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1. Why does time exist? 
 

2. Why does time have a direction? 
 

3. How does complexity arise? 
 

Now 
 
4. Does time exist? 



1: The Existence of Time 
 
A standard physics picture:  
The block universe   Time is an illusion 
 
“How do we reconcile the Block universe picture 
with our intuitive understanding of time?” 
 
It’s the wrong picture! 
Taking time seriously:  Time passes, as regards: 
- The contents of spacetime 
- Spacetime itself 
 The Emergent Block universe 
 



A standard physics picture: 
  

Time reversible Hamiltonian dynamics 
Unique evolution: (x0,t0)  (x1,t1) 

Can predict equally to the past and the future from 
present day data: 

 
There is nothing special about the present: 

It is just a convenient time to set data 
  

The block universe:  
the past future and present are all equally present and 

there is no intrinsic difference between them 



The block universe: Both the past and the future already 
exist, and are uniquely determined. Nothing unexpected 
can happen. The present has no significance. 



Taking time seriously:  
Things actually happen in time! 

 

The macro and the micro 
Reversible laws at micro level: Hamiltonian dynamics 

 
Irreversible at macro level: 

Second law of thermodynamics. 
-  The fundamental feature of the macro world of 

physics chemistry and biology 
- e.g. breaking a glass (Penrose); process of life 

 
-In the real world: The past and future are not 

predictable from the present 





Arthur Stanley Eddington (1882-1944)) 



The Second Law of Thermodynamics:  
Entropy (randomness) always increases 
 
“If someone points out to you that your pet theory of 

the universe is in disagreement with Maxwell's 
equations — then so much the worse for Maxwell's 
equations.  

 
If it is found to be contradicted by observation — well, 

these experimentalists do bungle things sometimes.  
 
But if your theory is found to be against the second 

law of thermodynamics I can give you no hope; 
there is nothing for it but to collapse in deepest 
humiliation.” 



Classical physics in the real world is not 
Hamiltonian! 

 
(at large scales): dissipation takes place,  

dS/dt >0 
 

Is it reversible at the micro scale but not at the 
macro scale? The apparent flow of time is just a 
result to coarse graining – and hence an illusion? 

 
No: complex systems really undergo time 

change! (at the macro scale) 
 

What about micro scales? 



Micro events happen and cause macro effects in a 
time irreversible and unpredictable way 



Quantum physics:   
 

Schroedinger evolution is unitary and time reversible:  
 

Ψ2 = U21 Ψ1 
 

But this Is not all that happens! 
 

Collapse of the wave function is where the indeterminateness of 
the future gives way to the definite state of the past. Things 

happen in quantum physics! 
 

The outcome is unpredictable from past data: and this is where 
real dynamic change takes place.  

 
Quantum physics is not time reversible!     

Claims that it is (e.g. referring only to Hamiltonian dynamics) 
ignore measurements – a crucial feature of the theory  



If a measurement of an observable A takes place at time t = t*,  
 

Initially the wave function ψ(x) is a linear combination of 
eigenfunctions un(x) of the operator Ã that represents A:  

for t < t*, the wave function is  
 

  ψ1(x)  =  Σn ψn un(x).    (1) 
 

But immediately after the measurement has taken place,  
the wave function is an eigenfunction of Ã:  

 
ψ2(x)  =  aN uN(x)   (2) 

 
for some specific value N. The data for t < t* do not determine the 

index N; they just determine a probability for the choice N.  
One can think of this as due to the probabilistic time-irreversible 

collapse of the wave function.  



The initial state (1) does not uniquely determine the final state 
(2); and this is not due to lack of data, it is due to the 

foundational nature of quantum interactions.  
 

You can predict the statistics of what is likely to happen but 
not the unique actual physical outcome, which unfolds in an 

unpredictable way as time progresses;  
you can only find out what this outcome is after it has 

happened.  
 

In more realistic cases, there is a projection into a subspace of 
the full Hilbert space (measurement affects some features of 
the system but not others). The principle remains the same.  

 
Invoking a many-worlds  (Everett) description will not help:  
in the actually experienced universe in which we make the 

measurement, N is unpredictable.  



Furthermore, in general the time t*  is also not predictable 
from the initial data: you don’t know when `collapse of 
the wave function’ (the transition from (1) to (2)) will 

happen (you can’t predict when a specific excited atom 
will emit a photon, or a radioactive particle will decay). 

