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Quantum Chaos 
What would classical Chaos (which lurks everywhere in our World) do to Quantum Mechanics (the 

theory describing the atomic and subatomic worlds)? 

by Martin Gutzwiller / Scientific American 

 

[Editor's Note: This feature was originally published in our January 1992 Scientific American issue.  We 

are posting it because of recent discussions [reprinted below] of the connections between 

Chaos and Quantum Mechanics.] 

 

In 1917, Albert Einstein wrote a paper that was completely ignored for 40 years.  In it, he raised a 

question that physicists have only, recently begun asking themselves.  What would classical Chaos 

(which lurks everywhere in our world) do to Quantum Mechanics (the theory describing the atomic and 

subatomic worlds)? 

 

The effects of classical Chaos, of course, have long been observed.  Kepler knew about the motion 

of the Moon around the Earth and Newton complained bitterly about the phenomenon.  At the end of the 

19
th

 Century, the American astronomer William Hill demonstrated that the irregularity is the result 

entirely of the gravitational pull of the Sun.  So thereafter, the great French mathematician-astronomer-

physicist Henri Poincaré surmised that the Moon's motion is only mild case of a congenital disease 

affecting nearly everything.  In the long run, Poincaré realized that most dynamic systems show no 

discernible regularity or repetitive pattern.  The behavior of even a simple system can depend so 

sensitively on its initial conditions that the final outcome is uncertain. 

 

At about the time of Poincaré's seminal work on classical Chaos, Max Planck started another 

revolution which would lead to the modern theory of Quantum Mechanics.  The simple systems that 

Newton had studied were investigated again but this time on the atomic scale.  The quantum analog of 

the humble pendulum is the laser.  The flying cannonballs of the atomic world consist of beams of 

protons or electrons.  And the rotating wheel is the spinning electron (the basis of magnetic tapes).  Even 

the Solar System itself is mirrored in each of the atoms found in the Periodic Table of the elements. 

 

Perhaps the single most outstanding feature of the Quantum world is its smooth and wavelike nature.  

This feature leads to the question of how chaos makes itself felt when moving from the Classical world 

to the Quantum world.  How can the extremely irregular character of classical Chaos be reconciled with 

the smooth and wavelike nature of phenomena on the atomic scale?  Does Chaos exist in the Quantum 

world'? 
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Preliminary work seems to show that it does.  Chaos is found in the distribution of energy levels of 

certain atomic systems.  It even appears to sneak into the wave patterns associated with those levels.  

Chaos is also found when electrons scatter from small molecules.  I must emphasize, however, that the 

term "Quantum Chaos" serves more to describe a conundrum than to define a well-posed problem. 

 

Considering the following interpretation of the bigger picture may be helpful in coming to grips with 

Quantum Chaos.  All our theoretical discussions of mechanics can be somewhat artificially divided into 

3 compartments [see illustration] although Nature recognizes none of these divisions. 

 

Elementary Classical Mechanics falls in the first compartment.  This box contains all the nice, clean 

systems exhibiting simple and regular behavior.  I shall call it 'R' for regular.  Also contained in 'R' is an 

elaborate mathematical tool called perturbation theory which is used to calculate the effects of small 

interactions and extraneous disturbances such as the influence of the Sun on the Moon's motion around 

the Earth.  With the help of perturbation theory, a large part of Physics is understood nowadays as 

making relatively mild modifications of regular systems. 

 

Reality, though, is much more complicated.  Chaotic systems lie outside the range of perturbation 

theory.  And they constitute the second compartment. 

 

Since the first detailed analyses of the systems of the second compartment were done by Poincaré, I 

shall name this box 'P' in his honor.  It is stuffed with the chaotic dynamic systems that are the 

bread&butter of Science.  Among these systems are all the fundamental problems of Mechanics starting 

with three (rather than only two) bodies interacting with one another such as the Earth, Moon, and Sun; 

or the 3 atoms in the water molecule; or the 3 quarks in the proton. 

 

Quantum Mechanics as it has been practiced for about 90 years belongs in the third compartment 

called 'Q'.  After the pioneering work of Planck, Einstein, and Niels Bohr, Quantum Mechanics was 

given its definitive form in 4 short years starting in 1924.  The seminal work of Louis de Broglie, 

Werner Heisenberg, Erwin Schrödinger, Max Born, Wolfgang Pauli, and Paul Dirac has stood the test of 

the laboratory without the slightest lapse.  Miraculously, it provides Physics with a mathematical 

framework that -- according to Dirac -- has yielded a deep understanding of "most of Physics and all of 

Chemistry". 

 

Nevertheless, even though most physicists and chemists have learned how to solve special problems 

in Quantum Mechanics, they have yet to come to terms with the incredible subtleties of the field.  These 

subtleties are quite separate from the difficult, conceptual issues having to do with the interpretation of 

Quantum Mechanics. 

 

The 3 boxes 'R' (classic, simple systems), 'P' (classic chaotic systems), and 'Q' (quantum systems) 

are linked by several connections.  The connection between 'R' and 'Q' is known as Bohr's 

correspondence principle.  It claims -- quite reasonably -- that Classical Mechanics must be contained 

in Quantum Mechanics in the limit where objects become much larger than the size of atoms. 

 

The main connection between 'R' and 'P' is the Kolmogorov-Arnold-Moser (KAM) theorem.  It 

provides a powerful tool for calculating how much of the structure of a regular system survives when a 

small perturbation is introduced.  The theorem can thus identify perturbations that cause a regular 

system to undergo chaotic behavior. 

 

Quantum Chaos is concerned with establishing the relation between boxes 'P' (chaotic systems) and 

'Q' (quantum systems).  In establishing this relation, it is useful to introduce a concept called "phase 
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space."  Quite amazingly, this concept -- which is now so widely exploited by experts in the field of 

dynamic systems -- dates back to Newton. 

 

The notion of phase space can be found in Newton's mathematical Principles of Natural Philosophy 

published in 1687.  In the second definition of the first chapter entitled "Definitions", Newton states (as 

translated from the original Latin in 1729):  "The quantity of motion is the measure of the same, arising 

from the velocity and quantity of matter conjointly."  In modern English, this means that for every object 

there is a quantity (called momentum) which is the product of the mass and velocity of the object. 

 

Newton gives his laws of motion in the second chapter entitled "Axioms, or Laws of Motion." T he 

Second Law says that the change of motion is proportional to the motive force impressed.  Newton 

relates the force to the change of momentum (not to the acceleration as most textbooks do). 

 

Momentum is actually one of two quantities that -- taken together -- yield the complete information 

about a dynamic system at any instant.  The other quantity is simply position which determines the 

strength and direction of the force. 

 

Newton's insight into the dual nature of momentum and position was put on firmer ground some 130 

years later by mathematicians William Rowan Hamilton and Karl Gustav-Jacob Jacobi.  The pairing of 

momentum and position is no longer viewed in the good old Euclidean space (i.e., 3 dimensions).  

Instead it is viewed in phase space which has 6 dimensions -- 3 dimensions for position and 3 for 

momentum. 

 

The introduction of phase space was a powerful step from a mathematical point of view.  But it 

represents a serious setback from the standpoint of human intuition.  Who can visualize 6 dimensions? 

 

In some cases, phase space can fortunately be reduced to 3 (or even better -- 2) dimensions.  Such a 

reduction is possible in examining the behavior of a Hydrogen atom in a strong magnetic field. 

 

The Hydrogen atom has long been a highly desirable system because of its simplicity.  A lone 

electron moves around a lone proton.  And yet the classical motion of the electron becomes chaotic 

when the magnetic field is turned on.  How can we claim to understand physics if we cannot explain this 

basic problem? 

 

Under normal conditions, the electron of a Hydrogen atom is tightly bound to the proton.  The 

behavior of the atom is governed by Quantum Mechanics.  The atom is not free to take on any arbitrary 

energy.  It can take on only discrete (i.e., quantized) energies. 

 

At low energies, the allowed values are spread relatively far apart.  As the energy of the atom is 

increased, the atom grows bigger because the electron moves farther from the proton and the allowed 

energies get closer together.  At high enough energies (but not too high, or the atom will be stripped of 

its electron!), the allowed energies get very close together into what is effectively a continuum and it 

now becomes fair to apply the rules of Classical Mechanics. 

 

Such a highly-excited atom is called a "Rydberg atom".  Rydberg atoms inhabit the middle ground 

between the Quantum and the Classical worlds and are therefore ideal candidates for exploring Bohr's 

correspondence principle which connects boxes 'Q' (quantum phenomena) and 'R' (classic 

phenomenal).  If a Rydberg atom could be made to exhibit chaotic behavior in the classical sense, it 

might provide a clue as to the nature of Quantum Chaos and thereby shed light on the middle ground 

between boxes 'Q' and 'P' (chaotic phenomena). 
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A Rydberg atom exhibits chaotic behavior in a strong magnetic field.  But to see this behavior, we 

must reduce the dimension of the phase space.  The first step is to note that the applied magnetic field 

defines an axis of symmetry through the atom.  The motion of the electron takes place effectively in a 2-

dimensional plane and the motion around the axis can be separated out; only the distances along the axis 

and from the axis matter.  The symmetry of motion reduces the dimension of the phase space from 6 to 

4. 

 

Additional help comes from the fact that no outside force does any work on the electron.  As a 

consequence, the total energy does not change with time.  By focusing attention on a particular value of 

the energy, one can take a 3-dimensional slice-called an energy shell-out of the 4-dimensional phase 

space.  The energy shell allows one to watch the twists and turns of the electron.  One can actually see 

something resembling a tangled wire sculpture. 

 

The resulting picture can be simplified even further through a simple idea that occurred to Poincaré.  

He suggested taking a fixed 2-dimensional plane (called a Poincaré section or a surface of section) 

through the energy shell and watching the points at which the trajectory intersects the surface.  The 

Poincaré section reduces the tangled wire sculpture to a sequence of points in an ordinary plane. 

