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Physics is currently fragmented into competing theoretical approaches that contradict one 
another in regard to foundational assumptions.  Airing these contradictions can clarify the 
stark choices that confront theoretical physics from within.  Causal set theory has found a 
respectable niche in fundamental physics, and it is particularly brutal in contradicting widely 
held assumptions.
 
A candidate for the Theory of Everything, causal set theory has the simplest, most rigorous 
formalization of any theory.  When stripped of any physical interpretation, it is the formal theory 
of “partial orders,” a domain of pure mathematics.  A partial order is a structure generated by 
an asymmetrical relation.  A partial order becomes a causal set when the ordering relation is 
designated “causal.”  We then have the mathematics of partial orders applied to the physics of 
cause-and-effect.  (See reference [1] for a link to the Wikipedia article on causal sets, which has 
a standard definition, discussion, and further references to landmark papers.)
 
Dual-parameter space-time is a composite of spatial relations and time relations.  When a 4-
D manifold is formulated as a causal set, spatial relations are not employed.  In lieu of space-
time there is a causal web—a  single-parameter manifold composed entirely of  time-ordering 
relations and their relata.  The single parameter is time.  A generic temporal successor relation 
generates the 4-D manifold all by itself.  The exclusion of primitive spatial relations means that 
there is no geometry in causal set theory.  Deprived of geometry, causal set theory relies on the 
topology of temporal succession patterns to model the universe.
 
An example of a 4-D manifold, constructed as a causal set, is depicted in the following diagram.  
You will notice that the “arrow of time” is the only graphic element employed.  The arrows make 
junctions only at their endpoints—other arrow crossings indicate nothing.  The diagram consists 
entirely of arrows that connect to one another at junctions.   This specifies the time order of the 
junctions, defining one specific causal set.



 
Each interior node of the diagram is at the intersection of four time axes.  Each arrow belongs to 
one of the four axes.  Thus we have an efficient way to diagram an extendable 4-D time lattice.  
This is the sort of discrete manifold that causal set theory provides in lieu of space-time.
 
While the phenomenal diagram in your visual field is geometric, the intended referent of 
the diagram is a contiguous region of sheer temporal succession.  Geometrically speaking, a 
hexagonal “cell” is replicated to form the assemblage: one cell in the center, surrounded by six 
other cells.  More outer rings of cells can be added to enlarge the diagram, expanding the pattern 
to any desired extent with further hexagon tiling.  Such geometric extension of the diagram 
corresponds, in the intended domain of reference, to increased extension of time.  Descartes’ 
extension-in-space, long considered essential to the meaning of “physical,” has no meaning in 
causal set theory, due to the exclusion of primitive spatial relations.
 
Most theorists rely on the concept of a physical state.  The motivation is strong to include 
instantaneous spatial configurations in a theory—configurations that exist all-at-once.  If 
Schrodinger waveforms are part of a theory, then “collapse to a state” is also included in the 
theory.    Time is not considered to be as trustworthy a parameter as space, and we’re often told 
that time is an illusion.  The sense of “physically real” is not satisfied for most physicists until 
Descartes’ extension-in-space has been incorporated into their theories.  We can see, by the 
diagram above, that causal set theory has no states.  Of course, this is a logical consequence of 
excluding primitive spatial relations.
 
I became familiar with the concept of physics-without-space from my study of Russell and 
Whitehead’s event ontology, which was the structural core of their work in metaphysics and 
philosophy of science.  (See references [2] and [3].)  To them, space-time required analysis 
into relations and relata, and they found that temporal-causal relations were sufficient for that 
analysis, obviating the need for instantaneous spatial relations, which are antithetical to Special 
Relativity anyway.  The implication is that Einstein did not understand the true meaning of his 
own Special Relativity.  There are not two distinct types of relational order “welded together” to 
form space-time.  Instead, there is a 4-D manifold homogeneous in a single parameter—time.
 
