Meaning and Measurement

ens > verum > scientia

Introduction

It is widely believed today that meaning is something science produces — that if we want to
know what anything means, we should look to what science has found. It is easy to see why: the
practical success of scientific description has led many to treat it as a complete account of what
is. But the success disguises a category error. Science is descriptive; it does not confer
significance, and it does not produce meaning. To take its descriptions for meaning, and even for
being, is to mistake one register for another. As we shall see, being is never encountered without
meaning, and meaning is never free-floating from being.

Through a close examination of physical inquiry, we will see that science is not the source of
meaning, and was never meant to be. Science is meaning's most disciplined response to
uncertainty.

Science serves meaning by deliberately bracketing it during inquiry, so that when inquiry is
complete the meaning-seeker can meet the world's answer without having decided in advance
what it must mean. Science suspends meaning so that deeper meaning can be disclosed to rather
than imposed on the knower.

Meaning is prior to science in a strong sense — not produced by inquiry, nor refined by it, nor
modified by it. It stands to science as a circle stands to its projections: whole before any
projection is taken, never recovered from them, and disclosed more fully as each faithful
projection is added.

Meaning, as used here, is the standing ground: that the inquirer can be helped or harmed, that
something can be lost or gained, that outcomes are not indifferent. Semantics is the uptake
performed against that ground — the taking of a particular outcome as no longer interchangeable
with its alternatives. The ground is prior to inquiry and unchanged by it; the uptake is an act,
renewed each time the world answers. When this essay says meaning is disclosed rather than
produced, it is the ground that is disclosed, and the uptake that does the disclosing.

What is worth knowing in the first place, and which questions truly matter, remains irreducibly
human — not a question science failed to answer, but one it cannot even pose.

The examination will run through classical and quantum inquiry alike, and will find both
operational through and through — instrument-dependent from first to last, though in ways that
differ tellingly between the two. The essay proceeds as inquiry itself does — from meaning,
through the disciplines that suspend it, to the measurement that answers, and back to meaning,
disclosed more fully than before.
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The meaning and consequence of "up or down?"

Consider the simple distinction between up and down. It appears so basic that we rarely pause to
ask where it comes from. Why does anyone care to ask, "up or down?" in the first place?

We ask because we are embodied, and because bodies are subject to a constraint we call gravity.
We seek to understand an experienced constraint and to work with it — to reduce uncertainty,
build technology that mitigates risk, and disclose, not construct, more meaning.

Before inquiry begins, the question "up or down?" is infused with meaning. It is meaningful
because it has consequences in the real world. It is meaningful because an inquirer has identified
a vulnerability worth mitigating: the world can help or hurt me, so differences matter.

Mathematical symmetry, theory, and models

To address 'up or down?' scientifically — and here we restrict ourselves to the physical sciences
— inquiry must begin by setting aside the very meaning that motivates it.

Scientific inquiry begins by bracketing meaning but not because meaning is illusory or
subjective. It brackets meaning to discipline inquiry against premature privilege — to guard
against smuggling relevance back in through intuition or habit before the world has answered.

Bracketing begins with mathematics, which strips the distinction to its bare form. In
mathematics, up and down are not privileged. They are opposite directions in an abstract space,
related by symmetry, and the formalism treats them indifferently: an inversion exchanges one for
the other without altering the structure. At this level there is difference without significance. The
equations encode symmetry, not salience.

Theory and models then propose possible structures for inquiry. A theory specifies what
quantities might be relevant and how they might relate; models idealize those relations to make
analysis and prediction possible. Yet neither mathematics nor theory nor models constrain the
world itself. They describe how the world might be structured; they do not determine how it is.
We will see later how theory is most often conflated with meaning.

A purely formal distinction, even elaborated by theory and models, does not yet make a physical

question answerable. A well-posed physical question requires a further step, one that breaks the
pure symmetries and makes one outcome genuinely different from another.