 
We also can’t retrodict to the past at the quantum level, 

because once the wave function has collapsed to an 
eigenstate we can’t tell from its final state what it was 

before the measurement. Irreversibility enters! 
 

Knowledge of these later states does not suffice to 
determine the initial state (1) at times t < t*: the set of 

quantities ψn are not determined by the single number aN. 
There is time irreversibility at the heart of QM!  



This is irreversibility is reflected in the non-unitary 
evolution of the density matrix in dissipative systems  

 

When a system interacts with the environment, the 
evolution of the reduced density matrix is given by the 

Lindblad Master Equation 
 

dρS/dt = - i [H, ρS] + D(ρS) 
 

where D is a dissipator representing irreversible 
effects and resulting in an increase of entropy   

 
H.-P Breuer and F Petruccione (2006) The Theory of 
open quantum systems  (Oxford: Clarendon Press) 



This affects not only the content of space time:  
it affects space time itself 

 
Consider a massive object with two computer 

controlled rocket engines that move it right or left 
Let the computer determine the outcome on the basis 
of measurements of decay products of excited atoms 

 
Then the outcome is unpredictable in principle 

 
If the object is massive enough: it curves spacetime 

The future spacetime structure is not determinable or 
predictable from current data  



The change from uncertainty to certainty:  
the present is where the indefinite future changes to the  
determined past 



The evolving  block universe grows with time: the 
determined past is there and fixed,  

 
the indeterminate future is not yet there and still has to be 

fixed e.g. inflationary universe 
 

It is not true that the future is determined at the present 
 

The present is where the change takes place. It is crucially 
different from the past and future,  

and indeed separates them. 
 

The future does not exist in the same sense as the past or the 
present. 

The determinate region grows with time. 
Spacetime itself is growing.  



The evolving block universe (EBU): 
Spacetime grows with time 



The evolving block universe (EBU): 
Spacetime grows with time 



The evolving block universe (EBU): 
Spacetime grows with time 



The evolving block universe (EBU): 
Spacetime grows with time 



Physically, happens along timelike worldlines rather than on 
spacelike surfaces [Steven Savitt] 

Global time is derivative not fundamental 
 

Start at the beginning of time, measure time along fundamental 
world lines: determine the present transition as time evolves along 

fundamental world lines  
 

(Average motion of matter:   
Unique eigenlines of  the stress tensor Tab):  

 
So change happens on preferred surfaces that need not be 
simultaneous, or even spacelike – time of determination   
(fixed by how it started at the beginning of the universe) 

 
Not Lorentz invariant or covariant:  

Example of a broken Symmetry 



The evolving block universe:  
the present is where the future changes to the past 
Takes place along timelike worldlines 



 
Quantum cosmology and the  

Wheeler de Witt (Schrödinger) equation 
 

∂Ψ/ ∂t  =  H Ψ; 
 

General relativity 
H Ψ = 0   ∂Ψ/ ∂t = 0 

 

Time is an illusion!  
Julian Barbour: The End of Time 

 

But there is no proof the WdeW equation applies to the 
universe as a whole, or indeed to any macroscopic object 

 
Indeed there is good reason to believe it does not: 

Quantum theory does not apply to generic macro objects 
 

`On the limits of quantum theory: contextuality and  
the quantum-classical cut’ 

George Ellis [arXiv:quant-ph: Monday]  



2:  Why does time have a direction? 
 

How can a difference emerge between the future 
and the past?  

Microphysics does not know the difference 
 

• How does time know which way to flow? 
• Why does it flow the same way everywhere? 

 
Can’t come from the microphysics, e.g. H-Theorem 
(Loschmidt, Roger Penrose, Sean Carroll)  

 
Gives prediction of entropy increase to both 

future and past 



Micro physics is time symmetric. The future and past are equal.  
How does macro physics know the direction of time? 
In the block universe: they are equal. 
Not so according to the second law of thermodynamics! 



2:  Why does time have a direction? 
At the macro scale:  

the answer is given by Sean  
 

Past Hypothesis (Roger Penrose, Sean):  
observable past was in low entropy state in past that 

underlies increase to high entropy  
 
But that does not give an answer at the micro scale  
Unless we link state vector reduction to the 

expansion of  the universe  



The evolving  block universe: the past exists and is 
developing to the future, which does not yet exist.  
It is this asymmetry that leads to the micro arrow of time. 
  