 

A Poincaré section for a highly-excited Hydrogen atom in a strong magnetic field is shown on the 

opposite page.  The regions of the phase space where the points are badly scattered indicate chaotic 

behavior.  Such scattering is a clear symptom of classical chaos and allows one to separate systems into 

either box 'P' or box 'R'. 

 

What does the Rydberg atom reveal about the relation between boxes 'P' and 'Q'? I  have mentioned 

that one of the trademarks of a quantum mechanical system is its quantized energy levels.  And in fact, 

the energy levels are the first place to look for Quantum Chaos. 

 

Chaos does not make itself felt at any particular energy level, however.  Rather, its presence is seen 

in the spectrum (i.e., distribution) of the levels.  Perhaps somewhat paradoxically in a nonchaotic 

quantum system, the energy levels are distributed randomly and without correlation whereas the energy 

levels of a chaotic quantum system exhibit strong correlations [see illustration]. 

 

The levels of the regular system are often close to one another because a regular system is composed 

of smaller subsystems that are completely decoupled.  The energy levels of the chaotic system, however, 

almost seem to be aware of one another and try to keep a safe distance.  A chaotic system cannot be 

decomposed.  The motion along one coordinate axis is always coupled to what happens along the other 

axis. 

 

The spectrum of a chaotic quantum system was first suggested by Eugene P. Wigner, another early 

master of quantum mechanics. Wigner observed, as had many others, that nuclear physics does not 

possess the safe underpinnings of atomic and molecular physics: the origin of the nuclear force is still 

not clearly understood. He therefore asked whether the statistical properties of nuclear spectra could be 

derived from the assumption that many parameters in the problem have definite, but unknown values. 

This rather vague starting point allowed him to find the most probable formula for the distribution. Oriol 

Bohigas and Marie-Joya Giannoni of the Institute of Nuclear Physics in Orsay, France, first pointed out 

that Wigner's distribution happens is be exactly what is found for the spectrum of a chaotic dynamic 

system. 

 

Chaos does not seem to limit itself to the distribution of quantum energy levels, however, it even 

appears to work its way into the wavelike nature of the quantum world. The position of the electron in 

the hydrogen atom is described by a wave pattern. The electron cannot be pinpointed in space; it is a 
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cloudlike smear hovering near the proton. Associated with each allowed energy level is a stationary 

state, which is a wave pattern that does not change with time. A stationary state corresponds quite 

closely to the vibrational pattern of a membrane that is stretched over a rigid frame, such as a drum. 

 

The stationary states of a chaotic system have surprisingly interesting structure as demonstrated in 

the early 1980s by Eric Heller of the University of Washington.  He and his students calculated a series 

of stationary states for a 2-dimensional cavity in the shape of a stadium. 

 

The corresponding problem in Classical Mechanics was known to be chaotic for a typical trajectory 

quickly covers most of the available ground quite evenly.  Such behavior suggests that the stationary 

states might also look random as if they had been designed without rhyme or reason. 

 

In contrast. Heller discovered that most stationary states are concentrated around narrow channels 

that form simple shapes inside the stadium.  He called these channels "scars" [see illustration].  Similar 

structure can also be found in the stationary states of a Hydrogen atom in a strong magnetic field [see 

illustration].  The smoothness of the quantum wave forms is preserved from point-to-point.  But when 

one steps back to view the whole picture, the fingerprint of Chaos emerges. 

 

It is possible to connect the chaotic signature of the energy spectrum to ordinary Classical 

Mechanics.  A clue to the prescription is provided in Einstein's 1917 paper.  He examined the phase 

space of a regular system from box 'R' and described it geometrically as filled with surfaces in the shape 

of a donut.  The motion of the system corresponds to the trajectory of a point over the surface of a 

particular donut.  The trajectory winds its way around the surface of the donut in a regular manner.  But 

it does not necessarily close on itself. 

 

In Einstein's picture, the application of Bohr's correspondence principle to find the energy levels of 

the analogous quantum mechanical system is simple.  The only trajectories that can occur in Nature are 

those in which the cross-section of the donut encloses an area equal to an integral multiple of Planck's 

constant h (2π times the fundamental quantum of angular momentum having the units of momentum 

multiplied by length).  It turns out that the integral multiple is precisely the number that specifies the 

corresponding energy level in the quantum system. 

 

Unfortunately as Einstein clearly saw, his method cannot be applied if the system is chaotic for the 

trajectory does not lie on a donut and there is no natural area to enclose an integral multiple of Planck's 

constant.  A new approach must be sought to explain the distribution of quantum mechanical energy 

levels in terms of the chaotic orbits of Classical Mechanics. 

 

Which features of the trajectory of classical mechanics help us to understand quantum chaos? Hill's 

discussion of the moon's irregular orbit because of the presence of the sun provides a clue. His work 

represented the first instance where a particular periodic orbit is found to be at the bottom of a difficult 

mechanical problem. (A periodic orbit is tike a closed track on which the system is made to run: there 

are many of them, although they are isolated and unstable.) Inspiration can also be drawn from Poincaré, 

who emphasized the general importance of periodic orbits. In the beginning of his three-volume work, 

"The New Methods of Celestial Mechanics" which appeared in 1892, he expresses the belief that 

periodic orbits "offer the only opening through which we might penetrate into the fortress that has the 

reputation of being impregnable." Phase space for a chaotic system can be organized, at least partially 

around periodic orbits, even though they are sometimes quite difficult to find. 

 

In 1970 I discovered a very general way to extract information about the quantum mechanical 

spectrum from a complete enumeration of the classical periodic orbits. The mathematics of the approach 

is too difficult to delve into here, but the main result of the method is a relatively simple expression 
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called a trace formula. The approach has now been used by a number of investigators, including Michael 

V. Berry of the University of Bristol, who has used the formula to derive the statistical properties of the 

spectrum. 

 

I have applied the trace formula to compute the lowest two dozen energy levels for an electron in a 

semiconductor lattice, near one of the carefully controlled impurities. (the semiconductor, of course, is 

the basis of the marvelous devices on which modern life depends; because of its impurities, the electrical 

conductivity of the material is half-way between that of an insulator, such as plastic, and that of a 

conductor, such as copper.) The trajectory of the electron can be uniquely characterized by a string of 

symbols, which has a straightforward interpretation. The string is produced by defining an axis through 

the semiconductor and simply noting when the trajectory crosses the axis. A crossing to the "positive" 

side of the axis gets the symbol +, and a crossing to the "negative" side gets the symbol -. 

 

A trajectory then looks exactly like the record of a coin toss.  Even if the Past is known in all detail -

-even if all the crossings have been recorded -- the Future is still wide open.  The sequence of crossings 

can be chosen arbitrarily. 

 

Now a periodic orbit consists of a binary sequence that repeats itself.  The simplest such sequence is 

(+ -); the next is (+ -); and so on.  (2 crossings in a row having the same sign indicate that the electron 

has been trapped temporarily.)  All periodic orbits are thereby enumerated, and it is possible to calculate 

an appropriate spectrum with the help of the trace formula.  In other words, the Quantum Mechanical 

energy levels are obtained in an approximation that relies on quantities from Classical Mechanics only. 

 

The classical periodic orbits and the quantum mechanical spectrum are closely bound together 

through the mathematical process called Fourier analysis.  The hidden regularities in one set and the 

frequencies with which they show up are exactly given by the other set.  This idea was used by John B. 

Delos of the College of William and Mary and Dieter Wintgen of the Max Planck Institute for Nuclear 

Physics in Heidelberg to interpret the spectrum of the Hydrogen atom m a strong magnetic field. 

 

Experimental work on such spectra has been done by Karl H. Welge and his colleagues at the 

University of Bielefeld who have excited Hydrogen atoms nearly to the point of ionization where the 

electron tears itself free of the proton.  The energies at which the atoms absorb radiation appear to be 

quite random [see illustration].  But a Fourier analysis converts the jumble of peaks into a set of well-

separated peaks.  

 

The important feature here is that each of the well-separated peaks corresponds precisely to one of 

several standard Classical periodic orbits.  Poincaré's insistence on the importance of periodic orbits now 

takes on a new meaning.  Not only does the classical organization of phase space depend critically on 

the Classical periodic orbits, but so too does the understanding of a Chaotic Quantum spectrum. 

 

So far, I have talked only about quantum systems in which an 'S' electron is trapped or spatially 

confined.  Chaotic effects are also present in atomic systems where an electron can roam freely as it 

does when it is scattered from the atoms in a molecule.  Here, energy is no longer quantized and the 

electron can take on any value.  But the effectiveness of the scattering depends on the energy. 

 

Chaos shows up in Quantum scattering as variations in the amount of time the electron is 

temporarily caught inside the molecule during the scattering process.  For simplicity, the problem can be 

examined in 2 dimensions.  To the electron, a molecule consisting of 4 atoms looks like a small maze.  

When the electron approaches one of the atoms, it has 2 choices.  It can turn left or right.  Each possible 

trajectory of the electron through the molecule can be recorded as a series of left and right turns around 

the atom until the particle finally emerges.  All of the trajectories are unstable.  Even a minute change in 
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the energy or the initial direction of the approach will cause a large change in the direction in which the 

electron eventually leaves molecule. 

 

The chaos in the scattering process comes from the fact that the number of trajectories increases 

rapidly with path length.  Only an interpretation from the Quantum Mechanical point-of-view gives 

reasonable results.  A purely Classical calculation yields nonsensical results. 

 

In Quantum Mechanics, each classical trajectory is used to define a little wavelet that finds its way 

through the molecule.  The quantum mechanical result follows from simply adding up all such wavelets. 

 

Recently I have done a calculation of the scattering process for a special case in which the sum of 

the wavelets is exact.  An electron of known momentum hits 'A' and emerges with the same momentum.  

