey 
believes that everything in the physical universe is interconnected forming ‘‘one’’ whole that cannot 
be understood fully by understanding its parts.  

Victor Mansfield in his book Synchronicity, Science, and Soul-Making (Chicago; Open Court ©© 
1995; p. 122) states the following about non-locality. ““Nonlocality or nonseparability is asking us to 
revise completely our ideas about objects, to remove a pervasive projection we have upon nature. 
We can no longer consider objects as independently existing entities that can be localized in 
well-defined regions of spacetime. They are interconnected in ways not even conceivable using the 
ideas from classical physics, …….”” Both Menas Kafatos and Thalia Kafatou in their book Looking In 
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Seeing out: Consciousness and Cosmos (Wheaton: Quest ©© 1991) stated: ““Nature has shown us 
that our concept of reality, consisting of units that can be considered as separated from each other, is 
fundamentally wrong. For this reason, Bell’’s Theorem may be the most profound discovery of science 
(p. 64-64).””  
Does the unity of the creation reflect the creator?  

Quantum theory explains the forces in the atoms and the holistic view of the universe. The holistic 
view shows that something nonphysical and non-local interconnects this universe (as a united 
whole) on all levels--from subatomic particles to the outer most galaxies.  

Now this scientific knowledge verifies the characteristics and nature of Spirit. The natural universe is 
a reflection of the nonmaterial parent source ——““as is above so is below’’ (Rom. 1:19-20). It 
proves that Yahweh Elohim (Lord God) is ‘‘One,’’ meaning a unity, not three divided personalities as 
in the Trinity. (See the article on the Unity of the Spirit, p. 16, in the ““The Philosophical Measuring 
Rod”” section of the Complimentary Issue of the ““PLIM REPORT””.) Moses wrote: ““Hear, O Israel: 
Yahweh (The LORD) our Elohim (God) is one Yahweh (Deu. 6:4):”” The universe has to be a unity or 
whole, for the creator is.  

The Master verifies the wholeness and interconnectedness of the creator and His creatures in His 
prayer in the garden of Gethsemane. ““That they all may be one; as thou, Father, art in me, and I in 
thee, that they also may be one in us: that the world may believe that thou hast sent me. And the 
glory which thou gavest me I have given them; that they may be one, even as we are one: I in them, 
and thou in me, that they may be made perfect in one; ……(Jn 17:21-23).”” Bell’’s Theorem simply 
verifies the Bible and its divine authenticity to a limited extent, although a complete understanding 
of it is still unfolding. In short, the occurrences in the scriptures concerning Yahweh are non-local or 
not bound to space and time.  
Is the Messiah’’s spiritual body one?  

Paul states that the body of the Messiah is unified and whole. Paul explains that man cannot 
understand Yahweh’’s full spiritual powers latent in him except he understands them in terms of the 
spiritual body of the Messiah. ““Till we all come in the unity of the faith, and of the knowledge of the 
Son of Elohim (God), unto a perfect man, unto the measure of the stature of the fullness of the 
Messiah (Christ, Eph. 4:13).”” In short, Paul says that the powers of Spirit are so vast that no one 
person can act out all the aspects of Spirit. As in the physical body, no one system encompasses the 
totality of the whole. All the truthseekers form a body or congregation or assembly through which 
these powers are manifested (Heb. 12:22-23). Israel (i.e., having power with Elohim) under the Law 
was an example.  

It should be noted that some physicists have used eastern mysticism found in Hinduism, Taoism, 
Buddhism, and monism, as a paradigm to explain this holistic view of the universe. The book Tao of 
Physics by Fritjof Capra examines this topic in detail. In future articles we will examine some of the 
problems that arise in using eastern mysticism without following a divine pattern.  

Do all scientists believe that science has proven God’’s existence?  

Now there are a group of scientists who think quantum mechanics and the nonlocal assumption 
reveal absolutely nothing about the creator and the universe as a whole. Menas Kafatos and Robert 
Nadeau in their book The Conscious Universe state: ““Although the modern physics definitely implies 
that the universe is holistic, this physics can say nothing about the actual character on the whole 
itself (p. 124). Their reason or rationale is that ““……orthodox quantum theory ... disallows any 
ontology (p. 124).”” According to Quantum Questions by Ken Wilber, p. 39, quantum mechanics 
does not claim to be able to explain the ultimate reality (Spirit), substance, or Yahweh’’s 
characteristics and nature.  

In the science community it was widely held that there was an unreconcilable conflict between 
knowledge and belief. In short, science believes that scientific truths cannot be reconciled with 
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religious interpretations of the world.  

How does the Bell Theorem prove non-local reality?  

Now John S. Bell’’s intention was to reconcile two schools of thought about quantum mechanics 
headed by two of the founders of atomic physics——Albert Einstein and Neils Bohr——whose views 
opposed one another. Each had their interpretation to explain the bizarre, weird behavior of atomic 
particles.  

Neils Bohr, a Danish physicist, founded the Copenhagen interpretation of the quantum theory. He 
believed that the quantum theory could only describe the interactions of the various subatomic 
particles by probability or statistical predictions and that this method was complete for it explained 
all things concerning the phenomena.  
The book Dancing Wu Li Masters (©© 1979 Quill William Morrow) by Gary Zukav states the 
purpose of quantum mechanics. ““The advantage of following the procedure of quantum mechanics 
is that it allows us to predict the probabilities of certain results provided our experiment is performed 
a certain way. The purpose of quantum mechanics is not to predict what actually happens but only to 
predict the probabilities of various possible results (p. 91).”” For example, insurance companies use 
probability statistics to determine the price of a policy. Probability statistics can predict 
approximately how many people will die within a certain age group in a certain year, but not who 
individually will die.  

Mr. Bohr pointed out that the indefiniteness of the quantum theory was due to the inherit nature of 
atoms at the atomic level.  

Albert Einstein, who also contributed to quantum theory, criticized the statistical or probabilities’’ 
predictions of quantum mechanics and considered them incomplete. Predictions could only be made 
when large numbers of subatomic occurrences were studied. Quantum mechanics could not 
measure one single event just like the insurance companies cannot tell you when one individual will 
die, but only the number of people likely to die within their age group. Nick Herbert’’s book 
Quantum Reality states that Einstein believed: ““Because the quantum theory makes only statistical 
predictions, it cannot help but leave out certain ““elements of reality”” which a more adequate 
theory of the world must include (p. 201).””  

Einstein and two of his colleagues, Boris Podolsky and Nathan Rosen, created a problem around 
1950 called the EPR paradox named for the first letter in each of their last names, to show the 
inconstancy in the quantum theory. The Ghost in the Atom edited P. C.W. Davies & J. R. Brown (©© 
1986 Cambridge University Press) confirmed this experiment. ““The purpose of this thought 
experiment was to expose the profound peculiarities of the quantum description of a physical system 
extended over a large space (p. 13).””  
What is the EPR paradox?  

There is neither space in this article nor our intention to fully explain EPR and all the laws of 
quantum mechanics involved. This article wants to keep its terms simple, for all the readers that do 
not have a scientific background to understand EPR.  

The EPR experiment was based on two equal or twin particles. These tiny particles, called A and B, 
composed a system traveling in opposite directions from each other (See dia. p. 19). Einstein and his 
colleagues knew they could measure some aspects of the first particle A, such as its position and 
momentum. From this measurement, they could predict the outcomes of the second particle B 
traveling in the opposite direction, while not going near the second particle.  
What happened here is now very strange. Instead of disproving Neil Bohr’’s school of thought that 
said that any measurement on A also effects B or vice versa, the EPR experiment proved it. 
Whatever particle was not measured reacted to the changes on the other particle. If the measured 
particle A began to spin in the opposite direction, instantaneously particle B also began to spin in the 
direction of particle A.  
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Since there was no force or energy transferred between the two particles, there seemed to be some 
form of information transferred from one particle to another. Einstein did not know how to explain 
this phenomenon and objected to the ‘‘ghostly action at a distance (The Ghost in the Atom edited P. 
C.W. Davies & J. R. Brown, p. 15).’’ He wanted objective measurement and facts.  

Simply put, imagine a light bulb that emits two particles of light that move in opposite directions 
away from each other . Note that even if these particles were at different ends of the universe, if 
particle A changed certain aspects of its momentum, speed, or course, then particle B would 
instantaneously change to match the movement, speed, and course of particle A.  

To resolve this problem the Bell theorem proves that there was instant communication between 
these two particles. This means a message would have to travel faster than the speed of light that is 
186,000 miles /sec. between them. According to the Einstein special theory of relativity this was 
impossible. Bell showed there is non-local communication between these two particles. This 
communication is nonphysical and currently science has no explanation for it.  
Do non-local properties equate to Spirit?  

Although science will not equate non-locality with the spiritual realm, the properties of this 
non-local reality tend to mimic the properties often associated with Spirit or used in defining 
Yahweh. Science’’s mistake, or shall we say man’’s mistake, is trying to define God (Elohim) in 
physical terms. The Messiah said: ““Elohim (God) is SPIRIT…… (Jn. 4:24).”” Clearly, the Messiah is 
referring to another reality. This means that space, time, and matter cannot be used to define or 
explain God except in analogies.  

The universe is a reflection of the source. The Master said: ““If I have told you earthly things, and ye 
believe not, how shall ye believe, if I tell you of heavenly things (Jn. 3:12)?””  
Now according to Nick Hilbert’’s book Quantum Reality, non-locality consists of the following 
properties:  

•• Non-local influences are not mediated by magnetic or gravity fields or any other field. Nothing 
can shield this interaction.  
•• Non-local influences occur instantaneously. They are not limited by the speed of light, which is 
the fastest known speed in the physical.  
•• Non-local communication does not diminish with distance between objection.  
Mr. Hilbert says: ““A non-local interaction links up one location with another without crossing space, 
without decay, without delay. A non-local interaction is, in short unmediated, unmitigated and 
immediate (Quantum Reality, p. 214).””  

Now Yahweh Elohim or Pure Spirit is defined as being omnipresence (ever present) and extremely 
powerful. There is no place where Spirit does not reside since everything was created from this 
substance.  

Houston Smith writes that science has proven that ““the energy inherent in one cubic centimeter of 
empty space is greater than the energy of all the matter in the known universe (The World’’s 
Religion, p. 320).”” It must not be forgotten that physical matter is Spirit materialized. Paul said we 
all live, move and have our being within Spirit (Acts 17:24). There is no mediator between our 
Heavenly Father and our consciousness (1 Tim. 2:5). Spirit is instantaneous, for Paul said it was quick 
(Heb. 4:12). Whether science wants to admit that the non-local phenomenon is in reality spirit 
operating does not matter. For those that have eyes to see, it is further evidence to show the 
existence of Spirit.  

Conclusion  

Skeptics, agnostics, scoffers, and unbelievers have for thousand of years said that they did not 
believe in the existence of God (Elohim) nor a nonmaterial realm. This is especially true since the 
birth of the scientific revolution. They continue to cry that concrete proof or evidence does not exist 
that proves the actuality of a Creator or nonmaterial realm founded by modern science. Yahweh 



 

Page 94 of 422 
 

Elohim, being a Just Creator, has removed all human excuses.  

So the God of modern man ‘‘science’’ has produced not only definitive theoretical proof of the 
existence of a nonmaterial realm, but has confirmed it through scientific experimentation. Now the 
““nay sayers”” are devastated at this proof because it requires them to make a change in their 
thinking or as the great Master said ““repent of their errors.”” Their old views can no longer explain 
the universe, for they leave out the most important, nonmaterial realm. In short, one cannot have a 
Creation without a Creator or the material creation without a nonmaterial part that is holistic and 
interconnected.  
Likewise, in our personal, psychological lives, we must realize that we cannot leave out Elohim. We 
must become aware that we are interconnected with the Holy Spirit. In short, Elohim is always 
omnipresent or ever present in creatures. He is never absent or separate from His creation. The 
Apostle Paul said one of the great mysteries among the Gentile nations is the Messiah (Christ) within 
us our only hope of glory (Col. 1:26).  
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The following is an Example of Stupidity 

 
a call to arms 

Nonlocal quantum effects pose a danger to all creation. We must take action to save the universe!  

Jay : SWAPA : a call to arms  

See Science, 25 July 1997, page 481. Physicists in Geneva created pairs of photons such that each pair 
was in what's called an entangled quantum state. According to quantum mechanics, the entangled 
state collapses when it is measured for one of the photons, affecting the other photon no matter how 
far away. The experimenters demonstrated this by sending one photon of each pair through the 
optical fibers of the Swiss phone system to a village on one side of Geneva, and the other to a village 
on the opposite side. The settings of the instrument used to measure one photon at its destination 
affected the measurement of the other photon, eleven kilometers away, in a way that seems to prove 
that the entangled state is resolved only when it is measured.  

To an experienced computer programmer, it's obvious what causes this. The Programmer of the 
universe made an optimization error. He meant to speed up the universe's code by not calculating 
photon properties until they were needed, but He slipped up and sometimes, in tricky cases like this, 
the universe doesn't calculate properties until too late, when the photons involved have traveled far 
from each other. That's how entangled states arise.  

Unfortunately for humanity, nonlocal quantum effects are technologically useful. Entangled states 
are great for quantum cryptography, where the laws of physics guarantee that nobody's listening in 
on your messages. That's the best deal around.  
We're efficient. Before long, people will be using nonlocal quantum effects on a scale never seen in 
the history of the universe. We're sure to trip some debugging code in the universe, or at least to 
produce unexpected results. Then the Programmer will halt the universe, curse the sneaky bug, fix it, 
and erase the results of the flawed run. Goodbye us.  
There is only one hope. We must stop quantum mechanics research now. All physicists must be 
captured and put to death, or at least imprisoned so that they cannot undertake clandestine 
experiments. Any knowledge of quantum mechanics may be dangerous, so we must burn books that 
mention it, and inquire into the background of those who took quantum physics in school.  
Only then can humanity have a future.  
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The butterfly effect 

 
First we need to review the concept of the small and subtle having effects on biology. The butterfly 
effect from chaos theory is defined as: 
The butterfly effect is a phrase that encapsulates the more technical notion of sensitive dependence 
on initial conditions in chaos theory. Small variations of the initial condition of a dynamical system 
may produce large variations in the long term behavior of the system. So this is sometimes 
presented as esoteric behavior, but can be exhibited by very simple systems: for example, a ball 
placed at the crest of a hill might roll into any of several valleys depending on slight differences in 
initial position. 
Theory of the Butterfly Effect 
The phrase refers to the idea that a butterfly's wings might create tiny changes in the atmosphere 
that may ultimately alter the path of a tornado or delay, accelerate or even prevent the occurrence 
of a tornado in a certain location. The flapping wing represents a small change in the initial condition 
of the system, which causes a chain of events leading to large-scale alterations of events. Had the 
butterfly not flapped its wings, the trajectory of the system might have been vastly different. While 
the butterfly does not cause the tornado, the flap of its wings is an essential part of the initial 
conditions resulting in a tornado. 
Recurrence, the approximate return of a system towards its initial conditions, together with 
sensitive dependence on initial conditions are the two main ingredients for chaotic motion. They 
have the practical consequence of making complex systems, such as the weather, difficult to predict 
past a certain time range (approximately a week in the case of weather). 

http://en.wikipedia.org/wiki/Chaos_theory
http://en.wikipedia.org/wiki/Initial_condition
http://en.wikipedia.org/wiki/Dynamical_system
http://en.wikipedia.org/wiki/Ball
http://en.wikipedia.org/wiki/Butterfly
http://en.wikipedia.org/wiki/Earth%27s_atmosphere
http://en.wikipedia.org/wiki/Tornado
http://en.wikipedia.org/wiki/Poincar%C3%A9_recurrence_theorem
http://en.wikipedia.org/wiki/Complex_system
http://en.wikipedia.org/wiki/Weather
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Origin of the concept and the term 
The term "butterfly effect" itself is related to the work of Edward Lorenz,and is based in Chaos 
Theory and sensitive dependence on initial conditions, first described in the literature by Jacques 
Hadamard in 1890[1] and popularized by Pierre Duhem's 1906 book. The idea that one butterfly 
could have a far-reaching ripple effect on subsequent events seems first to have appeared in a 1952 
short story by Ray Bradbury about time travel (see Literature and print here) although Lorenz made 
the term popular. In 1961, Lorenz was using a numerical computer model to rerun a weather 
prediction, when, as a shortcut on a number in the sequence, he entered the decimal .506 instead of 
entering the full .506127 the computer would hold. The result was a completely differentweather 
scenario.[2] Lorenz published his findings in a 1963 paper for the New York Academy of Sciences 
noting that "One meteorologist remarked that if the theory were correct, one flap of a seagull's 
wings could change the course of weather forever." Later speeches and papers by Lorenz used the 
more poetic butterfly. According to Lorenz, upon failing to provide a title for a talk he was to present 
at the 139th meeting of the American Association for the Advancement of Science in 1972, Philip 
Merilees concocted Does the flap of a butterfly’s wings in Brazil set off a tornado in Texas as a title. 
Although a butterfly flapping its wings has remained constant in the expression of this concept, the 
location of the butterfly, the consequences, and the location of the consequences have varied 
widely.[3] 

 
 
 

 

http://en.wikipedia.org/wiki/Edward_Lorenz
http://en.wikipedia.org/wiki/Chaos_Theory
http://en.wikipedia.org/wiki/Chaos_Theory
http://en.wikipedia.org/wiki/Jacques_Hadamard
http://en.wikipedia.org/wiki/Jacques_Hadamard
http://en.wikipedia.org/wiki/Butterfly_effect
http://en.wikipedia.org/wiki/Pierre_Duhem
http://en.wikipedia.org/wiki/Ray_Bradbury
http://en.wikipedia.org/wiki/Butterfly_effect_in_popular_culture
http://en.wikipedia.org/wiki/Butterfly_effect
http://en.wikipedia.org/wiki/New_York_Academy_of_Sciences
http://en.wikipedia.org/wiki/Gull
http://en.wikipedia.org/wiki/Butterfly
http://en.wikipedia.org/wiki/American_Association_for_the_Advancement_of_Science
http://en.wikipedia.org/wiki/Brazil
http://en.wikipedia.org/wiki/Texas
http://en.wikipedia.org/wiki/Butterfly_effect
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These figures show two segments of the three-dimensional evolution of two trajectories (one in blue, 
the other in yellow) for the same period of time in the Lorenz attractor starting at two initial points 
that differ only by 10-5 in the x-coordinate. Initially, the two trajectories seem coincident, as indicated 
by the small difference between the z coordinate of the blue and yellow trajectories, but for t > 23 
the difference is as large as the value of the trajectory. The final position of the cones indicates that 
the two trajectories are no longer coincident at t=30. 
 
Mathematical definition 
A dynamical system with evolution map ft displays sensitive dependence on initial conditions if 
points arbitrarily close become separate with increasing t. If M is the state space for the map ft, then 
ft displays sensitive dependence to initial conditions if there is a δ>0 such that for every point x∈?M 
and any neighborhood N containing x there exist a point y from that neighborhood N and a time 
such that the distance 

 

The definition does not require that all points from a neighborhood separate from the base point x. 

Clinical magnetic resonance imaging (MRI) was introduced in the early 1980s and has become a 
widely accepted and heavily utilized medical technology. This technique requires that the patients 
being studied be exposed to an intense magnetic field of a strength not previously encountered on a 
wide scale by humans. Nonetheless, the technique has proved to be very safe and the vast majority 
of the scans have been performed without any evidence of injury to the patient. In this article the 
history of proposed interactions of magnetic fields with human tissues is briefly reviewed and the 
predictions of electromagnetic theory on the nature and strength of these interactions are 
described. The physical basis of the relative weakness of these interactions is attributed to the very 
low magnetic susceptibility of human tissues and the lack of any substantial amount of 
ferromagnetic material normally occurring in these tissues. The presence of ferromagnetic foreign 
bodies within patients, or in the vicinity of the scanner, represents a very great hazard that must be 
scrupulously avoided. As technology and experience advance, ever stronger magnetic field strengths 
are being brought into service to improve the capabilities of this imaging technology and the 
benefits to patients. It is imperative that vigilance be maintained as these higher field strengths are 
introduced into clinical practice to assure that the high degree of patient safety that has been 
associated with MRI is maintained. So the interaction of a magnetic field is well documented. 
Russian researchers have found the crazy notion that the weaker the magnetic field the greater the 

http://en.wikipedia.org/wiki/Lorenz_attractor
http://en.wikipedia.org/wiki/Dynamical_system
http://en.wikipedia.org/wiki/Neighbourhood_(mathematics)
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effect on biology. Perhaps this accounts for the phenomena of astrology, since the planets are all 
weak magnets with very small but predictable effects on people. 

Sharks' Electro-Sensing Organs Linked to Human Features 

Maryann Mott 

for National Geographic News 

February 14, 2006 

Hunting sharks have the remarkable ability to sense the electric energy generated by prey. Using 
special head organs, the predators can detect even the slightest muscle twitch of a flounder buried 
in sand. But the cellular origin of sharks' electrical "ESP" has remained a mystery—until now. 

Scientists at the University of Florida and the University of Louisiana have identified specialized cells 
as the sources of sharks' powers. 

Embryonic neural crest cells have the ability to become many different structures. (Read an excerpt 
from a National Geographic magazine article on embryonic stem cells.) 

In humans, for example, these cells give rise to head and facial features. 

Using molecular tests of shark embryos, the researchers found genetic evidence of neural crest cells 
in the animals' electricity-sensing organs. 

The findings support the idea that the common ancestor of all vertebrates (animals with spinal 
columns) also detected electric fields. But over time mammals, reptiles, and birds lost the ability, the 
theory goes. 

"Our work is really the first demonstration of the embryonic origin of these organs, and it gives us 
some insight into how they arose during evolution," said Martin Cohn, a developmental biologist at 
the University of Florida Genetics Institute in Gainesville. 

The discovery is reported in the current edition of the journal Evolution and Development. 

Good Sense 

Cohn, along with lead study author Renata Freitas, looked for genetic evidence of neural crest cells 
in embryos of the lesser spotted catshark, a species that mostly hunts at night. The team found 
indications of the cells in the embryos' electro-sensory organs. 

The scientists believe that during development neural crest cells migrate from the sharks' brains into 
various regions of the head. There the cells create the framework for the electro-sensory system. 

The scientists believe that during development neural crest cells migrate from the sharks' brains into 
various regions of the head. There the cells create the framework for the electro-sensory system. 

The process is similar to the development of the lateral line, a sensory organ in fish. The lateral line 
allows the animals to sense environmental conditions, such as temperature. Scientists suspect that 
as ancient vertebrates emerged from the sea, they eventually lost their lateral lines as well as their 
ability to sense electric fields. 

Today only a few species, such as sharks, sturgeons, and lampreys, have strong electro-sensing 
capabilities. The other animals have weak but active capabilities."You can imagine how valuable this 
system would be if you were aquatic, because water is so [electrically] conductive," said James 
Albert, a study co-author. But sensing electric signals doesn't work as well on land, since air isn't a 
good conductor of electricity. "When it happens [on land], it's called a lightning bolt, and you don't 
need special receptors to sense it," Albert said. 

Dyeing to Know 

Sebastian Shimeld, a zoology professor at the University of Oxford in England, is excited by the 
findings. "It adds electro-sensation to the list of neural crest-derived novelties that appear to have 

http://news.nationalgeographic.com/
http://www7.nationalgeographic.com/ngm/0507/feature1/
http://www7.nationalgeographic.com/ngm/0507/feature1/
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been of fundamental importance for the early evolution of the vertebrates," said Shimeld, who was 
not involved in the study. 

But Glenn Northcutt, a professor of neuroscience at the University of California, San Diego, is 
skeptical about the claim that neural crest cells give rise to electro-receptors. More tests are needed, 
he said. "It still requires a definitive experiment, where the developing neural crest cells are marked 
with dye, the embryo develops, and the dye clearly shows up in the electro-receptors," Northcutt 
said. Dye tests are a classic method for mapping cell movements. The tests have been used to 
examine the origins of limbs and brain cells and the activities of cancer cells. 

The following article allows a theory of the action of small and subtle magnetic effects on biology. 

 

VOLTAMMETRY 

Electrochemical sensing methodologies are used in a wide range of applications, from understanding 

the physics of electron transfer (ET) to process monitoring. From a plethora of electrochemical 

techniques, voltammetry, where the electrode voltage is excited in a predetermined manner, has 

been heavily applied for various chemical, biological, environmental and industrial measurements. 

For instance, the widely used cyclic voltammetry, where the voltage excitation is a ramp, has 

provided new insights in phenomena as diverse as neurotransmitter dynamics, protein ET or fuel cell 

technology. Recently, more complicated voltage inputs such as ac voltammetry have been applied in 

order to probe the electrochemical system under investigation on different timescales, explore the 

kinetics and thermodynamics of different processes or selectively target specific process dynamics, 

such as parallel reactions, leading to comparisons with NMR or impedance spectroscopy but with 

the advantage of including in vivo applications.  

 

Despite the obvious advantages of such voltammetric methodologies their application is demanding. 

The major challenge lies in the interpretation of the current response signal. Whilst previous work 

has revealed how the shape of the current response is related to different processes such as kinetic- 

or mass transport- control, it did not offer direct information about the relationship between the 

applied voltage and the resulting patterns in the current response. This is due to the highly nonlinear 

relation between the applied voltage and the transient current response which renders a direct 

association non-intuitive. 

 

How do the parameters of the applied voltage influence the electrochemical current response? 

Indeed, how could the applied voltage waveform be manipulated in such a manner to quantify the 

underlying dynamics even more efficiently? Using voltammetry the experimentalist can apply a wide 

variety of voltage waveforms that can be used to analyse the electrochemical process. Hitherto, such 

possibilities have remained unexplored due to the mainly empirical knowledge regarding such 

processes. For instance, cyclic voltammetry or square wave voltammetry, the two most popular 

voltammetric methods, were developed over 50 years ago and the techniques used to analyse them, 

mostly empirical, have remained essentially the same for the past two decades. The research 

proposed herein will enhance our understanding of the underlying phenomena and the governing 

parameters of such processes. Based on this knowledge we will design more efficient excitations and 

propose rules of extracting the information sought. For instance, the findings of this analysis could 

be used to enable harmonic time-dependent amplitude and frequency excitations, so-called chirps, 

to be used to provide fast and accurate information about various processes occurring on different 

timescales. This would be a significant step towards the use and application of 'tailored' voltage 
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waveforms to interrogate electrochemical systems.  

 

In this project we propose to study these effects theoretically using well-established analytical tools 

for four model cases: (a) an electrochemical species undergoing heterogeneous ET and 

1-dimensional diffusion as in macroelectrode experiments; (b) apply the findings of (a) for very slow 

diffusion (D?0, where D is the diffusivity) in order to include cases for permanently adsorbed species 

on the electrode surface; (c) include uncompensated resistance in (a) and quantify its effect on the 

overall functionalities; and (d) an electrochemical species undergoing heterogeneous ET and 

2-dimensional axis-symmetric diffusion as in microelectrode experiments. In order to conduct this 

research, we combine Dr Siggers', Dr Parker's and Dr Stone's expertise in perturbations methods, 

asymptotic analysis, fluid mechanics and biofluidics with Dr O'Hare's and Dr Anastassiou's 

background on theoretical and experimental aspects of voltammetry 

Weak magnetism shown to affect chemical reaction inside cells. 

by Mark Peplow 

Can magnetic fields affect living creatures? Scientists have spent decades trying to understand how 

migrating birds might sense the Earth's magnetic field, but have never isolated the biochemical 

reactions responsible.  

Others believe that the magnetic fields produced by electrical power lines might be harmful, yet no 

one has found convincing proof of how magnets could have a biological effect. 

Until now. Scientists have demonstrated that a weak magnetic field can affects production of a 

certain molecule found in a photosynthetic bacterium.  

This is the first time a magnetic effect of this kind has been seen, says Peter Hore, a physical chemist 

at the University of Oxford, UK, who led the research effort. 

Chemists already knew that magnetic fields can affect certain chemical reactions involving radicals, 

molecules that contain unpaired electrons. But these reactions rely on molecules not found in living 

creatures. The question remained whether such magnetic-field effects occur in real biological 

systems, says Thorsten Ritz, a biophysicist at the University of California, Irvine. 

Radical approach  

Hore's team used a mutant strain of the bacterium Rhodobacter sphaeroides called R-26. The strain 

lacks a protective chemical known as a carotenoid that normally soaks up damaging radicals: "This 

bacterium was deliberately modified to be sensitive to magnetic fields," explains Hore. "We wanted 

to maximize the field's effect."  

The bacterium contains a pair of chlorophyll molecules, which allow it to harvest energy from light. 

But the process relies on a cascade of chemical reactions that can also turn oxygen from the air into 

a highly reactive form called singlet oxygen, which can damage DNA or proteins in a cell. A magnetic 

field slightly changes this sequence of reactions by stabilizing a radical molecule formed from 

chlorophyll that would otherwise generate singlet oxygen.  

The scientists removed the photosynthetic molecules from R-26 to study them, and found that a 

magnetic field of 20 millitesla, just 400 times the Earth's magnetic field, was enough to cut singlet 
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oxygen production by up to 50%. The team also saw that under this magnetic field, roughly 50 times 

weaker than that generated by the lifting electromagnets found in junkyards, the photosynthetic 

molecules were protected against singlet oxygen damage.  

This suggests that the R-26 bacteria should grow better in a magnetic field, so the researchers are 

now watching laboratory cultures for the effect. They have published their research online in the 

journal Chemical Communications.  

Flying high  
Some scientists have proposed that similar chemistry gives birds their amazing navigational skills. 

There is growing evidence that microscopic magnetic particles in their beaks may help them find 

their way (see " Homing pigeons reveal true magnetism"), but Hore explains that this may only give 

the birds a 'map sense'.  

In other words, the birds build a mental contour map of the ground by simply remembering 

variations in the strength of the Earth's magnetic field as they fly overhead. Hore says that a 

'compass sense' (the ability to identify magnetic north) is more likely to rely on a chemical reaction 

involving radicals.  

"I think the study makes it more plausible that a real biological reaction can exist [in these birds] that 

is sensitive to weak magnetic field effects," agrees Ritz.  

The Shoooo technology capitalizes on the effects of small current. In the science of voltammetry 

there is proof of the scientific fact that all substances have distinct voltammetric fields. The electrons 

and protons in each substance have particular places in space that make upon their nature. How 

they react to each other is a result of that shape and their voltammetric nature. How they accept or 

donate electrons etc. All substances have a trivector shape that is measurable with the QQC. (See 

votammetriaqqc.ro) this three dimensional or trivector signature has been imprinted onto the 

magnetic field of a three field magnetic memory card. This card is then hung around the neck of a 

animal and the magnetic field can stimulate the biology of the animal to build up defense to 

invaders. This is completely safe and proficient. In our preliminary farm tests the researchers found 

25% less infestation of the insect pests when using the strips than in control populations. Further 

testing is presently being done in Europe.  

For review see the trivector and QQC work of Dr. Nelson. 
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Law of Interpretation not Attraction 

The Movie “The Secret” is wrong. You do not completely create the world or the events around you. 
You do completely control your interpretation of the world and the events around you.  
It is not the Law of Attraction, it is an Effect of Attraction. It is a Law of Interpretation. There is the 
law of gravity. What goes up must come down, but there some few exemptions. This constitutes a 
law. It is seldom changed. The Law of Interpretation says that any verbal human will interpret what 
has happened to him based on his experiences, beliefs, and philosophies. He will always impose an 
attempt to explain what happens to him. Even “Shit Doth Happen” is an explanation. 
In physics a weak force can affect things. We have the “observer effect” and the mind has been 
proven to be able to effect things. There is power in the human mind to affect objects. Telekinesis, 
remote viewing, Extra-Sensory Perception etc are all proven to be possible, but the effect is weak. 
But the effect is there. (see the “Proof” movie) 
We can affect our lives and we have some very small control over objects, the world, and the events 
around us. But we have great and complete control over how we interpret the objects, the world, 
and the events around us.  
All of the people in Hiroshima did not wake up that August morning and create the bomb, nor did 
they deserve it. All of them later interpreted the results. Most saw the bomb as a negative event. 
But some saw it as a growing event and a positive result. Nelson Mandela came out of jail after more 
than two decades and saw it as a positive thing. Some people can find the positive in the most 
horrendous events. We completely control the interpretation of the objects, the world, and the 
events around us. Some use negativity to describe the events, some use positivity but all interpret 
the events. All do this from within their own brains. The state of your brain determines the state of 
your interpretation of the world around you.  
Some people are always happy and they learn to find the silver lining in every cloud. Some people 
are always dissatisfied and find fault in all around them. But all of us completely control the 
interpretation of the world around us. We do have some limited control of the world around us but 
we will never have complete control.  
“The Secret” is wrong, in that you cannot just sit at home and think of things and bring them into 
your life. “The Secret” is right that you can affect your life positively and you can dramatically 
increase your chances of getting what you want. If you want to get a job you must fill out an 
application or two. 
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People think there is a law of attraction, but it does not hold out as a way to predict things. If it were 
a law then we could predict things. Example: if someone throws a rock off of a building and there is a 
crowd below, someone in the crowd will get hit by the rock. Now we might say the bad guy got it 
because he deserved it. The good guy got it because he was too good. The sad guy got it because he 
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was negative and he brought it to him. The happy guy got it because he needed to learn a lesson. 
But in truth we do not know who gets it before it is done.  
 
If there were a law we could predict the outcome easily. We could put a crowd in place and let one 
guy focus on wanting the rock to hit him and he does chants of mantras I want the rock. The rest of 
the people do chants of protection and affirmations that they are protected from rocks. We throw 
the rock and no matter how powerful the meditations we just don’t know who will get it till after it 
hits. 
 
After it hits we then are always able to explain it. We say the bad guy got it because he deserved it. 
The good guy got it because he was too good. The sad guy got it because he was negative and he 
brought it to him. The happy guy got it because he needed to learn a lesson. The human mind can 
interpret things very well after the fact. President Gerald Ford said that Hind Sight is 20/20. But Fore 
Sight is just probability theory. The law of interpretation holds fast. 
 
When President Harry Truman dropped two bombs on non-military target cities of women and 
children, there was so much radioactive fallout thrown into the air. If one of these alpha ray or beta 
ray fallout products were to be ingested or breathed in the person would get cancer and die. There 
was such an increase in cancer in America after the three atmospheric detonations of atomic 
weapons of mass destruction that the world had to declare atmospheric atomic detonation illegal. 
Harry S. Truman killed more Americans with fallout over the next fifteen years than he killed 
Japanese on that day. Here once again people interpret his actions based on their own perceptions. 
In some minds he was a hero, in another mind he is a War Crime criminal. But I feel if more people 
knew what happened there would be more people thinking the later. (see the movie “War Crimes 
Trail of Harry S Truman”) 
 
Now who got the radioactive fallout, the good, the bad, the ugly, the deserving? The answer is we 
cannot predict, but we can always explain. Whatever happens people will step forward and explain 
why. You do not completely create the world or the events around you. You do completely control 
your interpretation of the world and the events around you. Your mind interprets what is around 
you. 
In sports we can analyze, study and examine the details of the two teams competing. If there was a 
law of attraction we could always or at least generally predict a winner from who attracts it the 
most. But this is not the case. We must play the game. And no one knows the outcome. But after the 
outcome everyone steps forward with and explanation. Your mind has a weak power to affect your 
surrounding but a strong firm power to interpret events after they are completed.  
The condition of your mind, spirit and soul determines how you perceive the world around you.  
God and The Cosmos 
 
I believe firmly in a God that does guide all of us for growth and spiritual development. This allows 
for karma as well. The theory of the big bang states that all of the energy in the universe or at least a 
big chunk of it came through a singularity in one to the minus forty third of a second. Matter will 
later evolve from condensation of this energy. This means that all things all particles have a quantum 
entwined history. Particles of quantum energy that were once entwined can communicate with each 
other as in Bell’s theorem. The PEAR project proved that there was a connectivity of things and that 
the human mind a known quantum engine could communicate with things. There is a God 
consciousness of the universe. This God consciousness determines who gets the radioactive particle.  
 
We have a part of the God consciousness in us. But just because a drop of water has the same 
characteristics as the ocean the drop should not think it is the ocean. We have some small part of 
this power in us but we need to be humble.  
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So the message to the “What the Beep“people is firmly you can affect your world slightly. God 
controls your world completely. We need to have humility. You need to act not just think. And you 
do control your interpretation of the events completely.  
 
And people will interpret their reality as they see fit, and often this means they will adjust their 
interpretation to fit their belief system. I have seen scientist observe undeniable data on UFO, the 
powers of the mind, psychic phenomena, Ghosts etc and after seeing irrefutable evidence they 
adapt an interpretation to fit their dogma. It is difficult for people to face their disbeliefs.  
We don’t’ create the world around us we interpret how we see it.  
 
They say there is always a quote “RATIONAL EXPLANATION”. Of course the rational human mind 
after the fact can always make a rational explanation. This does not mean it is true but they must do 
it to preserve their belief system. Any rational explanation will do to allow them to drop pursuit into 
paranormal. For maintain a false belief is more important than truth.  
 
Science has lost itself into a search for funding and in saving face. It ignores many obvious truths that 
should get more consideration and Rational explanations are easily accepted for too many 
phenomena that should be explored. Rationality and Rational explanations becomes a religion to 
these people who rationally reject religion.  
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The human mind must try to preserve its integrity. Everything we do has error built in. some would 
say that this alones guarantees the uncertainty problem. But this alone would imply that technology 
might solve the problem with less error. But in fact indeterminacy goes beyond error and extends to 
all things at the core of existence.  
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You Can Take the Indeterminacy principle too far. Even though it is true and we do have Free Will. 
We must act on what we know and try to act on our predictions of outcomes. We need to play the 
game of life as best we can. And see where the outcomes lead us.  
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We need to find a balance of rationality and indeterminacy. The Yin versus Yang. There is a need for 
rational logical linear thought as in Western philosophy, but it is not the only path to knowledge. The 
Eastern ways have more of the other side of the brain working finding dreams, art, beauty, intuition. 
There is a male and female mind, a left and right hemisphere, a dreamer and doer, a ‘see’-er and a 
‘be’-er, a watcher and a player, an active agent and a passive one all in each of us and many more. 
As we learn about the differences and the polarities we learn about ourselves. We learn to be the 
best we can and how to face life when ‘Shit Happens’.  
 
The best doctor is the doctor within. The best teacher is the teacher within. When you discover this 
and you activate it with modesty and humility recognizing what you don’t know is always greater 
than what you know, life is much better. You can do anything it is just a matter of time.  
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Laws Versus Rules 

 
You can call me anything except late for dinner 
But if people respect personal freedom they will call me my chosen name Desire'.  
Some people are more caught up in the way something looks rather than it's true nature and some 
people have limited minds but if you are true to truth, and you respect freedom over conformity 
then You can call me Desire'. I am deeply respectful of the law, in that way I am very very 
conservative. 
 
But I am very suspicious and not respectful of rules. There is a law in South Carolina that says a 
person labeled male on his birth certificate cannot openly dress as a female. So I won't visit South 
Carolina. For the rest of America this is a rule not a law. I do not respect the rules of conformity. I do 
not respect the rules of convention or tradition. I challenge them with one word freedom. Small 
petty minds try to take away freedom and prefer tradition.  
 
Once a FDA agent came into my office in Denver Colorado and he demanded we close up the shop 
because he said homeopathy was illegal. It was a rule he said. I took him into the office and showed 
him the FDA law. The FDA was founded by a homeopath. Homeopathy appears three times in the 
first three pages. He apologized and left.  

You see the law is how we run our society. And our society makes and assumes rules. Many 
governmental people do not know the difference. They even think a rule is sometimes a law. But the 
law is always written on paper and can be read and enforced. Still there are times we need courts to 
decide when police or enforcement people have differing opinions than the public. Such was the 
case in 1996, when the FDA had a rule to ban acupuncture. The FDA thought that this was a law. I 
challenged this rule. And I won acupuncture became a real medical art in March 1996 because of 
me. I used the law to change the rule.  

Right now many people thing that energetic medicine is illegal. This is a rule not a law, and I fight to 
defeat this rule and preserve the law. The law allows energetic medicine today. I am sure that we 
will need to go to a judge to decide this someday.  

I do not break laws. I work diligently to obey laws. The FDA has broken the law in their vendetta 
against me and One day I will prove that. I left America in March right after Judge Matsch made the 
FDA and the Prosecutor dismiss the case against me on leap day 1996. The FDA went to Washington 
in June 1996 and tricked a Grand Jury into illegally making a bogus indictment against me. There was 
no charge against me when I left. So I did not flee, nor am I a fugitive.  

I am a concerned citizen who is waiting for an American judge to rule on the validity of my case 
before I return. I have obeyed every law and always do. But everyone has denied me a judge to rule 
on the validity of the indictment against me. I have been warned of a conspiracy against me to have 
me put away without the chance of seeing a judge how could free me like the last one did.  

 I do not respect nor do I feel obligated to obey rules. Salesmen think that it is a rule they should 
wear a suit. I tried to tell them that most everyone knows to never trust a suit. But he is caught 
between people who are confused by rules and think their rules are law.  

I have changed my name and sex rating in America. There are three American ID papers used, 
Passport, Driver’s License, and Voter’s registration. My medical papers say I am both sexes and can 
chose which one I want. My only driver’s license from Kentucky lists me as Desire’ Dubounet and 
female. My voter’s registration in Colorado is as Desire’ Dubounet and lists me as female as well. So 
by American law I am Desire’ Dubounet and female. This is the law, but for some this voids a rule. 
For some rules are more important than laws. It is a pity. For me law is more important than rules.  
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My name is legally in America, Europe, Africa, and around the world is Desire' Billie Dubounet 
  
I studied the Buddhist way and that the cause of all suffering is Desire. To stop suffering you must 
control Desire. This was my doctoral thesis, in New Orleans. So when I choose my female name I 
choose Desire’ to always remind me that desire has to be controlled. It can be expressed but 
controlled.  
When Dustin Hoffman first became Tootsie in the movie he was in the Russian Tea Room in NY and 
he ordered a Dubonnet with a Twist, I said well I my life has now a twist.  
But Dubonnet is the drink, Dubounet in French is a beautiful sexy bonnet worn by the most elegant 
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of women. I am an elegant woman. Dubounet rhymed with Desire’ so I choose my name. 
For my middle name I choose Delicious, in my stand up comedy I say that  
“Delicious is my middle name. It is not my whole name. It is the name of my hole.” Ta Da drum 
role 
 
By American law of the 14th amendment you can change your name by yourself in most states (not 
in California, but yes in Colorado) but the law says you cannot use trivial sexy terms and the 
specifically use the word “Delicious” as an example of words you can’t use. So I cannot make my 
middle name Delicious. 
 
When my father was born at first they thought the child was female, same with me. So the name on 
his birth certificate is Billie. The female spelling not Billy the male spelling. One week later my 
father's penis popped out and then on the birth certificate you can see where they erased female 
and changed it to male but they did not change the spelling of his name. 
So my dad went thru life with a female name and he was tortured and troubled by the sex identity 
crisis with his hermaphrodite heart. He was bitter, mean, fearful, nasty and cruel and he hated 
almost everybody. He was abusive and brutal to my mother. But he was my dad and to honor him I 
took the middle name Billie. This reminds me of how a person can twist their soul, mind and those 
around him when they have to suppress and repress their inner feelings. It reminds me to love the 
sinner and hate the sin. It reminds me that to suppress a truth is to give it power over you. 

For me to have the courage, the fortitude, the power of mind to be me what I am and not what 
others want me to be. It takes extreme power of personality and intellect.  
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A plot of the Lorenz attractor for values r = 28, ς = 10, b = 8/3 

Chaos theory is a field of study in mathematics, physics, economics and philosophy studying the 
behavior of dynamical systems that are highly sensitive to initial conditions. This sensitivity is 
popularly referred to as the butterfly effect. Small differences in initial conditions (such as those due 
to rounding errors in numerical computation) yield widely diverging outcomes for chaotic systems, 
rendering long-term prediction impossible in general.[1] This happens even though these systems are 
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deterministic, meaning that their future behavior is fully determined by their initial conditions, with 
no random elements involved.[2] In other words, the deterministic nature of these systems does not 
make them predictable.[3] This behavior is known as deterministic chaos, or simply chaos. 

Chaotic behavior can be observed in many natural systems, such as the weather.[4] Explanation of 
such behavior may be sought through analysis of a chaotic mathematical model, or through 
analytical techniques such as recurrence plots and Poincaré maps. 

History 

 
 
Barnsley fern created using the chaos game. Natural forms (ferns, clouds, mountains, etc.) may be 
recreated through an Iterated function system (IFS). 

The first discoverer of chaos was Henri Poincaré. In the 1880s, while studying the three-body 
problem, he found that there can be orbits which are nonperiodic, and yet not forever increasing nor 
approaching a fixed point.[33][34] In 1898 Jacques Hadamard published an influential study of the 
chaotic motion of a free particle gliding frictionlessly on a surface of constant negative curvature. [35] 
In the system studied, "Hadamard's billiards", Hadamard was able to show that all trajectories are 
unstable in that all particle trajectories diverge exponentially from one another, with a positive 
Lyapunov exponent. 

Much of the earlier theory was developed almost entirely by mathematicians, under the name of 
ergodic theory. Later studies, also on the topic of nonlinear differential equations, were carried out 
by G.D. Birkhoff,[36] A. N. Kolmogorov,[37][38][39] M.L. Cartwright and J.E. Littlewood,[40] and Stephen 
Smale.[41] Except for Smale, these studies were all directly inspired by physics: the three-body 
problem in the case of Birkhoff, turbulence and astronomical problems in the case of Kolmogorov, 
and radio engineering in the case of Cartwright and Littlewood.[citation needed] Although chaotic 
planetary motion had not been observed, experimentalists had encountered turbulence in fluid 
motion and nonperiodic oscillation in radio circuits without the benefit of a theory to explain what 
they were seeing. 

Despite initial insights in the first half of the twentieth century, chaos theory became formalized as 
such only after mid-century, when it first became evident for some scientists that linear theory, the 
prevailing system theory at that time, simply could not explain the observed behaviour of certain 
experiments like that of the logistic map. What had been beforehand excluded as measure 
imprecision and simple "noise" was considered by chaos theories as a full component of the studied 
systems. 

The main catalyst for the development of chaos theory was the electronic computer. Much of the 
mathematics of chaos theory involves the repeated iteration of simple mathematical formulas, 
which would be impractical to do by hand. Electronic computers made these repeated calculations 
practical, while figures and images made it possible to visualize these systems. 
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Turbulence in the tip vortex from an airplane wing. Studies of the critical point beyond which a 
system creates turbulence was important for Chaos theory, analyzed for example by the Soviet 
physicist Lev Landau who developed the Landau-Hopf theory of turbulence. David Ruelle and Floris 
Takens later predicted, against Landau, that fluid turbulence could develop through a strange 
attractor, a main concept of chaos theory. 

An early pioneer of the theory was Edward Lorenz whose interest in chaos came about accidentally 
through his work on weather prediction in 1961.[42] Lorenz was using a simple digital computer, a 
Royal McBee LGP-30, to run his weather simulation. He wanted to see a sequence of data again and 
to save time he started the simulation in the middle of its course. He was able to do this by entering 
a printout of the data corresponding to conditions in the middle of his simulation which he had 
calculated last time. 

To his surprise the weather that the machine began to predict was completely different from the 
weather calculated before. Lorenz tracked this down to the computer printout. The computer 
worked with 6-digit precision, but the printout rounded variables off to a 3-digit number, so a value 
like 0.506127 was printed as 0.506. This difference is tiny and the consensus at the time would have 
been that it should have had practically no effect. However Lorenz had discovered that small 
changes in initial conditions produced large changes in the long-term outcome.[43] Lorenz's discovery, 
which gave its name to Lorenz attractors, showed that even detailed atmospheric modelling cannot 
in general make long-term weather predictions. Weather is usually predictable only about a week 
ahead.[25] 

The year before, Benoît Mandelbrot found recurring patterns at every scale in data on cotton 
prices.[44] Beforehand, he had studied information theory and concluded noise was patterned like a 
Cantor set: on any scale the proportion of noise-containing periods to error-free periods was a 
constant – thus errors were inevitable and must be planned for by incorporating redundancy.[45] 
Mandelbrot described both the "Noah effect" (in which sudden discontinuous changes can occur, 
e.g., in a stock's prices after bad news, thus challenging normal distribution theory in statistics, aka 
Bell Curve) and the "Joseph effect" (in which persistence of a value can occur for a while, yet 
suddenly change afterwards).[46][47] In 1967, he published "How long is the coast of Britain? Statistical 
self-similarity and fractional dimension", showing that a coastline's length varies with the scale of 
the measuring instrument, resembles itself at all scales, and is infinite in length for an infinitesimally 
small measuring device.[48] Arguing that a ball of twine appears to be a point when viewed from far 
away (0-dimensional), a ball when viewed from fairly near (3-dimensional), or a curved strand 
(1-dimensional), he argued that the dimensions of an object are relative to the observer and may be 
fractional. An object whose irregularity is constant over different scales ("self-similarity") is a fractal 
(for example, the Koch curve or "snowflake", which is infinitely long yet encloses a finite space and 
has fractal dimension equal to circa 1.2619, the Menger sponge and the Sierpioski gasket). In 1975 
Mandelbrot published The Fractal Geometry of Nature, which became a classic of chaos theory. 
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Biological systems such as the branching of the circulatory and bronchial systems proved to fit a 
fractal model. 

Chaos was observed by a number of experimenters before it was recognized; e.g., in 1927 by van der 
Pol[49] and in 1958 by R.L. Ives.[50][51] However, as a graduate student in Chihiro Hayashi's laboratory 
at Kyoto University, Yoshisuke Ueda was experimenting with analog computers (that is, vacuum 
tubes) and noticed, on Nov. 27, 1961, what he called "randomly transitional phenomena". Yet his 
advisor did not agree with his conclusions at the time, and did not allow him to report his findings 
until 1970.[52][53] 

In December 1977 the New York Academy of Sciences organized the first symposium on Chaos, 
attended by David Ruelle, Robert May, James A. Yorke (coiner of the term "chaos" as used in 
mathematics), Robert Shaw (a physicist, part of the Eudaemons group with J. Doyne Farmer and 
Norman Packard who tried to find a mathematical method to beat roulette, and then created with 
them the Dynamical Systems Collective in Santa Cruz, California), and the meteorologist Edward 
Lorenz. 

The following year, Mitchell Feigenbaum published the noted article "Quantitative Universality for a 
Class of Nonlinear Transformations", where he described logistic maps.[54] Feigenbaum had applied 
fractal geometry to the study of natural forms such as coastlines. Feigenbaum notably discovered 
the universality in chaos, permitting an application of chaos theory to many different phenomena. 

In 1979, Albert J. Libchaber, during a symposium organized in Aspen by Pierre Hohenberg, presented 
his experimental observation of the bifurcation cascade that leads to chaos and turbulence in 
convective Rayleigh–Benard systems. He was awarded the Wolf Prize in Physics in 1986 along with 
Mitchell J. Feigenbaum "for his brilliant experimental demonstration of the transition to turbulence 
and chaos in dynamical systems".[55] 

Then in 1986 the New York Academy of Sciences co-organized with the National Institute of Mental 
Health and the Office of Naval Research the first important conference on Chaos in biology and 
medicine. There, Bernardo Huberman presented a mathematical model of the eye tracking disorder 
among schizophrenics.[56] This led to a renewal of physiology in the 1980s through the application of 
chaos theory, for example in the study of pathological cardiac cycles. 

In 1987, Per Bak, Chao Tang and Kurt Wiesenfeld published a paper in Physical Review Letters[57] 
describing for the first time self-organized criticality (SOC), considered to be one of the mechanisms 
by which complexity arises in nature. Alongside largely lab-based approaches such as the 
Bak–Tang–Wiesenfeld sandpile, many other investigations have centered around large-scale natural 
or social systems that are known (or suspected) to display scale-invariant behaviour. Although these 
approaches were not always welcomed (at least initially) by specialists in the subjects examined, SOC 
has nevertheless become established as a strong candidate for explaining a number of natural 
phenomena, including: earthquakes (which, long before SOC was discovered, were known as a 
source of scale-invariant behaviour such as the Gutenberg–Richter law describing the statistical 
distribution of earthquake sizes, and the Omori law[58] describing the frequency of aftershocks); solar 
flares; fluctuations in economic systems such as financial markets (references to SOC are common in 
econophysics); landscape formation; forest fires; landslides; epidemics; and biological evolution 
(where SOC has been invoked, for example, as the dynamical mechanism behind the theory of 
"punctuated equilibria" put forward by Niles Eldredge and Stephen Jay Gould). Worryingly, given the 
implications of a scale-free distribution of event sizes, some researchers have suggested that 
another phenomenon that should be considered an example of SOC is the occurrence of wars. These 
"applied" investigations of SOC have included both attempts at modelling (either developing new 
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models or adapting existing ones to the specifics of a given natural system), and extensive data 
analysis to determine the existence and/or characteristics of natural scaling laws. 

The same year, James Gleick published Chaos: Making a New Science, which became a best-seller 
and introduced the general principles of chaos theory as well as its history to the broad public. At 
first the domain of work of a few, isolated individuals, chaos theory progressively emerged as a 
transdisciplinary and institutional discipline, mainly under the name of nonlinear systems analysis. 
Alluding to Thomas Kuhn's concept of a paradigm shift exposed in The Structure of Scientific 
Revolutions (1962), many "chaologists" (as some self-nominated themselves) claimed that this new 
theory was an example of such a shift, a thesis upheld by J. Gleick. 

The availability of cheaper, more powerful computers broadens the applicability of chaos theory. 
Currently, chaos theory continues to be a very active area of research, involving many different 
disciplines (mathematics, topology, physics, population biology, biology, meteorology, astrophysics, 
information theory, etc.). 

 

Reversing time 
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Fractal Attractors and Fractal („Chaotic”) Evolutions 

 

 

Fractal 

 
 
The Mandelbrot set is a famous example of a fractal 
 
 
Frost crystals formed naturally on cold glass illustrate fractal process development in a purely 
physical system 
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A fractal is "a rough or fragmented geometric shape that can be split into parts, each of which is (at 
least approximately) a reduced-size copy of the whole," a property called self-similarity. Roots of 
mathematically rigorous treatment of fractals can be traced back to functions studied by Karl 
Weierstrass, Georg Cantor and Felix Hausdorff in studying functions that were continuous but not 
differentiable; however, the term fractal was coined by Benoît Mandelbrot in 1975 and was derived 
from the Latin fractus meaning "broken" or "fractured." A mathematical fractal is based on an 
equation that undergoes iteration, a form of feedback based on recursion.] 

A fractal often has the following features: 

 It has a fine structure at arbitrarily small scales. 
 It is too irregular to be easily described in traditional Euclidean geometric language. 
 It is self-similar (at least approximately or stochastically). 
 It has a Hausdorff dimension which is greater than its topological dimension (although this 

requirement is not met by space-filling curves such as the Hilbert curve).[4] 
 It has a simple and recursive definition. 

Because they appear similar at all levels of magnification, fractals are often considered to be 
infinitely complex (in informal terms). Natural objects that are approximated by fractals to a degree 
include clouds, mountain ranges, lightning bolts, coastlines, snow flakes, various vegetables 
(cauliflower and broccoli), and animal coloration patterns. However, not all self-similar objects are 
fractals—for example, the real line (a straight Euclidean line) is formally self-similar but fails to have 
other fractal characteristics; for instance, it is regular enough to be described in Euclidean terms. 

 
This chapter seeks to acquaint the reader with a theory that evolved independently of fractals, but is 
being penetrated by them. Its most common name is "theory of strange attractors and of chaotic (or 
stochastic) evolution," but reasons for giving it the new name in the title will, I hope, emerge in this 
chapter. 
Its involvement with fractals would suffice to justify mentioning this theory in this Essay, and I see 
reasons for devoting a full chapter to it. A practical reason is that little special exposition is required, 
because several major themes can be presented by merely reinterpreting the results. 
Secondly, several features of the fractal geometry of nature become clarified when contrasted with 
the theory of fractal attractors. Indeed, my work is concerned primarily with shapes in the real space 
one can see, at least through the microscope, while the theory of attractors is ultimately concerned 
with the temporal evolution in time of points situated in an invisible, abstract, representative space. 
This contrast is especially striking in the context of turbulence: turbulent intermittency was the first 
major problem I attacked (starting in 1964) using early forms of fractal techniques, and (quite 
independently) the theory of strange attractors took off for earnest with the study of turbulence in 
Ruelle & Takens 1971. Thus far, the two approaches have not met, but they are bound to meet soon. 
Those interested in the sociology of science will savor the fact that, while my case studies that linked 
the mathematical monsters to real physical shapes encountered resistance, the abstract attractors' 
being monstrous shapes was accepted with equanimity. 
A third reason for mentioning fractal at-tractors is suggested by the fact that the corresponding 
evolutions look "chaotic" or "stochastic.". Many scholars question the use of randomness in science; 
now the hope has arisen that it will be justified via fractal attractors. 
Finally, those who have accepted many chapters ago (or one or two Essays ago) my contention that 
many facets of nature can only be described with the help of certain sets previously reputed 
pathological may be impatient to move from "how" to "why." Expository accounts have 
demonstrated in several cases that it is not difficult to sugar-coat the geometric frames 
in previous chapters, making them more immediately palatable. But a taste for fractals is 
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one I wanted the reader to ac-quire, however bitter it may first seem to most grown scientists. 
Furthermore, pseudo-explanation via sugar-coating is never compel-ling, in my opinion.. 
Therefore, explanation was downplayed, except when a compelling on e is available. In 
addition, I suspect that many further genuine explanations will come forth when fractal 
attractors become a foundation of the fractal geometry of visible natural shapes. 
Since the transforms that have attractors are nonlinear, the visible fractals are likely not 
to be self-similar. This is fine: there was a paradox in my use of the fractal counterpart of 
the straight line to handle phenomena ruled by nonlinear equations. The scaling fractals 
that account well for a natural phenomenon would be local approximations to nonlinear 
fractals. 

 
THE NOTION OF ATTRACTOR 
 
The present chapter centers around a long neglected observation due to Henri Poincare: The 
"orbits" of nonlinear dynamical systems may be "attracted" to odd sets that I identify as nonlinear 
fractals. 
Let us first examine the simplest attractor: a point. The "orbit" followed by the motion of  a 
small ball put inside a funnel begins with wiggles that depend on its initial position and velocity, but 
converges eventually to the funnel's tip; if the ball is bigger than the funnel aperture, it comes to rest 
at the tip. The tip is a stable equilibrium point, or stable fixed point, for the ball. In a nice alternative 
descriptive terminology (which one must be careful not to interpret in anthropocentric terms), the 
funnel's tip is called an attractor point. 
A physical system may also have a stable attracting circle or ellipse. For example, it is believed (and 
fervently hoped, though no one will live long enough to care) that the solar system is stable, 
meaning that Earth's orbit, if perturbed, would eventually be "attracted back" into its present rut. 
More generally, a dynamical system is customarily defined as follows: Its state at time t is a point 
o(t) on the line, in the plane, or in some higher dimensional Euclidean "phase space" IRE, and its 
evolution between the times t and t+At is determined by rules in which the value of t does not enter 
explicitly. Each point in phase space can be taken as the initial state 6(0) at t=O, and it is followed by 
an orbit defined by the cr(t) for all t>O. 
The major distinction between such systems concerns the geometric distribution of v(t) for large t's. 
A dynamical system is said to have an attractor if there exists a proper subset .4 of the phase space 
IRE, such that for almost all starting points a(0), and t large enough, u(t) is close to some point of A. 
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THE NOTION OF REPELLER 
 
On the other hand, a ball can be poised in unstable equilibrium on a pencil's point. When the initial 
position is near this equilibrium, the ball seems to be pushed away, before converging to 
stable equilibrium elsewhere. 
The set of all unstable equilibrium states, plus their limit points, is called repeller. 
In many cases, the repellers and attractors exchange roles by turning the equations around. When 
the force is gravitation, it suffices to invert the direction of gravity. For example, consider a largely 
horizontal sheet with a dip in both directions. When a ball is positioned on the sheet's upper side 
and gravity points down, let A denote the attractor dip and R the repeller dip. When the ball is 
repositioned on the sheet's lower side and gravity  points up, A and R exchange roles. Such 
ex-changes play a central role in this chapter. 
 
FRACTAL ATTRACTORS. "CHAOS" 
 
Much of textbook mechanics concerns dynamical systems whose attractors are points, near-circles, 
or other shapes from Euclid. But these are rare exceptions, and the behavior of most dynamic 
systems is incomparably more complicated: their attractors or repellers tend to be 
fractals. The next few sections describe examples where time is discrete, with ∆t=1.  
AN ATTRACTOR THAT IS A DUST .  THE α OF FEIGENBAUM.  The simplest example is ob-
tained through squaring. As prelude, consider yet another representation of the Cantor 
dust C with N=2 and r<  1/2, spanning [—r/(1—r), r/(1—r)]. This C is the limit of C n,  
defined as the set of points of the form ±r±r 2±... ±rn.  As n → n + 1 ,  each point of e n  
bifurcates into 2, and C is the outcome of an infinity of bifurcations.  

Interpreting P. Grassberger (preprint), the attractor Aƛ of x→ƛX(1—x) for real ƛ is analogous, to C n, 
but with 2 distinct ratios of similarity, one of which is Feigenbaum's 1 / α ≈ 3995. . .  (Feigenbaum 
1981). After an infinity of bifurcations, this attractor is a fractal dust A with D ≈ 538. 
"CHAOS". No point of A is visited twice in finite time, Many authors describe evolutions on fractal 
attractors as "chaotic." 

SELF-AFFINE TREES.  Juxtaposing the Aƛ in the (x,ƛ) plane, one obtains a tree. Since 
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δ ≈ 4 . 6 6 9 2 ≠α, this tree is asymptotically self-affine with a residue. 
COMMENT. The theory should ideally focus upon intrinsically interesting and realistic (but simple) 
dynamical systems, whose attractors are fully understood fractals. The strange attractors  
literature—though extremely important--is far from this ideal: its fractals arc usually incompletely 
understood, few are intrinsically compelling, and most fail to be solutions to well-motivated 
problems. 
I was therefore led to devise "dynamical systems" that amount to seeking new questions to obtain 
old and pleasant answers. That is, I contrived problems so that their solutions are familiar fractals. 
Somewhat surprisingly, these systems are of interest. 
 

SELF INVERSE ATTRACTORS 
 
We describe the L sets of Poincare chains as being both the smallest self-inverse sets and limit sets. 
To restate this last property: given an arbitrary starting point Po, every point of L is approached 
arbitrarily closely by transforms of Po by sequences of inversions. Now suppose that this sequence 
of inversions is selected by a separate process, independent from the present and past positions of 
P. Under wide conditions, the resulting sequences of P's can always be expected, and is often actu-
ally shown, to be attracted by L.  In this fashion, the enormous literature concerning the groups 
based upon inversions is interpreted in terms of dynamical systems. 
 

"TIME" REVERSAL 
 
My search for further systems with interesting fractal attractors moved on to the trove of known 
systems with geometrically standard attractors but interesting repellers. To invert the roles of these 
two sets, thus making time run backward, is possible as long as the operations of the dynamical 
systems have inverses (orbits never join or cross) so that knowledge of ς(t)  determines all δ(t') for 
t'<t. However, the specific systems in which we want to re-verse time, are different. Their orbits are 
like rivers: the path is uniquely determined in the downhill direction, but in the uphill direction each 
fork involves a special decision. 
For example, let us try and invert the V-transformation f(x) that gives the Cantor dust. Two different 
inverse functions arc defined for x> 1.5, and one may agree to transform all x>1.5 into x=½. Simi-

larly, x→ƛx(1—x) has two possible inverses. In either case, a meaningful inversion requires 
choosing between two functions. In other examples, the number of possibilities is even larger. Again, 
we want them to be selected by a separate process. These thoughts point to generalized dynamical 
systems, to be introduced and described in the following section. 

 
DECOMPOSABLE DYNAMIC SYSTEMS  
(MANDELBROT 1980n) 

 
We demand that one of the coordinates of the state ς(t)—call it d etermi n i n g  index ,  and denote 
it by ς(t)—evolves independently of the state of the other E—1 coordinates—call it ς*(t)---while 
the transformation from ς*(t)  to ς*( t + 1 )  is determined by both ς*  (t) and ς*’(t). In the 
examples I studied most, the transformation ς*( t ) →  ς*( t + 1 )  is chosen in a finite collection of 

G different possibilities ףg, which may be selected according to the value of some integer-valued 

function g (t )  = -ƴ*σt(t)]. Thus, I studied dynamics in the product of the ς*-space by a finite index 
set. 
In fact, in the examples that motivate this generalization, the sequence g( t)  either is random or 
behaves as if it were. This Essay does not tackle randomness, but I doubt this is a serious difficulty. 
More serious is the fact that dynamical systems are the very model of fully deterministic behavior, 
hence are forbidden to accommodate randomness! However, one can inject its effects with-out 
actually postulating it, by taking for g(t) the value of a sufficiently mixing ergodic 
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process. For example, one can take an irrational number β, and make g(t) the integer 
part of ς * ( t )  = β*σ*  (0). The necessary statements, being easy in principle but 
cumber-some, will not be written here.  
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THE ROLE OF "STRANGE" ATTRACTORS 
 

Students of "strange" attractors advance the following two-part argument: A) Granted that 
dynamic systems with standard attractors cannot explain turbulence, perhaps it can be explained by 
topologically "stranger" attractors. (This recalls my independent argument, that when a 
differential equation has no standard singularities, one ought to try fractal singularities.) B) 

The attractors of absurdly simple systems, such as z→ƛz(1—z) for real ƛ and z in [0,1], are 
strange and in many ways characteristic of more complex and more realistic systems. Therefore, 
there can be no doubt that topologically strange attractors are the rule. 
 

