
Substrate Cosmology Volume One
An Introduction to Relational Physics and Recursive

Scalarization

Second Edition

James Dunn

September 2026



i

Publication and Copyright Notice
Copyright 2026 James Dunn. All rights reserved. Second digital edition, September 2026.

Author and research originator: James Dunn
Editorial analytical and production collaboration: OpenAI ChatGPT Codex
Public research commons: https://substrate-cosmology.james-dunn866549.chatgpt.site

The first digital edition of Volume One, published in September 2026, is preserved as a
historical edition. This second edition replaces it as the current introductory volume without
rewriting the earlier developmental record.

Substrate Cosmology and its relational, recursive, dimensional, and substrate interpretations
are a developing theoretical and methodological research program. They are not
experimentally established as fundamental physics. Established scientific results remain
authoritative within their validated domains.

Definitions, methods, hypotheses, operational results, nulls, conflicts, and speculative
implications should be distinguished wherever they appear. Nothing in this volume substitutes
for laboratory safety review, institutional authorization, mathematical proof, engineering
validation, or other appropriate professional judgment.



ii

Authorship and AI Collaboration
James Dunn originated the Substrate Cosmology research program, supplied its manuscripts,
Recovery Points, experimental protocols, website, governing intents, and conceptual
corrections, and retains responsibility for the claims and final publication. His correction that
every mathematical operator used in the analysis is also a scalar is the central reason for this
second edition.

OpenAI ChatGPT Codex reviewed and correlated the published series, identified where the
first edition required revision, reorganized the instructional sequence, drafted and edited
explanatory prose, developed the introductory circle-ratio laboratory and appendices,
generated the PDF, and assisted with website publication.

The AI contribution is editorial, analytical, and production collaboration. It is not independent
empirical evidence, scientific replication, authorship of the originating research program, or
authority capable of validating the proposed physics.

Recommended Citation for This Edition
Dunn, James, with OpenAI ChatGPT. Substrate Cosmology. Volume One, An Introduction to
Relational Physics and Recursive Scalarization. Second digital edition. September 2026.

Citation for the AI Collaboration
OpenAI. ChatGPT Codex. 'Substrate Cosmology Volume One Second Edition Development and
Editorial Collaboration.' Responses to James Dunn, September 2026. Large language model.
https://chatgpt.com/.



iii

Second Edition Revision Note
The first edition correctly distinguished Actual Physics from observation and model, treated
words and units as selections, rejected premature ontology, introduced dimensions as
relational lexicons, separated recurrence from vibration, and required conservative recovery.
Those foundations remain.

Volume Eleven exposed an incompleteness in the introductory treatment. Operators and
explanatory structures were sometimes discussed as though they could be made relational
merely by attaching metadata. The correction is recursive: the operator token, its selected
rule, its application, its metadata, and the ledger used to record them are all scalarizations.
No finite representation is uncollapsed.

This edition introduces that boundary before the reader relies on equations and relational
formalisms. It replaces the objective of an uncollapsed representation with purpose-relative
less-collapsed profiles, adds perspective rotation, expands C / D = pi into an introductory
laboratory, separates recursion recurrence and adjacency, and updates the series and website
guidance through Volume Eleven.
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Preface
Substrate Cosmology begins with a practical difficulty. Human beings investigate physics
while living within the physical environment being studied. We cannot step outside that
environment and compare it directly with our descriptions. Bodies, instruments, clocks,
rulers, computers, language, and mathematics are participants in the same environment.

The first edition used this condition to distinguish Actual Physics from observation and
representation. The later volumes made the distinction more demanding. When an operator is
used to describe a collapse, the operator is also a scalarization. When metadata is added to
repair the loss, the metadata is another scalarization. When a ledger audits the
transformation, the ledger remains bounded by its own categories.

The result is not skepticism about mathematics or measurement. It is a method for using them
without forgetting their boundaries. Researchers can coordinate several perspectives,
preserve ancestry, recover established results, and test whether a retained distinction
changes a legitimate operation. They cannot construct a final notation identical to Actual
Physics.

This second edition therefore prepares the alternate perspective earlier and more explicitly.
Readers first learn why objectivity must be constructed from within. They then learn recursive
scalarization through familiar words, units, operators, and the circle ratio. Only afterward are
statelessness, precausality, relational dimensions, recurrence, emergent quantities, and
string-inspired comparisons introduced.

The Current Series
The series contains eleven published volumes. No further volume is automatic. A future
volume should be created only when evidence-bearing work or a coherent dependency cannot
be responsibly integrated through revisions, appendices, Recovery Points, or the public
research commons.
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Volu
me Title Primary task

One Introduction to Relational Physics and
Recursive Scalarization

Build the alternate perspective and establish the
recursive boundary.

Two Words Units and the Collapse of Physical
Representation

Audit linguistic numerical metrological and
mathematical selection.

Three The Relational Tools and Their
Developmental Lineages

Preserve tool histories and organize a disciplined
research grammar.

Four Relational Mathematics and Fibered
Relational Tensor Theory

Construct relational formalisms and conservative
recovery maps.

Five Measurement Detectors and
Experimental Interaction

Place apparatus inside physics and design
discriminating tests.

Six Recurrence Research and the Labyrinth Test recurrence frame dependence null worlds and
continuity.

Seven Cosmology Matter and Emergent Physical
Quantities

Reopen inherited quantities while recovering validated
physics.

Eight Conditional Engineering and Physical
Manipulation

Translate speculation into gated intervention and
safety programs.

Nine Intelligence Agency Identity and
Dimensional Stewardship

Extend relational discipline to agency ethics culture
and governance.

Ten Website User Manual and Research
Commons Guide

Make routes status evidence contribution and
continuity inspectable.

Eleven Recursive Scalarization Relational
Adjacency and Emergent Understanding

Apply collapse recursively and coordinate many
perspectives.



vii

Acknowledgments
This edition results from James Dunn's repeated insistence that the framework include its own
habits of representation within the subject being examined. The corrections were especially
important when explanation returned to relativistic container thinking, treated scalar equality
as physical identity, converted dimensions into spatial axes, converted recurrence into
vibration, or treated operators as neutral procedures.