The arrival time for the electron to reach a fixed monitoring station varies as a function of the 

momentum and the way in which it varies is so fascinating about this problem.  The arrival time 

fluctuates over small changes in the momentum.  But over large changes, a chaotic imprint emerges 

which never settles down to any simple pattern. 

 

A particularly tantalizing aspect of the chaotic scattering process is that it may connect the mysteries 

of Quantum Chaos with the mysteries of number theory.  The calculation of the time delay leads 

straight into what is probably the most enigmatic object in mathematics -- Riemann's zeta function.   

 

Actually it was first employed by Leonhard Euler in the middle of the 18
th

 Century to show the 

existence of an infinite number of prime numbers (integers that cannot be divided by any smaller integer 

other than one).  About a century later, Bernhard Riemann -- one of the founders of modem mathematics 

-- employed the function to delve into the distribution of the primes.  In his only paper on the subject, he 

called the function by the Greek letter zeta (ζ). 

 

The zeta function is a function of 2 variables x and y which exist in the complex plane.  To 

understand the distribution of prime numbers, Riemann needed to know when the zeta function has the 

value of zero.  Without giving a valid argument, he stated that it is zero only when x is set equal to 1/2.  

Vast calculations have shown that he was right without exception for the first billion zeros (but no 

mathematician has come even close to providing a proof).  If Riemann's conjecture is correct, all kinds 

of interesting properties of prime numbers could be proved. 

 

The values of y for which the zeta function is zero form a set of numbers that is much like the 

spectrum of energies of an atom.  Just as one can study the distribution of energy levels in the spectrum, 

so can one study the distribution of zeros for the zeta function.  Here the prime numbers play the same 

role as the classical closed orbits of the Hydrogen atom in a magnetic field.  The primes indicate some of 

the hidden correlations among the zeros of the zeta function. 

 

In the scattering problem, the zeros of the zeta function give the values of the momentum where the 

time delay changes strongly.  The chaos of the Riemann zeta function is particularly apparent in a 

theorem that has only recently been proved: the zeta function fits locally any smooth function. 

 

The theorem suggests that the function may describe all the chaotic behavior a quantum system can 

exhibit.  If the mathematics of Quantum Mechanics could be handled more skillfully, many examples of 

locally-smooth yet globally-chaotic phenomena might be found. 

 

Further Reading 

 

Has Chaos theory found any useful application in the social sciences? 

http://www.sciam.com/article.cfm?id=has-chaos-theory-found-an
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Subatomic Logic 

100 Years of Quantum Mysteries 

http://www.sciam.com/article.cfm?id=subatomic-logic
http://www.sciam.com/article.cfm?id=100-years-of-quantum-mysteries


 9 

http://cosmicvariance.com/2008/10/23/quantum-hyperion/ 

Quantum Hyperion 
Sean at 7:51 pm, October 23rd, 2008 

 

One of the annoying/fascinating things about Quantum Mechanics is the fact the World doesn’t seem 

to be quantum-mechanical. 

 

When you look at something, it seems to have a location and not a superposition of all possible 

locations.  When it travels from one place to another, it seems to take a path and not a sum over all 

paths.  This frustration was expressed by no lesser a person than Albert Einstein, quoted by Abraham 

Pais, quoted in turn by David Mermin in a lovely article entitled “Is the Moon There when Nobody 

Looks?“: 

 

"I recall that during one walk Einstein suddenly stopped, turned to me, and asked 

whether I really believed that the Moon exists only when I looked at it." 

 

The conventional quantum-mechanical answer would be “Sure, the Moon exists when you’re not 

looking at it.  But there is no such thing as `the position of the Moon’ when you are not looking at it.” 

 

Nevertheless, astronomers over the centuries have done a pretty good job predicting eclipses as if 

there really was something called 'the position of the Moon’ even when nobody (as far as we know) was 

looking at it.  There is a conventional quantum-mechanical explanation for this as well.  The 

correspondence principle states that the predictions of Quantum Mechanics in the limit of a very large 

number of particles (a Macroscopic body) approach those of classical Newtonian mechanics.  This is 

one of those vague but invaluable rules-of-thumb that was formulated by Niels Bohr back in the salad 

days of Quantum Mechanics.  If it sounds a little hand-wavy, that’s because it is. 

 

The vagueness of the correspondence principle prods a careful physicist into formulating a more 

precise version.  Or perhaps coming up with counter-examples.  And indeed, counter-examples exist.  

Namely when the Classical predictions for the system in question are Chaotic. 

 

In Chaotic systems, tiny differences in initial conditions grow into substantial differences in the 

ultimate evolution.  It shouldn’t come as any surprise, then, that it is hard to map the predictions for 

classically Chaotic systems onto average values of predictions for Quantum observables.  Essentially, 

tiny quantum uncertainties in the state of a Chaotic system grow into large quantum uncertainties before 

too long and the system is no longer accurately described by a Classical limit even if there are large 

numbers of particles. 

 

Some years ago, Wojciech Zurek and Juan Pablo Paz described a particularly interesting real-

world example of such a system: Hyperion -- a moon of Saturn that features an irregular shape and a 

spongy surface texture. 

 

http://cosmicvariance.com/2008/10/23/quantum-hyperion/
http://cosmicvariance.com/author/sean/
http://scitation.aip.org/getabs/servlet/GetabsServlet?
http://scitation.aip.org/getabs/servlet/GetabsServlet?
http://en.wikipedia.org/wiki/Correspondence_principle
http://en.wikipedia.org/wiki/Chaos_theory
http://arxiv.org/abs/quant-ph/9612037
http://en.wikipedia.org/wiki/Hyperion_(moon)
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The orbit of Hyperion around Saturn is fairly predictable.  Happily -- even for lumpy moons -- the 

center of mass follows a smooth path.  But the orientation of Hyperion, it turns out, is chaotic.  The 

moon tumbles unpredictably as it orbits (as measured by Voyager 2 as well as Earth-based telescopes).  

Its orbit is highly elliptical and resonates with the orbit of Titan, which exerts a torque on its axis.  If you 

knew Hyperion’s orientation fairly precisely at some time, it would be completely unpredictable within 

a month-or-so (the Lyapunov exponent is about 40 days).  More poetically, if you lived there, you 

wouldn’t be able to predict when the Sun would next rise. 

 

So is Hyperion oriented when nobody looks?  Zurek and Paz calculate (not recently — this is fun, 

not breaking news) that if Hyperion were isolated from the rest of the Universe, it would evolve into a 

non-localized quantum state over a period of about 20 years.  It’s an impressive example of Quantum 

uncertainty on a Macroscopic scale. 

 

Except that Hyperion is not isolated from the rest of the Universe.  If nothing else, it’s constantly 

bombarded by photons from the Sun as well as from the rest of the Universe.  And those photons have 

their own quantum states.  And when they bounce off Hyperion, the states become entangled.  But 

there’s no way to keep track of the states of all those photons after they interact and go their merry way. 

 

So when you speak about “the quantum state of Hyperion”, you really mean the state we would get 

by averaging over all the possible states of the photons we didn’t keep track of.  And that averaging 

process (considering the state of a certain quantum system when we haven’t kept track of the states of 

the many other systems with which it is entangled)  leads to decoherence.  Roughly speaking, the 

photons bouncing off of Hyperion act like a series of many little “observations of the wavefunction”, 

collapsing it into a state of definite orientation. 

 

So in the real world, not only does this particular moon (of Saturn) exist when we’re not looking,  

but it’s also in a pretty well-defined orientation even if -- in a simple model that excludes the rest of the 

Universe -- its wave function would be all spread out after only 20 years of evolution.  As Zurek and Paz 

conclude, “Decoherence caused by the environment … is not a subterfuge of a theorist but a fact of 

Life.”  (As if one could sensibly distinguish between the two.) 

 

 

Comments 

 

-- Harrison on Oct 23rd, 2008 at 8:24 pm 

“One of the annoying/fascinating things about Quantum Mechanics is the fact the 

World doesn’t seem to be quantum-mechanical.  When you look at something, it seems to 

have a location and not a superposition of all possible locations.  When it travels from 

one place to another, it seems to take a path and not a sum over all paths.” 

 

So, a fun idea to toy around with is that how things “seem” and “look” are just constructs of the 

clump of neurons in your head.  We take sensory input from the world around it and interpret it in a way 

that allows us to avoid predators and seek prey.  The mind is a great self-deceiver, however, so much 

that the interpretation is incredibly difficult to separate from reality for most people. 

 

Consider the simple example of color.  Nothing in this world has “color”.  Rather our brains assign 

colors to surfaces that reflect certain wavelengths of light so that we can differentiate objects in our 

environment. 

 

http://en.wikipedia.org/wiki/Lyapunov_exponent
http://en.wikipedia.org/wiki/Quantum_entanglement
http://en.wikipedia.org/wiki/Quantum_decoherence
http://stereosoup.blogspot.com/
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So to get back to your point, it matters little if nothing “seems” to operate according to quantum 

mechanics on a macro scale.  Just because we perceive an object to have a discrete location and 

orientation does not make it so.  It’s just our brain’s cunningly deceptive interpretation of Quantum 

Mechanics. 

 

 

-- George Musser on Oct 23rd, 2008 at 8:49 pm  

Hi Sean, 

 

I think I’m missing something.  How is classical Chaos a potential counterexample to the 

correspondence principle?  The principle holds that Quantum Mechanics → Classical Mechanics in a 

particular limit.  Which seems to be separate from the question of whether CM → Chaos. 

 

Wouldn’t a potential counterexample be some strongly quantum but still large-N system such as a 

Bose-Einstein condensate or the Universe during the Planck epoch? 

 

 

-- Sean on Oct 23rd, 2008 at 9:13 pm  

The correspondence principle says that a large-N system prepared in a quantum state localized 

around some classical values should obey the classical equations of motion corresponding to those 

values. 