THE TERMS "FRACTALS" VS. "STRANGE"  
 
EVERY KNOWN "STRAN GE"  ATTRACTOR IS A FRACTAL. D has been evaluated for many 
"strange" attractors. In all cases, D>DT .  
Hence, these attractors are fractal sets. For many strange attractor fractals, D is not a 
measure of irregularity but of the way smooth  curves or surfaces pile upon each 
other—a variant of fragmentation. 
A famous attractor, called solenoid, was introduced in two stages by S. Smale. The 
original definition was purely topological, leaving D undefined, but a revision was made 
metric (Smale 1977, p. 57). For this revision, D was evaluated in Mandelbrot 1978b 
which injected D into the study of strange attractors.  For the Saltzman-Lorenz attractor 
with v=40, ς=16, and β=4, the value D=2.06 was obtained independently by M. G. 
Velarde and Ya. G. Sinai, (private conversations). This D is above 2, but not by much, 
meaning that this attractor is definitely not a standard surface, but that it is not far 
from being one. Mori & Fujisaka 1980 confirms my D for the Smale attractor and the D 
for the Saltzman-Lorenz attractor. For the Henan mapping. with a=1.4 and b=0. 3,  they 
find D=1.26. Many other articles to the same effect are on the way.  
CONVERSE. Whether or not all fractal at-tractors are strange is a matter of semantics. 
Increasing numbers of authors agree with me that for most purposes an attractor is strange 
when it is a fractal. This is a healthy attitude, if "strange "  is taken to be a synonym to 
"monstrous," "pathological," and other epi thets once applied to individual fractals.  
But "strange "  is sometimes given a technical sense, one so exclusive that the 
Saltzman-Lorenz attractor is not "strange,"but "strange-strange." In this light, an 
attractor's "strangeness"  involves nonstandard topological properties, with nonstandard 
fractal properties coming along as an "overhead." A closed curve without double points 
is not "strange" in this sense, however crumpled it may be; hence, many fractal 
at-tractors I examined are not strange.  
With this definition of "strange," the argument in the preceding section ceases to be 
compelling. But it becomes compelling again if strangeness is modified from being a 
topological to being a fractal notion. Thus, I think that those who define "strange "  as 
"fractal "  deserve to win. Since indeed they are winning, there is little reason to pres erve 
a term whose motivation vanished when I showed that fractals are no stranger than 
coastlines or mountains. Anyhow, I cannot conceal a personal dislike for the term 
"strange." 
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ATTRACTION TO FRACTALS 

 
These two shapes illustrate long orbits of successive positions of two decomposable dynamical 
systems. The Pharaoh's Breastplate in Plate 199 is self-inverse being based upon 4 inversions 
selected to insure that the limit set oL' is a collection of circles. The San Marco dragon in Plate 198 
is self-squared, being based upon the two inverses of x→3x(1-x) .  
The determining index is chosen among 4, respectively 2, possibilities, using a pseudo-random 
algorithm repeated 6 4 , 0 0 0  times. The first few positions are not plotted. 
Regions in the neighborhoods of cusps and self-intersections are very slow to fill. 
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Put a cd in a micro wave and see Fractal lines form  
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CHANCE AS A TOOL IN MODEL MAKING 
 
Although the basic fractal themes involve exclusively deterministic constructions, the full meaning 
and practical relevance of these themes are not apparent until one tackles random fractals. And 
conversely, the study of fractals seems, at least to this writer, to in-crease one's understanding of 
randomness. 
A first reason to inject chance is familiar to every scientist, yet deserves comment in this chapter ,  
among less generally familiar remarks of a general nature. The following idea opens new vistas and 
shows that chance is also needed for reasons specific to the study of fractals. 

(X) DENOTES AN EXPECTATION; THE ABBREVIATION FOR PROBABILITY IS Pr  
 

Each discipline seems to denote the expectation of the random variable X differently. The physicists' 
notation (X) is adopted in this Essay, because it has the virtue of including its own portative 
parentheses. 
Given a function B(t), and its ∆B(t) = B(t+∆t)—B(t), I call (∆B(t)) the delta mean, and 
(*∆B(t)—(A∆(t))+²) the delta variance. 
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RANDOM MODELS' STANDARD ROLE 
 
Let us go back to the question "How long is the coast of Britai n?"  Much as it reminds us of real 
maps, the Koch curve has major defects which we encounter almost unchanged in early models of 
every other phenomenon studied in this Essay. Its parts are identical to each other, and the 
self-similarity ratio r must be part of a scale of the form b—k, where b is an integer, namely, 1/3, 
(1/3)2, and so on. 
One might improve the model by invoking more complicated deterministic  algorithms. However, 
this approach would be not only tedious, but doomed to failure, because each coastline is molded 
throughout the ages by multiple influences that are not recorded and cannot be 
reconstituted in any detail. The goal of achieving a full description is hopeless, and should 
not even be entertained. 
In physics, for example in the theory of Brownian motion,  the key out of this difficul ty lies 
in statistics. In geomorphology, statistics is even harder to avoid. Indeed, while the laws of 
mechanics affect molecular motion directly, they affect geomorphological pat -terns 
through many ill-explored intermediates. Hence, even more than the physicist, the geo-
morphologist is compelled to forsake a precise description of reality and to use statistics. 
In other fields which we shall explore, the cur -rent knowledge of local interactions lies 
some-where between physics  and geomorphology. 
 

SEARCH FOR THE RIGHT AMOUNT OF CHANCE IRREGULARITY  
 
Can chance bring about the strong degree of irregularity encountered, say, in coastlines? Not only 
does it, but in many cases it goes beyond the desired goal. In other words, the power of chance is 
widely underestimated. The physicists' concept of randomness is shaped by theories in which chance 
is essential at the microscopic level, while at the macroscopic level it is insignificant. Quite to the 
contrary, in the case of the scaling random fractals that concern us, the importance of chance 
remains constant on all levels, including the macroscopic one. 
 

A PRAGMATIC USE OF CHANCE 
 
The relationship between statistical unpredictability and determinism raises fascinating questions, 
but this Essay has little to say about them. It makes the expression "at random" revert to its intuitive 
connotation at the time when medieval English borrowed it from French. The phrase " u n  cheval a 
randon" is  reputed to have been unconcerned with either mathematical axiomatics or equine 
psychology, and merely denoted irregular motion the horseman could not predict.  
Thus, while chance evokes all kinds of quasi-metaphysical anxieties, this Essay is determined to be 
little concerned with whether or not, in Einstein's words, "the Lord plays with dice." The theory of 
probability is the only mathematical tool available to help map the unknown and the uncontrollable. 
It is fortunate that this tool, while tricky, is extraordinarily powerful and convenient. 
 

FROM RECURSIVITY TO RANDOMNESS 
 
Furthermore, probability theory can be introduced to fit smoothly within the recursive methods that 
predominate in this Essay. In other words, this Essay's second half follows the first half without 
discontinuity. We shall continue to concentrate on cases where both the mathematical definition 
and the graphics algorithm can be written in the form of a "processor program" with an internal 
loop, and each run around the loop adds fresh detai l  to what has been drawn on previous 
runs. 
The familiar loop that generates the triadic Koch curve reduces to this processor pro-gram. But other 
nonrandom fractals involve in addition a "control program," which we must now emphasize, and 
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whose functions evolve interestingly but progressively toward in-creased generality. In a first step, 
the caption of Plate 46 observes that certain Koch genera-tors can be used either in straight (S) or 
flipped (F) variants, hence their processor needs a controller to tell it before each loop whether to 
use S or F. In general, different control sequences yield different fractals. Hence, for each choice of 
M and of the corresponding D, the fractal loop of Plate 46 is not really one curve but an infinite 
(denumerable) fa mi l y  of curves, one for each control sequence. The controller may either read his 
sequence from a tape, or interpret a  compact instruction of the form "al ternate S and F," or "let 
the k-th stage use S (or F) whenever the k-th decimal of It is even (or odd)." 
 

RANDOMNESS / PSEUDORANDOMNESS 
 
Many random fractals  involve precisely the same pattern: an interpreting controller followed by 
a processor. This fact is  often hidden (sometimes to make things look harder), but is clearcut 
in the desirable cases whose definition is explicitly recursive. 
The very simplest controller is called "sequence of throws of a fair coin," but I have never used 
one. In today's computer environment, the controller is a "random number g enerator. "  Its input, 
called seed, is an integer with a prescribed number M of binary digits. (M is determined by the 
equipment; when fewer than M digits are typed in, the front is filled in with zeros.) The controller's 
output is a sequence of 0 and 1. In simulations of a Bernoulli game, each digit stands for the result of 
the toss of a fair coin. And a game of  1 , 0 0 0  coin tosses is really a sequence of 1 , 0 0 0  
individual pseudo-random digits. 
But one can also imagine that there exists somewhere a big book of 21000 pages, in which each 
possible outcome of 1 , 0 0 0  coin tosses is recorded on a separate page. Thus, any game of 1 , 0 0 0  
tosses can be specified by selecting a page in this book. The parameter of chance is simply the page 
number, i.e., the seed. 
More generally, the controller's output is often sliced into chunks of A integers. Then, by adding a 
decimal point in front, each chunk is made into a fraction U, and this fraction is called "random 
variable uniformly distributed between 0 and 1. "  
The output of a practical random set generator is not a single function or shape, but a virtual 
"g rand  portfolio" of 2A pages, each devoted to a single shape. Again, the page numbers are the 
seeds. 
The botanical analogy implies of course that the seeds are all of the same species and variety. One 
allows for "defective seeds" that produce very atypical plants, but one expects the overwhelming 
majority of plants to differ in detail but be the same on essentials. 
The random number generator is the hinge of any simulation. Upstream are operations 
that involve in every case the same interface between number theory and probability 
theory, and are independent of the program's goals. They are exemplary of deterministic 
transformations that mimic randomness as described by  the theory of probability. 
Down-stream lie steps which vary according to the simulation's objective.  
The move from this practical environment to full -fledged recursive probability is a natu-
ral one. The main change is that fractions with a finite number o f digits are replaced by 
real numbers. The seeds become the mysterious "elementary events" which 
mathematical probabilists denote by the letter w. -a To "interpret" w into an infinite 
sequence of real control variables, Paley & Wiener 1934 sug gests converse Cantor 
diagonalization. 

 
EMPTY INVOCATION OF CHANCE VERSUS ACTUAL DESCRIPTION 

 
The preceding section argues that the theory of chance is not really difficult. Unfortunately, it is not 
really easy. One is tempted to say that, to achieve a model of coastlines free of the defects of the 
Koch curve but preserving its assets, it suffices to deform the different portions of the curve and to 
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modify their sizes, all at random, then string them together in random order. 
Such an invocation of chance is allowable in preliminary investigations, and our early chapters 
indulge in it freely. It is not sinful, unless it is hidden from the reader or is not recognized by the 
writer. And in some cases it can be implemented. In other cases, merely to invoke chance is an 
empty gesture. Indeed, rules that generate acceptable random curves are very hard to describe, 
because geometric sets are imbedded in a space. By merely varying at random the shapes, the sizes, 
and the order of a coastline's parts, one tends to be left with pieces that will not fit together. 

 
NONCONSTRAINED AND SELF-CONSTRAINED CHANCE 

 
Thus we hit immediately upon an informal distinction of great practical impact. Some-times our 
controller followed by a processor may go through their loops without having to inspect the earlier 
loops' effects, because there is no fear of a resulting mismatch. One can say such models involve a 
nonconstrained form of chance. Otherwise, late stages of the construction are constrained by the 
outcome of earlier stages, and/or chance is strongly self-constrained by the geometry of space. 
To exemplify the contrast, the 2n-sided polygons on a lattice, including the self-intersecting ones, 
raise an easy problem of combinatorics. And one can generate such a polygon by nonconstrained 
chance. But coastlines must not self-intersect, and counting the numbers of polygonal 
approximations of coastlines is a problem of strongly self-constrained chance, that continues to 
elude the best minds. 
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Chapter 2 

Constants-what fell out of the big bang 

List of scientific constants named after people 

This is a list of physical and mathematical constants named after people. 
 
For other lists of eponyms (names derived from people) see eponym 
For a list of eponyms sorted by name see List of eponyms 
Archimedes' constant — Archimedes 
Avogadro's number — Amedeo Avogadro 
Bohr magneton — Niels Bohr 
Bohr radius — Niels Bohr 
Boltzmann constant — Ludwig Boltzmann 
Cabibbo angle — Nicola Cabibbo 
Chandrasekhar limit — Subrahmanyan Chandrasekhar 
Coulomb's constant — Charles-Augustin de Coulomb 
Eddington number — Arthur Stanley Eddington 
Euler's constant — Leonhard Euler 
Faraday constant — Michael Faraday 
Feigenbaum constants — Mitchell Feigenbaum 
Hartree energy — Douglas Hartree 
Hubble's constant — Edwin Hubble 
Josephson constant — Brian David Josephson 
Loschmidt constant — Johann Josef Loschmidt 
Planck's constant — Max Planck 
Rydberg constant — Johannes Rydberg 
Sackur-Tetrode constant — Otto Sackur and Hugo Tetrode 
Stefan-Boltzmann constant — Jožef Stefan and Ludwig Boltzmann 
von Klitzing constant — Klaus von Klitzing 
Wien displacement law constant — Wilhelm Wien 
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Rydberg constant 

The Rydberg constant, named after the Swedish physicist Johannes Rydberg, is a physical 
constant relating to atomic spectra in the science of spectroscopy. Rydberg initially 
determined its value empirically from spectroscopy, but it was later found that its value 
could be calculated from more fundamental constants by using quantum mechanics. 
The Rydberg constant represents the limiting value of the highest wavenumber (the inverse 
wavelength) of any photon that can be emitted from the hydrogen atom, or, alternatively, 
the wavenumber of the lowest-energy photon capable of ionizing the hydrogen atom from its 
ground state. The spectrum of hydrogen can be expressed simply in terms of the Rydberg 
constant, using the Rydberg formula. 

  

 Value of the Rydberg constant 
Making use of the simplifying assumption that the mass of the atomic nucleus is infinite 
compared to the mass of the electron, the constant is (according to 2002 CODATA results): 

 
where 
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is the Planck's constant, 
is the rest mass of the electron 

is the elementary charge 
is the speed of light in vacuum, and 

is the permittivity of free space 
This constant is often used in atomic physics in the form of an energy: 

 
Two complications arise. One is that one may wish to discuss a hydrogen-like ion, i.e., an 
atom with atomic number Z that has only one electron. In this case, the wavenumbers and 

photon energies are scaled up by a factor of Z2
. The other is that the mass of the atomic 

nucleus is not actually infinite compared to the mass of the electron. The predicted 
spectrum must then be corrected by substituting the reduced mass for the mass of the 
electron, resulting in: 

 
 
where, 

is the Rydberg constant for a certain atom with one electron with the rest mass  
is the mass of the atomic nucleus 

The Rydberg constant is one of the most well-determined physical constants, with a relative 
experimental uncertainty of less than 7 parts per trillion. The ability to measure it directly 
to such a high precision constrains the proportions of the values of the other physical 
constants that define it 
 
Alternative expressions 
 
The Rydberg constant can also be expressed as the following equations. 
 

 
and 

 
where 
 

is Planck's constant,  
is the speed of light in a vacuum,  
is the fine-structure constant,  

is the Compton wavelength of the electron,  

is the Compton frequency of the electron,  
is the reduced Planck's constant, and  

is the Compton angular frequency of the electron.  
 
The derivation of Rydberg constant from quantum mechanics 
 
Historically, the Rydberg equation was found empirically (experimentally), and it predated 
the development of quantum theory. (See Rydberg formula for a full discussion of its 
discovery.) To understand its significance in terms of the quantum theory, we can start from 
the equation 
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for the energy of the electron in the nth energy state, as can be derived either from the Bohr 
model or from a fully quantum-mechanical treatment of the hydrogen atom. Therefore a 

change in energy in an electron changing from one value of n to another is 

 
 

We simply change the units to wavelength  and we 
get 
 

 
where 

is Planck's constant 
is the rest mass of the electron 

is the elementary charge 
is the speed of light in vacuum, and 

is the permittivity of free space 
and being the electron shell number of the hydrogen atom 

 
We have therefore found the Rydberg constant for hydrogen to be 

 
 
 

Boltzmann constant 

Values of k[1] Units 

1.380 6504(24) × 10−23 J K−1 

8.617 343(15) × 10−5 eV K−1 

1.380 6504(24) × 10−16 erg K−1 

For details, see Value in different units below. 

 
The Boltzmann constant (k or kB) is the physical constant relating energy at the particle 
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level with temperature observed at the bulk level. It is the gas constant R divided by the 
Avogadro constant NA 

 
It has the same units as entropy. It is named after the Austrian physicist Ludwig Boltzmann. 
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Bridge from macroscopic to microscopic physics 
Boltzmann's constant k is a bridge between macroscopic and microscopic physics. 
Macroscopically, the ideal gas law states that, for an ideal gas, the product of pressure p and 
volume V is proportional to the product of amount of substance n and absolute temperature 
T: 
 

 
 
where R is the gas constant (8.314 472(15) J K−1 mol−1). Introducing the Boltzmann constant 
transforms the ideal gas law into an equation about the microscopic properties of molecules, 
 

 
 
where N is the number of molecules of gas 
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Role in the equipartition of energy 
Given a thermodynamic system at an absolute temperature T, the thermal energy carried by 
each microscopic "degree of freedom" in the system is on the order of magnitude of kT/2 
(i.e., about 2.07 × 10−21 J, or 0.013 eV at room temperature) 
 
Application to simple gas thermodynamics 
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In classical statistical mechanics, this average is predicted to hold exactly for homogeneous 
ideal gases. Monatomic ideal gases possess three degrees of freedom per atom, 
corresponding to the three spatial directions, which means a thermal energy of 1.5kT per 
atom. As indicated in the article on heat capacity, this corresponds very well with 
experimental data. The thermal energy can be used to calculate the root mean square speed 
of the atoms, which is inversely proportional to the square root of the atomic mass. The root 
mean square speeds found at room temperature accurately reflect this, ranging from 
1370 m/s for helium, down to 240 m/s for xenon. 
 
Kinetic theory gives the average pressure p for an ideal gas as 

 
 
Substituting that the average translational kinetic energy is 
 

 
 
gives 
 

 
 
so the ideal gas equation is regained. 
 
The ideal gas equation is also followed quite well for molecular gases; but the form for the 
heat capacity is more complicated, because the molecules possess new internal degrees of 
freedom, as well as the three degrees of freedom for movement of the molecule as a whole. 
Diatomic gases, for example, possess (approximately) five degrees of freedom per molecule. 
 
Role in Boltzmann factors 
 
More generally, systems in equilibrium with a reservoir of heat at temperature T have 
probabilities p of occupying states with energy E weighted by the corresponding Boltzmann 
factor: 
 

 
 
Again, it is the energy-like quantity kT which takes central importance. 
 
Consequences of this include (in addition to the results for ideal gases above) the Arrhenius 
equation in chemical kinetics. 
 
Role in the statistical definition of entropy 
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Boltzmann's grave in the Zentralfriedhof, Vienna, with bust and entropy formula 
 
 
In statistical mechanics, the entropy S of an isolated system at thermodynamic equilibrium is 
defined as the natural logarithm of W, the number of distinct microscopic states available to 
the system given the macroscopic constraints (such as a fixed total energy E): 
 

 
 
This equation, which relates the microscopic details, or microstates, of the system (via W) to 
its macroscopic state (via the entropy S), is the central idea of statistical mechanics. Such is 
its importance that it is inscribed on Boltzmann's tombstone. 
 
The constant of proportionality k serves to make the statistical mechanical entropy equal to 
the classical thermodynamic entropy of Clausius: 
 

 
 
One could choose instead a rescaled entropy in microscopic terms such that 
 

 
 
This is a rather more natural form; and this rescaled entropy exactly corresponds to 
Shannon's subsequent information entropy. 
The characteristic energy kT is thus the heat required to increase the rescaled entropy by 
one nat. 
 
Role in semiconductor physics: the thermal voltage 
 
In semiconductors, the relationship between the flow of electrical current and the 
electrostatic potential across a p-n junction depends on a characteristic voltage called the 
thermal voltage, denoted VT. The thermal voltage depends on absolute temperature T as 
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where q is the magnitude of the electrical charge on the electron with a value 
1.602 176 487(40) × 10−19 C. In electronvolts, the Boltzmann constant is 
8.617 343(15) × 10−5 eV/K, making it easy to calculate that at room temperature (≈ 300 K), 
the value of the thermal voltage is approximately 25.85 millivolts ≈ 26 mV. 
 
Boltzmann's constant in Planck units 
 
Planck's system of natural units is one system constructed such that the Boltzmann constant 
is 1. 
This gives 
 

 
 
as the average kinetic energy of a gas molecule per degree of freedom; and makes the 
definition of thermodynamic entropy coincide with that of information entropy: 
 

 
 
The value chosen for the Planck unit of temperature is that corresponding to the energy of 
the Planck mass—a staggering 1.416 785(71) × 1032 K. 
 
History 
 
Although Boltzmann first linked entropy and probability in 1877, it seems the relation was 
never expressed with a specific constant until Max Planck first introduced k , and gave an 
accurate value for it (1.346 × 10−23 J/K, about 2.5% lower than today's figure), in his 
derivation of the law of black body radiation in 1900–1901.[2] Before 1900, equations 
involving Boltzmann factors were not written using the energies per molecule and 
Boltzmann's constant, but rather using a form of the gas constant R, and macroscopic 
energies for macroscopic quantities of the substance. The iconic terse form of the equation 
S = k log W on Boltzmann's tombstone is in fact due to Planck, not Boltzmann. 
 
This constant is often referred to as Boltzmann's constant, although, to my knowledge, 
Boltzmann himself never introduced it — a peculiar state of affairs, which can be explained 
by the fact that Boltzmann, as appears from his occasional utterances, never gave thought 
to the possibility of carrying out an exact measurement of the constant. 
 
This "peculiar state of affairs" can be understood by reference to one of the great scientific 
debates of the time. There was considerable disagreement in the second half of the 
nineteenth century as to whether atoms and molecules were "real" or whether they were 
simply a heuristic, a useful tool for solving problems. Nor was there agreement as to whether 
"chemical molecules" (as measured by atomic weights) were the same as "physical 
molecules" (as measured by kinetic theory). To continue the quotation from Planck's 1920 
lecture. 
 
Nothing can better illustrate the positive and hectic pace of progress which the art of 
experimenters has made over the past twenty years, than the fact that since that time, not 
only one, but a great number of methods have been discovered for measuring the mass of a 
molecule with practically the same accuracy as that attained for a planet. 
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Value in different units 
 
Since k is a constant of proportionality of temperature and energy, the numerical value of k 
depends on the choice of units for energy and temperature. The Kelvin temperature scale 
was chosen to conveniently divide up the liquid range of water into one hundred intervals. 
The very small numerical value of k merely reflects the small energy in joules required to 
increase a particle's energy through 1 K. The physically fundamental idea is the 
characteristic energy kT of a particular temperature. 
 

Values of k Units Comments 

1.380 6504(24) × 10−23 J/K SI units, 2006 CODATA value[1] 

8.617 343(15) × 10−5 eV/K 
1 electronvolt = 1.602 176 53(14) × 10−19 J  

1/kB = 11 604.51(2) K/eV 

2.303 6644(36) × 1010 Hz/K 1 Hz = 6.626 068 96(33) × 10−34 J 

3.166 815(36) × 10−6 EH/K EH = 2R∞hc = 4.359 743 94(22) × 10−18 J 

1.380 6504(24) × 10−16 erg/K 1 erg = 1 × 10−7 J 

3.297 6268(56) × 10−24 cal/K 1 calorie = 4.1868 J 

1.832 0149(31) × 10−24 cal/R 1 rankine = 4/9 K 

1.039 9503(18) × 10−23 ft lb/R 1 foot-pound force = 1.355 817 948 331 4004 J 

0.695 0356(12) cm−1/K 1 cm−1 = 1.986 445 501(99) × 10−23 J 

 
The numerical value of k provides a mapping from this characteristic microscopic energy E to 
the macroscopically-derived temperature scale T = E/k. On the other hand, the Planck units 
of temperature and energy are defined in such a way that k = 1. If we choose to measure 
temperature in units of energy then Boltzmann's constant would not be needed at all. 
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Dielectric Constant 

A dielectric is a nonconducting substance, i.e. an insulator. The term was coined by William 
Whewell in response to a request from Michael Faraday.[1] Although "dielectric" and 
"insulator" are generally considered synonymous, the term "dielectric" is more often used to 
describe materials where the dielectric polarization is important, such as the insulating 
material between the metallic plates of a capacitor, while "insulator" is more often used 
when the material is being used to prevent a current flow across it. 
 
Dielectrics is the study of dielectric materials and involves physical models to describe how 
an electric field behaves inside a material. It is characterized by how an electric field 
interacts with an atom and is therefore possible to approach from either a classical 
interpretation or a quantum one. 
 
Many phenomena in electronics, solid state and optical physics can be described using the 
underlying assumptions of the dielectric model. This can mean that the same mathematical 
objects can go by many different names. 
 
 

  

Definitions 
 

 
 

Electric field interaction with an atom under the classical dielectric model. 
 
Von Hippel, in his seminal work, Dielectric Materials and Applications, stated: 
 
Dielectrics... are not a narrow class of so-called insulators, but the broad expanse of 
nonmetals considered from the standpoint of their interaction with electric, magnetic, or 
electromagnetic fields. Thus we are concerned with gases as well as with liquids and solids, 
and with the storage of electric and magnetic energy as well as its dissipation 
 
Classical 
 
In the classical approach to the dielectric model, a material is made up of atoms. Each atom 
consists of a cloud of negative charge bound to and surrounding a positive point charge at its 
centre. Because of the comparatively huge distance between them, none of the atoms in the 
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dielectric material interact with one another[citation needed]. Note: Remember that the model is 
not attempting to say anything about the structure of matter. It is only trying to describe 
the interaction between an electric field and matter. 
 
In the presence of an electric field the charge cloud is distorted, as shown in the top right of 
the figure. 
This can be reduced to a simple dipole using the superposition principle. A dipole is 
characterized by its dipole moment, a vector quantity shown in the figure as the blue arrow 
labeled M. It is the relationship between the electric field and the dipole moment that gives 
rise to the behavior of the dielectric. Note: The dipole moment is shown to be pointing in 
the same direction as the electric field. This isn't always correct, and it is a major 
simplification, but it is suitable for many materials. 
When the electric field is removed the atom returns to its original state. The time required 
to do so is the so-called relaxation time; an exponential decay. 
 
Behavior 
 
This is the essence of the model in physics. The behavior of the dielectric now depends on 
the situation. The more complicated the situation the richer the model has to be in order to 
accurately describe the behavior. Important questions are: 

 Is the electric field constant or does it vary with time? 
o If the electric field does vary, at what rate? 

 What are the characteristics of the material? 
o Is the direction of the field important (isotropy)? 
o Is the material the same all the way through (homogeneous)? 
o Are there any boundaries/interfaces that have to be taken into 

account? 

 Is the system linear or do nonlinearities have to be taken into account? 
The relationship between the electric field E and the dipole moment M gives rise to the 
behavior of the dielectric, which, for a given material, can be characterized by the function 
F defined by the equation: 
 

 
 
When both the type of electric field and the type of material have been defined, one then 
chooses the simplest function F that correctly predicts the phenomena of interest. Examples 
of possible phenomena: 

 Refractive index 

 Group velocity dispersion 

 Birefringence 

 Self-focusing 

 Harmonic generation 
 
May be modeled by choosing a suitable function F. 
 
Dielectric model applied to vacuum 
 
From the definition it might seem strange to apply the dielectric model to a vacuum, 
however, it is both the simplest and the most accurate example of a dielectric. 
 
Recall that the property which defines how a dielectric behaves is the relationship between 
the applied electric field and the induced dipole moment. For a vacuum the relationship is a 
real constant number. This constant is called the permittivity of free space, ε0. 
Applications 

http://en.wikipedia.org/wiki/Wikipedia:Citation_needed
http://en.wikipedia.org/wiki/Electric_field
http://en.wikipedia.org/wiki/Dipole
http://en.wikipedia.org/wiki/Superposition_principle
http://en.wikipedia.org/wiki/Electrical_dipole_moment
http://en.wikipedia.org/wiki/Isotropy
http://en.wikipedia.org/wiki/Homogeneity_(physics)
http://en.wikipedia.org/wiki/Linear_system
http://en.wikipedia.org/wiki/Nonlinear_system
http://en.wikipedia.org/wiki/Refractive_index
http://en.wikipedia.org/wiki/Group_velocity_dispersion
http://en.wikipedia.org/wiki/Birefringence
http://en.wikipedia.org/wiki/Self-focusing
http://en.wikipedia.org/wiki/Harmonic_generation
http://en.wikipedia.org/wiki/Real_number
http://en.wikipedia.org/wiki/Permittivity_of_free_space


 

Page 156 of 422 
 

Capacitors 
 
Commercially manufactured capacitors typically use a solid dielectric material with high 
permittivity as the intervening medium between the stored positive and negative charges. 
This material is often referred to in technical contexts as the "capacitor dielectric" [3] . The 
most obvious advantage to using such a dielectric material is that it prevents the conducting 
plates on which the charges are stored from coming into direct electrical contact. More 
significantly however, a high permittivity allows a greater charge to be stored at a given 
voltage. This can be seen by treating the case of a linear dielectric with permittivity ε and 

thickness d between two conducting plates with uniform charge density σε. In this case, the 

charge density is given by 
 

 
 
and the capacitance per unit area by 
 

 
 

From this, it can easily be seen that a larger ε leads to greater charge stored and thus 

greater capacitance. 
 
Dielectric materials used for capacitors are also chosen such that they are resistant to 
ionization. This allows the capacitor to operate at higher voltages before the insulating 
dielectric ionizes and begins to allow undesirable current flow. 
 
Cable insulation 
 
The term "dielectric" may also refer to the insulation used in power and RF cables. Common 
materials used as electrical insulations are electrical insulation paper and plastics 
 
Some practical dielectrics 
 
Dielectric materials can be solids, liquids, or gases. In addition, a high vacuum can also be a 
useful, lossless dielectric even though its relative dielectric constant is only unity. 
 
Solid dielectrics are perhaps the most commonly used dielectrics in electrical engineering, 
and many solids are very good insulators. Some examples include porcelain, glass, and most 
plastics. Air, nitrogen and sulfur hexafluoride are the three most commonly used gaseous 
dielectrics 
 

 Industrial coatings such as parylene provide a dielectric barrier between the 
substrate and its environment 

 Mineral oil is used extensively inside electrical transformers as a fluid dielectric and 
to assist in cooling. Dielectric fluids with higher dielectric constants, such as 
electrical grade castor oil, are often used in high voltage capacitors to help prevent 
corona discharge and increase capacitance 

 Because dielectrics resist the flow of electricity, the surface of a dielectric may 
retain stranded excess electrical charges. This may occur accidentally when the 
dielectric is rubbed (the triboelectric effect). This can be useful, as in a Van de 
Graaff generator or electrophorus, or it can be potentially destructive as in the case 
of electrostatic discharge 
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 Specially processed dielectrics, called electrets (also known as ferroelectrics), may 
retain excess internal charge or "frozen in" polarization. Electrets have a 
semipermanent external electric field, and are the electrostatic equivalent to 
magnets. Electrets have numerous practical applications in the home and industry 

 Some dielectrics can generate a potential difference when subjected to mechanical 
stress, or change physical shape if an external voltage is applied across the material. 
This property is called piezoelectricity. Piezoelectric materials are another class of 
very useful dielectrics 

 Some ionic crystals and polymer dielectrics exhibit a spontaneous dipole moment 
which can be reversed by an externally applied electric field. This behavior is called 
the ferroelectric effect. These materials are analogous to the way ferromagnetic 
materials behave within an externally applied magnetic field. Ferroelectric materials 
often have very high dielectric constants, making them quite useful for capacitors 

 
Fine-structure constant 
 
In physics, the fine-structure constant (usually denoted α, the Greek letter alpha) is a 
fundamental physical constant, namely the coupling constant characterizing the strength of 
the electromagnetic interaction. The numerical value of α is the same in all systems of units, 
because α is a dimensionless quantity. As of 2007, the best determination of the value of the 
fine-structure constant is α = 7.297352570(5)×10−3 = 1/137.035999070(98). The standard 
error is enclosed in parentheses 
 
Definition 
 
Three standard and equivalent definitions of α in terms of other fundamental physical 
constants are 
 

 
 
where 
 

 e is the elementary charge 

 ħ = h/2π is the reduced Planck constant 

 c is the speed of light in a vacuum 

 ε0 is the electric constant 

 μ0 is the magnetic constant or vacuum permeability, a defined conversion factor 

 ke is the constant of Coulomb's law 
 
In electrostatic cgs units, the unit of electric charge, the statcoulomb, is defined so that the 
permittivity factor, 4πε0, is 1 and dimensionless. The fine-structure constant then becomes 
 

 
 
Measurement 
 
According to 2006 CODATA, the defining expression and recommended value for α are: 
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Two example eighth-order Feynman diagrams that contribute to the electron 
self-interaction. The horizontal line with an arrow represents the electron while the 
wavy-lines are virtual photons, and the circles represent virtual electron-positron pairs. 
 
However, after the 2006 CODATA adjustment was completed, an error was discovered in one 
of the data inputs, leading to the value given in the introduction to this entry 
 
The definition of α can be estimated from the values of the constants appearing in any of its 
definitions. However, quantum electrodynamics (QED) provides a way to measure α directly 
using the quantum Hall effect or the anomalous magnetic moment of the electron. 
 
QED predicts a relationship between the dimensionless magnetic moment of the electron (or 
the Lande g-factor, g) and the fine structure constant α. The most precise value of α 
obtained to date is based on a new measurement of g using a one-electron quantum 
cyclotron, together with a QED calculation involving 891 four-loop Feynman diagrams: 
 

 
 
This measurement has a precision of 0.70 ppb. This uncertainty is 10 times smaller than 
those of the nearest rival methods that include atom-recoil measurements. Comparisons of 
the measured and calculated values of g test QED very stringently, and limit the possible 
internal structure of the electron. 
 
Physical interpretations 
 
The fine structure constant α has several physical interpretations. α is: 
 

 The square of the ratio of the elementary charge to the Planck charge 
 

 
 

 The ratio of two energies: (i) the energy needed to overcome the electrostatic 
repulsion between two electrons when the distance between them is reduced from 

infinity to some finite d, and (ii) the energy of a single photon of wavelength λ = 
2πd (see Planck relation): 
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 The ratio of the velocity of the electron in the Bohr model of the atom to the speed 
of light. Hence the square of α is the ratio between the electron rest mass (511 keV) 
and the Hartree energy (27.2 eV = 2 Ry) 

 In quantum electrodynamics, α is the coupling constant determining the strength of 
the interaction between electrons and photons. The theory does not predict its 
value; therefore it must be determined experimentally. In fact, α is one of the ~20 
empirical parameters in the Standard Model of particle physics, whose value is not 
determined within the Standard Model 

 In the electroweak theory unifying the weak interaction with electromagnetism, α is 
absorbed into two other coupling constants associated with the electroweak gauge 
fields. In this theory, the electromagnetic interaction is treated as a mixture of 
interactions associated with the electroweak fields. The strength of the 
electromagnetic interaction varies with the strength of the energy field 

 
When perturbation theory is applied to quantum electrodynamics, the resulting perturbative 
expansions for physical results are expressed as power series in α. Because α is clearly less 
than 1, higher powers of α are soon unimportant, making perturbation theory practical. In 
contrast, the large value of the corresponding factors in quantum chromodynamics makes 
calculations involving the strong force extremely difficult. 
 
According to the theory of the renormalization group, the value of the fine structure 
constant (the strength of the electromagnetic interaction) grows logarithmically as the 
energy scale is increased. The observed value of α is associated with the energy scale of the 
electron mass; the electron is a lower bound for this energy scale because it (and the 
positron) is the lightest charged object whose quantum loops can contribute to the running. 
Therefore 1/137.036 is the value of the fine structure constant at zero energy. Moreover, as 
the energy scale increases, the strength of the electromagnetic interaction approaches that 
of the other two fundamental interactions, a fact important for grand unification theories. If 
quantum electrodynamics were an exact theory, the fine structure constant would actually 
diverge at an energy known as the Landau pole. This fact makes quantum electrodynamics 
inconsistent beyond the perturbative expansions. 
 
History 
 
Arnold Sommerfeld introduced the fine-structure constant in 1916, as part of his theory of 
the relativistic deviations of atomic spectral lines from the predictions of the Bohr model. 
The first physical interpretation of the fine-structure constant α was as the ratio of the 
velocity of the electron in the first circular orbit of the relativistic Bohr atom to the speed of 
light in the vacuum.[4] Equivalently, it was the quotient between the maximum angular 
momentum allowed by relativity for a closed orbit, and the minimum angular momentum 
allowed for it by quantum mechanics. It appears naturally in Sommerfeld's analysis, and 
determines the size of the splitting or fine-structure of the hydrogenic spectral lines. 
 
The fine structure constant so intrigued the physicist Wolfgang Pauli that he even 
collaborated with the psychologist Carl Jung in an extraordinary quest to understand its 
significance. 
 
Is the fine structure constant truly constant? 
 
Physicists have pondered for many years whether the fine structure constant is in fact 
constant, i.e., whether or not its value differs by location and over time. Specifically, a 
varying α has been proposed as a way of solving problems in cosmology and 
astrophysics.[6][7][8][9] More recently, theoretical interest in varying constants (not just α) has 
been motivated by string theory and other such proposals for going beyond the Standard 
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Model of particle physics. The first experimental tests of this question examined the spectral 
lines of distant astronomical objects, and the products of radioactive decay in the Oklo 
natural nuclear fission reactor. The findings were consistent with no change. 
 
More recently, improved technology has made it possible to probe the value of α at much 
larger distances and to a much greater accuracy. In 1999, a team lead by John K. Webb of 
the University of New South Wales claimed the first detection of a variation in α.[16][17][18][19] 
Using the Keck telescopes and a data set of 128 quasars at redshifts 0.5<z<3, Webb et al.. 
found that their spectra were consistent with a slight increase in α over the last 10-12 billion 
years. Specifically, they found that 
 

 
 
In 2004, a smaller study of 23 absorption systems by Chand et al., using the Very Large 
Telescope, found no measureable variation: 
 

 
 
However, in 2007 simple flaws were identified in the analysis method of Chand et al., 
discrediting those results. Nevertheless, systematic uncertainties are difficult to quantify 
and so the Webb et al.. results still need to be checked by independent analysis, using 
quasar spectra from different telescopes. 
 
Lamoreaux and Torgerson analyzed data from the Oklo natural nuclear fission reactor in 
2004, and concluded that α has changed in the past 2 billion years by 4.5 parts in 108. They 
claimed that this finding was "probably accurate to within 20%." Accuracy is dependent on 
estimates of impurities and temperature in the natural reactor. These conclusions have to 
be verified but provide an interesting direction of study. 
 
In 2007, Khatri and Wandelt of the University of Illinois at Urbana-Champaign realized that 
the 21 cm hyperfine transition in neutral hydrogen of the early Universe leaves a unique 
absorption line imprint in the cosmic microwave background radiation.[28] They proposed 
using this effect to measure the value of α during the epoch before the formation of the first 
stars. In principle, this technique provides enough information to measure a variation of 1 
part in 109 (4 orders of magnitude better than the current quasar constraints). However, the 
constraint which can be placed on α is strongly dependent upon effective integration time, 

going as t−1/2. The LOFAR telescope would only be able to constrain Δα / α to ~0.3%.[28] The 

collecting area required to constrain Δα / α to the current level of quasar constraints is on 

the order of 100 km2, which is impracticable at present. 
 
In 2008, Rosenband et al [29] used the frequency ratio of Al+ and Hg+ in single-ion optical 

atomic clocks to place a very stringent constraint on the present time variation of α, namely 

. Note that any present day null constraint on 
the time variation of alpha does not necessarily rule out time variation in the past. Indeed, 
many certain theories which predict a variable fine structure constant predict that the value 
of the fine structure constant should become frozen once the universe entered the current 
dark energy dominated epoch. 
 
Anthropic explanation 
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The anthropic principle is a controversial explanation of why the fine-structure constant 
takes on the value it does: stable matter, and therefore life and intelligent beings, could not 
exist if its value were much different. For instance, were α to change by 4%, stellar fusion 
would not produce carbon, so that carbon-based life would be impossible. If α were > 0.1, 
stellar fusion would be impossible and no place in the universe would be warm enough for 
life. 
 
The fine structure constant plays a central role in John Barrow and Frank Tipler's 
broad-ranging discussion of astrophysics, cosmology, quantum physics, teleology, and the 
anthropic principle. 
 
Numerological explanations 
 
As a dimensionless constant which does not seem to be directly related to any mathematical 
constant, the fine-structure constant has long fascinated physicists. Richard Feynman, one 
of the founders of quantum electrodynamics, referred to it in these terms: 
 

“ 
There is a most profound and beautiful question associated with the observed 
coupling constant, e the amplitude for a real electron to emit or absorb a real 
photon. It is a simple number that has been experimentally determined to be 
close to -0.08542455. (My physicist friends won't recognize this number, 
because they like to remember it as the inverse of its square: about 137.03597 
with about an uncertainty of about 2 in the last decimal place. It has been a 
mystery ever since it was discovered more than fifty years ago, and all good 
theoretical physicists put this number up on their wall and worry about it.) 
Immediately you would like to know where this number for a coupling comes 
from: is it related to pi or perhaps to the base of natural logarithms? Nobody 
knows. It's one of the greatest damn mysteries of physics: a magic number that 
comes to us with no understanding by man. You might say the "hand of God" 
wrote that number, and "we don't know how He pushed his pencil." We know 
what kind of a dance to do experimentally to measure this number very 
accurately, but we don't know what kind of dance to do on the computer to 
make this number come out, without putting it in secretly! ” 

—Richard P. Feynman (1985), QED: The Strange Theory of Light and Matter, Princeton University 
Press, p. 129, ISBN 0691083886 

 
 
Arthur Eddington argued that the value could be "obtained by pure deduction" and he related 
it to the Eddington number, his estimate of the number of protons in the Universe[32]. This 
led him in 1929 to conjecture that its reciprocal was precisely the integer 137. Other 
physicists neither adopted this conjecture nor accepted his arguments but by the 1940s 
experimental values for 1/α deviated sufficiently from 137 to refute Eddington's 
argument.[33] Attempts to find a mathematical basis for this dimensionless constant have 
continued up to the present time. For example, the mathematician James Gilson has 
suggested [1] that the fine-structure constant has the value 
 

 
29 and 137 being the 10th and 33rd prime numbers. The difference between the 2007 CODATA 
value for α and this theoretical value is about 3 x 10-11, about 6 times the standard error for 
the measured value. 
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Quotes 
 
The mystery about α is actually a double mystery. The first mystery — the origin of its 
numerical value α ≈ 1/137 has been recognized and discussed for decades. The second 
mystery — the range of its domain — is generally unrecognized. 
 
—Malcolm H. Mac Gregor, Malcolm H. Mac Gregor (2007), The Power of Alpha, World Scientific, p. 69, ISBN 

9789812569615 
 
If alpha [the fine structure constant] were bigger than it really is, we should not be able to 
distinguish matter from ether [the vacuum, nothingness], and our task to disentangle the 
natural laws would be hopelessly difficult. The fact however that alpha has just its value 
1/137 is certainly no chance but itself a law of nature. It is clear that the explanation of this 
number must be the central problem of natural philosophy. 
 
—Max Born, Arthur I. Miller (2009), Deciphering the Cosmic Number: The Strange Friendship of Wolfgang Pauli and Carl 

Jung, W.W. Norton & Co., p. 253, ISBN 9780393065329 
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What is the fine-structure constant? 

 
Asked by: Joshua Johnson 
 
Answer 

 
The fine-structure constant is a unitless numerical constant - whose value is approximately 
equal to: 1/137. If fact the exact value of the fine-structure constant is: 0.007297351 +/- 
0.000000006. Accepted symbol for the fine-structure constant is Greek alpha ( ). [Ref. 1]  
 
What is the physical origin of this constant? Well, it is related to the so called Fine Structure 
- closely spaced groups of optical spectrum lines of elements like: hydrogen and helium. 
These optical spectrum lines are in a way the fingerprint of the element's energy levels. 
Since the energy levels of any given element are quantized (i.e. only discrete energy levels 
are available) the optical spectrum appears as a series of lines instead of a continuous 
spectrum. With each such optical spectrum line one can associate three numbers:  
 
n - the principal quantum number 
l - the azimuthal quantum number 
j - the angular momentum quantum number 
(an additional quantum number also can be considered that will give rise to spin-orbit 
interaction in atoms with more than one electron)  
 
Each group of spectral optical lines mentioned above has a same n - number, but different 
values of l and j numbers. According to P.A.M. Dirac's relativistic quantum mechanics, 
energy levels of a one-electron atom (hydrogen is a good example) which have the same n 
and j numbers will coincide exactly - but their value will be different from that predicted by 
the Bohr's theory by an amount that is proportional to the square of the fine-structure 
constant (alpha).  
 
There have been deviations from Dirac's theory discovered in 1947. Namely, the level having 
l=0 does not coincide with that having l=1. This discrepancy was later named the Lamb shift 
(after its discoverer Willis Lamb, Jr.) and is due to the interaction of an electron with the 
zero-point fluctuations of the electromagnetic field.  
 
As mentioned above in a multi electron atom systems the spin-orbit interaction becomes 
important too and the number of optical spectrum lines in the groups becomes even more 
numerous.  
 
Update: August 2001 - Evidence published in the Physical Review Letters that the fine 
structure constant may be slightly different to what we believed. Click here for the full 
article.  
 
Ref. 1: McGraw-Hill Encyclopedia of Physics, Second Edition 
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Final Demystification of the gravitational constant 
variation 

 

For hundreds of years, great thinkers have thought about the substance of matter, and specifically to 

its property we call mass. It all started with the work of Isaac Newton , an English scientist and 

mathematician who lived between 1642-1727. He had one of the most brilliant minds the world has 

ever known. Legend has it that seeing an apple fall made Newton reflect about the laws behind 

gravity, the force which keeps us bound to the Earth. Being a good experimenter himself, it did not 

take him too long to work out the laws of gravity. In fact at the age of 44, he found out that the 

motion of the planets and the moon as well as that of the falling apple could be explained by one 

simple Law of Universal Gravitation, which states that any two objects attract each other with a force 

equal to the product of their masses M1 & M2, divided by the square of their distance apart R, times 

a constant of proportionality G.  

F = G (M1 * M2) 
 R2 

Newton estimated this constant of proportionality, called the gravitational constant G, also referred 

to as the 'big G', from the gravitational acceleration of the falling apple and an approximate guess for 

the average density of the Earth. However, more than 100 years elapsed before G was first measured 

in the laboratory. It was in 1798 that Henry Cavendish and co-workers obtained a value for G of 

6.67E-11 Newton.m2/kg2, accurate to about 1%. During his experiment, Cavendish claimed that he 

was "weighing the Earth", since, once G is known, the mass of the Earth can be obtained from the 

known gravitational acceleration on the Earth surface. In fact, knowing G enables us to find the mass 

of any rotating body, like for example the sun or moon by knowing their orbital radius and time for 

one complete cycle. Early in the 20th century, Albert Einstein developed his theory of gravity called 

General Relativity, in which the gravitational attraction is explained as a result of the curvature of 

space-time. This curvature is also proportional to G and is a constant. Planck has also defined G as 

one of his universal constants (G,h,c) and stated that these three constants are the same anywhere 

in the universe. 

Controversial values of G 

 

This is a photograph of a simple big G apparatus used to indirectly 

determine the value for G. The value of the fundamental constant G 

has been of great interest for physicists for over 300 years and it 

has the longest history of measurements after the speed of light. In 

spite of the central importance of the universal gravitational 

constant, it is the least well defined of all the fundamental 

constants. Despite our modern technology, almost all 

measurements of G have used variations of the classical torsion 

balance technique as engineered by Cavendish during the 17th 

http://en.wikipedia.org/wiki/Isaac_Newton
http://en.wikipedia.org/wiki/Henry_Cavendish
http://en.wikipedia.org/wiki/Albert_Einstein
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century. The usual torsion balance basically consists of two masses connected by a horizontal rod 

suspended by a very thin fibre, referred to as the dumbbell. When two heavy attracting bodies are 

placed on opposite sides of the dumbbell, the dumbbell twists by a very small amount. The attracting 

bodies are then moved to the other side of the dumbbell and the dumbbell twists in the opposite 

direction. The magnitude of these twists is used to find G. Another common set-up variation to this 

technique, is to set the dumbbell into an oscillatory motion and measure the frequency of oscillation. 

The gravitational interaction between the dumbbell and the attracting bodies causes the oscillation 

frequency to change slightly when the attractors are moved to a different position and this frequency 

change determines G. This frequency shift method was used in the most precise measurement of G 

to date (reported in 1982) by Gabe Luther and William Towler from the National Bureau of Standards 

and the University of Virginia. Based on their measurement, CoData now lists G = 

6.6742E-11Nm2/Kg2 and assigned a quite conservative uncertainty of 0.015%. Comparing this 

constant to other well known units of physics, the fractional uncertainty in G is still thousands of times 

larger. As a result, the mass of the Earth, the sun, the moon and all celestial bodies cannot be known 

to an accuracy greater than that of G, since all these quantities have been derived from the 

experimental G. The units of G are m3/Kg/sec2, so any error in the Kg unit will show up as an error in 

G. An uncertainty of 0.015% might seem quite small, but when applied to masses under 

consideration, for example earth's mass with a nominal mass of 5.972E24 Kg, it means that the 

actual mass could be higher by as much as 8.958E20 kg!, and that's why the mass of earth can only 

be given to three decimal places.  

 

 

Variation evidence from readings spanning over 200 years 

Data Set number Author Year G (x10-11 m3Kg-1s-2) Accuracy 
% Deviation 

from CODATA 

1 Cavendish H. 1798 6.74 ±0.05 +0.986 

2 Reich F. 1838  6.63 ±0.06 -0.662 

3 Baily F. 1843 6.62 ±0.07 -0.812 

4 Cornu A, Baille J. 1873 6.63 ±0.017 -0.662 

5 Jolly Ph. 1878 6.46 ±0.11 -3.209 

6 Wilsing J. 1889 6.594 ±0.015 -1.202 

7 Poynting J.H. 1891 6.70 ±0.04 +0.387 

8 Boys C.V. 1895 6.658 ±0.007 -0.243 

9 Eotvos R. 1896 6.657 ±0.013 -0.258 

10 Brayn C.A. 1897 6.658 ±0.007 -0.243 

11 Richarz F. & Krigar-Menzel O. 1898 6.683 ±0.011 +0.132 

12 Burgess G.K. 1902 6.64 ±0.04 -0.512 

13 Heyl P.R. 1928 6.6721 ±0.0073 -0.031 

14 Heyl P.R. 1930 6.670 ±0.005 -0.063 

15 Zaradnicek J. 1933 6.66 ±0.04 -0.213 

16 Heyl P.,Chrzanowski 1942 6.673 ±0.003 -0.018 

17 Rose R.D. et al. 1969 6.674 ±0.004 -0.003 

18 Facy L., Pontikis C. 1972 6.6714 ±0.0006 -0.042 

19 Renner Ya. 1974 6.670 ±0.008 -0.063 

20 Karagioz et al 1975 6.668 ±0.002 -0.093 

21 Luther et al 1975 6.6699 ±0.0014 -0.064 

22 Koldewyn W., Faller J. 1976 6.57 ±0.17 -1.561 

23 Sagitov M.U. et al 1977 6.6745 ±0.0008 +0.004 

24 Luther G., Towler W. 1982 6.6726 ±0.0005 -0.024 

25 Karagioz et al 1985 6.6730 ±0.0005 -0.018 

26 Dousse & Rheme 1986 6.6722 ±0.0051 -0.030 

27 Boer H. et al 1987 6.667 ±0.0007 -0.108 

http://physics.nist.gov/cgi-bin/cuu/Value?bg|search_for=gravitational+constant
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28 Karagioz et al 1986 6.6730 ±0.0003 -0.018 

29 Karagioz et al 1987 6.6730 ±0.0005 -0.018 

30 Karagioz et al 1988 6.6728 ±0.0003 -0.021 

31 Karagioz et al 1989 6.6729 ±0.0002 -0.019 

32 Saulnier M.S., Frisch D. 1989 6.65 ±0.09 -0.363 

33 Karagioz et al 1990 6.6730 ±0.00009 -0.018 

34 Schurr et al 1991 6.6613 ±0.0093 -0.193 

35 Hubler et al 1992 6.6737 ±0.0051 -0.008 

36 Izmailov et al 1992 6.6771 ±0.0004 +0.043 

37 Michaelis et al 1993 6.71540 ±0.00008 +0.617 

38 Hubler et al 1993 6.6698 ±0.0013 -0.066 

39 Karagioz et al 1993 6.6729 ±0.0002 -0.019 

40 Walesch et al 1994 6.6719 ±0.0008 -0.035 

41 Fitzgerald & Armstrong 1994 6.6746 ±0.001 +0.006 

42 Hubler et al 1994 6.6607 ±0.0032 -0.202 

43 Hubler et al 1994 6.6779 ±0.0063 +0.055 

44 Karagioz et al 1994 6.67285 ±0.00008 -0.020 

45 Fitzgerald & Armstrong 1995 6.6656 ±0.0009 -0.129 

46 Karagioz et al 1995 6.6729 ±0.0002 -0.019 

47 Walesch et al 1995 6.6685 ±0.0011 -0.085 

48 Michaelis et al 1996 6.7154 ±0.0008 +0.617 

49 Karagioz et al 1996 6.6729 ±0.0005 -0.019 

50 Bagley & Luther 1997 6.6740 ±0.0007 -0.003 

51 Schurr, Nolting et al 1997 6.6754 ±0.0014 +0.018 

52 Luo et al 1997 6.6699 ±0.0007 -0.064 

53 Schwarz W. et al 1998 6.6873 ±0.0094 +0.196 

54 Kleinvoss et al 1998 6.6735 ±0.0004 -0.011 

55 Richman et al 1998 6.683 ±0.011 +0.132 

56 Luo et al 1999 6.6699 ±0.0007 -0.064 

57 Fitzgerald & Armstrong 1999 6.6742 ±0.0007 ±0.01 

58 Richman S.J. et al 1999 6.6830 ±0.0011 +0.132 

59 Schurr, Noltting et al 1999 6.6754 ±0.0015 +0.018 

60 Gundlach & Merkowitz 1999 6.67422 ±0.00009 +0.0003 

61 Quinn et al 2000 6.67559 ±0.00027 +0.021 

-- PRESENT CODATA VALUE 2004 6.6742 ±0.001 ±0.0150 

 

 

The official CODATA value for G in 1986 was given as G= (6,67259±0.00085)x10-11 m3Kg-1s-2 and 

was based on the Luther and Towler determination in 1982. However, the value of G has been 

recently called into question by new measurements from respected research teams in Germany, New 

Zealand, and Russia in order to try to settle this issue. The new values using the best laboratory 

equipment to-date disagreed wildly to the point that many are doubting about the 

constancy of this parameter and some are even postulating entirely new forces to explain 

these gravitational anomalies. For example, in 1996, a team from the German Institute of 

Standards led by W. Michaelis obtained a value for G that is 0.6% higher than the accepted value; 

another group from the University of Wuppertal in Germany led by Hinrich Meyer found a value that 

is 0.06% lower, and in 1995, Mark Fitzgerald and collaborators at Measurement Standards 

Laboratory of New Zealand measured a value that is 0.13% lower. The Russian group found a curious 

space and time variation of G of up to +0.7%. In the early 1980s, Frank Stacey and his colleagues 

measured G in deep mines and bore holes in Australia. Their value was about 1% higher than 

currently accepted. In 1986 Ephrain Fischbach, at the University of Washington, Seattle, claimed that 

laboratory tests also showed a slight deviation from Newton's law of gravity, consistent with the 

Australian results. As it may be seen from the Cavendish conference data, the results of the major 7 

groups may agree with each other only on the level 10-1%. So, despite our great technology 



 

Page 168 of 422 
 

advancements in measuring equipment, we are still very close to the precision of 1% obtained by 

Cavendish in the 17th century. This controversy has spurred several efforts to make a more reliable 

measurement of G, but till now we only got further conflicting results.  

 

More evidence 

 

One such effort was that by J.P. Schwartz and J.E. Faller, who devised an experiment that uses 

gravity field of a one half metric ton source mass to perturb the trajectory of a free-falling mass. They 

used laser interferometry to track the falling object. This experiment does not suspend the test mass 

from a support system, and it therefore rules out many of the systematic errors associated with 

supports in Cavendish-like setups. Below are the results gathered over three years.  
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This is a plot of G results using the mentioned free fall technique. Error bars represent one formal 

standard deviation. The 1997 data was processed daily, giving values of G from 6.66E-11 to 

6.71E-11. One day's observation consisted of approximately 7200 drop measurements. Again, data 

consistently shows that G varies over time, with an uncertainty of over 1400ppm, despite the fact 

that all sources of possible experimental errors associated with the classical Cavendish setup, have 

been eliminated. 

 

Just a couple of years ago, Mikhail Gershteyn, a visiting scientist at the MIT Plasma Science and 

Fusion Centre and his colleagues have successfully experimentally demonstrated that the well known 

force of gravity between two test bodies varies with their orientation in space, relative to a system of 

distant stars. Their remarkable finding has been also been issued on the journal 'Gravitation and 

Cosmology'. George Spagna, a chairman of the physics dept at Randolph-Macon College, argued that 

Mikhail and his colleagues must provide theoretical justification to be convincing.  

 

...and some more 

 

Variations in G are not only present in Cavendish experiments and free fall setups. They have been 

recorded by nature in several ways, which we can now interpret and use to find out the constraints of 

the variation of the gravitational constant over a long period of time. Astrophysical constraints on this 

variation have been obtained using various observation methods including lunar occultations and 

eclipses (Muller et al 1991), and planetary and lunar radar-ranging measurements (Shapiro 1990), 

helioseismology (Guenther et al 1998), primordial nucleosynthesis (Olive et al 1990), gravitational 

lensing (Krauss & White 1992), and white dwarf luminosity function (Garcia et al 1995). 

Determinations based on celestial mechanics provide the constraints on the variation of G of 

(dG/dt)/Go ≤ 10E-12/year. Other methods, such as those utilizing neutron star masses (Thorsett 

http://www.blazelabs.com/MikhailGershteyn.pdf
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1996), globular cluster ages (Degl'Innocenti et al 1995), and binary pulsar timings (Damour & 

Gundlach 1991) and helioseismology (Demarque et al). 1994, have yielded similar constraints on the 

long term averaged variation of the gravitational constant. Another way to determine the long term 

average change in G is by analysing the variation of planets' radii. The best limit comes from Mercury, 

which gave the limit on the variability of G, (dG/dt)/G ≤ 8E-12/year, which comes from the fact that 

the radius of Mercury has changed at most one km during the last 3000 to 4000 million years. 

 

The collection of these new results suggests that the something is wrong or missing in our 

understanding of G. By the end of 1999, the international committee CODATA, decided to officially 

increase the uncertainty of the accepted value for the gravitational constant from 128 ppm to 1500 

ppm. This remarkable step of increasing the uncertainty instead of decreasing was made to reflect 

the discrepancies between the mentioned experiments. In my theory of absolute velocity of 

matter, I will show that the variation within all these experimental results, not only IS 

NOT due to experimental error, but that the measure of the variation itself is of 

paramount importance to our understanding of physical laws, and indeed of the whole 

universe. Several physicists, among them Arthur Eddington and Paul Dirac, have speculated that at 

least some of the 'fundamental constants' may change with time. In particular, Dirac proposed that 

the universal gravitational constant, G, is related to the age of the universe T, with the relation 

Gmp
2/hc~T-1. Then as the age varies, some constants or their combinations must vary as well. Atomic 

constants seemed to Dirac to be more stable, so he chose the variation of G as 1/T, in other words, 

the gravitational force weakening as the universe expands. In one of his lectures, Richard Feynman 

said "...the gravitation attraction relative to the electrical repulsion of two electrons is 0.24E-42... the 

ratio of time taken for light to travel across a proton to the age of the universe is 0.63E-42...this 

relation is not accidental (also known as Dirac's large number hypothesis), in which case the 

gravitational constant would be changing with time, because as the universe got older, the ratio of 

the age of the universe to the time which it takes for light to go across a proton would be gradually 

increasing." A few modern generalised theories of gravitation also admit or predict the variation of G 

with time. Revival of interest in the Brans-Dicke and alike theories, with variable G, was in fact 

motivated by the appearance of superstring theories where G is considered to be a dynamic quantity. 

The acceptance of a non zero variation in G, would of course require the revision or extension of 

general relativity, since this one assumes a constant G, which experimental evidence seems to 

consistently deny. The acceptance of a variable G, will of course set the dawn of a new physics.  

Solving the controversy by better understanding of the nature of mass 

 

The main reason leading to the above mentioned controversies comes from the fact that mass m is 

considered to be a static substance rather than a dynamic property of space, and despite our 

knowledge of relativistic mass M, research labs keep on applying the rest mass definition to the 

masses involved in their experiments. Also, unless you consider the spin levels which I'll soon 

introduce to you, there is no means to understand why the variations of the measured gravitational 

constant over a small period of time do not add up to a greater variation over a larger period. One can 

easily note for example that although measurements within one year vary about 0.7% of the mean 

value, the variation between the average values of each subsequent year is much smaller. This is 
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because averaging the values cancels out the dynamic variations in mass. It is not a coincidence 

that ALL Cavendish and free fall setup experimental results fit within the same upper and 

lower boundary limits of 6.645E-11 to 6.715E-11, equivalent to -0.43% and +0.611% 

relative to the present (average) value from CODATA. What scientists seem to be missing 

is that G is oscillating within these two boundaries, and any experiment will give the 

value of G at the particular point in time of the oscillation. It means that all experimental 

data points shown above are in fact tracing an oscillating curve. Further on, we will analyse 

the origin of these oscillations. Those of you who followed my ST conversion table, could clearly see 

that mass is just a 3D structure of energy and that energy and motion have opposite (inverse) 

dimensions. Matter can be considered as different levels of spinning electromagnetic gyros 

embedded within each other. No wonder that inertial mass is defined as its resistance to motion! 

Varying the velocity of matter, will change the velocity of all these gyros with respect to a fixed point, 

and automatically vary its mass M. Mathematically it can be shown that relativistic mass has a 

velocity dependence, and the object will be more massive at higher velocities. The conventional 

invariant rest mass mo on the other hand, can be shown to be equivalent to a relativistic mass when 

one changes the frame of reference to the next higher level. The confusion arising from the two 

different terms, is due to the fact that rest mass, is considered as SOMETHING residing IN space time, 

which does not exist. Mass is formed of space time itself (=T3/S3 remember?). Statements like "The 

invariant mass of a particle is independent of velocity" make no sense. Every 'invariant mass' can be 

thought of a relativistic mass (a gyro) spinning inside a stationary box. 

 

 

Why so much discrepancy in the measurement of G 

 

Once you understand how all scientific parameters are interlinked, and how to manipulate standard 

deviation calculations, it becomes clear that the constant G should have the highest deviation, and 

that small changes in either of the two really fundamental units, space and time, will be amplified in 

any experimental measurements of G.  

The relation between most scientific parameters has already been discussed in our ST system of units 

page. From here you can see that G is defined as S6/T5. Now we need to know how errors add up 

when multiplying or dividing parameters whose values are known to be in error by some non zero 

quantity. Such error or uncertainty factor over a parameter X, is usually quoted as relative standard 

uncertainty dX/X. But what happens if our quantity is related to X by Y=Xn? The error will increase 

according to the following equations: 

 

In general, the total error dX/X of any computation X=A*B*C/D*E/F... is: 

 

dX/X = sqrt {[dA/A]2 + [dB/B]2 + [dC/C]2 + [dD/D]2 + [dE/E]2 + [dF/F]2 + ....}  

 

So, for our ST converted unit in the form G = Sx Ty, the total standard deviation is: 

 

dG/G = sqrt {|x|* [dS/S]2 + |y|* [dT/T]2}  

http://www.blazelabs.com/f-u-suconv.asp
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So it follows that dG/G = sqrt { 6*[dS/S]2 + 5*[dT/T]2 }  

 

Whatever the actual standard deviation values for S and T are, it is quite obvious that the 'constant' 

G should have the highest standard deviation of all units due to its highest powers of dS/S and dT/T. 

It also means that we can monitor measurements of G to get a picture of the much smaller variations 

of the fundamental units S and T. The big chances are that the variations detected in 1887 by 

Michelson-Morley and in 1925 by Dayton Miller when checking for variations in the speed of light (the 

purpose of which was to display the movement of the Earth relatively to an aether) are the same 

variations on a smaller scale of those which present scientists are noticing in the experimental values 

of G. Just as a side note, it is less widely known that both Michelson's and Miller's results were not 

null. However Einstein's theories of SR and GR are only valid for an allegedly null result of their 

experiments which was denied by both Michelson and Miller. Most of the 200,000 individual readings 

from Dayton Miller's clearly show a systematic positive result, yet, Einstein prefered to discredit this 

data for temperature variations, for obvious personal reasons. Shown below are just two of Miller's 

data, with sinusoidal fitting curves by Maurice Allais. 
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What's the noise contribution in the measurement of G ? 