OpenAI ChatGPT Codex is acknowledged for corpus review, synthesis, structural drafting,
editorial revision, document production, and integration with the public research commons.
Those contributions document collaboration and provenance. They do not provide empirical
confirmation.

The work also depends upon the accumulated achievements of mathematics, metrology,
physics, computation, philosophy of measurement, and experimental science. Any
conservative extension must recover their validated results rather than obtain novelty by
discarding them.



viii

How to Read This Volume
The chapters are ordered as conceptual dependencies. Parts I and II establish embedded
inquiry and recursive scalarization. Part III uses the familiar equation C / D = pi to practice
the method without requiring speculative commitments. Parts IV and V then introduce the
alternate relational perspectives. Parts VI and VII convert those perspectives into
mathematical, experimental, and continuity disciplines.

Each chapter ends with a perspective recovery statement. Repetition is deliberate because
familiar language quickly returns dimensions to axes, equality to identity, recurrence to
vibration, and models to ontology.

Readers should alternate between expansion and return. Reopen a scalar only far enough to
answer a declared question. Then recover the ordinary result and state what the additional
structure contributes. If the result cannot be recovered, the construction is not yet an
extension. If the added structure changes no legitimate operation, it remains interpretation,
organization, or pedagogy.
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Framing Statement
Every finite human representation is treated as a scalarization relative to relations it does not
preserve. This includes words, units, numbers, vectors, tensors, operators, equations,
diagrams, models, algorithms, categories, dimensions, registries, ledgers, and this book.

Representation requires selection. Collapse is therefore not simply an error to remove. The
scientific task is to identify when an excluded distinction could affect a later prediction,
comparison, or intervention. The appropriate objective is a purpose-relative less-collapsed
profile accompanied by declared losses, recovery conditions, and evidence status.

Substrate Cosmology remains a research program, not an established description of
fundamental reality. Actual Physics remains the unknown subject; every proposed relational
structure remains a representation.
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Introduction
What Substrate Cosmology Asks

Substrate Cosmology investigates whether observable physics consists of stable and useful
central tendencies emerging through physical participation richer than the words, units,
instruments, states, dimensions, operators, and equations by which humans represent it.

The word substrate does not assert a hidden material beneath matter. It identifies the
difference between physical participation and the representations produced through
interaction with it. Cosmology includes the large-scale universe, but also the conditions under
which any physical world becomes observable, measurable, describable, and investigable.

The program asks a demanding operational question. Can a purpose-relative profile preserve
a distinction that a successful conventional scalar collapses, recover the conventional result,
and then predict a reproducible difference under a common intervention? If not, the richer
representation has not earned an additional physical role.

The second edition adds a recursive safeguard. The notation used to express this question is
also scalarized. The project can improve access and preserve more relevant ancestry; it
cannot represent Actual Physics without transformation.

Perspective recovery. Substrate Cosmology is a disciplined investigation of representational
boundaries and possible consequential relations, not a completed alternative ontology.
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Part I

Entering the Environment We
Study

The reader begins inside the physical environment, without granting the
observer, language, mathematics, or model a position outside it.
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Chapter One
Living Within the Environment

Scientific diagrams commonly place an observer outside a bounded system. Inputs enter,
outputs leave, and the investigator appears to inspect the whole arrangement. This is a useful
convention, but it is not a literal physical position. The researcher, laboratory, detector, clock,
ruler, computer, record, and act of reasoning all participate within the environment being
studied.

Objectivity must therefore be constructed internally. Calibration, independent methods,
criticism, controlled changes, translation, and reproducibility coordinate bounded
interactions. They do not give an observer unmediated access to everything that participated.
The limits of a person or instrument are conditions on access, not automatic limits on Actual
Physics.

Perspective recovery. Begin every investigation by placing the observer, apparatus, representation,
and reasoning process inside the physical account.
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Chapter Two
Actual Physics and the Research Boundary

Actual Physics is the project term for whatever physically participates in producing events
independently of the completeness of human descriptions. It does not name a hidden
substance, a deeper field, a final state, or a confirmed ontology. The term marks the unknown
referent that scientific representations engage without becoming identical to it.

Observable physics consists of stable relations available through particular interactions,
instruments, and representations. Established theories organize those relations with
extraordinary precision. Observable physics is not a lesser or unreal world. It occurs within
Actual Physics and supplies the tested inheritance that every proposed extension must
recover.

Perspective recovery. Actual Physics is not the answer supplied by the framework. It is the boundary
that prevents any framework from mistaking itself for its subject.
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Chapter Three
What Seeing and Measuring Provide

Seeing is an interaction. Radiation is emitted or reflected, passes through an environment,
couples to an eye or detector, produces material responses, and is processed into distinctions.
A scientific measurement follows the same general form. The final image or value can be
reliable without being identical to every relation that produced it.

Interaction conditioning names the dependence of an observable on coupling, apparatus
response, bandwidth, geometry, calibration, sampling, processing, frame, and reporting
convention. This does not mean that every observation grossly disturbs its subject. It means
that an observable is physically and representationally mediated even when the macroscopic
disturbance is negligible.

Perspective recovery. What is observed may be real and reproducible while remaining a conditioned
access path rather than a complete copy.



S U B S T R A T E   C O S M O L O G Y   V O L U M E   O N E

James Dunn  |  6

Chapter Four
Objectivity From Within

An embedded observer can still produce objective knowledge. Independent instruments can
converge, translations can be tested, calibrations can be traced, predictions can be risked,
and disagreements can be preserved. Objectivity becomes coordinated reliability among
bounded interactions rather than possession of a view from nowhere.

Several perspectives do not make all claims equally valid. A perspective can be poorly
calibrated, internally inconsistent, contradicted, or irrelevant to the question. Perspective
plurality is disciplined by evidence, recovery, explicit mappings, uncertainty, and the
possibility of failure.

Perspective recovery. Replace the fantasy of an outside view with the harder achievement of
coordinated and testable views from within.
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Chapter Five
Human Limits Are Not Physical Limits

Human senses occupy narrow ranges, and instruments extend those ranges through selected
material responses. Mathematics extends comparison beyond direct perception through
selected primitives and operations. None of these extensions proves that the relations they
cannot retain are absent from physics.