 

But a classically chaotic system does not.  The necessary quantum uncertainty implies that you are 

very likely to find the system far away from the classical point that you would have predicted. 

 

-- chemicalscum on Oct 23rd, 2008 at 10:33 pm  

This commentary by Todd Brun elaborates this problem: 

http://almaak.usc.edu/~tbrun/Data/topics.html 

 

The field of Quantum Chaos (as the term is usually applied) is mainly limited to the case of 

Hamiltonian systems: systems which conserve energy and are chaotic in the classical limit.  Dissipative 

Chaos -- which is equally important classically and displays rather different behavior -- is comparatively 

little studied quantum mechanically. 

 

I have looked at a class of chaotic models using the formalisms of Decoherent Histories and 

Quantum Trajectories.  Classically, a dissipative chaotic system tends towards a strange attractor with a 

fractal structure.  That is, the attractor exhibits substructure at all length scales. 

 

Quantum mechanically, this is impossible as structure on a scale smaller than Planck’s constant has 

no meaning.  As one approaches the classical limit, more-and-more layers of structure appear.  But there 

is always a limiting scale at which the existence of quantum uncertainty and noise from the dissipative 

environment blurs out the fractal. 

 

Because of this phenomenon, quantities used to characterize classical chaos (such as Lyapunov 

exponents and fractal dimension) are not well-defined for the equivalent quantum systems.  It is 

possible, however, that extensions of these concepts may still be useful.  One useful proposal (due to 

Schack and Caves) is hypersensitivity to perturbations.  I am currently collaborating on studies of this in 

quantum computers. 

http://cosmicvariance.com/sean/
http://almaak.usc.edu/~tbrun/Data/topics.html
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-- andy.s on Oct 23rd, 2008 at 11:40 pm  

John Baez also has a discussion of this in week 223 of "This Week’s Finds".  We live in such a 

weird f’ing Universe! 

 

 

-- kletter on Oct 23rd, 2008 at 11:41 pm  

The atmosphere is quantum-mechanical as is the sunlight.  And the combination creates beautiful 

sunsets and similar natural spectacles.  Or you could say that solar photons of given wavelengths interact 

with molecules and atoms that will be excited to a different quantum state with the short wavelengths 

tending to interact more strongly with small molecules.  Which is why the sunsets consist of brilliant 

reds, yellows, and oranges… which we are only able to sense to quantum excitations of sheets of photo-

sensitive molecules on the backs of our eyeballs. 

 

 

-- Robert on Oct 24th, 2008 at 1:05 am  

Alex, if you are looking for a more technical answer: 

 

In the Chaotic system, different paths leading to very different orientations are do in fact have very 

similar action (integral of the Lagrangian) measured in multiples of h-bar.  But this is what appears in 

the exponent in the path integral and, therefore, both configurations contribute to similar amounts. 

 

However, let me give you one warning.  Imagine that we could actually isolate Hyperion from all the 

photons for quite some time so that no decoherence happens.  And then you were allowed to look at it as 

the first person to observe the Macroscopic quantum state.  What would you expect to see?  If you 

expect a blurry image of a “superposition of many orientations”, then I have bad news for you.  It would 

look as classical as always.  You couldn’t tell the difference! 

 

You will always observe some eigenstate of the orientation operator.  It’s just that if you repeated 

this experiment you would observe some interference pattern in the distribution of observed orientations.  

This is just like electrons in the double slit experiment.  Each individual electron hit the screen at one 

specific position.  It’s only their number distribution that shows the interference. 

 

If you like, what happens is that you entangle the state of your brain an the orientation of Hyperion.  

Considering then only your brane, its state is a classical probability distribution of many possible 

orientations. 

 

 

-- ObsessiveMathsFreak on Oct 24th, 2008 at 5:28 am 

Chaotic systems have nothing to do with Quantum effects.  Purely classical chaotic systems are not 

uncertain.  They are deterministic.  The chaos in these systems refers to the long-term sensitivity of the 

system to the initial conditions.  But given a set of fixed initial conditions, there is no uncertainty (aside 

of course from rounding and other numerical errors, which by the nature of the chaotic system cause 

solutions to diverge). 

 

 

-- Jason Dick on Oct 24th, 2008 at 6:21 am  

to ObsessiveMathsFreak: 

 

The problem is that the Quantum effects prevent those initial conditions from being purely Classical 

ones.  The very slight deviations from classicality -- when combined with the chaotic nature of the 

http://math.ucr.edu/home/baez/week223.html
http://atdotde.blogspot.com/
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system -- can produce Macroscopic effects if the system doesn’t interact with other systems in the 

interim. 

 

 

-- James on Oct 24th, 2008 at 6:28 am  

This does seem rather to hark back to the “blogging heads” discussion of QM foundations that Sean 

and David Albert posted not so long ago.  In my judgment, there was no consensus of opinion either 

within the debate or the subsequent comments.  I do not think this problem is any way close to being 

solved. 

 

We seem to experience a Classical illusion on top of a fundamentally Quantum world.  The trendy 

word for this is “decoherence”.  But I have never heard a coherent explanation of what this is. 

 

Many have tried be it “Many-Worlds" interpretations, gravitational involvement, “Copenhagen”-

style pseudo-philosophy, “hidden variables”, or many others.  But I’m not convinced by any of them. 

 

 

-- jason green on Oct 24th, 2008 at 7:44 am  

Isn’t 40 days the Lyapunov time?  Lyapunov exponents have units of 1/time. 

 

The counter-example only holds if the thermodynamic limit (large-N) exists for the distribution of 

Lyapunov exponents. 

 

 

-- George Musser on Oct 24th, 2008 at 7:51 am  

From Sean’s, Robert’s, and Jason’s (above) remarks, I take it that the problem is the Quantum 

fluctuations.  I can’t just take an expectation value and plug it into the Classical equations because those 

equations are so sensitive to initial conditions.  If so, wouldn’t thermal fluctuations have the same 

effect? 

 

Also, could I still define a restricted version of the correspondence principle if I look at a restricted 

span of time?  That is, I can increase the value of N to make the fluctuations proportionately less 

important and still have Classical predictable behavior for a certain period until the sensitive dependence 

on initial conditions manifests itself. 

 

 

-- Lawrence B. Crowell on Oct 24th, 2008 at 7:52 am  

Why?  Chaotic dynamics concerns systems where minor changes in the initial conditions of a system 

will exponentially grow almost without bounds.  This is the touted butterfly effect where the flapping 

butterfly wing in Papau New Guinea causes a hurricane here (Katrina?). 

 

So suppose you have two systems with initial condition separated by some small amount of distance 

and momentum (∆q, ∆p) in phase space.  This small deviation can be due to a number of things such as 

the truncation error introduced by a numerical computation.  These systems are deterministic.  But in 

order to integrate the system explicitely requires a computer with an infinite floating point capability. 

 

For linear systems, these errors will grow in a linear or maybe polynomial manner.  So it will take a 

very long time for these errors to manifest themselves.  However, Chaotic systems such as Hamiltonian 

chaotic systems will exhibit a radical divergence of these errors or differences in initial conditions 

 

∆q = e
Λt

 ∆q'  ,  ∆p = e
Λt

 ∆p' 

http://en.wikipedia.org/wiki/Lyapunov_time
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so these errors or differences in initial condition exponentially grow according to the Lyapunov 

exponent /\. 

 

Now introduce Quantum Mechanics.  The metric measure of a the Fubini space which gives the 

fibration over a projective Hilbert space is  

 

xOOs  22 )(  

 

where x is the conjugate variable to the observable O. 

 

The astute might see that this is the Heisenberg uncertainty principle and s defines an invariant 

number of units of action (or n-hbar).  So a quantum dynamical system will in a zero temperature 

situation will have all its possible quantum paths diverge (as in a Feynman path integral).  But for ∆t, the 

number of times that a photon carries away entanglement phase from the system there is a stochastic 

error given by ∆E. 

 

This system is a large N-hbar example of the quantum Zeno effect but where there is the added issue 

of Chaos.  These tiny errors then sum together in a way similar to a drunkard’s walk.  Each of these tiny 

errors is exponentially amplified and they in turn sum together. 

 

In this way, the errors which are introduced by these Quantum fluctuations result in a large scale or 

Classical trajectory that differs from the expectation from the quantum path integral of the system.  

These little decoherent jiggles of Hyperion result in a stochastic change in its rotational position that 

can’t be predicted. 

 

 

-- Robert Blandford on Oct 24th, 2008 at 8:12 am  

Isn’t the Multiverse another resolution of this paradox? 

 

 

-- Jerome on Oct 24th, 2008 at 10:01 am  

 

Arxiv: In the ‘96 paper Zuric claims  

 

"Motivated by Hyperion, we review salient features of “Quantum Chaos” and show 

that decoherence is the essential ingredient of the classical limit,as it enables one to solve 

the apparent paradox caused by the breakdown of the correspondence principle for 

classically chaotic systems." 

 

In a 2005 paper, Weibe claims: 

 

"We conclude that decoherence is not essential to explain the classical behavior of 

Macroscopic bodies." 

 

In a 2008 paper, Schlosshauer claims: 

 

"We show that the controversy is resolved once the very different assumptions 

underlying these claims are recognized.  In doing so, we emphasize the distinct notions of 
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the problem of Classicality in the ensemble interpretation of Quantum Mechanics and in 

decoherence-based approaches that are aimed at addressing the measurement problem." 

 

Can someone sort this out for me?  Why are they disagreeing?  What are the different underlying 

assumptions? 

 

 

-- Thomas Larsson on Oct 24th, 2008 at 10:03 am  

When I look at the Moon, I detect a bunch of photons interacting with my retina.  This seems 

compatible with the Moon existing a second ago.  But who knows what has happened since then.  

Maybe the Moon has been eaten by a Boltzmann brain and reappeared on a different brane in the 

meantime. 