 

As you can abserve from the above curve fitting, for reasons I will shortly 

explain, G varies in a quasi-sinusoidal manner, but we do have a secondary 

problem with measurement of G. It's the noise which gets superimposed on the 

natural oscillating variations of G. This rather random noise is caused by 

various stellar and intestellar processes. These deviations would correlate with 

different events taking place in our universe, such as the ones we observe from 

our own sun, including huge violent coronal mass ejections, electric and magnetic flux changes, 

which are randomly generated across the universe. It is known, that during coronal mass ejections 

(CME's) from our own sun, billions of tons of scathing plasma can be accelerated to millions of miles 

per hour. Solar flares are also other mechanisms which suddenly release huge amount of magnetic 

energy and radiation across virtually the entire electromagnetic spectrum. Such activities can easily 

result in noise levels exceeding the noise floor of the measuring equipment, or even the amplitude of 

the observable sinusoidal variation itself. Luckily enough, they are random, whilst the wanted 

variation is repetivite, so using digital filtering/curve fitting techniques, we can still filter out this noise 

to analyse our interesting variations in G....as long as we do not discard all variations in our readings 

as experimental error! 

 

Newton's Wrong assumption 

 

For over 200 years the equations of motion as stated by Newton were taken as final, and seemed to 

describe nature quite accurately. However, discrepancies were found later on, which required the 

intervention of Einstein in 1905 to tweak all Newton's laws of motion. The tweak came at the expense 

of the acceptance that MASS VARIES WITH VELOCITY and this is clearly shown in Lorentz work:  

M =  m0 .... where  is Lorentz factor = 1/(1-v2/c2)  
 

M = Effective mass 
 = Lorentz factor 

m0 = Stationary mass 
v = velocity of mass relative to the observer's reference frame 

c = speed of light 

From his observations, Kepler was able to state his third law, which is the most important of all, in our 

context. The third law relates the period of a planet's orbit, T, to the length of its semimajor axis, a. 

It states that the square of the sidereal period of the orbit (T2) is proportional to the cube of the 

semimajor axis (a3), and further that the constant of proportionality is independent of the individual 

planets; in other words, each and every planet has the same constant of proportionality K: 

K = a3/T2 .... K= 3.35E18 m3/s2 
 

http://en.wikipedia.org/wiki/Lorentz_factor
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Since Newton wrongly assumed that Mass is a constant, he had later on 'hidden' Kepler's constant 
within his Gravitational constant G. Newton's G and Kepler's constant K, are related through: 

K = GMS/4 π2.....MS = Solar system mass  

So here we can see that planetary motion shows that it's not G or M that are constant, but their 

product GM, and that G will only be a constant as long as Mass is constant. In fact, today we call the 

GM product as the standard gravitational parameter µ. It not only simplifies various gravity-related 

formulas, but also gives more accuracy to the results, than if one uses separate values of G and M. In 

fact, the product of G and the mass of the Sun is known much more accurately than either quantity 

alone! So, at relativistic speeds, we have to account for the relativistic mass and we have: 

From Kepler's constant and the standard gravitational parameter, we know that GM is conserved for 
different planetary velocities: 

 
µ = GM = (G+G) * (M+M)  

 

(G+G)  1/(M+M)  

 
M =  mo and G = (1/) G ..... where = Lorentz factor, mo = rest mass 

 
 This relationship shows that any change in mass will be reflected in a change in G  

and that both Mass and G are functions of velocity  

This conclusion can also be easily deduced, from the fact that the dimensions of gravitational 
'constant' G has MLT dimensions L3M-1T-2, showing the inverse relation between G and Mass.  
 
For a body oscillating between two relativistic velocities VMAX and VMIN, both expressed as ratios of c, 
the Lorentz contraction factor variation is given by: 

MAX/MIN = {1/(1-VMAX
2)} / {1/(1-VMIN

2)}  
 

MAX/MIN = MMAX/MMIN = GMIN/GMAX... where GMAX-GMIN represents the deviation in G.  

In other words, the experimental variation in G, is a MEASURE of the variation of the 

absolute velocity of the test masses at that point in space and time, and not an error at 

all! This should come to no surprise, after all we know that Einstein already tweaked Newton's laws 

of motion by replacing the rest mass with relativistic mass. At first, it was a shocking fact to accept 

that Newton's laws were wrong, after 200 years of general acceptance. The fact is that the relativistic 
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effects on the experiments which had validated Newton's laws were smaller than the accuracy of the 

experimental error, and so the small but important change in mass was neglected. Einstein's tweak 

to Newtons equations of motion was simply to replace Newton's constant mass by the velocity 

dependent mass.  

 
 

For velocities much lower than the speed of light, Einstein's tweak has no effect upon Newton's 

original equations, but this is not a good enough reason, for present physics textbooks to still quote 

Newton's laws of motion without any hint of that mass is in fact a function of velocity. In fact, it is not 

before reaching advanced levels that the student is first exposed to Einstein's relativistic mass.  

 

We are used to the fact that a 1kg steel ball will always 'contain' 1kg of matter, and that when we put 

it on a measuring balance on earth, we will always read 9.8 Newtons of weight. Yet, Einstein showed 

this is false. As it has been shown in both my ST conversion table and in Einstein's equations, the 

effective mass of an object (the opposition to motion) will increase with the velocity of the object, and 

the effective mass is not something virtual. As long as a 1kg steel ball is moving at a velocity enough 

to reach an effective mass of 10kg, the steel ball will have all the properties of a 10kg steel ball, no 

more, no less, and the 1kg mass becomes history! The first confirmation of measured increase in 

mass came in 1908, measuring the mass of the fast electrons in a vacuum tube. In fact, TV designers 

work out their calculations assuming an electron mass of 0.5% heavier than its so called 'rest mass' 

when calculating the magnetic fields used to deflect them across the screen.  

http://www.blazelabs.com/f-u-suconv.asp
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At relativistic speeds, the effective mass will increase with velocity. As you can see from the graph, 

the Lorentz factor is not linear, with its gradient increasing further as the velocity approaches the 

speed of light. This means that if a mass is moving at relativistic velocity, and a similar mass is 

moving at twice its velocity, the mass of the fastest object will be more than twice the mass of the 

slower one. Also, if a mass moving at relativistic velocity, varies its velocity sinusoidaly, the variation 

in mass will not be perfectly sinusoidal, but distorted towards the positive velocity variation. The 

above plot shows multiple curves (in blue) plotting 1/ for an object travelling at different velocities 

v ± 30km/sec where 0<v<c, that is moving forward at relativistic velocity with non relativistic 

sinusoidal velocity variations. Due to the non linear curve for , the perfect sinusoidal velocity 

variation will eventually result into a distorted sine wave representing the actual Lorentz factor 

variation. Since the plot is for 1/, it also represents the variation of G for such an object. 

In the following paragraph, we will see that on earth (were most experiments are done), no object is 

really at rest, and that the relativistic mass has to be considered even for a steel ball sitting 

motionless on a table. The only thing which is in fact at rest in the whole (closed) universe is its 

boundary, or its reference frame beyond which no matter can exist. 

 

How fast is Earth going 

 

For us who live on this planet, it looks as if our planet is stationary. In fact, a long 

time ago, it was believed that the sun and stars all revolved around the fixed 

earth, and that the earth was at the centre of the universe. We now know, that our 

Earth is just a tiny planet residing in a huge universe containing multiple galaxies 

of thousands of solar systems.  

 

We know that our planet spins on its axis at one cycle every day. The solar system in turn, spins at 

one cycle every year. We normally refer to solar system spin as planet orbit motion, but in fact even 
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the sun is known to be spinning, so it is more correct to call it solar system spin. Our whole solar 

system is thus spinning on its own axis while orbiting around our Sagittarius Dwarf galaxy (not the 

Milky Way galaxy) at one cycle every approximately 226 million years, and it's highly probable that 

other galaxies spin around as well, and this hierarchy goes on for five levels. All this happens within 

a closed fixed frame universe. So, saying that something is at rest means only that it is traveling at 

the same velocity as the observer and not at rest in relation to the universe frame of reference. So, 

your PC, your desk, your room are all traveling through space at the same speed as you are, and the 

velocity at which you are traveling right now is far greater than you would ever expect. The table 

below shows the currently accepted velocities for the known universe. 

 

 •How fast is the Earth spinning? 0.46 km/sec 

 •How fast is the Solar system spinning? 30 km/sec 

 •How fast is the Galaxy spinning? 250 km/sec 

 •How fast is our super cluster spinning? 627 km/sec 

 •How fast is the CMBR frame spinning? Assumed at rest 

So, when all these velocities happen to line up, we will have an absolute velocity 
of 907.46 km/sec or 0.3% the speed of light when 'stationary'! 

 

Introducing Macro Spin Levels and the Relativistic Universe model 
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To understand mass, we need a fixed reference frame, or at least a frame of reference one hierarchy 

level higher than that in which the mass seems at rest. Normally, we are used to take earth as our 

frame of reference, but we know that other bodies exist outside such a frame. According Mach's 

Principle, "The inertia of any system is the result of the interaction of that system and the rest of the 

universe. In other words, every particle in the universe ultimately has an effect on every other 

particle." Everything is connected in such a way, in both space and time, that if one thing changes, 

everything would change. Thus, when considering any reference frame, other than the one 

containing the whole universe, you are automatically ignoring an active part of your physical system, 

which will result in an incomplete system. Everything is connected, or as we say, is gravity bound, so 

in order to work out motion of a particle anywhere in the universe, one must take into account the 

whole universe. The whole universe is a single body of oscillators in steady state. No one can claim 

that his results are accurate enough, if done within any reference frame of his choice. So, we have to 

adopt the universe highest hierarchy frame of reference and start analysing the motion of the object 

in question relative to that frame. The velocity relative to such a frame is called the absolute velocity, 

and is the only frame of reference in which absolute and relative become equal. From this frame, the 

motion of earth, together with all objects on its surface, consists of multiple spin within spin 

mechanisms, or convoluted spins. That is, the absolute resultant velocity at any point on earth is 

made up of the tangential velocity of the earth's spin, vectorially added to the tangential velocity of 

the planet's orbit around the sun, added to the tangential velocity of the solar system and so on. We 

found the fractal diagram pictured above to be very helpful in understanding what the universe might 

look like and how it behaves. We will call these spins 'Macro Spin Levels', with Macro Spin Level 1 

being the earth's spin about its own axis, at a velocity of about 0.46km/sec (kps) and completing a 

full cycle every day. The next level, Macro Spin Level 2, will be the solar system spin about its axis, 

which we note as the planets' orbit of the (rotating) sun. For Earth, this velocity is about 30kps and 

completes a full cycle every one year. Macro Spin Level 3 is the galaxy spin about its central black 

hole Sagittarius A*, the motion of which we notice the existence as our solar system travels in a 

further bigger orbit around our galaxy. This velocity is about 270kps and completes a full cycle every 

about 226 million years. We know about the existence of other spinning galaxies, which together as 

clusters in a similar fashion like the spinning planets orbiting the sun, are orbiting yet around another 

centre of rotation, the centre of the Virgo super cluster. This would be the Macro Spin Level 4. Virgo 

super cluster centre is known as the great attractor and could possibly have its own orbital velocity as 

well, that would be orbiting around yet another centre, together with several other 'attractors'. This 

is Macro Level 5, and its centre is fixed. The highest level we got data for, is that of level 4, the 

velocity of the centre of our galaxy with respect to the Great attractor, measured as 627kps. This is 

the velocity as measured by doppler effect with respect to the cosmic background radiation. In the 

following calculations I will conventionally assume the Great attractor to be stationary, and that Spin 

level 5 does not exist. We will refer to it further on, in this page. One important thing to notice is that 

each hierarchy level is cyclic, and that the increase in velocity in its first half cycle, will be balanced by 

an equal decrease in velocity on its completion of the cycle. This concept shows that the whole 

universe is cyclic, and that the present expansion of the universe is part of a huge time cycle which 

expands and contracts the whole universe. This eliminates the requirement of the Big Bang model as 

a means to understand the present expansion state.  

http://en.wikipedia.org/wiki/Sagittarius_A
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Macro Spin Level 3 

At time of writing, it is generally thought 
that all galaxy clusters are rotating about 
what is normally referred to as the Great 
Attractor. This great attractor is assumed 
by most, to be fixed in space that it can 
be taken as the fixed reference in the 
universe. As you see in my universe 
hierarchy diagram, and as highly debated 
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within astronomers and scientists, we 
lack much data and knowledge to assume 
such thing, and the great attractor is 
probably orbiting around, with other 
great attractors around the real fixed 
centre of the universe. For the 
pre-eliminary calculations we shall abide 
to the conventional idea that the great 
attractor is fixed, and start from Spin 
level 4 which is the orbital velocity of the 
galaxy about the great attractor. 
From astronomy we know some 
interesting data about Macro Spin Level 
3. At this level our whole galaxy is 
spinning about its own centre at the 
velocity of 250kps and orbiting along the 
universe at Spin level 4 velocity of about 
627 kps relative to the Great Attractor. 
The value of 627 kps is equal to 0.21% 
the speed of light and has been measured 
from the cosmic microwave background 
radiation, under the assumption that the 
speed of light is constant across the 
whole universe.  
Let's work out the change in mass that 
would result from a change of + 250kps 
to -250kps at the galaxy velocity of 
627kps, assuming the great attractor at 
rest. 
 
From = 1/(1-v2/c2) 
 
At v=627+250kps or 877kps, we get 
MAX= 1.000004279 
At v=627-250kps or 377kps, we get MIN= 
1.000000791 
So the variation  from its minimum to 
maximum value is 3.488E-6 
Applying this  factor to a mass of 
MMIN1000Kg at any place in our solar 
system, M (in grammes)= 
*1000*1000 = 3.488 grammes 
 
So, a nominal mass of 1000kg would 
vary its mass in a cyclic way by 
3.488 grammes every 226 million 
years, the time taken for the solar 
system to make a complete 
revolution around the galaxy. This 
percentage change in mass will take 
effect over the whole of the galaxy, 
and even though the percentage may 
seem small, the change in global 
mass will be quite huge considering 
the total mass of the whole galaxy. 
It will thus oscillate the gravitational 
force between all stars within the 
galaxy, and also between their 
components at lower macro spin 
levels. Thus, spin level 3 variation is 
the only variation that will show up 
when averaging data values over 
one year. Our value will thus show 
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as a long term variation of 
(dG/dt)/G = 3.488E-6/112E6 = 
0.031E-12/year. 
 

Macro Spin Level 2 

Now let's consider level 2, the orbital spin of the earth and other planets around the sun. Actually it's 

not the planets that are spinning around the sun, but the entire solar system, including the sun is 

rotating on its own axis. In astronomy, the "ecliptic plane" is by definition, the 2D plane in space 

defined by the sun at its centre, and by the orbit of the earth, as shown below. The 12 zodiac 

constellations are all on the ecliptic plane. Let us assume that an observer outside our solar system 

is observing the motion from a fixed point in space on the same plane as the ecliptic plane. If he could 

measure the velocities of the sun and earth, he would note that the sun is moving at a constant 250 

kps around the centre of the galaxy, but he would also note that the earth is not moving at a constant 

velocity. At times the earth is moving at 220 kps, at times it is moving at 280 kps (because it is going 

in circles around the sun), and at most times it is accelerating or decelerating between these two 

limits. The earth will seem to be racing with the sun around the galaxy. At times the earth would be 

slightly in front of the sun and at other times it would be slightly behind the sun. At times it would be 

moving faster than the sun as it comes in front, and at times it would be moving slower as it goes 

behind. This motion is describing the absolute velocity of Macro Spin Level 2, with the Great Attractor 

taken as the fixed reference.  
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Our solar system's velocity around the centre of our galaxy is known to be approximately 250kps, and 

earth's orbital velocity is about 30kps. This means that the earth's velocity with respect to the galaxy 

will vary from 220 kps to 280 kps, depending on the orbital position of the earth, relative to our joint 

path towards the centre of the galaxy, that is depending on the month of the year. To measure the 

maximum absolute velocity limits for Spin Level 2, we must also consider the velocity of the higher 

level 3, at which the centre of the galaxy is moving with respect to the fixed reference frame, and so 

we must add 627kps to the solar system velocity. 

 

 

Calculation of mass variation for Macro Spin Level 2 

 

This velocity will be a sinusoidal variation oscillating from +30kps to -30kps about the absolute solar 

system velocity of 250kps+627kps = 877kps, that is an oscillation with peak to peak velocity 

variation of 60kps.  

 

This means that any object on earth, including earth itself is moving at a velocity of 997kps, which 

varies ±30kps, or a total velocity variation of 60kps every year cycle.  

 

So, let us work out the change in mass that would result from a change of 60kps at the absolute solar 



 

Page 183 of 422 
 

system velocity of 877kps. 

 

From = 1/(1-v2/c2) 

 

At 877+30kps or 907kps, we get MAX= 1.000004577 

At 877-30kps or 847kps, we get MIN= 1.000003992 

So the variation  from its minimum to maximum value is 5.85E-7 

Applying this  factor to a mass of 1000Kg at any place on earth, M= *1000 = 0.585 grammes 

 

So, a nominal mass of 1000kg would vary its mass in a cyclic way by 0.585 grammes 

every 6 months, returning back to its original mass on the next 6 months. 

 

Spin level 2 does not vary with the location of the object on earth, since the velocity variation is taking 

place over all matter on earth, and thus can be applied to the whole earth's mass. 

Thus applying this  factor to Earth's average mass, M= *Me= 5.85E-7*5.972E24Kg  

Earth's mass will increase by 3.49E18Kg over a period of 6 months and loose 3.49E18Kg 

over the following 6 months. All consequences of Macro Spin Level 2 will thus show and 

repeat themselves yearly. One of such obvious consequences of this change in earth's 

mass is that the gravitational force of attraction between it and the sun will have a 

minimum and a maximum value separated by 6 months time. The minimum distance 

between the Earth and sun will be that position in which the earth is moving at 280kps 

due to the increase in earth's effective mass, whilst the maximum radial distance from the 

sun will occur when the earth is moving at 220kps (refer to the above diagram). This 

implies that the orbit around the sun cannot have a uniform centripetal force, and its orbit 

will be distorted into an elliptical one, and this we know for fact, or was it an other 

enigma? 

 

Already at Macro Spin Level 2, at a velocity variation of 60kps, the motion of the earth around the sun 

DOES make a dangerously worrying difference on the masses involved. According to the above 

calculation, it will in fact vary in a quasi-sinusoidal way, the earth's mass by 3.49E18Kg (earth's 

mass=5.972E24kg). And this is assuming that the cosmic radiation background is the reference 

frame, otherwise all the calculated values can be much higher. Also note, that if one averages Spin 

level 2 variations over a year, they would virtually cancel out, since the increase in G in the first 6 

months is canceled by the decrease in the following months of the year. This is the reason for which 

the experimental variations between experiments done during the year, do not eventually add up in 

the total variation over the whole year. 

 

 

Macro Spin Level 1 

 

We know a lot of data on this level. The tangential velocity of spin level 1, can be easily calculated 
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knowing the radius of earth and the time it takes for one complete spin (one sidereal day). 

 

Calculation of mass variation for Macro Spin Level 1 

 

Equatorial Earth's diameter : 12757km 

Time for complete spin about its axis: 23hrs 56mins 4sec = 86164 seconds 

Equatorial perimeter = Pi * 12757 = 40077.29km 

Tangential velocity = 40077.29/86164 = 0.465 km/sec or kps 

Earth's orbital velocity around the sun (spin level 2) is known to be 30kps. 

So considering spin about its axis on its own, any 'stationary' object in the equatorial region on earth 

would be moving at 0.465 kps or 465 m/s, already at supersonic speeds! If one had to be in the 

position of the sun, looking at the earth, he would see the earth's motion as in the animated diagram 

above. Any point on the equator will seem to be oscillating from left to right and back, varying its 

velocity from zero at the left to +0.465kps at the centre (at noon), to zero at the right, then to 

-0.465kps when moving on the other side (at midnight), and back to zero after a complete cycle. He 

will also see the earth moving to the left at its nominal 30kps. The velocity of earth as seen from the 

sun would be 30kps ±0.465kps. Thus the change in velocity modulated over the 30kps speed is equal 

to 0.93kps within every half cycle.  

 

From = 1/(1-v2/c2) 

 

At 627+250+30+0.465kps, we get MAX= 1.000004582 

At 627+250+30-0.465kps we get MIN= 1.000004572 

 

So the variation  from its minimum to maximum value is 1E-8. 

For Macro Spin Level 1, such a change in effective mass varies upon the location of the object on 

earth. Objects at the poles will not be effected by such a variation. 

Applying this  factor to a mass of 1000Kg at the equator, M (in grammes)= *1000*1000 = 10 

milli grammes 

 

So, a nominal mass of 1000kg at the equator would vary its mass in a cyclic way by 10mg 

every 12 hours. I have also shown that the mass variation for Macro Spin Level 1 depends 

on the actual location on earth, and that is has minor effect at the earth's poles. Also, the 

consequences of change occurring within this spin level will repeat themselves every 24 

hours. 

 

Natural consequences of change in mass 

Given the knowledge of such mechanism, even if lacking a comprehensive set of accurate data to 

complete exact mass variations calculations at all spin levels, and knowledge of a possible 4th spin 

level, we can still evaluate the consequences of the spin levels treated here. For Spin level 3, the 
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mass variation will be due to the rotation of the galaxy about its own axis. This mass variation will 

oscillate periodically every about 226 million years, the time for the solar system to make one 

complete cycle around our galaxy. Such a mass variation would be even greater than that of level 2, 

and would literally oscillate the mass values of all bodies within the solar system, including the sun. 

This means that as a consequence of the 3rd Macro Spin Level, all the planets' orbits will decrease 

their radial distances from the sun and get very close to each other for the first 112 million years, and 

then do the opposite on the next 112 million years. We currently have evidence that the earth, and 

all planets are in fact getting closer to the sun, and now we know why. 

 

Another consequence of such big variation in mass of all objects within the solar system, is that while 

the planets themselves increase in mass, gravity can possibly crush them into higher density planets. 

Bigger animals will have less chance to survive as their bodies collapse due to their weight, and 

animals start getting smaller. In the case where the value of G changes abruptly, only the small 

'versions' survive. Scientists are now convinced that what we refer to as birds, are in fact the 

survivors of the small scale dinasours. This can also explain a lot of known history of unsolved 

evolution facts. When on the next 112 million year cycle, mass starts to diminish again, Earth's 

density will decrease, possibly Earth itself would expand in radius, explaining why continents' 

coastlines are almost a perfect fit to each other, and could once cover the whole surface of a smaller 

earth. Animals grow taller and bigger as their muscles would be able to lift bigger bodies, and for us 

humans, building up temples with huge rocks, without any impossible machinery, would be like 

playing with blocks! Does this solve another mystery?  

 
Dinosaurs would be crushed by their own weight under our present gravitational force 

Diplodocus weighed about 35 tons, but the limited strength of biological tissues does not make it 

theoretically possible for such a creature to support its own weight. The flying dinasour Pteranodon 

had a wing span of 8 metres, which is theoretically inadequate for lifting off such a large animal. A 

substantially lower value for the G constant, would easily explain these anomalies.  

http://www.expanding-earth.org/page_9.htm
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Kalasasaya Temple at Tiahuanaco - Its size and weight clearly indicate that gravitational forces were 

much lower during its time. The vertical coloums are 12 foot long. 
Human beings could handle heavier and bigger building blocks with no problem  

 

 
Wall of Gigantic blocks on the summit of Ollantaytambo. The huge polished, jewel hard pink porphyry 
blocks are in the range of 200 tonnes each, and had been brought to an altitude of 60 metres from a 

quarry located 8km away and 900m higher on the opposite side of the mountain!!. No way our 
present human body, with all our technology can ever achieve such a task at the present high value 

of G.  
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Giant human bones were discovered in the mountain valley area of Turkey. One person's hind leg 

from the bone fossils measures 120cm in length, indicating a body length of about 5 meters.  

 
Photo of monkey over Nazca plain (18m in diameter). Giant humans did not need to work out 

complex and precise geometry to draft huge scale pictures over the ground. It makes no sense to go 
into all the geometry trouble to draw a stupid monkey. All they did was to draft their picture on the 
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ground like a child drawing his picture on paper. Today, the photo is taken from a plane, but in those 
days, a human had just to stand upright!  

 
Photo of a miniature human skeleton(left) Homo floresiensis compared to a present human 

skeleton(right) Homo sapiens. This adult skull was about the size of a 3 year old modern human 
child. Homo floresiensis lived when the value of G was at its peak. It is estimated, that this skull 

belongs to a 30 year old female, 1m long, weighing just about 25kg and lived about 18000 years ago. 
Next to the same sediment deposits bones of dwarf elephants were also found. Since we have past 
records showing that G was sometimes larger and sometimes smaller than our present value, it is 

evident that the value of G is not following a linear trend, but oscillating.  

 
Giant human footprint contemporary with other dinosaur footprints taken from Paluxy River, Texas. 

It exceeds 45cm in length. Studies have revealed that it was of a 10 foot female weighing about 
454kg.  

 

What if the Great Attractor is not fixed in space? 

 

In the above calculations, I showed that various changes in mass occur in different locations in space 

at different times. Even if all the numbers are wrong, you always end up with non zero variations in 

mass, of different periodic cycles superimposed on each other. One could in fact use the few past 

records we've got of maximum 'error' in experimental G to determine the actual velocity deviations of 

our solar system with respect to the universe reference frame within the past. Since the history of 

records for values of G does not span more than a few years, the variations due to Spin level 3, which 

take 224 million years for a whole cycle, will be negligible. However, Spin level 2 would show up the 

whole deviation in a year's time, and is the main Spin level generating the error in measurement. We 

have seen that macro spin level 2 velocity variation, would result in =5.85E-7 or a deviation of 

0.00006% in mass, which will be reflected in the experimentally derived value for G. The error of 

0.0128% quoted by Codata is still about 213 times as much as this deviation, and this could simply 

mean that the Great attractor, assumed fixed in space, is in motion as well, in which case its velocity 

has to be added to all Spin levels. If we account for a higher spin level, ie. spin level 4, the absolute 
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velocity has to be stepped up by the velocity of this spin level, and all mass variations in the lower 

spin levels will thus be offset to higher values.  

 

If one assumes that the average of 0.7% experimental error in G is all due to the fact that the 

experiments have been done in different months of the year, we can equate the mass variation of 

spin level 2 to 0.7% to find the approximate value for the Great Attractor orbital velocity (GAV) 

around the centre of the universe. 

 

MAX/MIN= {1/(1-v2
max/c

2)}/{ 1/(1-v2
min/c

2)} 

 

100.7% = {1/(1-v2
max/c

2)}/{ 1/(1-v2
min/c

2)}  

 

Vmax= 907 + GAV, Vmin = 847 + GAV 

 

1.007 = {1/(1-(907+GAV)2/c2)} / { 1/(1-(847+GAV)2/c2)}..... c=299792.458kps 

 

GAV ~ 294644km/sec or 0.9828c 

 

It makes sense that after all, the GAV, which sits in the cosmic microwave background radiation rest 

frame, is a source of electromagnetic waves, which we know by definition have to travel at velocity c. 

The 0.9828 factor then arises from the tilt of the axis of each hierarchy level with respect to the 

direction of this energetic microwave source. This factor would correspond to cos-1(0.98)= 10.6 

degrees. 

 

Now re-working the mass variations for all spin levels including CMBR source velocity:  

 

Spin Level 1:  

 

At 294644+627+250+30+0.465kps, we get MAX= 5.96627 

At 294644+627+250+30-0.465kps we get MIN= 5.96562 

 

So the variation  from its minimum to maximum value is ~0.011% every 12 hours. 

 

 

Spin Level 2: 

 

At 294644+627+250+30kps , we get = 5.9659 

At 294644+627+250-30kps , we get = 5.9245 

So the variation  from its minimum to maximum value is ~0.7% every 6 months 

 

 

Spin Level 3: 
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At 294644+627+250kps , we get = 5.945108 

At 294644+627-250kps , we get = 5.627361 

So the variation  from its minimum to maximum value is ~5.67% every 112 million years 

 

 

This implies that if one performs the Cavendish experiment with the same setup at a time separation 

of 12 hours, he will get 0.011% difference from his previous reading. He may also get an error of 

0.7% if re-done within 6 months, and theoretically he should get an error (or better, a deviation) of 

5.67% if re-done after 112 million years(!). 

Science Horoscopy and scientific consequences of mass variation 

Measuring G with the false assumption of mass conservation would be 

better defined as science horoscopy and no matter how accurate the 

experiment is, will always give different readings at different locations 

on earth, at different times of the day, year and at different locations 

of our solar system within the fixed frame of the whole universe. Here 

you will see that a LOT of scientific parameters DO change with the 

positions of the stars. Understanding this point is of primary 

importance if we have to ever settle down for physics constants that are really constant and be 

accurately specified. Perhaps, the scientific consequences of variation in mass and resulting value of 

varying G, are more drastic then the natural consequences. Knowing the exact velocity of earth at 

any point in time with respect to the universe fixed frame of reference, would enable us to know the 

EXACT values of all physics constants at any location and at any point in time in both past and future. 

The value of G at any particular space and time location on earth can in itself be predicted by knowing 

the position and velocity at that point in time, of earth. The reason for different laboratories to come 

up with G values which differ so wildly from each others, is simply because the masses of both test 

masses and that of earth are varying due to variations in velocities of the earth at different times of 

the experiment. These variations can be worked out using Einstein's effective mass equations upon 

the velocity variation we found to exist in all Macro Spin Levels. No one else seems to have been 

thinking about applying Einstein's theory because all researchers assumed that their laboratories are 

stationary and that the masses involved in their experiments are equivalent to rest masses. As we 

have seen, all matter around us is traveling at relativistic speeds, and applying Newton's law of 

gravitation to varying masses, will obviously give varying results for G. Indeed, Einstein is at fault as 

well, as he should not have defined anything as 'rest mass' by choosing any reference frame other 

than the fixed frame of the closed universe. 'Rest mass' should not mean a mass which is stationary 

with respect to the observer but to the universe and in fact it can only be used to refer to the universe 

fixed frame of reference itself, the universe 'shell' if you like. The very basis of special and general 

relativity theories rest on a triple shaking basis: the reputedly negative results of Michelson's 

experiments, which were reconfirmed to be positive by several scientists, the invariance of the speed 

of light in all directions, and the impossibility to detect absolute motion, all of which have been 

confirmed NOT true by various other experiments. 
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Gravitational constant G is always measured indirectly, with the false assumption that the masses 

(both of the equipment and that of earth) are constant. But we now know that this is not true. 

Kepler's constant is the mass independent constant which relates to product G*M. A change in 

velocity will thus always result in a change in mass, and in G. If one does not take into account the 

variations in Earth's mass and the dumbbell's masses, then for sure, the value of the MEASURED G 

will vary with the time of year in which the experiment is done. Since G is a function of the reciprocal 

of mass (see dimensions of G), the experimental values for it will vary because the mass property is 

varying with the relative velocity of earth to the fixed reference frame at that particular place within 

the universe. 

 

As a matter of fact, G is not the only measured unit that suffers such variations, though as we 

discussed it is in fact the best candidate to detect any variations. The consequences of this 

finding, which is a direct consequence of the ST conversion clean-up, are quite ground 

shaking, considering that ALL parameters have to be accepted as varying with star 

positions and time, and these include the speed of light and all those SI units which we 

have already explored analysing the present SI system of units.  

 

 

The consequences of such a variation are just overwhelming! Mass is not conserved and together 

with G, and most scientific units, it depends on star positions. All the units above depend on 

the absolute velocity. The law of isotropy, the well accepted feature of the universe which states that 

a body's physical properties are independent of its location and orientation in space, simply breaks 

down. We can no longer just ignore the term absolute velocity. The idea proposed by Ernest Mach to 

Einstein, in which he stated that forces on bodies may vary relative to the orientation of distant stars 

proves itself to be perfectly justified. Einstein has in fact used this principle which he himself coined 

as Mach's Principle to reach his final laws of general relativity, but later on just dropped off this most 

interesting part. The fact that we are unable to sense absolute motion is a result of lacking a human 

sense for such thing (which would otherwise make us crazy, given the speeds at which we are 

traveling). We know that traveling in an aircraft at a uniform supersonic speed, does not feel any 

different from sitting down in your office, unless you look out of the window. It was not until James 

Clerk Maxwell's theory of electrodynamics was developed, that there showed up physical laws that 

suggested that one could measure his velocity without any reference to outside his reference frame, 

or to use our example, without looking out of the window. Unfortunately, during those days, all 

experiments could not show this is true, and in physics, anything that cannot be detected by 

experiment makes no sense to be defined. But, we cannot say that an experiment which consistently 

shows variations in the order of 0.0125% in Gravitational constant or mass, is not detecting 

anything! One cannot just ignore an idea or path of thought because it feels weird. As long as there 

is an experiment to support the idea, that idea can no longer be ignored. Time has come to accept 

Mach's and Maxwell's ideas. One has also to keep in mind that these were the pioneers behind 

Einstein's work. It is well known that most of Einstein's credit goes for making public, the ideas that 

these and other pioneers of his time had already known or derived for some time. For the first time, 

http://www.blazelabs.com/f-u-suconv.asp
http://en.wikipedia.org/wiki/Mach%27s_principle
http://en.wikipedia.org/wiki/James_Clerk_Maxwell
http://en.wikipedia.org/wiki/James_Clerk_Maxwell
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science will be able to define an object standing still, from an object traveling at uniform velocity. It 

will be also able to define an accelerating object from one being under the effect of gravity. In other 

words, science will be able to better describe reality. 

 

Just think about how ridiculous is that NIST 1kg prototype sitting at the International Bureau of 

weights and measures, which is cycling it's own mass in sinusoidal fashion whilst encapsulated and 

'stationary' under that glass jar! NIST has now to define the 1Kg something like: "This prototype shall 

henceforth be considered to be the unit of mass ...but measured when Leo, earth and the sun line up, 

on the first year that our solar system returns from its 226 million year orbital journey..". There is no 

guarantee that its actual mass might not vary wildly from 1kg along the journey of our solar system 

within the universe. 

 

Now, if one compares the universe structure presented here, to the atomic structure we find a 

surprising similarity, not only a hierarchical similarity but also new numerical evidence showing that 

the universe is a set of spinning levels, with the ultimate source being a pure electromagnetic source. 

Starting off from the earth's rotation and diameter, we found that Spin level 1 has a velocity of 465 

m/s.  

 

Now using the same relation already found at atomic levels, that is 1/2Alpha, we can find the velocity 

for spin level 2: 

 

Spin level 2 velocity = 462.9 * 137.036/2 = 31716.98 m/s  

Spin level 3 velocity = 31716.98 * 137.036/2 = 2173184.18 m/s = 0.007c  

... Now similarly to the atomic version, we will not apply the 1/2 factor to the last spin level 4: Spin 

level 4 velocity = 2183043.09 * 137.036 = 297804468 m/s = 0.993c 

 

Adding up the 4 spin level velocities 0.993c + 0.007c + 0.000c + 0.000c = c 

 

This re confirms that Spin level 4 must exist and its velocity is very close to the speed of light. 

Remember, the value we estimated previously for GAV gave us a value of 0.9828c, and this was 

based on the past records of deviation in G over a couple of decades. Also, given that no matter can 

travel faster than the speed of light, and that the observable universe is composed of matter, then, 

it follows that the sum of all spin level velocities cannot exceed c, and so anything trying to spin or 

travel faster than c, will start to have its axis tilted in a way that its velocity component in the 

direction of GAV never adds up to more than c. This would explain the earth's tilt to its orbit around 

the sun, and the solar system tilt along the galactic plane. These tilts vary according the the spin 

velocities... the higher the spins the greater the tilt. Earth's tilt results in seasons and is know to 

change from 21 to 25 degrees. The cause of this tilt has been long pondered upon by many scientists, 

and will remain an enigma, until the presented relativistic universe model is considered. 

 

The simple and straight forward theory presented on this page, together with the high degree of 

mismatch obtained by independent labs upon the experimental value of G, Mach's original arguments 

http://physics.nist.gov/cuu/Units/kilogram.html


 

Page 193 of 422 
 

which led Einstein to draw up his most famous theory, Mikhail's experimental results, together with 

the high precision of the GM product, must be more than enough to convince any one with basic 

physics knowledge that mass and the majority of scientific parameters DO vary with the actual 

location and orientation of earth with respect to the surrounding universe. There is a small difference 

however for the actual reason of why this happens, from the way Mach & Michail described the 

dependency. The dependency of the scientific units varies with the positions of the stars, in 

an indirect way, because a difference in the location of the stars IMPLIES a difference in 

our absolute velocity with respect to the universe fixed frame of reference. In other words, 

knowing our position relative to the stars, is the same as knowing our absolute velocity.  

 

It would not be the first time in history, that even those ideas which seem to have been accurately 

verified might be wrong, and that in our present physical laws, everything could be wrong! A 

breakthrough in science will always result in a breakdown of the old version, the bigger the 

breakthrough, the less relics are left over from the older version. I am here re-introducing what Mach 

and Maxwell have already shown exist, the theory of absolute velocity. This theory together with its 

natural and scientific consequences just dwarfs out Einstein's tweaks upon Newton's laws, which was 

in itself another scientific breakthrough. It automatically abolishes Einstein's Weak Equivalence 

principle, which states that there is no local experiment that can distinguishing between the effects 

on an observer of a uniform gravitational field and of constant acceleration. Of course this is not true 

for an observer that can locally measure his absolute velocity. This principle is the foundation of the 

General Theory of Relativity and is now shown to be incorrect. It is known that despite its popularity, 

the General Theory of Relativity was a failed attempt by Einstein to unify gravity with 

electromagnetism. This fact led Einstein to become increasingly isolated in his late years and 

eventually being unsuccessful in his attempts to unify general relativity and Quantum Mechanics. So, 

that something is wrong with General Theory of Relativity is already guaranteed by its incompatibility 

with Quantum mechanics and also by the known violation of the Nordtvedt effect. Again, in the 

Nordtvedt case we see that many metric theories of gravity actually predict that massive bodies 

violate the weak equivalence principle. Brans-Dicke scalar-tensor theory has come very close to the 

truth, and in fact successfully linked such an effect to the possibility of a spatially varying 

gravitational constant. Niels Bohr, the father of Quantum Mechanics claimed "We will never 

understand anything until we have found some contradictions". Indeed, the most difficult part is not 

finding the contradictions, but accepting them without trying to discard them as experimental error. 

My study thus concludes that the theory of absolute velocity should be at the fundamentals of all 

physical units, since all our experiences and experiments depend on their absolute motion that is the 

motion relative to our universe fixed frame of reference.  

 
 

  

http://en.wikipedia.org/wiki/Quantum_mechanics
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Gravitational constant 

 

 
 
The gravitational constant G is a key quantity in Newton's law of universal gravitation. 
 
The gravitational constant, denoted G, is an empirical physical constant involved in the 
calculation of the gravitational attraction between objects with mass. It appears in Newton's 
law of universal gravitation and in Einstein's theory of general relativity. It is also known as 
the universal gravitational constant, Newton's constant, and colloquially Big G.[1] It should 
not be confused with "little g" (g), which is the local gravitational field (equivalent to the 
local acceleration due to gravity), especially that at the Earth's surface; see Earth's gravity 
and Standard gravity. 
 
According to the law of universal gravitation, the attractive force (F) between two bodies is 
proportional to the product of their masses (m1 and m2), and inversely proportional to the 
square of the distance (r) between them: 
 

 
 
The constant of proportionality, G, is the gravitational constant. 
 
The gravitational constant is perhaps the most difficult physical constant to measure.[2] In SI 
units, the 2006 CODATA-recommended value of the gravitational constant is: 
 

 
 

Another authoritative estimate is given by the International Astronomical Union (see 
Standish, 1995).  

Dimensions, units and magnitude 
 
The dimensions assigned to the gravitational constant in the equation above — length cubed, 
divided by mass and by time squared (in SI units, metres cubed per kilogram per second 
squared) — are those needed to balance the units of measurements in gravitational 
equations. However, these dimensions have fundamental significance in terms of Planck 
units: when expressed in SI units, the gravitational constant is dimensionally and numerically 
equal to the cube of the Planck length divided by the Planck mass and by the square of 
Planck time. 
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http://en.wikipedia.org/wiki/Physical_constant
http://en.wikipedia.org/wiki/Gravitation
http://en.wikipedia.org/wiki/Isaac_Newton
http://en.wikipedia.org/wiki/Newton%27s_law_of_universal_gravitation
http://en.wikipedia.org/wiki/Albert_Einstein
http://en.wikipedia.org/wiki/General_relativity
http://en.wikipedia.org/wiki/Gravitational_constant#cite_note-0
http://en.wikipedia.org/wiki/Standard_gravity
http://en.wikipedia.org/wiki/Earth%27s_gravity
http://en.wikipedia.org/wiki/Standard_gravity
http://en.wikipedia.org/wiki/Force
http://en.wikipedia.org/wiki/Mass
http://en.wikipedia.org/wiki/Inverse_square_law
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In natural units, of which Planck units are perhaps the best example, G and other physical 
constants such as c (the speed of light) may be set equal to 1. 
 
In many secondary school texts, the dimensions of G are derived from force in order to assist 
student comprehension: 
 

 
 
In cgs, G can be written as: 
 

 
 
In astrophysical use, when distances are measured in parsecs (pc), velocities in kilometers 

per second (km/s) and masses in solar units ( ), it is useful to express G as: 
 

 
 
The gravitational force is extremely weak compared with other fundamental forces. For 
example, the gravitational force between an electron and proton 1 meter apart is 
approximately 10−67 newton, while the electromagnetic force between the same two 
particles is approximately 10−28 newton. Both these forces are weak when compared with the 
forces we are able to experience directly, but the electromagnetic force in this example is 
some 39 orders of magnitude (i.e. 1039) greater than the force of gravity — roughly the same 
ratio as the mass of the Sun compared to a microgram mass. 
 
History of measurement 
 
The gravitational constant appears in Newton's law of universal gravitation, but it was not 
measured until 1798 — 71 years after Newton's death — by Henry Cavendish (Philosophical 
Transactions 1798). Cavendish measured G implicitly, using a torsion balance invented by 
the geologist Rev. John Michell. He used a horizontal torsion beam with lead balls whose 
inertia (in relation to the torsion constant) he could tell by timing the beam's oscillation. 
Their faint attraction to other balls placed alongside the beam was detectable by the 
deflection it caused. However, it is worth mentioning that the aim of Cavendish was not to 
measure the gravitational constant but rather to measure the mass and density relative to 
water of the Earth through the precise knowledge of the gravitational interaction. The value 
that he calculated, in SI units, was 6.754 × 10−11 m3/kg/s2[4] 
The accuracy of the measured value of G has increased only modestly since the original 
experiment of Cavendish. G is quite difficult to measure, as gravity is much weaker than 
other fundamental forces, and an experimental apparatus cannot be separated from the 
gravitational influence of other bodies. Furthermore, gravity has no established relation to 
other fundamental forces, so it does not appear possible to measure it indirectly. Published 
values of G have varied rather broadly, and some recent measurements of high precision are, 
in fact, mutually exclusive. 
 
In the January 5, 2007 issue of Science (page 74), the report "Atom Interferometer 
Measurement of the Newtonian Constant of Gravity" (J. B. Fixler, G. T. Foster, J. M. 
McGuirk, and M. A. Kasevich) describes a new measurement of the gravitational constant. 
According to the abstract: "Here, we report a value of G = 6.693 × 10−11 cubic meters per 
kilogram second squared, with a standard error of the mean of ±0.027 × 10−11 and a 
systematic error of ±0.021 × 10−11 cubic meters per kilogram second squared. 
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The GM product 
 
The quantity GM — the product of the gravitational constant and the mass of a given 
astronomical body such as the Sun or the Earth — is known as the standard gravitational 
parameter and is denoted μ. Depending on the body concerned, it may also be called the 
geocentric or heliocentric gravitational constant, among other names. 
 
This quantity gives a convenient simplification of various gravity-related formulas. Also, for 
many celestial bodies such as the Earth and the Sun, the value of the product GM is known 
more accurately than each factor independently. Indeed, the limited accuracy available for 
G often limits the accuracy of scientific determination of such masses in the first place. 
 
For Earth, using M⊕ as the symbol for the mass of the Earth, we have 
 

 
 
Calculations in celestial mechanics can also be carried out using the unit of solar mass rather 
than the standard SI unit kilogram. In this case we use the Gaussian gravitational constant 
which is k2, where 
 

 
 
and 
 
A is the astronomical unit 
D is the mean solar day 
S is the solar mass 
 
If instead of mean solar day we use the sidereal year as our time unit, the value of k is very 
close to 2π (k = 6.28315). 
 
The standard gravitational parameter GM appears as above in Newton's law of universal 
gravitation, as well as in formulas for the deflection of light caused by gravitational lensing, 
in Kepler's laws of planetary motion, and in the formula for escape velocity. 
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opic/other%20rmp%20articles/CODATA2005.pdf, retrieved on 2006-07-01. Section Q 
(pp. 42–47) describes the mutually inconsistent measurement experiments from 
which the CODATA value for G was derived 

6. ^ J. B. Fixler; G. T. Foster; J. M. McGuirk; M. A. Kasevich (2007-01-05), "Atom 
Interferometer Measurement of the Newtonian Constant of Gravity", Science 315 
(5808): 74–77, doi:10.1126/science.1135459, 
http://www.sciencemag.org/cgi/content/abstract/315/5808/74 
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Planck's Constant and the Energy of a Photon 

In 1900, Max Planck was working on the problem of how the radiation an object emits is 
related to its temperature. He came up with a formula that agreed very closely with 
experimental data, but the formula only made sense if he assumed that the energy of a 
vibrating molecule was quantized--that is, it could only take on certain values. The energy 
would have to be proportional to the frequency of vibration, and it seemed to come in little 
"chunks" of the frequency multiplied by a certain constant. This constant came to be known 
as Planck's constant, or h, and it has the value  
 

 

 

 

  

It was an extremely radical idea to suggest that energy could only come in discrete clumps, 
even if the clumps were very small. Planck actually didn't realize how revolutionary his work 
was at the time; he thought he was just fudging the math to come up with the "right answer," 
and was convinced that someone else would come up with a better explanation for his 
formula.  

Based on Planck's work, Einstein proposed that light also delivers its energy in chunks; light 
would then consist of little particles, or quanta, called photons, each with an energy of 
Planck's constant times its frequency. Quantum Physics was born.  

In that case, the frequency of the light would make a difference in the photoelectric effect.  
Higher-frequency photons have more energy, so they should make the electrons come flying 
out faster; thus, switching to light with the same intensity but a higher frequency should 
increase the maximum kinetic energy of the emitted electrons. If you leave the frequency 
the same but crank up the intensity, more electrons should come out (because there are 
more photons to hit them), but they won't come out any faster, because each individual 
photon still has the same energy.  

And if the frequency is low enough, then none of the photons will have enough energy to 
knock an electron out of an atom. So if you use really low-frequency light, you shouldn't get 
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any electrons, no matter how high the intensity is. Whereas if you use a high frequency, you 
should still knock out some electrons even if the intensity is very low.  

Therefore, with a few simple measurements, the photoelectric effect would seem to be able 
to tell us whether light is in fact made up of particles or waves.  

In 1913-1914, R.A. Millikan did a series of extremely careful experiments involving the 
photoelectric effect. He found that all of his results agreed exactly with Einstein's 
predictions about photons, not with the wave theory. Einstein actually won the Nobel Prize 
for his work on the photoelectric effect, not for his more famous theory of relativity.  

Light is made of particles! But the two-slit experiment tell us that light is waves well. I don't 
see how light could make an interference pattern like that, unless it was made of waves. We 
can only conclude that light is somehow both a wave and a particle--or that it's something 
else we can't quite visualize, which appears to us as one or the other depending on how we 
look at it.  
 

Gravitational Constant 

The gravitational constant, denoted G, is an empirical physical constant involved in the 
calculation of the gravitational attraction between objects with mass. It appears in Newton's 
law of universal gravitation and in Einstein's theory of general relativity. It is also known as 
the universal gravitational constant, Newton's constant, and colloquially Big G.[1] It should 
not be confused with "little g" (g), which is the local gravitational field (equivalent to the 
local acceleration due to gravity), especially that at the Earth's surface; see Earth's gravity 
and Standard gravity. 
 
According to the law of universal gravitation, the attractive force (F) between two bodies is 
proportional to the product of their masses (m1 and m2), and inversely proportional to the 
square of the distance (r) between them: 
 

 
 
The constant of proportionality, G, is the gravitational constant. 
 
The gravitational constant is perhaps the most difficult physical constant to measure.[2] In SI 
units, the 2006 CODATA-recommended value of the gravitational constant is 
 

 
 
Another authoritative estimate is given by the International Astronomical Union (see 
Standish, 1995). 

  

Dimensions, units and magnitude 
 
The dimensions assigned to the gravitational constant in the equation above — length cubed, 
divided by mass and by time squared (in SI units, metres cubed per kilogram per second 
squared) — are those needed to balance the units of measurements in gravitational 
equations. However, these dimensions have fundamental significance in terms of Planck 
units: when expressed in SI units, the gravitational constant is dimensionally and numerically 
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equal to the cube of the Planck length divided by the Planck mass and by the square of 
Planck time. 
 
In natural units, of which Planck units are perhaps the best example, G and other physical 
constants such as c (the speed of light) may be set equal to 1. 
 
In many secondary school texts, the dimensions of G are derived from force in order to assist 
student comprehension: 
 

 
 
In cgs, G can be written as: 
 

 
 
In astrophysical use, when distances are measured in parsecs (pc), velocities in kilometers 

per second (km/s) and masses in solar units ( ), it is useful to express G as: 
 

 
 
The gravitational force is extremely weak compared with other fundamental forces. For 
example, the gravitational force between an electron and proton 1 meter apart is 
approximately 10−67 newton, while the electromagnetic force between the same two 
particles is approximately 10−28 newton. Both these forces are weak when compared with the 
forces we are able to experience directly, but the electromagnetic force in this example is 
some 39 orders of magnitude (i.e. 1039) greater than the force of gravity — roughly the same 
ratio as the mass of the Sun compared to a microgram mass 
 
History of measurement 
 
The gravitational constant appears in Newton's law of universal gravitation, but it was not 
measured until 1798 — 71 years after Newton's death — by Henry Cavendish (Philosophical 
Transactions 1798). Cavendish measured G implicitly, using a torsion balance invented by 
the geologist Rev. John Michell. He used a horizontal torsion beam with lead balls whose 
inertia (in relation to the torsion constant) he could tell by timing the beam's oscillation. 
Their faint attraction to other balls placed alongside the beam was detectable by the 
deflection it caused. However, it is worth mentioning that the aim of Cavendish was not to 
measure the gravitational constant but rather to measure the mass and density relative to 
water of the Earth through the precise knowledge of the gravitational interaction. The value 
that he calculated, in SI units, was 6.754 × 10−11 m3/kg/s2[4] 
The accuracy of the measured value of G has increased only modestly since the original 
experiment of Cavendish. G is quite difficult to measure, as gravity is much weaker than 
other fundamental forces, and an experimental apparatus cannot be separated from the 
gravitational influence of other bodies. Furthermore, gravity has no established relation to 
other fundamental forces, so it does not appear possible to measure it indirectly. Published 
values of G have varied rather broadly, and some recent measurements of high precision are, 
in fact, mutually exclusive. 
 
In the January 5, 2007 issue of Science (page 74), the report "Atom Interferometer 
Measurement of the Newtonian Constant of Gravity" (J. B. Fixler, G. T. Foster, J. M. 
McGuirk, and M. A. Kasevich) describes a new measurement of the gravitational constant. 
According to the abstract: "Here, we report a value of G = 6.693 × 10−11 cubic meters per 
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kilogram second squared, with a standard error of the mean of ±0.027 × 10−11 and a 
systematic error of ±0.021 × 10−11 cubic meters per kilogram second squared. 
 
The GM product 
 
The quantity GM — the product of the gravitational constant and the mass of a given 
astronomical body such as the Sun or the Earth — is known as the standard gravitational 
parameter and is denoted μ. Depending on the body concerned, it may also be called the 
geocentric or heliocentric gravitational constant, among other names. 
 
This quantity gives a convenient simplification of various gravity-related formulas. Also, for 
many celestial bodies such as the Earth and the Sun, the value of the product GM is known 
more accurately than each factor independently. Indeed, the limited accuracy available for 
G often limits the accuracy of scientific determination of such masses in the first place. 
 
For Earth, using M⊕ as the symbol for the mass of the Earth, we have 
 

 
 
Calculations in celestial mechanics can also be carried out using the unit of solar mass rather 
than the standard SI unit kilogram. In this case we use the Gaussian gravitational constant 
which is k2, where 
 

 
 
and 
 
A is the astronomical unit 
D is the mean solar day 
S is the solar mass 
 
If instead of mean solar day we use the sidereal year as our time unit, the value of k is very 
close to 2π (k = 6.28315). 
 
The standard gravitational parameter GM appears as above in Newton's law of universal 
gravitation, as well as in formulas for the deflection of light caused by gravitational lensing, 
in Kepler's laws of planetary motion, and in the formula for escape velocity. 

 
 

Inconstant Constants 

Do the inner workings of nature change with time? 
By John D. Barrow and John K. Webb 
 
Some things never change. Physicists call them the constants of nature. Such quantities as 
the velocity of light, c, Newton's constant of gravitation, G, and the mass of the electron, 
me, are assumed to be the same at all places and times in the universe. They form the 
scaffolding around which the theories of physics are erected, and they define the fabric of 
our universe. Physics has progressed by making ever more accurate measurements of their 
values. 
 
And yet, remarkably, no one has ever successfully predicted or explained any of the 
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constants. Physicists have no idea why they take the special numerical values that they do. 
In SI units, c is 299,792,458; G is 6.673 X 10-11; and me is 9.10938188 X 10-31--numbers that 
follow no discernible pattern. The only thread running through the values is that if many of 
them were even slightly different, complex atomic structures such as living beings would not 
be possible. The desire to explain the constants has been one of the driving forces behind 
efforts to develop a complete unified description of nature, or "theory of everything." 
Physicists have hoped that such a theory would show that each of the constants of nature 
could have only one logically possible value. It would reveal an underlying order to the 
seeming arbitrariness of nature. 
 
In recent years, however, the status of the constants has grown more muddled, not less. 
Researchers have found that the best candidate for a theory of everything, the variant of 
string theory called M-theory, is self-consistent only if the universe has more than four 
dimensions of space and time--as many as seven more. One implication is that the constants 
we observe may not, in fact, be the truly fundamental ones. Those live in the full 
higher-dimensional space, and we see only their three-dimensional "shadows." 
 
Meanwhile physicists have also come to appreciate that the values of many of the constants 
may be the result of mere happenstance, acquired during random events and elementary 
particle processes early in the history of the universe. In fact, string theory allows for a vast 
number--10500--of possible "worlds" with different self-consistent sets of laws and constants 
[see "The String Theory Landscape," by Raphael Bousso and Joseph Polchinski; Scientific 
American, September 2004]. So far researchers have no idea why our combination was 
selected. Continued study may reduce the number of logically possible worlds to one, but we 
have to remain open to the unnerving possibility that our known universe is but one of 
many--a part of a multiverse--and that different parts of the multiverse exhibit different 
solutions to the theory, our observed laws of nature being merely one edition of many 
systems of local bylaws [see "Parallel Universes," by Max Tegmark; Scientific American, May 
2003. 
 
No further explanation would then be possible for many of our numerical constants other 
than that they constitute a rare combination that permits consciousness to evolve. Our 
observable universe could be one of many isolated oases surrounded by an infinity of lifeless 
space--a surreal place where different forces of nature hold sway and particles such as 
electrons or structures such as carbon atoms and DNA molecules could be impossibilities. If 
you tried to venture into that outside world, you would cease to be. 
 
Thus, string theory gives with the right hand and takes with the left. It was devised in part to 
explain the seemingly arbitrary values of the physical constants, and the basic equations of 
the theory contain few arbitrary parameters. Yet so far string theory offers no explanation 
for the observed values of the constants. 
 
A Ruler You Can Trust 
 
Indeed, the word "constant" may be a misnomer. Our constants could vary both in time and 
in space. If the extra dimensions of space were to change in size, the "constants" in our 
three-dimensional world would change with them. And if we looked far enough out in space, 
we might begin to see regions where the "constants" have settled into different values. Ever 
since the 1930s, researchers have speculated that the constants may not be constant. String 
theory gives this idea a theoretical plausibility and makes it all the more important for 
observers to search for deviations from constancy. 
 
Such experiments are challenging. The first problem is that the laboratory apparatus itself 
may be sensitive to changes in the constants. The size of all atoms could be increasing, but 
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if the ruler you are using to measure them is getting longer, too, you would never be able to 
tell. Experimenters routinely assume that their reference standards--rulers, masses, 
clocks--are fixed, but they cannot do so when testing the constants. They must focus their 
attention on constants that have no units--they are pure numbers--so that their values are 
the same irrespective of the units system. An example is the ratio of two masses, such as the 
proton mass to the electron mass. 
 
One ratio of particular interest combines the velocity of light, c, the electric charge on a 

single electron, e, Planck's constant, h, and the so-called vacuum permittivity, 0. This 

famous quantity, = e2/2 0hc, called the fine-structure constant, was first introduced in 
1916 by Arnold Sommerfeld, a pioneer in applying the theory of quantum mechanics to 
electromagnetism. It quantifies the relativistic (c) and quantum (h) qualities of 

electromagnetic (e) interactions involving charged particles in empty space ( 0). Measured 

to be equal to 1/137.03599976, or approximately 1/137, has endowed the number 137 
with a legendary status among physicists (it usually opens the combination locks on their 
briefcases). 
 

If had a different value, all sorts of vital features of the world around us would change. If 

the value were lower, the density of solid atomic matter would fall (in proportion to 3), 

molecular bonds would break at lower temperatures ( 2), and the number of stable 

elements in the periodic table could increase (1/ ). If were too big, small atomic nuclei 
could not exist, because the electrical repulsion of their protons would overwhelm the 
strong nuclear force binding them together. A value as big as 0.1 would blow apart carbon. 
 

The nuclear reactions in stars are especially sensitive to . For fusion to occur, a star's 
gravity must produce temperatures high enough to force nuclei together despite their 

tendency to repel one another. If exceeded 0.1, fusion would be impossible (unless other 
parameters, such as the electron-to-proton mass ratio, were adjusted to compensate). A 
shift of just 4 percent in would alter the energy levels in the nucleus of carbon to such an 
extent that the production of this element by stars would shut down. 
 
Nuclear Proliferation  
The second experimental problem, less easily solved, is that measuring changes in the 
constants requires high-precision equipment that remains stable long enough to register any 
changes. Even atomic clocks can detect drifts in the fine-structure constant only over days 

or, at most, years. If changed by more than four parts in 1015 over a three-year period, the 
best clocks would see it. None have. That may sound like an impressive confirmation of 
constancy, but three years is a cosmic eyeblink. Slow but substantial changes during the long 
history of the universe would have gone unnoticed. 
 
Fortunately, physicists have found other tests. During the 1970s, scientists from the French 
atomic energy commission noticed something peculiar about the isotopic composition of ore 
from a uranium mine at Oklo in Gabon, West Africa: it looked like the waste products of a 
nuclear reactor. About two billion years ago, Oklo must have been the site of a natural 
reactor [see "A Natural Fission Reactor," by George A. Cowan; Scientific American, July 
1976]. 
 
In 1976 Alexander Shlyakhter of the Nuclear Physics Institute in St. Petersburg, Russia, 
noticed that the ability of a natural reactor to function depends crucially on the precise 
energy of a particular state of the samarium nucleus that facilitates the capture of neutrons. 
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And that energy depends sensitively on the value of . So if the fine-structure constant had 
been slightly different, no chain reaction could have occurred. But one did occur, which 
implies that the constant has not changed by more than one part in 108 over the past two 
billion years. (Physicists continue to debate the exact quantitative results because of the 
inevitable uncertainties about the conditions inside the natural reactor.) 
 
In 1962 P. James E. Peebles and Robert Dicke of Princeton University first applied similar 
principles to meteorites: the abundance ratios arising from the radioactive decay of 

different isotopes in these ancient rocks depend on . The most sensitive constraint 
involves the beta decay of rhenium into osmium. According to recent work by Keith Olive of 
the University of Minnesota, Maxim Pospelov of the University of Victoria in British Columbia 
and their colleagues, at the time the rocks formed, was within two parts in 106 of its current 
value. This result is less precise than the Oklo data but goes back further in time, to the 
origin of the solar system 4.6 billion years ago. 
 
To probe possible changes over even longer time spans, researchers must look to the 
heavens. Light takes billions of years to reach our telescopes from distant astronomical 
sources. It carries a snapshot of the laws and constants of physics at the time when it started 
its journey or encountered material en route. 
 
Line Editing  
Astronomy first entered the constants story soon after the discovery of quasars in 1965. The 
idea was simple. Quasars had just been discovered and identified as bright sources of light 
located at huge distances from Earth. Because the path of light from a quasar to us is so long, 
it inevitably intersects the gaseous outskirts of young galaxies. That gas absorbs the quasar 
light at particular frequencies, imprinting a bar code of narrow lines onto the quasar 
spectrum. 
 
Whenever gas absorbs light, electrons within the atoms jump from a low energy state to a 
higher one. These energy levels are determined by how tightly the atomic nucleus holds the 
electrons, which depends on the strength of the electromagnetic force between them--and 
therefore on the fine-structure constant. If the constant was different at the time when the 
light was absorbed or in the particular region of the universe where it happened, then the 
energy required to lift the electron would differ from that required today in laboratory 
experiments, and the wavelengths of the transitions seen in the spectra would differ. The 
way in which the wavelengths change depends critically on the orbital configuration of the 

electrons. For a given change in , some wavelengths shrink, whereas others increase. The 
complex pattern of effects is hard to mimic by data calibration errors, which makes the test 
astonishingly powerful. 
 
Before we began our work seven years ago, attempts to perform the measurement had 
suffered from two limitations. First, laboratory researchers had not measured the 
wavelengths of many of the relevant spectral lines with sufficient precision. Ironically, 
scientists used to know more about the spectra of quasars billions of light-years away than 
about the spectra of samples here on Earth. We needed high-precision laboratory 
measurements against which to compare the quasar spectra, so we persuaded 
experimenters to undertake them. Initial measurements were done by Anne Thorne and 
Juliet Pickering of Imperial College London, followed by groups led by Sveneric Johansson of 
Lund Observatory in Sweden and Ulf Griesmann and Rainer Kling of the National Institute of 
Standards and Technology in Maryland. 
 
The second problem was that previous observers had used so-called alkali-doublet 
absorption lines--pairs of absorption lines arising from the same gas, such as carbon or 

http://www.scientificamerican.com/topic.cfm?id=galaxies
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silicon. They compared the spacing between these lines in quasar spectra with laboratory 
measurements. This method, however, failed to take advantage of one particular 

phenomenon: a change in shifts not just the spacing of atomic energy levels relative to 
the lowest-energy level, or ground state, but also the position of the ground state itself. In 
fact, this second effect is even stronger than the first. Consequently, the highest precision 
observers achieved was only about one part in 104. 

 

In 1999 one of us (Webb) and Victor V. Flambaum of the University of New South Wales in 
Australia came up with a method to take both effects into account. The result was a 
breakthrough: it meant 10 times higher sensitivity. Moreover, the method allows different 
species (for instance, magnesium and iron) to be compared, which allows additional 
cross-checks. Putting this idea into practice took complicated numerical calculations to 

establish exactly how the observed wavelengths depend on in all different atom types. 
Combined with modern telescopes and detectors, the new approach, known as the 

many-multiplet method, has enabled us to test the constancy of with unprecedented 
precision. 
 
Changing Minds  
When embarking on this project, we anticipated establishing that the value of the 
fine-structure constant long ago was the same as it is today; our contribution would simply 
be higher precision. To our surprise, the first results, in 1999, showed small but statistically 
significant differences. Further data confirmed this finding. Based on a total of 128 quasar 

absorption lines, we found an average increase in of close to six parts in a million over the 
past six billion to 12 billion years. 
 
Extraordinary claims require extraordinary evidence, so our immediate thoughts turned to 
potential problems with the data or the analysis methods. These uncertainties can be 
classified into two types: systematic and random. Random uncertainties are easier to 
understand; they are just that--random. They differ for each individual measurement but 
average out to be close to zero over a large sample. Systematic uncertainties, which do not 
average out, are harder to deal with. They are endemic in astronomy. Laboratory 
experimenters can alter their instrumental setup to minimize them, but astronomers cannot 
change the universe, and so they are forced to accept that all their methods of gathering 
data have an irremovable bias. For example, any survey of galaxies will tend to be 
overrepresented by bright galaxies because they are easier to see. Identifying and 
neutralizing these biases is a constant challenge. 
 
The first one we looked for was a distortion of the wavelength scale against which the quasar 
spectral lines were measured. Such a distortion might conceivably be introduced, for 
example, during the processing of the quasar data from their raw form at the telescope into 
a calibrated spectrum. Although a simple linear stretching or compression of the wavelength 

scale could not precisely mimic a change in , even an imprecise mimicry might be enough 
to explain our results. To test for problems of this kind, we substituted calibration data for 
the quasar data and analyzed them, pretending they were quasar data. This experiment 
ruled out simple distortion errors with high confidence. 
 
For more than two years, we put up one potential bias after another, only to rule it out after 
detailed investigation as too small an effect. So far we have identified just one potentially 
serious source of bias. It concerns the absorption lines produced by the element magnesium. 
Each of the three stable isotopes of magnesium absorbs light of a different wavelength, but 
the three wavelengths are very close to one another, and quasar spectroscopy generally sees 
the three lines blended as one. Based on laboratory measurements of the relative 
abundances of the three isotopes, researchers infer the contribution of each. If these 

http://www.scientificamerican.com/topic.cfm?id=galaxies
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abundances in the young universe differed substantially--as might have happened if the stars 
that spilled magnesium into their galaxies were, on average, heavier than their counterparts 

today--those differences could simulate a change in . 
 