The opposite error must also be avoided. Unobserved possibilities do not become physical
merely because human access is limited. A proposed hidden distinction earns scientific
standing only by surviving ordinary explanations and changing a legitimate prediction,
comparison, or intervention.

Perspective recovery. Keep physical possibility open while keeping evidentiary admission demanding.
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Part II

Representation and Recursive
Scalarization

Words, units, numbers, operators, equations, and audits are treated as
useful bounded identities whose boundaries must remain visible.
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Chapter Six
Words as Instruments of Selection

Scientific words stabilize categories. Particle gathers detector events, mathematical states,
transformations, and conservation relations. Temperature gathers many microscopic
arrangements into a comparable report. Event draws a boundary around selected change.
Dimension establishes a vocabulary of admissible distinctions. These words support science
because they make comparison possible.

Grammar can also install ontology before inquiry begins. Nouns encourage persistent objects;
verbs suggest changes applied to already formed things; causal language privileges one order.
A vocabulary audit asks what operations support the category, which differences became
irrelevant, where the word changes meaning, and whether another representation recovers
the useful term without treating it as primitive.

Perspective recovery. Use words deliberately, then include the words relation, scalar, collapse,
recursion, adjacency, and Actual Physics in the same audit.
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Chapter Seven
Scientific Units as Controlled Reductions

A scientific unit joins a reference, realization procedure, comparison rule, instrument chain,
and uncertainty practice. It enables results to travel across laboratories and times. That
stability is an achievement, but the unit also makes selected differences inactive so that
reports become commensurable.

Temperature can conceal distributions and histories. Distance can conceal path, geometry,
endpoint definition, and ranging procedure. Duration can conceal the recurrence used as the
clock and the comparison conditions. Energy can preserve a balance while omitting
arrangement. Greater numerical precision cannot recover a relation the unit grammar never
admitted.

Perspective recovery. A unit is not merely a label on a property; it is a scalarized access protocol with
a traceable history.
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Chapter Eight
Numbers as Bounded Identities

A number is exact within a defined mathematical structure and still bounded as a physical
representation. The same numerical result can arise from different preparations, pathways,
instruments, algorithms, populations, or histories. Equality of endpoint does not establish
equality of everything that produced it.

Substrate Cosmology uses scalar broadly for any bounded representational identity relative to
relations it does not preserve. This includes ordinary scalars, but also vectors, tensors,
equations, models, and databases when each is treated as one selected object in a richer
setting. The conventional mathematical meaning of scalar remains valid and should be named
when it is intended.

Perspective recovery. Ask what had to become inactive for a value to count as this one number.
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Chapter Nine
Operators Are Inside the Critique

A mathematical operator is not an empty window between operands. The slash, equality sign,
arrow, projection mark, integral, derivative, logical connective, and composition symbol are
bounded identities. Each compresses possible meanings, domains, rules, procedures,
exclusions, and histories into a usable token.

Every operator should be separated into three scalar layers: the token, the defined rule, and
the application. The token compresses a family of meanings. The rule selects one
transformation within a domain. The application acts on particular operands and may merge
further distinctions. Even an injective application does not make the token or selected rule
unbounded.

Perspective recovery. Record token scalarization, rule selection, and application loss separately.
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Chapter Ten
Equations as Nested Collapses

An equation composes variables, operators, precedence, type rules, equivalence criteria, and
permitted substitutions. A physical equation also depends on measurement, realization,
frame, approximation, and interpretation. The completed equation becomes another scalar
identity that can be cited and manipulated as one object.

Compression is part of the power of mathematics. It enables stable reasoning and prediction.
The danger is not that an equation is compressed; it is that its exactness within a formal
structure is promoted into physical completeness. A correct equation can preserve every
relation needed for one task while concealing a distinction needed for another.

Perspective recovery. Preserve the authority of a valid equation while reopening the ancestry its
compactness conceals.
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Chapter Eleven
The No Outside Notation Principle

Every finite representation used to analyze collapse is itself a scalarization. Projection maps,
arrows, tuples, brackets, functions, domains, codomains, registries, diagrams, and collapse
ledgers do not escape by describing the limits of other representations. The same applies to
this principle and to the phrase purpose-relative less-collapsed profile.

This recursion does not require endless analysis before work can proceed. A study declares a
purpose, resolution, evidence boundary, recursion depth, stopping reason, and condition for
reopening the audit. The stopping point is operational rather than fundamental. A later result
can justify another layer.

Perspective recovery. Do not seek a final uncollapsed notation; state why the present
representational boundary is sufficient for the present task.
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Chapter Twelve
Perspective Rotation

Understanding can improve when one subject is reopened through independently bounded
perspectives. Formal mathematics asks whether derivation is valid. Metrology asks how
quantities are realized and traced. Operations ask what was done. Instruments ask what
coupled. Computation asks how a token was implemented. History asks how an identity
became stabilized.

Geometry, topology, information theory, language, and the embedded observer expose other
boundaries. The perspectives should not be blended until their differences disappear. Their
convergence, lawful translation, contradiction, and noncomparability are the informative
structure.

Perspective recovery. Use multiple perspectives to expose boundaries, not to manufacture
agreement.
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Part III

The Circle Ratio as an Introductory
Laboratory

A familiar correct equation is reopened one layer at a time so the reader
can practice without first accepting speculative physics.



S U B S T R A T E   C O S M O L O G Y   V O L U M E   O N E

James Dunn  |  17

Chapter Thirteen
The Ordinary Mathematical Result

Within Euclidean geometry, the ratio of the circumference of a circle to its diameter is pi. The
mathematical result is not weakened by relational analysis. Its definitions, invariance, proof,
and calculational use remain valid within the structure that gives circle, circumference,
diameter, division, and equality their meanings.

The relational question begins at the boundary between formal relation and physical claim. A
drawn, machined, imaged, or inferred circle must be constructed, bounded, measured, fitted,
and compared. Several physical and computational routes can recover the same mathematical
result while retaining different residual relations.

Perspective recovery. Begin with what ordinary mathematics establishes, then reopen only the
transition from formal object to physical realization.
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Chapter Fourteen
Constructing Circumference and Diameter

The symbol C compresses a boundary definition, path, metric, scale, orientation, sampling
method, instrument response, fitting rule, and uncertainty. The symbol D compresses a center
definition, endpoint selection, direction, metric, and realization procedure. A physical circle
may supply several defensible C and D estimates.

