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mathematical terms—the divide between experience and construction is the demarcation of 
classical physics from quantum particle physics.  Einstein, a seminal contributor to particle 
physics, knew this. [Einstein, 1905] If the field is physically real and particles the product of 
field energies, phenomena are continuous at every scale and experience is an accurate 
reflection of fundamental physics.  “When we say that we have succeeded in understanding a 
group of natural processes, we invariably mean that a constructive theory has been found 
which covers the processes in question.” [Einstein, 1919] 

 
 Today, even with the quantum mechanical principles of uncertainty and nonlocality 

experimentally validated time and again, the tradition of field-based experience continues in 
many forms, notably quantum field theory (QFT) and permutations such as conformal field 
theory (CFT) and/or correspondence of anti deSitter space to CFT (AdS/CFT).  Point is, in 
order to save physics from being too removed from experience and degenerating into what 
science journalist John Horgan calls “ironic science,” [Horgan, 1996] it was necessary to 
maintain continuous field properties for local measure criteria.  At least it was so, until the 
advent of string theory in the fourth quarter of the 20th century.  

 
 The biggest irony of all, though, may be that string theory is itself another attempt to preserve 

the physics of continuous functions against the appearance of discontinuous phenomena.  
Though many may disagree, this writer opines that Einstein would approve of string theory—
on the grounds of mathematical completeness alone—though he might be still searching for a 
thought experiment to incorporate the theory.  Because field theory can obviate background 
dependence, we return to Lee Smolin’s issue. 

 
 String theory has a field research branch. [Zwiebach, 2004] Because locality is not preserved in 

an extra dimensional theory, however, unless one can construct a physical theory in the sense 
that Einstein described, that incorporates nonlocal measure criteria, the physics of extra 
dimensions is never likely to be clear.   

 
 Nonlocal measure criteria are difficult, yet not impossible. 
 
 
3.0 Result. 
 
Nonlocal measure 
 
3.1  We mean by “nonlocal measure criteria” those mathematical artifacts that instantiate meaning 

without adding meaning.  We refer again (2.10) to the constant c that instantiates the meaning 

of E = m .  One realizes that c has a measured value independent of phenomena—i.e., no 
time passes in the interval occupied by the speed of light, just as no measurement is localized  
in an interval of length 1 when one unit of energy is equal to one unit of mass in one interval of 
time.  Observer and observed are entangled. 

 
 If nonlocal measure criteria are to mean anything, we are compelled to consider some concept 

of zero time on an interval of length 1—which is, in fact, exactly the meaning of nonlocality in 
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quantum mechanics—metaphorically, the domain of a dice-playing god who assigns to every 
observed outcome a probability of 1.0. 

 
 We need a different mathematical artifact, one that instantiates a true nonlocal metric measure 

in the world in which we live—demonstrably not the world of the dice-playing-god—and 
that’s where negative mass enters.  Consider 

 
E = !m  

 
 whose derivation ( i2 = !1 ) is: 
 

E
0
= m(i

2
)  

 
 Can we do that? 
 

Let’s remind ourselves of what multiplication by i2means, geometrically—multiplication by 
i  (= !1 ) is a 90° positive rotation about the point of origin in the complex plane (fig. 2) 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.  Positive rotation in the complex plane. 
 
 

 
Complex analysis has the advantage of allowing point-like space an infinitely continuous 
expansion over a non-ordered field of points with definite values.  So if we want to preserve 
Lebesgue measure in an n-dimensional field, suppose we show how complex results map to 
that point-like space, given n-dimensional time as a complex metric: 
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Suppose that positive and negative mass lie at opposite poles of a complex 180° angle (fig. 
2); a rigid transformation in the complex plane implies a reflection (complex conjugate) of 
negative mass that has physical—yet nonlocal—meaning.  While the measure properties of 

m
+ are preserved in R

3

, 2-dimension quantum-analytical properties have no meaning in 

R
3

 when the real part of the complex term (m! ) is negative.  Letting dimension d go to 
zero for n-dimensional complex analysis: 

 

E = mc
2
! d = 0! R

n

 (rest mass in Eulidean space) 
 

     E = mi
2
! d = 2!"

#

(negative mass in Hilbert space) 
 
 

When we allow the complex metric in 2 dimensions to include negative mass, our domain is 
infinite dimension Hilbert space.  Then we can express mass in an infinite dimension 
normed Hilbert space !" , 

 
 

                                          ! = m
"
m

+      (2) 
 

In complex terms, with conjugate symmetry: 
 
  (3) 

 
The mass unitary equation (3) is then identical to the wave equation for quantum mechanical 
unitarity:  

 
 

 
 
 

 
Just as we ignore physical interpretations for advanced wave solutions to Maxwell’s 
electromagnetic equations—were we to speak of positive and negative mass occupying the 
same local space, we would—as the saying goes—be comparing apples and oranges. 