But a study published this year indicates that the results cannot be so easily explained away. 
Yeshe Fenner and Brad K. Gibson of Swinburne University of Technology in Australia and 
Michael T. Murphy of the University of Cambridge found that matching the isotopic 

abundances to emulate a variation in also results in the overproduction of nitrogen in the 
early universe--in direct conflict with observations. If so, we must confront the likelihood 
that really has been changing. 
 
The scientific community quickly realized the immense potential significance of our results. 
Quasar spectroscopists around the world were hot on the trail and rapidly produced their 
own measurements. In 2003 teams led by Sergei Levshakov of the Ioffe Physico-Technical 
Institute in St. Petersburg, Russia, and Ralf Quast of the University of Hamburg in Germany 
investigated three new quasar systems. Last year Hum Chand and Raghunathan Srianand of 
the Inter-University Center for Astronomy and Astrophysics in India, Patrick Petitjean of the 
Institute of Astrophysics and Bastien Aracil of LERMA in Paris analyzed 23 more. None of 

these groups saw a change in . Chand argued that any change must be less than one part 
in 106 over the past six billion to 10 billion years. 
 
How could a fairly similar analysis, just using different data, produce such a radical 
discrepancy? As yet the answer is unknown. The data from these groups are of excellent 
quality, but their samples are substantially smaller than ours and do not go as far back in 
time. The Chand analysis did not fully assess all the experimental and systematic 
errors--and, being based on a simplified version of the many-multiplet method, might have 
introduced new ones of its own. 
 
One prominent astrophysicist, John Bahcall of Princeton, has criticized the many-multiplet 
method itself, but the problems he has identified fall into the category of random 
uncertainties, which should wash out in a large sample. He and his colleagues, as well as a 
team led by Jeffrey Newman of Lawrence Berkeley National Laboratory, have looked at 
emission lines rather than absorption lines. So far this approach is much less precise, but in 
the future it may yield useful constraints. 
 
Reforming the Laws  
If our findings prove to be right, the consequences are enormous, though only partially 
explored. Until quite recently, all attempts to evaluate what happens to the universe if the 
fine-structure constant changes were unsatisfactory. They amounted to nothing more than 

assuming that became a variable in the same formulas that had been derived assuming it 

is a constant. This is a dubious practice. If varies, then its effects must conserve energy 
and momentum, and they must influence the gravitational field in the universe. In 1982 
Jacob D. Bekenstein of the Hebrew University of Jerusalem was the first to generalize the 

laws of electromagnetism to handle inconstant constants rigorously. The theory elevates 
from a mere number to a so-called scalar field, a dynamic ingredient of nature. His theory 

did not include gravity, however. Four years ago one of us (Barrow), with H�vard Sandvik 

and Jo�o Magueijo of Imperial College London, extended it to do so. 

 

This theory makes appealingly simple predictions. Variations in of a few parts per million 
should have a completely negligible effect on the expansion of the universe. That is because 
electromagnetism is much weaker than gravity on cosmic scales. But although changes in the 

http://www.scientificamerican.com/topic.cfm?id=astrophysics
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fine-structure constant do not affect the expansion of the universe significantly, the 

expansion affects . Changes to are driven by imbalances between the electric field 
energy and magnetic field energy. During the first tens of thousands of years of cosmic 
history, radiation dominated over charged particles and kept the electric and magnetic 
fields in balance. As the universe expanded, radiation thinned out, and matter became the 
dominant constituent of the cosmos. The electric and magnetic energies became unequal, 

and started to increase very slowly, growing as the logarithm of time. About six billion 
years ago dark energy took over and accelerated the expansion, making it difficult for all 

physical influences to propagate through space. So became nearly constant again. 
 
This predicted pattern is consistent with our observations. The quasar spectral lines 

represent the matter-dominated period of cosmic history, when was increasing. The 
laboratory and Oklo results fall in the dark-energy-dominated period, during which has been 

constant. The continued study of the effect of changing on radioactive elements in 
meteorites is particularly interesting, because it probes the transition between these two 
periods. 
 
Alpha Is Just the Beginning  
Any theory worthy of consideration does not merely reproduce observations; it must make 
novel predictions. The above theory suggests that varying the fine-structure constant makes 
objects fall differently. Galileo predicted that bodies in a vacuum fall at the same rate no 
matter what they are made of--an idea known as the weak equivalence principle, famously 
demonstrated when Apollo 15 astronaut David Scott dropped a feather and a hammer and 

saw them hit the lunar dirt at the same time. But if varies, that principle no longer holds 
exactly. The variations generate a force on all charged particles. The more protons an atom 
has in its nucleus, the more strongly it will feel this force. If our quasar observations are 
correct, then the accelerations of different materials differ by about one part in 1014--too 
small to see in the laboratory by a factor of about 100 but large enough to show up in 
planned missions such as STEP (space-based test of the equivalence principle). 
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There is a last twist to the story. Previous studies of neglected to include one vital 
consideration: the lumpiness of the universe. Like all galaxies, our Milky Way is about a 
million times denser than the cosmic average, so it is not expanding along with the universe. 

In 2003 Barrow and David F. Mota of Cambridge calculated that may behave differently 
within the galaxy than inside emptier regions of space. Once a young galaxy condenses and 

relaxes into gravitational equilibrium, nearly stops changing inside it but keeps on 

http://www.scientificamerican.com/topic.cfm?id=galaxies
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changing outside. Thus, the terrestrial experiments that probe the constancy of suffer 
from a selection bias. We need to study this effect more to see how it would affect the tests 

of the weak equivalence principle. No spatial variations of have yet been seen. Based on 
the uniformity of the cosmic microwave background radiation, Barrow recently showed that 

does not vary by more than one part in 108 between regions separated by 10 degrees on the 
sky. 
 

So where does this flurry of activity leave science as far as is concerned? We await new 
data and new analyses to confirm or disprove that varies at the level claimed. Researchers 

focus on , over the other constants of nature, simply because its effects are more readily 

seen. If is susceptible to change, however, other constants should vary as well, making 
the inner workings of nature more fickle than scientists ever suspected. 
 
The constants are a tantalizing mystery. Every equation of physics is filled with them, and 
they seem so prosaic that people tend to forget how unaccountable their values are. Their 
origin is bound up with some of the grandest questions of modern science, from the 
unification of physics to the expansion of the universe. They may be the superficial shadow 
of a structure larger and more complex than the three-dimensional universe we witness 
around us. Determining whether constants are truly constant is only the first step on a path 
that leads to a deeper and wider appreciation of that ultimate vista. 

 

Mathematical constant 

From Wikipedia, the free encyclopedia 
Jump to: navigation, search  

A mathematical constant is a special number, usually a real number, that arises naturally in 
mathematics. Unlike physical constants, mathematical constants are defined independently 
of physical measurement. 

Some mathematical constants, such as e and π, arise in many different contexts. Others, 
such as Graham's number or Skewes' number, only arise in a single specific context, but are 
notable because they are the earliest found, largest or smallest exemplar of a class of 
numbers. Many of the more interesting mathematical constants have a name, also when they 
can easily be specified by a short formula. What it means for a constant to arise "naturally", 
and what makes a constant "interesting", is ultimately a matter of taste, and some 
mathematical constants are notable more for historical reasons than for their intrinsic 
mathematical interest. 

Mathematical constants are always definable numbers and are almost always also 
computable numbers (Chaitin's constant being a significant exception). However, 
computable constants need not be easily computed; the De Bruijn-Newman constant, for 
example, has no known digits of its decimal expansion. 

Constants may be sorted by size but alternate classifications are used, such as using 
continued fractions. 

Common mathematical constants (some of which are also ubiquitous in science) 
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Ubiquitous in many different fields of science, such recurring constants include π, e and the 

Feigenbaum constants which are linked to the mathematical models used to describe 
physical phenomena, Euclidean geometry, analysis and logistic maps respectively. However, 
mathematical constants such as Apéry's constant and the Golden ratio occur unexpectedly 
outside of mathematics. 

 
 

The circumference of a circle with diameter 1 is π. 

Pi, though having a natural definition in Euclidean geometry (the circumference of a circle 
of diameter 1), may be found in many different places in mathematics. Pi is also the 
circumference of any given circle divided by its diameter. Key examples include the 
Gaussian integral in complex analysis, nth roots of unity in number theory and Cauchy 
distributions in probability. However, its universality is not limited to mathematics. Indeed, 
various formulas in physics, such as Heisenberg's uncertainty principle, and constants such as 
the cosmological constant bear the constant pi. The presence of pi in physical principles, 
laws and formulas can have very simple explanations. For example, Coulomb's law, 
describing the inverse square proportionality of the magnitude of the electrostatic force 
between two electric charges and their distance, states that, in SI units, 

[1] 
Euler's Number e 

 
 
Exponential growth (green) describes many physical phenomena. 

Euler's Number – also known as the exponential growth constant – e appears in many areas of 
mathematics. For example, the Swiss mathematician Jacob Bernoulli discovered that e 
arises in compound interest: An account that starts at $1, and yields 1+R dollars at simple 
interest, will yield eR dollars with continuous compounding. The constant e also has 
applications to probability theory, where it arises in a way not obviously related to 
exponential growth. Suppose that a gambler plays a slot machine with a one in n probability 
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and plays it n times. Then, for large n (such as a million) the probability that the gambler will 
win nothing at all is (approximately) 1/e. 

Another application of e, discovered in part by Jacob Bernoulli along with French 
mathematician Pierre Raymond de Montmort, is in the problem of derangements, also known 
as the hat check problem.[2] Here n guests are invited to a party, and at the door each guest 
checks his hat with the butler who then places them into labelled boxes. But the butler does 
not know the name of the guests, and so must put them into boxes selected at random. The 
problem of de Montmort is: what is the probability that none of the hats gets put into the 
right box. The answer is 

 

and as n tends to infinity, pn approaches 1/e. 

The Feigenbaum constants α and δ 

 
 
Bifurcation diagram of the logistic map. 

Iterations of continuous maps serve as the simplest examples of models for dynamical 
systems.[3] Named after mathematical physicist Mitchell Feigenbaum, the two Feigenbaum 
constants appear in such iterative processes: they are mathematical invariants of logistic 
maps with quadratic maximum points[4] and their bifurcation diagrams. 

The logistic map is a polynomial mapping, often cited as an archetypal example of how 
chaotic behaviour can arise from very simple non-linear dynamical equations. The map was 
popularized in a seminal 1976 paper by the English biologist Robert May,[5] in part as a 
discrete-time demographic model analogous to the logistic equation first created by Pierre 
François Verhulst. The difference equation is intended to capture the two effects of 
reproduction and starvation. 

Apéry's constant ζ(3) 

 

Despite being a special value of the Riemann zeta function, Apéry's constant arises naturally 
in a number of physical problems, including in the second- and third-order terms of the 
electron's gyromagnetic ratio, computed using quantum electrodynamics.[6] Also, the 
neuroscientist David Eagleman noted that 

[7] 
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where are the neutron mass, the electron mass and the Golden ratio 
respectively. 

The golden ratio φ 

 
 
Golden rectangles in an icosahedron 

 
An explicit formula for the nth Fibonacci number involving the golden ratio. 

The number turns up frequently in geometry, particularly in figures with pentagonal 
symmetry. Indeed, the length of a regular pentagon's diagonal is times its side. The 
vertices of a regular icosahedron are those of three mutually orthogonal golden rectangles. 
Also, it appears in the Fibonacci sequence, related to growth by recursion.[8] It is 

approximately equal to 1.61803398874, or, more precisely  

Adolf Zeising, whose main interests were mathematics and philosophy, found the golden 
ratio expressed in the arrangement of branches along the stems of plants and of veins in 
leaves. He extended his research to the skeletons of animals and the branchings of their 
veins and nerves, to the proportions of chemical compounds and the geometry of crystals, 
even to the use of proportion in artistic endeavours. In these phenomena he saw the golden 
ratio operating as a universal law.[9] Zeising wrote in 1854: 

[The Golden Ratio is a universal law] in which is contained the ground-principle of all 
formative striving for beauty and completeness in the realms of both nature and art, and 
which permeates, as a paramount spiritual ideal, all structures, forms and proportions, 
whether cosmic or individual, organic or inorganic, acoustic or optical; which finds its fullest 
realization, however, in the human form.[10] 

The Euler-Mascheroni constant γ 

 
 
The area between the two curves (red) tends to a limit. 
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The Euler–Mascheroni constant is a recurring constant in number theory. The French 
mathematician Charles Jean de la Vallée-Poussin proved in 1898 that when taking any 
positive integer n and dividing it by each positive integer m less than n, the average fraction 

by which the quotient n/m falls short of the next integer tends to γ as n tends to infinity. 

Surprisingly, this average doesn't tend to one half. The Euler-Mascheroni constant also 
appears in Merten's third theorem and has relations to the gamma function, the zeta 
function and many different integrals and series. The definition of the Euler-Mascheroni 
constant exhibits a close link between the discrete and the continuous (see curves on the 
left). 

Conway's constant λ 

 
Conway's look-and-say sequence 

Conway's constant is the invariant growth rate of all derived strings similar to the 
look-and-say sequence (except two trivial ones).[11] It is given by the unique positive real 
root of a polynomial of degree 71 with integer coefficients.[12] 

Khinchin's constant K 

If a real number r is written as a simple continued fraction: 

 

then, as Russian mathematician Aleksandr Khinchin proved in 1934, the limit as n tends to 
infinity of the geometric mean: (a1a2...an)

1/n exists and is a constant, Khinchin's constant, 
except for a set of measure 0.[13][14] 

Mathematical curiosities and unspecified constants 
 
Simple representatives of sets of numbers 
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This Babylonian clay tablet gives an approximation of the square root of 2 in four 
sexagesimal figures, which is about six decimal figures.[15] 

 
Liouville's constant is a simple example of a transcendental number. 

Some constants, such as the square root of 2, Liouville's constant and Champernowne 
constant: 

 

are not important mathematical invariants but retain interest being simple representatives 
of special sets of numbers, the irrational numbers,[16] the transcendental numbers[17] and the 
normal numbers (in base 10)[18] respectively. The discovery of the irrational numbers is 
usually attributed to the Pythagorean Hippasus of Metapontum who proved, most likely 
geometrically, the irrationality of the square root of 2. As for Liouville's constant, named 
after French mathematician Joseph Liouville, it was the first number to be proven 
transcendental.[19] 

Chaitin's constant Ω 

In the computer science subfield of algorithmic information theory, Chaitin's constant is the 
real number representing the probability that a randomly chosen Turing machine will halt, 
formed from a construction due to Argentine-American mathematician and computer 
scientist Gregory Chaitin. Chaitin's constant, though not being computable, has been proven 
to be transcendental and normal. Chaitin's constant is not universal, depending heavily on 
the numerical encoding used for Turing machines; however, its interesting properties are 
independent of the encoding. 

Unspecified constants 

When unspecified, constants indicate classes of similar objects, commonly functions, all 
equal up to a constant—technically speaking, this is may be viewed as 'similarity up to a 
constant'. Such constants appear frequently when dealing with integrals and differential 
equations. Though unspecified, they have a specific value, which often isn't important. 
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Solutions with different constants of integration of . 
 
In integrals 

Indefinite integrals are called indefinite because their solutions are only unique up to a 
constant. For example, when working over the field of real numbers 

 

where C, the constant of integration, is an arbitrary fixed real number.[20] In other words, 
whatever the value of C, differentiating sin x + C with respect to x always yields cos x. 

In differential equations 

In a similar fashion, constants appear in the solutions to differential equations where not 
enough initial values or boundary conditions are given. For example, the ordinary 
differential equation y' = y(x) has solution Cex where C is an arbitrary constant. 

When dealing with partial differential equations, the constants may be functions, constant 
with respect to some variables (but not necessarily all of them). For example, the PDE 

 

has solutions f(x,y)=C(y), where C(y) is an arbitrary function in the variable y. 

Notation 
 
 
Representing constants 

It is common to express the numerical value of a constant by giving its decimal 
representation (or just the first few digits of it). For two reasons this representation may 
cause problems. First, even though rational numbers all have a finite or ever-repeating 
decimal expansion, irrational numbers don't have such an expression making them 
impossible to completely describe in this manner. Also, the decimal expansion of a number 
is not necessarily unique. For example, the two representations 0.999... and 1 are 
equivalent[21][22] in the sense that they represent the same number. 
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Calculating digits of the decimal expansion of constants has been a common enterprise for 
many centuries. For example, German mathematician Ludolph van Ceulen of the 16th 
century spent a major part of his life calculating the first 35 digits of pi.[23] Using computers 
and supercomputers, some of the mathematical constants, including π, e, and the square 
root of 2, have been computed to more than one hundred billion digits. Fast algorithms have 
been developed, some of which — as for Apéry's constant — are unexpectedly fast. 

 
Graham's number defined using Knuth's up-arrow notation. 

Some constants differ so much from the usual kind that a new notation has been invented to 
represent them reasonably. Graham's number illustrates this as Knuth's up-arrow notation is 
used.[24][25] 

It may be of interest to represent them using continued fractions to perform various studies, 
including statistical analysis. Many mathematical constants have an analytic form, that is 
they can constructed using well-known operations that lend themselves readily to 
calculation. Not all constants have known analytic forms, though; Grossman's constant[26] 
and Foias' constant[27] are examples. 

Symbolizing and naming of constants 

Symbolizing constants with letters is a frequent means of making the notation more concise. 
A standard convention, instigated by Leonhard Euler in the 18th century, is to use lower case 

letters from the beginning of the Latin alphabet or the Greek alphabet 

when dealing with constants in general. 

Erdős–Borwein constant  

Embree-Trefethen constant  

Brun's constant for twin prime  

Champernowne constants Cb 

cardinal number aleph naught  
Examples of different kinds of notation for constants. 

However, for more important constants, the symbols may be more complex and have an 
extra letter, an asterisk, a number, a lemniscate or use different alphabets such as Hebrew, 
Cyrillic or Gothic.[25] 

 

Sometimes, the symbol representing a constant is a whole word. For example, American 
mathematician Edward Kasner's 9-year-old nephew coined the names googol and 
googolplex.[25][28] 
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The parabolic constant is the ratio, for any parabola, of the arc length of the parabolic 
segment (red) formed by the latus rectum (blue) to the focal parameter (green). 

The names are either related to the meaning of the constant (parabolic constant, twin prime 
constant, ...) or to a specific person (Sierpiński's constant, Josephson constant, ...). 

Table of selected mathematical constants 

Abbreviations used: 

R - Rational number, I - Irrational number (may be algebraic or transcendental), A - 
Algebraic number (irrational), T - Transcendental number (irrational) 
Gen - General, NuT - Number theory, ChT - Chaos theory, Com - Combinatorics, Inf - 
Information theory, Ana - Mathematical analysis 

Symbol Value Name Field N 
First 

Described 
# of Known Digits 

0 = 0 Zero Gen  R 

c. 7th–5th 
century BCE 

N/A 

1 = 1 One, Unity Gen  R 

 
N/A 

i =  Imaginary unit 

Gen, 
Ana 

A  16th century N/A 

π 

≈ 3.14159 
26535 89793 
23846 26433 
83279 50288 

Pi, Archimedes' constant or 
Ludolph's number 

Gen, 
Ana 

T 

by 
c. 2000 BCE 

5,000,000,000,000[29] 

e 

≈ 2.71828 
18284 59045 
23536 02874 
71352 66249 

Napier's constant, or Euler's 
number, base of Natural 
logarithm 

Gen, 
Ana 

T 1618 100,000,000,000 

√2 

≈ 1.41421 
35623 73095 
04880 16887 
24209 69807 

Pythagoras' constant, square 
root of 2 

Gen  A  by c. 800 BCE 137,438,953,444 

√3 

≈ 1.73205 
08075 68877 
29352 74463 
41505 87236 

Theodorus' constant, square 
root of 3 

Gen  A  by c. 800 BCE 
 

√5 
≈ 2.23606 
79774 99789 
69640 91736 

square root of 5  Gen  A  by c. 800 BCE 1,000,000 
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68731 27623 

γ 

≈ 0.57721 
56649 01532 
86060 65120 
90082 40243 

Euler-Mascheroni constant  

Gen, 
NuT  

1735 14,922,244,771 

φ 

≈ 1.61803 
39887 49894 
84820 45868 
34365 63811 

Golden ratio Gen  A  

by 3rd 
century BCE 

100,000,000,000 

ρ 

≈ 1.32471 
79572 44746 
02596 09088 
54478 09734 

Plastic constant  NuT A  1928 
 

β* ≈ 0.70258 Embree–Trefethen constant  NuT 

   

δ 

≈ 4.66920 
16091 02990 
67185 32038 
20466 20161 

Feigenbaum constant ChT  

 
1975 

 

α 

≈ 2.50290 
78750 95892 
82228 39028 
73218 21578 

Feigenbaum constant ChT  

   

C2 

≈ 0.66016 
18158 46869 
57392 78121 
10014 55577 

Twin prime constant  NuT 

  
5,020 

M1 

≈ 0.26149 
72128 47642 
78375 54268 
38608 69585 

Meissel-Mertens constant NuT 

 
1866 
1874 

8,010 

B2 
≈ 1.90216 
05823 

Brun's constant for twin 
primes 

NuT 

 
1919 10 

B4 
≈ 0.87058 
83800 

Brun's constant for prime 
quadruplets 

NuT 

   

Λ ≥ –2.7 • 10−9 de Bruijn-Newman constant NuT 

 
1950? none 

K 

≈ 0.91596 
55941 77219 
01505 46035 
14932 38411 

Catalan's constant  Com 

  
15,510,000,000 

K 

≈ 0.76422 
36535 89220 
66299 06987 
31250 09232 

Landau-Ramanujan constant  NuT 

  
30,010 

K ≈ 1.13198 824 Viswanath's constant  NuT 

  
8 

B´L = 1 Legendre's constant  NuT R 

 
N/A 
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μ 

≈ 1.45136 
92348 83381 
05028 39684 
85892 02744 

Ramanujan-Soldner constant  NuT 

  
75,500 

EB 

≈ 1.60669 
51524 15291 
76378 33015 
23190 92458 

Erdős–Borwein constant  NuT I  

  

β 
≈ 0.28016 
94990 23869 
13303 

Bernstein's constant[30]
 Ana 

   

λ 

≈ 0.30366 
30028 98732 
65859 74481 
21901 55623 

Gauss–Kuzmin–Wirsing 
constant  

Com 

 
1974 385 

ς 
≈ 0.35323 
63718 54995 
98454 

Hafner-Sarnak-McCurley 
constant  

NuT 

 
1993 

 

λ, μ 

≈ 0.62432 
99885 43550 
87099 29363 
83100 83724 

Golomb–Dickman constant 

Com, 
NuT  

1930 
1964  

 
≈ 0.64341 
05463 

Cahen's constant  

 
T 1891 4000 

 

≈ 0.66274 
34193 49181 
58097 47420 
97109 25290 

Laplace limit 

    

 
≈ 0.80939 
40205 

Alladi-Grinstead constant[31]
 NuT 

   

Λ 
≈ 1.09868 
58055 

Lengyel's constant[32]
 Com 

 
1992 

 

 

≈ 3.27582 
29187 21811 
15978 76818 
82453 84386 

Lévy's constant  NuT 

   

ζ(3) 

≈ 1.20205 
69031 59594 
28539 97381 
61511 44999 

Apéry's constant  

 
I  1979 15,510,000,000 

θ 

≈ 1.30637 
78838 63080 
69046 86144 
92602 60571 

Mills' constant NuT 

 
1947 6850 

 

≈ 1.45607 
49485 82689 
67139 95953 

Backhouse's constant[33]
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51116 54356 

 
≈ 1.46707 
80794 

Porter's constant[34]
 NuT 

 
1975 

 

 
≈ 1.53960 
07178 

Lieb's square ice constant[35]
 Com 

 
1967 

 

 

≈ 1.70521 
11401 05367 
76428 85514 
53434 50816 

Niven's constant NuT 

 
1969 

 

K 

≈ 2.58498 
17595 79253 
21706 58935 
87383 17116 

Sierpioski's constant  

    

 

≈ 2.68545 
20010 65306 
44530 97148 
35481 79569 

Khinchin's constant  NuT 

 
1934 7350 

F 

≈ 2.80777 
02420 28519 
36522 15011 
86557 77293 

Fransén-Robinson constant  Ana 

   

L ≈ 0.5 Landau's constant  Ana 

  
1 

P2 

≈ 2.29558 
71493 92638 
07403 42980 
49189 49039 

Parabolic constant  Gen  T 

  

Ω 

≈ 0.56714 
32904 09783 
87299 99686 
62210 35555 

Omega constant  Ana T 

  

 
≈ 0.187859 MRB constant  Gen  I  

3:13GMT 
1/11/1999[36] 

299,998 [37] 
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Chapter 3  

Forgotten In Time: The Ancient Solfeggio Frequencies 

Forgotten In Time: The Ancient Solfeggio Frequencies 
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What Are The Ancient Solfeggio Frequencies? 

These original sound frequencies were apparently used in Ancient Gregorian Chants, such as 

the great hymn to St. John the Baptist, along with others that church authorities say were lost 

centuries ago. The chants and their special tones were believed to impart tremendous spiritual 

blessings when sung in harmony during religious masses. These powerful frequencies were 

rediscovered by Dr. Joseph Puleo as described in the book Healing Codes for the Biological 

Apocalypse by Dr. Leonard Horowitz. I give honor to both of these gentleman for the part 

they’ve played in helping return these lost frequencies back to humanity.  

The Six Solfeggio Frequencies include: 

UT – 396 Hz – Liberating Guilt and Fear  

RE – 417 Hz – Undoing Situations and Facilitating Change  

MI – 528 Hz – Transformation and Miracles (DNA Repair)  

http://www.lightwithin.com/SomaEnergetics/2About_Solfeggio.htm
http://powerofharmony.tripod.com/freezing_water.htm
http://hiddenmysteries.com/xcart/product.php?productid=16417
http://hiddenmysteries.com/xcart/product.php?productid=16417
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FA – 639 Hz – Connecting/Relationships  

SOL – 741 Hz – Awakening Intuition  

LA – 852 Hz – Returning to Spiritual Order  

For example, the third note, frequency 528, 

relates to the note MI on the scale and derives 

from the phrase "MI-ra gestorum" in Latin 

meaning "miracle." Stunningly, this is the exact 

frequency used by genetic biochemists to 

repair broken DNA – the genetic blueprint 

upon which life is based! 

A Little History 

At the turn of the century the awareness of 

DNA entered the collective consciousness of the world. We have incarnated into this human 

experience as divine beings with a blueprint, a set of instructions. We know that a very small 

percentage (3%) of those instructions make up our physiology. 

Carl Sagan writes that most of our genetic information (about 97%) is unused DNA. He refers 

to this as "genetic gibberish." Is it possible that most of who we are still lies dormant as our human 

potential? 

In the old paradigm of religion, "potential" remained a mystery to the human mind, therefore we 

coined a mystical term called "SPIRIT." "Spirit" was something that was detached from who we 

were, something we didn’t have and could only be gained through the systems of most religions.  

The old paradigm and its premise stated that we began as biology in the womb of our mothers. 

Telliard deChardin tells us that we are not a human being trying to attain a spiritual experience, 

but, rather, we are spiritual beings having a human experience. This shift in perception causes a 

tremendous difference in the way we perceive ourselves in this third/fourth time-space continuum.  

Being a student of "A Course In Miracles" in the late 80’s, I was faced with a dichotomy in the 

idea that we are not a body. I never understood this statement fully until I read a quotation by 

Albert Einstein which stated: "Concerning matter, we have been all wrong. What we have called 

matter is energy, whose vibration has been so lowered as to be perceptible to the senses. There is 

no matter." I believe what is being stated is that at the deepest level we are not separate, as a 

body, as a spirit, as a soul — we are just energy-beings. This is the level of consciousness being 

opened to us from which a new paradigm is emerging for the purpose of healing all separation. The 

popular term, "The Divine, is in me"- makes "me" separate from the Divine. May I suggest a shift in 

the saying to: "The Divine, AS me" to remove the separation. 
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As we move from genetics and concepts like Soul, "Soul Mates" and "Soul work," we move 

beyond physical diagnosis, into a new field of quantum physics. In this new field, where 

consciousness is seen as a unified field where everything is everything else, (T.O.E. Theory - 

The Theory of Everything) —there are no boundaries. There is no "this" or "that;" no you or me. 

It is a pure field of awareness – consciousness. I solved the dichotomy about "we are not our body" 

by changing my perception of genetics to energetics - realizing that we are not meant to ignore our 

physiology, but recognize the body as energy, vibrating at a very dense frequency.  

Repairing DNA 

I was first introduced to DNA in 1988 when I was going through a transitional period, during 

which I felt that I had come to the end of everything that I believed. A tape was given to me of a 

gentleman speaking in an accent, (which I thought at the time, was rather boring), and I didn’t 

understand what he was talking about. Then all of a sudden, as I was ready to turn it off, he said: 

"Quantum physics has found that there is no empty space in the human cell, but it is a teeming, 
electric-magnetic field of possibility or potential." That’s all he said! But whatever frequency was 

contained in those words, RESONATED something inside the CORE of my BEING — 

and I had a KNOWING in me that the NOTHING I thought I was looking at was the 

EVERYTHING. Much like in Zen, and the idea of becoming "as an empty bowl." Eastern 

Religions (including the Bible) refer to it as the VOID – The Nothing that is 

EVERYTHING – The Womb of Creation. I knew that I was experiencing a re-birth! The 

person on that tape was Dr. Deepak Chopra.  

I had never heard of Deepak Chopra in 1988, as he was just coming on the scene about that time. 

I credit him for a very important transition in my life, just from the statement he made on that tape. 

Today, in retrospect, I would call my response to that statement a "cellular memory experience." 

We know that intelligence is stored within the cells of the body, and when the right resonance 

comes and releases that information to become inherent information or inherent 

KNOWLEDGE – that comes from the true Self. That is why so many of us seem to jump 

form one stimuli to another looking for what will resonate in us. 

The work being done today with energy at the cellular level really excites me, since I had been very 

interested in DNA before it became a household word. In fact, I think it took me two years just to 

learn how to pronounce it (deoxyribonucleic acid did not roll off my tongue quickly). But, I was 

determined to understand this tremendously powerful energetic blueprint for life, as we know it, at 

the cellular level on this planet. DNA became a part of the collective consciousness when CNN 

produced a special on the Genome Project in 2000.  

As I pursued my passion for the study of DNA, I attended a workshop by Dr. Robert Girard 

from California on DNA Activation. His work focused on using certain sounds and frequencies 

to activate DNA and I started doing DNA Activation workshops. Through those workshops, 
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an article was given to me that reported how biochemists are using the frequency 528Hz to repair 

human DNA. The article stated that it was a "C." When I read that I thought, "All I would need 

to do is go to a piano or other instrument and play a "C" and then, in the DNA workshops we 

would be able to repair DNA."  

Well, it wasn’t that simple, because I discovered that the regular "C" that we all know of in this 

culture (which is from the diatonic scale of do, re, mi, fa, so, la, ti, do) was not the 528 Hz frequency 

"C", as described in the article. Instead, I discovered that a regular "C" vibrates to a frequency of 

only 512 Hz, and that the "C" of 528 Hz used in DNA repair had been a part of an ancient 

scale called the Solfeggio Scale. Moreover, the difference in the scales existed because of 

different tuning methods that were utilized in ancient times, vs. those in general use today. Later, 

we will explore that difference between how we create music today vs. how we used to create it, and 

how that simple change has made all of the difference in the world.  

How I found out about the Ancient Solfeggio Frequencies 

I found this ancient scale to be part of a 6-tone scale sequence of electro-magnetic frequencies 

called the Original Solfeggio Scale through the book "The Healing Codes of Biological 

Apocalypse" by Dr. Leonard Horowitz. These particular frequencies were rediscovered by Dr. 

Joseph Puleo, who received them in a wonderful experience that some would suggest was mystical. 

These frequencies are not something new, but they are something very old.  

I shared the information about these frequencies with a musician friend who had a studio in her 

home. After reviewing the information, she decided that she would like to experiment with these 

frequencies in the form of meditation music. She was also in touch with Jonathan Goldman 

(author of the book, "Healing Sounds") and he knew of these frequencies, and was using them in 

some of his music such as "The Lost Chord" CD. Aryiana requested that he have the tuning 

forks made for her to research the frequencies. I asked if she could also have a set made for me. 

After I received the tuning forks and began talking about them around the country, I noticed that 

people were resonating with the information about these powerful frequencies. It felt as though 

something was going on in a much larger picture. We were connecting energetically to this 

information, and yet I didn’t know what I was going to do with the tuning forks. Then people began 

to ask if I could use the tuning forks on them. From those experiences, and with information I had 

gathered, a method and technique began to develop. I called the technique SomaEnergetics 

TM, which is designed to utilize the optimum energy of the Solfeggio frequencies using tuning 

forks. Soma, meaning "body" in the Greek, combines the wholistic idea of the body as an energy 

field - SomaEnergetics TM. 

When starting these first tunings, the main frequency that I knew the most about was 528 Hz – 

that biochemists are using for DNA repair. I realized that the right side of the body is controlled 
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by the left-brain, and the left side by the right brain and that these correspond with our inner male 

and female energies. As I took the fork down each side of the body, I could get in touch with the 

dominate ancestral DNA that comes thru the Mother’s side or Father’s side of the 

chromosomes. I would many times get a tremendous imbalance in the sound between the two sides. 

The purpose of energy work, as many of you know, is to attain balance. For example, if everything 

is in balance, such as the ph level, the physical body can heal more naturally. It’s the same way in 

our energy bodies. If we can find that energy balance, that equilibrium, where everything aligns or 

everything comes into synchronization into the rhythm of the dance of life – then healing becomes 

the natural state. It’s nothing supernatural, or miraculous. I think a lot of spiritual texts have 

referred to this idea when they describe, "going home to heaven." Heaven, to me, is the complete 

synchronization with higher frequencies and vibrations of creation being totally entrained. In other 

words, being in a state of at-one-ment.  

When I would continue to do the technique, the sound would begin to even out between the male 

and female sides of the body, and the client would indicate they were "feeling" a shift. As that 

would occur, I was totally amazed, and asked myself, "What is happening here?" Although I’ve 

been a speaker of spiritual things for over 40 years, I can’t tell you that I’ve been the most intuitive 

person in the world. All of a sudden I started having certain feelings about what to do with the 

forks. I found that at some point in working with the client, I stopped "doing" the tuning forks 

(being the initiator of the technique), and they started "doing me" – seeming to direct the 

movement of the Forks! After hundreds of tunings and positive testimonies, I have learned to trust 

the Ancient Solfeggio Scale frequencies in the form of Tuning Forks as a legitimate modality. 

Energy and Relationship 

Everything is relationship. I remember Dr. Fred Wolf, who is a physicist stating on a tape 

"Everything is consciousness." He further noted, "When you are observing an object, on some 

level the object is observing you." As I listened to that statement, I thought it was strange. I then 

realized that because something doesn’t have a human consciousness, as I do, that doesn’t mean it 

doesn’t have it’s own consciousness. Apparently, observing something changes it on some level – 

that the observer, and the observed are one.  

I treat the Solfeggio tuning forks as a conscious "entity." They are energy, they’re vibration, 

they’re frequency – the client is vibration, frequency and energy – I am vibration, frequency and 

energy. All of that coming together begins to produce a synergetic experience that takes place on 

many levels. The energy bodies that we focus on using the Solfeggio Frequencies are the 

physical, the etheric, the mental/emotional, and the astral.  

Sound, Vibration and Form 

For more than 200 years, researchers have been validating the connections of Sound and 
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Vibrations on physical form. The first to make that connection was German scientist Ernst 

Chladni, who, in 1787, detailed his research in his book "Discoveries Concerning the Theory of 

Music." In that pioneering work, he explained ways to make sound waves generate visible 

structures. He detailed how a violin bow, drawn at a right angle across a flat plate covered with 

sand, produces patterns and shapes. Today, those patterns and shapes are called Chaldni 

figures. (Coincidentally, Chaldni died in 1829, the same year as Beethoven. Mozart, a Free 

Mason, heavily influenced Beethoven about the mathematics of music, and likely influenced 

Chaldni as well).1 

In 1815, Mathematician Nathaniel Bowditch followed up on Chaldi’s discoveries. He concluded 

that the conditions for these designs to arise were because the frequencies, or oscillations per 

second, were in whole number ratios to each other—such as 1:1, 1:2, 1:3 and so on.2 

The study of wave phenomena, the ability of sound to organize and repattern matter, is called 

Cymatics. According to John Beaulieu, in Music and Sound in the Healing Arts, "Form is the 

more elusive component of sound. Sound-forms can be seen by subjecting mediums such as sand, 

water, or clay to a continuous sound vibration." The following pictures taken by Dr. Hans Jenny 

are sound-forms. They were obtained by placing various mediums on a steel plate with a crystal 

sound oscillator attached to the bottom. The Oscillator creates a pulse, which vibrates the steel 

plate. The forms on the plate are examples of sound organizing matter." Jenny also "noticed that 

when the vowels of ancient languages like Hebrew and Sanskrit were pronounced, the sand took 

the shape of the written symbols for those vowels. "Modern languages, including English, failed to 

generate those patterns." 

"Space is not empty. It is full, a plenum as opposed to a vacuum, and is the ground for the 
existence of everything, including ourselves. The universe is not separate from this cosmic sea of 
energy." David Bohm 

 

Jenny concluded that were examples of cymatic elements everywhere—"vibrations, oscillations, 

pulses, wave motions, pendulum motions, rhythmic courses of events, serial sequences, and their 

effects and actions"—and they effected everything including biological evolution. The evidence 

convincingly demonstrated that all natural phenomena were ultimately dependent on, if not entirely 
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determined by the frequencies of vibration. He argued that physical healing could be aided or 

hindered by tones. Different frequencies influenced genes, cells, and various structures in the 

body, he claimed.  

Vibration of Music of the Spheres: "Every cell pulsates, reflects and interacts with acoustic 

oscillations of the medium. Even the earth and sun vibrate in unison based on a main rhythm of 160 

minutes. Each musical note is therefore united to non-audible notes of higher octaves, and each 

symphony to other symphonies that we do not hear, and although they make our cells oscillate and 

possibly resonate. Even DNA has it’s own melody. The musical nature of nuclear matter from 

atoms to galaxies is now recognized by official science."3 In " Molecules of Emotion," by Candice 

Pert, Ph.D., she writes, "… basically, receptors function as scanners (sensing molecules, on a 

cellular level). They cluster in cellular membranes, waiting for the right ligand (much smaller 

molecules than receptors), to come dancing along (diffusing) through the fluid surrounding each 

cell, and mount them – binding with them and (tickling ) them to turn them on and get them motivated 

to vibrate a message into the cell. Binding of the ligand to the receptor is likened to two voices, 

striking the same note and producing a vibration that rings a doorbell to open the doorway to the 

cell." 

Poet Cathie Guzetta summarized this science best when she wrote:  

"The forms of snowflakes and faces of flowers may take on their shape because they are 
responding to some sound in nature. Likewise, it is possible that crystals, plants, and human beings 
may be, in some way, music that has taken on visible form."  

How Did The Solfeggio Frequencies Get Lost? 

I discovered that these powerful frequencies had been given to the church many years ago for a 

very spiritual purpose. This was back when the church was a wonderful place for the people in the 

villages to gather together. The church served as a social, political, and spiritual place. People 

came to Mass, which at that time, was done in Latin (until Vatican II came along). When people 

sing in Latin or musical tones, it is very powerful, because it gets through all of the limited thought 

forms, and into deeper levels of the subconscious – accessing insights beyond belief systems.  

As described above by Dr. Candice Pert, PhD, energy and vibration go all the way to the 

molecular level. She states that we have 70 different receptors on the molecules and when 

vibration and frequency reaches that far they begin to vibrate. Moreover, she observed, "as they 

begin to vibrate they sort of touch each other, and tickle each other, and they play and mount each 

other." It’s this whole energetic dance ritual, at the cellular level, that opens the chromosomes and 

exposes the DNA to the frequencies. When we do toning, drumming, chanting, or tuning forks – it 

can be a way to direct energy for transformational purposes.  
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Vibration and sound can be used, like most things, either with positive intention or negative 

intention. Used negatively, it’s nothing more than control and manipulation. Most of the world has 

been built upon control and manipulation by the way we communicate thru language. A lot of 

different texts, such as the Bible, talk about the importance of just making Sound—whether it’s 

chants, drumming, or speaking in tongues (such as the charismatic fundamentalists do), they are 

just different ways that people are accessing deeper levels of themselves. I suggest to you that the 

Solfeggio Tuning Forks are an even purer ways of doing that with positive intention.  

When Dr. Joseph Puleo was researching the tones, he was directed to a Monsignor at a 

university in Spokane WA, who was head of the mediaeval department. Following a 20 minute 

conversation, the  

"Can you decipher Mediaeval Latin?’ 
‘Absolutely!’ 
‘And you know the musical scale and everything?’ 
‘Absolutely!’ 
‘Well then, could you tell me what ‘UT - queant laxis’ means?’ 
After a brief pause, the Monsignor quipped, ‘It’s none of your business’  
Then he hung up."1  

Additionally, as Dr. Puleo researched the tones further, he came across a book on Gregorian 

chants by Professor Emeritus Willi Apel who "argued that the chants being used today were 

totally incorrect, and undermined the spirit of the Catholic faith."1 Moreover, Professor Apel 

reported that "one-hundred fifty-two chants were apparently missing. The Catholic Church 

presumably "lost" these original chants. The chants were based on the ancient original scale of six 

musical notes called the Solfeggio."1 Trust me, nothing is lost, it’s just neatly put away; however, 

they cannot hide from the masses what is energetically placed within the Soul.  

According to Professor Willi Apel,1 "The orgin of what is now called Solfeggio...arose from a 

Mediaeval hymn to John the Baptist which has this peculiarity that the first six lines of the music 

commenced respectively on the first six successive notes of the scale, and thus the first syllable of 

each line was sung to a note one degree higher that the first syllable of the line that preceded it. 

By degrees these syllables became associated and identified with their respective notes and as 

each syllable ended in a vowel, they were found to be peculiatly adapted for vocal use. Hence 

"Ut" was artificially replaced by "Do." Guido of Arezzo was the first to adopt them in the 11th 

century, and Le Marie, a French musician of the 17th century added "Si" for the seventh note of 

the scale, in order to complete the series." 

Further research states that, "Pope Johannes later became a saint - Saint Iohannes - and then 

the scale was changed. The seventh note "Si" was added from his name. "Si" later became "Ti." 

These changes significantly altered the frequencies sung by the masses. The alterations also 
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weakened the spiritual impact of the Church’s hymns. Because the music held mathmatic 

resonance, frequencies capable of spiritually inspiring mankind to be more "Godlike," the changes 

affected alterations in conceptual thought as well, further distancing humanity from God." In other 

words, whenever you sing a Psalm, it is music to the ears. But it was originally intended to be music 

for the soul as well or the "secret ear." Thus by changing the notes, high matrices of thought and 

to a great extent well being, was squelched. Now it is time to recover these missing notes."1 

I’d heard of do, re, me, fa, so, la, ti, do. I particularly responded to it whenever I hear that song by 

Julie Andrews from "The Sound of Music." I literally have a "brain cell firing" as it is engraved 

into my brain, and I see her coming over the mountain in the movie. I didn’t realize this was actually a 

second, modified scale. The original Solfeggio scale was actually: UT, RE, MI, FA, SO, LA.  

Looking at the definitions of each of the original syllables, using hidden entries from Webster’s 

Dictionary and the Original Greek Apocrypha, I have determined that these original frequencies 

can be used for: Turning grief to joy, helping the person connect with their Source to bring forth 

miracles, DNA repair, connecting with spiritual family, solving situations & becoming more 

intuitive, and, finally, returning to spiritual order.2 Through music these tones can assist all the 

channels in staying open and keep the life force (the Chi) literally flowing thru the Chakra 

System quite freely. Is this is what the six electro-magnetic frequencies were to accomplish that 

were put into "lost" hymns and Gregorian chants?  

I think we are living in a tremendously wonderful time, and rather than seeing the glass as "half 

empty," I see it as "half full." Rather than accepting "CNN’s perspective" of the world view, it’s 

about finding perspective thru the vision of your own heart. It is about change and transformation 

of mankind to the next level of evolution. We, as Spiritual Light Workers, have made ourselves 

accessible at this time, by Divine Appointment, to be here to help those in humanity who choose 

(it’s all based upon irrevocable choice) to stay, or to go. Those who have chosen to stay will come 

into our lives, and we have already agreed to assist them.  

It’s all about assisting other people. It’s not to be their "Healer," but to assist them in knowing who 

they are and connecting with their true Source. It is about providing an atmosphere of 

non-judgement, a Sacred Space, for the purpose of healing themselves. We should be 

continuously teaching while assisting people. The old paradigm teaches us to keep the 

information among the professionals. The new paradigm is to share the information, and empower 

the client. Everyone you work with—whether it’s Reiki, Massage, Tuning Forks or other 

modalities you are using, you should feel that you’ve empowered that person, so they can extend 

this information to someone else. Healing has become about our evolution by reconnecting our 

additional strands of DNA. Healing is also about assisting the person in restoring themselves to 

a state of "Spiritual Wholeness."  

1 "Healing Codes for the Biological Apocalypse" by Dr. Leonard Horowitz, p. 345-6 
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2 Ibid.  

3 From "Man’s Cosmic Game" by Guiliana Conforto 

The 3, 6, and 9 

As we look at the six original Solfeggio frequencies, using the Pythagorean method, we find the 

base or root vibrational numbers are 3,6, & 9. Nicola Tesla tells us, and I quote: "If you only knew 

the magnificence of the 3, 6 and 9, then you would have a key to the universe."  

John Keely, an expert in electromagnetic technologies, wrote that the vibrations of "thirds, sixths, 

and ninths, were extraordinarily powerful." In fact, he proved the "vibratory antagonistic thirds was 

thousands of times more forceful in separating hydrogen from oxygen in water than heat." In his 

"Formula of Aqueous Disintegration" he wrote that, "molecular dissociation or disintegration of 

both simple and compound elements, whether gaseous or solid, a stream of vibratory antagonistic 

thirds, sixths, or ninths, on their chord mass will compel progressive subdivisions. In the 

disintegration of water the instrument is set on thirds, sixths, and ninths, to get the best effects." 

In the book of Genesis it states that there are six days of creation. Yet many talk about the 

creation week – or seven days, and the Christian Bible views the number seven as the number of 

completeness. Why Seven? It is due to the influence of the Near Eastern culture at the time in 

which Jesus lived, when it was believed that there were only seven planets. 

When wrestling with adding a 7th number, I was mystically drawn to an article in Discover 

Magazine. In his newest book, Just Six Numbers, Rees argues that six numbers underlie the 

fundamental physical properties of the universe, and that each is the precise value needed to 

permit life to flourish. In laying out this premise, he joins a long, intellectually daring line of 

cosmologists and astrophysicists (not to mention philosophers, theologians, and logicians) 

stretching all the way back to Galileo, who presume to ask: Why are we here? As Rees puts it, 

"These six numbers constitute a recipe for the universe." He adds that if any one of the numbers 

were different "even to the tiniest degree, there would be no stars, no complex elements, no life." 

(From Discovery Magazine). As some authors have speculated, could these tones have played a 

role in the miraculous shattering of Jericho’s great wall in six days before falling on the seventh 

day? Some scientists are now stating that if we have been created, we most likely would have been 

sung into existence. Is it possible that the six days of creation mentioned in Genesis represent six 

fundamental frequencies that underlie the universe? Religious scholars believe both events 

occurred as a result of sounds being spoken or played.  

Other scientists, including the geniuses Nikola Tesla, Raymond Rife, as well as Mozart, Haydn, 

Beethoven, and Chladni, all must have known about, and used the concept of, the inherent power 

of threes, sixes, and nines. So we are dealing with three powerful numbers: 3-6-9. Everyone of the 

six Solfeggio Tuning Forks all add up, individually to the Pythagorean scheme of 3-6-9. In fact, 
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because there are two sets of 3-6-9 (anagrams) in the solfeggio, they are even more powerful as 

these combinations serve as "portals" to other dimensions! 

Just Intonation – 12 Tone Equal Temperament 

As I observed earlier, another reason these Ancient Solfeggio frequencies became "lost" was 

because of the change in tuning practices throughout history. The standard tuning method for the 

past 200 years is quite different from the tuning practices dating from antiquity through about the 

16th century A.D. These ancient tuning practices used a system of tuning known as Just 

Intonation. The tuning practice adopted for western cultures during the 16th, 17th, and 18th 

centuries, and used today, is known as Twelve-Tone Equal Temperament. The explanation of 

the fundamentals of these tuning systems is far too complex for this agenda, but the following 

quote from a book written by David B. Doty, titled The Just Intonation Primer, should give an 

idea of the confinement that music has been relegated to. "Essentially, music has been placed in a 

box of limitations"— as the result of the rigidity imposed by the Twelve-Tone Equal 

Temperament tuning standards in use today. 

"Although it is difficult to describe the special qualities of Just (Intonation) intervals to those who 

have never heard them, words such as clarity, purity, smoothness, and stability come readily to 
mind. The supposedly consonant intervals and chords of (12-Tone) Equal Temperament, which 

deviate from simple rations to varying degrees, sound rough, restless, or muddy in comparison."  

Just Intonation can be found in many of the great Fathers of Classical Music – Beethoven and 

Hyden, just to name a few. They did not use this 12-tone temperament and I think that is why we 

have a richer experience when we hear music that was composed several hundred years ago. 

Classical Music based on Just Intonation gives us a different rapport with time and space and 

brings us into our higher chakras. 

Native American chanting is many times based on Just Intonation. The chanting seems to sound 

monotone, but we are finding out that within the monotone sound is multi-dimensional harmonics.  

How these different types of tones affect our health 

Consequently, since all music in our contemporary world (from commercials, to modern hymns and 

symphonies) has been composed utilizing the 12-Tone Equal Temperament Scale, they all have 

vibrational limits. As a result, vibrational frequency of the tones of modern music can create 

situations such as "boxed-in thinking," stuffed and suppressed emotions; and fear-based " lack" 

consciousness—all of which then tend to manifest into physical symptoms of "dis-ease."  

This is in contrast to music created from the Ancient Solfeggio Scale, which stimulates the 

vibration of expanded creativity, easier problem solving and holistic health. 
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Again, it should be noted that although there are contemporary notes that approximate the 

Solfeggio tones, they are not the same frequencies as the ancient tones. Example: The 

Solfeggio tone, Mi. vibrates to 528 Hz. The closest, comparable, contemporary tone is C, above 

Middle C, which vibrates at 512 Hz. Our research indicates that the vibrational frequencies 
contained in the Solfeggio tones hold these original healing potentials. 

 
 
In Music in between each note (tones and semi tones) there is a range of frequencies 

which (because most music is still now tuned base on middle A being 440Hz ..the Concert 

Pitch) we never hear 528 Hz from a musical instrument tuned to concert pitch. So the 

Church knew that by shifting the concert pitch musical scale up a few Hertz, the general 

public would not get the natural energy elevation that the Monks and Priests would from 

these frequencies. 

  

I am sure you know better than I that there are frequencies that energize/heal and 

enlighten humans and frequencies that weaken them cause confusion and 

degeneration…..Desire’ has made a histogram of all musical frequencies that hit us today 

and the ratio of regeneration v.s. degeneration. frequencies is not good. Most music and 

sounds are degenerative 1.9 to 1 regenerative.  

You will find that most of Michael Jackson’s music was not based on concert pitch. 

Desire’s has tuned her voice to reach and harmonically accentuate these healing tones 

which is why some people love Desire’s voice. While people trained in concert land 

academies do not like the difference in her voice.  

Desire’ has made healing music of many types to help people with different health issues. 

The SCIO system use a cybernetic feedback loop to measure and give the energies the 

body electric of the patient need and thus eliminate the verbal mind interference.  
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Why does Desire’ Sing different? 

I have watched as some people like Desire’ voice and others hate it. The ones who love 
Desire’s voice find it healing. The ones who hate it seem to be classically trained or 
influenced. Americans who developed rock and roll have rejected classically trained voices. I 
pondered as to why but then I stumbled onto the lost healing frequencies. The Solfeggio 
frequencies are known classically to be common in ancient times. There is much power in 
these frequencies for they use sacred numbers of power sound vibrations. When churches 
used these power frequencies they found that the buildings built with the secret geometry 
would resonate and amplify this power. The buildings would be destroyed by the very 
sounds. The flying buttress supports were designed to support these structures. 

The church found the power and they made these sounds secret and they modified the 
music scale to hide these Solfeggio vibrations. Classically trained musicians are specifically 
trained to not make these power sounds. The church and the powers that be have hid these 
sounds in classical art.  

Singers like Elvis, Michael Jackson, Freddy Mercury and Desire’ have adapted these sounds 
and have found the power that the Solfeggio frequencies have. Those feeling the music in 
their hearts love Desire’ and those who hear music with their classically trained brain hate 
her. Her songs sound different to them because they listen with their head not their heart.  

When we checked Desire’ voice and low and behold there are the Solfeggio sounds.  

These unique sound frequencies were in fact used in Ancient Gregorian Chants, such as the 
great hymn to St. John the Baptist, beside with others that church authorities say were lost 
centuries ago. The chants and their special tones were thought to pass on marvelous 
spiritual blessings when sung in harmony during religious masses. These commanding 
frequencies were rediscovered by Dr. Joseph Puleo as explained in the book Healing Codes 
for the Biological Apocalypse by Dr. Leonard Horowitz. I give respect to both of these good 
sirs for the part they’ve had in helping the Solfeggios come back to humanity. These lost 
frequencies are back.  

The Six Solfeggio Frequencies include: 

UT – 396 Hz – Liberating Guilt and Fear  
RE – 417 Hz – Undoing Situations and Facilitating Change  
MI – 528 Hz – Transformation and Miracles (DNA Repair)  
FA – 639 Hz – Connecting/Relationships  
SOL – 741 Hz – Awakening Intuition  
LA – 852 Hz – Returning to Spiritual Order  

For instance, the third notes, frequency 528, recount to the note MI on the scale and 
derives from the phrase "MI-ra gestorum" in Latin meaning "miracle." Strikingly, this is the 
exact frequency used by genetic biochemists to repair broken DNA – the genetic blueprint 

http://hiddenmysteries.com/xcart/product.php?productid=16417
http://hiddenmysteries.com/xcart/product.php?productid=16417
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upon which life is based! And now if you listen to Desi sing with your heart and feel her 
passion and healing maybe you can see the power in her voice to heal.  
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SCIO Voice and Sound Therapy 

 Years ago there was a device that was designed to play music and then adjust the music to 
stimulate relaxation. Thus as the music plays thru the body muscle tension inhibits the flow of the 
music. Since our QXCI system can make music with the CD player, hear music with the Microphone, 
and adjust therapy outlet thru the QXCI harness, we have all the essential ingredients to do the 
same. To Operate this, simply pick a piece of music from the CD music selection on our relax music 
CD. Then push the activate CD button. After the CD is activated then when ready push the Music 
therapy button. the quality of this will depend on the quality of your soundboard, speakers or 
headphones, and microphone. This can used as super-learning, relaxation, or muscle therapy. 
Set time for therapy in minutes (approximate as the device is self adjusting). Reports on muscle 
relaxation patterns is available on the right of the screen. Deep muscle relaxation is then developed 
into the patient in minutes rather than hours. Be careful as the device then also increases 
suggestibility dramatically. 
 This program is used to detect voice stress and vibrational disturbances or missing vibratory 
qualities in the voice. To operate as directed, Use a microphone put into the input of your sound 
board. Have the patient start by saying the sound 'Ahh' for ten seconds after you strike the "Start" 
button. 
Try to have the volume loud enough to have the voice pattern come to at least the broken line on 
the sound panel in the upper left. If the voice is not loud enough the system will work but accuracy is 
lowered, make sounds loud enough to touch the min line. Try to keep the sounds between min and 
max. You might have to lower or tune your volume of the sound board or microphone.Use the 
'Stress Voice Harmonics' or 'Voice Affirmation Harmonics' to test the emotions of a person while 
saying any text. Readings of voice patterns and emotions are available. 
 
Then construct a bar of music for the patient by striking the "Construct" button. Listen to the sounds 
with the Play short bar one button. If you like the sounds the record them to the master with the 
record Button. If you want the computer to revise and condense the sounds for more acceptability 
then use the "Modify " button. then choose to store or erase the sounds. Do the same for the 
sounds " AEYY", "EEE", "I', "Ohhh", "UUU", and finally the sound of the patient saying their own 
name and occupation. This allows for the generation of a seven bar tone personal symphony for the 
patient.  
This can be revised trimmed and altered for the patient by deleting or adding tone numbers. We 
used the piano tones in this first version. The future versions will use other types of sounds, but this 
version can start a patient into developing a personnel type of power or relaxation music. A 
competent musician can help make the process complete. The virtual button will disable the 
electrical contact of the harness. The Restore button will restore the link. The chakra panel will show 
the reflex of each tone to the chakra of the patient. Just doing this exercise is therapeutic to the 
client's energy chakra.The storage available at present is into the notes file. Store the note numbers 
into the file and store the patient file. Recall this later to play the notes. 
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Sacred Geometry and the Structure of Music 

Legend recounts how Orpheus was given a lyre by Apollo. By playing his lyre, Orpheus produced 
harmonies that joined all of Nature together in peace and joy. 
 
Inspired by this Orphic tradition of music and science, Pythagoras of Samos conducted perhaps the 
world's first physics experiment. By plucking strings of different lengths, Pythagoras discovered that 
sound vibrations naturally occurred in a sequence of whole tones or notes that repeat in a pattern of 
seven. 
 
Like the seven naturally occurring colors of the rainbow, the octave of seven tones — indeed, all of 
Creation — is a singing matrix of frequencies that can be experienced as color, sound, matter, and 
states of consciousness. 
 
This correlation of sound, matter, and consciousness is important. For as Stanford physicist William 
Tiller has proved, human consciousness imprints the space and matter of the universe. It is our 
intent that gives the direction and quality to Creation. 
 
I believe that this matrix of Creation is waiting for us to sound the most harmonious vibrating chord 
— to sound the universe itself into a perfect, idealized form. 
 
The Music of Atomic Shapes 
 
The Platonic solids, basic shapes of Sacred Geometry, are five three-dimensional geometric forms of 
which all faces are alike. And each platonic solid represent one of the five elements of creation, as 
follows: 

 
 

1. Tetrahedron — Fire  
2. Cube — Earth  
3. Octahedron — Air  
4. Dodecahedron — Ether  
5. Icosahedron — Water  

These five Platonic solids comprise the alchemical dance of the elements and of Creation itself. My 
introduction to the spiritual power of sound began with an experience of this truth. 
 
This happened many years ago, when I was studying with Michael Helios — who is for me a 
reincarnated Atlantean wizard. Helios discovered the musical proportions and corresponding tone 
scales for each of the Platonic shapes. He even tuned his keyboard to specific frequencies in order to 
achieve exact proportions. 
 
During his presentations, he would play the scales and geometries of each shape, without disclosing 
to his listeners which geometric shape he was playing. Participants meditated on each piece as he 
was playing it, and then described which of the shapes they had experienced. 
 
The results were extraordinary. Every Platonic solid was correctly perceived, felt, and "seen" during 
each of the five musical meditations. As a participant myself, this was my first experience of realizing 
the power of musical transmission and its potential to specifically re-order creation. 
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This is exactly what the ancient mystics and scientists had always been telling us! 
 
The Dodecahedron, the Universe, and the Human Form 
 
When Michael Helios played his five compositions, I was most profoundly affected by the 
Dodecahedron. This shape can be seen to represent the order of the heavens and also the perfect 
mediation between the infinite and the finite — the sphere and the cube. 
 
So let us look more closely at this as one example of the sacred geometric forms that permeate 
Creation. Through seeing the simplicity and complexity of the Dodecahedron in its relationship of 
shape and sound, perhaps we can intuit the rest. And through understanding our relationship to the 
Dodecahedron, perhaps we can begin to sense our own place within the Divine Song that is 
Creation. 
 
The Dodecahedron is comprised of twelve pentagonal faces. It represents the fifth sacred element, 
the divine potentiality known as "ether." 
 
Considering that the Dodecahedron is made up of five-sided faces, it is fascinating that quantum 
physics researchers in the US and France have recently concluded that, based upon measurements 
of cosmic waves left over from the so-called "Big Bang," the universe itself is a Dodecahedron! 

 
Besides the fact that there are five platonic solids and five corresponding 
basic elements of life, it can be shown that the entire human race is 
joined in these same basic sacred proportions. For the physical body, 
with the arms and legs spread, is overlaid by a pentagram, with the fifth 
point being at the top of the head and the reproductive organs at the 
exact center. 
 
And each of these points also relates to the number five: five fingers at 

the terminus of each arm, five toes on each leg, and five openings on the face. Additionally, we each 
possess five senses of physical perception. 
 
So the Golden Mean proportions of the cosmos and our body temples are closely aligned with the 
harmony of the musical fifth. 
 
If we can imagine the dodecahedronal-pentagonal shape of this One Song that is the universe, 
together with the pentagram geometry of the human body, we find inherent in both a divine 
proportion and a potential for harmonic perfection. The universe and humanity ARE singing 
geometries. And it is we ourselves who embody the geometry of the cosmos! 
 
Phi and the Musical Fifth 
 
To follow this discussion, we first need to know that the Golden Mean and the Pentagram are closely 
related. For the angles of the five sides of a Pentagram are at a ratio of exactly 1.618 — the Golden 
Mean ratio, known mathematically as phi. 
 
The fifth is the interval found in most sacred music, and has a powerful harmonizing effect on the 
human energy system. It is the first harmonic sounded by a plucked string, and is what gives the 
note its depth and beauty. Its sacred sound is the hallmark of the Gregorian chant. In fact most 
divinely inspired music, including some New Age music and that of indigenous cultures, is built 
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around the musical interval of the fifth. 
 
This music-geometry connection is well stated by Goethe, who said, "Sacred architecture is frozen 
music." The same is true of the "architecture" of the human body. 
 
It was Pythagoras who first described the fifth interval that has come to be universally recognized for 
its beauty. It is "an archetypal expression of harmony that demonstrates the 'fitting together' of 
microcosm and macrocosm in an inseparable whole. The fifth is a beautiful sound because it 
demonstrates how the universe works."[1] 
 
And in building the phi proportions, along with those of the other musical intervals, into the designs 
of cathedrals and temples, the architects also are building in the effects of the musical intervals upon 
which the sacred proportions are based. 
 
These effects, immediately experienced as harmonious, powerful, and centering, can be experienced 
first-hand when one enters a Gothic cathedral or an ancient Egyptian temple. Being inside such a 
space helps us to access other dimensions of consciousness. It is the same experience that is reached 
through listening to sacred music. 

http://www.spiritofmaat.com/archive/jan4/williams.htm#fn
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The Circle of Fifths and the Chakras 
 
By applying the principles of progression to the harmonics of the fifth, we come to the Circle of 
Fifths: a musical sequence that prefigures the harmonic relationships of the human energy system. 
For the Circle of Fifths delineates the chakra system in the human body. 
 
As we know, each chakra is a spinning wheel. Here, we will also note that each chakra comprises, in 
both sound and color, a literal mandala of geometries. 
 
The musical tones and colors traditionally associated with the chakras are: C (root) red, G (throat) 
turquoise, D (belly) orange, A (brow) indigo, E (solar plexus) yellow, B (crown) magenta, and F# 
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(heart) green.[2] 
 
The interweaving of the chakras that we get by applying to them the Circle of Fifths represents a 
more complex system than the traditional, linear progression. And it is interesting to note that in 
sound healing, the connections between these "chakra harmonics" reflect a strong correspondence 
between our issues. 
 
For example, in the Circle of Fifths progression, the root chakra (sexuality, survival, and money) is 
directly connected to the throat chakra (our expression; speaking our truth). And by working with 
these two chakras, we find that we can heal survival issues. 
 
The Circle of Fifths and the Fibonacci Sequence 
 
In the Circle of Fifths we see another way in which the musical scale is related to Sacred Geometry, 
for the musical progression is an exact parallel to the Fibonacci sequence. 
 
As we know, the Fibonacci sequence starts with the number 1, and proceeds by adding the two 
previous numbers. So the second number in the sequence also is 1, then 2, 3, 5, 8, 13, 21, 34, 55, 89, 
144, and so on. And a graph of this sequence almost exactly matches the spiral graph of the Golden 
Mean sequence. One is finite, the other infinite. "As above, so below." 
 
Fibonnaci realized that the natural branching, flowering, and spiraling forms in Nature followed the 
same uniform laws found in musical scales, for his sequence mathematically predicts all of the 
intervals that comprise the chords of music. 
 

Note  A  A  D  F  E  C  E  C#  F#  C#  D  F  

Interval  root  octave  4th  
aug. 
5th  

5th  
minor 
3rd  

5th  3rd  6th  3rd  4th  
aug. 
4th  

Fibonacci 

ratio  
1/1  2/1  2/3  2/5  3/2  3/5  3/8  5/2  5/3  5/8  8/3  8/5  

 

Sacred Geometry and the Chanting of Our World 

Plato, discoverer of the "Platonic" solids, believed that music was the strongest of all life's 
influences. In his treatise the Temaeus, he describes the numerical (vibrational-musical) creation of 
the physical universe and the soul that animates it. He called upon his students to activate the 
ancient shrines and sacred temples of the earth with sacred song, employing "perpetual choirs" in 
order to echo the harmonies of the Heavenly Choir. 
 
Plato's Republic describes the cosmos as being held together by eight spinning "whorls," like a giant 
spinning wheel with eight feminine weavers sounding the fabric of Creation. Each of the whorls 
contains a planet. And on each planet is a siren who sings her particular note and emits her specific 
color. 
 