 

 

-- Xenophage on Oct 24th, 2008 at 10:08 am  

More poetically, if you lived there, you wouldn’t be able to predict when the Sun would next rise. 

 

Hyperion would then be perfectly described by Economics (the ultimate parameterized interpolative 

curve fit, all fits each proving the others wrong) plus Heteroskedasticity (because analytic economics is 

fundamentally crap for prediction). 

 

Hyperion looks like a job for string theory!  More studies are needed. 

 

 

-- Alex on Oct 24th, 2008 at 10:10 am  

I was a little rushed and unclear in my question and while your detailed responses are helpful and 

appreciated, I was just wondering why Hyperion specifically is so unpredictable.  Why its quantum 

fluctuations evolve into Macroscopic ones while most bodies follow the correspondence principle. 

 

 

-- Count Iblis on Oct 24th, 2008 at 11:32 am  

If we don’t detect all these photons that have bounced off Hyperion, then we shouldn’t say that 

Hyperion is in a definite orientation if we don’t look. 

 

If it really is the case that the orientation of Hyperion is fixed before we observe it, then the observer 

should also be part of that entangled superposition. 

 

So the question should really be if for 2 terms of this entangled quantum state of Hyperion and the 

rest of the Universe corresponding to 2 different orientations of Hyperion, the state of the brains of 

people on Earth in these terms are orthogonal. 

 

One could argue that even this is not enough because unless we can tell the 2 brain states apart, our 

consciousness is the same in the different brain states.  If it were different, we could notice the 

difference and then we could “feel” what state Hyperion is in without observing it. 

 

But we can only be aware of a limited amount of information.  So the orientation of Hyperion would 

be swamped by all other external influences we are exposed to. 
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-- James on Oct 24th, 2008 at 12:03 pm  

Count Iblis -- 

 

Not really sure what your point is here.  But a couple of comments on your comments: 

 

> “…then the observer should also be part of that entangled superposition” 

 

This is part of the standard QM orthodoxy and, I think, an experimentally inescapable conclusion. 

 

Also, you say that: 

 

> “…the state of the brains of people on Earth in these terms are orthogonal.” 

 

Not necessarily so.  Human (or presumably also ET) observers can select a basis for their working 

model however they lik- within mathematical practicality OK, but beyond that it’s up to them.  North 

isn’t orthogonal to Northeast.  It just depends on what you’re measuring (which is part of the whole 

problem). 

 

 

-- Lawrence B. Crowell on Oct 24th, 2008 at 12:45 pm 

Each photon which interacts with hyperion removes some quantum overlap of superposed states or 

reduces the off diagonal elements of the density matrix closer to zero.  This overlap or entanglement 

phase that is lost is “smeared out” in a coarse grained sense.  Clearly no observer has the ability to make 

an accounting of all these events and where these entanglement phases are carried off to.  This smearing 

out has a thermal interpretation which is due to the fact the Sun is a heat source.  

 

Each one of these decoherent events amounts to a little kick on the Moon which is a sort of quantum 

zeno process of reducing the quantum state of the Moon.  Each of these little kicks amounts to a 

stochastic change in the position and momentum (for Hyperion, we have action-angle variables) of the 

body.  Each of these little kicks is then exponentially amplified by the chaotic dynamics of the Classical 

system.  The Lyapunov exponent is a measure for this process.  So each of these decoherent kicks are 

amplified and they sum together.  This then results in a drunkard’s walk drift in the dynamics of the 

body which is ultimately due to underlying quantum stochasticity. 

 

The process is what underlies the s- called wave function collapse of a wave function in a 

measurement.  What is important is not that there be a conscious being which observes the outcome but 

rather that there is a thermal scrambling of entangelment phases of the system with those of the 

environment or measuring apparatus. 

 

 

-- George Musser on Oct 24th, 2008 at 1:31 pm  

In his paper on this subject in 2001, Michael Berry argued that a single photon would be enough to 

induce decoherence since Hyperion’s angular-momentum levels are so closely spaced. 

 

Incidentally, Berry made much the same point as I did above about the timescale of classical Chaos 

but goes onto say that decoherence renders this point moot. 

 

"The claim sometimes made that chaos amplifies quantum indeterminacy is 

misleading.  The situation is more subtle. 
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"Chaos magnifies any uncertainty.  But in the quantum case, h has a smoothing effect 

which would suppress chaos if this suppression were not itself suppressed by externally-

induced decoherence that restores cCassicality (including chaos if the classical orbits are 

unstable)." 

 

 

-- Count Iblis on Oct 24th, 2008 at 1:33 pm  

James -- 

Yes, you can choose whatever basis is convenient for you in practice.  But we are now considering 

the philosophical question “Does Hyperion have a definite orientation before we observe it?” 

 

So, we should consider the slightly less reduced density matrix in which you also keep your own 

mental state.  I cannot observe myself in a superposition of 2 different mental states.  I’m always one 

part of such a superposition.  So I’m going to assume that there exists a preferred physical basis for the 

mental states. 

 

Then instead of tracing out the mental states, we should consider the reduced density matrices: 

 

∆lt m|ρ|m∆gt 

 

where ρ is the density matrix in which everything except Hyperion and the observer’s degrees of 

freedom have been traced out and m denotes a particular preferred mental basis state.  The question is 

then if this reduced density matrix describes a pure state for general m. 

 

Only if it is a pure state can we say that before we observe it, Hyperion already was in a definite 

state.  So, paradoxically, a pure state in this case corresponds to a collapsed state and a mixed state 

corresponds to the system being in a superposition. 

 

As I argued above, you should expect that the state will be a mixed state.  Which means that 

Hyperion doesn’t have a definite orientation given our mental state before we measure it. 

 

 

Correction: 

 

Instead of tracing out the mental states we project out particular mental basis states, so the reduced 

density matrix is: 

 

< m| ρ |m> 

 

Then I was wrong to say that one should look for arbitrary m in the preferred basis.  Instead one 

should try to find out if this can describe a pure state if the brain and thus the mental states m are 

perturbed by photons scattering off Hyperion and then hitting the observer on Earth.  That doesn’t look 

plausible to me as any such effects will be swamped by other local effects. 

 

 

-- James on Oct 24th, 2008 at 3:00 pm  

Count Iblis -- 

 

You say: 
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>“…I cannot observe myself in a superposition of 2 different mental states.  I’m 

always one part of such a superposition.  So I’m going to assume that there exists a 

preferred physical basis for the mental states.” 

 

Have you never felt “in 2 minds” about something?  Research seems to have shown that the brain is 

massively parallel just from a Classical point of view.  And there are those who would argue that it 

exploits QM parallelism in its working (personally I’m not convinced, but I can’t rule it out). 

 

The density matrix (or the reduced one for that matter) which I remember fondly (not!) from work in 

quantum optics is a statistical mechanical tool and sheds no light on fundamental questions such as what 

Hyperion is doing when nobody’s looking. 

 

 

-- Paul on Oct 24th, 2008 at 4:19 pm  

You roll one die, you can’t predict what number you’re going to get. 

 

You roll 100000000000000000000000000000000000000000000000 dice, you can predict with 

accuracy refined to a similar number of decimal places that 1/6th of them will be 1, a 1/6th 2 etc etc.  

The more you roll, the greater the accuracy of your prediction. 

 

I’m a total and utter layman when it comes to the fine details of Quantum Mechanics.  But surely the 

“decoherence” that everyone is discussing is just the increasing predictability of increasing numbers of 

“dice rolls” (or particle interactions) writ large across the Universe. 

 

On our Macro scale, we’re used the ‘dice’ being rigidly defined quantities of discrete numbers 

between 1 and 6 that we can point to and identify.  When we observe a single die that is in the process of 

rolling, we can’t call it 1, 2, 3, 4, 5 or 6.  We must define it as something that has the potential of coming 

up 1, 2, 3, 4, 5 or 6.  But is no single one of those things until it stops rolling and all of those things 

together all the time. 

 

When you describe dice like that, they sound just as fantastical as an object behaving in a quantum 

manner.  But they’re still dice.  Obviously this is horrifically simplified.  But if you remove the image of 

a comfortably familiar object and remember that we’re dealing with particles, I think the point still 

stands. 

 

Apologies if I’m explaining something incredibly rudimentary that everybody is already talking 

beyond as pre-assumed ^^; 

 

 

-- Lawrence B. Crowell on Oct 24th, 2008 at 4:40 pm  

Given that the action for the rotation of this body is probably around 10
50

 hbar, the uncertainty in the 

angular position is ~ 10
-50

.  So a single photon which impacts the body across is primary axis d with 

momentum p = hbar-k can change the angular momentum by L ~ hbar*k*d with a change in the 

angular position ~ 1/kd = λ/d ~ 10
-6

/10
5
 ("ball parking" the size of the Moon here).  Which is more than 

enough to change the angular position of the Moon far greater than the HUP uncertainty. 

 

As for density matrices of brain states and the like, one of the whole points of this is to show that 

there is no need to invoke any mental state of an observer. 

 

http://www.freakangels.com/
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-- sonic on Oct 24th, 2008 at 5:42 pm  

I’m not so sure the World doesn’t appear quantum mechanical. 

 

I’m going to watch the baseball game.  Is the outcome: 

 

1)Pretermined from events that happened billions of years ago? (i.e., Newtonian determinism) 

2)The result of certain propensities of nature mixed with chance and the free choices of the 

conscious participants?(i.e., orthodox Von Nuemann QM) 

 

I think the Universe I live in is very quantum mechanical. 

 

 

-- Lawrence B. Crowell on Oct 24th, 2008 at 5:59 pm  

Paul on Oct 24th, 2008 at 4:19 pm wrote: 

>"surely the “decoherence” that everyone is discussing is just the increasing predictability of 

increasing numbers of “dice rolls” (or particle interactions) writ large across the Universe." 