In a EBU the difference between the future and the past is 
that the future does not yet exist but the past does! 

 
The arrow of time is built into the very structure of 

spacetime in a foundational way: affects arrow of time in 
wave function collapse, hence all physics. 

 
How does it affect microphysics? – by setting the 
direction of collapse of the wave function 

(Integrate only to past: only retarded Green’s functions) 
 

Run into problems if the worldlines (eigenlines of the stress 
tensor) intersect – spacetime singularity! 

 
Can’t happen regularly – hence no closed timelike lines 



3. How does complexity arise? 
At the astronomical scale: 
 
-Because ordered structures such as stars and 
galaxies are attractors in phase space 
 

- Gravity naturally creates structures in apparent 
violation of the second law of thermodynamics: 
despite (because of?) its Hamiltonian dynamics 
-- hence creates habitats for life 
 

Underlying this is the unsolved problem of 
gravitational entropy  



How does complexity arise? 
At the everyday life scale: 
 
To some degree it comes by self-organisation: 
But that is very limited. 
 
The key process is adaptive selection 
- Which requires randomness [Philip Stamp] to 
create an ensemble from which a preferred set of 
states is chosen, the others discarded 
 
NB: this can be a once-off process 
In biology it gains its power by repetition 
- But that is not necessary to the concept  



This is the way meaningful information is created for a 
jumble of disordered objects 
-Everything you need to know is there but it’s hidden in the 
ensemble: you have to select what is relevant 
Notional picture: 
 
 
 
 
 
 
 

Adaptive selection allows local gains against the 
overall flow of entropy 
Entropy is decreasing as order increases 

Ensemble 

Chosen 

Selective gate 



Example: Maxwell’s Demon 
Selection principle: speed of molecule 
-Meaningful information is gained by discarding all the 
information received that is not meaningful 
 

 
 
 
 
 
 
 
 
Implies irreversibility 
 – can’t determine the initial state from the final state 
-decrease in entropy (by selection process) 

Disorder 

Ordered 

Selective gate 



This is the process underlying state vector preparation in 
quantum physics 
 
-Also a non-unitary process that goes against the general 
increase in entropy 
- has to be based in the measurement process taking place 
repeatedly in order to decide what to keep 
-- so time flows at the micro level 
 

- it also flows at the macro level by repeated adaptive selection 
building up biological information through enormous 
numbers of adaptive selection processes 
 

-The is non-unitary hence not encompassed in the  unitary 
evolution of any wave function of the universe, if such exists 
 
You can’t assume Hamiltonian evolution applies to the 
universe as a whole.    There is very good evidence it does not 



It happens in any detection process. 
 
For example a radio receiver is awash in radio 
signals at all wavelengths. It selects only those of the 
right wavelength and rejects the rest. 
 
Hence it undoubtedly is at least part of what is going 
on in the quantum measurement process 
(state vector collapse):  
 
any  detection apparatus selects what variables to 
respond to and ignores the rest. That selection is a 
core part of the measurement process. 



This  process occurs whenever we select information 
to make sense out of what is happening, 
 
In computers: entropy is generated when memory 
banks are cleared (Bennett, Landauer). This is 
adaptive selection of meaningful data from the rest 
 
It occurs when you delete emails. 
 
It occurs when you sleep and transfer memories from   
  short term memory to long term memory. 
 
In a profound sense the arrow of time occurs in the 
human mind not when you remember things but 
when you don’t remember them 
 



Vision: It occurs when we look at a scene and 
filter out all the irrelevant stuff to see what is 
relevant; and so underlies human visual 
processes. 
 
Reading: It is also what we do when reading: 
we skip words and only read sufficient  parts 
of what  is there to understand it. We 
unconsciously skip the rest.  
 
In all these cases this is the core place where 
time comes to pass as meaning-making takes 
place, an the arrow of time is established.  



It’s difficult to see 
the missing 
engine,  

because the eye 
focuses on the 
people, 
searching to 
understand what 
they are doing,  

and the mind fills 
in the rest 
(whether it is 
there or not) 

Selection effect: how quickly can you detect the difference 
between these two pictures? 



It occurs when we form theories from a variety of half baked 
ideas.   
 