The work of German astronomer and mystic Johannes Kepler (1571-1630) focused on the five 
Platonic solids, their harmonic ratios, and how these shapes correlated with planetary orbits and 
sound frequencies. He found the musical tones of individual planets, and the musical scales of 
planetary movements. As Stephen Hawking reports, Kepler was even able to determine that "four 

http://www.spiritofmaat.com/archive/jan4/williams.htm#fn
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kinds of voice are expressed in the planets: soprano, contralto, tenor, and bass." 
 
In finding the music of the cosmos, Kepler showed that life forms on Earth follow the same harmonic 
principles as those found in the stars. 
 
Temples of Sound 
 
Similar knowledge has come out of the hermetic tradition, which saw its Western resurgence in the 
beginning of the second millennium. During this time, hundreds of Gothic Cathedrals were 
constructed across Europe, all inspired by this Eastern hermetic knowledge that had just been 
rediscovered by the mystical order known as the Knights Templar. 
 
Excavating Solomon's Temple in Jerusalem, the Knights Templar discovered vaults of hidden artifacts 
and scrolls that described the alchemical sciences of sacred geometry and architecture and their 
relationship to sound, astronomy, and genetics. Ancient sacred relics also are said to have been 
found, including the Ark of the Covenant, the Holy Grail, and secrets pertaining to Mary Magdalen 
and a Holy bloodline.[3] 
 
Inspired by this material, the great Gothic cathedrals, including Chartres, Notre Dame, Salisbury, 
St.Denis, and Cluny, were designed and built using the principles of sacred geometry and harmonic 
acoustics. 
 
Chanting and Millennial Shifts 
 
Sacred music and chant is always with us. But surges in its popularity occur at the crucial millennial 
turning points. This was so during the beginning of the first millennium, at the inception of 
Christianity, and during the era of the Grail Romances, which began around 1000 AD. And now 
today, as we forge a new paradigm and write our "script" for the next one thousand years, chanting 
has again come into prominence. 
 
The sacred architecture employed in the medieval cathedrals reflected specific acoustical properties 
that were conducive to the constant rounds of perpetual choirs maintained by the monks. 
 
Author John Michell, who has researched the tradition of "perpetual choirs" in ancient Britain, 
reports that these choirs were maintained in at least three sites: Glastonbury, Stonehenge, and 
Llantwit Major in Wales. Together, the sites form the rim of a circle in the landscape, with the center 
at an old Druid site called Whiteleafed Oak. 
 
Michel found that these sacred sites were equidistant from each other, and that their individual 
locations corresponded to sunrise points and sacred proportions.[4] 
 
Similarly, sacred sites in other cultures also were laid out in geometric relationship to each other, 
and were maintained with sacred music and chant, synchronized with the seasons and cosmic cycles. 
 
Emotion, Sound, and Form 
 
Science is only now beginning to discover these interrelationships of sound and matter. 
 
Launching the new science of cymatics, Swiss researcher Hans Jenny (1904-1972) conducted 
experiments showing that inert powders, pastes, and liquids, when animated by audible, pure tones, 
would form into flowing patterns that mirrored those found throughout Nature, art, and 

http://www.spiritofmaat.com/archive/jan4/williams.htm#fn
http://www.spiritofmaat.com/archive/jan4/williams.htm#fn


 

Page 275 of 422 
 

architecture. He showed that there was a correlation between sound and form — that, in effect, the 
matter of the universe is a physical manifestation of vibration. 
 

Ani Williams does private one-on-one sessions, conducts workshops on Sound 
Medicine, teaches people to be aware of the sounds in their lives, and focuses 
on the use of specific tones and group chanting. 
 
She also performs worldwide and records her music, including the "Songaia 
Sound Therapy" CDs, which focus on specific tones for bringing in one's 
stressed or missing tones. She is a regular contributing writer for Four Corners 
magazine, and many of her healing stories are included in the North Atlantic 
Books publication Earth Walking Skydancers. 
 
A dear friend to many of us who create the Spirit of Ma'at, Ani played for us on 
our night of departure upon the Southwest Pilgrimage, bringing the power of 
sound to our sacred journey. And her article on the healing power of sound was 

featured in our October 2002 issue about "The Music of the Spheres." For more information, please visit Ani's 
website at AniWilliams.com, contact her by email at Songaie@earthlink.net, or phone her at 928-204-1124. 

 
And as several articles in the Spirit of Ma'at have reported, Dr. Masaru Emoto has proven over and 
over again, through photographing water crystals, that there is a geometrical correspondence 
between human thoughts and emotions and the very shape of the matter that surrounds us. Water, 
Emoto has shown, "treated" with love or beautiful music, undergoes molecular change into 
beautiful, harmonious geometrical forms. And the same happens in reverse: chaotic or "negative" 
thought and emotion cause the crystals of water to become unformed and unlovely. 
 
These ideas are modern reflections of timeless principles well known to all ancient and indigenous 
cultures. 
 
As Billy Yellow, a Navajo medicine man, sums it up: "Our task is to chant the world, chant the beauty. 
The world is a reflection of our chanting." 
 

http://www.aniwilliams.com/
mailto:songaia@earthlink.net
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Using Music for Transformation 
& Healing. 11 Free Tips. 

 

By Howard Richman 
  

11 helpful free tips show how to listen to music for transformation and healing. This free information 
reveals techniques to support recovery, meditation and spiritual growth through music healing. All 
music can be healing especially when it is played in sequence using the entrainment principle. 

The following information gives you guidelines on creating your own healing music sequence, even if 
you do not play an instrument! However, for your convenience, you may wish to use music that has 
already been created for this purpose.  

If so, you may purchase our music for specific illnesses and conditions, including: stress, chronic 
pain, insomnia, addictions, smoking, cardiovascular illnesses, post-traumatic-stress syndrome, TMJ, 
panic disorder/anxiety, overweight, anorexia, bulimia, depression, low self-esteem, stress, creative 
or emotional blocks, anger, fear, sadness, hyperactivity, attention deficit disorder, inner child 
processing (adults), stress and insomnia for the pregnant woman, anxiety and pain during birth, colic 
and anxiety in the newborn infant, breastfeeding, emotional armor, conflicts, infertility, cancer, 
anger, AIDS, infection, fear, lack of self-respect, immune system suppression, scleroderma, dementia 
anxiety, death and dying, frustration, individual transformational music, self-reflection, heightened 
awareness, relaxation, and inspiration. 

http://www.soundfeelings.com/products/alternative_medicine/music_therapy/entrainment.htm
http://www.soundfeelings.com/products/alternative_medicine/music_therapy/sound_therapy.htm
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Purchase Music for Specific Illnesses and Conditions from Sound Feelings. Sound 
Feelings music therapy for transformation offers drug-free audio products for 
specific illnesses and conditions. This music incorporates the entrainment effect as 
explained above. The special sound entrainment approach is used to first mirror 

the blocks and stress of the listener and then gradually help to resolve them. This process helps with 
the cellular memory release. Our recordings provide a music therapy alternative to traditional 

expressive arts therapy.  

The Wild Divine Project provides multimedia solutions to promote self-care 
and wellness. Our products integrate the use of proven biofeedback technology 
with creative, computer-based tools to reduce stress and help you to achieve 
optimal health. Begin your journey with The Journey to Wild Divine: The 
Passage. Step out of time and into a realm of endless possibility, where you'll 
practice breathing and meditation techniques, like the heart breath, an ancient 
yogic breathing technique that will help you achieve control over your mind & 
body to help reduce stress and improve physical and mental wellness. 

 

 

 

1 Select Appropriate Music. 

Most of us choose music that we “like” but will this give us the best results? In fact, often the music 
we are least attracted to will have the greatest benefit (when played in the right sequence). Let’s say 
you are very angry. So your first instinct is to put on some really angry music. Does it really help, or 
does it kind of perpetuate how you feel? Yet, on the other hand if you play some light and happy 
music, by comparison to how you are currently feeling, it will probably make you feel angrier! As you 
see, selecting music is not a simple one-shot process. 

2 Consider Music Sequencing. 

Sometimes it is necessary to first choose music that totally matches your current mood rather than 
the mood you wish to acquire. Consider arranging a series of different musical compositions in 
sequence that are customized just for your needs. For example, if you are dealing with depression, 
select a composition which represents depression in its extreme form, to you. Follow this with one 
that is only mildly depressing. Then select a neutral composition, and end with a composition which 
is clearly uplifting and motivating. Listening to music in a sequence like this allows for your current 
stress level or mood to be first honored and then to be gradually transformed. 

3 Speakers Are Ideal. 

It is ideal to listen to the music through speakers rather than headphones so that the cells of the 
body themselves may “listen” to the sound.  

4 Prepare Yourself to Listen. 

Take off your shoes. Stand relaxed, sit or lie down and breathe.  

http://www.soundfeelings.com/products/alternative_medicine/music_therapy/sound_therapy.htm
http://www.shareasale.com/r.cfm?b=147033&u=117356&m=19479&urllink=&afftrack=
http://www.soundfeelings.com/products/alternative_medicine/music_therapy/sound_therapy.htm
http://www.shareasale.com/r.cfm?b=147033&u=117356&m=19479&urllink=&afftrack=
http://www.soundfeelings.com/products/alternative_medicine/music_therapy/sound_therapy.htm
http://www.shareasale.com/r.cfm?b=147033&u=117356&m=19479&urllink=&afftrack=
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5 Listen All the Way Through. 

It is preferable to listen to the musical composition all the way through, without interruption. This 
allows for the optimum response to the transformation process.  

6 Foreground, Not Background. 

We all have the tendency to use music for the background of other activities. Try developing the 
technique of just listening to the music, not doing anything else. This way, you will get the best 
benefit. 

7 Your Response is What is Important. 

It is through your response that the emotional/cellular memory may be released. Do not think that 
you have to just stay still and concentrate on the music! In fact, if the music inspires you to get up 
and do something or your mind begins to wander, allow, allow, allow! Allow all responses without 
judgment. On the other hand, do not begin listening to the music while you are already doing other 
unrelated activities. The important thing is to let the music embrace you totally.  

8 Listen Actively, Not Passively. 

Allow the music to reach your inner feeling, and respond freely to it. Everyone has a different 
manner of expression. You may experience visual images, thoughts, movement, an intensification of 
emotion, physical vibrations, sleep, or nothing at all. 

9 Observe Mind/Body Connection. 

A lot of research has been done recently showing that there is a definite connection between the 
mind and the body. (Actually this refers to the emotions too but it sounds succinct to say 
“mind/body.”) Even though music healing is often related to relaxation and emotional issues, there 
is the likelihood that this indirectly could have a benefit on physical illnesses as well. 

10 Enjoy the Silence! 

When the music stops, it is suggested that you bask in the silence for many moments. This will help 
integrate the feelings. 

11 Use a Journal. 

If you wish to record your progress in a journal, it can be helpful, but not necessary. 

Purchase Music for Specific Illnesses and Conditions from 

Sound Feelings.  

Sound Feelings music therapy for transformation offers drug-free audio products 
for specific illnesses and conditions. This music incorporates the entrainment effect 
as explained above. The special sound entrainment approach is used to first mirror 
the blocks and stress of the listener and then gradually help to resolve them. This 

process helps with the cellular memory release. Our recordings provide a music therapy alternative 

http://www.soundfeelings.com/products/alternative_medicine/music_therapy/sound_therapy.htm
http://www.soundfeelings.com/products/alternative_medicine/music_therapy/sound_therapy.htm
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to traditional expressive arts therapy.  

Don’t miss our Secrets of Singing on Pitch complete instant ebook. 

Don’t miss our How to Tell the Key in Music by Ear or by Sight complete instant ebook. 

Don’t miss our Act Thin, Be Thin complete instant ebook. 

If you have found any of our free information to be helpful, please let us know! We also grateful for 
your donation! 

Sound Feelings Publishing 
18375 Ventura Blvd. #8000 
Tarzana, CA 91356 
U.S.A. 
Tel: 818-757-0600 
email 
Website: www.soundfeelings.com 

http://www.soundfeelings.com/products/music_instruction/eproducts/pitch.htm
http://www.soundfeelings.com/products/music_instruction/eproducts/key.htm
http://www.soundfeelings.com/products/alternative_medicine/weight_loss/act_thin.htm
http://www.soundfeelings.com/products/testimonials/request.htm
http://www.soundfeelings.com/contact.htm#comments
http://www.soundfeelings.com/
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The Ten Commandments says that there is a one God consciousness of the universe. We have 
proved it with Bell’s theorem and Quantum science. So there truly is an omnipresent God that is 
connected to all that is. This is so vast as to think that an electron 200,000 light years away has a 
connection to us. So the first commandment is that there is a Universal God and that he should be 
first in our hearts and minds. We all need to understand that in a complex world of fractal forces 
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there is truly a power greater than our own. We have to watch about this idol thing and not put 
anything above the one God consciousness. 
Our bodies are made of electrons orbiting protons and neutrons. We were all taught in 5th grade that 
we and all things are made of this. The electrons never touch each other they are so charged and 
they repel when they approach each other. So no matter in the body touches anything. The fields of 
the outer electrons in any atom interact with each other. There are photons that do touch electrons 
and these photons share the Universal connection. What we are is a very complicated set of energy 
vibrational fields. These vibration fields have sonic keys that trigger extra links to the God 
consciousness. Some universal sounds of the name of god. So the second commandment says be 
careful with this name, don’t use it to hurt people.  
There is a background microwave radiation left over passing through the universe that was made at 
the time of the Big Bang. This was over 14.5 billion years ago, and there is still a left over residue of 
the Bang flowing through the universe. This is part of the photonic connectivity of subspace. So a 
God does exist or at least a God consciousness. And he asks that we give at least one day out of 
seven to relax and remember the connectivity of all, the third commandment.  
We are electrical beings made of force fields in a vast universe where at one level there is 
connectivity to all. We are also dependent on other people made of electrical force fields. We are 
social beings that need networking and we need to share a world. So we need some rules for how to 
play nicely and share this world with our other electrical vibrational beings. DNA is a quantic thing 
that grows and peaks into existence then it slowly decays back into thermodynamic entropy and 
death. Our birth protects the future of DNA by perpetuating the transfer of DNA to our children.  
The fourth commandment is to honor your parents. You should honor and respect them. You may 
not always obey them and you have the right to choose your own path but you should always honor 
and respect your parents. And this commandment has a reward attached. Because it says that if you 
honor your parents you will be given a long life.  
The next four commandments are to not do actions that hurt other people. Don’t kill, don’t have sex 
with a person married to someone else, don’t steal, and don’t lie. Very simple ideas of social order 
that are a must for any society. These are laws against society, but in America and most of the world 
number six about sex was taken away from social law. But the others are socially enforced.  
Next the commandments go to the level of mind not just action. Number nine is control your desire 
for sex with other people. And ten control your desires for their property. Here is where Jesus did 
most of his work telling us to control our minds is important than just actions.  
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So we see that we are energetic fields in a vast interconnected field interacting with other energetic 
field beings. If we keep this perspective and our reverence for the whole we are working within the 
rules of existence. If we start doing our own thing with no respect for the whole it is witchcraft.  
 

 
 
It seems obvious that it's not a good idea to put too much stock in witchcraft. But it turns out 
that 31 percent of Americans believe there are real sorcerers, conjurers, witches and warlocks 
out there. And that's just one of the several paranormal beliefs common among Americans, 
according to Gallup: 51 percent believe in ESP, 38 percent in ghosts, and 29% in astrology. 

http://www.newsweek.com/photo/2010/08/19/famous-people-falsely-accused-then-exonerated.slide3.html
http://www.gallup.com/poll/16915/three-four-americans-believe-paranormal.aspx
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Around the world belief is even higher. The truth is that witchcraft does indeed exist. 
 
Galatians 5:19-20 says it is sinful to "being sexually unfaithful, not being pure, taking part in sexual 
sins, pharmakia (in the original Greek), worshipping false gods, doing malevolent witchcraft... 
wicked impure thoughts, eagerness for immoral lustful pleasure, idolatry, evil spiritism (that is, 
encouraging the activity of demons),..." 
 
The reference to adultery was not present in the earliest manuscripts. It was apparently added later 
by an unknown Christian forger. The key word of interest here is the Greek word "pharmakia" from 
which the English words "pharmacy" "pharmaceuticals," and "pharmacology" are derived. 
Interpreted literally from the Greek it refers to the practice of preparing poisonous potions to harm 
or kill others. Just what some synthetic modern Pharmacies do. 
 
 
Revelation 21:8: says that those "witches who do evil magic" will burn in hell.  

 
What Is Witchcraft? 

1 Samuel 15:23 (NAS) "For rebellion is as the sin of divination, and insubordination is as iniquity and 
idolatry..."  

Exodus 8:7 (NIV) But the magicians [Jannes and Jambres] did the same things by their secret arts; 
they also made frogs come up on the land of Egypt. These magicians matched tricks with Moses. But 
when they both made their walking sticks into snakes, Moses’s snake ate the snakes of the 
magicians , showing God’s superiority.  

 Witchcraft: Wanting to be a spiritual "mover and shaker" without submitting to God (or some 
form of the positive universal consciousness). Witchcraft is rebellion coupled with a desire to 
"control the game", to be more than just a spiritual player and put one’s self before God. Rebellious 
youth often turn their back on God and mistake their energies (like the Drop) to be universal 
energies (like the ocean). The difference between Moses doing a miracle and Jannes with Jambres 
doing magic are if there is the proper reverence to the universal positive consciousness of God.  

 Witchcraft is characterized by belief in "knowledge from below", and rejection of "knowledge from 
above". In its more advanced and powerful stages, delusion and belief in what is clearly not of God is 
key. Satan's tacit "deal" is: if you sacrifice truth on his altar, he will give you power for what you 
want now. But lies are flimsy things to put your trust in... because Satan will lie and take away your 
happiness.  
There is power in the universe and a universal consciousness. God’ ways are unknown to us but 
his power can be felt. If we are working with God and letting God power work thru us we can use 
the power within us to do God’s work. When the drop thinks it is the ocean, when the person tries 
to do things around God’s power, or when the person derives power from evil self serving ideas  
then it is witchcraft.  

Exodus 8:18 (NIV) But when the magicians tried to produce gnats by their secret arts, they could not. 
And the gnats were on men and animals.  

Acts 8:9-11 (NIV) Now for some time a man named Simon had practiced sorcery in the city and 
amazed all the people of Samaria. He boasted that he was someone great, and all the people, both 
high and low, gave him their attention and exclaimed, "This man is the divine power known as the 
Great Power." They followed him because he had amazed them for a long time with his magic.  
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Exodus 22:18 “Death is the punishment for witchcraft”  
 
I made my angel of god book to try to help people get to the 1000 years of peace and harmony, the 
millennia. This book heralded my work to save the planet by confronting our false beliefs. I sought 
then to try to show the more sexual side of my persona with an outrageous book. I thought the 
sexual warrior witch to be a provocative title.  
At first it was tongue in cheek and I wanted to not hide my persona but to put it forth honestly and 
to show sincerity, with honor and integrity. I recognized the compromise of dignity but truth was 
truth and for our society to allow chick to have a dick the sensual side of the story needed to be told.  
But the use of the witch was wrong. For being a devout religious person and one who takes the bible 
very seriously I needed to rethink. So I decided to not use the word witch and to have another title. 
Spirit, Diva, Enchantress came to mind but finally Provocateur seemed the best. The Sexual 
Provocateur became the title.  
In all that I do I take direction from God. I studied the ancient coded sounds and symbols of Solomon 
and the Torah as well as other cultural similar keys to protect myself and open the doors to the 
universal positive consciousness of God. Thus there is a mutual working of prayer and reverence in 
all that I do and if you will do the same you can use the help of this book in positive ways to enhance 
your life. If you tune yourself to a power greater than yourself a power of light and compassion, you 
have already enhanced your life.  

 
So references to witch and witchcraft are just tongue in cheek and to be understood as sexual 
imagery meant to be provocative and stimulating. As you will see the only difference between 
prayer to get what you want and sorcery is whether you involve God or not. If you are reverent to 
God’s will, and obedient to his laws and you request respectfully his help then you request is a 
prayer, I involve God in all of my actions. I try to live such that everything I do is a prayer to his 
splendor and glory. Even my sexuality is a joyful, reverent playful song to the power and glory of 
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God. Small minds criticize this but small minds criticize everything. 
Sexuality is not bad it is part of the process of joyful living. If you are giving pleasure and hurting no 
one, then the acts of consenting adults can be a spiritual exercise. The sex act itself is an orgasm of 
the lower chakra. Thru kundalini yoga I have learned to open and thus to orgasm in all of my chakra. 
I will discuss this somewhat in this book and in more detail in others. So welcome to this honest 
open disclosure of a deep part of myself that will help you to perhaps find yourself as I have found 
me. Prudish people, sexually immature, and mentally unstable people will not like this book and they 
should not read further. But for normal open minds this book will be a turn on for body and mind. 
Use wisely and go with God.  
The Wisdom of Solomon gives us an outline of how to call upon the God consciousness of the 
universe for protection and inspiration. It comes to us from multiple sources and multi-cultural 
legends. The sounds and style have a universal archetypal structure that is repeated in all cultures. 
Solomon taught us how to invocate the God consciousness and to discern it from the dark forces 
that can trick you. This prayer protects and makes sure that God is answering you not anything 
pretending to be God. George Bush said that God told him to invade Iraq. Here a little clue if he’s 
telling you to kill people it is not God. What was talking to George was a false demon pretending to 
be God. Solomon wrote a way to assure it is God that you are in discussion with.  
The following picture is the gateway. By facing north and seeing the Archangel Ariel to the North, 
Archangel Uriel to the East, Archangel Michael to the South, and Archangel Gabriel to the West. We 
call on them to protect us, our families, our friends, our businesses. These angels offer protection 
and we need protection from demons before we call on the name of God. The letters of God’s name 
from the religion of Abraham are tetra, gram, mut, ton all recited to the directions of the compass 
like we did with the angels.  
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Now we call on God and recognize that there is one God consciousness of the universe. It has many 
names in many languages, but still one universal omnipresent force. We call on this force using the 
names of god.  
Now with respect we first must recognize we are but a speck of a speck of a speck on infinitum. We 
do not know the ways of God and thy will be done on earth as it is in heaven. Give us some bread 
and meager things, and protect us and help us with temptation. Let us forgive and be forgiven. We 
will not do unto others what we do not want done to ourselves. We wish no evil, injury or even the 
tiniest harm to anyone. We ask that evil be sent back to its origin three times three to teach the evil 
ones the lessons of compassion. We ask before you oh God a favor if you will. 
The spells and incantations referred to in this book are mere favors you request from the universal 
mind of the consciousness of all. These are request to help you and others find health, happiness, 
and contentment. If you use these spells with this introduction and in this form of mind it is not 
witchcraft but prayer. You have power and with the help of God you can increase that power. You 
can affect things but not control them. God does this not you. But your powers can increase.  
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We don’t go to war over the pronunciation of apple. 
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We should not go to war over the pronunciation of the word for the Universal Consciousness. 
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With peace harmony and compassion for all I wish you some joy and entertainment in reading this 
book. There is a God consciousness of the universe and if we respect it and work with it, the 
universal God consciousness will respect us and work with us.  

So we see that we are energetic fields in a vast 
interconnected subspace field interacting with 
other energetic field beings. If we keep this 
perspective and our reverence for the whole we 
are working within the rules of existence. If we 
start doing our own thing with no respect for 
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God, his name, our parents, for others, or for 
even ourselves, it is wrong. 
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Matter is energy. Our bodies are made up of interacting subtle energetic fields 
that we cannot perceive. Some of these fields have a spiritual source that act 
on a person’s spirit and soul. The soul is developed thru a process of guided self 
observations and discipline of the mind thru non-judgmental awareness. True 
soul development rarely happens due to man’s unique ability to be distracted 
from spiritual matters by words and everyday trivia. The spirit is 
sidetracked by emotional desires of greed, anger, delusions of false beliefs, 
arrogance and the need for conformity. So true spiritual development rarely 
happens. People seek to find a higher degree of humanity and achieve self 
actualization but few can transcend conformity and find a higher level of 
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enlightenment.  

 
Past the ten commandments of European and American culture the American Indian said what of 
mother Earth where is Mother Earth in your cosmology. There needs to be added a reverence for 
our planet to help stop our ravaged destruction of the planet for greed and money. So to the Ten 
Commandments we need to added treasure the land and remember what so sow you reap. If you 
use synthetic chemicals to sow, you will reap them.  
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Mother Earth Deserves Respect 
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Chapter 4 

The Scientific Proof of Non-Locality 

edited by Desire Dubounet Prof. Emeritus IMUNE 
 

The Einstein-Podolsky-Rosen Paradox 
and Bell's Theorem 

 
 

 " It is an illusion we are all separate, the universe at one mathematical level is still one. 
It is our job as humans to expand our circle of compassion to include all things" , 
 ―One can escape from this conclusion only by either assuming that the measurement of B 
(telepathically) changes the real situation at G or by denying independent real situations 
as such to things which are spatially separated from each other. Both alternatives appear 
to me entirely unacceptable. Non-Locality is an ever increasingly undeniable aspect of 
science‖  

Albert Einstein 
 

―There is no such thing as noise, but only quantic shared information we do not 
understand. Such is the Nature of the universe that there is a shared subspace 

dimension of all regular matter that generates non-locality" ,  
" The universe at one mathematical subspace level is still one. It is our job as humans to 
expand our circle of compassion to include all things, and our circle of compassion must 
begin with ourselfs. We must learn to forgive ourselfs, forgive others, and forgive God 

before we can expand our minds through expansion of our compassion" 
William Nelson 

In our movie and treatise on the PROOF, we established 8 steps pf proof for the 
non-local universe. Here they are again. Bell's theore is but just #5.  
Proof Of the Powers of The Mind 

 The most important argument in the world of science today is the clash between 

the people that believe in a Non-Local Universe versus those that believe in a Local 

Universe.  

  Local people believe in the direct push pull, cause and effect action, and they do 

not believe in the power of the mind to effect things at a distance without a direct 

connection. They look for repeatability and worship statistics.  

 Non-Local believers see a universe where there is prayer, spirit, a collective 

unconscious and a connection of all things . They know that there is a power of the mind 

to effect things and a level of connection of all things.  

 The Steps of the Proof are :  

Step 1. The test of time: Humans have always felt the connection of mind and spirit. 

Every race of people and every tribe has had those who have greater abilities to use 

these powers of the mind. They know that there is a subtle but undeniable force of 

connection.  
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 The Bible, Koran, Bagavad Gita, the analects, and all of the religious beliefs are 

filled with every page referencing the power of spirit, prayer, faith, hope and God. 

 This belief is Ageless , Universal, and Omnipresent. The test of time is met and if 

we had a vote on the conflict of Non-Local versus Local there would be landslide 99.9% 

for a Non-Local universe.  

Step 2. Quantum Theory : Physicists were shocked when they found that a very small 

quantic experiment could be influenced by the observer. This was called the observer 

effect and thus the world of science was changed forever when the Observer Effect 

was PROVED!!!!!.  

Step 3.Medicine’s Paranoiac need for Double Blind. Medicine was shocked when they 

discovered the placebo effect. The mind of the researcher was able to effect the 

results of an experiment. The mind of a doctor can effect the patient. The mind of a 

patient can effect himself.From then on a double blind experiment was required. Proof of 

the powers of the mind. 

Step 4. Fractal Complexity: What we do not know is so vast that it should be humbling. 

Fractal complexity has shown that reductionism is now no longer a valid process of 

examining complex situations. Non-Linear chaos mathematics are needed. When we use 

this type of analysis we can see that a small change might produce a large change. This is 

known as the ‗Butterfly Effect‖ and it allows for the powers of the mind. 

Step 5. Bell’s Theorem. This basic theorem of Quantum Electro Dynamics has shown 

that twin photons can have instantaneous effects on each other even when light years 

apart. This has been PROVED theoretically and experimentally to the utmost level of 

science.  

Step 6 . PEAR.= Princeton’s Engineering Anomalies Research :. After over a decade of 

research on the effects of the mind in a prestigious American university Princeton, there 

is undeniable proof of the power of the mind to effect things. The evidence is astounding 

for it‘s quality and quantity and is without doubt PROOF. See the PEAR studies. 

Step 7. The disbelievers always get test results that deny the proof: The hypothesis 

of our theory is that the mind can effect things. This means that those who disbelieve 

or scoff at the theory will only be able to get tests results that confirm there own 

disbelief. Why is it that when a researcher does a study that it usually confirms his 

original belief is because there is an effect of the mind.  

Step 8. The resistance to accepting the powers of the mind is great, in fact it is too 

great. The resistance is so incredibly great that it becomes PROOF : There appears 

that this resistance comes from such closed minded people and often psychologically 

unstable people. These critics will often shake and flush and get over compassionate in 

their attempt to dispel the powers of the mind. Their actions and reactions are so 

contrived and insecure that they cause wonder that perhaps there is an ulterior motive. 

Is there perhaps a plan to keep the powers of the mind away from the general public.  

 

This study will now more fully discuss Bell's Theorem. 
 
The basis of Bell's theorem is this: if no local model of reality can explain the results 
of any particular experiment.: then reality is non-local, if there is non-locality 
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anywhere then there is some nonlocality everywhere . To prove that white crows exist 

we only have to produce one white crow. All of the black crows are not proof that white 

crows do not exist. All we need is one. with non-locality it is even more of the same, 

because if there is non-locality somewhere then there is some non-locality everywhere. 

Just how much is the part of the mystery of life. 

Before we study what "non-locality" means, let's take a look at this particular 

experiment, called the EPR experiment (Einstein-Podolsky-Rosen Paradox), which is the 

factual basis for Bell's fantastic result. Like so many other innovations in twentieth-cen-

tury physics, the EPR experiment was conceived by Albert Einstein. 

Although he helped put it together, Einstein was never satisfied with quantum theory. 

He didn't like its intrinsic randomness ("I cannot believe that God plays dice with the 

universe"), but most of all he disliked the fact that quantum theory (as interpreted by 

Bohr and Heisenberg) implies that reality is observer-created. "I cannot imagine," 

Einstein once said, but as Nelson has said "What if God is the Dice? What if God is in the 

indeterminancy? Could this indeterminancy be the subspace? Could God be the subspace 

glue that penetrates the essence of the universe? Answer to all : Yes" 

 Albert Einstein 

 
 Nathan Rosen 

 

 
"that a mouse could drastically change the universe by merely looking at it." Einstein 

accused Bohr and Heisenberg of attempting to restore man (and mouse) to the center of 

the cosmos from which Copernicus had ousted them nearly five hundred years ago. "The 

belief in an external world independent of the perceiving subject," Einstein maintained, 

"is the basis of all natural science." But man (and mouse) are the center of their own 

cosmos, relativity revisited, or at least the maximum twist of relativity. 

Bohr responded by comparing Einstein to the critics of his own relativity theory. He 
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pointed out that thanks to Einstein's work, physicists have come to realize that space 

and time are not absolute but relative to an observer's state of motion. In quantum 

theory we simply take this way of thinking one step further and recognize that reality 

itself (or at least its dynamic attributes) is also observer-dependent. Why did Einstein 

find it so difficult, Bohr wondered, to accept this natural extension of his own ideas? 

"A good joke should not be repeated twice," Einstein quipped. 

Niels Bohr and Albert Einstein debated the quantum reality question for as long as 

they lived: Einstein failed in his attempts to assault quantum theory head on, and 

reluctantly agreed with Bohr that quantum theory describes correctly all presently 

conceivable experiments—a conclusion that remains uncontested today. Einstein 

resorted instead to criticizing quantum theory on the grounds that it is incomplete. 
Quantum theory may be sufficient to explain experiments, Einstein confessed, but 

experiments are only part of what goes on in the world. Because quantum theory makes 

only statistical predictions, it cannot help but leave out certain "elements of reality" 

which a more adequate theory of the world must include. 

Niels Bohr, on the other hand, claimed that although quantum theory does give only 

statistical predictions, it is still complete. Quantum theory's indefiniteness is a virtue, 

not a weakness, because it corresponds to an indefiniteness that actually exists in the 

world. It is foolish to seek a precise description of an imprecise world; such misplaced 

precision is bound to miss the mark. 

Einstein put forth his best argument for quantum theory's incompleteness in the form 

of a thought experiment involving two correlated quons. He devised this experiment at 

Princeton in 1935 with the help of two American physicists: Boris Podolsky, originally 

from southern Russia, and Brooklyn-born Nathan Rosen. The original Einstein, Podolsky, 

and Rosen (EPR) experiment concerned two momentum-correlated electrons, but 

physicists today repeat EPR's argument using David Bohm's conceptually simpler 

experiment involving two polarization-correlated photons. 
If we compare a light beam to a series of balls (photons) thrown by a baseball pitcher. 

The two-valued photon polarization attribute was compared to a batter holding his bat 

at a certain angle 0 and getting either a hit or a miss. In the laboratory, photon 

polarization is measured with a calcite crystal which splits a light beam into up and down 

channels depending on whether its photons are polarized along or across the calcite's 

optic axis. 

The EPR experiment is only slightly more complicated than this two-man ball game. 

The EPR source emits pairs of photons (Green and Blue) which travel in opposite 

directions to two distant detectors (also labeled Green and Blue) where their 

polarization P(¢) at a particular angle 0 can be measured. To visualize this EPR 

arrangement we imagine a pitcher who throws two balls at a time. First he throws a 

Green ball to home plate; then, without breaking rhythm, he turns and fires a Blue ball 

to second base where a second batter is waiting. 

As in the previous game, the batters at home and at second can each measure the 

"polarization" of the baseball by holding their bats at a particular angle. A hit shows the 

ball to be polarized at the bat angle; a miss means polarization at right angles to the 

bat. 

The pitcher fires off a pair of balls, rests for a moment, then throws another pair. 
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For each pair of balls, the Green player measures his Green ball's polarization at some 

Green angle, while the Blue player measures her Blue ball's polarization at some Blue 

angle. To understand the EPR experiment, it's not necessary actually to know what 

polarization really is —what polarization "really is" is a mystery to physicists too—but 

only the particular results of each pair of polarization measurements. Encoded in the 

pattern of these results is the gist of the EPR paradox as well as the core of Bell's 

theorem. 

The EPR photon pairs are pitched in a special way; they come out of the light source in 

a particular phase-entangled state called the "state of parallel polarization." Because 

their phases are entangled with each other, each photon's phase depends on what the 

other photon is doing. Consequently, neither photon by itself is represented by a 

definite waveform; hence (according to quantum theory) neither photon possesses a 

definite polarization. 

Observationally, not possessing a definite polarization means that no measurement of 

polarization will always give the same result. In fact, for this particular two-photon state 

the Green light and the Blue light are completely unpolarized—the maximum 

indefiniteness possible for a two-valued attribute. For each photon at any angle 0, a 

polarization measurement P(~) gives 50 percent up/50 percent down, results which occur 

at random, like flipping a coin. 

Although each photon by itself does not possess a definite proxy wave, the two-photon 
state as a whole is represented by a definite wave, which means that certain two-particle 
attributes (which belong to the Green and Blue photon together) have a definite value. 

For photons in the state of parallel polarization, one such definite attribute is the 

photons' paired polarization. 
To measure paired polarization P P * ,  at a particular angle 0, set both Green and Blue 

calcites at the same angle ˘ and look at their polarization values (up or down). Like 

polarization itself, the PP attribute can take two possible values: either both photons 

have the same P (match) or they have opposite P (miss). 

Both quantum theory and quantum fact agree that for photons in the parallel 

polarization state, PP(() at all angles 0, always has the same value, namely match. This 

means that if you measure the Green polarization at angle 0 and the Blue polarization at 

the same angle, both polarizations are always the same. Furthermore the P of C will be 

the same as the P of B no matter how far apart the photons fly or which polarization 

happens to be measured first. For instance, you can measure the polarization of the 

Green photon immediately after it leaves the source and measure the Blue photon a year 

later (when it is one light year away from its source): the polarizations of both photons 

will be identical. 

According to quantum theory, in the state of parallel polarization each photon by itself 

has no definite P. However, the PP of C and B together is definite: it's match in every 

direction. The polarization attributes of unmeasured photons in this state resemble the 

attributes of identical twins before conception. Each twin's attributes (sex, hair color, 

and so forth) are undecided but the status of their paired attributes is already known: 

the same for both. For this reason I call the state of parallel subspace polarization "the 

twin state.” 

In terms of the two baseball players, the results of a long series of plays against 
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a pitcher who always throws pairs of balls in the twin state is this: 

I. At no matter what angle ø either player holds the bat, he/she always gets 

a 50-50 mixture of hits and misses; 

II. If both players agree beforehand to hold their bats at the same angle (I call 

this move "measuring the PPO attribute), whatever happens to one player's 

ball (hit or miss) also happens to the other player's ball. 

 III. shared subspace interaction allows for a non-locality, "what God hath joined 
together let no man set apart" 
 

 

Quantum Theory As A Partial Or Complete Description 
Of Reality 

"Obstacles occur only in the Mind" Helen Keller 

 
 

One difference between human twins and a pair of photons in the twin state is that 

before conception the human twins are nonexistent, while before measurement the 

photons already exist. We know that they were emitted at a certain time from their 

source and are traveling with a certain velocity toward their respective detectors. 

For a pair of photons in the twin state, Einstein asked the question, "Is the P of photon G, 

after it's emitted but before it's actually measured, truly indefinite as Bohr's 

interpretation of quantum theory requires, or is it, like identical twins in the womb, really 
definite but unknown?" In other words, "Is our uncertainty concerning the unobserved 

polarizations a mat-ter of quantum or classical ignorance?‖ 

According to Bohr, the P of photon C does not even exist before we measure it. G's 

so-called attributes belong not to the photon itself but reside partly in "the entire 

experimental arrangement." Like the position of a rainbow, polarization is a relational 
attribute and does not come into existence until Green observer decides how he will 

deploy his apparatus at location G (and possibly elsewhere as well). It's nonsense to 

suppose that before a measurement, photon G has some definite polarization. Einstein 

argues that, on the contrary, not only does photon G have a definite P in some direction, it 

has a definite P in every direction. 
To dramatize the difference between Bohr and Einstein, let's imagine that Blue player 

moves closer to the mound so that she gets her Blue ball before Green player gets his. 

Suppose she holds her bat at zero degrees (vertically) and gets a hit, which means that 

her photon is V-polarized. We now switch our camera to home plate where the spirits of 

Bohr and Einstein are discussing the reality status of the as-yet-to-be measured Green 

photon presently hurtling toward the Green batter at the speed of light. To allow the 

great men time for debate, we imagine the usual passage of time to be temporarily 

suspended. 

 

BOHR: When I say that quantum theory is "complete," I mean that QT says everything 
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that can possibly be said about the reality of that Green photon. If it's not in the theory, 

it's not in the photon either. 

 

EINSTEIN: If complete, What, then, does quantum theory say about this Green 

photon now approaching the Green batter? 

 

BOHR: In the first place, given that Blue's already measured a V photon, coupled with 

the fact that this pitcher throws nothing but twin-state photon pairs, quantum theory 

predicts that if Green chooses to hold his bat vertically, he will certainly get a hit; 

furthermore it also predicts that if he holds his bat horizontally, he will certainly get 

miss. 

 

EINSTEIN: I agree with you concerning what quantum theory predicts if Green makes 

either a horizontal or a vertical polarization measurement. Now, what is supposed to 

happen if Green holds his bat at some other angle? 

 

BOHR: For Green bat angles other than zero or ninety degrees, quantum theory gives no 

certain results, but only the relative probability of a hit. For instance, if Green should 

hold his bat at 45 degrees, the odds are 50-50 that he will get a hit. 

 

EINSTEIN: Yes. Quantum theory indeed gives only statistical predictions for 

intermediate angles. We seem to agree concerning the predictions of the theory and 

about the facts of the matter—namely, that quantum theory has never made a single 

incorrect prediction. We agree, as Kant would have put it, about the appearances and 

about the theory. But what, my dear Bohr, are you willing to say about the reality of this 

particular Green photon magically suspended before us? 

 

BOHR: Because I believe that quantum theory describes all physical situations 

completely, I must say that before it is actually measured, this photon really has a 

definite polarization only in the V and H directions, but no others. To speak of a definite 

polarization in any other directions would be to talk nonsense. Thus I say that, in reality, 

this Green photon does not possess polarization attributes except perhaps at these 

exceptional angles. 

Even at these special angles, for which quantum theory gives certain results, I am not 

entirely convinced that these results represent a definite attribute belonging solely to 

the photon. I believe that all attributes are joint creations of photon and measuring 

device and do not belong to one or the other. 

 

EINSTEIN: Concerning this matter of completeness…As you know, my friend, I cannot 

refute your opinion that quantum theory is a complete theory of phenomena: it indeed 

seems to describe correctly the results of every experiment my poor head has been able 

to imagine. But I do not share your faith that quantum theory is a complete theory of 
reality . I believe that certain elements of reality exist in the world that are not 

described by the quantum formalism. In the case of this Green photon, for example, I say 

that it possesses a definite polarization attribute for every possible angle, not just for 
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the V and H directions. 

 

BOHR: No, my friend, you are mistaken. Except perhaps in certain special situations 

where the outcome is not a matter of chance—such as the V and II directions in this 

case—the photon's polarization is a joint production of the entire experimental 

arrangement, and does not inhere in the photon by itself independent of a particular 

measurement context. 

 

EINSTEIN: Forgive me, Bohr, but I have never been able to understand your subtle 

reasoning in this matter. Indeed, for situations like this twin-state baseball game, I have, 

with my colleagues Podolsky and Rosen, devised a simple argument which convinces us 

that this Green photon hovering in front of us possesses a definite (but unknown) 

polarization attribute at every angle. Permit me to show you this argument. 

Our reasoning depends on a certain plausible assumption, which physicists nowadays call 

"the locality assumption": we assume that the real factual situation of the Green photon, 

after it's left the source, is not affected by how the Blue player chooses to hold her bat. 

In other words, we assume that Blue's batting stance does not affect the Green photon. 
This supposition seems reasonable since both photons are traveling in opposite directions 

at the speed of light. Therefore one photon cannot learn about the other's measurement 

situation except via signals that travel faster than light. 

 

BOHR: I am suspicious of this locality assumption but please continue. 

EINSTEIN: Here is our argument. For this present situation, Blue chose to hold her bat 

vertically and she got a hit. But if she had held her bat at some other angle, say 45 

degrees, she would also have measured some-thing, either a hit or a miss, we do not know 

which. Because this photon pair is in the twin state we know that Green photon would be 

obliged to show the same polarization that Blue got at 45 degrees. In like manner Blue 

could have held her bat at any angle X and measured a certain polarization; Green photon 

is compelled to have an identical polarization at angle X. 

If Green photon must have a definite polarization for each Blue measurement choice, and 

if (by the locality assumption) Blue's measurement choice does not physically affect the 

Green photon, then the Green photon must already possess a definite polarization for each 
angle—polarizations that exist regardless of Blue's actual choice. 

Thus we believe we have shown that before it strikes the Green bat, this Green photon 

has already "made up its mind" as to how it will act no matter how Green might choose to 

hold his bat. This Green photon must possess a sort of hit/miss list which tells it what to 

do for every bat angle. Quantum theory, on the other hand, certainly does not recognize 

any such list: except for the N and V directions, it considers these results to be 

"random," utterly unknown except in a probabilistic sense. Quantum theory is therefore 

"incomplete" because it leaves out some attributes—this hit/miss list, for 

example—which this photon seems to possess. 

 

BOHR: Your argument is clever but I cannot accept your conclusion. Of course there is 

no question of any mechanical influence traveling from Blue's bat to the Green photon, 

but there is essentially the question of an influence on the very conditions which define 
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the possible types of predictions regarding the future behavior of the Green light. 
 
EINSTEIN: Yes, I remember your making that very statement in 1935 in response to our 

original EPR paper. I did not understand it then, and despite considerable effort, I must 

confess that I still cannot grasp the subtlety of your thought on this matter. 

Since the author seems to have frozen our intellects, like that time-suspended Green 

photon out there, into our ancient philosophical positions, I will answer your old quote 

with two of my own which sum up my thinking on the EPR experiment: 

"We are forced (via the EPR argument) to conclude that the quantum-mechanical 

description of physical reality given by wave functions is not complete‖. 

"One can escape from this conclusion only by either assuming that the measurement of B 

(telepathically) changes the real situation at C, or by denying independent real situations 

as such to things which are spatially separated. Both alternatives appear to me entirely 

unacceptable‖. 

Bohr, Einstein, and numerous other thinkers struggled with the EPR paradox but no 

generally acceptable solution could be found until Bell focused attention on the fragility 

of the locality assumption. Let's take a closer look at this locality assumption so essential 

to the argument of Einstein, Podolsky, and Rosen. 

 
 

 Locality Assumption 

"Circumstances are like objects, they are not alive, you bring life to them" Nelson 
 

The locality assumption does not mean that what happens at the Green bat has nothing to 

do with what happens at the Blue bat. Since the photons are correlated at the light 

source, the results at the Green and Blue measurement sites will likewise be correlated. 

What locality means is that no action on Blue's part (as she detects her Blue photon) can 

affect what Green player sees (when he detects his Green photon). Locality means that 

what happens at home plate is unaffected by how Blue holds her bat at second base. 

The locality assumption is necessary to EPR's argument because al-though Blue observer 

could have made any polarization measurement she pleased, she can in fact (for a single 

photon) make only one, because photon polarizations at different angles are incompatible 

attributes. 

As a homely example of EPR's reasoning, consider a shop (Enrico's Pizza Reale) which 

sells three different pizzas: Sicilian, Milanese, and Neapolitan. Whenever you order a 

pizza from Enrico's it arrives at your door in ten minutes. Since a pizza takes thirty 

minutes to bake, you know that the pizza you ordered must have been ready when you 

phoned. 

Suppose you order a pizza of your choice each night (but you can only 

afford one), and it's always delivered in ten minutes. Can you conclude that Enrico keeps 

on hand all three kinds of pizza? 
Not without a kind of locality assumption. You have to assume that Enrico has no way of 

knowing what kind of pizza you are going to order that night. If he can discover your 
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choice beforehand, he need keep only one pizza hot. 

Your nightly freedom of choice plus the (no pizza spies) "locality assumption" allows you 

to infer, on the basis of a series of one-pizza observations, that Enrico in reality keeps all 
three pizzas ready to go each night. The argument for preexisting polarizations is the 

same as for preexisting pizzas. Blue player's freedom to choose her single P 

measurement plus the locality assumption allows EPR to infer that all polarizations must 

be simultaneously present in the Green photon (in the form of a hit/miss list) before 

Green player makes his measurement. 

Hence, in the twin state, photon C already secretly knows how it will respond to any 

polarization measurement that Green player might care to make upon it. According to 

EPR's argument, Green photon's polarization attribute is not indefinite at all. Green 

photon's hit/miss list specifies its polarization at all measurement angles. 

Bohr asserts that photon C, before it's measured, is in an indefinite state of 

polarization: quantum theory does not recognize any such hit/ miss list. But Einstein, 

Podolsky, and Rosen can prove that such a list exists in nature. Hence according to EPR, 

quantum theory is necessarily incomplete. 

It is important to realize what EPR did not do: Einstein, Podolsky, and Rosen did not find 

an experimental situation where quantum theory is factually wrong. What EPR discovered 

was a simple logical argument (based on the experimental fact of perfect polarization 

correlation in a certain two-photon system) that indirectly demonstrates the existence 

of photon attributes which quantum theory fails to take into account. EPR then ask, "If 

quantum theory is a complete theory of reality, why does it omit these attributes?‖ 

What's at stake here is not whether quantum theory is a complete theory of phenomena 
(accounting correctly for all presently conceivable measurements) but whether it is a 

complete theory of reality (accounting correctly for whatever exists whether 

measurable or not). Many "refutations" of the EPR argument consist merely of 

demonstrating that quantum theory describes correctly all twin-state polarization 

measurements. EPR do not contest quantum theory's competence to describe phenomena; 

Einstein, Podolsky, and Rosen claim, however, to have demonstrated the existence of 

certain "elements of reality" (in Einstein's words), parts of the world not directly 
observable which quantum theory simply leaves out. 

The EPR proof gives those who believe that what's real is only what can be observed an 

opportunity to put their convictions to the test. For such no-nonsense realists, the 

argument of EPR which purports to demonstrate the existence of an extra-observational 

reality must be mistaken. However, even those convinced beforehand of EPR's error 

found it surprisingly difficult to point out the fallacy in their reasoning. Hundreds of 

papers were published on the "EPR paradox." For thirty years physicists and philosophers 

beat their heads against this proof without either refuting EPR's logic or shedding 

further light on EPR's alleged "elements of reality. 

In 1964 the long-standing EPR stalemate was broken by the efforts of theorist John 

Bell. 

The basis of Bell's theorem is this: if no local model of reality can explain the results 
of any particular experiment.: then reality is non-local, if there is non-locality 
anywhere then there is nonlocality everywhere  
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Bell’s Interconnectedness 

Theorem 

 

―Contagious magic is based upon the assumption that substances which were once joined 
together possess a continuing linkage; thus an act carried out upon a smaller unit will 
affect the larger unit even though they are physically separate‖. 

Sir James Frazer 
 
 

John Stewart Bell was born and grew up in Belfast, Northern Ireland. He is now a 

theoretical physicist at CERN (a large accelerator center in Geneva financed by Western 

European countries) where he specializes in elementary particle physics. In 1964, while 

on sabbatical leave from CERN, Bell decided to investigate the quantum reality question, 

which had fascinated him since his undergraduate days. 

Bell began by looking at von Neumann's proof, which demonstrates the impossibility of 

neorealism. According to von Neumann, the world cannot be made of ordinary objects, 

which possess dynamic attributes of their own. Bell discovered that although this proof 

excludes objects whose attributes combine in "reasonable ways," it does not forbid 

objects which can change their attributes in response to their environment. This loophole 

in von Neumann's proof is what allows Bohm, de Broglie, and other neorealists to build 

explicit ordinary-object-based models of quantum reality: all these models contain 

objects whose attributes are context-sensitive. 

While preparing a review article on von Neumann's proof, Bell became interested in 

impossibility proofs in genera) and wondered whether a proof could be constructed which 

would conclusively exclude any model of reality that possessed certain physical 

characteristics. Bell himself managed to devise such a proof which rejects all models of 

reality possessing the property of "locality." This proof has since become known as Bell's 
theorem. It asserts that no local model of reality can underlie the quantum facts. Bell's 

theorem says that reality must be non-local. 

In a letter to the author, John Bell recalls his discovery: "I had for long been fascinated 

by EPR. Was there a paradox or not? I was deeply impressed by Einstein's reservations 

about quantum mechanics and his views of it as an incomplete theory. For several reasons 

the time was ripe for me to tackle the problem head on. The result was the reverse of 

what I had hoped. But I was delighted—in a region of wooliness and obscurity to have 

come upon something hard and clear‖. 

The structure of Bell's proof is as follows. For a certain class of twoquon experiments 

(the EPR experiment and its variations), Bell assumes that a local reality exists. With 

a bit of arithmetic he shows that this locality assumption leads directly to a certain 

inequality (Bell's inequality) which the experimental results must satisfy. Whenever 

these experiments are done, they violate Bell's inequality. Hence the local-reality 

assumption is mistaken. Conclusion: any reality that underlies the EPR experiment must 

be non-local. 
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What is a local interaction? 

"It is not the situation, but whether we react negatively or respond positively to the 
situation that is important" Zig Ziglar 

 

 

The essence of a local interaction is direct contact—as basic as a punch in the nose. Body 

A affects body B locally when it either touches B or touches something else that 

touches B. A gear train is a typical local mechanism. Motion passes from one gear wheel to 

another in an unbroken chain. Break the chain by taking out a single gear and the 

movement cannot continue. Without something there to mediate it, a local interaction 

cannot cross a gap. 

On the other hand, the essence of non-locality is unmediated action-at 

a-distance. A non-local interaction jumps from body A to body B without touching 

anything in between. Voodoo injury is an example of a non-local interaction. When a 

voodoo practitioner sticks a pin in her doll, the distant target is (supposedly) instantly 

wounded, although nothing actually travels from doll to victim. Believers in voodoo claim 

that an action here causes an effect there; that's all there is to it. Without benefit of 

mediation, a non-local interaction effortlessly flashes across the void. 

The unruly nature of unmediated action has moved physicists from Galileo to Cell-Mann 

to unanimously reject non-local interactions as a basis for explaining what goes on in the 

world. No one has so vehemently expressed physicists' distaste for non-local 

interactions as Sir Isaac New-ton: 

 

"That one body may act upon another at a distance through a vacuum without the 

mediation of anything else . . is to me so great an absurdity, that I believe no man, who 

has in philosophical matters a competent faculty for thinking, can ever fall into‖. 

 

Given his antipathy for non-local forces, Newton was somewhat embarrassed by his own 

theory of gravity. If a non-local force is "so great an absurdity," how does the sun's 

gravity manage to cross millions of miles of empty space to hold the Earth in its orbit? 

Concerning the actual nature of gravity, Newton wisely held his tongue. "Hypotheses non 
lingo," he declared. "I frame no hypotheses‖. 

Newton's faith in strictly local forces was vindicated by his successors, who explained 

gravity in terms of the field concept. The space between the sun and Earth is not empty, 

today's physicists say: it's filled with a gravitational field which exerts a force on any 

body it touches. The mod-ern field concept allows us to regard gravity as a strictly local 

interaction even though it acts across vast reaches of space. The sun's mass produces a 

gravity field; this field pulls on the Earth and mediates the sun-Earth interaction. 

Physicists today share Newton's belief that the world is tied together by strictly local 

connections. All presently known interactions can be explained in terms of only four 

fundamental forces (strong, weak, electromagnetic, and gravitational). In every case 

these forces act as if they are mediated by fields. Since quantum theory has blurred the 

once sharp distinction between particle and field (both are quantumstuff now) we can 

equally well say these local forces are mediated by the exchange of particles. Thus the 
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sun attracts the Earth (and vice versa) via the gravity field or via an exchange of 

gravitons (the particle aspect of the gravity field). In actuality gravity (as is true for 

the other three fundamental forces as well) is carried neither by particle or field but 

by something that partakes of both, an innately quantum go-between whose mediation 

makes every one of nature's forces strictly local. 

Although the concept of locality does not strictly demand it, most forces diminish in 

strength as you move away from their source. It is conceivable that a local force might 

stay constant or even increase with distance from its source (the force of a stretched 

spring, for instance increases with distance). The big four forces that hold the world 

together happen, however, all to decrease with distance—gravity and electromagne tism 

diminish as the inverse square; the strong and weak forces fall of considerably faster. 

The toughest limitation on a local interaction is how fast it can travel When you move an 

object A, you stretch its attached field. This fielc distorts first near object A, then 

the field warp moves off to distant re gions. Einstein's special theory of relativity 

restricts the velocity of thi: field deformation to light speed or below. According to 

Einstein, no mate vial object can travel faster than light; not even the less material 

field war' can travel so fast. 

Non-local influences, if they existed, would not be mediated by fields o by anything 

else. When A connects to B non-locally, nothing crosses thl intervening space, hence no 

amount of interposed matter can shield thi interaction. 

Non-local influences do not diminish with distance. They are as poten at a million miles 

as at a millimeter. 

Non-local influences act instantaneously. The speed of their transmit sion is not limited 

by the velocity of light. 

A non-local interaction links up one location with another withou crossing space, without 

decay, and without delay. A non-local interactioi is, in short, unmediated, unmitigated, 
and immediate. 
Despite physicists' traditional rejection of non-local interactions, de spite the fact 

that all known forces are incontestably local, despite Eir stein's prohibition against 

superluminal connections, and despite the fac that no experiment has ever shown a 

single case of unmediated faster than-light communication, Bell maintains that the 

world is filled wit innumerable non-local influences. Furthermore these unmediated 

tonne( tions are present not only in rare and exotic circumstances, but underlie a 

the events of everyday life. Non-local connections are ubiquitous because reality itself 

is non-local. 

Not all physicists believe Bell's proof to be an airtight demonstration of the necessary 

existence of non-local connections. But the alternatives these critics offer instead 

seem to me to be generally obscure and/or preposterous, Some physicists will go so 

far as to actually "deny reality itself" rather than accept Bell's audacious conclusion 

that quantum reality must be non-local. 
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 Bell Proved Reality Cannot Be Local 

"Before you change your thinking you must change what goes into your mind" Zig Ziglar 

 

 

To understand the import of Bell's theorem and the arguments of his critics, it's 

necessary to look at Bell's proof in some detail. Fortunately Bell's theorem is easier to 

prove than the Pythagorean theorem taught in every high school. The simplicity of Bell's 

proof opens it to everyone, not just physicists and mathematicians. 

Bell's proof is based on the same EPR experiment used by Einstein, Podolsky, and Rosen 

to demonstrate the existence of hidden "elements of reality" which quantum theory 

neglects to describe. The "EPR paradox" consists of the fact that for thirty years 

physicists have neither been able to refute EPR's argument nor shed further light on 

EPR's alleged "elements of reality‖. 

The EPR experiment involves a source of light which produces pairs of photons (Green 

and Blue) in the "twin state." These photons travel in opposite directions to calcite 

detectors (G and B) which can measure their polarization attribute P(cb) at some angle O. 

In the twin state each beam by itself appears completely unpolarized—an unpredictably 

random 50-50 mixture of ups and downs at whatever angle you choose to measure. 

Though separately unpolarized, each photon's polarization is perfectly correlated with 

its partner's. If you measure the P of both photons at the same angle (a two-photon 

attribute I call paired polarization), these polarizations always match. 

For his proof, Bell considers another two-photon attribute called polarization correlation 

(PC) which can be measured on these photons. Attribute PC is measured the same way as 

attribute PP except that the calcites are set not at the same but at different angles. To 

measure PC(Ө), set Green calcite at a particular angle øG and Blue calcite at angle øB. Now 

compare Green and Blue polarizations for each pair of photons. If these 
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PS are the same (both up or both down), call this a match; if opposites, call this a miss. 

Angle Ө is the angle between the two calcites, namely Ө= øG - øB. 

 

 
 

 

 

 

For photons in the twin state, quantum theory predicts that PC(øG - øB) 

depends only on the relative angle Ө between calcites and is independent of 

the separate settings øG and øB. Thus if the angle of the Green calcite 

differs by 30° (in either direction) from that of the Blue calcite, the value 

of PC(30) will be the same, no matter how Green and Blue happen to be 

tilted. The fact that PC(Ө) depends only on the difference between the 

two calcites has been amply verified by experiment. 

For each angle Ө between calcites, a PC measurement asks for the fraction 
of matches obtained in a long series of photon pairs. Thus PC = 1 means all 

matches (no misses) while PC = 0 means no matches (all misses). Bell's 

theorem is concerned with how this match fraction changes as we vary the 

angle between calcites from zero to ninety degrees. 

For our previous discussion of the twin state, we already know the value of 

PC at zero and ninety degrees. At a calcite separation of zero degrees, PC 
= 1.  When both calcites are set at the same angle, a PC measurement is 

identical to what I've called a PP measurement, which for the twin state 
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yields a 100 percent match at all angles. 

At a calcite separation of ninety degrees, PC = 0.  When a calcite is turned 

through a right angle, its photon-sorting operation is merely re-versed: its 

up channel passes downs and vice versa. At ninety degrees a P meter 

behaves like the same P meter at zero degrees with its outputs relabeled. 

This calcite channel reversal plus the perfect correlation at zero degrees 

leads to a perfect anti-correlation when the calcite axes differ by ninety 

degrees. 

At zero degrees, PC = 1; at ninety degrees, PC = 0. In between, PC varies 

between 1 and 0 as the angle between calcites swings from zero to ninety 

degrees. The meat of Bell's proof is the actual shape of this variation. 
To dramatize what's happening in this EPR experiment, imagine that Green detector is on 

Earth, and Blue detector is on Betelgeuse (540 light-years away) while twin-state 

correlated light is coming from a spaceship parked halfway in between. Although in its 

laboratory versions the EPR experiment spans only a room-size distance, the immense 

dimensions of this thought experiment remind us that, in principle, photon correlations 

don't depend on distance. 

The spaceship acts as a kind of interstellar lighthouse directing a Green light beam to 

Earth, a Blue light beam to Betelgeuse in the opposite direction. Forget for the moment 

that Green and Blue detectors are measuring something called ―polarization‖ and regard 

their outputs as coded messages from the spaceship. Two synchronized binary message 

sequences composed of ups and downs emerge from calcite crystals 500 light-years 

apart. How these two messages are connected is the concern of Bell's proof.  

When both calcites are set at the same angle (say, twelve o'clock), then PC = 1. Green 

polarization matches perfectly with Blue. Two typical synchronized sequences of 

distant P measurements might look like this: 

 

GREEN: U D U D D U D D D U U D U D D U 

 BLUE: U D U D D U D D D U U D U D D U  

 

If we construe these polarization measurements as binary message sequences, then 

whenever the calcites are lined up, the Blue observer on Betelgeuse gets the same 

message as the Green observer on Earth. 

Since PC varies from 1 to 0 as we change the relative calcite angle, there will be some 

angle a at which PC = 3/4. At this angle, for every four photon pairs, the number of 

matches (on the average) is three while the number of misses is one. At this particular 

calcite separation, a sequence of P measurements might look like this: 

 

GREEN: U D D D D U D D D U D D U D D U 

 BLUE: U D U D D D U D D U U D U D D U 

 

 

At angle a, the messages received by Green and Blue are not the same but contain 
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"errors"—G's message differs from B's message by one miss in every four marks. 

Now we are ready to demonstrate Bell's proof. Watch closely; this proof is so short that 

it goes by fast. Align the calcites at twelve o'clock. Observe that the messages are 

identical. Move the Green calcite by a degrees. Note that the messages are no longer 

the same but contain "errors"—one miss out of every four marks. Move the Green 

calcite back to twelve and these errors disappear; the messages are the same again. 

Whenever Green moves his calcite by a degrees in either direction, we see the 

messages differ by one character out of four. Moving the Green calcite hack to twelve 

noon restores the identity of the two messages. 

The same thing happens on Betelgeuse. With both calcites set at twelve noon, 

messages are identical. When Blue moves her calcite by a degrees in either direction, 

we see the messages differ by one part in four. Moving the Blue calcite back to twelve 

noon restores the identity of the two messages. 

Everything described so far concerns the results of certain correlation experiments 

which can be verified in the laboratory. Now we make an assumption about what might 

actually be going on—a supposition which cannot be directly verified: the locality 

assumption, which is the core of Bell's proof. 

We assume that turning the Blue calcite can change only the Blue message; likewise 

turning the Green calcite can change only the Green message. This is Bell's famous 

locality assumption. It is identical to the assumption Einstein made in his EPR paradox: 

that Blue observer's acts cannot affect Green observer's results. The locality 

assumption—that Blue's acts don't change Green's code—seems entirely reasonable: how 

could an action on Betelgeuse change what's happening right now on Earth? However, as 

we shall see, this "reasonable" assumption leads immediately to an experimental 

prediction which is contrary to fact. Let's see what this locality assumption forces us to 

conclude about the outcome of possible experiments. 

With both calcites originally set at twelve noon, turn Blue calcite by a degrees, and at the 

same time turn Green calcite in the opposite direction by a degrees. Now the calcites are 

misaligned by 2a degrees. What is the new error rate? 

Since turning Blue calcite a degrees puts one miss in the Blue sequence (for every four 

marks) and turning the Green calcite a degrees puts one miss in the Green sequence, we 

might naively guess that when we turn both calcites we will get exactly two misses per 

four marks. However, this guess ignores the possibility that a "Blue error" might fall on 

the same mark as a "Green error"—a coincidence which produces an apparent match and 

restores character identity. Taking into account the possibility of such 

"error-correcting overlaps," we revise our error estimate and predict that whenever the 

calcites are misaligned by 2a degrees, the error rate will be two misses—or less. 
This prediction is an example of a Bell inequality. This Bell inequality says: If the error 

rate at angle a is I/a, then the error rate at twice this angle cannot be greater than 2/4. 

This Bell inequality follows from the locality assumption and makes a definite prediction 

concerning the value of the PC attribute at a certain angle for photon pairs in the twin 

state. It predicts that when the calcites are misaligned by 2a degrees the difference 

between the Green and Blue polarization sequences will not exceed two misses out of four 

marks. The quantum facts, however, say otherwise. John Clauser and Stuart Freedman 

carried out this EPR experiment at Berkeley and showed that a calcite separation of 2a 
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degrees gives three misses for every four marks—a quite substantial violation of the Bell 

inequality. 

Clauser's experiment conclusively violates the Bell inequality. Hence one of the 

assumptions that went into its derivation must be false. But Bell's argument uses mainly 

facts that can be verified—photon PCs at particular angles. The only assumption not 

experimentally accessible is the locality assumption. Since it leads to a prediction that 

strongly disagrees with experimental results, this locality assumption must be wrong. To 

save the appearances, we must deny locality. 

Denying locality means accepting the conclusion that when Blue observer turns her 

calcite on Betelgeuse she instantly changes some of Green's code on Earth. In other 

words, locations B and C some five hundred light years apart are linked somehow by a 

non-local interaction. This experimental refutation of the locality assumption is the 

factual basis of Bell's theorem: no local reality can underlie the results of the EPR 

experiment. 

Einstein, Podolsky, and Rosen used the locality assumption to demonstrate the existence 

of hidden "elements of reality" which quantum theory fails to take into account. However, 

if Blue and Green observers are linked by a non-local interaction, as the factual violation 

of the Bell inequality seems to imply, then EPR's argument is invalid by virtue of a false 

premise. The failure of their argument does not prove, of course, that no such "elements 

of reality" exist, but only that one cannot make a case for their existence by using EPR's 

reasoning. The logical necessity of non-local interactions resolves the EPR paradox (in 

Bell's words) "in the way which Einstein would have liked the least‖. 

