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How to read this volume

This volume develops the reasoning behind 24 recurring scientific ideas for readers without specialist
training. It treats definitions, observations, models and inferences as different parts of an evidential
chain.

Each chapter gives a continuous account rather than an extract from the source article. The canonical
article and version remain identified so that the scientific boundary can be checked.
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IDE-001 | Energy as an account with a defined boundary

Canonical basis: IDE-001 - Energy: A Conserved Account, Not a Substance - v0.8

Why the question matters. Energy unifies many sciences because it supplies a quantitative balance
across transformations. That usefulness depends on declaring which system is being counted and
which exchanges cross its boundary.

Supported account. Friction illustrates the method. Organized motion decreases while internal motion
and deformation grow; heat and work describe transfers, whereas internal energy describes a state. A
complete ledger can remain balanced without treating energy as a material fluid.

Evidence and method. The account is tested through linked measurements of motion, temperature,
radiation and other transfers. Enlarging the system should relocate terms rather than invent or erase
them.

Question carried forward. A useful next question is how entropy constrains which conserved energy
can perform work. Cosmology poses another question because local conservation does not
automatically supply one global total.

Boundary. The supported conclusion is conservation within a defined theoretical and system
boundary. It neither guarantees equal usefulness nor licenses a universal global energy in every
spacetime.
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IDE-002 | Information as a measure rather than a substance

Canonical basis: IDE-002 - Information: Quantifying Alternatives and Dependence - v0.6

Why the question matters. Information becomes scientifically tractable when the alternatives and
probability model are explicit. It can then express uncertainty, dependence or the expected reduction
in uncertainty produced by a message.

Supported account. A rare outcome carries more surprise than a common one within the same model.
Over many transmissions, Shannon's framework connects those probabilities with limits on efficient
coding; mutual information instead compares two variables.

Evidence and method. Evidence enters through observed frequencies, channel errors and tests of the
assumed distribution. The numerical result is conditional on that model and changes when the
partition of possibilities changes.

Question carried forward. Questions about meaning, reference and usefulness remain legitimate, but
they require concepts beyond the formal quantity. Causal conclusions likewise need interventions or a
justified causal structure.

Boundary. The measure concerns specified alternatives and dependencies. It should not be reified as a
substance or treated as a universal score for truth, meaning or physical agency.
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IDE-003 | Entropy as counting under stated constraints
Canonical basis: IDE-003 - Entropy: Counting, Constraint and Irreversibility - v0.8

Why the question matters. Entropy is useful because it translates between levels of description. It
links macroscopic constraints to a multiplicity or probability distribution over microscopic possibilities.

Supported account. In equilibrium statistical mechanics, a macrostate realized by vastly more
microstates dominates typical observations. Thermodynamic entropy also participates in precise
balance laws, so the applicable definition and conditions must be identified rather than replaced by the
word disorder.

Evidence and method. The evidential route combines reproducible thermodynamic behavior with
statistical models that recover it under stated assumptions. Small-system fluctuations and
nonequilibrium cases test where those assumptions cease to be adequate.

Question carried forward. The arrow of time raises further questions about special initial conditions,
coarse graining and irreversible records. Those questions are connected to entropy but are not settled
by a slogan.

Boundary. Entropy claims remain relative to specified variables, constraints and ensembles. Visual
messiness and ignorance alone are not universal thermodynamic definitions.
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IDE-004 | Causal claims and the interventions that test them

Canonical basis: IDE-004 - Causality: Intervention, Counterfactuals and Physical Influence - v0.7

Why the question matters. Causal language supports decisions because it concerns changes produced
by interventions, not merely regularities in recorded data. That extra commitment makes causal claims
stronger and more demanding than correlations.

Supported account. A common cause can generate association without direct influence, while reverse
causation can invert the proposed direction. Experimental randomization, natural experiments and
carefully justified causal models address different parts of this problem.