The most powerful tool in a theoreticians toolkit is not a 
supercomputer:  
it is a waste-paper basket. 
 
Indeed adaptive selection  underlies all learning processes: 
Hypothesis forming and testing 
 
And of course it occurs in biology. It is the deletion of 
ineffective variants – genes, individuals, or species - that is the 
core of the passage of time in evolutionary biology. 
 
Also in nano-technology: Creating specific molecules  
 



Final Comments: 
 
1: Adaptive selection is a form of top-down action in the 
hierarchy of complexity, because the selection criteria are 
determined by the higher level context of the selected entities.  
 

. http://www.mth.uct.ac.za/~ellis/Top-down%20Ellis.pdf 
 
Change the context and there will be different outcomes 
 
2: Obviously one needs an Evolving Block Universe to express 
the way irreversible, local entropy decreasing changes take 
place as adaptive selection takes place.  
 
A Block Universe is an inadequate spacetime model for what 
is going on. 

http://www.mth.uct.ac.za/~ellis/Top-down Ellis.pdf�


There is indeed a passage of time: 
The past is fixed and cannot be changed. 
 
    The Moving Finger writes; and, having writ,  
     Moves on: nor all your Piety nor Wit  
     Shall lure it back to cancel half a Line,  
     Nor all your Tears wash out a Word of it  

 
-- Omar Khayyam (Poem #545) 

 
The future is not determined till it happens. 

That is guaranteed to us by quantum mechanics.  
It is what is experienced in the macro world.  

http://wonderingminstrels.blogspot.com/search/label/Poet%3A Omar Khayyam�
http://wonderingminstrels.appspot.com/poems/545.html�


Final proof of selection of what you see in reading: 
 
    Read the following statement once and as you are 

doing so count the number of times the letter “F” 
appears: 

 
    FINAL FOLIOS SEEM TO RESULT FROM 

YEARS OF DUTIFUL STUDY OF TEXTS ALONG 
WITH YEARS OF SCIENTIFIC EXPERIENCE 

 
How many times does F occur – 5? 6? 7? 
The correct answer is 8. 
The mind skips words when reading!  
You don’t even see them. 





CBU: Taking quantum theory seriously: 
  

There are many hints that the future can influence 
the past in quantum theory 

 
• Wheeler and Feynman 

- Advanced and retarded potentials 
 

• Aharanov and collaborators 
- Two-time formalism 

 
• Entanglement in time 
- Leggett inequalities?  

[Rep Prog Phys 71 (2008) 022001]  
 

Experiments confirm that this is the case 
The Crystalizing Block universe 

 



Wheeler's delayed choice experiment is a thought experiment 
proposed by John Archibald Wheeler in 1978. Wheeler proposed 

a variation of the famous double-slit experiment of quantum 
physics, one in which the method of detection can be changed 
after the photon passes the double slit, so as to delay the choice 

of whether to detect the path of the particle, or detect its 
interference with itself. 

 Since the measurement itself seems to determine how the 
particle passes through the double slits, and thus its state as a 

wave or particle, Wheeler's thought experiment seems to 
demonstrate an ability to influence the past.  

An implementation of the experiment in 2007 showed that the 
act of observation ultimately decides whether the photon will 

behave as a particle or wave, verifying the unintuitive results of 
the thought experiment  

The delayed choice experiment: affecting the quantum past 



Experimental realization of Wheeler's delayed-choice 
GedankenExperiment 

Vincent Jacques, E. Wu, Frédéric Grosshans, François Treussart, 
Philippe Grangier, Alain Aspect, Jean-François Roch 

 
Science 315, 5814 (2007) 966 [arXiv:quant-ph/0610241v1] 

 
Abstract: The quantum "mystery which cannot go away" (in 
Feynman's words) of wave-particle duality is illustrated in a 
striking way by Wheeler's delayed-choice Gedanken Experiment.  
 
In this experiment, the configuration of a two-path interferometer 
is chosen after a single-photon pulse has entered it : either the 
interferometer is closed i.e. the two paths are recombined) and the 
interference is observed, or the interferometer remains open and 
the path followed by the photon is measured.  