Reviewing the EPR paradox in his autobiography, Einstein reaffirmed his faith in locality: 

"On one supposition we should, in my opinion, absolutely hold fast: the real factual 

situation of the system (G) is independent of what is done with the system (B) which is 

spatially separated from the former." Einstein did not live to see Bell's proof and would 

certainly have been surprised by Bell's refutation of his cherished postulate. But I think 

he would have welcomed the strange news Bell's theorem brings us concerning the true 

nature of the quantum world. Bell's result vindicates Einstein's intuition that something 

funny is going on in quantum-correlated two-particle states. 

As in the case of the EPR paradox, it's important to realize what Bell did not do. He did 

not discover an experimental situation in which non 

local interactions are directly observed. Instead he invented a simple argument based on 

experimental results that indirectly demonstrates the necessary existence of non-local 

connections. 
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The phenomena displayed by photon pairs in the twin state are entirely local. The only 

spin-space attribute accessible to Green observer is his Green photon polarization P(c). 

This attribute is always 50—50 random (unpolarized) no matter how Blue observer sets 

her calcite. Because what ever Blue does, Green can detect no change in his own 

photon's polarization, Blue observer can send no message—superluminal or otherwise 

from Betelgeuse to Earth via these correlated photons. 

However, if Bell's argument is correct, then the reality behind these seemingly local 

phenomena not only might be, but must be non-local. It‘s not the mere fact of photon 

correlation that necessitates non-local connections, but the fact that twin-state 

photons are correlated so strongly. Many situations can be envisioned which show 

perfect correlation at Ө = 0 ° and perfect anti-correlation at Ө = 90 °, but whose 

in-between correlation varies so as actually to satisfy Bell's inequality. A few examples 

of such weakly correlated systems are shown in Fig. 5. Weak correlations can always be 

explained by strictly local interactions. On the other hand, strongly-correlated systems 

(such as Fig..4) violate the Bell inequality; their parts are lore synchronized than they 

have any right to be. To explain such highly operative behavior, no local model of reality 

will suffice. Bell's theorem gives those who share Newton's belief that non-local 

influences are "a great absurdity" an opportunity to put their convictions to the test. 

For As loyal to locality, the argument of Bell which purports to demonstrate le 

existence of hidden faster-than-light connections must be mistaken. Those convinced 

beforehand of Bell's error should be highly motivated to discover the fallacy in his 

reasoning. Later we will look at some recent tempts to invalidate Bell's argument and to 

recover a strictly local world.  

On the other hand, if Bell's reasoning is correct invisible non-local connections must 
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truly exist. Can we then devise means of making these connections directly evident 

instead of relying on Bell's indirect argument? The possibility of practical superluminal 

communication via the quantum connection has been a possibility. 

Bell proved his theorem for a particular two-photon system. What justification exists 

for extending his conclusion (the reality underlying the EPR experiment must be 

non-local) to the general case of everyday experience (the reality underlying everything 
must be non-local)? To expand the scope of Bell‘s argument we turn to quantum theory. 

In quantum theory's formalism, what accounts for strong photon carte-in in the twin 

state is phase entanglement. Whenever quantum system wets quantum system B, their 

phases get mixed up. Part of A's proxy wave goes off with B's wave and vice versa. 

Phase entanglement thereafter instantly connects any two quons which have once 

interacted. Before Bell‘s discovery, this strong quantum connection had been 

recognized (especially by Schrodinger, who considered it quantum theory's most 

distinctive feature) but regarded by physicists as a kind of mathematical fiction with no 

roots in reality. Since Bell's theorem demands a superluminal connection and quantum 

theory provides one—in the form of ubiquitous but presumably "fictitious" phase 

connections—perhaps these quantum connections are not as fictitious as was once 

believed. 

 

 

 

Since there is nothing that is not ultimately a quantum system, if the quantum phase 

connection is "real," then it links all systems that have once interacted at some time in 
the past—not just twin-state photons—into a single waveform whose remotest parts are 
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joined in a manner unmediated, unmitigated, and immediate. The mechanism for this 

instant connectedness is not some invisible field that stretches from one part to the 

next, but the fact that a bit of each part's "being" is lodged in the other. Each quon 

leaves some of its "phase" in the other's care, and this phase exchange connects them 

forever after. What phase entanglement really is we may never know, but Bell's theorem 

tells us that it is no limp mathematical fiction but a reality to be reckoned with. 

 

 
 

Clauser’s Experiment 

"Does it contain any abstract reasoning concerning quantity or number? No. Does it 
contain any experimental reasoning concerning matter of fact and existence? No. Commit 
it then to the flames: for it can contain nothing but sophistry and illusion‖. David Flume 

 

In 1964, when Bell derived his inequality, no twin-state PC measurements existed against 

which it could be tested. However, the calculation of twin-state polarization is an 

elementary exercise in quantum theory. This calculation predicts that PC(Ө) = cos2Ө, a 

correlation plotted as Fig. 4. The angle α at which misses = 1/4 for cos2Ө is 30°. Bell's 

inequality consequently demands that the number of misses at 2α (60° in this case) shall 

be no greater than 2/4. However, at 60° this expression gives a miss fraction of 3/4. 

Since 3/4 is considerably greater than 2/4, the theoretical expression PC = cos2Ө 

violates Bell's inequality. This violation marks the twin state as a strongly correlated 
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system—a pair of entities linked tighter than any local reality can explain. 

The fact that this calculated result violates Bell's inequality implies that any system 
which obeys these quantum-theoretical predictions cannot be explained by a local reality. 
Before Bell's discovery, one could still imagine that a local reality lurked beneath the 

experimental facts; after 1964, one could blissfully believe in a strictly local world only 

by hoping that quantum theory was wrong in its predictions concerning photons in the twin 

state. 

Since it challenges one of physicists' most cherished beliefs—that the world is 

fundamentally local–one might have expected Bell's proof to explode like a bombshell in 

the corridors of science. Instead, Bell's proof, published in an obscure little journal, was 

largely ignored even by those physicists who managed to find out about it. 

Most physicists are not impressed by Bell's proof because it deals with reality, not 

phenomena. The majority of physicists are phenomenalists—whose professional world is 

circumscribed by phenomena and mathematics. A phenomenalist perceives science as 

advancing in two directions: 1. new experiments uncover novel phenomena; 2. new 

mathematics explain or predict phenomena in original ways. Since it proposes no new 

experiments and derives no new phenomena-relevant mathematics, but merely puts 

certain constraints on an invisible reality, Bell's proof lies outside the fashionable 

formula for success in science and is generally dismissed by scientists as "mere 

philosophy‖. 

Physicists' cool reception of Bell's proof is reminiscent of David Flume's famous 

prescription for separating truth from nonsense: "Does it contain any abstract reasoning 

concerning quantity or number? No. Does it contain any experimental reasoning 

concerning matter of fact and existence? No. Commit it then to the flames: for it can 

contain nothing but sophistry and illusion‖. 

In the midst of this climate of indifference toward theories of reality, John Clauser, a 

young Ph.D. from Columbia, proposed actually to measure twin-state photons to see 

whether their polarization correlation attribute satisfied Bell's inequality (world is local; 

quantum theory wrong) or not (world is non-local; quantum theory right). Clauser received 

no sup-port at Columbia for his proposal to put Bell's inequality to experimental test, and 

moved to Berkeley where apparatus already existed which he knew he could modify to 

measure twin-state photons. 

Many kinds of excited atoms emit pairs of twin-state photons as they return to their 

ground state. Most experiments carried out to test Bell's inequality have used either 

mercury atoms excited by electron impact or calcium atoms excited by laser light. 

Clauser's Berkeley mercury source operates like a mercury-vapor streetlamp—both emit 

Blue and Green twin-state light—but Clauser's source was smaller and more intense than 

the lamps which nightly flood Telegraph Avenue with photons in the twin state. 

Because real photon detectors are not 100 percent efficient—they count only about 10 

percent of the photons which strike their phosphor faceplates—one cannot simply 

compare Bell's inequality to experimental results. Adapting Bell's original reasoning to 

existing experimental realities, Clauser and his colleagues derived a version of Bell's 

inequality (called the "CHSH inequality" after john F. Clauser, Michael A. Horne, Abner 

Shimony, and Richard A. Holt) which is testable with low-efficiency detectors. 

Clauser was motivated to test the Bell inequality by his strong faith that the world was 
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ultimately local. If quantum theory predicts a result which conflicts (via Bell's proof) 

with locality, so much the worse for quantum theory. Clauser anticipated that his 

experiment would prove quantum theory wrong at least in this matter of twin-state 

polarization. The results proved otherwise. In 1972 Clauser announced that quantum 

theory had passed his test. Bell's inequality had been experimentally violated by Blue and 

Green photons at Berkeley. Now not merely quantum theory but quantum fact contradict 

the hypothesis that the world is linked up by strictly local lines. 

The basis of Bell's theorem is this: if no local model of reality can explain the results 
of any particular experiment.: then reality is non-local, if there is non-locality 
anywhere then there is some nonlocality everywhere  
 

Aspect’s Experiment 

"Human beings can choose the path and the destination" 
 

Clauser's pioneer test of the Bell inequality contains a loophole through which a 

desperate logician might still derive a local world. To pinpoint this loophole, let's return 

to our imaginary EPR experiment in space. 

Clauser's mercury source sent Blue and Green light to opposite corners of a room. Our 

spaceship lighthouse shoots photons to Betelgeuse and Earth five hundred light-years 

apart. 

Clauser switched the orientation of his P meters every 100 seconds. Clauser's switching 

time, translated to cosmic lighthouse scale, corresponds to keeping the P meters on 

Earth and Betelgeuse fixed for more than a bill ion years. Such leisurely P 

measurements would permit information on how distant P meters were set to leak 

between Earth and Betelgeuse at sublight speed (carried perhaps in the gossip of 

interstellar tourists)—information which could allow most of the photons to simulate 

strong correlations by strictly local means. To block the possibility of subluminal 

security leaks during long P-meter rests, the experimenter must be able to change the 

P meters while the photons are in flight. To change a calcite this fast in the lab means 

switching its orientation in a few billionths of a second. 

Unfortunately, mere matter just can't move that fast. However, physicist Alain Aspect 

at the University of Paris devised an experiment to test Bell's inequality which uses two 

acousto-optical switches to deflect each photon beam to one or the other of two preset 

calcite detectors. Instead of rapidly moving his calcites, Aspect moves his light beams. 

With his ultrafast switches, Aspect can measure a different polarization every 10 

billionth of a second, fast enough to eliminate subluminal security leaks between Blue 

and Green P meters. If Aspect's twin-state photons violate Bell's inequality, the reality 

that underlies their strong correlation must connect Green and Blue measurement 

stations at a speed exceeding the velocity of light. Aspect completed his experiment in 

1982, verifying the strongly correlated quantum theoretical predictions, hence 

violating Bell's inequality and supporting his contention that our phenomenally local 

world is in actuality supported by an invisible reality which is unmediated, unmitigated, 

and faster than light. 
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Although Bell's theorem arose in the context of quantum theory, Bell's result does 

not depend on the truth of quantum theory. The Clauser-Aspect experiments show 

that Bell's inequality is violated by the facts. This means that even if quantum theory 

should someday fail, its successor theory must likewise violate Bell's inequality when 

it comes to explaining the twin state. Physics theories are not eternal. When quantum 

theory joins the ranks of phlogiston, caloric, and the luminiferous ether in the physics 

junkyard, Bell's theorem will still be valid. Because it's based on facts, Bell's 

theorem is here to stay. 

The basis of Bell's theorem is this: if no local model of reality can explain the results 
of any particular experiment.: then reality is non-local, if there is non-locality 
anywhere then there is some nonlocality everywhere  

 

Impossible Worlds 

"Reality is a way to teach us that we are small and must respect a power greater than 
ourselfs" Nelson 

 

Bell's theorem is an important tool for reality research because it enables folks who 

create imaginary worlds confidently to reject millions of impossible worlds at a single 

glance. Bell's theorem tells you right away: If it's local, it's hokum‖. 

One of the worlds soundly obliterated by Bell's proof is the "disturbance model" of 

quantum reality. In this model—a species of neorealism —quantum entities actually 

possess attributes of their own whether measured or not, but the measuring device 

changes these attributes in an unpredictable and uncontrollable way. The inevitable 

disturbance of the quantum system by the device which measures it gives rise, in this 

model of reality, to quantum randomness, to the uncertainty principle and all the other 

quantum oddities. 

As a picture of how the quantum world might actually operate, many physicists who have 

not given much thought to the matter take refuge in some vague disturbance model of 

reality. For several years I avoided thinking about the quantum reality question by 

supposing that a disturbance model of some kind was sufficient to account for the 

strange quantum facts. 

Such a disturbance mode] would explain, for instance, the observed polarization of the 

Green photon in the EPR experiment as a result of the Green calcite's "uncontrollable 

disturbance" of some intrinsic Green photon attribute. In other words, this model 

explains Green observer's results by appealing to a hypothetical mechanism which 

involves only the Green photon and the Green calcite. Bell's theorem shows that any such 

local mechanism, no matter how ingenious, simply fails to fit the quantum facts: Bell's 

proof knocks out the disturbance model because it's local. 

Facile popular expositions often invoke the disturbance model of measurement to justify 

Heisenberg's uncertainty principle: we cannot know a quantum entity as it is because we 

must inevitably disturb whatever we observe. Bell's result shows this notion of quantum 

measurement as local disturbance to be as outdated as the obsolete picture of the atom 

as miniature solar system. 
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Another type of impossible world is the "classical style" reality symbolized by Newton's 

apple. Apples, and everything else in such a world, are truly ordinary objects which 

possess attributes all their own even when not being measured. When measured, whether 

by man, woman, or machine, a classical apple merely reveals some attributes which it 

previously possessed. 

Such an apple world (which experts call a "local non-contextual reality") is not 

inconceivable or illogical. But, according to Bell's theorem, apple world is impossible 

because it can't possibly fit the facts. As a model for the world we actually live in, apple 

world and all its local non-contextual cousins are, by virtue of their locality, sheer 

fantasy worlds. 

We obviously need to be more sophisticated in our choice of possible worlds. Let's 

imagine, for instance, a relational reality patterned after the notions of Niels Bohr. The 

entities that make up such a world are like rainbows: they do not possess definite 

attributes except under definite measurement conditions. Upon measurement, 

attributes do emerge but they are a joint possession of entity and M device. In such a 

rainbow reality (called "local contextual"), attributes are not innate to an entity but 

change when the conditions of observation change. The only restriction we place upon 

such observer-induced changes is that distant M de-vices cannot change an entity's 

condition if such an influence would re-quire a faster-than-light signal. In such a 

contextual, but local, reality, only nearby observers take part in the determination of an 

entity's apparent attributes. 

Like apple world, rainbow world is neither inconceivable nor illogical. It is simply, on account 

of its locality, not the sort of world we happen to live in. 

Bell's theorem rejects apple worlds; it also rejects rainbow worlds. What kinds of worlds 

does Bell's theorem allow? 
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A Possible World 

"Anything is possible for the human mind, it is just a matter of time" Nelson 

 

Imagine Joe Green, an inhabitant of a non-local contextual world. Up in his sky, Joe sees 

a rainbow made up of a glistening pattern of colored dots. Unlike the regular dots in a 
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photographic halftone, Joe's rainbow's dots form a random array. 

On the other side of the same sun lies a counter-Earth, where Suzie Blue watches 

another rainbow in her counter-sky. Suzie's rainbow is like-wise composed of a random 

array of colored dots. When Joe Green moves his chair, his rainbow moves too (a 

rainbow's position attribute is contextual, not innate), but Suzie's rainbow stands still. 

However, when Joe moves his chair Suzie's random array 200 million miles away instantly 

changes into a different (but equally random) array of colored dots. Suzie is not aware of 

this change—one random array looks pretty much like any other—but this change actually 

happens whether she notices it or not. 

The phenomenon in this hypothetical world, whether the rainbow moves or not, is 

completely local: Suzie's rainbow doesn't move when Joe changes places. However, this 

world's real ity—the array of little dots that make up both rainbows—is non-local: 

Suzie's dots change instantly when-ever Joe moves his chair. 

Such a non-local contextual world, in which stable rainbows are woven upon a 

faster-than-light fabric, is an example of the kind of world permitted by Bell's theorem. 

A universe that displays local phenomena built upon a non-local reality is the only sort of 

world consistent with known facts and Bell's proof. Superluminal rainbow world could be 

the kind of world we live in. 

During the past twenty years Bell's theorem has been proved in many ways, some of 

which refer to photon attributes and some which don't. My version of Bell's proof makes 

no essential use of the concept of a photon or its attributes. Although Green and Blue 

photons and their polarization attributes are mentioned to familiarize you with the 

details of the EPR experiment, when it comes to the proof of Bell's theorem my argument 

is formulated entirely in terms of a pair of binary messages printed by particular 

macroscopic objects. I prove Bell's theorem here in terms of moves (orientations of 

calcite crystals) and marks (ups and downs on a data tape). 

Bell's theorem as a relation between moves and marks takes non-locality out of the 

inaccessible microworld and situates it squarely in the familiar world of cats and 

bathtubs. Expressed in thoroughly macroscopic language, Bell's theorem says: In reality, 
Green's move most change Blue's mark non-locally. From arguments based on phenomena 

alone (no appeal to hidden attributes) we conclude that clicks in a certain counter must 

be instantly connected to the movement of a distant crystal of calcite. 

For anyone interested in reality, Bell's theorem is a remarkable intellectual achievement. 

Starting with fact plus a bit of mathematics, Bell goes beyond the facts to describe the 

contours of reality itself. Although no one has ever seen or suspected a single non-local 

phenomenon, Bell proves conclusively that the world behind phenomena must be 

non-local. 

If all the world's phenomena are strictly local, what need is there to support local 

phenomena with a non-local fabric? Here we confront an alien design sense bizarre by 

human standards: the world seems strangely overbuilt. In addition the world's 

superluminal underpinning is almost completely concealed—non-locality would have been 

discovered long ago if it were more evident; it leaves its mark only indirectly through the 

impossibly strong correlations of certain obscure quantum systems. 

In his celebrated theorem, Bell does not merely suggest or hint that reality is 

non-local, he actually proves it, invoking the clarity and power of mathematical 
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reasoning. This compulsory feature of Bell's proof particularly irks physicists whose 

taste in realities is strictly local. 

 

 
 

John Stewart Bell 

CERN physicist John Stewart Bell, inventor of the interconnectedeness theorem, which 
establishes non-locality as a general feature of this world. 

 
The basis of Bell's theorem is this: if no local model of reality can explain the results 
of any particular experiment.: then reality is non-local, if there is non-locality 
anywhere then there is some nonlocality everywhere  
Bell's important proof has caused a furor in reality research comparable to the 

Einstein-Podolsky-Rosen scandal of 1935. On the one hand, Bell's theorem proves the 

existence of an invisible non-local reality. Those who prefer their realities to be local 

have so far not been able to refute Bell's argument. The fact that Bell's proof is 

remarkably clear and brief has not hastened its refutation. 

A subspace shared dimension of a mathematical convergence of multi-dimensional 

interactions in and past the tenth dimension. At one level of observation the universe is 

still just a single point. With this still shared existance perspective things can happen 

simultaneously, not faster than light, simultaneous. This is the Nelson subspace theory. 

see the PROMORPHEUS 

 Although Bell's theorem indirectly necessitates a deep non-locality, Only Nelson has 

come up with a way to directly display this purported non-locality, such as a 

faster-than-light communication scheme based on these deep quantum connections. If 

reality research's bottom line is "Reality has consequences," then this Bell-mandated 

deep reality has so far failed to make a showing. What the future holds for Bell's 

instantly connected but as yet inaccessible deep reality is anyone's guess. Now this 

theroem has been proved with technology where in Switzerland researchers have 

succeeded in instantaneous twin photon communication over vast distances. see appendix.  

The sour grapes and twisting deceptive rationalization that scientist have towards this 
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proof are but a defense mechanism that scientist use for their cognitive dissonance of 

being humiliated at being wrong. Science has been laughing at those that believe in 

non-locality for years. And to now have to accept proof that theyb were wrong is a hard 

pill to swallow. Most people know that the world is non-local. There are a vast amount of 

stories of a non-locality. Stories of psychic connection, telepathy, intuition, etc. the 

PEAR group has proved this beyond a shadow of doubt. but the scientist still hold fast. 

All we need is one white crow, and there are forty nine billion staring us in the face. But 

Motivation determines perception. So if you do not want to see non-locality or if your 

motivation is to protect your past stupidity, you will not see the non-local perspective no 

matter how evident it is. this is the last proof of non-locality. The mind effects things, 

and the mind can hide an inconvienient truth. A false belief is difficult to disperse. Max 

Plank once said that for a new idea in science to succeed all of the scientists with the old 

idea must die. I would hope that this is not true, but it seems to be true. When we all 

start to laugh at the scientist who resist new proofs, then and only then will they change, 

for only the insecure fear humiliation. Scientists can be very insecure. Some small minded 

people find cricticisms like there was a reward. Great spirits get incredible resistance 
from mediocre minds. 
The basis of Bell's theorem is this: if no local model of reality can explain the results 
of any particular experiment.: then reality is non-local, if there is non-locality 
anywhere then there is some nonlocality everywhere  

 

In our movie and treatise on the PROOF, we established 8 steps pf proof for the 
non-local universe. Here they are again. Bell's theore is but just #5.  
Jesus taught us that the Meek will inherit the Earth. But today the Geek have stolen the 

Earth. The lizard mind of the Geek has taken over every aspect of our lives. Paper 

pushing, picayune, petty minds that over analyze and over regulate our lives. This Geek 

mind is selfless, without compassion, loveless, over critical and over demanding.  

 The Geek mind is lizard like. It is cold blooded and slithers with evil self serving 

control. Geeks do not believe in God. They do not believe in prayer. They want to stop 

anyone from learning of the power of the mind. They will try to stop this book. They do 

not want a message about the powers of the mind, the seeds of sin in the mind, or the 

ability to transcend .  
Proof Of the Powers of The Mind 

 The most important argument in the world of science today is the clash between 

the people that believe in a Non-Local Universe versus those that believe in a Local 

Universe.  

  Local people believe in the direct push pull, cause and effect action, and they do 

not believe in the power of the mind to effect things at a distance without a direct 

connection. They look for repeatability and worship statistics.  

 Non-Local believers see a universe where there is prayer, spirit, a collective 

unconscious and a connection of all things . They know that there is a power of the mind 

to effect things and a level of connection of all things.  

 The Steps of the Proof are :  

Step 1. The test of time: Humans have always felt the connection of mind and spirit. 

Every race of people and every tribe has had those who have greater abilities to use 
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these powers of the mind. They know that there is a subtle but undeniable force of 

connection.  

 The Bible, Koran, Bagavad Gita, the analects, and all of the religious beliefs are 

filled with every page referencing the power of spirit, prayer, faith, hope and God. 

 This belief is Ageless , Universal, and Omnipresent. The test of time is met and if 

we had a vote on the conflict of Non-Local versus Local there would be landslide 99.9% 

for a Non-Local universe.  

 The small ,09% of the people who believe in a Local universe, however have 

manipulated themselfs into supreme power. The Geeks laugh at the rest of us for 

believing in God. They control our lives with their Geek ways. We must take back our 

planet. 

Step 2. Quantum Theory : Physicists were shocked when they found that a very small 

quantic experiment could be influenced by the observer. This was called the observer 

effect and thus the world of science was changed forever when the Observer Effect 

was PROVED!!!!!. But the Geek mind had to rationalize and twist away from this truth.  

 But the proof existed non the less and science was changed, although the Geeks 

have been able to use treacherous and false-hearted ridicule to control the damage. 

They laugh at those who accept the observer effect. The Geeks also control the funding 

for science and they stop funding for the open minded scientist who see the Non-Local 

universe. But now the tables are turned as that we laugh at the closed minded anal 

retentive Geek who‘s small petty mind is unable to see the truth. 

 

Step 3.Medicine’s Paranoiac need for Double Blind. Medicine was shocked when they 

discovered the placebo effect. The mind of the researcher was able to effect the 

results of an experiment. The mind of a doctor can effect the patient. The mind of a 

patient can effect himself.From then on a double blind experiment was required. Proof of 

the powers of the mind, but still the Geeks twist on. 

Step 4. Fractal Complexity: What we do not know is so vast that it should be humbling. 

But it takes a lot to humble a Geek. Fractal complexity has shown that reductionism is 

now no longer a valid process of examining complex situations. Non-Linear chaos 

mathematics are needed. When we use this type of analysis we can see that a small 

change might produce a large change. This is known as the ‗Butterfly Effect‖ and it allows 

for the powers of the mind. 

Step 5. Bell’s Theorem. This basic theorem of Quantum Electro Dynamics has shown 

that twin photons can have instantaneous effects on each other even when light years 

apart. This has been PROVED theoretically and experimentally to the utmost level of 

science. But the Geek small mind has extreme powers of rationalization and self 

deception. The Geek mind still resist admitting that the Local universe is a false belief. 

To do this would take courage and fortitude, things that most Geeks do not have. 

 

Step 6 . PEAR.= Princeton’s Engineering Anomalies Research :. After over a decade of 

research on the effects of the mind in a prestigious American university Princeton, there 

is undeniable proof of the power of the mind to effect things. The evidence is astounding 

for it‘s quality and quantity and is without doubt PROOF. 

Step 7. The disbelievers always get test results that deny the proof: The hypothesis 
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of our theory is that the mind can effect things. This means that those who disbelieve 

or scoff at the theory will only be able to get tests results that confirm there own 

disbelief. Why is it that when a researcher does a study that it usually confirms his 

original belief is because there is an effect of the mind. The Geek mind is simply unable 

to admit that the Geek mind was wrong or is there a much more sinister reason for the 

Geek disbelief. 

Step 8. The resistance to accepting the powers of the mind is great, in fact it is too 

great. The resistance is so incredibly great that it becomes PROOF : There appears 

that this resistance comes from such closed minded people and often psychologically 

unstable people. These critics will often shake and flush and get over compassionate in 

their attempt to dispel the powers of the mind. Their actions and reactions are so 

contrived and insecure that they cause wonder that perhaps there is an ulterior motive. 

Is there perhaps a plan to keep the powers of the mind away from the general public. For 

the small minded Geek, fear of humiliation and thus loss of futre standing and funding 

is much stronger than the persuit of truth.  

 The Geeks will distract, discredit, dispel, and delay any attempt to communicate 

the powers of the mind. Their excessive zeal and obvious hidden agenda is slowly breaking 

down this resistance.  
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Twin photons prove Bell’s Theorem and non-locality 
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Nature 419, 577 (10 October 2002) | doi:10.1038/419577a 
Quantum physics: 
Single photons stick together 
Philippe Grangier 

 
Abstract 
 

In the right circumstances, two photons can meet and 'coalesce'. This effect has now been observed 
for photons emitted independently from a single-photon source, and has implications for quantum 
computing. 
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Can two photons that have never met know something about each other? The question bothered 
Einstein, and, reporting on page 594 of this issue, Santori et al.1 demonstrate in a new context that 
the answer is 'yes'. 
 

Quantum 
Theory and 
Reality 

  A new scientific truth does not triumph by convincing its opponents and 
making them see light, but rather because its opponents eventually die, 
and a new generation grows up that is familiar with it. Max Planck 

What we observe is not nature itself, but nature exposed to our method of 
questioning. Werner Heisenberg 

 Anyone who has not been shocked by quantum physics has not understood 
it. Niels Bohr 

One can't believe impossible things. Alice in Wonderland 

  What is an Electron? Of Particles and Waves 

 
 
 
 
 
 
 
 
 
 

Our story will be begin here because it is the electron, and our 
knowledge of it, that has been responsible for so much of the 
technology that we take for granted today. Without the electron there 
would be no electricity, no electric lights, no TV, radio, CDs, DVD's, 
thumb drives, cell phones, computers and electronic social networking. 
We would not have supermarket doors that open automatically or 
computers to play video games, surf the Web, and do word processing 
and spreadsheets for business. But what exactly is an electron? In the 
early moments of the twentieth century scientists found themselves 
asking this very question. The discovery of radiation and the atom 
promised to open up a strange new world of knowledge, understanding, 
and power. 

At first physicists assumed that the atom was like a miniature solar 
system. At the center was a nucleus consisting of particles glued 
together somehow, and that circling this nucleus were the swiftly 
moving electrons, like little particle planets. This model did not last very 
long. Although we still use a version of this model today to have some 
visual handle on what the atom looks like, the pioneers of atomic 
physics discovered fairly quickly that mathematical calculations based 
on this model predicted that the electron would crash into the nucleus 
in an instant. 

Physicists also discovered that electrons could be stripped from the 
atoms and made into beams of radiation. This was a great breakthrough, 
because they could manipulate these beams, and begin to deduce from 
the behavior of these beams the nature of the electron itself. A similar 

http://www.nature.com/nature/journal/v419/n6907/full/nature01086.html
http://www.nature.com/nature/journal/v419/n6907/full/419577a.html#B1
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channel of investigation was taking place in attempting to understand 
the nature of light. From this another remarkable discovery was made: 
Beams of electrons behaved very much like beams of light. 

  
 
 
 
 
 
 
 
There is one 
simplification at 
least. Electrons 
behave in this 
respect in exactly 
the same way as 
photons; they are 
both screwy, but 
in exactly the 
same way. 
Richard Feynman 

We saw that the speed of light was considered a paradox by many at the 
turn of the century. By this time the nature of light was also very 
controversial and something of a paradox. Under some conditions light 
seemed to behave as if it consisted of very small particles of matter 
(now called photons). Under other conditions, however, light showed 
clear signs of being a wave of energy, a disturbance of a medium, the 
intensity of which could be measured. To understand how this is a 
problem, we must first clearly understand that a particle and a wave are 
very different phenomena. 

A particle is a localized piece of matter, like a baseball, that at any given 
time has a definite size. It can be in only one place at a time. A baseball 
thrown in Hawaii cannot be in New York at the same time. Furthermore, 
we assume, ontologically speaking, that we may discover in this 
marvelous universe some very strange objects but that, regardless of 
how strange they are, if they are objects, then they will have a definite 
location at any given definite time. 

A wave, on the other hand, is a very different kind of thing. In fact it is 
appropriate not to refer to it as a thing at all, but rather as an event or 
phenomenon. Things by definition have a definite localized size at a 
given definite time. Waves do not. Imagine dropping a pebble into a still 
pond of water. At first there is a small splash, and then circular waves 
move away from the spot where we dropped the pebble. The wave 
spreads out; it does not stay in one place, but can be in many places at 
the same time. Also, it is the medium of the water that transmits the 
energy of the dropped pebble. The wave is simply a disturbance of the 
medium. It does not have an existence of its own like the smile of the 
Cheshire cat in Alice in Wonderland. Without the water being in the 
pond there would be no waves. 

On the north shore of the Island of Oahu in the State of Hawaii, every 
winter large waves pound the shoreline. These waves are caused by the 
seasonal winter storms migrating northeast of the state in the jet stream 
on their way to make life miserable for people in the Pacific Northwest, 
and eventually much of the rest of the continental United States. The 
winds from the migrating storms cause a significant disturbance in the 
sea and a series of undulations are transmitted many miles until finally, 
reaching the reef on the north shore of Oahu, spectacular waves of 
thirty feet or higher break and push forward a mountain of water and 
foam toward the beach. On the cliffs overlooking Waimea Bay you can 
watch a gigantic half circle of water march relentlessly toward the beach 
and then simultaneously, across a quarter mile area, surge onto the 
beach. It is a very spectacular sight. Tourists travel many thousands of 
miles to see it, and single-intentioned surfers wait in anticipation all 
year, hoping to be the first to ride the biggest wave on record and 
survive. 
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 It would be a strange event indeed, if one day while watching wave after 
wave break, we saw one wave flow in its normal way toward the beach, 
and then, just as the wave was about to touch the fringes of the 
vulnerable beach, the entire half circle of water collapsed instantly to a 
single unpredictable point on the beach and exploded! The wave would 
have turned into a massive particle located at one place, rather than 
spread out as waves normally are. Imagine wave after wave doing this, 
with the location of the collapse being unpredictable each time. Strange 
indeed this would be, but something like this is what electrons and 
photons seem to do! 

  Thought Experiments 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All of modern 
physics is 
governed by that 
magnificent and 
thoroughly 
confusing 
discipline called 
quantum 
mechanics .... It 

has survived all 
tests and there is 
no reason to 
believe that there 
is any flaw in it .... 
we all know how 
to use it and how 
to apply it to 

problems; and so 
we have learned 
to live with the 
fact that nobody 
can understand it. 
Murray Gell-Mann 

The science of the subatomic realm is called quantum physics or 
quantum mechanics. The word "quantum" refers to the fact that energy 
at the subatomic realm comes in packets, or quanta; energy is said to be 
"discrete" rather than continuous. The best way of understanding the 
implications of discrete motion is to understand the most famous phrase 
in this science, the "quantum jump." As we will see, this does not refer 
to a continuous quick motion, such as a child jumping from one place to 
another, but rather a discontinuous, instantaneous movement from one 
place to another. In other words, quantum objects seem to be able to 
move from place to place without being anywhere in between. They 
seem to "pop" in and out of existence. 

In the following pages we are going to retrace the same baffling steps 
taken by physicists in the twentieth century. The goal was simply to 
understand the nature of subatomic objects such as the electron and the 
photon. The result was a revolution in thought so radical that even 
Einstein could not accept it. We will be using though a method Einstein 
would have approved of, what are called "thought" experiments. 
Instead of looking at the actual technical experiments, we will imagine a 
series of composite pictures that remain true to the actual experimental 
findings.(1) 

Imagine first a lead box impenetrable except for two microscopic slits on 
one side. Inside the box the side opposite the slits is coated with 
photographic film. Imagine that on the outside facing the two slits we 
have a source of radiation, beams of electrons or light, and that we aim 
this radiation at the face of the box with the two slits. By looking at the 
kind of exposure that results on the photographic film, we can infer 
what kind of radiation is penetrating the box. For instance, if the 
radiation consists of beams of particles, then only those particles that 
happen to be aligned with the two slits will pass through into the box, 
and the result should be a "particle effect": The photographic film 
should show a diffused piling up of little hits adjacent to the two slits. 

On the other hand, if the radiation is a wave, then a much different 
effect should result. We should see a "wave effect," roughly the same 
result we would see if we dropped two stones into a still pond of water 
at the same time. Two circular undulations would collide into each other 

http://home.honolulu.hawaii.edu/~pine/book1qts/chapter8qts.html#N_1_
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and interfere with each other. In our example, a wave would split in two 
as it enters the two slits, and then the two waves would begin to spread 
out again, eventually colliding with each other as in our pond example. 
This should cause an "interference effect," a wave picture, on the 
photographic film. Instead of a piling effect adjacent to the two slits, the 
radiation would spread throughout the length of the photographic film, 
producing alternating bands of exposure. Some of the wave crests would 
meet and accentuate each other, and some would meet the troughs of 
other waves and cancel each other. This is similar to a wave approaching 
the beach and a backwash wave meeting it and producing a bigger wave, 
or a crest meeting a trough of another wave and canceling each other. 
The exposed bands on the photographic film would be the result of the 
crests meeting. Such a resourceful experimental process is what Einstein 
had in mind with his clock analogy. We may not be able to see the 
invisible electron, but we can infer a reasonable representation of what 
it is by observing the effects it has on macroscopic objects. 

When similar experiments are done, the result is remarkable. The 
photographic film always shows an interference effect indicating a wave 
Amazingly, the radiation produces this same effect in passing through a 
vacuum, presumably a physical state with no wave medium such as air 
or water. How can a wave exist without a substance of some sort to 
disturb? Also, when we look closely at the exposure of the film, the 
exposed areas show piles of little hits, as if millions of individual 
particles hit the film, each blackening only a single grain of film in 
unpredictable locations. Remember that if the radiation is a wave, then 
as it reaches the film, it should be spread out along the entire length of 
the film like a wave breaking on a beach. But how can it hit at only one 
unpredictable place? This is as ridiculous as the possibility of watching a 
wave march toward a beach and seeing the entire wave collapse at a 
single point on the beach! 

  
 
 
 
 

 
 
 
In the universe 
great acts are 
made up of small 
deeds. Lao Tsu 

Obviously, more experiments are necessary. Baffling results are 
common in science. So let's close one of the slits and see what happens. 
Perhaps the particles are so small that as they penetrate the slits they 
ricochet all over the interior of the chamber, bouncing off each other in 
a wild unpredictable manner which eventually somehow produces the 
illusion of an interference effect. After all, the electron is about 10,000 
times smaller in mass than an average atom. Thus, in closing one of the 
slits, we would lessen this wild ricocheting, and a piling effect should 
result adjacent to the single slit. 

Sometimes nature cooperates. If we alternate in opening and closing 
each slit, the result appears consistent with the particle hypothesis -- a 
double piling effect adjacent to each slit. 

But wait. To be sure that we are dealing with a particle, let's return to 
our original experimental setup with two slits open simultaneously. This 
time, however, we will lower the intensity of the radiation. Another way 
to lessen the possibility of the ricocheting effect, and at the same time 
rule out once and for all the wave hypothesis, is to filter the radiation to 
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such a point that only a single measure of radiation passes through into 
the chamber at a time. If the radiation consists of particles, if only a 
single particle is passing through at a time, it can go through only one slit 
or the other. If it is a particle, then it cannot ricochet off other particles 
or be in two places at the same time and ricochet off itself. 

 
 
 
 
 
 
 
The "paradox" is 
only a conflict 
between reality 
and your feeling 
of what reality 
"ought to be." 
Richard Feynman 

Conducting this experiment will take more time for an exposure to 
develop because millions of particle hits will be required to make an 
exposure, and there are three possible paths for each particle: to 
penetrate the chamber through either of the two slits or be stopped by 
the lead barrier. Nevertheless, we should eventually observe a particle 
effect -- a double piling effect of hits adjacent to the two slits. 

Alas, nature fails to cooperate. The result is an interference effect, 
exactly as in our first case. Now we are really in trouble. Why should we 
get a wave effect with two slits open, even though the exposure is the 
result of cumulative unpredictable hits, and a particle effect with only 
one slit open? With two slits open the radiation is acting as if it 
penetrates the chamber at two places simultaneously, something only a 
wave can do. With one slit, however, the radiation is more localized,(2) as 
we would expect from particles that can be in only one place at a time. 

It is easy to lose sight of the philosophical significance of these results. 
Many of the great names of science, however, who were working at 
understanding this baffling microscopic realm, also had a background in 
philosophy, and it was immediately apparent that there was something 
major at stake here. Since the time of the ancient Greeks and the 
fledgling beginnings of scientific exploration, we have assumed that we 
are dealing with one world, one consistent reality. That is, even though 
we expect the world to be baffling at times, with strange and new 
details of discoveries, we also expect that whatever these details are, 
they stay the same independent of our knowing. They are objectively 
"out there" waiting for us to discover, and they are what they are 
regardless of our knowledge or ignorance. We assume as Newton did 
that the world does not depend on us or how we choose to make our 
observations of it. We do not expect something to be a particle on 
Mondays, Wednesdays, Fridays, and Sundays, and a wave on Tuesdays, 
Thursdays, and Saturdays -- especially when these phenomena are of 
entirely different types. What kind of a world would it be for us if dogs 
were dogs on certain days of the week but turned into cats on others? 

  
 
 
 
 
 
 
 
 
 

Let's try one more example. What we want to know is, does the 
radiation pass through both open slits simultaneously or only one? 
Consider then the following experimental arrangement: both slits open, 
one measure of radiation entering the chamber at a time, but with one 
added feature -- a detection device inside the chamber that will reveal 
whether or not the radiation is passing through both slits as a wave 
would or only one or the other of the slits as a particle would. Because 
the situation is almost identical to the case in which an interference 
effect was recorded, we would expect to see the detection device react 
as if a wave was surging through both openings simultaneously. On the 
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other hand, if the radiation consists of particles, then only one instance 
of detection should be recorded at a time. Remarkably, the latter is the 
case -- only one instance of detection is recorded at a time -- and the 
photographic result is now consistent with the arrangement with only 
one slit or the other open!! 

As physicists conducted further experiments with subatomic 
phenomena, they found that all subatomic phenomena display this 
same ambiguity. This ambiguity has come to be known as wave-particle 
duality. This result was not easy to accept. One of the most fundamental 
principles of science seemed to be mocked by these results: the notion 
that we are dealing with, and can know the details of, an objective 
world. To use Einstein's cosmic clock analogy, we expect that the 
internal mechanism stays the same regardless of our hypotheses and 
beliefs about what the internal mechanism is. We do not expect the 
internal mechanism to change as we change our experimental attempts 
to know the internal mechanism. 

It is perhaps one of the greatest achievements of the twentieth century 
that in spite of this shock, a very successful mathematics was developed 
that not only allowed physicists to predict the results of the above 
experiments but also produced one of the greatest scientific and 
technological success stories in recorded history. In 1926 the physicist 
Erwin Schrodinger discovered a wave equation that predicts the above 
results, but with a high epistemological and ontological price. 

As we would expect from the name, the equation literally portrays the 
radiation as a wave, but a very strange wave. According to the equation, 
in our two-slits-open configuration as soon as the radiation leaves its 
preparation point, it begins to spread out in a strange multidimensional 
"hyperspace." As it encounters the slits it splits, as any real wave would, 
passing through into the chamber and interfering with itself. As the 
radiation touches the photographic film, however, all of the energy of 
the wave collapses to a single unpredictable point! We can never predict 
at what exact point the radiation will be received, but we can always, 
with a remarkable consistency, predict the probability of where it will 
strike and the overall statistical pattern, not only for this particular 
arrangement, but for all the others as well. 

Because of the influence of the twentieth century philosophy called 
logical positivism, most physicists have been taught to think of the 
equation as a calculation device, not as depicting what is literally real. 
The special mathematical function used is thought to represent only a 
"probability function" for, given initial conditions, the probability of 
finding a hit, or a pattern of hits, at a particular location. Thus, the only 
waves that exist are said to be "probability waves." Thus, just as some 
astronomers during the middle ages thought of Ptolemy's epicycle as 
just a device used for making predictions where planets would be, the 
wave equation is just a device for predicting what electrons will do. For 
the logical positivists, the question of reality was a nonsolvable useless 
philosophical question. 
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But wait. Given the tremendous success of our electronic technology in 
the twentieth century are we really no longer interested in the 
foundational reality behind all this success? Don't we still want to know 
what electrons and photons are? Let's look at one more example. 

Imagine a light source directed at a half-silvered mirror, a mirror covered 
with a very light reflective coating. Such a mirror functions as a 
beam-splitter. Shining light on the mirror tilted at an angle will cause the 
light to split into two separate beams. If we assume that light consists of 
little particles called photons, then the physical properties of the 
half-silvered mirror should cause each individual photon to pass through 
the mirror or be reflected at an angle. Each photon must become part of 
one beam or the other. If we set up photon detectors at the appropriate 
angles, at points A and B, individual detections at A or B should result. 
With this experimental arrangement, the mathematics predicts that 
over a sufficient period of time 50 percent of the light will be received at 
A and 50 percent will be received at B. Furthermore, if the intensity is 
lowered through filtering, such that only a single photon approaches the 
mirror at a time, then only a single whole photon should be detected at 
a time. Detections at A and B should never be recorded simultaneously. 
This prediction is just common sense. If the photon is an individual 
object, it cannot be in two places at the same time. 

When such an experiment is actually conducted one whole unit of 
energy is detected at either A or B, confirming the particle interpretation 
of subatomic phenomena. If a photon is a particle, it will pass through 
the mirror and be detected at A or be reflected and detected at B. 
However, remember that the Schrodinger equation is a wave equation. 
If the equation is interpreted literally, the equation describes that the 
light energy is in both channels! The half-silvered mirror splits a wave 
packet into two "hyperspatial, virtual/real, probability" waves. Then at 
the exact moment that the energy reaches the detectors, some sort of 
strange decision is made, and the entire unit of energy is received at 
only one point, at either A or B! The wave packet "collapses." If a whole 
unit is received at A, then the energy that was approaching B has 
jumped over to A. In addition, the equation predicts this will happen 
even if the two detectors are separated by many light years, and even if 
one detector is much closer to the half silvered mirror than the other. 
The latter case implies that the energy that is approaching the one that 
is closer, say B, waits?! until the energy approaches A, and then either 
jumps to A or the energy that was approaching A goes "backward in 
time" and collapses at B. The mathematics always works, but what it 
describes literally seems impossible. Like Alice in Wonderland, we 
cannot believe in impossible things can we? According to the 
mathematics, there is an instantaneous collapse of potentiality in 
multidimensional hyperspace to a three-dimensional location. Strange 
indeed. So physicists who follow the logical positivists party line tell us 
that we must not think of the split wave packets as real, but only as a 
description of the probability of where photons will go. 

But wait. Can we prove that the light really passes through both 
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channels? Quantum jumping and wave collapsing aside, we can at least 
test for the photons passing through both channels. Consider the 
following arrangement. This time we will create an interferometer by 
placing totally reflecting mirrors at the points where detectors A and B 
were. Thus, if the light beam is really split by the half-silvered mirror, the 
totally reflecting mirrors will now reflect the split beams of light. If we 
aim these totally reflecting mirrors so that the beams will meet again, it 
is possible to take a picture of the waves interfering with each other, 
just as we did in the two slit experiment. With this arrangement, 
interference fringes result similar to that found in the two slit 
experiment. The interference effect can be produced by having one of 
the totally reflecting mirrors slightly farther away than the other, so that 
the light waves will arrive out of phase. The beams are recombined by 
another half-silvered mirror and transmitted to a chamber with a 
photographic plate. 

If the intensity of the light is reduced to one photon at a time, the 
interference effect can only be accounted for by assuming the photon 
really splits into two wave packets and then recombines. In fact, if we 
pick up an ordinary playing card and block one of the paths, there is no 
interference picture. Instead, a defused piling exposure is created, 
similar to the particle picture we received when only one slit was open 
in the previous experiment. If the energy is a wave, then we can 
understand the interference picture. If the energy is a particle, then we 
can understand the fact that only one detector at a time receives one 
whole unit of energy. The result of one arrangement indicates that a 
wave of some kind is really passing through both channels 
simultaneously. The result of the other makes sense, if we assume that 
the energy is passing through only one channel at a time. If the energy is 
passing through both channels at the same time, why do the detectors 
not trigger simultaneously? How does the energy passing through one 
channel get over to the other detector? How could this possibly happen 
if the detectors are far enough away that any transmission of a signal 
between them would require a speed greater than the speed of light? It 
is time for a little philosophy. 

 The Copenhagen Interpretation 

  
In a sense [for the 
Copenhagen 
Interpretation], 
the observer picks 
what happens. 
One of the 
unsolved 
questions is 
whether the 
observer's mind 
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determines the 

choice, or 
whether it is 

Nature at the subatomic level apparently does not conform to normal 
logic. Since the time of the ancient Greeks, Western logic, through 
Aristotle's law of excluded middle, has demanded an "either-or" in our 
relationship with the universe. Either light is a particle or it is not a 
particle. Either light is a wave or it is not a wave. Either the light splits 
and goes through both channels or it does not. If it goes through both 
channels, it should be detected at both channels. It is not detected at 
both channels, yet it does go through both channels. If it goes through 
both channels, why is one whole unit of energy detected at only one 
detector? How do two halves spatially separated become one whole 
unit instantaneously? 

No logical inconsistency exits within the mathematics itself. In the 
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particle-effect case, the mathematics allows us to predict that 
approximately 50 percent of the time detector A will record a unit of 
energy and 50 percent of the time detector B will record a unit of 
energy. In the interferometer arrangement, the mathematics predicts an 
interference effect, and even allows a straightforward calculation of the 
wave length of light by measuring the interference fringes. The problem 
is more in our reaction to the results of these experiments and the 
success of the mathematics. We want to know what kind of a thing is 
producing these strange results. What is going on "out there" that 
enables the mathematics to be successful? Our minds desire a complete 
understanding. What is real? What is the truth? 

These questions reflect our natural curiosity about reality. We want to 
go deeper, to find the basic, hidden causes of all things. Western science 
since the ancient Greeks has assumed an ontology: The cosmos consists 
of one distinct, complete reality full of individual separated details. We 
have also assumed an epistemology: The details, whatever they might 
be, can be known, and the process of knowing these details does not 
affect what the details actually are independent of the knower. This is 
consistent with our common sense and what each of us experiences 
everyday: a world undisturbed by human thoughts, wishes and desires, 
full of things, spatially separated from each other, and interacting with 
each other through distinct recognizable forces. If someone has a 
tangerine tree in his yard, he might wish that it would be an apple tree, 
but it will still be a tangerine tree. Similarly, we do not think of someone 
thinking cancer into existence or wishing it away. We think of the cancer 
being objectively "out there," something beyond our mental control, like 
trees. We can cut down trees and operate on cancer, but they are 
distinct realities that we discover with our thinking, not something that 
we create with our thinking. 
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So it is natural for us to think of electrons or photons as some sort of 
independent things. They show signs of being particles, so we begin to 
think of them as if they really are particles independent of our 
observations of them. But they also shows signs of being waves, and 
they cannot be both waves and particles at the same time, no more than 
a tree can be both a tangerine and apple tree at the same time or 
someone can have cancer and not have cancer at the same time. 

In the 1920s a few philosophically minded physicists, led by the Nobel 
Prize-winning physicist Niels Bohr, realized that nature was trying to tell 
us something very important. Once again nature was using paradox to 
alert us to a fundamental error in the assumptions we were making and 
the way we were asking our questions. According to Bohr, and what is 
known as the Copenhagen interpretation,(3) the results of these 
encounters with subatomic phenomena amount to a major 
epistemological discovery. Descriptive terms such as "particle," "wave," 
"position," "mass," and "spin," are human concepts. These concepts 
involving assumptions of space and time work for us at a normal 
macroscopic level and will always be indispensable for describing the 
results of our physical experiments. But nature is now making it very 
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clear to us that we have reached a barrier in our attempt to describe it 
fully in terms of human concepts derived from ordinary experience. 

Wave-particle duality is nature's way of informing us that cannot impose 
our human concepts on the subatomic level. Just as Einstein had 
discovered that we cannot impose our normal assumptions of space and 
time to all levels of reality, so quantum physics reveals that we have no 
empirical justification to impose our most basic thoughts about the 
nature of reality on the subatomic realm. The idea of an extended thing 
sitting in a three-dimensional space, waiting for us to discover it, is 
revealed as another human projection, a limited image of reality, more 
of an echo of the way our minds work than reality itself. According to 
Bohr, nature empirically reveals this understanding to us by showing 
that we can have only complementary views of reality. If we set up an 
experimental arrangement that allows for a wave manifestation of 
subatomic phenomena, wave effects will be observed. If we set up an 
experimental arrangement to view subatomic phenomena as particles, 
particle effects will be observed. According to Werner Heisenberg, 
another major contributor to the Copenhagen interpretation, what we 
observe in our experiments is not nature itself, but nature exposed to 
our methods of questioning nature. In short, an electron is not a thing 
until we observe it! 

Bohr argued that this interpretation is a necessary, "pragmatic" 
response. Experiments must be conducted in human terms, in 
laboratories full of macroscopic equipment in three dimensions. Our 
laboratory equipment must be capable of measurements that are 
understandable through the conceptual reference frame of human 
beings. This barrier, however, should not be seen as an end to science or 
as an imposed state of ignorance. It is a discovery, a momentous 
discovery about ourselves and the nature of science. To discover that 
complementary views of reality exist, rather than only one unified view, 
is as important as Einstein's discovery that the reference frame of an 
observer is crucial for measuring space and time. Rather than limiting 
science, Bohr viewed this new knowledge as liberating the sciences from 
the tyranny of thinking that each science must explain itself in terms of a 
more basic science such as physics and chemistry. Biology, for instance, 
could very well be a complementary perspective on living things, not 
totally reducible to physics and chemistry. 

 A Debate: Bohr and Einstein 
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Ironically, the main resistance to the Copenhagen interpretation came 
from Albert Einstein and a few of his followers. Einstein objected very 
much to the idea that we had stumbled upon a barrier to knowing what 
is real. Philosophically, Einstein was a realist who believed that the goal 
of science was to conjecture boldly about the nature of reality from the 
details of our empirical observations. He acknowledged that as we 
continued to probe nature for her secrets, we would encounter more 
and more exotic features, the majority of which would never be directly 
observable because of human limitations. He believed, however, that 
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the human mind could always infer at least the most likely hypothesis 
about the nature of the reality causing the events we do observe. Thus, 
although Einstein introduced the world to a revolutionary view of space 
and time, one that destroyed the classical or Newtonian conceptions of 
absolute space and time, he nevertheless remained a classical physicist 
faithful to the concept of reality Descartes stated centuries earlier: 
"There is nothing so far removed from us to be beyond our reach or so 
hidden that we cannot discover it." 

As we noted previously, for Einstein, nature was like a mysterious clock. 
We are limited to observing only the exterior features of this clock. We 
may never be able to see directly inside and know for certain how the 
clock works, but by observing and thinking about the movement of the 
hands long enough, the human mind will provide a very likely answer as 
to how the clock works. For Einstein a clockwork for the universe exists 
and can be known. For Bohr, for us to assume that a clockwork exists 
independent of our observations that we can picture in human terms is 
only another human philosophical bias, another example in a long line of 
assumptions that experience validates at a certain level, but which 
experience at another level now demonstrates cannot be considered to 
be true. 

Although Bohr thought quantum physics to be in part an important 
epistemological discovery, and the barrier between the human mind and 
reality primarily pragmatic, the Copenhagen interpretation does raise 
the question of whether this epistemological discovery is also an 
ontological one. For Einstein, Bohr's interpretation was much too close 
to, and in fact seemed to imply, a traditional ontology -- an ontology 
historically very much opposed to the major goal of scientific method. If 
an electron is not a thing until it is observed by some instrument, does 
this not imply that reality depends on our observations, and hence, 
ultimately the thoughts we use to frame the world? Does this not imply 
that reality is created by human thoughts? 

Metaphysical Idealism is a old and widespread belief stating that the 
physical world as we experience it is basically an illusion; the perception 
of a world of material things separated in space is said to be only an 
appearance. Individual things exist only in so far as we have an idea of 
them. Supporters of this metaphysics argue that if there were no human 
observer or recording instrument of any kind in a forest, then a falling 
tree would make no sound. In fact, there would be no trees to fall and 
no forest. When I walk out of a room, I assume that the physical room 
and all its contents are still objectively there. But according to the 
Idealist, the room ceases to exist if there is no one there to have a 
thought of the room. 

 Would it (the 

world) otherwise 
(without 
consciousness) 
have remained a 

The majority of scientists have always viewed this metaphysics with 
disdain, as more of a symptom of despair of the sometimes harsh 
realities of the physical world, as primarily a religious view associated 
with those who find the physical universe threatening and who desire a 
more perfect world. Does the Copenhagen interpretation of quantum 
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physics validate this philosophy? How embarrassing for Western science 
if this is so. Imagine that after thousands of years of struggling to know 
the details of Democritus' atom, Western science shipwrecks into a 
religious philosophy it thought it had left behind at a more primitive 
time! 

Thus, Einstein viewed quantum physics to be an incomplete theory. He 
argued that we simply do not know enough yet. Our knowledge is not 
complete. Because we cannot produce a consistent picture of subatomic 
phenomena, we obviously do not know exactly what these things are 
yet and enough about the mysterious forces governing their motions 
and manifestations. Einstein summarized his view with the famous 
statement, "God does not play dice with the universe." In other words, 
God has created one universe and does not choose to have it manifest 
itself as full of waves at one moment and as particles at another for no 
reason. 

Bohr and Einstein had several public debates over what was the proper 
interpretation to give to the results of quantum physics. These were 
fascinating discussions between two intellectual giants, but little was 
resolved at the time. The vast majority of physicists heeded Bohr's 
advice that there was a pragmatic limitation inherent in our measuring 
devices. Physicists should be interested primarily in being able to predict 
experimental results and not in the question of what is real. They were 
persuaded, with the help of a philosophical tradition that began with 
Hume, that the question of what is real is primarily an unanswerable 
philosophical question. Physics must concern itself primarily with 
complex experimental arrangements and the derivation of the complex 
mathematical formulas needed to predict the "constant conjunctions" of 
appearances first discussed by Hume. On the other hand, motivated by 
the goal of finding a hidden reality, physicists have also pursued 
Einstein's dream of a unified picture of reality, of seeking a theory that 
enables us to understand at a fundamental level all the forces of nature. 

Bohr claimed he was being the better empiricist. He argued that the 
results of quantum experiments provide empirical evidence that nature 
does not have a hidden true self that can be pictured with human 
concepts. It seems so obvious that nature must have some objective 
true self. But it also seemed so obvious that time was absolute. Einstein 
provided the means to demonstrate with empirical evidence that there 
is no universal, objective, absolute time, one slice of simultaneity 
throughout the universe. Today, to continue to believe that there is an 
absolute time is simply metaphysical dogma, given the overwhelming 
reliable empirical evidence to the contrary. But Einstein failed, according 
to Bohr, to understand that the empirical evidence also demonstrates 
that the faith in a hidden, objective reality is but faith in a dogma. 

 Bell's Discovery 

  
 

So, is there any way of answering the question whether nature has a 
hidden objective reality? Following Bohr, experiments have been 
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conducted that are consistent with the view that it does not; that in our 
relationship with the universe we can have only different pictures of its 
clockwork -- actually, to be more precise, that a precise clockwork does 
not exist until we attempt to picture it! For many years following the 
Bohr-Einstein debates it was thought that the issue between them must 
forever be relegated to the realm of inconclusive philosophical 
perspectives. No conceivable experiment was known that could be 
conducted to disconfirm either one. Bohr could argue that the 
experimental results are most consistent with his theory of 
complementarity, but he could not prove that some day we would not 
discover some bizarre hidden reality that explained how an electron 
could manifest itself as a wave in one situation and a particle in another. 
Similarly, the followers of Einstein could argue that if we think, and 
search, long enough someday we will find this hidden reality. No one 
knew of an experiment that would decide such an apparent 
metaphysical issue and eliminate or confirm the possibility of a hidden 
reality. 

In 1964 physicist John Bell discovered that it was theoretically possible 
to test whether or not quantum physics was a complete theory. By 
tinkering with the mathematics, he discovered that an experiment could 
be devised to confirm or disconfirm hidden processes, or "variables" as 
physicists refer to them. 

Before we describe this discovery and its application in crucial 
experiments, let us review first why quantum measurements are so 
puzzling. The essence of all the puzzles, according to the 
physicist-philosopher Henry Stapp, is "How do energy and information 
get around so fast?" In the interferometer experiment we can 
demonstrate that a wave is passing through both channels. But when we 
modify the experiment to detect the radiation in each channel, we 
detect only one whole unit of energy at a time per channel, implying not 
only that the radiation consists of particles, and therefore not waves, 
but also that the radiation is not in both channels. In the particle 
detection experiment the Schrodinger equation describes a wave 
splitting process with a "probability" wave in both channels, and then an 
instantaneous collapse of a potential existence to one localized "actual" 
spot, to either detector A or B. The Copenhagen interpretation deals 
with this puzzle by claiming it is inappropriate to think of the radiation 
as some kind of definite real thing before we measure it. The radiation 
"becomes" something definite, conceptualizable by human beings, only 
after we measure it. (It is always a particle after we measure it, even 
though some measurements suggest the particle had wave-like 
properties between measurements.) Reality, specific attributes 
possessed by things, according to the Copenhagen interpretation, can 
only be discussed in terms of an "entire experimental arrangement." 

According to Bohr, the problem of quantum measurement can be 
interpreted as a pragmatic epistemological discovery and does not 
necessarily imply an idealist metaphysics. Concepts such as "particle" 
and "wave" are human concepts, and we have discovered that nature 
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will not allow us to picture it consistently with these concepts. Insofar as 
we must always conduct our experiments through a human framework, 
with human concepts, there is an epistemological barrier that no future 
scientific discovery will change. For Bohr, the success of quantum theory 
represents a "treasure chest" of scientific and philosophical discoveries. 
The Copenhagen interpretation should not be viewed as advocating a 
dogmatic end to research and discovery, but rather a dramatic discovery 
that continues a trend first started by Copernicus and sustained by the 
startling discoveries of Einstein: The universe is not required to conform 
to human concepts. Our belief that nature must have one true self, one 
consistent clockwork for us to tinker with, is revealed to be merely 
another human belief and not necessarily the way things are. 

In a fundamental way Bell's discovery allowed physicists to test Bohr's 
claimed epistemological discovery. A test was now possible to see if the 
subatomic realm had a true self independent of our measurements. 

 Quantum Jogging 
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To understand Bell's discovery and the eventual experiments, let us try 
an analogy first. Suppose we have a large group of runners. Half of the 
runners are tall and half are short. Suppose that each of the short 
runners and each of the tall runners has a twin. Each of the twins will 
begin running at the same point, but will run a course in the opposite 
direction to a finish line that is the same distance from the original point 
of departure. Suppose also that each runner will run the course at the 
same speed, and that the spacing between the times when each runner 
leaves is such that no runner will be able to overtake the one 
immediately preceding him. No tall runners will overtake short runners 
or vice versa. Imagine then a continuous stream of runners leaving the 
original point and running in opposite directions. We might have 
something like this: Two short runners leave the starting point one after 
the other simultaneous with their respective twins, then two tall, then 
two short again, then one tall, and one short after that, then two tall, 
and so on. Suppose that overall the pattern is random. Suppose further 
that the contingencies of the course and physical training of each runner 
are such that many of the runners will not finish. Now we are ready to 
carry out the implications of our thought experiment. Suppose each twin 
has a strong desire to finish if and only if the other does. Our common 
sense would predict that finishing together is not likely. Suppose one of 
the short runners pulls a muscle just before the finish line. How likely 
would it be that the twin, running on an independent track, separated 
by a considerable distance, either knows this and decides to stop 
running or pulls a muscle also and does not finish? In other words, if we 
were to observe the runners finishing and established a mathematical 
correlation of completion, we would not expect it to be very high. 
Suppose that about 90 percent of the tall and short runners did not 
finish; it would not be likely that every time a short or tall runner 
finished or did not finish, the respective twin finished or did not finish as 
well. If we found the random result at one finish line to be T, T, S, T, S, S, 
T, S, we would not expect this result to be highly correlated or equal to 
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the result at the other finish line. We would expect an inequality in the 
results. 

There is one possibility, however, where the results could be highly 
correlated. Suppose each runner carried an electronic pager, such that 
whenever a runner knew they could not finish, he would signal the twin 
not to finish. In other words, if the runners could communicate, a very 
high correlation could be established. 

Suppose though that we change our thought experiment a little. This 
time we will control, at one finish line, which runners finish and which 
ones do not. Suppose at a point immediately before one of the finish 
lines we set up a fork in the course, such that the short runners must 
take one path and the tall runners another. Suppose further that we 
have control over an electronic switch that closes each path by throwing 
up a barrier for either the short or tall runners. By randomly changing 
the switch we can change which path is open and which type of runner 
finishes. It is important to be able to do this after the runners have 
already left. Otherwise the runners could know ahead of time what kind 
of course they must run and adjust their actions accordingly. Suppose 
that the barriers are so close to the finish line, and we are able to switch 
the barriers so rapidly, that there is no time for each twin to signal the 
other whether he is going to finish or not. Now clearly there could not 
possibly be a very high correlation. It would be a strange result, indeed, 
if even most of the time when a tall runner finished, his twin also 
finished, and most of the time when one did not, his twin did not, and 
likewise for the short runners. 

We assume that the local conditions at a barrier cannot instantaneously 
influence the local conditions at the other finish line. This locality 
assumption is an inherent part of our normal view of reality. We assume 
that the runners are independent individuals who will face independent 
conditions at independent places. What Bell showed is that if this 
assumption is correct and also applies to the subatomic realm, then the 
results we obtain in the subatomic realm with particles should reflect 
the same kind of inequality in correlation we expect to find in our 
macroscopic realm of short and tall runners. 

Quantum theory, on the other hand, predicts an entirely different result 
for subatomic particles. Because it is incorrect to refer to subatomic 
particles as having any definite state with a definite place until a 
measurement takes place, an analogous runner's example to what 
happens in the subatomic realm would be the following: Our runners do 
not exist as definite runners until they are observed to finish, and a 
measurement at one finish line will instantaneously produce a 
correlated set of characteristics at the other finish line! From a quantum 
perspective, the locality assumption is denied; it is incorrect to think of 
our runners as real independent entities, in real independent places, 
experiencing real, local independent circumstances. Instead, between 
the time we see them leave and finish, our runners are a "superposition 
of states" of existence. They are neither tall, nor short, nor fast nor slow, 
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but all these potential states at once. 

If quantum theory is true, an analogous experiment in the subatomic 
realm should result in a significant violation of Bell's inequality 
deduction, because it is incorrect to think of subatomic particles as 
independent things with definite properties until a measurement takes 
place. If experiments are devised where "twin" particles are created and 
fly off in opposite directions like our runners, then quantum theory 
predicts that there will be a high correlation of the particle states when 
they are measured at a quantum finish line, because a measurement of 
one particle instantaneously collapses a wave function of potential (or 
entangled) states, a wave function that was created at the time of the 
twin particle creation. 

 The Aspect Experiment 
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My own suspicion 
is that the 
universe is not 
only queerer than 
we suppose, but 
queerer than we 
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suspect that there 
are more things in 
heaven and Earth 
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of, or can be 
dreamed of, in 
any philosophy. 

That is … why I 
have no 

Because the locality assumption seems so obvious to our common 
sense, and because the technological tools were not sufficiently 
developed to conduct the proper experiments, recognition of the 
significance of Bell's work was slow in coming. A decade after Bell 
published his work intense discussion and experimental work finally 
began. As is so often the case in science, the results of the first 
experiments were inconclusive. By the 1980s using a reliable 
experimental design results supported decisively that in the subatomic 
realm Bell's inequality is violated and the predictions of quantum theory 
are correct. The results were consistent with the interpretation that the 
measurement of a subatomic particle at one finish line instantaneously 
determines the state of its twin at another finish line, regardless of how 
far the two finish lines are apart. 