Evidence and method. Evidence should connect a defined intervention to a contrast of outcomes and
should expose assumptions about confounding, measurement and transport to other populations.
Sensitivity analyses show how conclusions respond when those assumptions weaken.

Question carried forward. Mechanistic knowledge can reinforce an intervention-based result, but
neither mechanism nor statistics automatically substitutes for the other. Their agreement is
informative precisely because they answer different evidential questions.

Boundary. The conclusion applies to the intervention, outcome and population studied. Temporal
order, predictability and association alone do not establish the same causal claim.
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IDE-005 | Symmetry as invariance under transformation

Canonical basis: IDE-005 - Symmetry: Transformations, Invariants and Broken States - v0.5

Why the question matters. Symmetry compresses a scientific description by identifying situations that
count as equivalent. The compression is precise only when the transformation and invariant structure
are both specified.

Supported account. Geometric examples provide an accessible entry, but modern applications include
translations, rotations, exchanges and internal transformations acting on equations, actions or states.
Under defined assumptions, continuous variational symmetries connect with conserved currents.

Evidence and method. Evidence comes from testing invariance, observing constrained spectra and
checking conservation relations. Representation theory then organizes which state types are
compatible with the symmetry structure.

Question carried forward. Broken-symmetry phases show why laws and realized states must be
distinguished. The ground state may select one alternative even when the equations treat several
alternatives equally.

Boundary. The supported claim is invariance under a named transformation, with consequences
conditional on the theory. Visual regularity alone proves neither a physical symmetry nor a
conservation law.
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IDE-006 | Scale and the limits of effective descriptions
Canonical basis: IDE-006 - Scale: Which Details Matter at Which Level? - v0.7

Why the question matters. Scientific descriptions are scale-dependent because questions select
characteristic lengths, times and resolutions. An effective theory retains variables that govern the
target behavior and suppresses details whose influence is negligible in that regime.

Supported account. Fluid mechanics is not a defective list of molecular trajectories. It is a different
level of description whose fields become reliable when averaging, separation of scales and local
equilibrium are adequate.

Evidence and method. The justification is empirical and theoretical: predictions must remain stable as
microscopic details vary, and discrepancies should appear where the stated approximations break
down. Cross-scale derivations can explain this stability without demanding exact reduction in every
case.

Question carried forward. The unresolved work is to identify transitions between regimes, especially
when fluctuations, critical behavior or strong heterogeneity make formerly negligible variables
relevant.

Boundary. Effective descriptions are valid within declared domains. Their success neither erases the
underlying constituents nor extends the approximation beyond its tested scale.
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IDE-007 | Emergence without detaching patterns from their parts

Canonical basis: IDE-007 - Emergence: When Collective Patterns Become Explanatory - v0.8

Why the question matters. Emergence addresses cases in which the most economical explanation
uses collective variables absent from the vocabulary applied to individual components. The higher-
level account earns its role through predictive stability, not through independence from the parts.

Supported account. Hydrodynamic modes, phase order and coordinated motion arise from
interactions among many constituents. Once established, their dynamics may be insensitive to
numerous microscopic differences, allowing one effective description to cover several realizations.

Evidence and method. Support requires more than observing novelty. The proposed collective
variable must be operationally defined, its regularities measured and its dependence on underlying
conditions tested.

Question carried forward. Questions remain about when higher-level descriptions are reducible,
autonomous or multiply realizable. These are graded relations rather than a choice between complete
reduction and mysterious novelty.

Boundary. The warranted claim is that some collective patterns provide genuine explanations at a
stated scale. It does not detach them causally or materially from their components.
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IDE-008 | Probability and the interpretations attached to it

Canonical basis: IDE-008 - Probability: A Calculus for Uncertain Alternatives - v0.5

Why the question matters. Probability is a mathematical calculus whose empirical meaning depends
on how its symbols are connected to observations and uncertainty. That connection may concern
frequencies, rational degrees of belief, propensities or quantum outcomes.

Supported account. The formal rules constrain each use, yet they do not select an interpretation by
themselves. A well-formed probability claim identifies the event space, conditioning information and
model from which the number is obtained.