Experimental realization of Wheeler's delayed-choice 
GedankenExperiment 

Vincent Jacques, E. Wu, Frédéric Grosshans, François Treussart, 
Philippe Grangier, Alain Aspect, Jean-François Roch 

 
“We report an almost ideal realization of that Gedanken Experiment, 
where the light pulses are true single photons, allowing unambiguous 
which-way measurements, and the interferometer, which has two 
spatially separated paths, produces high visibility interference.  
 
The choice between measuring either the 'open' or 'closed' 
configuration is made by a quantum random number generator, and is 
space-like separated -- in the relativistic sense -- from the entering of 
the photon into the interferometer. Measurements in the closed 
configuration show interference with a visibility of 94%, while 
measurements in the open configuration allow us to determine the 
followed path with an error probability lower than 1%. “ 
 



    How long can we delay the choice? In Wheeler's original thought 
experiment, he imagined the phenomenon on a cosmic scale, as 
follows:  

 
1. A distant star emits a photon many billions of years ago. 

 
2. The photon must pass a dense galaxy (or black hole) directly in 

its path toward earth."Gravitational lensing" will make the 
light bend around the galaxy or black hole. The same photon 
can, therefore, take either of two paths around the galaxy and 
still reach earth – it can take the left path and bend back 
toward earth; or it can take the right path and bend back 
toward earth. Bending around the left side is the experimental 
equivalent of going through the left slit of a barrier; bending 
around the right side is the equivalent of going through the 
right slit. 

 
3. The photon continues for a very long time (perhaps a few more 

billion years) on its way toward earth. 
 



    4. On earth (many billions of years later), an astronomer chooses 
to use a screen type of light projector, encompassing both sides 
of the intervening and the surrounding space without focusing 
or distinguishing among regions. The photon will land 
somewhere along the field of focus without our astronomer 
being able to tell which side of the galaxy/black hole the 
photon passed, left or right. So the distribution pattern of the 
photon (even of a single photon, but easily recognizable after a 
lot of photons are collected) will be an interference pattern.    

 
5.  Alternatively, our astronomer might choose to use a binocular 

apparatus, with one side of the binoculars (one telescope) 
focused exclusively on the left side of the intervening galaxy, 
and the other side focussed exclusively on the right side of the 
intervening galaxy. In that case the "pattern" will be a clump 
of photons at one side, and a clump of photons at the other 
side. 



  Now, for many billions of years the photon is in transit in region 
3. Yet we can choose (many billions of years later) which 
experimental set up to employ – the single wide-focus, or the two 
narrowly focused instruments. We have chosen whether to know 
which side of the galaxy the photon passed by (by choosing 
whether to use the two-telescope set up or not, which are the 
instruments that would give us the information about which side 
of the galaxy the photon passed).  
 
We have delayed this choice until a time long after the particles 
"have passed by one side of the galaxy, or the other side of the 
galaxy, or both sides of the galaxy," so to speak. Yet, it seems 
paradoxically that our later choice of whether to obtain this 
information determines which side of the galaxy the light passed, 
so to speak, billions of years ago. This is the result obtained in the 
laboratory. 



2nd Experiment: The delayed choice quantum eraser: 
 
In the double-slit experiment, the Heisenberg Uncertainty 
Principle makes it impossible to determine which slit the 
photon passes through without at the same time disturbing it 
enough to destroy the interference pattern. However, in 1982, 
Scully and Drühl found a way around the position-momentum 
uncertainty obstacle and proposed a quantum eraser to obtain 
which-path or particle-like information without introducing 
large uncontrolled phase factors to disturb the interference. 
 
Scully and Drühl found that the interference pattern 
disappears when which-path information is obtained, even if 
this information was obtained without directly observing the 
original photon, but that if you somehow "erase" the which-
path information, the interference pattern reappears. 
 
In the delayed choice quantum eraser, the pattern reappears 
even if the which-path information is erased shortly after, in 
time, the signal photons hit the primary detector.  



"A Delayed Choice Quantum Eraser"   
by Yoon-Ho Kim, R. Yu, S.P. Kulik, Y.H. Shih, and Marlon O. Scully 

http://xxx.lanl.gov/pdf/quant-ph/9903047   
Phys.Rev.Lett. 84 1-5 (2000).  

 
Abstract: This paper reports a "delayed choice quantum eraser" 

experiment proposed by Scully and Drühl in 1982. The experimental 
results demonstrated the possibility of simultaneously observing both 

particle-like and wave-like behavior of a quantum via quantum 
entanglement. The which-path or both-path information of a quantum can 
be erased or marked by its entangled twin even after the registration of the 

quantum. 