Physical reference frames

When it comes to up versus down, the experienced constraint is gravity. Yet lived gravity is not
sufficient for doing science, nor for posing questions that are well-posed. A well-posed question
is one the world can answer in a disciplined, repeatable way.
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"Why does falling feel frightening?" is meaningful but not well-posed for physics. "How does a
body's position change with time under gravity?" becomes well-posed once physicists introduce
a reference frame — once experienced gravity is disciplined into a local gravitational field.

Only then can the world answer comparably, shareably, repeatably. Physicists rely on reference
frames not to create the phenomenon, but to discipline inquiry so that the phenomenon can
answer.

To transform experienced gravity into a local gravitational field, physics adds three features that
it does not by itself supply. Locality: the constraint holds here and now. Uniformity, to first
order: it is effectively the same for nearby systems, the variations are negligible relative to what
we care about. Stability: it is reliable enough to serve as a reference.

These are not gratuitous assumptions. They are deliberate restrictions that let the world hold still
just long enough for a question to be asked and answered without deciding the answer in
advance. They are also the body's own mode of being, transcribed: the here that perception is
enacted from, the wager that nearby is like here, the steadiness of the one instrument that is never
itself measured. And, as we will see, they are exactly the conditions under which the instrument
can later be forgotten.

A physical reference frame is neither mathematics nor apparatus but a cross between them. In
ordinary usage the term names a coordinate system — an origin, a set of axes, a labeling. But a
coordinate system by itself mediates no constraint; it is pure abstraction, and pure abstraction
cannot make any question answerable. A Cartesian coordinate system represents a physical
reference frame but is not one, because it mediates no constraint.

What makes a question answerable is a coordinate system built out of something — an axis
given a body, an instrument made to carry a distinction — so that the abstraction bears on an
encountered constraint and the world can answer through it. This fused thing, the abstraction-in-
use, is what is meant here by a physical reference frame. Going forward we will just use the term
reference frame.

A reference frame, so understood, does not constrain matter; it constrains the questions that can
be asked about matter and the answers that can be received. Gravity constrains matter directly.
Gravity disciplined into a local field and enacted through an instrument becomes a reference
frame — a defined axis relative to which up and down can finally be distinguished with
consequences.

The operational instantiation of such an abstraction is a physical breaking of symmetry — not in
the physicist's technical sense of a dynamics that hides its own symmetry, but in the plainer sense
of fixing what the bare formalism left free. It is what carries inquiry past the non-privileging
symmetries of pure mathematics to a determinate distinction like up or down.

There is a natural temptation here to treat the abstraction as separable from its operationalization

— to speak of a reference frame "in principle" as though it stood free of the practice that makes it
operative. This quietly grants the abstraction an independence it does not possess, an ontological
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standing apart from its use. Here the category error first begins to creep in: an epistemic
convenience is mistaken for a feature of what is, and the local field is treated as though it
exhausted the reality of gravity rather than enabling well-posed questions.

Galileo's question

To anchor these distinctions, consider Galileo's question of how motion under gravity behaves.
His aim is not to cope with gravity in a particular situation, but to understand how motion under
gravity behaves in general — in a way that can be stated, compared, and carried beyond any
single case. A carpenter's question about gravity, unlike Galileo's, is particular: it closes once the
beam is set and the work proceeds. Galileo seeks knowledge that can travel — that stays valid
when circumstances, locations, and instruments change. That demand for generality requires
gravity to be made answerable, not by altering gravity but by disciplining how inquiry
approaches it.

Galileo treats gravity as local, uniform to first order, and stable. This abstraction prepares the
question but does not yet let the world answer. To make the abstraction operative, Galileo builds
an inclined plane aligned with gravity — a setting through which the disciplined constraint can
be put to work.

The apparatus is not itself the reference frame; it is the means by which the abstraction becomes
a physical reference frame, an abstraction-in-use, so that gravity can be described by well-posed
inquiry. The inclined plane is the reference frame made concrete: a coordinate system given a
body, an axis built out of wood and aligned to the constraint, which is exactly why it can pose a
question the world will answer.