In the realm of subatomic particles our runners are replaced by 
mathematical objects with attributes such as "charge," "spin," 
"velocity", and "momentum." We naturally tend to think of these 
attributes in the same way we think of the attributes of our runners. Just 
as we think of each runner as a real independent body with definite 
characteristics such as being short or tall, fast or slow, we are more 
comfortable thinking of a particle having a real location or a real spin. 
Quantum physics, however, seldom allows us to be comfortable. 
Consider quantum spin. What kind of real attribute requires a subatomic 
particle to turn around twice before it shows its original face! Imagine 
looking at a position on the Earth from the Moon, say New York, and 
watching the Earth spin around twice before New York is visible again. 

As bizarre as quantum attributes are, quantum physicists have learned 
how to deal with them mathematically and even set up experiments 
which create twin particles with opposite spin. The most notable, and 
most conclusive, we will call the Aspect experiment.(4) Using 
polarization, a property that can be thought of as similar to spin, 
physicists tested Bell's inequality prediction.(5) Atoms were excited to 
produce twin photons of light that sped away with opposite 
polarization. Methods were developed to test the states of the photons 
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at their respective finish lines. In many respects this experiment was 
analogous to our thought experiment with the barriers and electronic 
switch. Bell's inequality theorem was violated. The spins of particles at 
distant finish lines were highly correlated. (In this experiment the main 
interest was in how often the photons at different finish lines would be 
blocked.) Because there was an analogous switching device, there was 
no possibility that a signal could be sent at a normal cosmological speed 
(the speed of light) causing the particle's spin to be correlated.(6) In 
summary, the result was as fantastic as our hypothetical, unlikely, 
runners thought experiment, where we find to our amazement, in spite 
of all of our precautions, that most of the time when a tall runner 
finishes or does not finish, so does the twin, and most of the time when 
a short runner finishes or does not finish, so does the twin. There is now 
little doubt that a violation of Bell's inequality is a fact of life. If there is a 
hidden reality with forces influencing the results of our paradoxical 
measurements, these forces must travel faster than the speed of light. 
They must be instantaneous. 

It is important to realize that the violation of Bell's inequality is a 
"factual" demonstration that at least one assumption of Einstein's 
realism must be false, what we referred to above as the locality 
assumption. To accept the totality of Einstein's realism we must assume 
that the local conditions at one finish line could influence the local 
conditions at the other finish line only if the two locations are linked by 
a causal chain whose transmission of effects does not exceed the speed 
of light. In other words, if reality consists of separate objects, then one 
object cannot influence another object unless some sort of signal or 
influence travels from one object to the other during some amount of 
time. If the movement of one object "instantaneously" influences the 
movement of another object, then they are not really separate objects. 
In addition, if someone is standing on one side of a dark room with a 
flashlight, the flashlight must be turned on before an object can be 
illuminated on the other side of the room. Recall that some very strange 
results are possible if the speed of light can be exceeded. Our mother 
astronaut could return to Earth and be involved in a fatal automobile 
accident before her child was conceived and before leaving for her space 
voyage. Thus, for many reasons, a hidden force travelling faster than the 
speed of light is ruled out as a possible explanation for the puzzling 
results of quantum experiments. The Aspect experiment shows that we 
must reject the totality of Einstein's realism, but not necessarily all 
possible versions of realism. For instance, the entire universe at the 
subatomic level could be one interconnected object. 

The results of the Aspect experiment and the violation of Bell's 
inequality are also consistent with the Copenhagen interpretation: 
Quantum objects should not be considered things until a measurement 
takes place. Unfortunately, the implications of this interpretation for the 
nature of reality are philosophically disturbing for most physicists. Thus, 
most physicists accept the pragmatic aspect of the Copenhagen 
interpretation and ignore the reality question. The reality question is 
something for "the philosophers" to worry about. This response is often 
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portrayed as a sophisticated, modern point of view: physics should not 
be concerned with futile philosophical questions, but keep to the 
business of predicting results and applying quantum mathematics to 
novel situations such as computer technology, fiber optics, and 
superconductivity. By any standard this approach has been very 
successful. Today, even quantum crytographic devices are becoming a 
reality, allowing the transfer of money between banks allegedly 
guaranteeing absolute secrecy. By using pairs of entangled photons to 
send information, any electronic interference from an eavesdropper 
immediately disturbs the quantum entanglement and signals a breach of 
security as well. 

However, is the instrumentalist approach any different from the 
reaction of past scientists to Ptolemy's epicycles, Copernicus's circles 
around invisible points, or Newton's gravity? 

  Quantum Ignorance and Reality 
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which lends itself 
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Max Born 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

For many, the reality question beckons still. The history of physics, and 
science in general, shows that the traditional pursuit of a deep objective 
truth is not just an idle ivory tower game. A quest for a deep 
understanding of reality has been valuable not only for its own sake but 
for the purpose of maximum practical application as well. The history of 
science has demonstrated repeatedly that when we understand the way 
things are at a deep invisible level, we are better able to understand, 
control, and predict the visible world in which we live. Until quantum 
physics, the vast span of scientific endeavor has vindicated Einstein's 
simple vision: The better we have been able to understand the invisible 
mechanism of the cosmic clock, the better we have been able to 
understand the motions of its visible hands. We may not be able to see 
Kepler's ellipses nor Newton's gravity in the starry night, but an 
understanding of these veiled realities has enabled us to embrace the 
night sky -- to predict, to control, to see, to explore -- in a manner 
undreamt of by the ancients who so patiently and relentlessly watched 
this surface reality. Other examples abound: The understanding of the 
molecular and atomic constitution of matter has enabled us to deal with 
the surface experiences of heat, temperature, and pressure; by 
understanding a deeper level of reality, we have been able to create 
objects that do not exist in nature, such as plastics; and now, by 
understanding the invisible structure of DNA we are controlling the 
development of life itself, with many practical applications in agriculture 
and medicine. 

Is it over? The Copenhagen interpretation implies a strange kind of 
ignorance -- call it quantum ignorance. According to Bohr, it is a mistake 
to search for a hidden, deeper mechanism that will explain the results of 
quantum measurements, because between measurements there is 
nothing there to know, that is, nothing there that can be conceptualized 
in human terms. This is nature's way of educating us, of revealing its 
ultimate message: "Picture me with your human pictures if you must, 
but do not take your pictures too seriously." According to Max Born, 
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another contributor to this interpretation, "No language which lends 
itself to visualizability can describe the quantum jumps." 

For those sympathetic with Einstein, there must be something more; the 
results of quantum experiments must be only an example of what can 
be called classical ignorance. There must be something there that we are 
"disturbing" when we interact with it in attempting to measure it. We 
are ignorant of why quantum events happen as they do only because we 
do not know all the forces acting on subatomic particles, just as we 
cannot predict each throw of the dice in a dice game, because there are 
too many minute factors involved and because any attempt on our part 
to measure these factors in the act would disturb the results. In the case 
of dice there are other ways of demonstrating the existence of these 
factors, and thus we have every reason to believe that they are there, 
even if we cannot control them. 

Bell's theorem and the consequent experiments do not rule out some 
kind of realism, that some kind of hidden force or reality is at work in 
the subatomic realm. They do demonstrate, however, that these forces, 
if they exist, must be very strange forces that are capable of propagating 
instantaneously regardless of distance. If our finish lines for subatomic 
particles were billions of miles away, the violation of inequality would 
be the same. If one of our finish lines was located in the vicinity of the 
star Betelgeuse, 540 light years distant, and the other on Earth, quantum 
physics predicts the same results. The results of Bell's theorem and the 
Aspect experiment show not only that quantum theory is a complete 
theory but also that any interpretation of quantum physics must 
incorporate the fact of instantaneous action. 

So what kind of a reality do we live in? Notice that even the language of 
this question is misleading. To ask what kind of a reality we live in 
suggests that there is one reality independent of human beings and our 
attempt to know and measure this reality. Human language has evolved 
in a context of ordinary macroscopic reality. So how can we even begin 
to describe the subatomic realm? If it is a mistake to think of the 
electron as a thing with a definite place, with a definite velocity, until 
"it" is actually observed with a measurement, then it is difficult, to say 
the least, to understand how an "it" can exist without a location prior to 
a measurement which then gives it a location. 

The concept is less difficult mathematically but no less strange. 
Mathematically, quantum physics allows a distinction between the 
static properties of the electron, such as "charge" and "mass," and the 
dynamic properties, such as "position" and "velocity." In this way most 
physicists believe that they can avoid versions of idealism, such as that 
of the eighteenth-century Irish philosopher and bishop George Berkeley, 
who taught that physical matter possessed reality only insofar as it was 
perceived by a mind. Put more dramatically, Berkeley believed that only 
mind or consciousness exists. For Berkeley, the entire physical universe 
is only an idea in the mind of God. Here is how Nick Herbert in his 
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Quantum Reality describes the reaction of most physicists: 

No believer in observer-created reality, even the most extreme, 
goes as far as Berkeley. Every physicist upholds the absolute 
existence of matter -- electrons, photons and the like -- as well 
as certain of matter's static attributes. . . . Electrons certainly 
exist -- with the same mass and charge whether you look or not 
-- but it is a mistake to imagine them in particular locations or 
traveling in a particular direction unless you actually happen to 
see one doing so. 

In other words, almost all physicists are convinced that something is out 
there, even though they are convinced that whatever it is, it will not 
conform to classical attempts to describe reality. But how can there be 
some "thing" without there being an independent "place" for this 
something to be? When we think of things like ordinary runners or 
elementary particles, we assume that they must have independent, 
objective attributes. What would be left if we took away from a tall 
runner his tallness, his speed, and his individual identity of being in one 
place? What kind of a runner could exist that was both short and tall, 
fast and slow, and neither short nor tall, fast nor slow? What kind of a 
runner could exist that only became a tall runner after we observed him 
at the finish line? Whatever they are, quantum objects are not ordinary 
things. 

  A Paradigm for the Twenty-First Century? 

 
 
 

 
 
 
The observer is 
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replaced by 
instruments; for if 
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nothing. Erwin 
Schrödinger  

According to Nobel laureate Richard Feynman, we "can safely say that 
nobody understands quantum mechanics." Consider, however, the 
following provocative possible paradigm for our time. 

We know that the paradigm of Newtonianism involved a combination of 
epistemological and metaphysical assumptions: What is real does not 
depend on us, and reality is reducible to small independent particles of 
physical matter and empty space; thoughts, ideas, colors, emotions 
were all considered to be secondary realities, as not real, but rather the 
result of the movement and interactions of particles. This view, which 
we will call metaphysical reductionism, is seriously contradicted by the 
science of the twentieth-century, particularly the Copenhagen 
interpretation. What is real does seem to depend on us and our method 
of questioning nature. As the physicist E.P. Wigner has claimed, a 
measurement cannot legitimately be said to have taken place until it is 
acknowledged by the conscious awareness of a human being. Far from 
being a secondary reality, consciousness has a much greater significance 
in quantum theory. We confront the world with the filters of our human 
thoughts about the world, and nature conforms to these thoughts to 
some extent. A reality becomes manifest based upon the thoughts 
behind one of our experiments. We do not measure reality as Newton 
and all classical physicists believed; we measure the "relationship" 
between reality and our thoughts. 
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In the quantum realm it is not possible to pin down a consistent reality, 
and nature teaches us in the process not to take our thoughts about 
reality too seriously, on the one hand, and to take them very seriously, 
on the other hand. We should not think of our human concepts of 
"particle" and "wave" as reflecting an independent reality, but we have 
been forced to recognize the creative power of human concepts. The 
mathematics of quantum theory does not picture a precise clock with 
definite parts but a strange indefinite cosmic substance capable of 
manifesting an infinite number of fleeting faces. Quantum theory 
pictures the particles that make up everything that we touch and feel 
not as little, hard, definite, independent things, but a tangle of 
possibilities that are entangled with every other tangle of possibilities 
throughout the universe. As with the particles in the Aspect experiment, 
the particles in my body may be connected in some way with the 
particles of your body, and these in turn with particles in a distant sun, 
in a distant galaxy, billions of light years away. 

 Neorealism 

 
 
 
 
 

There is the 
immense "sea" of 
energy …. a 
multidimensional 
implicate order ... 
the entire 
universe of 

matter as we 
generally observe 
it is to be treated 
as a 
comparatively 
small pattern of 
excitation. This 

excitation pattern 
is relatively 
autonomous and 
gives rise to 
approximately 
recurrent, stable 
and separable 
projections into a 

three-dimensional 
explicate order of 
manifestation, 
which is more or 
less equivalent to 
that of space as 
we commonly 
experience it. 
David Bohm  

There is little disagreement today among physicists and philosophers of 
science that the metaphysical reductionism of the seventeenth, 
eighteenth, and nineteenth centuries has been destroyed by the science 
of the twentieth century. But there is no consensus on a replacement. 
The results of relativity and quantum theory have sent physicists and 
philosophers of science scurrying in many different philosophical 
directions. Although most physicists have accepted the practical dictates 
of the Copenhagen interpretation, David Bohm, among others, has 
refused to abandon entirely the realism of Einstein, opting instead for a 
radical neorealism. For Bohm, the Aspect experiment does not disprove 
a hidden reality, but only one that consists of separate things! A 
universe of "undivided wholeness" is consistent with all the 
experimental results. A real universe exists independent of our 
observations of it, but it is not like the room that I am in now: a bowl of 
space with apparent independent objects separated into different 
locations. This normal perception is only my human macroscopic view of 
the room. "Underneath," so to speak, from a perspective of a 
multidimensional hyperspace or superspace this appearance of 
separateness can be seen to melt like ink dots in water. 

Mathematical equations that literally describe a hyperspace, a 
multidimensional space, which scientists often cryptically referred to as 
"configuration" or "phase" space, are common in the mathematics of 
modern physics. As we have noted, most physicists have been taught 
during their university educations to think of these as only mathematical 
devices because it makes no sense to use ordinary language or pictures 
in an attempt to ascribe a reality to such bizarre number juggling. Bohm, 
however, following the epistemological lead of Einstein, suggested that 
what works in our equations may point to an underlying reality. 

Consider the following analogy from Bohm's Wholeness and the 
Implicate Order. Imagine a fishbowl with fish slowly swimming round 
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and round, occasionally darting here and there, changing direction 
unpredictably. Imagine two TV cameras filming the activity of the fish 
from different points of view. Imagine that in another room a person is 
sitting watching two TV sets receiving the transmissions from the two 
cameras. This person at first might think that he is watching two 
different fishbowls and fish movements, except that he would notice an 
amazing correlation in the movements of the two sets of fish. Every time 
one of the fish in one TV screen unpredictably changes direction by 
darting to the left or right, a fish in the other screen changes directions 
also. After watching this activity for awhile, this person should be able to 
infer that the separate images are different perspectives of one reality. 
According to Bohm, this is what the long road of scientific endeavor, 
culminating in the experiments of quantum physics, has revealed to us: 
Our normal world of separate objects is but separate images of one 
underlying reality. We set up our three-dimensional experiments and 
then wonder how particles separated by light-years can be correlated, 
but from the standpoint of hyperspace the particles are right "next" to 
each other, so to speak; the two apparently separated particles are the 
same particle, just as the two apparently separated fish are the same 
fish. 

 Flat Land and Hyperspace 
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Because of our Kantian-Newtonian filters, it is impossible for us to 
imagine what a multidimensional hyperspace is like.(7) We can, however, 
get an idea of what existence in a higher dimension is like by comparing 
our three-dimensional existence with a hypothetical two-dimensional 
existence called Flat Land. 

Imagine a world that is flat like a piece of writing paper upon which flat 
two-dimensional creatures live. Imagine that on this world there are flat 
two-dimensional houses and flat two-dimensional creatures that look 
like triangles, squares, and circles. Because they are two-dimensional, 
these peculiar characters can go about their two-dimensional business 
by moving forward or backward, left or right, but "up" and "down" have 
no meaning in this world. Relative to this world, we would find that 
three-dimensional creatures like ourselves have supernatural powers. 
We could peer into their houses from above and watch what they are 
doing; we could cause strange events to happen at great distances 
simultaneously; we could cause correlated behavior in objects that seem 
separated to our flatlanders. We could even cause strange objects to 
appear out of nowhere. We could easily produce quantum jumps. 

Suppose we picked up an ordinary salad fork from our 
three-dimensional world and poked it in and out of this two-dimensional 
world. A flatland creature observing this event from its two-dimensional 
world would see only four mysterious dots appear from nowhere, move 
around in a coordinated manner, and then vanish as mysteriously as 
they appeared. If we picked up one of these two-dimensional creatures 
and pulled it up into our three-dimensional world, the poor creature 
would have a mystical experience; it would experience a reality for 
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-dimensional 
reality which 
cannot be 
accounted for in 
terms of any force 
of interaction 
between them. 
David Bohm 

which there was no language. If we then placed the creature back onto 
its two-dimensional world, perhaps where a number of his friends are 
discussing his mysterious disappearance, the flatlander would appear to 
have materialized out of nowhere. If the creature attempted to explain 
to his friends in flatlander language what he had experienced, he would 
undoubtedly sound like a crazy fool, much like the enlightened man in 
Plato's cave. 

According to Bohm, our observations of electrons and other subatomic 
phenomena in our three-dimensional laboratories with 
three-dimensional equipment are not the result of an act of creation of 
consciousness, but rather an interfacing of a multidimensional reality 
with a three-dimensional one. Just as our flatlanders experienced 
mysterious unpredictable events that were explainable from the point 
of view of another dimension, so the behavior of electrons and other 
subatomic phenomena are understandable from the point of view of an 
overlaying, but concealed, "implicate" hyperspace. Just as the actions of 
the four correlated dots produced by the three-dimensional fork are 
seen to be one reality, so our entire world of apparent separate particles 
that seem to make up separate objects is but a manifestation of one 
undivided hyperspatial whole. 

The philosophical virtue of such an interpretation of the mathematics 
and experimental results of quantum physics is that the realism of our 
normal three-dimensional world is preserved. When we walk out of a 
room, the room is still "there" in a sense. From a hyperspatial 
perspective, more than a three-dimensional room may be there, but the 
three-dimensional room is still there for any three-dimensional creature 
to see. We do not create the room with our consciousness out of some 
strange indeterminate nothingness. 
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Many Worlds 

There is no logical necessity for believing in one universe any more than 
there is for believing that Earth is the center of existence. Another 
interpretation of quantum physics that attempts to preserve the general 
philosophical position of realism is known as the Many Worlds 
interpretation. This interpretation preserves realism with a vengeance. 
In the 1950's Hugh Everett III, then a graduate student at Princeton 
University, decided to see what would happen if the mathematical 
equations of quantum physics were consistently taken literally. To see 
how this would work let's return to our previous experiments. 

Recall the experiment attempting to prove that single particles of light 
pass through only one channel. The result of detecting only one whole 
unit of energy at detector A or B was consistent with this interpretation. 
Yet a particle interpretation was not consistent with the outcome of the 
experiment with totally reflecting mirrors replacing detectors A and B. 
The Schrodinger equation depicts waves of some sort passing through 
both channels, and the experiment with totally reflecting mirrors 
demonstrates that light, as a wave that splits into two waves, is in both 
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channels. According to the Many World's interpretation there is a 
simple, but shocking, explanation for the first result. The Schrodinger 
equation depicts the radiation in both channels as real; the reason we 
only observe it at one detector or the other is because when a 
measurement is made the world splits into two equally real worlds! 
When the radiation is detected at A, it has also been detected at B. We 
do not detect it at B, because B is an event taking place in another 
world! And if you ask who is in this other world to detect the different 
result, the answer is equally shocking -- the split versions of the 
experimenters who detected the radiation at A in the other world. 

According to this interpretation all the possibilities delineated by the 
Schrodinger equation are real. In making an observation of a particular 
possibility we are not collapsing a wave packet or creating a reality from 
a number of possibilities. Rather, like a road with many forks, we are 
choosing a world to travel on from many possible worlds. All the 
alternate worlds are paths in hyperspace; they are equally real, but we 
are probably forever cut off from them. In every observation we are 
choosing a branch of reality. If the Copenhagen interpretation implies 
that nothing is real independent of observation, the Many Worlds 
interpretation implies that everything is real. We do not create a 
universe with an act of observation; we choose a universe that is already 
there as a possible path. According the astrophysicist and science writer 
John Gribbin, an enthusiastic supporter of this interpretation, "By the 
act of observation we have selected a 'real' history out of the many 
realities, and once someone has seen a tree in our world it stays there 
even when nobody is looking at it." 

In the two slit experiment when an attempt was made to see if the 
photons pass through both slits, we found the radiation passing through 
only one slit or the other. According to Gribbin, in his book In Search of 
Schrodinger's Cat, here is the proper interpretation of what the electron 
is doing. 

Faced with a choice at the quantum level, not only the particle 
itself but the entire universe splits into two versions. In one 
universe, the particle goes through. . . (one hole), in the other it 
goes through. . . (the other hole). In each universe there is an 
observer who sees the particle go through just one hole. And 
forever afterward the two universes are completely separate 
and noninteracting -- which is why there is no interference on 
the screen of the experiment.(8) 

This means, however, that just as there are many routes to the future, 
there are many versions of "us" that will follow these paths. Because 
every observation splits the path we are on into alternate universes 
again and again, there are literally billions of alternate paths through 
hyperspace. These alternate worlds, however, are not parallel to us, as 
in so many science fiction novels, but like our three-dimensional view of 
two-dimensional flat land, they are at right angles. Somewhere in this 
hyperspace there is a world where the South won the American Civil 
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War; a world where the Spanish Armada defeated the British; a world 
where John F. Kennedy was not assassinated, and a world where World 
War III happened and the human species is extinct. 

The same kind of thinking that led to this interpretation of the quantum 
mathematics and experiments has more recently produced theories on 
the origin of our universe and the cause of the Big Bang. According to 
one version of these theories, the Big Bang and the parameters of our 
particular universe make up simply one particular bubble in an infinite 
sea of other bubble universes. Just as the followers of Einstein have 
sought for a deep explanation of quantum phenomena, so scientists 
have sought a "Theory of Everything" that would explain exactly why we 
have the type of universe that we do. Scientists worry about what they 
call "undetermined parameters." For instance, in our universe the 
electron and the proton have a particular mass and charge. Why do they 
have these values? If any of the values were just a little different, the 
universe would be completely different. Scientists are seriously working 
on theories that will explain these values as a particular manifestation of 
a more fundamental process of universe creation, just as a climatologist 
can explain why the weather in one location on the Earth is different 
than another. Our universe would then be just a little bubble created 
along with an infinite number of other bubbles by some process that 
stirs up an infinite sea of hyperspace.(9) 

 
 
 
 
Physics, too, is 
only an 
interpretation of 
the universe, an 
arrangement of it 
(to suit us, if I 
may be so bold!), 
rather than a 
clarification. 

Friedrich 
Nietzsche 
 
 
 
My mind, in an 
undisciplined 
way, detects the 
cosmic within the 
nitty-gritty and 
the trivial within 
the infinite. 
Harold Morowitz 

The Participatory Universe 

Some scientists have found it less shocking to carry out the implications 
of the Copenhagen interpretation than to believe that each moment we 
are splitting into 10100 equally real copies of ourselves. The distinguished 
American physicist John Wheeler argued that we must abandon the 
basic tenet of traditional realism -- that the universe is in some sense 
"sitting out there" for us to uncover. In its place, according to Wheeler, 
we must boldly embrace the concept of a "participatory universe."(10) 

Adherents of this view claim that all vestiges of traditional realism must 
be abandoned. Both Bohm's neorealism and the Many Worlds 
interpretation are but symptoms of our inability to give up a traditional 
metaphysics. There is no clocklike world in any sense sitting out there 
for our observational benefit alone. We do not observe "the real world"; 
we participate with reality by creating a reality for us. More precisely, 
we do not create reality, we select a concrete reality from out of an 
intermingled dance of intangible possibilities. (In the Many Worlds 
interpretation, all the possibilities are concrete.) 

This concept is not as difficult to understand as it may seem. Wherever 
you are right now there are many hidden, potential manifestations of 
energy that all of us have come to take for granted in modern life. There 
are many potential channels of electromagnetic information. Although 
we cannot see them or feel them, there are many AM, FM, TV, cell 
phone, text and paging signals passing by us at any given moment. They 
are both here and not here. To make these signals of information 
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manifest, to make them concrete, we must "tune them in"; we must 
have a device like a radio, TV, pager, or cell phone to collapse the 
indefinite electromagnetic waves into concrete electronic digits of 
information. The human mind is like a radio receiver stuck on one 
channel. When we set up our three-dimensional laboratory equipment, 
when we peer into our big telescopes and see galaxies millions of light 
years away, we participate with the infinite by manifesting one of its 
faces. It is not a mask; it is definitely there. But only as we observe it; 
just as radio music is music only as we tune it in. 

Our confrontation with the microcosmos has taught us this: The results 
of our experiments are due to our being on one channel, but the 
microcosmos reveals to us, both through the gift of mathematics and 
observational paradoxes, that there are many other channels. It has 
taught us that when we go out on a cool, clear night and peer through a 
pair of binoculars at the Andromeda galaxy and receive the light that in 
our normal mode of thinking is two million light years old, we are 
instantly creating in a sense a two million year old past. The universe, in 
a sense, is here because we are here. There is still a kind of a past even if 
I am not looking, just as there is potential music in my room, even if my 
radio is off. 

 
 
 
 
 
 
 
 

 
 
For if those who 
hold that there 
must be a 
physical basis for 
everything hold 
that these 
mystical views 
are nonsense, we 
may ask -- What 
then is the 
physical basis of 
nonsense?...In a 

world of ether and 
electrons we 
might perhaps 
encounter 
nonsense; we 
could not 
encounter 
damned 
nonsense. Arthur 

Mysticism and the Convergence Thesis 

One more interpretation of the implications quantum physics deserves 
some comment. It is a very controversial interpretation because it claims 
that the results of modern science have validated a particular religious 
orientation. The possibility of such a development is one of the reasons 
scientists are often reluctant to communicate with the general public. 
However, the possible misuse of an idea does not prove the idea false. 

For the purpose of identification let's refer to this final interpretation as 
the convergence thesis. Essentially, this view argues that our 
confrontation with the quantum realm has demonstrated that Western 
science, founded upon the logic and philosophy of the ancient Greeks, 
has, after travelling a much different philosophical path, converged with 
the philosophy of the East, especially the mystical philosophies of 
Hinduism and Buddhism. This view was popularized in the 1970s by 
physicist Fritjof Capra in The Tao of Physics and philosopher Gary Zukav 
in The Dancing Wu Li Masters. According to Capra, "What Buddhists 
have realized through their mystical experience of nature has now been 
rediscovered through the experiments and mathematical theories of 
modern science." And Zukav said, "Hindu mythology is virtually a large 
scale projection into the psychological realm of microscopic scientific 
discoveries." 

For many thousands of years the mystics have had a cosmological, 
ontological, and epistemological view of things that the Western world 
is just beginning to understand. Cosmologically, Western science has 
understood only recently that the universe is remarkably old. In 1965 
the temperature of the universe was measured for the first time, 
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[We must] 
continue to insist 
on the centuries 
long traditon of 
science in which 
we exclude all 
mysticism and 
insist on the rule 
of reason. And let 
no one use ... 
[quantum] 
experiment to 
claim that 
information can 
be transmitted 
faster than light 
or to postulate 
any so-called 

"quantum 
connectedness" 
between separate 
consciousnesses. 
Both are baseless. 
Both are 
mysticism. Both 
are moonshine. 
John Archibald 
Wheeler 
 
 
 
 

 
 
 
 
 
 
 
 
 

eventually resulting in our present estimate of the age of the universe as 
about 14 billion years. In the ancient literature of the East one does not, 
of course, find such precise figures. Instead there are analogies such as 
the following. Imagine an immortal eagle flying over the Himalayas only 
once every 1,000 years; it carries a feather in its beak and each time it 
passes, it lightly brushes the tops of the gigantic mountain peaks. The 
amount of time it would take the eagle to completely erode the mighty 
Himalayas is said to be the age of only the present manifestation of the 
universe. Predating modern science by thousands of years, such a 
conception of time is remarkable, especially when it is compared to the 
slow realization of Western science and religion to the possibility of a 
less humanlike time scale. 

Ontologically, Eastern mysticism is also consistent with the results of 
quantum physics. The mystics have always rejected the idea of a hidden 
clocklike mechanism, sitting out there, independent of human 
observation. The number one truth is that reality does not consist of 
separate things, but is an indescribable, interconnected oneness. Each 
object of our normal experience is seen to be but a brief disturbance of a 
universal ocean of existence. Maya is the illusion that the phenomenal 
world of separate objects and people is the only reality. For the mystics 
this manifestation is real, but it is a fleeting reality; it is a mistake, 
although a natural one, to believe that maya represents a fundamental 
reality. Each person, each physical object, from the perspective of 
eternity is like a brief, disturbed drop of water from an unbounded 
ocean. The goal of enlightenment is to understand this -- more precisely, 
to experience this: to see intuitively that the distinction between me 
and the universe is a false dichotomy. The distinction between 
consciousness and physical matter, between mind and body, is said to 
be the result of an unenlightened perspective. 

Epistemologically, our so-called knowledge of the world is actually only 
a projection or creation of our thoughts. Reality is ambiguous. It requires 
thoughts for distinctions to become manifest. We have seen that in the 
realm of the quantum, dynamic particle attributes such as "spin," 
"location," and "velocity" are best thought of as relational or 
phenomenal realities. It is a mistake to think of these properties as 
sitting out there; rather they are the result of experimental 
arrangements and ultimately the thoughts of experimenters. Quantum 
particles have a partial appearance of individuality, but experiments 
show that the true nature of the quantum lies beyond description in 
human terms. Our filters produce the manifestations we see, and the 
result is just incomplete enough to point to another kind of reality, an 
ambiguous reality of "not this, not that." 

For the mystic, the paradoxes of quantum physics are just another 
symptom of humankind's attempt to describe what can only be 
experienced. We are like a man with a torch surrounded by darkness. 
The man wants to experience the darkness, but keeps running 
senselessly at the darkness with his torch still in hand. He does not 
realize that he must drop the torch and plunge into the darkness. The 
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In our teaching 
we have an 
obligation to help 
our students to 
think about the 
uncertainties and 
ambiguities of 
nature as they are 
found at the 
interface between 
the known and 

the conjectural, 
but we have 
also...the higher 
responsibility to 
help them 
function on this 
side of that 
interface. On this 
side -- well back 
from the exciting 
and esoteric 
frontier where 
Einstein and Bohr 
still wrestle to a 
draw, our 
students are 
presented with 
obstacles to clear 
thinking and daily 
assaults against 
science and 
against the 

integrity and 
reasoning of the 
people who do it. 
Charles Stores, a 

master teacher. 
 
 

 
 
 
 
 
 

 

proliferation of philosophical interpretations of quantum physics is a 
symptom of the shipwreck of a traditional Western way of 
understanding, of our inability to "let go" of our Western torch -- our 
traditional logic, epistemology, and ontology. It is also a symptom of our 
inability to let go of our egocentricity, our persistent attempt to define 
everything in purely human terms, as if we are somehow special and 
separate from the rest of the universe. Like a nervous, self-centered 
teenager at a party, concerned only with what others think of him, our 
entire field of vision and understanding is narrowly defined in terms of a 
"me." Because of our fear of letting go, there is much that is right in 
front of us that we are missing. 

According to this interpretation, the mathematics is complete just as it 
is. What the Schrodinger equation depicts for microscopic objects is also 
true for any macroscopic object. The universe is not full of separate 
objects, of separate people and places. Rather, it is an unbounded field 
of entangled possibilities. Because of the level of our conscious 
awareness, we fail to realize that duality, ambiguity, and 
interdependence are the rule rather than the exception. Mathematics 
may be one of the closest languages we have to representing these 
truths. All languages, however, are ultimately inadequate. Myths, 
stories, analogies, pictures, mathematical equations -- all such symbolic 
systems can but point to that which can only be fully understood 
through a deep meditative experience. 

In the episode entitled "The Edge of Forever" in the "Cosmos" television 
series, Carl Sagan visits India, and by way of introducing some of the 
bizarre ideas of modern physics, he acknowledges that of all the world's 
philosophies and religions those originating in India are remarkably 
consistent with contemporary scenarios of space, time, and existence. 
However, adamantly skeptical of the knowledge value of a nonrational 
mystical intuition, he concludes that although these religious ideas are 
worthy of our deep respect, this consistency is obviously only a 
"coincidence." Using natural selection as a model, he proposes that it is 
"no doubt an accident," because given enough time and possible 
proposals, given enough creative responses to the great mystery of 
existence, some ideas will fit the truth just right. 

Other critics of the convergence thesis have not been as charitable. They 
argue that it is just plain silly to interpret an ancient belief system, 
founded upon certain psychological needs and within a historical 
context, in terms of any modern perspective. It is obvious, they argue, 
how the Hindu and Buddhist beliefs could soothe people living under 
extreme conditions. If our day-to-day reality is but a fleeting 
manifestation, then the vicious misfortune and meaningless suffering of 
this world are not real. For these critics, the methodology of 
psychological need as an origin of these ideas implies there is no 
connection. By understanding the obvious psychological motivation for a 
set of beliefs, it is argued, one can question the truth of these beliefs. To 
further suggest that there is any connection between these beliefs and 
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the results of rigorous experimental science is ludicrous. 

Defenders of the convergence thesis argue that these arguments are 
flawed. If the ideas of Hinduism and Buddhism are simply the result of a 
lot of guessing, and the serendipitous contingency of evolutionary 
processes the appropriate model, then shouldn't all the guessing that 
takes place over time should be consistent with a macroscopic 
environment, not a microscopic environment with which a primitive 
people have no experience? And even if it is true that a belief system 
serves a set of psychological needs, does this prove the belief system 
false? Many scientists are also surely motivated for many reasons to 
hold the beliefs they do: a philosophical perspective, the need for 
certainty, the need for security (be it a government grant or tenure at a 
prestigious university). That scientists have biases and motivations to 
believe what they do does not prove that what they finally believe is 
false. 

Both of these arguments, however, do reveal a sobering point. The 
philosophical consistency between Hinduism and Buddhism and the 
results of modern science does not prove much by itself. Historically, we 
have seen many instances of a philosophy or a religious view being 
consistent with the science of a time, and a consequent rush to claim 
that the new science validates a religion or a philosophy. For both 
Copernicus and Kepler, the sun-centered system of the planets was 
consistent with their Neoplatonism and the idea that the sun was the 
"material domicile" of God. Similarly, for Bruno the sun-centered system 
was consistent with a larger universe and a greater God. For Newton a 
universe based upon the laws of universal gravitation was consistent 
with a conception of God as a master craftsman, a creator of an almost 
perfect machine who left a few defects with which to give Himself 
something to do. For some of the initial supporters of Darwin, natural 
selection was interpreted as a vindication of a philosophy of inevitable 
progress based upon a capitalistic economic system. 

Perhaps the more pertinent question, applicable to all the 
interpretations of quantum physics, is not which offered paradigm is the 
truth, but which one will give us the most mileage? Which one, if 
followed as a guide, will be the most fruitful in stimulating the 
imagination of the next generation of scientists in devising new ideas, 
mathematical relationships, and experiments? In this chapter we have 
not given much attention to that area of modern physics that recently 
has gotten the most notoriety. In spite of the overwhelming success of 
the experimental demonstration that a traditional metaphysics of 
reductionism is inadequate, most physicists, concerned with the day to 
day demands of obtaining research grants and Nobel prizes, have simply 
filed such demonstrations away and continued with the Einsteinian 
quest, searching for more and more exotic particles, new "things" that 
will prove the supersymmetry theories, unifying all the known forces of 
nature and catapulting our understanding to the first microseconds of 
the universe and perhaps beyond. 
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I believe that 
certain erroneous 
developments in 
particle 
theory...are 

caused by a 
misconception by 
some physicists 
that it is possible 
to avoid 
philosophical 
arguments 
altogether. 
Starting with poor 
philosophy, they 
pose the wrong 
questions. It is 
only a slight 
exaggeration to 

say that good 
physics has at 
times been 
spoiled by poor 
philosophy. 
Werner 
Heisenberg 
 

 
 
 
 
 
 
 
 
 
To see the world 
in a grain of sand. 
And heaven in a 
wild flower; 
Hold infinity in the 

palm of your 
hand. 

String Theory 

In spite of the tremendous explanatory, experimental, and technological 
success of quantum theory, physicists are still bothered today over the 
fact that the theory has not been unified with Einstein's general theory 
of relativity. Even more important, when our best physical theories are 
used to explain the origin, development, and current state of the 
universe, there remains an underlying lack of elegance similar to what 
bothered Copernicus, Kepler, and Galileo about the Ptolemaic universe. 
Just as retrograde motion was not rigorously determined by the 
Ptolemaic geometric machinery, so our current understanding of why 
the elementary particles have the properties that they do and why there 
are four forces in nature seems incomplete. For instance, why is a muan 
(mostly detected in cosmic rays from outer space) very similar to an 
electron except have a mass 200 times heavier? Why does a proton have 
the mass that it does? Why does a photon have zero mass? Physicists 
call these quantities undetermined "parameters," and like Copernicus 
and Kepler they want to find the God equation, one master principle or 
set of equations that explains everything. 

Today, for physicists interested in such cosmological holy grails the place 
to be working in developing a career is in what is called String theory. 
Direct empirical evidence does not yet exist for the theory, and some 
physicists have estimated that it would require an accelerator like CERN, 
the size of a galaxy to produce the necessary energy for direct empirical 
evidence of the foundational ingredients of the theory. Nevertheless, 
the potential elegance and explanatory power of the theory are so great 
that thousands of physicists in the past several decades have dropped 
former projects to pursue the new theory. 

According to this theory, all the particles of matter and the forces of 
nature might be explained by purely mathematical objects, tiny strings 
that vibrate in and out of various multidimensional spaces, called 
Calabi-Yau spaces. Just as music is made by the vibration of piano or 
violin strings, in String theory an electron is explained as a particular 
resonate pulsation of a string vibrating in a particular way in 
multidimensional space and a muan results from a different type of 
vibration. According to physicist Brian Greene, 

Far from being a collection of chaotic experimental facts, particle 
properties in string theory are the manifestation of one and the same 
physical feature: the resonate patterns of vibration - the music, so to 
speak - of fundamental loops of string. The same idea applies to the 
forces of nature as well ... force particles are also associated with 
particular patterns of string vibration and hence everything, all matter 
and all forces, is unified under the same rubric of microscopic string 
oscillations - the 'notes' that strings play.(11) 

It is important to note the possible philosophical implications of such a 
theory. The table my computer is sitting on is already seen as somewhat 
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And eternity in an 
hour. William 
Blake 
 
 
 
 
 
 
 
 

 
 
 
What holds true in 
the world of 
electrons does not 
govern the world 
of chess and 
apples. James 
Randi 

illusory by the standards of quantum physics. It is not really hard and 
solid. The hardness is simply a human perception based on how we 
physically feel the result of the interaction between the opposing 
negative electric charges from the electrons on the surface of our hands 
and the table. Our perception of hardness is actually the result of 
electromagnetic forces. Furthermore, the atoms in the table are 99.9% 
empty space, and if the Schrodinger equation is taken literally, a big "if" 
remember, the electrons are only mostly "there" in the table I see. Some 
of the energy of the electrons is smeared throughout the universe. Now, 
String theory goes even further. Not only are the electrons, protons, and 
neutrons not little solid particles of matter, they seem to be as 
ephemeral as music. To use Galileo's language, a point though that 
would certainly have shocked Galileo himself, particles of matter appear 
to be "secondary qualities." But what then are the primary qualities? 
Ultimately, what is reality made of? 

Now, do not think that these strings are like strings in our commonsense 
world. A piano string is of course made of atoms, but the strings of 
String theory are mathematical objects that can have a certain 
mathematical tension and vibrate in certain ways, but they are not 
made of anything more basic. They are geometric objects. Most 
important, strings vibrate the way they do due to the "spaces" they are 
in - the multidimensional spaces. According to Brian Greene, 

This means that extradimensional geometry determines fundamental 
physical attributes like particle masses and charges that we observe in 
the usual three large space dimensions of common experience . . . that . . 
. fundamental properties of the universe are determined, in large 
measure, by the geometrical size and shape of the extra dimensions.(12) 

But what is the ontological status of these extradimensional geometric 
spaces? Democritus' solid little atom is surely gone. What should we 
think about metaphysical materialism in general? What we call matter 
and physical things seem to be made of mathematical objects. 
Defenders of Idealism will surely claim that these objects are thoughts 
or concepts, and that Plato basically had it right about reality over 2,000 
years ago. Recall that for Plato the idea of a triangle was more real than 
any physical manifestation of a triangle. Matter is the illusion; ideas are 
real. Math existed before the physical universe. Now in String theory 
mathematical relationships make the universe that we see, and these 
mathematical relationships are not relationships between pieces of 
matter. They make the matter! 

Einstein complained that quantum physics was incomplete because of 
unification problems and because he believed in an objective universe, 
not one created by our thoughts. What if String theory is successful? 
What are we to make of reality if the unification of physics implies 
thoughts are ontologically prior to matter?(13) 

The pursuit of String theory continues in earnest. Debates rage over the 
philosophical implications. One senses that nature is not yet ready to 
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succumb completely to our latest gestures of understanding. Every past 
success at understanding has produced new mysteries. Why should it be 
any different now? There is every reason to believe that our romance 
will continue, that there are many mysteries left for a new generation of 
physicists. Although there have been many pretenders since the time of 
Kepler, no one has yet read the mind of God. 

1. Technically these are known as the Photoelectric effect, Compton effect, Young and 
Davisson-Germer diffraction wave experiments, Stern-Gerlach interferometer experiments, Bell's 
inequality theorem and the Aspect experiments. (Click Back to return to text.)  

2. Actually a diffraction pattern, a diffused piling effect, results, which is also a wave effect. So the 
wave effect shows particle characteristics, the individual hits on the film, and the particle effect 
shows wave characteristics, the diffraction pattern.  

3. So called because much of the work done by Bohr, Werner Heisenberg, and others was done in 
Copenhagen, Denmark.  

4. After the French physicist Alain Aspect, who was the leader of a team that conducted this crucial 
experiment. The results were published in an unassuming three page paper "Experimental Tests of 
Realistic Local Theories via Bell's Theorem," Physics Review Letters, Aug. 17, 1981.  

5. Polarization is what makes Polaroid lenses and dark glasses possible. A Polaroid lens allows 
photons of light with only a particular spin orientation to pass through. Those without this 
orientation are blocked, thus selectively lessening the intensity of light that passes through.  

6. Switching devices were activated by high-frequency waves at a rate 100 million times per second. 
Because the finish lines were 10 meters apart, no signal could be exchanged between the separated 
particles at the speed of light.  

7. Some attempts at unifying all the known physical forces into a superforce have used mathematical 
devices that refer to between 11 and 26 dimensions.  

8. John Gribbin, In Search of Schrodinger's Cat: Quantum Physics and Reality (N.Y.: Bantam Books, 
1984), p. 241. The title is taken from a paradox first discussed by Schrodinger. If a cat is placed in a 
special box with a deadly vial of poison and a quantum device is used to trigger its release, then until 
we open the box to measure the state of the cat, the cat is both alive and dead. Like the electron, 
the cat is represented by a superposition of states. The Many World's interpretation solves this 
paradox by claiming that in one world the cat is alive and in another it is dead.  

9. This process would not be a onetime event. It would be on-going with many universes being 
created before and after ours.  

10. However, Wheeler has been very critical of those who would use this abandonment of realism as 
an excuse for believing in the occult or mysticism. See the next section.  

11. Brian Greene, The Elegant Universe: Superstrings, Hidden Dimensions, and the Quest for the 
Ultimate Theory(New York: Vintage Books, 2000), pp. 15-16.  

12. Greene, p. 206. Greene's emphasis.  
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13. Although space does not permit us to discuss this further, it is worth noting that there are two 
types of Idealism, objective and subjective. For an objective idealist, ideas have an independent 
reality. Plato believed that the idea of a triangle existed even if there were no human minds around 
to discover it. For a subjective idealist, our thoughts create reality. For the philosopher Berkeley if 
there were no mind around, a tree falling in a forest would have no sound. In fact, there would be no 
forest. The type of idealism that Einstein objected the most to was subjective idealism, which seems 
to be implied by the Copenhagen interpretation. String theory seems to support objective idealism. 
Einstein may have approved of this type of Idealism, because he did believe in Spinoza's God, a God 
of pure consciousness and thought. Spinoza also believed studying mathematics was the closest we 
could come to in understanding God. 

Quantum Reality: Beyond the New Physics, by Nick Herbert (Garden City, N.Y:, Anchor Press, 1985).  

Although many books have attempted to convey to a generalist audience the philosophical 
excitement and perplexities inherent in the development of quantum physics, this book is highly 
recommended for its readable style, objectivity, and boldness. It presents each of the major 
interpretations of quantum physics fairly and is written by a physicist willing to discuss issues of 
reality in a nonmathematical language (something most physicists have been taught not to do). It 
also incorporates historical perspective with the important work by Bell and Aspect. For other 
introductory presentations for the nonspecialist see Taking the Quantum Leap, by Fred Alan Wolf 
(San Francisco: Harper and Row, 1981) and In Search of Schrodinger's Cat: Quantum Physics and 
Reality, by John Gribbin (New York: Bantam Books, 1984), both of which advocate a particular 
philosophical perspective.  

The Dancing Wu Li Masters: an Overview of the New Physics, by Gary Zukav (New York: Morrow, 
1979), and The Tao of Physics: An Exploration of the Parallels between Modern Physics and Eastern 
Mysticism, by Fritjof Capra (Berkeley, Calif.: Shambhala, 1975).  

Although these books are also intended to be introductory, both are controversial, as noted in this 
chapter, in advocating the convergence thesis. If nothing else, both books show how developments 
in the quantum domain have caused the Western mind to reach beyond its cultural tradition for 
some philosophical help and guidance in constructing a new image of reality. Also see, Einstein's 
Space and Van Gogh's Sky: Physical Reality and Beyond, by Lawrence L. LeShan (a psychologist) and 
Henry Margenau (a physicist) (New York: Macmillan, 1982) for an attempt to frame a new view of 
reality and mind using Eastern philosophy as a guide. The authors even discuss parapsychology and 
extrasensory perception within this context.  
Atomic Physics and Human Knowledge, by Niels Henrik David Bohr (New York: Wiley, 1958), Physics 
and Philosophy; the Revolution in Modern Science, by Werner Heisenberg (New York: Harper, 
1958), and Mind and Matter, by Erwin Schrodinger (Cambridge, England: Cambridge University 
Press, 1958).  
In these books three of the major players in the development of quantum physics give their 
interpretations of what this development means. Also see Heisenberg's Philosophical Problems of 
Quantum Physics (Woodbridge, Conn.: Ox Bow Press, 1979), and Across the Frontiers (New York: 
Harper & Row, 1974).  
The Philosophy of Quantum Mechanics; the Interpretations of Quantum Mechanics in Historical 
Perspective, by Max Jammer (New York: Wiley, 1974).  
A complete scholarly resource for anyone ready to get serious about understanding the different 
schools of thought, and their historical origin, that have arisen in response to quantum physics. With 
some higher order mathematics the book covers from the 1920's up through the significance of 
Bell's work and the Many Worlds interpretation. Includes a very nice development of the 
Copenhagen interpretation and the Bohr-Einstein debates.  
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The Shaky Game: Einstein, Reality, and the Quantum Theory, by Arthur Fine (Chicago: University of 
Chicago Press, 1986).  
The book's title is taken from Einstein's concern that the Copenhagen interpretation implies playing 
a "risky game" with reality, that physics was abandoning its role of determining the independent 
physical states of a natural world. The author argues that Einstein was misunderstood and that the 
Bell and Aspect developments in quantum physics may be incompatible with a "reductive" and 
classical realism, but are not necessarily incompatible with a "minimal" realism or what the author 
calls a "natural ontological attitude." Although the author's attempt to semantically navigate around 
the implications of the Aspect experiment is suspect, the book summarizes the philosophical issues 
well.  
Quantum Theory and the Schism in Physics, by Sir Karl Raimund Popper, ed. by William Warren 
Bartley (Totowa, N.J.: Rowman and Littlefield, 1982).  
This compilation of writings and thoughts on quantum physics starts in the 1920s. It represents an 
attempt by one of the major philosophical figures of the twentieth century to counter the 
"subjectivism," and what the author calls "the great quantum muddle," produced by Heisenberg's 
and Bohr's Copenhagen Interpretation. Popper argues that a proper understanding of quantum 
physics, involving a "propensity" particle interpretation, where there are no waves and only 
objective probabilities of (admittedly queer) particles, can return science to its rightful enterprise of 
relentlessly getting us closer to the truth. Because this interpretation would ultimately have us 
return to thinking of electrons, photons, and protons as independent real things capable of precise 
locations, a position apparently refuted by the Aspect experiment, the author has been accused of 
violating his own epistemology and imposing a dogmatic metaphysics upon science. For an especially 
scathing criticism of Popper's interpretation, see Paul Feyerabend's "On a Recent Critique of 
Complementarity," Philosophy of Science 35 (1968): pp. 309-331; and 36 (1969): 82-105, and 
"Trivializing Knowledge: a Review of Popper's Postscript," Inquiry -- An Interdisciplinary Journal of 
Philosophy 29, no. 1, (1986): pp. 93-119.  
Wholeness and the Implicate Order, by David Bohm (London: Routledge & K. Paul, 1980).  
An important work. Bohm is most noted for his unsuccessful attempt at creating a "hidden variable" 
interpretation of quantum physics that will lead to novel, testable predictions. Bohm's book gives us 
a glimpse of a possible, creative neorealism that preserves the undefinable, undescribable, and 
immeasurable nature of quantum reality. The book also contains comments on Eastern mysticism 
and the ultimate philosophical questions generated by modern science. For Bohm's thoughts on the 
latter, also see his discussions with the noted mystic, Jiddu Krishnamurti, in their Truth and Actuality 
(San Francisco: Harper & Row, 1980). For two other interesting attempts to reestablish some kind of 
realism in quantum physics, see Bernard d'Espagnat's In Search of Reality (New York: 
Springer-Verlag, 1983), and Alastair I. M. Rae's, Quantum Physics, Illusion or Reality? (Cambridge, 
England: Cambridge University Press, 1986).  
Quantum Theory and Reality, ed. by Mario Bunge (New York: Springer, 1967), Paradigms & 
Paradoxes; the Philosophical Challenges of the Quantum Domain, ed. by Robert Garland Colodny 
and Arthur Fine (Pittsburgh: University of Pittsburgh Press, 1972), and From Quarks to Quasars: 
Philosophical Problems of Modern Physics, ed. by Robert Garland Colodny and Alberto Coffa 
(Pittsburgh: University of Pittsburgh Press, 1986).  
Books of readings by philosophers of science. The first one contains the original article by Karl 
Popper, revised and expanded in his Schism book, in which he characterizes the Copenhagen 
interpretation as causing "the great quantum muddle," and the last two contain excellent articles on 
Einstein. See "Quantum Mechanics without 'The Observer,'" by Popper in the Bunge book, "The 
Nature of Quantum Mechanical Reality: Einstein versus Bohr," by C.A. Hooker in Paradigms, and 
"Einstein and the Quantum: Fifty Years of Struggle," by John Stachel in From Quarks to Quasars.  

Flatland--A Romance of Many Dimensions, by Edwin A. Abbott (IndyPublish.com, 2002) 
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The original version of this book was published in 1880. Several books have been written since to 
help the general reader and non-mathematician understand the possibility of dimensions beyond 
our common sense perspective on space. (See also, Flatterland: Like Flatland, Only More So, by Ian 
Stewart) In addition to making fun of our egocentric views of reality, Abbott also satirized the 
ethnocentrism of his Victorian England society. 

Articles to Knock Your Socks Off:  

"An Obstacle to Creating a Universe in the Laboratory," A. Farhi and Alan Guth, Physics Letters. 183 
B (1987): 149-155.  

"Are Superluminal Connections Necessary?", Henry Pierce Stapp. Nuovo Cimento 40B, no. 1 (1977): 
191-204.  

"Creation of the Universe from Nothing," Physics Letters. 117 B (1982): 25-28.  

"Demonstrating Single Photon Interference," Arthur L. Robinson. Science 231 (February 14, 1986): 
671-672.  

"Einstein Was Wrong," Paul Davies. Science Digest, (April 1982): 40-41.  

"Origin or the Universe as a Quantum Tunneling Event," Physical Review D 25 (1982): 2065-2073.  

"Princeton University Dean of Engineering Justifies Psychic Research." Science News 116, no. 21 
(November 24, 1979): 358-359.  

"Testing Superposition in Quantum Mechanics," Arthur L. Robinson. Science 231 (March 21, 1986): 
1370-1372.  

"The Copenhagen Interpretation," Henry Pierce Stapp. American Journal of Physics 40 (August 
1972): 1098-1116. 
 
"The Quantum Theory and Reality," Bernard d'Espagnat. Scientific American 241, (Nov. 1979): 
158-181.  

An Introduction to Reality Shifts 

Most of us have noticed things missing from places where we're certain we last saw them. Lost 
socks, missing keys, wallets, and tools often seem to have a mind of their own... disappearing from 
the places we know we put them and sometimes reappearing unexpectedly. Mechanics are so 
familiar with this phenomenon that they refer to "gremlins" who must be responsible for moving 
their tools around.  
 
We also notice synchronicities and coincidences in our lives... times when the events happening 
around us seem orchestrated to bring together ideas, people, and situations. 
 
Take a moment now to consider the possibility that your thoughts and feelings are responsible for 
creating your experience of reality... that the very way you observe the universe is affecting what 
you are observing. Just as the most fundamental building blocks of matter and energy are 
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non-locally connected across time and space so that they change their spin simultaneously when 
they are observed, so too can we notice such "spooky action at a distance" when we make wishes or 
prayers that come true. 
 
Albert Einstein used the expression “spooky action at a distance” to convey his doubt that quantum 
non-locality could exist. Quantum non-locality was experimentally proven in the 1980’s in Paris in a 
series of experiments conducted by Alain Aspect and his colleagues. These experiments measured 
the polarization of two twin photons... one photon being “up” and the other “down” as they 
traveled in different directions. Aspect’s experiments dealt with beams of correlated photons (pairs 
of one up and one down photon), and these experiments showed that as the angle of measurement 
changed for measuring the first group of photons, the statistical probability of the second group of 
photons going through the filter at a different angle was changed. 
 
Physicists seeking to prove that the world operates locally (a measurement taken in one place 
cannot have a remote effect) conducted an experiment in the early 1970’s in Berkeley, California. 
John Clauser, Michael Horne, Abner Shimony and Richard Holt were surprised to find that quantum 
particles DO change their polarization across distances of space. This experiment was especially 
significant, because the experimenters set out to prove locality, and were unable to do so. 
 
The connection between “spooky action at a distance” and wishes and prayers is that everything in 
this universe is made up of quantum material at its very core. You and I and everything else that 
exists consist of particles that have twin particles located elsewhere. When changes occur within us, 
twin particles elsewhere are simultaneously affected. Since quantum particles appear as “particles” 
at the point in time and space where they are observed... the very act of observation in one place 
(wishing or hoping or praying) brings about change elsewhere. 
 
Reality shift experiences have been almost universally ignored or denied until now, when the subject 
can finally be raised in a non-stigmatizing way with the explanation that these changes are not in 
violation of the laws of physics, but are a natural part of the way we interact with the world. 

 
Why Reality Shifts 
Physics is a science, and as such, it's answers will be ever-changing. We can find eternal answers in 
spiritual teachings by enlightened men and women who have understood the basic truths about the 
nature of reality. In other words, we may think we finally know what's going on according to the 
latest discoveries in science, yet each new discovery is just a step on a path of ever-greater 
understanding. Wise spiritual teachers have long known that reality shifts with our thoughts and 
feelings. 
 
All matter has a quantum nature 
 
Quantum mechanics does not merely apply to the realm of the very small. Physicists working on 
finding the theory of everything (TOE) are currently working to unify quantum physics with 
relativity... so that one theory can explain the physical behavior of everything from the tiniest 
subatomic particles to the biggest celestial bodies. As physicist David Greene writes from the 
perspective of a physicist on the front-lines of the TOE quest in his book, The Elegant Universe,  
 
 
"The strategy of beginning with a theoretical description that is classical 
and then subsequently including the features of quantum mechanics has 
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been extremely fruitful for years. It underlies, for example, the standard 
model of quantum physics. But it is possible, and there is growing evidence 
that it is likely, that this method is too conservative for dealing with theories 
that are as far-reaching as string theory and M-theory. The reason is that 
once we realize that the universe is governed by quantum mechanical principles, 
our theories really should be quantum mechanical from the start. We have 
successfully gotten away with starting from a classical perspective until now 
because we have not been probing the universe at a deep enough level for this 
coarse approach to mislead us. But with the depth of string/M-theory, we may 
well have come to the end of the line for this battle-tested strategy."  
 
 
These physics pioneers on the cutting edge of finding the TOE believe that our universe most likely 
consists of many more than the three spatial dimensions we are familiar with... and that many more 
dimensions lie hidden all around and inside us, curled up. 

 
Quantum behavior changes our assumptions about reality 
 
Our old assumptions about the true nature of reality don't work in the realm of the very small 
("quantum")... so that means they need to be replaced with better assumptions. Experiments in 
quantum physics have proven that assumptions of locality, causality, objectivity, and material 
monism (only matter matters) are incorrect. Better assumptions at the quantum level are: 

Non-locality 
Probability 

Interconnectivity 
Mind and Matter are inseparable 

 
 
What is really happening at the quantum level? 
 
There are four leading quantum theories, all of which work equally well at predicting the behavior of 
quantum particles. Whichever interpretation you prefer, remember that it describes quantum 
particles as behaving non-locally according to probabilities... and every time an observer makes any 
measurement, that observation changes the world. 

 
Copenhagen Interpretation 

The Copenhagen interpretation of quantum physics was first described and presented by Niels Bohr 
in Italy in 1927. Bohr suggested that quantum particles exist as waves which might be anywhere 
until the wave function is collapsed. As long as nobody looks, each quantum particle is equally 
distributed in a series of overlapping probability waves, in a superposition of states. 

 
Many Worlds Interpretation 
In the 1950's, Hugh Everett III proposed that every possibility inherent in each wave function is real, 
and that ALL of them occur. Possibilities become actualities with each measurement that is made, 
and infinite slightly different realities come into existence as each quantum event is observed. All 
possibilities are equally real. 
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Transactional Interpretation 
John Cramer's transactional interpretation of quantum physics suggests that "handshakes" take 
place between quantum particles in different points in time and space. In Cramer's interpretation, a 
particle here and now on Earth instantaneously communicates with particles light-years away in 
time and space, as one particle sends an "offer" wave and another responds with a "confirmation" 
wave. 
 
Holographic Interpretation 
Physicist David Bohm and neurophysiologist Karl Pribram proposed that the universe may be like a 
giant hologram, containing both matter and consciousness as a single field. This model suggests that 
the objective world "out there" is a vast ocean of waves and frequencies which appears solid to us 
only because our brains convert that enfolded hologram into an unfolded sense of material we can 
perceive with our senses. 
 

Alain Aspect of the University of Paris, in 1982 discovered that subatomic particles like electrons are 
capable of immediate communication no matter the distance. If a particle by interventions of the 
researcher received an opposite "spin", this would have an immediate effect on its "twin particle" 
whether the distance was 10 miles or 10.000 miles, or 10.000.000 miles for that matter. This would 
mean that the transfer of communication between these particles took place faster than light, which 
is in contradiction with Einstein's theories that tell us that nothing can go faster than light.  

  

NONLOCAL CORRELATION by two 

particles is demonstrated in the Franson 

experiment which sends two photons to 

separate but identical interferometer. 

Each photon may take a short route or a 

longer 'detour' at the first beam splitter 

They may leave through the upper or 

lower exit ports. A detector looks at the 

photons leaving the upper exit ports. 

Before entering its interferometer, 

neither photon knows which way it will 

go. After leaving, each knows instantly 

and nonlocally what its twin has done 

and so behaves accordingly. Although in 

these experiments the photons were 

separated by only a few feet, quantum 

mechanics predicts that the correlations would have been observed no matter how 

far apart the two interferometers were.  

http://www.dhushara.com/book/quantcos/qnonloc/qnonloc.htm 
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 In order to keep Einstein's theory of relativity and the principles of causality 

intact,  

some scientists are explaining this effect away as being random.  

One of the oddities of quantum particles is that their properties only take on definite values when 
measured. The electron and positron, for instance, are both effectively spinning. Either particle's spin 
is equally likely to be clockwise (known as "up") or anticlockwise ("down")-but you won't know which 
unless you measure it. Until that measurement is made the particle is in a weird indefinite state, a 
"superposition" of both spins. What is definite, however, is that in an entangled state, the spins of 
the two particles are intimately linked. Since the original pion had no spin, the positron and electron 
must always spin in opposite senses so that their net spin remains zero. If you find the electron's spin 
to be "up", you'll find the positron's to be "down", and vice versa. So it is as if the two entangled 
particles, no matter how far they are apart, are not really separate at all. Measure one, and as its 
spin becomes definite this triggers the other to respond. Its indeterminate spin also becomes 
definite, in the opposite direction to that of its partner. What is astonishing and disturbing is that this 
response happens instantaneously even if the particles are separated by huge distances. 

Consequently, quantum theory requires action at a distance. What happens in one part of the 

Universe can have instantaneous "nonlocal" consequences in other parts, no  

And this poses a problem, because instantaneous action at a distance is a punch in the nose for 
Einstein. His theory of relativity-the cornerstone of physics -claims that our Universe has an absolute 
speed limit.  

Nothing, according to Einstein, can travel faster than light. So you might wonder-do we really need to 
swallow this nonlocal quantum weirdness? Perhaps there is a better theory that accounts for these 
entanglements without action at a distance? Think of this: if someone separated a pair of your shoes 
by a great distance and then weighed one, they would immediately have a good estimate of the 
weight of the other. There's no mystery here. Nothing nonlocal. Shoes have weight. And if they come 
from a pair, their weights are correlated from the outset. Could something similar be true for 
entangled particle pairs? Despite what quantum theory says, perhaps the particles do have definite 
spins, arranged oppositely at all times, and measurements merely reflect this pre-existing situation. 
This is an obvious possibility. It might even be true. The trouble is, it doesn't cushion the blow for 
relativity. In 1964, physicist John Bell of CERN, the European Laboratory for Particle Physics, 
examined this line of argument in detail and proved a famous theorem which fellow physicist Henry 
Stapp of the Lawrence Berkeley Laboratory in California calls "the greatest discovery of all science". 
Bell first supposed that quantum theory doesn't say all there is to say about quantum particles. He 
then proved that if any more complete theory - any theory imaginable - were to give predictions in 
agreement with quantum theory, it would necessarily still contain the same kind of nonlocal 
influences as ordinary quantum theory. "What Bell gave us," says philosopher David Albert of 
Columbia University in New York, "is a proof that there is a genuine nonlocality in the workings of 
nature, however we attempt to describe it, period." Every conceivable story about entangled states 
has to be nonlocal. There is no escape. Unless, of course, entangled states don't really exist, and 
quantum theory is wrong.  

http://www.dhushara.com/book/quantcos/qnonloc/qnonloc.htm 

Some extragalactic sources also seem to expand faster than Light.  

Or maybe it is all part of the illusion. 

http://matter-of-spirit.com/Faster_than_speed_of_light.htm
http://matter-of-spirit.com/david_bohm.htm
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Chapter 6 

What is an Atom, But Just a set of Energy locked in a 
Mathematic State 

Basic 5th grade science tells us. We are made of atoms and atoms are made almost 
exclusively of electrons, protons and neutrons. None of us can in any way perceive the 
simple truth presented to us in 5th grade. We live in the false belief that there is solid flesh 
in pour bodies, when we know that it is not true. The outer area of any atom or molecule is 
made of the electrons. The electrons have a very strong electric charge. So strong that two 
electrons can almost never touch, the energetic charge will repel them. No atom ever 
touches another atom. No molecule ever touches another molecule. Everything is held 
together with energetic, quantic, electro-static-magnetic, or other subatomic forces. All of 
life is mostly electrons and protons. These are the basic forces of electricity. All of the 
interactions of life are energetic and electrical at some level. The field of voltammetry tells 
us this simple fact. We appear solid because these forces are strong. But we cannot touch 
anything but just interact with energy fields. This is basic 5th grade science but our society 
has decided that since this interferes with the sale of pharmaceuticals, we will ignore this 
simple truth in medicine. People such as me, who try to reposition medicine to this truth are 
attacked and persecuted.  

The molecular structure hypothesis - that a molecule is a collection of atoms linked by a 
network of energetic bonds - was developed in the nineteenth century experimental 
chemistry. It has served as the principal means of ordering and classifying the observations 
of chemistry. But the advent of Quantum Physics allowed us to better understand and clarify 
this field of knowledge.  

Richard Feynman and Julian Schwinger redeveloped the science of physics to enable one to 
ask and answer the questions "what is an atom in a molecule and how does one describe its 
properties?" These questions were posed in the laboratory where it was demonstrated that 
this new formulation of quantum physics, when applied to the observed topology of the 
distribution of electronic charge in real space, gave us a unique idea of some total system 
into a set of bounded spatial regions. The form and properties of the groups of electronic 
charge so defined predictably can describe the characteristics ascribed to the atoms and 
functional groups of chemistry. The Mendeleev table was shown to be a simple exercise in 
Quantum Physics. All of Chemistry can only be described in quantum physics. This is also 
clear cut science fact. By establishing these quantum associations, the molecular structure 
hypothesis is set free from its empirical restraints and the full predictive power of quantum 
mechanics can be incorporated into the resulting theory - a theory of atoms in molecules, 
crystals and biology.  