 

No, it is not that.  Suppose you have a 2-state system.  There are 2 possible states it can be in |0) and 

|1).  The dual to these states are written as (0| and (1|,which satisfy some conditions 

 

(0|0) = (1|1) = 1 

 

(0|1) = (1|0) = 0, 

 

or these states in the state space are perpendicular (or as we more often say -- orthogonal).  A general 

state vector for this system is usually written as 

 

|Y) = c_0|0) + c_1|1) 

 

The dual of this vector is then 

 

(Y| = c*_0(0| + c*_1(1| 

 

where the star * represents complex conjugation for i = √(-1) changes sign to -i where ever it appears.  

The terms c_i are complex valued probability amplitudes.  What physicists often do is to look at the 

density matrix which is written as ρ = |Y)(Y| so it has components 

 

ρ_{00} = c*_0c_0 = |c_0|^2 

 

ρ_{11} = c*_1c_1 

 

ρ_{01} = c*_0c_1 

 

ρ_{10} = c*_1c_0 

 

where ρ _{01} and ρ _{10} are complex conjugations of each other. 

 

The ρ_{01} and ρ_{10} off diagonal terms are complex valued and represent phases for the 

superposition of these states.  The diagonal terms just give the probabilities for the two states.  If this 

system is coupled to some complex environment or a shower of photons, these phases can become 
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coupled to these external factors and removed.  The density matrix is then reduce to the diagonal terms.  

The systems has decoherently entered into a “collapsed state.” 

 

 

-- Count Iblis on Oct 24th, 2008 at 6:40 pm  

Well, let me reformulate my point without invoking density matrices.  If you observe a system, it 

will be in one of the eigenstates of the observable you are measuring.  Now suppose that the system has 

already decohered before you make the measurement due to interactions with the environment.  We 

perform a measurement and find that the system is in some state. 

 

The question is if the system was in that state before you made that measurement.  I claim that this is 

not the case.  We can be sure that after the mesurement, the system has collapsed into some definite 

eigenstate.  So, it is then in a pure state.  If before measurement the system were in the same state, it 

would thus already have to be in that same pure state. 

 

The fact that in the density matrix formalism you find a mixed state is then explained by the fact that 

had you included your mental state, the density matrix would be diagonal with only 1 nonzero diagonal 

element.  It would then be the tracing out over the possible mental states which yields the mixed state. 

 

But this would imply that we could in principle have psychic powers to “feel” what the orientation of 

Hyperion is without observing it.  That’s surely not possible.  Therefore one has to assume that the 

density matrix that includes your mental states would not describe a pure state (i.e., it would not have a 

single nonzero diagonal element or a singe Dirac delta in the continuous case). 

 

Or formulated without referring to density matrices:  In the full entangled state of system and rest of 

the Universe, the terms corresponding to different orientations would not necessarily contain mental 

states that are orthogonal.  I.e., if you group the terms for each mental state, it would contain states 

referring to different orientations. 

 

roland on Oct 24th, 2008 at 6:57 pm  

What does decoherence mean in the context of the many worlds interpretation? 

That it’s likely that the position of a macroscopic object like the moon is rather definitive in a given 

branch? 

 

 

-- Neil B. ☼ on Oct 24th, 2008 at 7:00 pm  

Lawrence, you forget that figures giving “probability” for a given state or outcome are based on 

collapses and specific events already happening, then fed into the decoherence pretended “explanation” 

of what Wikipedia calls “appearance” of collapse. 

 

It’s a circular argument, fallacious in the familiar way.  None of you going on about that here or 

elsewhere really explain why the waves spreading around, interacting or not with each other, don’t just 

stay patterns of waves as they do in both classical physics and in the pure mathematics of wave 

evolution (as in the “deterministic evolution of the wave under the Schrodinger equation” etc.) 

 

Waves only get connected to “probability” because something weird about the Universe gets them to 

express like that.  It still doesn’t make any sense at the fundamental level.  You are just putting out 

double talk that reminds me of the sophistry put out by Wittgenstein’s supporters. 

 

As for the density matrix, that’s just a way of talking about waves that we don’t know the particulars 

of, isn’t it?  Like, for example, a photon gun that may produce linear x or linear y -- we don’t know 

http://tyrannogenius.blogspot.com/
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which.  It isn’t really a “state” that anything has per se in any coherent (I mean, general meaning as a 

pun) sense. 

 

BTW, how many of you saw the very interesting and poignant PBS/Nova show about Hugh Everett 

and his musician son Mark?  [StealthSkater note: archived on the "Science#MWI" page at => doc   

pdf   URL  ].  The idea of constantly splitting parallel worlds is cool as a weird idea.  But I don’t buy it. 

 

One thing to consider.  In the Schrodinger’s cat situation, there is an unstable nucleus that may or not 

have decayed after a given time.  That means that the cat is superposed alive/dead, etc.  But that means 

that not only is the wave representing say, an emitted beta (electron) spread out over all angles and not 

just a narrow ray (presumably - given ordinary angular uncertainty).  But it can’t even be a nice crisp 

shell. 

 

IOW, emitted particles have to keep “leaking out” over time.  And that makes everything even more 

difficult to sort out.  REM that by contrast, usually we see the example put as, the shell expands to reach 

a spherical screen and must collapse (but still at a given moment!) somewhere on the shell, with impact 

time being a bit uncertain but not a major issue.  Well? 

 

 

-- Otis on Oct 24th, 2008 at 7:46 pm  

My question is why do we have Classical Mechanics at all in our Universe? 

 

In the beginning, at the Planck scale there were no classical localized states.  So when and why did 

decoherence produce the Universe that we can live in? 

 

I have heard it said that our approximately Classical world is not fundamental.  Instead, it is the 

result of special cosmic initial conditions the result of a special quantum state, a relic of how the Big 

Bang came about. 

 

So what does Physics tell us about the mechanism for Big Bang emergence of localized states such 

that we can predict when the Sun will come up tomorrow? 

 

This is a fascinating topic.  Thanks to Sean for the post and to others for the discussions. 

 

 

-- Neil B. ☼ on Oct 24th, 2008 at 7:57 pm  

Another issue that I have with decoherence:  Consider the classic case of the photon split by a 

beamsplitter.  The waves travel at right angles towards distant detectors, separated from the BS and each 

other by empty space and perhaps many kilometers away.  We can have the photon coherence length 

much less than distance to detectors.  The photon must absorb in one or the other detector (but not both). 

 

Consider the split wave function as it reaches the detectors.  One or the other detector will ping,and 

then the other one is barred from also pinging.  There is no way for any interaction or interference of any 

actual waves to reach from the pinged detector to the other one for collapsing the wave that “was there” 

as we imagine it while it was just propagating. 

 

Nothing actually crosses the spatial separation.  And the forbidding of the double ping happens 

immediately despite the distance.  (Sure, there’s some “connection” in entanglement.  But that isn’t the 

actual influence of one wave on another, in the environmental “decoherence” sense.)  There’s no way to 

make that work out rationally. 

 

../../Stealthskater/Science.doc#MWI
../../Stealthskater_PDF/Science.pdf#MWI
http://www.stealthskater.com/Science.htm#MWI
http://tyrannogenius.blogspot.com/
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In any case, I get suspicious when apologists start talking of how something makes X “appear” to 

happen.  Tat is a danger sign of BS (not a beam splitter!) at work. 

 

 

-- Count Iblis on Oct 24th, 2008 at 9:10 pm  

Neil, you can easily work out exactly what happens using the usual formalism of Quantum 

Mechanics.  What you get is a state like 

 

|ping, no ping) + |no ping, ping) 

 

and then this quickly decoheres. 

 

 

-- Brody Facoum on Oct 25th, 2008 at 1:09 am  

A handful of questions: 

 

Robert -- Why do we have to introduce our brains?  If we treat the Standard Model as real, what 

happens at the surface of an arbitrary lens surrounded by the practical vacuum of interplanetary space? 

 

Whatever happens at that surface can be used to create a partial map of Hyperion.  These maps can 

be constructed (mechanically or logically) at any time the lens is “allowed to look at [Hyperion]".  And 

the maps are in principle predictable from one moment to the next even if we hide and unhide Hyperion 

from this arbitrary lens (and/or any/all other(s)).  “Some eigenstate of the orientation operator” really 

means an infall of particles with which we can construct a *statistically normal* map. 

 

However, surely a *normal* map differs from a representation of a subset of the *real* state of 

Hyperion at any point in the recent Past not least because of the differences in accelerations of the 

various parts of Hyperion.  Moreover, if our lens is not a massless pointlike event, it will also have its 

own differences in accelerations at the surface that will influence its interactions with infalling particles 

from the direction of Hyperion. 

 

Lawrence B Crowell -- does your “can’t be predicted” mean (a) “cannot be decided at all” or (b) “is 

infeasible to compute”?  Do we introduce uncertainty intervals to cope with (a) or with (b)? 

 

That is, can we confidently do more (or less) than produce a phase space for Hyperion recursively 

considering the phase space of each of the quantized elements of Hyperion and admit that the phase 

space for Hyperion itself may be incomplete because we cannot practically isolate it from external 

events? 

 

IOW -- is the analysis of the state of Hyperion properly in the domain of statistical mechanics which 

is how I read Thomas Larsson’s question?  I think you sorta say so in later posts. 

 

It just seems to me that trying to treat an object on the scale of Hyperion as a full set of quantum 

events is unnecessarily hard.  (It also seems to get harder the more I think about how one would actually 

go about doing that.  How does one account for particles it radiates that might interact only 

gravitationally for long, long, long periods of time?) 

 

Finally from Sean’s initial posting: ‘So when you speak about “the quantum state of Hyperion,” you 

really mean the state we would get by averaging over all the possible states of the photons we didn’t 

keep track of’ — but the photons scattered off or radiated by Hyperion only reflect (pardon the word) 

the state of Hyperion’s surface, which is a useful boundary that describes its overall orientation, but 
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which *many* microstates can equally describe, particularly when you start considering things below 

Hyperion’s surface.  Right? 