Notice how, once the experiment is done, it becomes natural to set aside Galileo the man and his
particular apparatus and to speak as if only a property of a field remained and was "real." This is
the characteristic temptation of classical physics.

Classical inquiry treats instruments — and even the inquirer — as interchangeable and
negligible, to be removed from the account once the frame is established. That aspiration to
instrument and inquirer independence is what makes classical generalization possible. But it is an
idealization. The apparatus and the experimentalist always participate, however slightly, in the
interaction they make visible.

As long as that participation can be safely backgrounded, the reference frame is treated as
fungible and inquiry stays classical and tethered to lived experience. But that safety is
conditional, and where its conditions fail, the classical picture strains. The failure is not a matter
of degree — it is not that at some fine scale the instrument is discovered to be intruding after all;
quantum instruments are among the most highly engineered arrangements in physics. What fails
is the frame: there are questions for which the world supplies no shared axis, and it is there that
the distinction between classical and quantum reference frames comes into focus.

Quantum reference frames
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A local gravitational field, abstracted and operationalized, functions as a classical reference
frame for distinguishing up from down. Quantum physics also requires reference frames to ask
well-posed questions, but they differ from the classical case in an important way.

In the early twentieth century, a now-famous experiment was performed with what came to be
known as a Stern—Gerlach apparatus. A beam of vaporized silver atoms was sent between the
poles of a specially shaped magnet — its field stronger on one side than the other — and then
onto a detection screen. Classically, the atoms should have arrived smeared across a continuous
band: each atom a tiny magnet tumbling in a random orientation, deflected by every amount in a
range. That is not what happened. The beam split cleanly in two. Every atom landed in one of
two places, high or low, with nothing in between.

The orientation of each atom, relative to the magnet, took one of only two values. This is what
came to be called spin-up and spin-down.

But now notice what the magnet is doing, and compare it to the inclined plane. Galileo's plane
was built to align with a constraint the world supplies on its own. Gravity defines up and down
before any apparatus is present; the plane borrows an axis that is already there. The Stern—
Gerlach magnet borrows no such axis. There is no state in which a silver atom's spin carries a
value along every direction at once — even an atom prepared along one axis, its one question
already asked and answered, holds no answer for the next, posed along any other — so there is
no orientation simply waiting to be read off. The shaped field of the magnet is the axis. Until the
magnet is present, there is no fact of the matter about which way the atom points along this axis,
because there is no "which way" for it to point along.

The apparatus does not measure a pre-existing orientation. It instantiates the very axis relative to
which "up" and "down" first acquire reference, and only then does the atom answer, high or low,
relative to that axis. To be clear, what the instrument instantiates is the axis, not the two-ness of
the answer. That the spectrum holds two values, not three and not a smear, belongs to the
rotational structure of such systems — a fact of the mathematics of spin, not of magnets — and
the apparatus discloses it without placing it. The instrument is constitutive of outcomes and
disclosive of structure: it settles which value became the case; it does not legislate what values
there were to become. Collapse the distinction and the physics is misread; hold it, and the
physics is untouched.

This is the difference that matters. Gravity is a world-given axis; the reference frame the inclined
plane makes concrete disciplines an orientation the world already carries. Spin has no world-
given axis; the reference frame the magnet makes concrete brings the orientation into being in
the act of asking. In both cases the reference frame is an abstraction-in-use. But in the classical
case the instrument can be forgotten, because the world would hold the axis whether or not the
apparatus were there — remove the instrument and you have merely stopped watching
something that was there anyway. In the quantum case the instrument cannot be forgotten,
because it instantiates the axis and participates in the outcome. Remove it and you have not
stopped watching; you have removed the very thing that made there be an orientation to measure.
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What fails in the quantum case is not the apparatus — the magnet is as macroscopic, as
engineered, and as bolted down as Galileo's plane — but the three conditions under which the
frame it instantiates could be backgrounded. Locality is relational rather than privileged: the axis
holds between this instrument and this system, not in the world at large. Uniformity cannot be
assumed: no world-given field guarantees that nearby arrangements ask alike. And where a
quantum system itself serves as the reference, stability is transient: the frame decoheres and
entangles through use. The three conditions that allowed the classical instrument to recede from
the account are precisely the ones that cannot be assumed here.