The letters are not containers that preserve those relations. They are scalar identities selected
for the calculation. A less-collapsed record may retain construction, instrument, covariance,
environmental conditions, and rejected fits while continuing to project to the accepted C and
D values.

Perspective recovery. Before calculating, identify how each operand became available and which
distinctions its name makes inactive.
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Chapter Fifteen
Division Token Rule and Application

The slash in C / D can mean rate, inverse scaling, normalization, quotient structure, or
comparison. Its placement assigns numerator and denominator roles and therefore creates an
adjacency and ordering rule. The token alone does not reveal the selected domain, zero
behavior, precision, cancellation rules, or computational implementation.

The chosen division rule selects a transformation family. The application to one pair can then
merge many distinguishable pairs into one quotient. Scale, preparation history, correlated
uncertainty, and construction method can disappear even when the numerical calculation is
exact. A relational profile retains only the distinctions relevant to a declared downstream task.

Perspective recovery. Treat the slash as a scalar token, its definition as a scalar rule, and the
performed quotient as another possible collapse.
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Chapter Sixteen
Equality Equivalence and Identity

The sign = does not carry one universal physical meaning. Identity, numerical equality,
equivalence, congruence, isomorphism, observational indistinguishability, and compatibility
within uncertainty permit different substitutions and preserve different residual distinctions.

An equality record should name the criterion, admitted dimensions, resolution, tolerance,
substitution permissions, and failure cases. The Boolean verdict can then be recovered
without being mistaken for the entire comparison. In C / D = pi, the formal equality and the
compatibility of a physical estimate with pi must not be silently merged.

Perspective recovery. Scalar equality is a projected verdict; relational identity remains an
investigated structure.
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Chapter Seventeen
Dimensionless Is Not Relationless

When length is divided by length, conventional physical units cancel. That cancellation is
valid. It does not cancel the realization histories, geometry, covariance, metric, apparatus,
orientation, algorithm, or equality criterion that made the quotient meaningful.

A dimensionless quantity can therefore remain richly dimensional in the project's relational
sense. This does not require inventing new spatial axes. It requires preserving lexicons of
distinction that ordinary dimensional analysis was not designed to retain.

Perspective recovery. When units cancel, preserve the physical and mathematical comparison chain
that licensed the cancellation.
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Chapter Eighteen
What the Example Teaches

The completed expression C / D = pi contains nested scalarizations: circle, C, D, slash token,
division rule, division event, equality token, equivalence rule, pi, proof, physical realization,
and the proposition treated as one object. The example is deliberately elementary because its
ordinary result is secure.

The lesson is not that the ratio is wrong or that every calculation must carry an unlimited
record. The lesson is that a task can require reopening a component that ordinary use safely
compresses. A researcher should be able to calculate efficiently, reopen selectively, and
return to the valid ordinary result.

Perspective recovery. Expansion is justified by a consequential question, and completion requires a
marked projection back to the accepted result.
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Part IV

Relations Frames and Emergent
Order

Familiar objects, states, dimensions, time, and locality are treated as
successful organizations whose fundamentality remains an open research

question.
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Chapter Nineteen
Relations Before Objects

Conventional descriptions begin with objects and assign relations among them. A relational
program asks whether some identities can instead be derived from recurring participation.
This does not declare objects unreal. It asks what must remain stable for an object to be
recognized across interactions and transformations.

A persistent identity may be modeled as recursive stabilization: organization contributes to
conditions under which related organization continues to be recognized. Pattern, identity, and
stabilization are still scalar terms. Their value depends on defined transformations, recovery
of ordinary object behavior, and consequences that distinguish the relational account from
relabeling.

Perspective recovery. Do not replace primitive objects with primitive patterns; keep the recognition
and transformation conditions explicit.
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Chapter Twenty
Stateless Change

A state is a selected description treated as sufficient for a purpose. Classical, thermodynamic,
and quantum states encode different relations. The hypothesis of stateless Actual Physics does
not mean absence of structure or change. It means a primitive formalism need not assume
decomposition into complete global snapshots.

Terms such as flux, evolution, and transition can quietly restore time. They should be read as
provisional descriptions of varying relational participation until a frame supplies chronology.
Established state models remain indispensable within their validated uses.

Perspective recovery. Question the presumed fundamentality of state without discarding the state
descriptions that successful science requires.
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Chapter Twenty One
Precausality and Forms of Order

Precausality does not mean backward causation or a time before causation. It withholds
primitive causal arrows until a frame supporting persistent distinctions, order, and
intervention has been established. Chronological sequence is one form of order among logical
dependence, construction order, recursive dependence, compatibility, and measurement
order.

These orders may align in an observable regime without being identical. A precausal
formalism must still recover established causal predictions. An association does not acquire a
substrate mechanism merely because the vocabulary permits one.

Perspective recovery. Do not import chronological meaning into a relation before the frame that
makes chronology operational.
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Chapter Twenty Two
Dimensions as Relational Lexicons

A dimension is often pictured as an axis, but scientific practice already uses parameter
spaces, state spaces, feature dimensions, manifolds, and network dimensions. Substrate
Cosmology treats a dimension as a lexicon of distinctions, admissible relations, operations,
comparisons, and transformations.

The lexicon is also a scalar boundary. It groups what counts as the same kind, excludes other
comparisons, and determines possible adjacency. Alternate dimensions are therefore not
automatically hidden places. They are candidate frames that preserve distinctions collapsed in
another frame.

Perspective recovery. Add an axis only when the evidence calls for an axis; otherwise identify the
relational grammar that changed.
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Chapter Twenty Three
Time Space Distance and Locality

Clocks compare change with selected stable recurrence. Distance is established through rods,
signal timing, geometry, endpoint conventions, and frames. Locality organizes which
interactions are permitted under an accepted physical description. These constructions are
highly successful and must be recovered.

Their success does not prove that every form of adjacency is exhausted by metric separation.
Compatibility, topology, shared organization, or transformation rules can define nonmetric
adjacency mathematically. Such alternatives remain modeling possibilities until a
discriminating physical consequence survives ordinary explanations.