 

Finally, does knowing that there are lots of interactions happening between Hyperion and events 

across the Universe  -- environmental decoherence -- *really* improve our ability to predict Hyperion’s 

orientation in, say, 2029? 

 

 

-- Serge on Oct 25th, 2008 at 3:07 am  

Suppose there are no photons and other particles hitting Hyperion.  Wouldn’t gravity itself enough to 

exert decoherence?  The same gravity which cause its instability… 

 

 

-- Peter Erwin on Oct 25th, 2008 at 7:54 am  

>Alex:  "I was just wondering why Hyperion specifically is so unpredictable.  Why its 

quantum fluctuations evolve into Macroscopic ones while most bodies follow the 

correspondence principle. 

 

This is because Hyperion is classically chaotic and other moons are not.  It doesn’t matter whether 

the fluctuations or uncertainties in question are quantum-mechanical in scale/origin or not (e.g., does 

small asteroid X bounce off Hyperion or not, thus giving it a kick).  The tumbling of Hyperion is chaotic 

because of the specific gravitation situation it is in (the overlapping influences of Saturn and Titan, the 

locations of resonances, Hyperion’s particular shape and moment of inertia, etc.). 

 

Quantum Mechanics doesn’t explain[*] why Hyperion itself is chaotic and other bodies are not.  

Classical Mechanics (and the particular conditions of the system) does. 

 

The argument of Zurek & Paz is that Hyperion does indeed follow the correspondence principle so 

that despite the underlying QM nature of reality, Hyperion still tumbles in a classical (and in its case 

chaotic) fashion.  The issue is why.  That is, how & why does the correspondence principle still apply in 

situations that are classically chaotic? 

 

[*] By which I mean “it’s not necessary (or it doesn’t help) to use QM to explain” 

 

 

-- Peter Erwin on Oct 25th, 2008 at 8:25 am  

>Brody Facoum:  "Finally, does knowing that there are lots of interactions happening 

between Hyperion and events across the Universe -- environmental decoherence -- 

*really* improve our ability to predict Hyperion’s orientation in, say, 2029?" 

 

No.  What environmental decoherence does is ensure that Hyperion’s orientation obeys Classical 

dynamics.  That is, that the correspondence principle holds for Hyperion as well as for Titan, Saturn, and 

other Macroscopic objects.  Since Classical dynamics tells us that Hyperion’s orientation evolves in a 

chaotic fashion, we are unable to predict its orientation more than a few days in advance. 

 

 

-- Arjen Dijksman on Oct 25th, 2008 at 11:16 am  

"One of the annoying/fascinating things about Quantum Mechanics is the fact the 

world doesn’t seem to be quantum-mechanical.  When you look at something, it seems to 

have a location and not a superposition of all possible locations" 

 

http://mirror2image.wordpress.com/
http://www.mpe.mpg.de/~erwin/
http://www.mpe.mpg.de/~erwin/
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When I receive a photon from an object, it informs me about one of the possible locations of the 

object -- the location of the point of emission of the photon.  The location of the object as a whole is not 

determined precisely through one single measurement because I don’t have any information about the 

other possible points of photon emission of the extended object.  The problem with quantum 

measurements is that I receive this information bit-by-bit and not classically as a whole.  If the World 

doesn’t seem to be quantum-mechanical, it is a matter of perception. 

 

 

-- Anne on Oct 25th, 2008 at 12:51 pm  

I am a bit puzzled by the business of needing environmental photons to produce decoherence. 

 

As I understand it, decoherence occurs when the wave functions of 2 possible states of a system 

become sufficiently different (that is, sufficiently nearly orthogonal, right?) that no interference effects 

between the 2 states are observable.  If that’s the case, then shouldn’t 2 wildly different histories leading 

to wildly different orientations produce very nearly orthogonal states?  If Hyperion did not decohere, 

what interference effects would we see? 

 

Or, let’s take the double-slit experiment slightly modified.  An electron passes through one slit or the 

other (or really, both) and passes on to hit the screen.  But near one slit, let’s put a charged object whose 

momentum we can check after the experiment. 

 

If the charged object is really massive, then the electron will not move it appreciably no matter 

which path it takes and the interference pattern will remain (though distorted by the electron’s 

deflection).  If the charged object is light enough, we can measure its momentum after the fact and 

determine which slit the electron passed through, and the interference pattern must disappear.  Thus we 

have a parameter (mass of the “sensor”) that we can adjust from “no observation” to “observation”. 

 

As I understand decoherence, what happens is that when the “sensor” is light enough to actually tell 

which path the electron took, it unavoidably entangles its phase with the electron’s wavefunction, 

producing a phase shift in the “passed through slit A” possibility.  This phase shift is random, 

presumably because of the uncertainty principle as applied to the sensor, the interference pattern on the 

screen disappears.  (Actually you always have a phase shift.  But if the object is massive, the random 

part of the phase shift is so small that the interference pattern is not affected.) 

 

Put another way, once you include a light detector, the two alternatives “passes through slit A” and 

“passes through slit B” have such different wave functions that there is no detectable interference effect.  

Does that sound about right? 

 

 

-- Sean on Oct 25th, 2008 at 2:07 pm  

Anne, I don’t think it’s quite right to say “decoherence occurs when the wave functions of 2 possible 

states of a system become sufficiently different.” 

 

A quantum system that is in a pure state unentangled with anything else is described by a single 

wave function.  When an electron goes through the 2 slits, there is a single wave function that goes 

through both slits.  Not 2 different wave functions for the 2 different alternatives. 

 

To get decoherence, you necessarily need some other system to become involved.  If there is a 

sensor at the slits, the wave function of the electron becomes entangled with the wave function of the 

sensor.  Instead of the wave function of the electron being “went through slit 1″ + “went through slit 

http://cosmicvariance.com/sean/
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two,” we have a wave function of the entangled electron+sensor system,of the form “went through slit 1, 

sensed slit 1″ + “went through slit 2, sensed slit 2.” 

 

If we then threw away our knowledge of the wave function of the sensor, there ceases to be any such 

thing as “the wave function of the electron.”  Instead, there is a statistical (not quantum-mechanical) set 

of 2 different wave functions which can no longer interfere.  That’s decoherence.  The electron is no 

longer described by a wave function all its own. 

 

 

-- Count Iblis on Oct 25th, 2008 at 2:53 pm  

In case of the sensor measuring the “which part information”, the amplitude of the interference term 

is given by the inner product of the 2 states of the sensor corresponding to the sensor deflecting the 

electron and the sensor not deflecting the electron. 

 

In case of a perfect detector, these 2 states should be orthogonal (because they should be eigenstates 

of some observable corresponding to different eigenvalues that tell you through which slit the electron 

went) and then the interference pattern will vanish. 

 

The reason why you can’t use a sensor which is heavy has actually a lot to do with decoherence.  

When the sensor deflects the electron, it absorbs part of the momentum of the electron.  If the changed 

state is to be oerthogonal to the original state (or at least has very small overlap), then it must be very 

sharply peaked in momentum space. 

 

But -- by the Uncertainty Principle -- that means that in ordinary space it has to have a large spread 

(in this real space picture you can see that scattering off the sensor would erase phase information if the 

wavefunction is wide enough). 

 

Now, decoherence leads wavefunctions of objects to collapse in the position basis.  The coherence 

length becomes of the order of the thermal de Broglie wavelength which is of the order: 

 

λ =  hbar / √(mkT) 

 

where m is the mass and T the temperature.  This means that in momentum space, the coherence length 

is of the order √(mkT) . 

 

So for large enough m, the coherence length in momentum space would be much larger than the 

absorbed electron momentum and it becomes impossible to detect the recoils. 

 

 

-- Anne on Oct 25th, 2008 at 2:59 pm  

Sean, I think I see what you’re getting at.  But let me put my question another way. 

 

Let’s take the 2-slit experiment with “sensor” (including the sensor in our wavefunction) and pick 

the position of a null in the interference pattern.  Now as we adjust the mass of the sensor, the 

probability changes from zero to the Classical value. 

 

It seems to me that in some sense when you start getting the Classical value, you have 

“decoherence”.  Your system is not behaving quantum-mechanically any more even though it has not 

interacted with the outside World at all. 
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Or rather, it is behaving as if “slit A or slit B” were a probabilistic choice rather than a quantum-

mechanical goes-both-ways option.  Certainly the wave function represents both possibilities.  But the 

superposition has no detectable effects.  Does that make sense?  

 

What I’m getting at is that the weirdness of QM’s “both possibilities happen” is not that they both 

happen (though I suppose that bothers philosophers) but rather that the fact that they both happen has 

measurable consequences.  In the double-slit experiment, path integrals along the 2 paths give 

probability amplitudes that you add rather than probabilities that you add.  If the phases between the 2 

paths are correlated, you see an interference pattern -- direct physical evidence of this weird 

philosophical idea. 

 

And so what I’m trying to understand about decoherence is in a closed system not interacting with 

the rest of the Universe (until I observe it at the end), when do those observable effects of the 

superposition of states disappear? I  don’t mind that Schrodinger’s cat is in a superposition of alive and 

dead states.  But will there be measurable interference effects between the two?  Will I be able to 

measure some quantity which will *show* that the cat was in both states? 

 

 

-- Count Iblis on Oct 25th, 2008 at 4:13 pm  

Anne, see this article:  http://arxiv.org/abs/quant-ph/0210001 

 

 

-- A Student on Oct 25th, 2008 at 5:10 pm  

Double Slit Experiment.  Start with Slit A and Slit B 

 

We assume the particle emitter is centered between the 2 slits at some distance. 

We assume that there finite number of particles N during the observation time. 