 
Before Lavoisier showed that combustion is the result of rapid oxidation, chemists (and 
alchemists) theorized that the presence of some additional substance—called phlogiston—
was necessary to make fire.  In the evolution of the theory, once oxygen was shown to be 
involved, and it was found that some metals apparently gained substance (rust) while 
combustible materials apparently lost substance, the theory had to be revised to incorporate 
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both “positive” phlogiston and “negative” phlogiston to explain the discrepancy.  This 
explained nothing by the scientific standard of today, of course, because the results are 
contradictory. 

 
To speak of the properties of negative mass in the same terms as we speak of positive mass 
would be equally contradictory.  The properties of positive mass are consistent with local 
measure, Lebesgue integrable.  The properties of negative mass are nonlocal.  We can be 

sure that nonlocality applies, in that the complex term, allowing m = 1 :  
 

 
 
  (4) 
 

  

The result suggests that while real measure m+ inheres in the real part of the complex 
plane, the complex term that incorporates negative mass demands normalization on a 

continuum of M .  It must be so considered, in that Bell’s Theorem shows explicitly that 
quantum configuration space cannot be mapped into physical space without a nonlocal 
model.  See, for example [Bohm & Hiley, 1993].  

 
Insofar as quantum mechanical unitarity sums all probable wave states to probability 1 for 
local measure, then with probability 1, all mass is rest mass and (eqn. 3) is entirely 
equivalent to quantum unitarity.  We do not observe negative mass because there is no 
negative rest state.  There are no more two kinds of mass than there are two kinds of wave, 
as a general category.  Again invoking the phlogiston analogy, as we know that combustion 
is a single chemical process of rapid oxidation, we know that matter states are driven by the 
same nonlocal influences that determine quantum wave states.  Even though that doesn’t 
seem like a major revelation (we already know it as the principle of superposition), the 
nonlocal physical influence of negative mass tells us more—it tells us how to interpret the 
mechanics of the phenomenon known as collapse of the wave function: 

 
3.2 Conventional wisdom has it that although general relativity and quantum theory are entirely 

incompatible, the discrete microscale phenomena of quantum mechanics “smooth out” at 
some point in the classical limit of continuous function physics, even though we cannot tell 
where that point is.  Imaginary time and complex system science give us the tools to identify 
and calculate the precise bound for that smoothness—even though dynamic and not entirely 
mathematically smooth—as we shall demonstrate. 

 
 If time, as we assert, has an independent physical reality, it must be discontinuous with 

R
n

and necessarily continuous with the n-dimensional Hilbert space.  Necessarily so, 

because the continuity of a metric in n-dimensional space implies discontinuity with R
n

by 
the invariance of dimension.[Toretti, 1978] The 3-space boundary in 3 + 1 dimension 
(Minkowski) space-time is the distance-time relation that changes sign in the metric 
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signature + + + !  on a pseudo-Riemannian manifold of Lorentzian metric properties; 
“curved space.”  Compare with the Riemannian manifold in n dimensions of m eigenvalues, 
assuming non-degeneracy, which is smooth and positive definite.  There are no timelike 
vectors—an important property for our definition of time, because an infinitely orientable 
metric on a non-orientable surface is smoothly connected over dimensions n !1 .  We mean 
that the Lorentzian metric is compelled to obey local Minkowski space limits of time-
distance.  We mean that the time metric seeks the least dimension path in n-dimensional 

event space, which makes time an entirely scalar quantity.  The magnitude {T} describes 

every time t! T at which a measurement is recorded and all information about t is 
lost.  This model preserves irreversibility in the measure space without sacrificing the 
smoothly continuous function of a non-perturbative theory. I.e., we have the means to 
determine the large-scale bounds of quantum uncertainty in the relativistic limit: 

 
3.3 Consider 

 
 
  (5)  

 
 

We use Evn to represent escape velocities in km/sec between massive bodies.  We use 

t to represent elapsed time in seconds between the two bodies; c is the speed of light in 
a vacuum in km/sec (rounded to 300,000 km/sec).  We have chosen the capital Greek letter 

! to represent the radius of uncertain area occupied by a hypothetical particle traversing 
the distance instantaneously.  Using real numbers for escape velocities of Earth and moon, 
e.g., rounding to 1.3 second (based on an average distance of 384,000 km between the 
bodies): 

 
11.2 ! 2.4

300,000
!1.3 = !1.299970667  

 
 

 The particle instantaneously occupies all the area available to it nonlocally, because the 
wave function spreads over time t .  (It will later be important to understand how t  less 

than unity affects the relation.)  The vectors ! and ! ' differ relativistically—on the 
moon-Earth vector: 
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