Because the quantum frame is instantiated through interaction rather than drawn from a world-
given constraint, it is non-fungible. A nominally similar arrangement — different geometry, field
strength, timing, coupling — does not necessarily pose the same question. The magnetic
interaction that defines the spin axis is also part of the exchange that produces the outcome, so
two setups that merely resemble each other are not the same instrument asking the same thing.

And so forgetting the instrument is not the same lapse twice. To forget the classical instrument is
a truth-preserving fiction: the world holds the axis anyway, and the account survives its own
omission. To forget the quantum instrument is a misattribution of being. It assigns to the atom
alone a determinate orientation that exists only in the atom-instrument whole, and it ascribes the
mark to something that cannot bear marks — the spot is a state of the screen, the deflection a
disposition of the beam relative to the magnet, and there is no further fact behind them for the
atom to carry away alone.! Nor is this a metaphysical flourish appended to the physics; it is what
Bohr insisted on from the beginning — that no sharp line can be drawn between the behavior of
atomic objects and their interaction with the instruments that disclose them — recovered from
beneath a century of textbook simplification.

The mathematician and philosopher of science Wolfgang Smith gave this misattribution an
important ontological vocabulary — one that brings it into sharper focus. The width of a desk,
the vertical pull of gravity — these are what he called subcorporeal: imperceptible but
determinate potencies anchored in corporeal wholes, in things accessible to the senses. The
turning geometry of spin belongs instead to what he called the transcorporeal: structure that
constrains which marks can appear while never itself appearing, anchored to no corporeal whole
at all.

In his terms the asymmetry becomes exact. Every measurement, classical or quantum, terminates
in a corporeal sign — a numeral against a tape, a deflected beam, a spot on a screen. But in the
classical case the potency disclosed is carried by the world's own bodies, while in the quantum
case the only corporeal anchor in the arrangement belongs to the instrument. Drop the apparatus
from the account and nothing sense-accessible remains to hold the axis: what is lost is not a

! The misattribution is not merely unverifiable but formally contradictory. The Kochen—Specker theorem (1967)
proves that in any Hilbert space of dimension three or more, observables cannot consistently be assigned
determinate values independent of the measurement context. A solitary spin-Y2 atom, a two-level system, is the one
exception: taken utterly alone, it admits such an assignment (Bell, 1966). But the exception is the argument. Couple
the atom to anything — another spin, a field, the apparatus; that is, measure it at all — and the dimension exceeds
two, and context-independent determinacy becomes inconsistent. The one system that may keep a value of its own is
the atom no measurement ever touches. Determinacy that ignores the arrangement survives exactly as long as there
is no arrangement.
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convenience of description but the sole foothold embodied inquiry has on a domain no body
inhabits. The quantum instrument cannot be forgotten — offered now as ontology, not merely as
method — though ontology of a bounded kind: a claim about where determinacy does not reside,
not about what being finally is.

The quantum case makes visible what classical success concealed. The success of classical
inquiry is exactly what makes its abstractions easy to mistake for reality. Because the classical
frame is drawn from a stable constraint and aligned with embodied experience, its mediating role
becomes invisible, and description appears to coincide seamlessly with the world. That
seamlessness is the disguise. It is what lets faithful description be mistaken for exhaustive
description — and there the category error takes hold.

Measurement forecloses

Whether classical or quantum, reference frames are what make a question well-posed — the
prerequisite of any actual measurement.

Measurement is the act by which the inquirer commits to one sampling of a structure. The
reference frame is the sampling choice; the world answers through it; and the answer stands.
That commitment cannot be undone or exchanged for a different reading of the same moment.