Evidence and method. Repeated predictions can be assessed through calibration, scoring rules and
distributional checks. In Bayesian work, sensitivity to priors and likelihood assumptions is part of the
evidence rather than an optional afterthought.

Question carried forward. Single-case reasoning remains possible, but its justification differs from a
long-run frequency claim. Quantum applications introduce additional interpretive questions about
states, measurements and outcomes.

Boundary. Probability quantifies uncertainty within a specified framework. It neither causes the event
nor guarantees an individual result, and a bare number has no complete scientific interpretation.
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IDE-009 | Fields as quantities distributed over a domain

Canonical basis: IDE-009 - Field: Quantities Spread Over a Domain - v0.5

Why the question matters. Fields replace action described only between separated objects with
quantities defined throughout a domain. The field concept becomes precise through its value space,
transformation properties and equations of motion.

Supported account. A scalar field assigns a number; a vector, spinor or tensor field carries richer
structure. Electromagnetic fields exchange energy and momentum with charged matter, while other
field maps may function as summaries rather than independent physical entities.

Evidence and method. Measurements sample field values and their correlations, and differential
equations connect those samples across space and time. Coordinate changes must alter components
while preserving coordinate-independent predictions.

Question carried forward. Quantum field theory changes the interpretation again: particle detections
are associated with excitations and interactions of quantum fields. This does not make every classical
map a quantum field.

Boundary. The general claim is an assignment over a specified domain governed by stated rules.
Whether a particular field is fundamental, effective or descriptive is a further question.
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IDE-010 | Feedback as a dynamical claim about a closed loop
Canonical basis: IDE-010 - Feedback: When Output Returns as Input - v0.6

Why the question matters. Feedback is a structural relation in which consequences of a process re-
enter that process. Its practical meaning is dynamical: one must determine how the returned signal
changes subsequent evolution.

Supported account. Negative feedback often suppresses departures from a set point, whereas positive
feedback often amplifies them. These tendencies can be reversed or complicated by delays,
nonlinearities, saturation and coupling to other loops.

Evidence and method. Evidence requires time-resolved responses, perturbation tests and a model able
to reproduce transient as well as steady behavior. A loop diagram without parameter values cannot
establish stability.

Question carried forward. Control design asks how robust the response remains as gains,
disturbances and plant properties vary. Biological and social applications add the challenge that the
loop itself may adapt.

Boundary. A closed causal loop is the supported object. Neither its sign nor the word regulation alone
determines whether the system converges, overshoots, oscillates or diverges.
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IDE-011 | Selection as variation, differential success, and inheritance

Canonical basis: IDE-011 - Selection: How Differential Persistence Accumulates Structure - v0.7

Why the question matters. Selection explains directional changes in populations through variation,
differential success and inheritance. It is an iterative population process, not an agent that anticipates
future needs.

Supported account. The relevant success measure depends on the system: reproductive contribution
in biological evolution, persistence in some cultural models or replication in other explicitly defined
domains. The mapping must not be assumed merely because competitive language is available.

Evidence and method. Support comes from heritable variation linked to differential outcomes,
observed frequency change and tests against drift, migration and environmental covariance. Historical
inference benefits from converging genetic, ecological and comparative evidence.

Question carried forward. Selection can build complex adaptations over many generations, while
developmental constraints and changing environments shape the available paths. These factors
complement rather than automatically replace selection.

Boundary. The conclusion is conditional on demonstrated variation, differential success and
transmission. Calling a surviving form selected does not supply those missing mechanismes.
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IDE-012 | Representation as a mapping built for a purpose
Canonical basis: IDE-012 - Representation: When One Thing Stands For Another - v0.9

Why the question matters. Scientific representation is selective by design. A model, diagram or data
structure stands for a target through a mapping that preserves relations needed for a specified
inferential task.

Supported account. Different vehicles can represent the same system while supporting different
operations. A topological network preserves connectivity; a spatial simulation may preserve metric and
temporal structure at greater computational cost.