Perspective recovery. Distinguish the verified reach of spacetime relations from an unsupported
claim that no other physically consequential adjacency can exist.
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Chapter Twenty Four
Adjacency as a Rule of Participation

Adjacency specifies what may directly relate, transform, compose, influence, or be compared.
Spatial nearness is one realization. Graph connection, algebraic compatibility, shared
boundary, operator arity, causal accessibility, and common construction history are others.

An adjacency rule is not automatically physical. It becomes useful when it organizes a profile,
translates across frames, or produces a test. Because the word adjacency is itself scalar, the
record should name its domain, direction, symmetry, persistence, boundary cases, and
operational interpretation.

Perspective recovery. Ask what permits two represented relations to participate together before
assuming that nearness explains the connection.
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Part V

Recurrence Matter and Emergent
Information

The framework separates forms of return and stabilization while
preserving the authority of established physical quantities.
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Chapter Twenty Five
Recursion Recurrence and Adjacency

Recursion is continued construction through a rule acting on its output or developing
structure. Recurrence is the reappearance of recognizable organization across change, scale,
frame, or iteration. Adjacency identifies what may participate together. A recursive process
may generate recurrence, and adjacency may constrain both, but the three concepts do not
reduce to one another.

Vibration is one recurrence class represented through oscillation, phase, amplitude, and
usually a time-bearing frame. Beginning with vibration can hide irregular, topological,
conditional, translated, or cross-frame recurrence. Detect the more general return before
assigning the narrower mechanism.

Perspective recovery. Keep recursion, recurrence, adjacency, periodicity, vibration, resonance,
sympathy, and synergy separately defined until evidence supports translation.
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Chapter Twenty Six
Matter and Stable Central Tendencies

Matter persists, resists, couples, and can be measured repeatedly. Substrate Cosmology
preserves those facts. It asks whether matter should be interpreted as fundamental object or
as an exceptionally stable central tendency supported by recursive relational organization.

Either interpretation must recover the same tested behavior before a new experiment can
distinguish them. Matter-based detectors may preferentially register organizations
compatible with their own stable structure, but this remains a methodological concern rather
than evidence that unregistered substrate relations exist.

Perspective recovery. Treat material stability as evidence to explain and recover, not as proof of
either final ontology or illusion.
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Chapter Twenty Seven
Energy Force Gravity and Conservation

Energy represents transformations and balances. Force represents relations among changes
in motion. General relativity models gravity geometrically with extensive empirical support.
Substrate Cosmology cannot replace these achievements by renaming them emergent.

A conserved total is also an aggregation. Equal totals need not preserve membership,
arrangement, dependence, pathway, distribution, or future susceptibility. A relational
extension must retain established balances while identifying an additional invariant or
response that changes a measurable result. Apparent gains or losses first require repaired
boundaries and resource accounting.

Perspective recovery. Preserve established conservation before asking whether another relation is
stable across the representations.
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Chapter Twenty Eight
Emergent Information

Information requires distinctions that can be physically realized, detected, encoded, and
interpreted. The sequence used to describe that dependency is itself scalarized; its arrows
and stages are not a literal external view. Still, the dependency matters: information is not
supplied independently of a system that distinguishes.

If information is emergent, a theory expressed as information cannot become identical to
every condition from which information emerges. Broad unification remains possible, but an
informational Theory of Everything cannot erase its own interaction, representation, and
interpretation boundaries.

Perspective recovery. Seek increasingly useful and faithful theories without treating informational
completeness as possession of Actual Physics.
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Chapter Twenty Nine
String Inspired Models With Guardrails

String theory offers mathematical resources for extended relation, recursive history, modes,
splitting, joining, reconnection, topology, boundaries, duality, and projection-hidden
structure. These may help model recurrence and adjacency without reducing all recurrence to
vibration.

Structural resemblance is not physical evidence. Literal substrate filaments, extra spatial
axes, physical vertices, or nonlocal transfer must not be inferred from analogy. A
string-inspired model remains another scalarization and must compete with simpler graph,
dynamical, statistical, or topological generators. It earns preference only through recovery
and discriminating consequences.

Perspective recovery. Use string theory as a generator of testable structures, never as borrowed
authority for substrate ontology.
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Part VI

Relational Mathematics and
Scientific Tests

A richer representation is required to recover accepted results and then
demonstrate consequential distinctions that accepted descriptions do not

already supply.
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Chapter Thirty
Purpose Relative Less Collapsed Profiles

No finite profile is uncollapsed. A profile is less collapsed only relative to another
representation, a declared purpose, and named distinctions. It can retain path, frame,
coherence, history, uncertainty, adjacency, covariance, or provenance while remaining
bounded in other ways.

More fields do not automatically produce greater fidelity. Added structure can introduce
noise, arbitrary categories, false precision, and untestable flexibility. A profile should retain
only what supports recovery, comparison, prediction, or controlled intervention, while
preserving unknowns and reasons for exclusion.

Perspective recovery. Never call a finite representation uncollapsed; name the comparison and
purpose that make it less collapsed.
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Chapter Thirty One
The Recursive Collapse Ledger

A collapse ledger records the source compatibility space, selecting grammar, retained
relations, transformed relations, mergers, discards, generated structure, uncertainty,
unknowns, recovery conditions, and downstream effects. It also identifies the operator and
schema that created the ledger.

Because the ledger is a scalar, it includes recursion depth, stopping reason, and reopen
trigger. Another team may discover that the categories concealed a consequential relation.
The ledger does not prevent reduction. It makes the reduction and its chosen stopping
boundary inspectable.

Perspective recovery. Audit the audit enough for the declared task, and preserve the conditions
under which another layer becomes necessary.
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Chapter Thirty Two
Conservative Recovery

Any proposed extension must return established mathematics and physics within their
validated domains. A common shorthand uses an embedding into the richer construction and
a recovery projection back to the accepted theory. The symbols are scalars, but the
requirement can be tested through analytic examples, numerical agreement, uncertainty, and
independent implementations.

Recovery is not optional politeness. A model that fails established predictions where they are
valid is not a broader account of those predictions. Recovery must also be specific: which
theory, domain, approximation, calibration, and tolerance are returned must be stated.