This sampling foreclosure is what gives measurement its weight and its irreversibility. It is the
inquirer's act: the world answered as it must; it is the inquirer who chose this question, through
this frame, at this moment, and cannot now choose otherwise for that moment. Both classical and
quantum measurement carry it.

So much of what we measure with classical reference frames feels like nothing more than
reading off a value that was already there. A position, a length, a duration: the number seems
simply to record what was the case, as though description and fact were one. But every
measurement is a sampling choice, and the choice survives repetition unchanged. Measure a
desk's width a hundred times and you have taken the same sampling a hundred times. Each
reading is faithful; none recovers what a different frame, at that same instant, would have
returned.

Because the classical case is where we learned what measurement is, we carry the description-
fact conflation into the quantum case too — expecting there, as well, that the description and the
fact are one. Here the concealment we named at the outset is caught in the act — description
seeming not to stand for what is, but to be what is.

Faithful is not exhaustive

Undo the disguise and the reading is not the fact. It is a faithful projection of structure — true to
what it reports, and not the whole of it. The concealment ran in both directions: description
mistaken for being, and the gap between them mistaken for a defect to be closed. It is neither.
The gap is structural, and what follows shows why.
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Science is operational. This has been established: reference frames are abstractions-in-use,
measurements are commitments made through instruments, outcomes are what operations return.
What science returns is ordinal — a number, a reading, a position on an oriented axis.> The
number names where the operation landed, not what the operation was.

In science, the ordinal is a projection of the operational. This is the precise meaning of faithful
but not exhaustive: the reading is true to the structure it projects, and the structure is not
contained in the reading. The operation is prior; the ordinal is its projection.

Consider a phasor — a vector turning steadily in a plane. Two observers measure it at the same
instant, their axes set ninety degrees apart. The first records the cosine; the second records the
sine. Both readings are physical. Both are faithful. Neither is more real than the other. Yet which
counts as "real" and which as "imaginary" is fixed entirely by where the observer stands. Turn
the axis ninety degrees and the two exchange names. Nature does not make the distinction.
Nature is turning.

The component each observer discards is not a finer reading he failed to make. It is orthogonal to
his axis — present at the same instant, at full precision, in the same system — and no refinement
along his axis, and no accumulation of readings along it, will ever reach it. The remainder is not
a matter of resolution. It is categorical.

But this still leaves a question open. Could more readings, differently arranged, close the gap?
Could the operational surplus be recovered by enough ordinal accumulation?

To settle it, leave the instruments behind and ask number itself. The real number line answers
directly. Ask it for a solution to x*>=—1 and it has none — not because the line has not been
searched far enough, but because no sequence of operations on real numbers, however extended,
ever produces one. The answer lies off the line entirely. To reach it, you do not go further; you
turn.

What turns is i — the imaginary number. It has no position among the reals, no place in the
ordinal sequence. And yet it operates exactly: a quarter turn. Applied twice, it returns —1 — half
a circle. The operation was present in the plane before anyone had a symbol for it.

On the real line, every number can be read two ways: as a position, and as the operation of
scaling by it. The two readings agree, because scaling by a positive number preserves the order
of the line. Three is a place; three is also "stretch threefold"; and the line cannot tell the readings
apart. The plane pulls them apart. Complex numbers still operate — each one rotates and scales
— but they no longer sit in an order. Only one reading survived the extension, and the survivor is
the one that was doing the work all along. 7 is the operation that no position can be. The line did
not fail to find i. i is of the line but it is not in the line.

2 "Ordinal" here means exactly this: a landing place on an ordered line — a value that inherits the order of the line it
lands on. Not the transfinite ordinals of set theory, and not the ranking scales of measurement theory; a reading of
length is richer than a ranking, but it is still a position on a line, and that is the whole of what is meant.
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This is why “imaginary” is precisely wrong: it names i’s absence from the line and treats that
absence as a failure to be real, when the line was only ever one axis of a plane that was turning
all along.