Evidence and method. Assessment compares consequences drawn from the representation with
observations or accepted properties of the target. Distortion is acceptable when it is irrelevant to the
task and documented; hidden distortion can invalidate the inference.

Question carried forward. Representation also involves users and conventions, yet those social
elements do not remove objective constraints. A mapping that repeatedly yields false target claims fails
its purpose.

Boundary. The defensible claim identifies vehicle, target, mapping and use. Neither resemblance alone
nor successful use on one task establishes universal fidelity.
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IDE-013 | Local clocks, proper time, and the absence of a universal

now
Canonical basis: IDE-013 - Time: Clocks, Order and the Arrow - v0.10

Why the question matters. Relativity replaces a single universal elapsed time with proper time
accumulated along a path through spacetime. Different trajectories between meetings can carry
different durations while every ideal clock remains locally valid.

Supported account. Gravitational redshift and precision-clock comparisons show that clock rates
depend on spacetime conditions. The theory predicts quantitative differences that can be tested
without appealing to a defective instrument.

Evidence and method. A sound comparison specifies worldlines, endpoints, gravitational
environment and synchronization procedure. Coordinate time may organize a calculation, but the
clock reading itself is a local observable along the worldline.

Question carried forward. The temporal arrow raises a separate explanatory problem involving
boundary conditions, records and irreversible processes. Relativistic proper time supplies chronology
and duration without alone selecting that arrow.

Boundary. The evidence supports path-dependent clock time and rejects a universal now. It does not
convert every philosophical or thermodynamic question about time into a clock-rate result.
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IDE-014 | Measurement as a traceable, model-based assignment

Canonical basis: IDE-014 - Measurement: From Indication to Value - v0.6

Why the question matters. Measurement is a model-based assignment, not a direct transfer of a
property into a number. The measurand, procedure, calibration chain and uncertainty statement
jointly determine what the result says.

Supported account. An instrument responds to physical conditions through a transfer function that
may include offsets, nonlinearities and environmental sensitivity. Traceability records comparisons
leading to recognized references rather than promising error-free truth.

Evidence and method. Repeated observations quantify some variability; calibration and control
experiments address other components. An uncertainty budget makes these contributions explicit and
prevents precision of display from being mistaken for accuracy.

Question carried forward. Difficult cases arise when the measurand itself depends on a model or
when the intervention of measurement changes the system. These cases require a clearer operational
definition, not abandonment of measurement.

Boundary. The warranted result is a value with uncertainty for a defined quantity under stated
conditions. A bare reading cannot carry that full evidential history.
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IDE-015 | Models as conditional instruments of inference
Canonical basis: IDE-015 - Model: An Inference Machine With a Domain - v0.8

Why the question matters. Models are conditional instruments that relate selected features of a
system to observations. Their assumptions define both their explanatory reach and their blind spots.

Supported account. Assessment therefore asks which data were used, which predictions were
genuinely exposed to failure and whether competing models perform differently. Fit alone is not
identification.

Evidence and method. Idealization is often productive: neglecting friction or averaging microscopic
detail can reveal a stable relation. The omission becomes a defect only when it matters to the stated
purpose.

Question carried forward. Models can be nested, complementary or incompatible. Choosing among
them requires a declared domain and criterion of adequacy rather than a contest for the most realistic
picture.

Boundary. Evidence warrants conclusions inside tested conditions. It does not turn any successful
representation into a universal description of reality.
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IDE-016 | Complexity as a family of non-equivalent measures
Canonical basis: IDE-016 - Complexity: Several Questions Wearing One Word - v0.5

Why the question matters. Complexity measures operationalize distinct intuitions: compressibility,
resources required for computation, diversity of components or structured interaction across scales.
They need not agree.

Supported account. Algorithmic randomness illustrates the tension. A random string may resist
compression while exhibiting little reusable organization, whereas a rule-generated system may
produce rich multiscale structure.