After quantum theory arose, mainstream physics failed repeatedly to produce a whole-and-part 
analysis of actual physical entities in terms of geometry.  It then turned to probabilities for a 
theoretical basis, even though it lacked any coherent concept of physical actualities, for the sake 
of which probabilities are contrived in the first place.  The cart is thus placed before the horse.
 
Causal sets are for modeling actualities, as well as alternative structural possibilities. That 
forms the basis for calculating probabilities.  Causal set theory is “classical,” in the sense that 
the actual universe is assumed to be a single all-inclusive causal set, amenable to whole-and-
part analysis down to its primitive components.  Causal set theory employs only two primitive 
types of component: the “element” and the “causal link.”  The primitive fact of the theory is 
one element connected to another by a causal link, forming a predecessor-successor pairing.  
Mathematically, the causal link is a dyadic relation, and the elements it connects are its relata.  
This is the minimum of logical equipment required to define “structure,” which is why causal set 
theory is the simplest theory that is mathematically possible.  In the arrow diagram of a causal 



set, the arrows represent the causal links, and the nodes formed by arrow junctions represent the 
elements.  Any finite temporal structure can, in principle, be specified by a causal set diagram.
 
A “local finiteness” condition on causal sets is part of the theory.  This means that there is no 
infinite divisibility of a finite time interval, and no mathematical basis within causal set theory 
for the differential calculus or for a continuous manifold.  The Schrodinger wave equation, 
formulated with calculus, is likewise excluded.  Continuum mathematics can at best produce 
approximations to the physical behavior described in causal set theory.  Because causal sets are 
essentially un-smooth, they should be well-suited to the description and explanation of quantum 
behavior.
 
While causal sets are locally finite, there is nothing to prevent the definition of a causal 
set that features denumerable infinite extension.  This would be necessary, for example, to 
describe a universe with no beginning or end.  Some proponents go so far as to restrict the 
designation “causal set” to causal-link configurations that have infinite extension.  In the way of 
disclaimer, I consider finite causal sets to be the most important part of the theory.  When I teach 
it, I start with the simplest finite causal sets, as shown below.  That way, one becomes familiar 
with simple examples, just as one learns multiplication tables before immersing oneself in higher 
mathematics.
 

 
 
(a,b) and (a,c)        (a,b) and (b,c)     (a,b) and (c,b)   (a,b) and (b,c) and (a,c)      N/A
 
The simplest causal set diagram is a single arrow, which depicts a single ordered-pairing of 
two elements.  If we designate the two elements “a” and “b,” then we can express the arrow 
alternatively as a primitive fact using ordered-pair notation: (a,b).  Similarly, I have labeled 
the endpoints of the arrows above, and provided the equivalent primitive-fact notation below 
each diagram.  You can read the first example as “a is predecessor to b, and a is predecessor 
to c.”  Accordingly, any diagram is equivalent to some logical conjunction of primitive facts.  
The arrow diagram on the far right is not a causal set diagram.  I include it to show what is 
NOT allowed in causal set theory.  No directed path may return to its starting point.  That is 
called “chronology protection,” ensuring that no moment is earlier than itself.  The founding 
premises of causal set theory add up to a structural specification of time and chronology 
protection.  This precludes time reversal and time travel.  The directionality of time is “built in” 
to the definition of “time.”  Thus causal set theory is incompatible with a theory that derives the 
directionality of time from thermodynamics or laws of motion. 
 
The first four diagrams depict the four causal sets that have exactly three elements.  From left 
to right we can observe four things about time: time can fork; time can make a series; time can 
converge; time can combine forking with convergence to make a reconvergent sequence.  This 
last capability enables time to create relative frequency ratios.  The “time triangle” diagram 



shows two distinct pathways that share a common start point and a common endpoint, implying 
that the two paths transpire in the same amount of time.  The two arrows (a,b) and (b,c) transpire 
in sequence during the same amount of time that it takes single arrow (a,c) to transpire.  The 2-
arrow path has twice the frequency, in terms of causal links per unit time, as the single-arrow 
path.  Relative frequency ratios can be used to define relative energy ratios, in accord with 
Planck’s E=hf.  In that case, the causal link is the unit of energy ratios and the quantum of action.  
If that is correct, then the frequencies inherent in patterns of sheer temporal succession may be 
sufficient to account for energy and its quantum.
 