When mathematics calls i a number — and when physics stakes its predictions on the arithmetic
that results — the commitment is made: number is operational first. The ordinal reading was
always the special case: the one where operation and position happen to coincide.

And the commitment is not a manner of speaking. It is a theorem. In any ordered field every
square is positive or zero; since i = —1, no ordered field can contain i. And this runs general: a
field can be ordered, or it can be algebraically closed, but never both. The complex numbers buy
closure at the price of order — a field in which every equation finds its roots provably admits no
order compatible with its own arithmetic. Order and closure are not rivals awaiting reconciliation
but incompatible registers, and mathematics chose closure the day it admitted i.

The phasor showed the remainder is real. i showed it is permanent. The theorem shows it is
categorical: the register that orders cannot be the register that closes, because the surplus is what
the ordinal is a projection of.? Faithful description cannot close this gap because the gap is not a
failure of description. It is the relation between any description and the structure that description
is a description of.

Using tomography, physicists reconstruct a quantum state from the statistics of many
measurements taken across many differently oriented axes, and the reconstruction retrieves the
relative phase that any single scalar drops. It is natural to ask whether this could close the gap. It
does not, because tomography presupposes the very geometry it appears to derive from the
readings. The state space, the turning, the plane in which the statistics are fitted — all of it is
assumed before the first reading is placed, and the readings only locate the system within a
structure they did not supply.

Many geometries fit any finite record; the record selects among structures only for an inquirer
who has already brought structures to select among. What no accumulation of readings does is
generate the geometry it is fitted to. And that distinct geometries can fit one and the same record
is no speculation: the real-number reformulation of quantum mechanics and the standard
complex theory are two inequivalent structures reproducing identical statistics for every
experiment that can be performed. The theorem named the distinction of kind,
underdetermination is what makes it binding on inquiry.

This is what defeats the promissory claim that further inquiry will one day recover, from the
scalar record alone, everything the structure holds. The promise has content only if the structure

3 The point has recently been tested from the other side. Barrios Hita et al., "Quantum Mechanics Based on Real
Numbers: A Consistent Description," Phys. Rev. Lett. 136, 240202 (2026), prove that quantum mechanics can be
reformulated using real numbers alone — evading the earlier falsification of real-number quantum theory (Renou et
al., Nature 600, 625 (2021)), which targeted only formulations bound to the tensor-product composition rule. The
reformulation succeeds — and the expelled i returns as an explicit rotation operator adjoined to the observable
algebra, acting on a flag register the theory forbids measuring. The number proved dispensable; the operation did
not. Mathematics confesses the priority of operation when it admits i; physics confesses it when it expels i. Nature
does not require complex numbers. It cannot be described without rotation.
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is really there to be recovered — which is precisely what promissory materialism — Popper's
name for the position — declines to grant. And even granted, it cannot be kept: the ordinal never
generates the operational, however far it runs.

Mathematics has done its work here. The remainder is the geometry — the operations — that no
ordinal accumulation generates. It is structural and permanent. Mathematics states its form
without remainder; what its being finally amounts to is not mathematics' to say — neither for nor
against. The clearing is not a crossing.

The measurement paradox dissolves

With this in hand, two puzzles long attached to quantum measurement — wave—particle duality,
and the apparent conflict between determinism and probability — lose their air of paradox. A
harder question stands behind them — what makes an interaction a projection at all, and why this
outcome rather than that becomes the case — and nothing in what follows pretends to dissolve it.
The claim is narrower: the dualities that made measurement seem paradoxical do not survive the
distinction between a geometry and its projection.

Two different operations are easily conflated; keep them apart and the paradox dissolves. There
is the transform — the change of basis, of which the Fourier transform is the model — which
loses nothing and reconstructs its source exactly. And there is the projection that returns a
measured value, which is many-to-one and lossy: the same scalar issues from distinct
configurations, so the value does not recover the configuration. Neither operation is peculiar to
quantum mechanics; the phasor already exhibited both. What is quantum is the standing of the
projection: it forecloses, and the loss it takes cannot be made good by gentler or more patient
sampling of the same system.