Evidence and method. Measurement requires specifying representation, resolution and reference
class. Changing any of them can change the ranking without any physical transformation of the objects.

Question carried forward. A useful measure earns its role by discriminating cases relevant to a task
and by remaining interpretable under perturbation. The name complexity supplies no such guarantee.

Boundary. Claims must remain indexed to the chosen definition. More elements, less predictability or
greater computational cost are not interchangeable conclusions.

Juan Segurola | v0.4 | Page 21



THE UNIVERSE AND ITS OBSERVERS | GENERAL READER EDITION
IDE-017 | Uncertainty as several problems requiring different

remedies
Canonical basis: IDE-017 - Uncertainty: Naming the Sources Before Adding Them - v0.5

Why the question matters. Uncertainty is structured ignorance, not a single substance added to a
result. Statistical variability, calibration, parameter estimation, missing data and model discrepancy
have different signatures.

Supported account. The remedy must follow the source. Larger samples reduce some sampling error,
independent instruments expose some biases, and alternative models probe dependence on
assumptions.

Evidence and method. Reported intervals are conditional on data, methods and model. They can be
numerically precise while excluding important sources that were never represented in the calculation.

Question carried forward. Robust inference therefore combines quantification with diagnostics,
provenance and sensitivity analysis. It records which uncertainties were propagated and which remain
outside the formal estimate.

Boundary. Repetition alone cannot cure common-mode error or establish model adequacy. Confidence
must not be inferred merely from the number of observations.
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IDE-018 | Network claims hidden in nodes, links, and architecture
Canonical basis: IDE-018 - Connection: What an Edge Claims - v0.6

Why the question matters. A network is a model whose nodes, edges and attributes are selected
rather than discovered ready-made. Every graph therefore embeds a measurement decision.

Supported account. Direction distinguishes sending from receiving, weights encode an assigned
magnitude, and temporal or multilayer structure prevents unlike relations from being collapsed. These
choices alter derived statistics.

Evidence and method. Centrality, clustering and community detection answer different structural
questions and depend on sampling boundaries. Missing nodes or biased edge collection can reorganize
the apparent architecture.

Question carried forward. Network representations are valuable for studying connectivity, diffusion
and constraint when their construction is explicit. Mechanistic explanation usually requires
information beyond topology.

Boundary. An edge licenses only the measured relation under its stated rule. It is not automatically
evidence of causation, communication or direct physical contact.
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IDE-019 | Light beyond the classical wave-particle choice
Canonical basis: IDE-019 - What Is Light? Wave, Quantum and Observer - v0.9

Why the question matters. Light exposes the limits of importing classical categories into quantum
theory. Localized detections coexist with distributions whose dependence on experimental alternatives
is interference-like.

Supported account. The quantum state predicts outcome probabilities and their correlations. Treating
it simply as a classical wave in space or treating photons as beads on definite unobserved paths loses
essential structure.

Evidence and method. The apparatus determines which alternatives can interfere and which
information becomes available. Changing that context changes the probability assignment without
requiring a switch of substance.

Question carried forward. Wave and particle language remains useful for highlighting aspects of
experiments, provided its domain is explicit. The formalism, not either picture alone, connects
preparation to outcomes.

Boundary. Discrete clicks do not establish classical trajectories, and an interference pattern does not
establish an ordinary material wave.
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IDE-020 | Particles as quantum classifications and detection events
Canonical basis: IDE-020 - What Is a Particle? - v0.12

Why the question matters. The particle concept survives in quantum theory as a classification tied to
symmetries, invariant quantities and characteristic interactions. Its classical imagery does not survive
intact.

Supported account. Detectors produce localized records, while quantum states encode amplitudes for
possible outcomes. Between interactions, a definite worldline may be neither predicted nor
experimentally licensed.

Evidence and method. Relativistic quantum theory permits excitations to be created and destroyed.
Identical quanta also lack the individual labels expected of distinguishable classical objects.

Question carried forward. Particle language is nevertheless operationally powerful in regimes with
stable excitations and suitable detectors. Its usefulness depends on preparation, interaction scale and
measurement context.