Perspective recovery. Leave familiar physics only with an explicit and independently checked path
back.
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Chapter Thirty Three
Nonfactorization and Novel Content

Recovery prevents destruction of valid science; nonfactorization prevents novelty by
relabeling. If a proposed relational descriptor can be computed completely from accepted
observables, it may be a useful reformulation but does not yet demonstrate additional physical
access.

A stronger candidate distinguishes preparations that remain equivalent under the most
complete relevant accepted description. It then predicts a different response to one common
intervention. Leakage, hidden variables, calibration differences, selection effects, and
resource imbalance must be closed before the residual can support a new interpretation.

Perspective recovery. Require the claimed new distinction to do work that the accepted scalar
description cannot already do.
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Chapter Thirty Four
The Decisive Experimental Form

The central experimental pattern begins with two preparations that are indistinguishable
under a standard projection but differ under a preregistered relational profile. The same
controlled intervention is applied. A reproducible differential response would show that the
standard equivalence concealed a consequential distinction.

Failure to distinguish the preparations is also informative. It can reject the descriptor, limit its
scope, or show that its added structure is unnecessary for the tested operation. A single
unexplained residual is not enough; independent detectors, sessions, implementations,
investigators, and sites should be used as the claim warrants.

Perspective recovery. Let a richer vocabulary earn its role by risking a result that could remain
absent.
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Chapter Thirty Five
Null Worlds Countermodels and Stop Rules

Null worlds preserve selected marginal, temporal, topological, or source structure while
removing the target relation. Graduated nulls identify which dependency produces an
apparent pattern. Countermodels ask whether ordinary geometry, statistics, computation,
apparatus, or shared inputs reproduce the same result.

Stop rules should be written before high-risk interpretation. Work pauses when equivalence
fails, calibration is inadequate, leakage explains assignment, resource accounting does not
close, multiplicity overwhelms power, or replication contradicts the result. Nulls,
contradictions, noncomparability, and failed replications remain part of the record.

Perspective recovery. A disciplined stop protects the research from converting narrative coherence
into evidence.
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Part VII

Research Continuity and the Public
Commons

The introductory perspective becomes a recoverable practice through
tools, versioned records, claim boundaries, and guided public

participation.
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Chapter Thirty Six
The Relational Tools

The 33 Tools are operations for auditing assumptions, decomposing representations, tracing
provenance, comparing projections, navigating relations, testing transformations, and
reassembling useful descriptions. Their histories and numbering conflicts are preserved
because editorial neatness must not create a false lineage.

A tool is not a doctrine and is not outside recursive scalarization. Each tool selects what
becomes visible. A research record should identify why a tool was used, which alternative
tools were available, what it preserved, and what result would show that its framing was
inadequate.

Perspective recovery. Use tools to create inspectable transformations, not to confer authority on the
preferred vocabulary.
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Chapter Thirty Seven
Recovery Points and Forward Only Correction

Recovery Points preserve historical states of the research, including sources, methods,
commitments, findings, nulls, contradictions, citations, branches, open work, and continuation
instructions. Earlier points remain immutable evidence of how the framework changed.

New findings qualify, extend, or supersede current formulations without rewriting what
earlier researchers actually claimed. Recursive scalarization adds a change-impact duty:
identify which operators, categories, or ledgers were newly recognized as scalar and which
dependent documents require correction.

Perspective recovery. Continuity means that another researcher can resume the inquiry without
losing why a decision was made or hiding where it later failed.
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Chapter Thirty Eight
Evidence States and Claim Discipline

Definitions, methods, candidates, hypotheses, simulations, operational results, replications,
nulls, conflicts, and speculative implications require distinct statuses. Mathematical
coherence, visual resemblance, repeated computation, publication, and AI agreement do not
establish physical existence.

Operational usefulness is valuable on its own. A relation may improve prediction,
organization, or control without becoming a claim about fundamental ontology. Separating
those achievements prevents useful work from being burdened by conclusions it cannot
support.

Perspective recovery. Keep every claim below the strongest completed evidence gate.
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Chapter Thirty Nine
Using the Research Commons

The public website is the research commons for Substrate Cosmology. Readers can begin with
guided questions, consult the glossary and model registry, follow evidence relations, inspect
roadmaps and status boundaries, use the Investigation Workbench, and retrieve the published
volumes and Recovery Point resources.

The website is itself a representation and coordinating instrument. A page can describe a
staged feature before that feature is interactive. Publication means availability and
inspectability, not peer review, replication, endorsement, or integration. Volume Ten supplies
the full website user manual; Volume Eleven supplies the recursive correction synthesized in
this edition.

Perspective recovery. Use the website to preserve status, provenance, disagreement, and
continuation rather than to manufacture scientific authority.



S U B S T R A T E   C O S M O L O G Y   V O L U M E   O N E

James Dunn  |  48

Chapter Forty
A Researcher Entry Sequence

Begin with one secure scalar from the reader's own field. Reconstruct its words, units,
operands, operators, instruments, frames, histories, uncertainty, and equivalence decisions.
Rotate through several independent perspectives. Build a purpose-relative less-collapsed
profile and project it back to the ordinary result.

Then identify two preparations the accepted result equates and one common intervention that
might distinguish them. Define nulls, alternatives, stop rules, and replication before
examining confirmatory outcomes. Only afterward should alternate-dimensional or
string-inspired formalisms be introduced to preserve a named relation or generate a
discriminating test.

Perspective recovery. Perspective formation and conservative recovery precede speculative
interpretation.
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Conclusion
A Beginning That Keeps Its Boundary Visible

Substrate Cosmology begins from inside the environment it studies. Observation is
interaction. Language selects categories. Units establish controlled equivalence. Instruments
stabilize anticipated responses. Mathematics enables exact reasoning within defined
structures. Every one of these achievements is physically and representationally bounded.

The second edition makes the recursive consequence explicit. The operator that compares,
the arrow that displays, the equation that compresses, the profile that retains, and the ledger
that audits are also scalarizations. No finite notation becomes the uncollapsed description of
Actual Physics. This includes the relational structures developed by Substrate Cosmology.