How can we accommodate this in our spacetime picture?  
 
The part of spacetime where quantum determination of a 
definite state occurs is almost the same as the classical (Coarse 
grained) present: but small bits lag behind and crystallize out 
later.  
 
Those ever decreasing domains are the space-time events 
where we can influence “the past” from the present. 
Gradually the crystalised out state comes to encompass the 
whole of the matter present now. But at any time there will be 
other unsettled regions that will be determined in the future. 
 
This picture is already confirmed by experiment: it is what is 
needed in order to make sense of the delayed choice 
experiments.   
 
May take place in two stages: 1st decoherence (decay of 
entanglement), and then collapse of the wave function.  



The crystallizing block universe:  
the surface where the quantum uncertainty changes  
to the classical definiteness 



The crystalising block universe (EBU): 
Spacetime grows with time: some places lag 



The crystalising block universe (EBU): 
Spacetime grows with time: some places lag 



The crystalising block universe (EBU): 
Spacetime grows with time: some places lag 



How does it affect microphysics? – by setting the 
direction of collapse of the wave function 
 
Not necessarily related to an observer 
 
Happens whenever indefiniteness gives way to definiteness e.g. 
when a photon hits a leaf or ionizes an atom  
– “Observation” does not need an observer! 
 
Like decoherence: Happens all the time everywhere as 
quantum uncertainty gives way to classical certainty  
-Which happens all the time 
  
- e.g. when nucleosynthesis took place in the early universe to 
give a definite outcome 
-No observer was around;  
-superpositions rapidly gave way to a definite result 



Fieser and Dowden (2006), on Time: 
 
“There have been three major theories of time's flow. The 
first, and most popular among physicists, is that the flow 
is an illusion, the product of a faulty metaphor. The 
second is that it is not an illusion but rather is subjective, 
being deeply ingrained due to the nature of our minds. 
The third is that it is objective, a feature of the mind-
independent reality that is to be found in, say, today’s 
scientific laws, or, if it has been missed there, then in 
future scientific laws 
 
 … Some dynamic theorists argue that the boundary 
separating the future from the past is the moment at 
which that which was undetermined becomes determined, 
and so "becoming" has the same meaning as "becoming 
determined."  



Note difference between special and general relativity: 
 

In special relativity, standard QFT (and Newtonian 
theory): 

Spacetime is fixed and unchanging: the issue is whether 
time exists for the matter in it 

 
In General Relativity: Spacetime is determined by the 

matter content: both have to be unchanging for 
consistency 

 
In either case: if the spacetime and events in it are both 
static/unchanging there is no handle from which time 

can emerge.   



In general, friction effects mean we have an inability to retrodict if we 
lose information below some level of coarse graining.  
 
Block of mass m sliding on a plane, slowing down due to constant 
limiting friction F = - μR where μ is the coefficient of friction and R = 
mg is the normal reaction, where g is the acceleration due to gravity  
 
The motion is a uniform deceleration; if we consider the block’s motion 
from an initial time t = 0, it comes to rest at some later time t* > 0.  
For t < t* the velocity v and position x of the object are given by  
 

v1(t) = -  μg t  + v0,    x1 (t) = -  ½ μg t2 + vo t + xo      
  

where (vo, xo) are the initial data for (v,x) at the time t = 0. This 
expression shows that it comes to rest at t* = μg/vo.  
For t > t*, the quantities v and x are given by 
 

v2(t) = 0,  x2 (t) = X  = -  ½ μg (t *)2 + vo t* + xo (constant) 



The key point now is that from the later data at any time t > t* you 
cannot determine the initial data (v0, x0), nor the time t* when the 
object came to rest, thus you cannot reconstruct the trajectory from 
that data. You cannot even tell if the block came from the left or the 
right 
 
 
 
 
 
 
 
 
 
Did it come from the right or left? Can’t tell. 



Note on free will: 
 
I have not argued also from free will (though I might 
have done so). 
 
What is clear is that existence of the EBU and CBU 
proposals undermines any attempt to use the BU 
spacetime picture to show that free will is not real.  
 
They simply do not represent the irreversible and 
unpredictable physics that actually occurs in the real 
universe. The CBU provides a framework that 
adequately addresses the issue.  
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