Boundary. A detection event supports the registered properties and their quantum classification. It
does not alone establish a persistent bead moving along an unseen trajectory.
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IDE-021 | Quantum fields as the primary structure
Canonical basis: IDE-021 - What Is a Field? - v0.8

Why the question matters. Quantum field theory organizes fundamental degrees of freedom as fields
constrained by quantum principles and relativistic symmetry. Particle descriptions arise from
particular states and observational regimes.

Supported account. Creation and annihilation become changes of field excitation rather than
exceptions imposed on permanent objects. Identical-particle properties follow from participation in the
same field structure.

Evidence and method. The vacuum is a lowest-energy quantum state with defined correlations and
responses. Calling it structured must not be confused with reviving a mechanical ether.

Question carried forward. Particle language remains effective when interactions isolate stable
excitation patterns; curved backgrounds, strong interactions or finite duration can make that
decomposition less direct.

Boundary. Fields provide this framework without being ordinary continuous matter. Whether fields,
particles, local algebras or another structure are fundamental remains an open interpretation not
settled by the mathematics.
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IDE-022 | Mass as an invariant property of a complete system
Canonical basis: IDE-022 - What Does Mass Mean? - v0.7

Why the question matters. Mass is an invariant property of a complete physical system, determined
by its total energy-momentum relation. It can include kinetic, field and binding contributions internal
to that system.

Supported account. For hadrons such as protons, most mass arises dynamically from quantum
chromodynamics. The energy stored in quark and gluon fields and their interactions dominates over
the bare quark masses.

Evidence and method. The Higgs mechanism gives elementary fields terms associated with rest mass
and is indispensable to the Standard Model. That fact does not mean it directly accounts for most
proton or ordinary matter mass.

Question carried forward. Bookkeeping depends on the chosen boundary: energy entering or leaving
changes the complete system being assessed. Binding can lower or raise invariant mass according to
the net energy balance.

Boundary. The warranted statement concerns a system's invariant energy content. It should not be
replaced by the metaphor of mass as a material ingredient poured into objects.
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IDE-023 | Observation as record, inference, and public checking
Canonical basis: IDE-023 - What Is Observation? - v0.20

Why the question matters. Observation in contemporary science is a chain from physical interaction
through recording and processing to an inferential claim. Each link contributes conditions of reliability.

Supported account. Instruments extend access while introducing response functions, thresholds and
artifacts. Calibration and controls connect outputs to quantities and distinguish signal from plausible
alternatives.

Evidence and method. Public objectivity rests on preserved records, documented transformations and
procedures others can audit or reproduce. It does not require an unaided or theory-free gaze.

Question carried forward. Interpretation is unavoidable but constrained: rival accounts must answer
to the same provenance, error model and intervention history. A transparent chain permits
disagreement to become testable.

Boundary. The detector trace alone does not announce what occurred. The warranted observation
includes the validated relation between trace, apparatus and bounded proposition.
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IDE-024 | Signals as selectable differences across noisy channels
Canonical basis: IDE-024 - What Is a Signal? - v0.9

Why the question matters. A signal is a distinguishable variation that could have been otherwise,
propagated through a channel and recoverable among alternatives the receiver treats as possible. Its
producer need not be known.

Supported account. Channel noise makes outputs overlap, so reliable transmission depends on
statistical distinguishability, coding and agreed decision rules. Redundancy can reduce error at a cost
in resources or rate.

Evidence and method. The physical carrier and semantic interpretation occupy different explanatory
levels. A voltage pattern transports selectable differences; conventions and context determine what
those differences mean.

Question carried forward. Information theory can quantify transmission without assuming
understanding. Biological and social signalling add questions about function, agency and interpretation
that require further evidence.

Boundary. A regular pattern can qualify as a signal before its origin is settled. Calling it a message,
identifying a sender or assigning meaning requires further evidence.

This companion does not replace the canonical IDE articles.
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