 

N(A) = number of particles passing through slit A 

N(B) = number of particles passing through slit B 

N(AnB) = number of particles passing through both slit A and B 

N(AuB) = number of particles passing through either A or B 

 

We can write the following equation: 

 

N = N(A) + N(B) - N(AnB) + (N - N(AuB)) 

 

Divide through by N and we find: 

 

1 = P(A) + P(B) - P(AnB) + (1 - P(AuB)) 

 

We can then write: 

 

P(AuB) = P(A) + P(B) - P(AnB) 

 

This equation is equivalent to: 

 

sqrt[P(AuB)]
2
 = sqrt[P(A)]

2
 + sqrt[P(B)]

2
 - sqrt[P(AnB)]

2
 

 

This describes the diagonal of a rectangular parallelepiped where length along the respective axes 

are: 

http://arxiv.org/abs/quant-ph/0210001
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x= sqrt[P(A) - P(AnB)] 

y= sqrt[P(B) - P(AnB)] 

z= sqrt[P(AnB)] 

 

Thus: 

 

P(AuB) = x
2
 + y

2
 + z

2
 

 

We can also define conditional probabilities as angles where: 

 

P(AnB) / P(A) = P(B|A) = [sin(θ1)]
2
 

P(AnB) / P(B) = P(A|B) = [sin(θ2)]
2
 

 

Since the emitter is centered, then when θ1= θ2 = π/2 = 90 degrees, 

 

P(A) = P(B) = P(AnB) 

 

and  

 

x= sqrt[0] = 0 

y= sqrt[0] = 0 

and 

 

P(AuB) = 0 + 0 + z
2
 

P(AuB) = P(AnB) 

 

This means that P(A) and P(B) are perfectly correlated.  Which occurs when we have no knowledge 

of which slit the particles travel through. 

 

When we set up a detector at slit B to count how many particles actually go through (and we’ll 

assume that our detector is perfect), then: 

 

P(AuB) = P(A) + P(B) 

 

because our perfect knowledge of particles through B means: 

 

P(AnB) = 0 

 

which occurs when θ1= θ2= 0 degrees.  This makes P(A) and P(B) completely independent! 

 

This means that when we count the particles going through B (or A if we wanted), the number of 

particles going through slit A and slit B are independent of each other and we see 2 lines instead of a 

diffraction pattern! 

 

PS:  This also implies that it is our knowledge of Past events (or rather the environment’s retention of 

data) which leads to decoherence and the observed Classical independence of objects 
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-- kris on Oct 25th, 2008 at 5:50 pm  

Lawrence, your explanation is unclear to me.  Aren’t you conflating 2 different things together: the 

effects of the photon on the wavefunction (actually density matrix) of the object and its “classical 

dynamics”? 

 

The Ehrenfest equations of motion that govern the time evolution of the expectation values of 

position and momentum will have classically chaotic solutions.  However, the scattering of the photons 

affects the quantum density matrix of the system.  It seems to me that there is no inconsistency in 

classically chaotic trajectories being unaffected by quantum fluctuations (since said fluctuations average 

out into the expectation values). 

 

Also why should the chaotic behavior in the classical limit be preserved upon adding quantum 

corrections except in the sense that it is retained in the evolution of momentum and position expectation 

values? 

 

 

-- A Student on Oct 26th, 2008 at 7:09 am  

Please cite this comment. 

 

Under the mathematical construction I provided above, it becomes apparent that one can in fact 

cycle the detector at B 'off' and 'on' 

 

The Zeeman effect is a splitting of spectral lines in the presence of a static magnetic field. 

 

Our situation in the double-slit experiment is analogous (and no -- this has nothing to do with 

metaphysics as suggested in the above "Gravity is an Important Force" post by ObsessiveMathsFreak). 

 

We are, in fact, generating a measurable field effect when we introduce the detector.  In the Zeeman 

effect, we see a splitting of spectral lines.  In the double-slit experiment, we see a “collapse”. 

 

The field that is generated is linked to the amount of information we possess.  We should be able to 

cycle the detector 'on' and 'off' and observe the effects of the cycling.  By changing the proportion of 'on' 

and 'off' time, we are changing the conditional probabilities (i.e., angles θ1 and θ2). 

 

Presumably the propagation of the change in the observed diffraction pattern should occur at the 

speed-of-light. 

 

 

-- Lawrence B. Crowell on Oct 26th, 2008 at 9:49 am  

>Neil B.:  "Lawrence, you forget that figures giving “probability” for a given state or outcome 

are based on collapses and specific events already happening, then fed into the decoherence 

pretended “explanation” of what Wikipedia calls “appearance” of collapse.  It’s a circular 

argument, fallacious in the familiar way." 

 

The modulus squares of the probability amplitudes determine the probabilities.  With the reduction 

of the off diagonal terms c*_0c_1 (which is complex-valued_, the density matrix is reduced to a 

diagonal matrix of Classical-like probabilities. 

 

So the quantum dynamics involves a linear summation of probability amplitudes A_i while the 

classical-like outcomes are due to a linear summation of probabilities which are the P_i = |A_i|
2
. There 
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are some subtle issues going on here.  In particular, this is a case of what might be called a "transversal 

problem". 

 

In cCassical (i.e., Macroscopic) physics, we are able to duplicate things.  But with QM one can’t do 

this.  One can’t in a unitary manner duplicate a quantum state.  Yet if the World is ultimately quantum 

mechanical, then how is it that we can duplicate Macroscopic information? 

 

Well, we can’t perfectly.  In TCPI/IP protocol, one has to perform parity bit corrections using 

Hamming distances or just with photocopiers we have all seen how copies of copies of … , degrade with 

each iteration.  It appears that classical cloning is an approximation and the noise which results might 

betray an underlying quantum substrate. 

 

The Hugh Everett MWI received some promotion by PBS/NOVA.  I am honestly somewhat 

agnostic about this idea.  There are problems with getting MWI consistent with the Born rule. 

 

>Otis on Oct 24th, 2008 at 7:46 pm wrote: "My question is why do we have Classical Mechanics 

at all in our Universe? 

 

That really is a big question.  In general, how the Macroscopic world -- which include finite 

temperature physics (i.e., statistical mechanics) -- fits into Quantum physics is an open question.  Bohr 

of course proposed the Copenhagen interpretation which is really just a “first order” approximation that 

works well enough for most problems. 

 

>Brody Facoum wrote: "Ddoes your “can’t be predicted” mean (a)”cannot be decided at all” or 

(b) “is infeasible to compute”?  Do we introduce uncertainty intervals to cope with (a) or with 

(b)?" 

 

I tend to think more according the (b).  Though if it turns out that the computing resources required 

to circumvent this infeasibility are greater then what is available in the Universe (an infinitely large 

computer), then this problem segues into (a) as well. 

 

Ultimately, Quantum Physics is perfectly deterministic.  What can be more deterministic than a 

linear wave equation?  However, any large and local region has a myriad of states and making an 

accounting of them is not possible.  So while the Universe might from a fine grained perspective be 

completely quantum-mechanical and deterministic from a coarse grained perspective, things appears 

indeterministic and information about states is smeared out or “buried.” 

 

In the end, the Classical World might just be an illusion of sorts where temperature and time are also 

illusions of inexact accounting of states.  After all, a Euclideanized time is t = hbar/kT (T = 

temperature.  These both appear to reflect our inexactitude in measuring the World and incapacity in 

accounting for all possible states. 

 

>kris on Oct 25th, 2008 at 5:50 pm wrote: "Your explanation is unclear to me.  Aren’t you 

conflating 2 different things together-the effects of the photon on the wavefunction (actually 

density matrix) of the object and its 'classical dynamics'?" 

 

I guess you are referring to the estimate on the angle of orientation by using momentum across a 

moment arm or principal axis of the Moon.  This is meant only as an order of magnitude sort of 

argument. 
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-- TomV on Oct 26th, 2008 at 10:41 am  

I have a question regarding Sean’s comment. 

 

I see that if one prepared a Classical chaotic system and a corresponding Quantum chaotic system 

into a corresponding state and then observed the evolution of both states in time, they would rapidly 

diverge from each other because the Quantum system would not be in exactly the same initial condition 

as the Classical one. 

 

Now suppose we prepare an ensemble of such corresponding pairs prepared around different points 

in the phase space and observed the evolution of all of these pairs.  Would we find that the Quantum 

system and the Classical system had the same attractor?  Would the value of the classical Lyapunov 

exponent tell us how long it would take for the pair to diverge? 

 

My understanding is that the answer to both of those questions is yes. 

 

 

-- anonymous on Oct 26th, 2008 at 4:56 pm  

>Sean: “And those photons have their own quantum states.  And when they bounce off 

Hyperion, the states become entangled.” 

 

I was under the impression that entanglement was something that happens to the pairs of particles 

that are created as a result of the collision and subsequent destruction of other particles.  If so, then 

Hyperion’s entanglement with the Universe at large would be a function of how many entangled halves 

of the particle pairs are retained as a part of its mass while the other half goes on its merry way. 

 

Are we assuming that half of the collision-generated (and therefore entangled) particles stay behind?  

If so, what justifies this assumption?  Am I missing something? 

 

 

-- A Student on Oct 26th, 2008 at 6:06 pm  

After receiving a lashing about my diction, I just want to make this perfectly clear: 

 

Zeeman effect :  turn contraption on, lines split 

 

Double slit experiment :  turn contraption on, lines converge 

 

The first case is a magnetic field effect.  The second is a unified field effect. 

 

I don’t need to be lectured about complex amplitudes and summing and squaring and quantum 

probabilities.  I’m quite comfortable with those, thank you.  If people can’t see what’s before their eyes, 

I can’t help them. 

 

Thank you! 
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if on the Internet, Press  <BACK>  on your browser  to return to 

the previous page  (or go to www.stealthskater.com) 

else if accessing these files from the CD in a MS-Word session, simply <CLOSE> this 

file's window-session; the previous window-session should still remain 'active' 
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