The next illustration shows the use of causal set frequencies to model Bohr’s formula.  The 
same “cell” that was used to construct the previous diagram is used again here to model the 
electron and its cloud formations.  Chained repetition, in which the last element of one cycle is 
also the first element of the next, is used to construct four sequences, each propagating along its 
own proper time axis.
 

 



 
 
   From left to right we have a free electron, a stable hydrogen cloud, a helium cloud, and a 
hydrogen cloud sequence disturbed by an incident photon, which is later emitted at the same 
frequency.  Scaling is applied separately to each sequence so that 36 cells span the same 
vertical distance for any of the sequences.  Taking the frequency of the free electron as the 
unit frequency, lower frequencies f2 and f3 are formed by hydrogen and helium cloud-cycle 
repetitions.  The first Bohr line frequency for hydrogen is obtained for the photon as the 
difference in frequency, f2 – f3, of the two cycles involved in the modulation that accompanies 
the photon intervention.  Extending the model to clouds of higher atomic number, the full set of 
Bohr formula spectral line frequencies is obtained.  I show this to demonstrate that pure causal 
sets, without any other parameters, can account for significant numerical data obtained from 
spectroscopy experiments.  For the detailed numerical treatment of the Bohr formula derivation, 
plus a treatment of nuclear structure, see reference [4].
 
 
The reciprocal of frequency is wavelength.  Therefore the frequency ratios inherent in causal 
sets yield wavelength ratios as well.  In the reduction of space to time, wavelength is strictly 
a measure of temporal duration.  We get the numbers for frequency and wavelength without 
invoking continuous waves.  If particles are repetitious cycles of finite causal sets, such as 
the electron in the above illustration, then such a particle has its own characteristic deBroglie 
wavelength and frequency.  The wave/particle duality is thus resolved by the reduction of both 
wave and particle characteristics to causal sets.
 
Since a partial order is orderly rather than chaotic, causal set theory is in conflict with a 
foundation of “quantum chaos.”  A specific finite arrangement of causal links can be ranked 
mathematically, against alternative arrangements, as to its symmetry value.  Symmetries are 
already correlated with the various conservation laws, and causal set theory provides all its 
symmetries in terms of causal link arrangements.  For instance, the structural “cell” used for 
the constructions shown in this essay, has time reversal symmetry, and the iterated sequences 
compounded from that cell also feature time reversal symmetry.  That type of symmetry is 
correlated to energy conserving processes.  Causal set theory has nothing more basic than 
symmetry to explain the orderliness of stable particles and physical laws.  Symmetry “has its 
way” both locally and remotely, and in that regard, it governs pattern formation even over vast 
space-like separations, like force acting at a distance.  Symmetry is the only organizational 
principle that applies to causal sets, ranking them as to how organized or disorganized they are.  
In a theory of pure causal sets, symmetry supplants the role of “forces” altogether.
 
Questioning physicalism itself
 
The further reduction of Newton’s ontology, made possible by the discovery of a limiting 
velocity and the discontinuities of quantum behavior, was sidetracked by the stubborn refusal 
of mainstream physics to abandon primitive spatial relations.  Causal set theory poses a 
reduction to time.  As of yet, physicists see causal set theory as too simple to be the Theory of 
Everything.  From what I’ve seen already of the modeling power of causal sets, and coming from 
a background in philosophy of science, causal set theory is too simple to not be the Theory of 



Everything.  If that is so, then the “logical atoms” of which everything is made are the generic 
individuated elements, plus the generic individuated causal links that connect one element to 
another.  This fits Russell’s view that the scientific method can at best obtain knowledge of 
the “causal skeleton of the world.”  It also fits Whitehead’s view that the temporal succession of 
occasions is all there is to this universe.  (See reference [5], which quotes the relevant passages 
from Human Knowledge and Adventures of Ideas.)  Those men were realists about the universe, 
like most physicists today.  They were also analytical and mathematical in their attempts to 
frame a coherent reduction of physics to its “logical atoms.”  At the time, the world was not 
ready for their event ontology, but the advent and successes of causal set theory could prompt 
mainstream physics to “rewind 80 years,” in order to explore the path not taken.
 