The alternative is not silence. Researchers can coordinate several perspectives, preserve
provenance and disagreement, construct purpose-relative less-collapsed profiles, recover
established mathematics and physics, and test whether a retained distinction changes a
controlled result. The circle ratio shows how to practice that movement while keeping a
secure ordinary answer.

Relativity, quantum theory, matter, gravity, energy, force, conservation, and spacetime
remain authoritative within their validated domains. The framework asks whether they are
complete descriptions of all consequential participation, but it does not answer that question
by assertion. Novelty requires nonfactorization, prospective discrimination, ordinary controls,
independent replication, and resource closure.

Recursion, recurrence, adjacency, relational dimensions, and string-inspired mathematics are
therefore research tools under explicit guardrails. They may preserve histories or connections
that a conventional scalar omits. They do not become fundamental entities because they are
expressive.

The reader's task is to move flexibly between efficient scalar use and selective relational reopening.
Use the ordinary result. Reopen its ancestry when a consequential question requires it. Return through
a marked recovery path. Preserve nulls and failures. Keep operational usefulness separate from
ontology. Above all, do not allow the representation used to expose collapse to pretend that it has
escaped collapse.
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Appendix A
Perspective Recovery Checklist

Use this checklist before advancing an argument, model, experiment, or interpretation.

1 Have I placed the observer apparatus record and analysis inside the physical environment?
2 Have I separated Actual Physics from interaction representation model and reported observable?
3 Which words have already divided the subject into objects states properties events or causes?
4 Which unit definitions realizations and comparisons made the result commensurable?
5 Have I separated each operator into token rule and application?
6 Have I treated domains codomains arrows mappings types registries and ledgers as neutral?
7 What relations were retained transformed merged discarded generated or left unknown?
8 Have I called a finite profile uncollapsed rather than purpose-relative and less collapsed?
9 Did unit cancellation cause relational ancestry to disappear from the account?
10 Which independent perspective could expose a distinction hidden by the present one?
11 Have I treated a dimension as a place when it may be a relational lexicon?
12 Have I introduced time space locality or causality before the supporting frame?
13 Have I confused recursion recurrence adjacency periodicity vibration or resonance?
14 Does the proposed extension recover established physics in its validated domain?
15 Does the proposed new descriptor factor through accepted observables?
16 What conventional explanation artifact leakage or resource difference remains available?
17 What null worlds countermodels stop rules and failure conditions were defined in advance?
18 Have I promoted operational usefulness structural resemblance or mathematical consistency into

ontology?
19 Are nulls contradictions noncomparability superseded statements and provenance preserved?
20 Can an independent investigator recover the evidence implementation decisions and method?
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Appendix B
Circle Ratio Dissection Worksheet

Apply the worksheet to C / D = pi, then substitute an equation from the reader's own
discipline.

Boundary Questions Record

Circle Which geometry construction tolerance and
exclusions define it? Object class metric scale provenance

C Which boundary path instrument frame and
fitting procedure? Path realization uncertainty covariance

Slash token Which family of comparisons is
compressed? Meanings roles notation history

Division rule Which domain codomain admissibility and
cancellation rules? Type signature exceptions implementation

Division
application

Which distinct pairs reach the same
quotient? Kernel merged scale and history

D Which center endpoints orientation and
metric? Construction realization uncertainty

Equality token Which relation family is represented? Identity equivalence tolerance substitution

Equality
application Which differences become inactive here? Admitted dimensions residuals failures

Pi Which definition construction algorithm and
precision? Formal and computational provenance

Statement What does the completed proposition
license? Proof status physical scope limits

Recursive audit Which categories and operators created this
worksheet? Depth stop reason reopen trigger
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Appendix C
Operator Scalar Registry

Create a versioned entry for every operator whose concealed distinctions could affect the
research question.

Field Entry guidance

Token Glyph word code symbol or physical control identity

Scalar ancestry Compatibility family compressed into the token

Defined rule Formal or operational transformation selected

Domain and codomain Admitted classes internal grouping and boundary cases

Arity ordering and roles Number direction orientation and named operand roles

Dimensional grammar Lexicon units frame topology measure and adjacency

Invariants Relations preserved under valid application

Kernel or equivalence Distinct inputs merged by the application

Reversibility Conditions and information required for reconstruction

Generated structure Artifacts categories assumptions and apparent relations introduced

Uncertainty Propagation covariance thresholds precision and exceptions

Recursive ledger Retained transformed merged discarded generated unknown

Recovery Projection returning the accepted result

Discriminating use Later operation requiring the retained distinction

Status and provenance Claim state author version sources and superseded entries
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Appendix D
Multi Perspective Lens Matrix

Use several lenses when they answer different questions. Do not demand conclusions outside
a lens's capacity.

Lens Primary question Typical blind spot

Formal
mathematics

Is the result valid within the defined
structure?

Physical realization and measurement
history

Metrology How is the quantity defined realized traced
and reported?

Relations outside the measurement
model

Geometry Which metric construction and invariants
support the result? Nonmetric organization and apparatus

Topology What connectedness survives allowed
deformation? Magnitude and local metric detail

Operational Which repeatable procedure defines
access? Relations inaccessible to the procedure

Information theory Which distinctions survive the channel and
task? Choice of events distribution and purpose

Computation How is the token implemented and
approximated?

Physical effects outside the
representation

Instrument Which coupling bandwidth and processing
produce the record? Relations outside detector sensitivity

Historical How did the identity and convention
become stable? Immediate mechanism

Linguistic Which assumptions enter through words
and grammar? Quantitative predictive sufficiency

Embedded
observer How does inquiry participate physically? Detailed domain calculation

String inspired Can extended recursive adjacency preserve
useful history? Imported ontology and excess structure
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Appendix E
First Edition Corrections and Continuities

The first edition remains a preserved historical publication. This table states what changed
and what remains foundational.

First edition treatment Second edition treatment

Operators could appear mainly as
transformations whose provenance should be
retained.

Operator token rule and application are separately
scalarized; metadata is another scalar layer.

A collapse ledger recorded losses at a
transformation.

The ledger is recursively audited through depth stop reason
and reopen trigger.

Relational representations preserved more
structure.

No finite profile is uncollapsed; less collapsed is
purpose-relative and comparative.