 The theory tells us the central operational ideas of the molecular structure hypothesis. 
That a functional grouping of atoms with an additive and characteristic set of energetic 
properties, together with a description of the energetic bonds that link the atoms and 
impart the molecular structure. This theory thereby quantifies and provides the physical 
understanding of the existing concepts of chemistry. This theory also makes possible new 
applications. These new applications will eventually enable one to approximate on a 
computer, in a manner closely paralleling experiment, most everything that can now be 
approximated in the laboratory.  

Quantum Electro-Dynamics is a science that further takes our understanding of science to a 
new level. Here any change in a quantic state of a subatomic particle such as electron and 

http://www.chemistry.mcmaster.ca/faculty/bader/aim/feynman.html
http://www.chemistry.mcmaster.ca/faculty/bader/aim/schwinger.html
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proton has a photonic release or absorption. When a photon hits an electron in the right way 
the electron goes to a higher energy state (Calvin Cycle). When an electron goes to a lower 
energy state it gives off a photon. Sun light goes into the plant making the energy of high 
charged electrons into carbohydrates. The body takes in the highly charged electrons and 
uses them to make ATP for energy (Krebs Cycle). This releases photonic energy in the form of 
body heat. The energetic fields that bind us together and make us appear solid have a 
photonic relationship. Only QED allows us to understand this. But since the chemical 
companies can not change the energy states of a electron, their synthetic medicines and 
foods are not really compatible with the human. So the use of the word quantum is 
discouraged by them and our science stagnates because of the drive for profit.  

The absorption of photons through photosynthesis allows for the formation of stronger 
covalent bonds and the development of biology. The animals and others release this 
photonic energy as body heat. Thus the cycle of photonic absorption and release is the basis 
of our biology. This is an integral by product of the energetic bonds that make up everything, 
especially our biology.  

This simple article reviews and recounts this simple scientific fact of how our biology is made 
up. There is a fixation on the false belief that we are solid and not energetic, when in fact 
using our 5th grade science we show that we are indeed energetic in nature.  

The human body has cells that take the energy stored in the plants for food. The photons of 
the sun hit the plants and slowly elevate them to higher energy states. 

 Since we are an energetic being with excess electrical energy in every cell, all of life’s 
functions are basically electrical. The highly charged electrons in carbohydrate sugars have 
their energy converted to ATP for energy in every cell. There is an intricate extremely 
complex chain of events leading to this process, but all processes must involve electrons, 
photons, protons and other forms of energy.  

Voltammetry is the study of how a substance usually a hormone reacts at a receptor site to 
exchange the energy of a molecule via electron transfer which makes up a voltammetric 
reaction. Thus the shape and nature of the energetic field of an item can be measured. This 
field can be used to approximate the item itself and measure the electrophysiological 
reaction of an organism to a substance.  

Global analysis of the charge stability of a person is akin to measuring the amount of free 
electrons to free protons. Most electrons and protons are bond tightly inside an atom. 
Electrons in the outer shell can be free or in a quantic imbalance seeking to balance a outer 
shell. This accounts for chemical bonds. So a direct global measure of ph can be detected 
and affected. There is a profound science of analysis of the body electric. ECG, EMG, EEG, 
GSR, to mention a few. But till now the body electric has been secondary and not of primary 
concern.  

There has also been a vast body of research showing that electro-stimulation can be helpful 
to the body. Work on tens, electro-osmosis, wound healing, and micro-current device of an 
incredible range. Few have sought to interface theses two areas and detect electrical 
aberrations in the body and the affect them. This is the design of the SCIO.  

The rest of this article is but a brief collection of writings to further validate the above 
topics. 

SCIO Sport Study review 
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Basic 5th grade science tells us. We are made of atoms and atoms are made almost 
exclusively of electrons, protons and neutrons. None of us can in any way perceive this 
simple truth presented to us in 5th grade. We live in the false belief that there is solid flesh 
in our bodies, when we know that it is not true. The outer area of any atom or molecule is 
made of the electrons. The electrons have a very strong electric charge. So strong that two 
electrons can almost never touch, the energetic charge will repel them. No atom ever 
touches another atom. No molecule ever touches another molecule. Everything is held 
together with energetic, quantum, electro-static-magnetic, or other subatomic forces. All 
of life is mostly electrons and protons that never touch but only interact trough 
electro-magnetic fields. These are the basic forces of electricity. All of the interactions of 
life are energetic and electrical at some level, 5th grade fact. 

Chemistry has been taught with the analogy of rods and balls. Every chemistry student has 
been shown molecules with balls for atoms and rods for the bonds. This implies there is a 
solid nature. There is not. The atoms are energy fields, the bonds are also fields not much 
different than two magnets that repel on the table. There is no rod or ball, but this analogy 
is used by the pharmaceutical companies to sell their wares. It is a false belief. 

The field of voltammetry tells us this simple fact. We appear solid because these forces are 
strong. But we cannot touch anything but just interact with energy fields. This is basic 5th 
grade science but our society has decided that since this interferes with the sale of 
pharmaceuticals, we will ignore this simple truth in medicine. People such as me, who try to 
reposition medicine to this truth are attacked and persecuted.  

The molecular structure hypothesis - that a molecule is a collection of atoms linked by a 
network of energetic bonds - was developed in the nineteenth century experimental 
chemistry. It has served as the principal means of ordering and classifying the observations 
of chemistry. But the advent of Quantum Physics allowed us to better understand and clarify 
this field of knowledge.  

Richard Feynman and Julian Schwinger redeveloped the science of physics to enable one to 
ask and answer the questions "what is an atom in a molecule and how does one describe its 
properties?" These questions were posed in the laboratory where it was demonstrated that 
this new formulation of quantum physics, when applied to the observed topology of the 
distribution of electronic charge in real space, gave us a unique idea of some total system 
into a set of bounded spatial regions. The form and properties of the groups of electronic 
charge so defined predictably can describe the characteristics ascribed to the atoms and 
functional groups of chemistry. The Mendeleev table was shown to be a simple exercise in 
Quantum Physics. All of Chemistry can only be described in quantum physics. This is also 
clear cut science fact. By establishing these quantum associations, the molecular structure 
hypothesis is set free from its empirical restraints and the full predictive power of quantum 
mechanics can be incorporated into the resulting theory - a theory of atoms in molecules, 
crystals and biology.  

 The theory tells us the central operational ideas of the molecular structure hypothesis. 
That a functional grouping of atoms with an additive and characteristic set of energetic 
properties, together with a description of the energetic bonds that link the atoms and 
impart the molecular structure. This theory thereby quantifies and provides the physical 
understanding of the existing concepts of chemistry. This theory also makes possible new 
applications. These new applications will eventually enable one to approximate on a 
computer, in a manner closely paralleling experiment, most everything that can now be 
approximated in the laboratory.  

http://www.chemistry.mcmaster.ca/faculty/bader/aim/feynman.html
http://www.chemistry.mcmaster.ca/faculty/bader/aim/schwinger.html
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Quantum Electro-Dynamics is a science that further takes our understanding of science to a 
new level. Here any change in a quantum state of a subatomic particle such as electron and 
proton has a photonic release or absorption. When a photon hits an electron in the right way 
the electron goes to a higher energy state (Calvin Cycle). When an electron goes to a lower 
energy state it gives off a photon. Sun light goes into the plant making the energy of high 
charged electrons into carbohydrates. The body takes in the highly charged electrons and 
uses them to make ATP for energy (Krebs Cycle). This releases photonic energy in the form of 
body heat. The energetic fields that bind us together and make us appear solid have a 
photonic relationship. Only QED allows us to understand this. But since the chemical 
companies cannot change the energy states of an electron, their synthetic medicines and 
foods are not really compatible with the human. So the use of the word quantum is 
discouraged by them and our science stagnates because of the drive for profit.  

The absorption of photons through photosynthesis allows for the formation of stronger 
covalent bonds and the development of biology. The animals and others release this 
photonic energy as body heat. Thus the cycle of photonic absorption and release is the basis 
of our biology. This is an integral by product of the energetic bonds that make up everything, 
especially our biology.  

This simple article reviews and recounts this simple scientific fact of how our biology is made 
up. There is a fixation on the false belief that we are solid and not energetic, when in fact 
using our 5th grade science we show that we are indeed energetic in nature.  

The human body has cells that take the energy stored in the plants for food. The photons of 
the sun hit the plants and slowly elevate them to higher energy states. 

 Since we are an energetic being with excess electrical energy in every cell, all of life’s 
functions are basically electrical. The highly charged electrons in carbohydrate sugars have 
their energy converted to ATP for energy in every cell. There is an intricate extremely 
complex chain of events leading to this process, but all processes must involve electrons, 
photons, protons and other forms of energy.  

Voltammetry is the study of how a substance usually a hormone reacts at a receptor site to 
exchange the energy of a molecule via electron transfer which makes up a voltammetric 
reaction. Thus the shape and nature of the energetic field of an item can be measured. This 
field can be used to approximate the item itself and measure the electrophysiological 
reaction of an organism to a substance.  

Global analysis of the charge stability of a person is akin to measuring the amount of free 
electrons to free protons. Most electrons and protons are bond tightly inside an atom. 
Electrons in the outer shell can be free or in a quantum imbalance seeking to balance a outer 
shell. This accounts for chemical bonds. So a direct global measure of ph can be detected 
and affected. There is a profound science of analysis of the body electric. ECG, EMG, EEG, 
GSR, to mention a few. But till now the body electric has been secondary and not of primary 
concern.  

There has also been a vast body of research showing that electro-stimulation can be helpful 
to the body. Work on tens, electro-osmosis, wound healing, and micro-current device of an 
incredible range. Few have sought to interface theses two areas of medicine of measuring 
the body electric and then affecting the body electric. We can detect electrical aberrations 
in the body and then affect them. To measure an factor of the body electric and stimulate 
the body with a safe signal and then auto-focus the next pulse using a cybernetic loop using 
feedback principles. To measure the body electric, find aberrations of oscillation, 
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reactivity, electro potential, resistance etc, and then to affect or repair these aberrations 
through micro-current stimulations. This is the design of the SCIO.  

The SCIO system measures 238 electrical variables every 2000th of a second or more. The 
oscillations of these variables allow us to calculate electro-potential (EEG, EMG, ECG). We 
can calculate voltage, amperage, resistance, hydration index, oxidation index, Proton 
pressure, Electron pressure, reactance, wattage power index, susceptance, capacitance, 
inductance and other electrical readings of the body. 

The computer will read these signals and over 250,000 bits of data a sec. and check for 
anomalies or aberrations in the body electric. The non-linear fuzzy logic system can assay 
problems in the body electric such as but not inclusive, osmotic distension, dehydration from 
osmotic irregularities, oxidation disturbances, muscle tone disorders, dystonia, low voltage 
potential, low amperage, power index disorders, membrane capacitance dysfunction, ionic 
inductance dysfunction, reaction profile dysfunction, brain wave irregularities, heart 
rhythm irregularities, muscular problems of power transfer, and many others. In short 
dysfunction in the global body electric. We can measure muscle disorders and effect repair. 
When a current of known oscillations is sent through healthy tissue (input) a known output is 
received on the other side (output). When there is soft tissue damage the output readings 
are different in a known way. When there is hard tissue or muscle damage there is also a 
predictable output.  

Then with a medically safe micro-current pulse the SCIO can attempt repair of these 
aberrations. The pulse is designed to electrically rectify or remedy injured tissue through 
muscular re-education or wound healing in the vernacular. The pulse can reduce pain, 
rejuvenate tissue, promote healing, and promote osmosis, balance oxidation issues, correct 
aberrant brain wave, muscle load disorders, and many other electrical issues. It is designed 
as an universal electro-physiological feedback system.  

Now as to the history of use. This science was started by an electrical engineer, medical 
doctor, quantum physicist Prof. Nelson who worked on the Apollo project in America in the 
sixties. The science was outlined in the 1982 book the PROMORPHEUS. The first registration 
of the technology was in 1989 with the FDA of America. Since then over 28,000 devices have 
been sold all over the world. The device was first registered in Europe in 1996 and now is 
registered for use in several countries. There have been over 100 peer reviewed journal 
articles written several with double blind modalities. A list is in the references. 

As for the sport studies, there has been several famous sportsmen who have used the device 
very successfully. Our studies show that the overall wellness of a person can be enhanced 
about 5%. 

 The effects are temporary and depend on the Suppression and or Obstruction to disease 
that is displayed. In other words smoking, alcohol abuse, stress, old age, and other lifestyle 
conditions that interfere with the life force limit the effect. Athletes mostly have very little 
suppression of their curative process and thus they get the greatest effect and it lasts the 
longest.  

AC Milan bought 5 devices and within one month their injury level dropped 91%. The next 
year they won both the Italian league and the European championship. This alarming 
statistic bought them to invite Prof. Nelson to Milan for more discussion. In a visit to Milan 
the team thanked Prof. Nelson for his work. AC Milan led Europe for the next two years. A 
plan for advertising was struck but was later dismissed when some of the staff could not 
understand the body electric.  
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Members of Lance Armstrong’s bicycle team used the device from one of the teams’ doctors. 
The doctor told of how he used his technology on Lance to help him win the French tour de 
France several times. Valantino Rossi has used the device to lead the world in motorbike 
racing for years. Michael Shumaker used the device to help him get an edge. 

Dennis Johnson was the NBA MVP 2 times and lead two teams to the championship game. He 
started to use the device on some of the San Antonio Spurs team. They won the NBA 
championship that year. Dennis reported incredible results with strength and stamina, but 
he never used the device on himself. His early death stopped the study.  

In China the word for sport is pronounced T U. it means education of the muscles. This device 
is registered in America to re-educate the muscles. The perfect test of the technology was 
about to come.  

Then in early 2008 the Chinese Olympic team heard of these incredible results, and the 
incredible device. They were desperate to do as well as possible in their home Olympics. 
They contacted Prof. Nelson and offered to let him do a study on some of their team. A deal 
was struck and two technicians and two devices were used in the study. They were sent to 
the Olympic training village I China. They worked feverishly at first just to get the respect of 
the Chinese doctors. The Chinese doctors were mired in the chemical training and were 
difficult to convince about energetic medicine. When a false belief is exposed to be false, 
especially to people with strong egos, there is incredible resistance. But one by one the 
resistance was broken down at just how well the device functioned. 

Many injured and sick athletes were run on the device. Overall the Chinese fielded 450+ 
athletes. 150 were run on our device. But these were in categories not supposed to do well 
in the Olympics, or they were injured or sick. Some were just about to be removed from the 
team. The device worked wonders. The doctors saw an incredible 5% increase in stamina, 
strength, and coordination. With biological factors such as hydration, oxidation, power and 
muscle function more stabilized, the athletes performed better. The device especially deals 
with muscular reeducation and restoring peak muscle performance. 

When the medal count was final over 30 medals were won by the tested group. Many athletes 
ranked below the top 50 won medals in their areas. A fact not happening in the other control 
group. This has led us to the measured conclusion that our SCIO device is capable of 
increasing an athlete performance by approximately 5%. This could be the difference from 
20th to first place.  

What is an Atom?  

 Matter is an illusion composed of energetic electronic atoms. This is a consequence of the 
manner in which the negatively charged electrons are distributed throughout space in the 
attractive field exerted by the positively charged nuclei. The proton positively charged 
nuclei act as point attractors immersed in a cloud of negative charge, the electron density 
(r). The electron density describes the manner in which the electronic charge is distributed 

throughout real space time. The electron density has a measurable property and it 
determines the appearance and form of matter. This is illustrated in the following figures. 
Figure 1 displays the spatial distribution of the electron density in the plane containing the 
two carbon and four hydrogen nuclei of the ethene molecule. The electron density is a 
maximum at the position of each nucleus and decays rapidly away from these positions. 
When this diagram is translated into three dimensions, the cloud of negative charge is seen 
to be most dense at nuclear positions and to become more diffuse as one moves away from 
these centres of attraction, as illustrated in Figure 2. The presence of local maxima at the 
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positions of the nuclei is the general and also the dominant topological property of (r). 
Figure 3 illustrates the same feature for the 110 plane of carbon nuclei in the diamond 
lattice.  

Figure 1. (a) The electron density in the plane containing the two carbon and four hydrogen nuclei of 
the ethene molecule, portrayed as a projection in the third dimension and in the form of a contour 

map. The absolute maxima in (r) attained at the positions of the carbon nuclei are not shown 
because of their large values.  

 

(a)   

 
Figure 1. (b) Same as in Figure 1a, but for a plane obtained by a rotation of 90° about the C-C axis, a 
plane containing only the carbon nuclei. 

(b)   

 
Figure 1. (c) Again, the same portrayal as in Figure 1a, but this time for a plane perpendicular to the 
C-C axis at its mid-point. What appears as a C-C saddle in (a) is seen to be a maximum in the plane 
perpendicular to the C-C axis. The point exhibits two negative curvatures perpendicular to this axis 
and one positive curvature along the axis.  

(c)   
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Figure 2. Envelopes of the electron density for the ethene molecule for values (in atomic units) of 
0.002 in (a), 0.20 in (b) and 0.36 in (c). Matter consists of point-like nuclei embedded in a spatial 
distribution of negative charge that becomes increasingly diffuse for points progressively removed 
from the nuclei.  

   

 
Figure 3. The electron density for diamond as projection above a 110 plane. The second diagram 
displays the tetrahedral structure of the bond paths linking the carbon nuclei in diamond, lines that 
are a consequence of the topology exhibited by the electron density.  

 
 

 To describe this property of the electron density one must consider not the density itself 
but the energetic field one obtains by following the trajectories traced out by the gradient 
vectors of the density. Starting at any point, one determines the gradient of (r). This is an 
energetic vector that points in the direction of maximum increase in the density. One makes 
an infinitesimal step in this direction and then recalculates the gradient to obtain the new 
direction. By continued repetition of this process, one traces out a trajectory of (r). A 
gradient vector map generated in this manner is illustrated in the upper diagram of Figure 4 
for the same plane of the ethene molecule shown in Figure 1. Since the density exhibits a 
maximum at the position of each nucleus, sets of trajectories terminate at each nucleus. 
The nuclei are the attractors of the gradient vector field of the electron density. Because of 
this fundamental property, the space of the molecule is disjoint and exhaustively 
partitioned into basins, a basin being the region of space traversed by the trajectories 
terminating at a given nucleus or attractor. Since a single attractor is associated with each 
basin, an atom is defined as the union of an attractor and its basin.  
Figure 4. Maps of the gradient vector field of the electron density for the same plane containing the 

nuclei shown in Figure 1. Each line represents a trajectory traced out by the vector (r). 
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Figure 4. (a) A display of the trajectories that terminate at the 
nuclei. Each trajectory is arbitrarily terminated at the surface of a 
small circle centered on the nucleus. The set of trajectories that 
terminate at a given nucleus (attractor) cover the basin of the 
attractor.  

 

 

Figure 4. (b) The same as (a) but including the sets of trajectories 
which terminate and originate at the bond critical points (denoted 
by dots). Only one pair of an (infinite) set of trajectories that 
terminate at the critical point lie in this plane. 

 

 

Figure 4. (c) A contour map of the electron density overlaid with 
the bond paths that define the molecular graph and with the 
trajectories that mark the intersection of the interatomic 
surfaces with this plane and define the boundaries of the atomic 
basins. 

 

What is a Bond?  

 The second gradient vector field map in Figure 4 includes the trajectories, shown in bold, 
that both originate and terminate at the critical points found between nuclei that appear 
linked by a saddle in (r) in Figure 1. A critical point denotes an extremum in (r), a point 
where (r) = 0. Associated with each such critical point is a set of trajectories that start at 
infinity and terminate at the critical point, only two of which appear in the symmetry plane 
shown in the figure. They define an interatomic surface, a surface that separates the basins 
of neighbouring atoms. There is a unique pair of trajectories that originate at each such 
critical point and terminate, one each, at the neighbouring nuclei. They define a line 
through space along which the electron density is a maximum. The two sets of trajectories 
associated with such a critical point, a bond critical point, the set that terminates at the 
critical point and defines the interatomic surface and the pair that originates there and 
defines the line of maximum density, are shown in Figure 5.  

http://www.chemistry.mcmaster.ca/faculty/bader/aim/aim_fig_4.html
http://www.chemistry.mcmaster.ca/faculty/bader/aim/aim_fig_1.html
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Figure 5. A three-dimensional display of the set of 

trajectories of (r) that terminate at a bond critical point 
and define an interatomic surface and of the unique pair of 
trajectories that originate at the same point and define the 
bond path. Only one pair of each set that terminates at the 
critical point appears in the plane illustrated in Figure 4 (b) 
and (c). 

 

 In an equilibrium geometry the line of maximum density is called a bond path because the 
set of bond paths for a given molecule, the molecular graph, faithfully recovers the network 
of chemical bonds that are assigned on the basis of chemical considerations. Thus a pair of 
bonded atoms are linked by a line along which the electron density, the glue of chemistry, is 
maximally concentrated. Molecular structures predicted by the molecular graphs 
determined by the electron density are shown in Figure 6.  

Figure 6. Molecular graphs - lines of maximum electron density linking bonded nuclei - in hydrocarbon 
molecules in diagrams 1 through 26, and boranes and carboranes below these. Bond critical points, 
where the trajectories defining the bond path originate, are denoted by dots. Note that the bond 
paths can be curved away from the internuclear axis in strained or in electron deficient molecules. A 
molecular graph and the characteristics of the density at the bond critical points provide a concise 
summary of the bonding within a molecule or crystal. 

 

 

 

http://www.chemistry.mcmaster.ca/faculty/bader/aim/f6_1-4.gif
http://www.chemistry.mcmaster.ca/faculty/bader/aim/f6_1-4.gif
http://www.chemistry.mcmaster.ca/faculty/bader/aim/f6_1-4.gif
http://www.chemistry.mcmaster.ca/faculty/bader/aim/f6_1-4.gif
http://www.chemistry.mcmaster.ca/faculty/bader/aim/f6_1-4.gif
http://www.chemistry.mcmaster.ca/faculty/bader/aim/f6_1-4.gif
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 The molecular graph undergoes discontinuous and abrupt changes if the nuclei are 
displaced into critical configurations. When this occurs, one makes or breaks certain of the 
bonds and changes one structure into another. These changes are described and predicted 
using the mathematics of qualitative dynamics and the resulting theory of structural 
stability is illustrated in Figure 7 for the very strained molecule called [1,1,1]propellane.  

Figure 7. Diagrams illustrating changes in structure induced by the dynamics of the nuclei. The 
molecular graph in a is for the highly strained [1,1,1]propellane molecule, C5H6 (the two hydrogens 
attached to each apical carbon atom are not indicated). The gradient vector field maps are for the 
symmetry plane containing the C-C bridgehead bond critical point and the three apical carbon atoms. 
When the separation between the two bridgehead nuclei is increased to a critical value, the bond 

critical point coalesces with the three neighbouring ring critical points to form a singularity in (r), as 
depicted by the gradient vector field map in b. The singularity is unstable and its formation signifies 
the breaking of the C-C bridgehead bond. Further separation of the nuclei causes it to bifurcate into 
a cage critical point yielding a new structure in which the bridgehead carbon atoms are not bonded to 
one another, the cage structure depicted in c. 
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The Topological Atom is the Quantum Atom  

The definition of an atom in terms of the topology of the electron density is neither valid nor 
useful if its properties are not predicted by quantum mechanics. The fundamental nature of 
the atom, as the building block of matter, follows from the demonstration that the 
topological and quantum definitions of an atom coincide. An atom can be alternatively 
defined as a region of real space bounded by surfaces through which there is a zero flux in 
the gradient vector field of the electron density. This is clear from Figure 5, which shows 
that an interatomic surface is defined by the set of trajectories that terminate at a point 
where (r) = 0. Thus an interatomic surface satisfies the "zero-flux" boundary condition 
stated in equation (1)  

(rs)·n(rs) = 0, for every point rs on the surface S(rs) (1)  

http://www.chemistry.mcmaster.ca/faculty/bader/aim/aim_fig_5.html


 

Page 386 of 422 
 

where n(rs) is the unit vector normal to the surface at rs. In words, the surface is not crossed 
by any trajectories of (r). An atom, as a constituent of some larger system, is itself an 
open system subject to fluxes in charge and momentum through its bounding surface.  

Around 1950, Feynman and Schwinger, following along a path first traversed by Dirac, 
developed a new formulation of quantum mechanics based upon the classical principle of 
least action. Their work enables one to ask and answer questions that could not be answered 
using the Hamiltonian-based approach to quantum mechanics. Schwinger's generalization of 
the action principle, as contained in his principle of stationary action, in addition to 
determining the field equation, yields a variational derivation of Heisenberg's equation of 

motion for any observable . This principle equates the change in action to the 

infinitesimal ( ) transformations caused by the generators -(i / )  acting in the 
space-like and time-like surfaces that bound the space-time volume swept out by a system, 
as well as to displacements in these surfaces. A time-like surface describes the temporal 
evolution of the spatial boundary enclosing a portion of some total system. Thus Schwinger's 
principle enables one to derive a quantum description of an open system. In doing so one 
obtains the remarkable result that only an open system bounded by surfaces satisfying the 
`zero-flux' boundary condition stated in equation (1) yields an expression for the change in 
action that is the same in form and content to that for an isolated system and in addition, 
yields equations of motion for the observables that are identical to those predicted by the 
field equation. Thus the definition of an open system at the atomic level is not open to 
choice but is determined by physics. Consequently, an open system satisfying equation (1) is 
termed a proper open system.  

A total isolated system also satisfies equation (1). Thus a single principle of physics 
determines the properties of the total system and its constituent atoms. The properties of 
the topological atoms coincide with those ascribed to the atoms of chemistry; (i) they are 
additive to yield the corresponding property for the total system and (ii) they are 
transferable from one system to another to the extent that the transfer leaves their 
distribution of charge unchanged. It is known from experiment that atoms and functional 
groupings of atoms can be transferable to a remarkable degree and that when this occurs, 
one can determine the atomic or group contributions to the total properties of a system. The 
theory of atoms in molecules recovers the experimentally determined characteristic and 
additive group contributions to all properties, as has been demonstrated for the volume, 
energy, electric polarizability and magnetic susceptibility. These are the atoms of 
chemistry.  

 The envelope of the electron density, of value 0.001 atomic units, contains almost all 
of the electronic charge of a system and provides a measure of its van der Waals size 
and shape. The intersection of the interatomic surfaces of an atom or a group with 
this envelope thus yields a display of the group as a space-filling object, examples of 
which are shown in Figures 8 and 9. All proper open systems are transferable to some 
extent, this property underlying the usefulness of the atomic model in chemistry.  
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Figure 8. Depictions of atoms and functional groupings of atoms as space-filling objects - regions 
bounded by the intersection of the interatomic surfaces and the van der Waals envelope of the 
electron density. The second-row hydrides AHn where A = Li, Be, B, C, N, O and F. Note the change in 
the size and form of the hydrogen atom, from one characteristic of the hydride ion in LiH to the 
positively charged one in HF, wherein the atom has been stripped of more than half of its electron 
density. 
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Figure 9. (a) The transferable methyl group of the normal hydrocarbons. This group remains 
essentially unchanged throughout this series of molecules and contributes a fixed amount to each 
property, including the volume, energy, electric polarizability and magnetic susceptibility. (b) The 
alanyl peptide unit bounded by its two amidic interatomic surfaces. This group, like all groups that 
serve as transferable building blocks, has a zero net charge and a fixed set of properties. 
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Quantum Mechanics of a Proper Open System  

There is no such thing as an isolated system, and all systems are open systems that 
experience varying degrees of interaction through their shared zero-flux surfaces. Thus the 
statement of the principle of stationary action for a proper open system is simply a 
generalization of quantum mechanics that applies to all physical systems. The operational 
statement of this theory is most elegantly and simply stated using the language of field 
theory. The principle, when stated in terms of a variation of the Lagrange-function operator 

[ ,t, ] for the observable , and in a form that is applicable to any region of space 
bounded by a zero-flux surface, is  

[ ,t, ] = ( /2){(i/  < |[ , ]| >  + cc } (2)  

The observable multiplied by -(i / ), where denotes a real infinitesimal, is the 
generator of a corresponding unitary transformation in the Lagrange-function and one sees 
that Schwinger's principle combines the action principle with Dirac's transformation theory. 

The variation in [ ,t, ] may be alternatively expressed as  

 (3) 

that is, by the time rate-of-change of the property density for G together with a term 
accounting for the flux in JG(r), the vector current of this density, through the surface S(rs) 
bounding the region . This latter term vanishes for an isolated system.  

The Table below lists the atomic theorems obtained using equation (2) for a number of 
important generators. The Schrödinger representation is used in these equations and the 

expression d ' denotes a summation over all spins and an integration over the spatial 

coordinates of all electrons but the one whose coordinates appear in the observable .  

Atomic Theorems 
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For example, the time rate-of-change of momentum is force and when = , one obtains 

the Ehrenfest atomic force theorem. In this case [ , ] = i , where is the total 
potential energy operator. The vector current J(r) is the momentum density divided by the 
mass of the electron m and the integral of its time rate-of-change multiplied by m yields the 
force acting on the atom. This force is equated to the sum of a basin and a surface 
contribution: the basin contribution is the commutator average and the surface term is the 
momentum flux through the surface, a term described by the quantum stress tensor (r). In 

a stationary state, the basin term for a given is balanced by its surface flux contribution.  

The d ' averaging of the commutator yields the force exerted on an electron at a point r in 
, as determined by averaging over the motions of all the remaining particles in the system. 

Thus it describes a force density and its integral over yields the average force exerted on 
the basin of the atom. The basin contributions to all properties are determined by a 



 

Page 391 of 422 
 

corresponding property density. Thus when = ·  the commutator yields - ·  

whose d ' averaging yields the electronic potential energy density. This density expresses 
in a rigorous manner, the local potential energy experienced by a single electron determined 
in the average field of all the remaining particles in a many-particle system. The kinetic 
energy T( ) and the potential energy defined by the atomic virial theorem have the 
remarkable and necessary property that they are as transferable as is the electron density. 
Proper open systems are the most transferable pieces of matter one can define in an 
exhaustive partitioning of the real space of any system, leading to their most important 
property; if the distribution of electronic charge is essentially unchanged for a given atom in 
two different systems, then its properties, including its energy, are transferable as well as 
additive, the atom contributing the same amounts to all properties in both systems. It is the 
energy defined by the atomic virial theorem that exhibits the essential physical requirement 
that two identical pieces of matter possess identical energies, be they of macroscopic or 
microscopic dimensions, in the form of equivalent atoms at different sites within a crystal or 
two identical peptide units in a polypeptide.  

When a molecule is placed in a uniform external magnetic field, a flow of electric current is 
induced within the molecule. This current is described by the quantum current density J(r) 
introduced above and appearing in the atomic current theorem. This theorem states that the 
atomic average of J(r), the average velocity of the electrons within the atom as induced by 
the applied field, is equal to the flux through its atomic surface of the tensor corresponding 
to the position weighted current. Because of this theorem, the magnetic susceptibility of a 
molecule can be equated to a sum of atomic or group contributions and the values so defined 
recover Pascal's experimentally determined values for the corresponding group increments 
for the hydrocarbons. The same current determines the shielding or deshielding of a nucleus 
from the applied magnetic field in an NMR experiment, and this shielding is also expressible 
as a sum of atomic contributions; see references 6 and 7.  

Figure 10. Display of the trajectories of the current induced in the carbon dioxide molecule by a 
magnetic field directed out of the plane of the diagram. The interatomic surfaces separating the 
basins of the carbon and oxygen atoms are also indicated. Note how these surfaces isolate the 
paramanegtic current flow in the basin of the carbon atom. 

 
 

Figure 10 illustrates the current induced in the carbon dioxide molecule for a magnetic field 
directed out of the plane of the diagram. This display of the calculated current is made 
possible through the use of the theory of atoms in molecules in overcoming the "gauge origin" 
problem. One sees the presence of both diamagnetic (clockwise) and paramagnetic 
(counter-clockwise) currents with the former dominating. The current induced by an 
externally applied magnetic field determines all of the magnetic response properties 
exhibited by a molecule and understanding these properties requires an understanding of 
the induced current and its atomic contributions. Thus the presence of the paramagnetic 

http://www.chemistry.mcmaster.ca/faculty/bader/aim/aim_6.html#6
http://www.chemistry.mcmaster.ca/faculty/bader/aim/aim_6.html#7
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currents within the basin of the carbon atom in carbon dioxide provides a clear physical 
explanation of the magnetic susceptibility and the magnetic shielding of the nuclei in this 
molecule.  

The Laplacian of the Electron Density and the Lewis 
and VSEPR Models  

While the topology of the electron density " " provides a faithful mapping of the concepts of 
atoms, bonds and structure, it provides no indication of maxima in corresponding to the 
electron pairs of the Lewis model. This model is secondary only to the atomic hypothesis 
itself in understanding chemical bonding and reactivity and the geometry of molecules, the 
latter as predicted in terms of the localized electron pairs assumed in the VSEPR model. The 
physical basis of this most important model is one level of abstraction above the visible 
topology of the electron density, appearing in the topology of the Laplacian of the density. 
This function is the scalar derivative of the gradient vector field of the electron density, the 
quantity 2 , and it determines where electronic charge is locally concentrated, 2  < 0, 
and depleted, 2  > 0, the local charge concentrations providing a mapping of the electron 
pairs of the Lewis and VSEPR models.  

The Laplacian of the electron density recovers the shell structure of an atom by displaying a 
corresponding number of alternating shells of charge concentration and charge depletion. 
The uniform sphere of charge concentration present in the valence shell of a free atom is 
distorted upon chemical combination to form local maxima and minima. The number of local 
maxima in - 2  in the valence shell, the local valence charge concentrations, together with 
their relative positions and magnitudes, coincide with the number and corresponding 
properties of the localized electron pairs assumed to exist in the VSEPR model of molecular 
geometry.  

Figure 11. A relief map of the Laplacian of the electron density for the ClF3 molecule in the equatorial 
plane (left) and in the plane containing all four nuclei (right). 

 
 

The realization of the VSEPR model in terms of the Laplacian of is illustrated in Figure 11 
showing a relief map of the Laplacian for the ClF3 molecule. The chlorine atom exhibits 
three shells of charge concentration, the fluorine atom two such shells, corresponding to the 
presence of three and two quantum shells respectively. The VSEPR model predicts a 
T-shaped geometry for ClF . This geometry enables the two non-bonded electron pairs, 
which are assumed to be larger than the bonded pairs, to occupy the least crowded 
equatorial positions. The equatorial plane (top diagram) shows the presence of two 
non-bonded and one smaller bonded charge concentrations. In the axial plane there are 
three bonded charge concentrations and a fourth apparent maximum which is actually 
another view of the (3,-1) critical point between the two non-bonded maxima, that is, a 
critical point with one positive curvature. Thus the valence shell charge concentration of the 
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chlorine atom possesses two non-bonded and three bonded charge concentrations in 
agreement with the five electron pairs assumed in the Lewis model and in this geometry, 
they maximally avoid one another, in agreement with the VSEPR model. The sizes of the 
charge concentrations decrease in the order, nonbonded > equatorial bonded > axial 
bonded, as assumed in the VSEPR model, the bonded sizes reflecting a greater net charge on 
the axial fluorines.  

Figure 12. The zero value surfaces of 2  for 
carbon monoxide (blue) and borane, BH3 (red). 
These surfaces enclose regions where the 
electronic charge is maximally concentrated and 
they define the reactive surface. The same 
surfaces also show the inner shell charge 
concentrations on the carbon and boron nuclei, 
evident as small inner spheres. The molecules 
are orientated so that the "lump" in the valence 
shell charge concentration (VSCC) of carbon is 
aligned with the "hole" in the VSCC of boron. The 
VSCC of boron is reduced to a belt-like 
distribution lying in the plane of the hydrogen 
nuclei, giving the base atom direct access to the core of the boron, the feature that makes 
BH3 a strong Lewis acid. Note the torus of charge depletion encircling the carbon nucleus. This 
feature corresponds to the localization of the * antibonding orbital on carbon. 

The Lewis model is also used to rationalize chemical reactivity. In addition to a local charge 
concentration in the valence shell that behaves as Lewis base or nucleophile, there are also 
local charge depletions, and such charge depletions behave as Lewis acids or electrophiles. 
A chemical reaction corresponds to the combination of a charge concentration in the 
valence shell charge concentration of the base with a charge depletion in the valence shell 
charge concentration of the acid, the reactivity paralleling the magnitude of the charge 
concentration and the depth of the charge depletion. The geometry of approach of the acid 
and base molecules is predicted through the alignment of the corresponding "lumps" and 
"holes" in their Laplacian distributions, as illustrated for the approach of the non-bonded 
charge concentration on carbon of the CO molecule to the hole on the boron atom in BH3 , 
Figure 12. This predictive property of the Laplacian has been illustrated in many different 
reactions including those as diverse as the approach of methane to the oxygen atom of a 
metal oxide surface and the geometries of hydrogen bonded complexes.  

The final Figure illustrates the charge concentrations present in the outer core of the barium 
atom in BaH2, a bent molecule. The use of the Laplacian of the electron density to account 
for the bent geometries of the hydride, halide and methylide molecules of calcium, 
strontium and barium, in terms of a distortion of the outer core of the electron density of the 
metal atom is discussed in reference 12.  

Figure 13. The zero envelope of the Laplacian distribution 
for the barium core in BaH2 showing the presence of four 
charge concentrations in the outer core of the shell and the 
spherical inner core. The two charge concentrations at the 
bottom edges of the diagram are portions of the charge 
concentrations associated with the protons. 
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Quantum electrodynamics (QED) is a relativistic quantum field theory of electrodynamics. 
QED was developed by a number of physicists, beginning in the late 1920s. It basically 
describes how light and matter interact. More specifically it deals with the interactions 
between electrons, positrons and photons. QED mathematically describes all phenomena 
involving electrically charged particles interacting by means of exchange of photons. It has 
been called "the jewel of physics" for its extremely accurate predictions of quantities like 
the anomalous magnetic moment of the electron, and the Lamb shift of the energy levels of 
hydrogen.[1] 

In technical terms, QED can be described as a perturbation theory of the electromagnetic 
quantum vacuum. 
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History 
 
The word 'quantum' is Latin, meaning "how much" (neut. sing. of quantus "how great").[2] The 
word 'electrodynamics' was coined by André-Marie Ampère in 1822.[3] The word 'quantum', as 
used in physics, i.e. with reference to the notion of count, was first used by Max Planck, in 
1900 and reinforced by Einstein in 1905 with his use of the term light quanta. 
 
Quantum theory began in 1900, when Max Planck assumed that energy is quantized in order 
to derive a formula predicting the observed frequency dependence of the energy emitted by 
a black body. This dependence is completely at variance with classical physics. In 1905, 
Einstein explained the photoelectric effect by postulating that light energy comes in quanta 
later called photons. In 1913, Bohr invoked quantization in his proposed explanation of the 
spectral lines of the hydrogen atom. In 1924, Louis de Broglie proposed a quantum theory of 
the wave-like nature of subatomic particles. The phrase "quantum physics" was first 
employed in Johnston's Planck's Universe in Light of Modern Physics. These theories, while 
they fit the experimental facts to some extent, were strictly phenomenological: they 
provided no rigorous justification for the quantization they employed. 
 
Modern quantum mechanics was born in 1925 with Werner Heisenberg's matrix mechanics 
and Erwin Schrödinger's wave mechanics and the Schrödinger equation, which was a 
non-relativistic generalization of de Broglie's(1925) relativistic approach. Schrödinger 
subsequently showed that these two approaches were equivalent. In 1927, Heisenberg 
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formulated his uncertainty principle, and the Copenhagen interpretation of quantum 
mechanics began to take shape. Around this time, Paul Dirac, in work culminating in his 1930 
monograph finally joined quantum mechanics and special relativity, pioneered the use of 
operator theory, and devised the bra-ket notation widely used since. In 1932, John von 
Neumann formulated the rigorous mathematical basis for quantum mechanics as the theory 
of linear operators on Hilbert spaces. This and other work from the founding period remains 
valid and widely used. 
 
Quantum chemistry began with Walter Heitler and Fritz London's 1927 quantum account of 
the covalent bond of the hydrogen molecule. Linus Pauling and others contributed to the 
subsequent development of quantum chemistry. 
 
The application of quantum mechanics to fields rather than single particles, resulting in 
what are known as quantum field theories, began in 1927. Early contributors included Dirac, 
Wolfgang Pauli, Weisskopf, and Jordan. This line of research culminated in the 1940s in the 
quantum electrodynamics (QED) of Richard Feynman, Freeman Dyson, Julian Schwinger, and 
Sin-Itiro Tomonaga, for which Feynman, Schwinger and Tomonaga received the 1965 Nobel 
Prize in Physics. QED, a quantum theory of electrons, positrons, and the electromagnetic 
field, was the first satisfactory quantum description of a physical field and of the creation 
and annihilation of quantum particles. 
 
QED involves a covariant and gauge invariant prescription for the calculation of observable 
quantities. Feynman's mathematical technique, based on his diagrams, initially seemed very 
different from the field-theoretic, operator-based approach of Schwinger and Tomonaga, 
but Freeman Dyson later showed that the two approaches were equivalent. The 
renormalization procedure for eliminating the awkward infinite predictions of quantum field 
theory was first implemented in QED. Even though renormalization works very well in 
practice, Feynman was never entirely comfortable with its mathematical validity, even 
referring to renormalization as a "shell game" and "hocus pocus". (Feynman, 1985: 128) 
 
QED has served as the model and template for all subsequent quantum field theories. One 
such subsequent theory is quantum chromodynamics, which began in the early 1960s and 
attained its present form in the 1975 work by H. David Politzer, Sidney Coleman, David Gross 
and Frank Wilczek. Building on the pioneering work of Schwinger, Peter Higgs, Goldstone, 
and others, Sheldon Glashow, Steven Weinberg and Abdus Salam independently showed how 
the weak nuclear force and quantum electrodynamics could be merged into a single 
electroweak force. 
 
Physical interpretation of QED 
 
In classical optics, light travels over all allowed paths and their interference results in 
Fermat's principle. Similarly, in QED, light (or any other particle like an electron or a proton) 
passes over every possible path allowed by apertures or lenses. The observer (at a particular 
location) simply detects the mathematical result of all wave functions added up, as a sum of 
all line integrals. For other interpretations, paths are viewed as non physical, mathematical 
constructs that are equivalent to other, possibly infinite, sets of mathematical expansions. 
According to QED, light[dubious – discuss] can go slower or faster than c, but will travel at velocity 
c on average. 
 
Physically, QED describes charged particles (and their antiparticles) interacting with each 
other by the exchange of photons. The magnitude of these interactions can be computed 
using perturbation theory; these rather complex formulas have a remarkable pictorial 
representation as Feynman diagrams. QED was the theory to which Feynman diagrams were 
first applied. These diagrams were invented on the basis of Lagrangian mechanics. Using a 
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Feynman diagram, one decides every possible path between the start and end points. Each 
path is assigned a complex-valued probability amplitude, and the actual amplitude we 
observe is the sum of all amplitudes over all possible paths. The paths with stationary phase 
contribute most (due to lack of destructive interference with some neighboring 
counter-phase paths) — this results in the stationary classical path between the two points. 
QED doesn't predict what will happen in an experiment, but it can predict the probability of 
what will happen in an experiment, which is how (statistically) it is experimentally verified. 
Predictions of QED agree with experiments to an extremely high degree of accuracy: 
currently about 10−12 (and limited by experimental errors); for details see precision tests of 
QED. This makes QED one of the most accurate physical theories constructed thus far. 
 
Near the end of his life, Richard P. Feynman gave a series of lectures on QED intended for the 
lay public. These lectures were transcribed and published as Feynman (1985), QED: The 
strange theory of light and matter, a classic non-mathematical exposition of QED from the 
point of view articulated above. 
 
Mathematics 
 
Mathematically, QED is an abelian gauge theory with the symmetry group U(1). The gauge 
field, which mediates the interaction between the charged spin-1/2 fields, is the 
electromagnetic field. The QED Lagrangian for a spin-1/2 field interacting with the 
electromagnetic field is given by the real part of 
 

 
 
where 

are Dirac matrices 

a bispinor field of spin-1/2 particles (e.g. electron-positron field) 

, called "psi-bar", is sometimes referred to as Dirac adjoint 

is the gauge covariant derivative 
is the coupling constant, equal to the electric charge of the bispinor field 

is the covariant four-potential of the electromagnetic field generated by electron itself 

is the external field imposed by external source 

is the electromagnetic field tensor 
 
Euler-Lagrange equations 
 
To begin, substituting the definition of D into the Lagrangian gives us: 
 

 
 
Next, we can substitute this Lagrangian into the Euler-Lagrange equation of motion for a 
field 
 

 
 
to find the field equations for QED. 
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The two terms from this Lagrangian are then: 
 

 
 

 
 
Substituting these two back into the Euler-Lagrange equation (2) results in: 
 

 
 
with complex conjugate: 
 

 
 
Bringing the middle term to the right-hand side transforms this second equation into: 
 

 
 
The left-hand side is like the original Dirac equation and the right-hand side is the 
interaction with the electromagnetic field. 
 
One further important equation can be found by substituting the Lagrangian into another 
Euler-Lagrange equation, this time for the field, Aμ: 
 

 
 
The two terms this time are: 
 

 
 

 
 
and these two terms, when substituted back into (3) give us: 
 

 
 
Using perturbation theory, we could divide result into different parts according to the order 
of electric charge : 
 

 
 
here we use instead of to avoid confusion between electric charge and natural 
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logarithm  
 
The zeroth order result is: 

 

 is the 3-dimension momentum space expression of wave function: 
 

 
 

The 1st order result (ignore the self energy )is: 
 

 
 

The term is the external field in 4-dimension momentum space 
 

 
 

The solution of can be achieved in the same way(using Lorentz gauge ): 
 

 
 

 
 

 
 
in which: 
 

 
 

 
 
The part of the Lagrangian containing the electromagnetic field tensor describes the free 
evolution of the electromagnetic field, whereas the Dirac-like equation with the gauge 
covariant derivative describes the free evolution of the electron and positron fields as well 
as their interaction with the electromagnetic field. 

 

The one-loop contribution to 
the vacuum polarization 

 

The one-loop contribution to 
the electron self-energy 
function  
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function  
The one-loop contribution 

to the vertex function  
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Chapter 7  

Quantum art and poetry  

Sunday, 11 July 2010 

A concept of Time an artist theory  

 

 

A concept of Time an artist theory 

~ 

In this theory Time and the geometry of Space-Time is continuously being formed by the 

spontaneous absorptions and emission of light or EMR, at the quantum level of the atoms. 

 

 

Electrons in atoms can change energy levels by emitting or absorbing a photon of light 

whose energy must be exactly equal to the energy difference between the two levels. 

The frequency of light emitted is a function of how far away in energy the two states of 

the system were, the energy difference between the two states equals the energy 

carried off by the new photon. This new photon will therefore have an energy level of the 

Golden ratio compared to the previous energy levels. 

 

http://quantumartandpoetry.blogspot.com/2010/07/concept-of-time-artist-theory.html
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The mathematics of the golden ratio and of the Fibonacci sequence 0, 1, 1, 2, 3, 5, 8, 13, 

21, 34, 55, 89, 144, 233, 377, 610, 987, … are intimately interconnected. 

 

 

 

This gives us a geometrical therefore mathematical base for the evolution of life 

explaining why Nature never produces straight lines but an endless array of curves and 

spirals. 
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We therefore have a universal process of symmetry forming and breaking. Formed by the 

spherical shape of the quantum wave particle function in three dimensional space forming 

Einstein‘s curvature of space-time. 

This can also be seen in the size of the fine structure constant 137… that cannot be 

explained by modern physics. 

 

In this theory the fine structure constant results from dividing a sphere into parallel 
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bands of equal area and placing one node in each band at longitudes spaced by a golden 

section of the circle, i.e. 360°/φ ≅ 222.5°. We then subtract this from 360. The result 

will always be 137.5 that why it's a constant.  

 

 

The fine structure constant 137… is the symmetry and geometry of spacetime formed by 

an interaction between electromagnetic radiation (light) and the spherical electron cloud 

around an atom. 

This is why we have 4pi in the equation representing the shape of the wave function in 

three dimensional space-time.  
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We also have pi in the equation for Heisenberg Uncertainty Principle represents the 

same uncertainty the observer will have with any future event. 

 

A Quantum Theory with an objective reality, Quantum 
Atom Theory  

Space and Time explained by an artist theory 

In physics there is no understanding of the arrow of time or why time only flows one way. 

There is also no understanding of why we have a future and a past and there is no concept 

of what the ―moment of now‖ is in physics. But in Quantum Atom Theory the future is 

formed by the inward absorption of light and the past is formed by the outward emission 

of light at the quantum level of the atoms. This process forms the wave-particle duality 

of light. Light is a wave until it comes in contact with an atom than it forms a new photon 

of quantized energy that will be part of arrow of time. Light has momentum and 

momentum is always conserved and is transferred to the forward motion of time. 

 

Time only moves one way because the Quantum Wave-Particle Function only works one 

way we always know the position and momentum of a quantum particle in the past. The 

continuous process of the wave-function collapsing and reforming forms a continuous 

process that can be measured as time. 

 

This is compatible with relativity because it gives a reason for the formation of an 

infinite number inertial and non-inertial reference frames that all have their own proper 

http://quantumartandpoetry.blogspot.com/2010/06/quantum-theory-with-objective-reality.html
http://quantumartandpoetry.blogspot.com/2010/06/quantum-theory-with-objective-reality.html
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time relative to their momentum and position. Therefore we only need three dimensions 

and one variable of time. In this theory we only have exchange forces the inward force of 

gravity is formed by the outward force of EMR forming Einstein‘s curvature of 

spacetime. Therefore we have 4 pi in the equations of quantum physics represents the 

spherical shape of the wave-function in three dimensional space. 

 

At the quantum level the moment of now is formed by a single photon electron coupling 

(when light comes in contact with an atom). But on the level of everyday life the observer 

will see a temporary image of our Universe made up of an infinite number of photons 

moment by moment. 

 

The observer will always be in the moment of now reacting with the duality of light and 

will have a unique position in space and time at the centre of their reference frame. In a 

similar way that we use sound waves to create our own music we use light waves to create 

our own future time that will have the geometry of spacetime. 

 

The beauty of light is a wave in reflection, refraction, diffraction and in Maxwell‘s 

equations! Only when the light comes in contact with an object is it a particle or photon of 

quantized energy as in the photoelectric effect. Then the inward absorption and outward 

emission of the wave will form a quantum of energy that will only be relative to the 

wavelength and momentum of the light. Therefore each new photon of energy will have a 

unique position in space and time as part of the arrow of time. 

 

It is because classical physics is an approximation of quantum physics that Heisenberg 

Uncertainty Principle can be the same uncertainty that the observer will have with any 

future event and that the process that forms the Uncertainty Principle also forms the 

passage of time in our everyday life. All object form their own spacetime geometry and 

gravity relative to their energy and mass including us! Therefore we can form our own 

ideas and theories in three dimensional spacetime. 

A link to Quantum Atom Theory on YouTube. 

The Time Continuum an artist view  

A new scientific theory on the Arrow of Time 

Modern physics has no fundamental understanding of the arrow of time. But in a new 

http://www.youtube.com/user/nickharvey7
http://quantumartandpoetry.blogspot.com/2010/06/time-continuum-artist-view.html
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theory called Quantum Atom Theory the continuous flow of time is formed by the inward 

absorption and outward emission of electromagnetic radiation or light. 

 

In this theory light is a wave and will radiate out from its radius in all directions forming 

light spheres of EMR. Only if the light waves come in contact with an object will they 

form new photons of quantized energy that will have a unique position in space and time. 

 

This is a continuous process forming the arrow of time and the geometry or curvature of 

spacetime. If the light does not come in contact with an object it will only have the 

momentum of its own frequency and wavelength. 

 

We therefore cannot determine the direction of a spontaneously emitted photon. The 

probabilistic nature of light is forming a sea of electromagnetic radiation creating a 

blank canvas for the observer that he or she can participate in this is what Socrates 

called a ―Sea of Beauty‖. 

 

Put in a more scientific way Heisenberg Uncertainty Principle of quantum physics is the 

same uncertainty the observer will have with any future event. 

 

We live in a dynamically evolving universe of continuous change because waves by their 

nature have to move. Therefore we cannot achieve absolute zero and all atoms radiate 

light or EMR continuously.  

 

In QAT there is no universal time because the Universe is made up of an infinite number 

of inertial and non-inertial reference frames. That forms their own spacetime geometry 

(proper time) relative to their momentum and position. Therefore we all have a unique 

position at the centre of our own reference frame and can look back in time in all 

directions at the beauty of the Stars.  

 

We have time dilation for an object accelerating towards the speed of light and 

gravitational time dilation around objects of great mass because the greater the 

momentum the shorter the wavelength and the higher the frequency. 

 

Therefore the greater the energy or mass of an object the higher the frequency gets 
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and the Planck constant is then multiplied by a larger amount. 

 

The frequency of the accelerating object will increase relative to the received frequency 

that is reduced by the Lorentz factor. Because in this theory time is formed be the 

inward absorption and outward emission of EMR or light the duration of a clock cycle will 

increase for the accelerating object. Therefore time will be measured to run more slowly 

in that inertial reference frame. 

 

In QAT at the quantum level of the atoms the moment of now is created by a single 

photon electron coupling creating a wave function of future possibilities. On the level of 

everyday objects the observer will see the multiplication of photon electron couplings 

creating a temporary image of the Universe moment by moment that will have probability 

and statistics. 

 

Even the individual atoms of the observer are radiating EMR forming their own spacetime 

geometry. The atoms of the observer bond together and then collapse the wave-function 

in unison forming their own unique future position in space and time. 

 

The observer is always in the moment of now collapsing the waves of light into new 

photons of energy that will only be relative to the observer‘s position and momentum. In 

this theory it is more than beauty that is in the eye of the beholder but part of creation 

itself. 

 

It is because this process is at the same rate that light moves that the speed of light 

between the atoms will always be a universal constant independent of the motion of the 

source. This can also explains why light is so beautiful when it strikes an object it is 

because we are looking at a moment of purer creation of time and space. 
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An objective existence for the wave function of 
quantum Physics  

 

In this theory on quantum mechanics the quantum wave particle function continuously 

collapsing and reforming forms the forward passage of time. Therefore Heisenberg 

Uncertainty Principle that is formed by the wave function is the same uncertainty that 

we will have with any future event.  

 

http://quantumartandpoetry.blogspot.com/2010/06/objective-existence-for-wave-function.html
http://quantumartandpoetry.blogspot.com/2010/06/objective-existence-for-wave-function.html
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The outward momentum of light or electromagnetic radiation forms the forward passage 

of time and the geometry of spacetime in three dimensional space.  

 

 

 

All objects radiate thermal radiation even humans it is the emission and absorption of 

this EMR that creates the forward arrow of time. The observer will feel this as the aging 

process and as the continuous flow of time. 
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The atoms bond together and form their own spacetime time geometry in unison relative 

to their position and momentum. In this theory if light does not come in contact with an 

atom it will only have the momentum of its own wave function. If it does come in contact 

with an atom it will form a photon electron coupling and a new photon of energy that will 

have a unique position in space and time as part of the arrow of time. 
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It is because we can choose when and where to collapse the wave function that we have 

free-will to create our own future. The observer is at the centre of their own created 

symmetry and can look back in time in all directions through light-years of space at the 

beauty of the Stars.  
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The individual observer is the only true reference frame because they are forming their 

own time that will have the geometry of spacetime.  

The big difference with this theory and other theories like String Theory and the 

Many-Worlds Interpretation is that this theory only needs three dimensions and one 

variable of time. The multiple universes of Hugh Everett are just different space-times 

or reference frames within our one three dimensional Universe.  
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Time only moves forward because the quantum wave particle function only works one way. 

We always know the position and momentum of a quantum particle in the past.  

 

In this theory the quantum wave particle function is the force that continuously forms 

the Second Law of Thermodynamics and entropy, the spontaneous natural process of 

energy becoming dispersed and spread out or more disorder. 

 

 

The observer continuously forms his own future spacetime geometry relative to his 

position and momentum. In Quantum Atom Theory there are an infinite number of 
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space-times (inertial and non-inertial reference frames) that form their own spacetime 

geometry relative to their momentum and position.~ 

 

 

The process of Time is inverse like multiplication and division or frequency and 

wavelength. When an atom emits a quantum of energy (photon) we have multiplication and 

when another atom absorbs that quantum of energy we have division. But the end result is 

the same time moves on and the observer remains in the moment of now.  

 

http://3.bp.blogspot.com/_EZWNQhIJDqs/TAUe_ygcC2I/AAAAAAAAC2g/jDZB2sXn570/s1600/QAT10.jpg
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Because this is a continuous process at the same rate that light moves. The speed of light 

waves between the atoms will always be a universal constant, independent of the motion 

of the light source  and the observer. 

This can also explain why light is so beautiful when it strikes an object it is because we 

http://3.bp.blogspot.com/_EZWNQhIJDqs/TAUcqpEV7-I/AAAAAAAAC10/R5Lr10hFy2o/s1600/QAT6.jpg
http://3.bp.blogspot.com/_EZWNQhIJDqs/TAUcqpEV7-I/AAAAAAAAC10/R5Lr10hFy2o/s1600/QAT6.jpg
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are looking at a moment of pure creation of time and space. 

~ 

The quantum wave particle function, entropy and the 
arrow of time  

 

The quantum wave particle function in the form of a sphere forming a square of future 

probabilty. 

 

In Quantum Atom Theory time is formed by the quantum wave particle function 

continuously collapsing and reforming. Creating new photons that will have a unique 

position in space and time that the wave function never had before the collapse. This 

process forms the arrow of time and the geometry of spacetime and is explained in the 

video above. 

But people say time has nothing to do with quantum mechanics and that time is linked to 

the laws of thermodynamics. It is true that almost all phenomena that behave differently 

in one time direction can ultimately be linked to the Second Law of Thermodynamics. 

This is because of a spontaneous natural process of energy becoming dispersed or spread 

out (more disorder) if not hindered from doing so. The measurement of this change in 

temperature is called Entropy.  

 

The Second Law of Thermodynamics says the entropy of an isolated system will increase 

when no extra energy is consumed. Entropy is almost the only quantity in the physical 

sciences that "picks" a particular direction for time, sometimes called an arrow of time. 

 

http://quantumartandpoetry.blogspot.com/2010/05/quantum-wave-particle-function-entropy.html
http://quantumartandpoetry.blogspot.com/2010/05/quantum-wave-particle-function-entropy.html
http://en.wikipedia.org/wiki/Wave%E2%80%93particle_duality
http://en.wikipedia.org/wiki/Wave_function
http://en.wikipedia.org/wiki/Second_Law_of_Thermodynamics
http://en.wikipedia.org/wiki/Entropy
http://en.wikipedia.org/wiki/Arrow_of_time
http://4.bp.blogspot.com/_EZWNQhIJDqs/S__Y0hZs2MI/AAAAAAAACxI/MhJhCUvfQE8/s1600/Momentum+2.jpg
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But the Second Law also says that locally entropy of an isolated system in equilibrium will 

remain the same and there will be no arrow of time for the system. Also for living 

systems local entropy can decrease with time (become more organized). If time was a 

product of entropy time would be moving backwards within such a system.  

The abstract nature of the spontaneous natural process that forms the second law needs 

a precise physical cause which the theorem is a consequence of. 

The Second Law of Thermodynamics is statistical in nature, and therefore its reliability 

arises from the huge number of classical particles present in macroscopic systems. 

But at the microscopic level of individual atoms each part of the system is subject to 

Heisenberg‘s Uncertainty Principle. Time is reversible in quantum mechanics a notable 

exception is the wave function collapse in quantum mechanics, which is an irreversible 

process! (Just like time). 

 

In Quantum Atom Theory it is this spontaneous process of the wave function 

continuously radiating out a square of probability from its radius. That forms entropy and 

the spontaneous statistical nature of the Second Law of Thermodynamics.  

We can also see that thermodynamics is formed by the wave function by looking at the 

Third Law of Thermodynamics. The Third Law of Thermodynamics says as a system 

approaches absolute zero of temperature all processes virtually cease and the entropy of 

the system approaches a minimum value. The entropy of all systems and of all states of a 

system would be smallest at absolute zero. 

 

This is because if we could achieve absolute zero the quantum wave particle function 

would also virtually cease. There would be no Spontaneous process that Einstein called 

stimulated emission for entropy to take place. 

  

http://en.wikipedia.org/wiki/Statistical
http://en.wikipedia.org/wiki/Uncertainty_principle
http://en.wikipedia.org/wiki/Wave_function_collapse
http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Third_law_of_thermodynamics
http://en.wikipedia.org/wiki/Absolute_zero
http://en.wikipedia.org/wiki/Stimulated_emission#Stimulated_emission_cross_section
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A simple reason for the paradoxes of Quantum Physics  

 

 

 

In Einstein‘s famous equation energy and mass are linked to the speed of light squared. 

In Quantum Atom Theory this is because all mass will radiate light spheres of EMR 

forming a probability of when and where the light will come in contact with another 

object. When this happens it will form a discrete or quantized form of energy in the 

shape of a photon. This is a universal and continuous process of the wave function 

collapsing and reforming that we will see and feel as the passage of time. We have the 

Uncertainty Principle and the Measurement Problem because the future is always 

uncertain always immeasurable. This is because we are continuously collapsing the wave 

function forming our own future. The paradoxes of Quantum Mechanics make sense once 

they are linked to the massage of time it is then easy to see that the Uncertainty 

Principle is the same uncertainty we have with any future event. 

 

http://quantumartandpoetry.blogspot.com/2010/05/simple-reason-for-paradoxes-of-quantum.html
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Quantum wave particle function forming a square of probability. 

This theory needs no extra dimensions only the three dimensions we already have and one 

variably of time. It can also give a reason why everything is relative and we have 

Einstein‘s theories on relativity. Because it is impossible to achieve absolute zero 

everything is radiating EMR continuously forming its own spacetime geometry that will 

only be relative to its own position and momentum. 

 

 

Pythagoras Theorem within Quantum Atom Theory. 

The equations of quantum physics and the whole of human mathematics and geometry are 

compatible with this theory. From the geometry of ancient Greece like Pythagoras 
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Theorem to Godel's Incompleteness Theorems even the infinite sequence of irrational 

numbers can be explained by this infinite process. 

 

Quantum wave particle function in the form of a light sphere of EMR. 

This theory gives us a physical process explaining the paradoxes of Quantum Physics that 

is independent of consciousness. The observer will see and feel this process as an infinity 

of future possibilities within and without. Consciousness is the most complex form of this 

process and can therefore comprehend this process as a future and a past.  

 

It is easy to see that the infinite sequence of whole numbers can represent the infinity 

of three dimensional space. Because the numbers can be used to represent three 

dimensional shapes and because they go on into infinity. 

But in a new theory called Quantum Atom Theory it is the irrational numbers that drop 

out of the whole number sequence that represents the never-ending expansion of time. 

Modern physics has no understanding of time no understanding of why we have a future 

and a past or what the moment of now is. 

In this theory time is formed by the emission and absorption of EMR or light from one 

atom to another. Because it is impossible to achieve absolute zero all object radiate EMR 

continuously even the atom of an observer. 

EMR will radiate out from it radius a wave function that will continuously form a future 

probability of when and where it will come in contact with another atom. 

When it does this it will form a new quantum of energy in the form of a photon. That will 

have a unique position in space and time that the wave function never had before the 

collapse. In this way the forward momentum of light forms the massage of time. 
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This theory is based on the simple idea that Heisenberg Uncertainty Principle of quantum 

physics is the same probability that the observer will have with any future event. 

The Uncertainty Principle is formed by a quantum wave particle function that expands as 

an inverse light sphere of electromagnetic radiation 

This is why we have pi in the equation for the quantum wave particle function 

representing the shape of the wave function in three dimensional spacetime. We also 

have pi in the equation for Heisenberg Uncertainty Principle. This is why pi is an irrational 

number and keeps on going forever just like time. 

Pi=3.1415926535897932384626433832795028841971693993751058209749445923

078164 062862089986280348253421170679……………… into infinity 

Never forming a regular pattern with all the properties of a random number just like 

(probability) except that each of its digits are known. There is always the same amount 

of even and odd numbers in the continuous sequence of pi. Just as if you continuously 

tossed a coin you would create a sequence of numbers with the same amount of odd and 

even numbers or (heads and tails). 

Light is always radiating out from its radius a square of probability This is the same 

square of probability you will have with any future event if you toss-up a coin you will 

mathematically create a square of probability. Because all objects even people radiate 

light or EMR continuously we are also creating our own future probability just like the 

coin. 

The atoms bond together and then form their own spacetime geometry in unison. It is 

because the observer can choose when and where to collapse the wave function that we 

have free will to create our own ripples in the fabric of spacetime. 

The wave function represents the time continuum at the most fundamental level. Time 

only moves forward because the probability of the wave function only works one way. We 

always know the position or momentum of a quantum particle in the past. 

In this theory this has nothing to do with consciousness because it is a physical process 

of the w-function collapsing and reforming creating the arrow of time and the geometry 

of spacetime. This is a universal process so even the mind of the observer is governed by 

this process. Consciousness represents the most complex form of this dynamic universal 

process creating an infinite number of future possibilities and opportunities 

Therefore the observer is always in the moment of now forming his own spacetime 

geometry as a group of atoms. The observer will be able to look out from the centre of 
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his own reference frame seeing an infinite number of photon electron couplings 

continuously in flux changing and the further away they are the further back in time they 

will be. 

 

Because light and time are link together light between the atoms will always be a 

universal constant independent of the motion of the light source and independent of the 

observer of the light. 

This theory is very simple but it can explain the paradoxes of quantum mechanics 

explaining why we have free will for the creative evolution of our own reality within the 

dynamically evolving universe of Einstein. 
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