Physicists today go about their business without concern for the mind-body problem, displaying 
the contemporary mindset of “physicalism.”  Mathematical theories of physics are elaborated 
without undue concern for the ontological meaning of the primitive terms at the basis of their 
formalisms.  While the math may be good, the corresponding ontological interpretation is 
generally “crazy,” but this is accepted as the standard mark of modernity.  In the case of causal 
set theory, this craziness is hard to find.  As a theory of cause-and-effect, it’s built on an old-
fashioned principle that traditionally made sense to people.  The problem of interpretation 
devolves upon the ontological meaning of the elements, which are the primitive causes and 
effects of the theory.  Because matter and motion are modeled as structural features, the 
unstructured primitive element is not matter, and the causal link is not motion.  Furthermore, 
because “space-time” is reduced to causal set construction, the elements do not serve as point 
locations in space, but rather as point locations in time.  That leaves the elements bereft of any 
traditional physicalistic interpretation.
 
Russell and Whitehead were not interested in any “first principles” of physics that did not 
accommodate “mind and its place in Nature.”  When they saw the prospect of reducing space-
time to time alone, they realized that the primitive “event” of the new ontology should be 
interpreted as a mental event.  A time series of mental events would account for the human 
stream of sentient awareness.  The phenomenal sensory data inherent in a human series furnishes 
the perceptual data that prompts theoretical conjecture in the first place.  Then, in the course 
of subsequent experimentation, such phenomenal data contributes the perceivable results, 
confirming or disconfirming the guiding theoretical conjecture.
 
From that point of view, all phenomenology is the phenomenology of mind, and all of theoretical 
physics is conjecture as to the “unknown cause of sensation.”  Such causal conjecture, in the case 
of causal set theory, is ramified into an elaborate concatenation of primitive causes and effects.  
Among those primitive causes and effects, the human elements are the ones that provide the 
epistemological basis for elaborating the whole scheme.  The scheme is a “scaffold” of cause-
and-effect erected by systematic conjecture, establishing the location of each mental event, in 
theory, between its immediate causal predecessors and its immediate causal successors.
 
As for the remaining, non-human elements of the scheme, they lack any physical attribute that 
could make them unfit for causal interaction with mental events.  Because they have no spatial 
or geometric character, the usual objection to interaction between mental and physical entities 
does not apply.  Accordingly, Whitehead adopts the hypothesis that all elemental events are 



sentient “occasions of experience,” thereby obtaining a metaphysical system with maximum 
coherence.  Russell all but adopts the same panpsychism, barely restraining himself from the 
final generalization.  (See reference [5].)
 
Thus we have an ontological interpretation for causal set theory provided by the groundwork of 
Russell and Whitehead.  A causal set diagram depicts a “family tree” of individual occasions, 
mapping the causal inheritance relations that connect the members.  Parent occasions are the 
causal agents of their own immediate progeny.  The causal efficacy of human mental occasions 
is part and parcel of the overall interpretation, reinforcing confidence in the relevance of 
mentality, thoughts, feelings, and volition in determining the future.
 
Russell’s account of the mind-brain interaction sequence can be sharpened to quantum detail 
when the brain is treated as a causal set.  The human series of mental events is assigned a 
frequency based on psycho-physical experimental data, and the cortical homunculi are treated 
as staging areas for control by, and feedback to, the moments of the human series, with the latter 
serving as the unitary executive over voluntary bodily behavior.  Russell’s account from Human 
Knowledge is quoted for comparison in the article.   See reference [6].
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