The circle ratio distinguished mathematical
exactness from physical completeness.

Every operand operator equality criterion realization and
completed proposition is separately dissected.

Independent projections emphasized
apparatus diversity.

Perspective independence also includes definitions
algorithms implementations histories and grammars.

Recursion and recurrence were separated. Adjacency is added as a third independent relation
governing possible participation.

String theory was deferred from the
introduction.

A guarded introductory correspondence permits modeling
while prohibiting ontological inference.

The website guide described Site version 70
and anticipated Volume Ten.

The guide points to the current public commons and
completed Volumes Ten and Eleven.

Actual Physics was distinct from every model. Retained and strengthened as the governing research
boundary.

Established physics required conservative
recovery.

Retained and strengthened with nonfactorization and
independent recovery checks.

Operational usefulness did not establish
ontology. Retained as a central evidence-status safeguard.
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Appendix F
Introductory Glossary

These are working project definitions. Every definition remains a bounded scalar
representation.

Term Working definition

Actual Physics Whatever physically participates independently of the completeness of descriptions
instruments frames and models; a research target not an established ontology.

Adjacency A rule specifying what may directly relate transform compose influence or be compared;
not restricted to spatial nearness.

Central tendency A stable reproducible organization that supports comparison and prediction.

Collapse Reduction of active represented distinctions through selection equivalence measurement
processing or reporting.

Collapse ledger A recursive record of retained transformed merged discarded generated uncertain and
unknown relations plus recovery and stopping conditions.

Conservative recovery Requirement that an extension return established results in their validated domains.

Dimension A relational lexicon of distinctions operations comparisons and transformations; not
automatically a spatial axis.

Dimensional bleed Candidate partial appearance of a relation across frames that do not preserve the same
structure.

Embedded observer An investigator apparatus and record physically participating within the environment under
study.

Interaction conditioning Dependence of an observable on coupling apparatus representation processing and
reporting.

Less collapsed profile A finite profile retaining named distinctions relative to another representation and a
declared purpose.

Nonfactorization Failure of a candidate distinction to reduce to or pass entirely through the complete
accepted observable description.

Operator scalar A bounded operator token and selected rule whose application may produce further
collapse.

Perspective rotation Disciplined examination through several independently bounded lenses.

Precausality Formal permission not to assume primitive causal order before the supporting frame
emerges.

Projection A selection or mapping into a representation with fewer active distinctions.

Recurrence Reappearance of recognizable relational organization with or without periodicity or
vibration.

Recursion Continued construction through a rule acting on its output or developing structure.

Relational scalar A purpose-relative representation retaining named path frame coherence transformation
or provenance information beyond a conventional endpoint.

Scalar In the project sense a bounded representational identity selected from richer relational
compatibility under a grammar.

Statelessness Hypothesis that Actual Physics need not be fundamentally decomposed into complete
global snapshots.

String inspired Structurally translated from string-theory mathematics as a candidate model without
inferring literal strings or shared ontology.
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Appendix G
Sources References and Collaboration Record

References distinguish established sources, project publications, and AI collaboration.
Citation does not imply endorsement of Substrate Cosmology.

BIPM. The International System of Units SI Brochure. 9th edition. Bureau International des Poids et Mesures,
2019, with subsequent official updates.

Cover, Thomas M., and Joy A. Thomas. Elements of Information Theory. 2nd edition. Wiley, 2006.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume One: An Introduction to Relational Physics
and the Limits of Representation. First digital edition. September 2026. Preserved historical edition.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume One: An Introduction to Relational Physics
and Recursive Scalarization. Second digital edition. September 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume Two: Words Units and the Collapse of
Physical Representation. 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume Three: The Relational Tools and Their
Developmental Lineages. 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume Four: Relational Mathematics and Fibered
Relational Tensor Theory. 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume Five: Measurement Detectors and
Experimental Interaction. 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume Six: Recurrence Research and the
Labyrinth. 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume Seven: Cosmology Matter and Emergent
Physical Quantities. 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume Eight: Conditional Engineering and Physical
Manipulation. 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume Nine: Intelligence Agency Identity and
Dimensional Stewardship. 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume Ten: Website User Manual and Research
Commons Guide. 2026.

Dunn, James, with OpenAI ChatGPT. Substrate Cosmology Volume Eleven: Recursive Scalarization Relational
Adjacency and Emergent Understanding. 2026.

Fong, Brendan, and David I. Spivak. An Invitation to Applied Category Theory. Cambridge University Press,
2019.

Green, Michael B., John H. Schwarz, and Edward Witten. Superstring Theory. 2 volumes. Cambridge University
Press, 1987.

JCGM. International Vocabulary of Metrology Basic and General Concepts and Associated Terms. JCGM
200:2012.

JCGM. Evaluation of Measurement Data Guide to the Expression of Uncertainty in Measurement. JCGM
100:2008.

Mac Lane, Saunders. Categories for the Working Mathematician. 2nd edition. Springer, 1998.

Polchinski, Joseph. String Theory. 2 volumes. Cambridge University Press, 1998.

Shannon, Claude E. 'A Mathematical Theory of Communication.' Bell System Technical Journal 27, 1948:
379-423 and 623-656.
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OpenAI. ChatGPT Codex. 'Substrate Cosmology Volume One Second Edition Development and Editorial
Collaboration.' Responses to James Dunn, September 2026. Large language model. https://chatgpt.com/.

Collaboration Record
James Dunn supplied the originating research program, prior manuscripts and volumes, the
distinction between Actual Physics and representation, the correction that all mathematical
operators used in the analysis are also scalars, and the proposal that string theory may help
model recursion and adjacency. OpenAI ChatGPT Codex compared the first edition with
Volume Eleven, reorganized the introductory sequence, drafted and edited the second edition,
generated and visually verified the PDF, and prepared its website publication. Final
responsibility for publication rests with James Dunn.

Edition Preservation Record
The September 2026 first digital edition is preserved under an edition-specific filename and
remains part of the historical publication record. The second edition is the current
introductory volume and records rather than conceals the reasons for revision.

Public research commons: https://substrate-cosmology.james-dunn866549.chatgpt.site