The cosine is one-half at plus sixty degrees and at minus sixty degrees alike — the scalar keeps
the magnitude and discards the orientation, the phase — and the measurement is the one that
became the case. This many-to-one loss is why description underdetermines the geometry. The
gap is not a failure of rigor. It is structural, and it is why recognizing the geometry is always a
step beyond description rather than something description performs on its own.

A wave description and a particle description are not two rival accounts of what a quantum
system is. The particle is the projection — the localized click, the value that became the case.
The wave is the turning geometry itself, and it shows in no single click, but in the pattern the
clicks make once enough of them accumulate. The interference fringes are the geometry made
visible statistically, built from the very projections that, taken one at a time, look like particles.
So when the same system shows interference under one arrangement and localization under
another, it is not a contradiction in reality. It is the geometry and its projection — the relation we
have already met — mistaken for two competing pictures. No single click was ever meant to
hold the whole geometry.

The contrast between determinism and probability is the same recognition in another dress. The

underlying evolution is not probabilistic: in the state space it is a turning — norm-preserving,
reversible, carrying its phase — the lossless transform, like the Fourier transform, that discards
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nothing. The probability enters only with the projection, the taking of a scalar value from a
turning geometry, where the many-to-one collapse is what the Born rule describes. Determinism
belongs to the geometry; probability belongs to its projection onto a measurement axis.

One contrast the two operations leave in plain sight: a classical measurement returns a
reproducible scalar however the question is posed; a quantum measurement repeats only along
the axis that prepared the system, and answers any other axis with a distribution. The difference
is the axis — world-given and shared in the classical case, so every frame's reading converts into
every other's; instantiated by the instrument in the quantum case, so incompatible axes hold no
settled value in common, and only the pattern of many samples exhibits the turning geometry a
single outcome drops.

This is why the double-slit experiment is so badly misread. It is among the most highly
operationalized arrangements in all of physics — slit separation, slit width, source coherence,
screen distance, each precisely engineered — and its interference pattern is a property of that
engineered frame, an instantiated axis in its purest form. Yet it is presented as showing how the
quantum world simply is, and so how everything is. That is the classical temptation committed
where it is least allowed: speaking as if only a property of the world remained once the
instrument is dropped from the account. Drop the slits, the source, the screen, and a turning
geometry sampled onto an engineered axis looks instead like a bare fact of reality that is
somehow both wave and particle. Keep them in view and there is no such fact to explain — only
a geometry exhibited in the statistics of many localized projections. The mystery was
manufactured by the forgetting.

So the paradox does not dissolve because we stop asking what the world is like. It dissolves
because we stop mistaking a faithful projection for the whole, and recognize the turning
geometry that the scalar outcome is a projection of. The physics is descriptive throughout. What
it describes, faithfully and partially, is the projection of a structure it does not itself contain —
and that structure points past the description, toward an account the description does not compel.
Physics does not entail an ontology. But a description that leaves a rotational surplus is not silent
about what it describes. It points. And it does not point where the reductive reading assumes.

The harder question

The harder question is not thereby abandoned; the framework relocates it, three times over.
Taken as the question of what makes an interaction a measurement, it becomes a question about
backgrounding. Quantum practice has always divided each experiment in two: on one side of a
line, the system, described quantum mechanically; on the other, the apparatus, treated classically
as the thing whose readings are simply definite. The line — the von Neumann cut — can be
drawn almost anywhere: count the magnet with the system, or the screen, or everything short of
the physicist's eye, and no prediction changes. Bell called it the shifty split, and meant the
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shiftiness as an indictment — what kind of fundamental theory depends on a line drawn nowhere
in particular?*

But on this account the movability is no scandal: an interaction counts as a measurement where it
yields a record local, stable, and shareable enough for the instrument to recede, and the cut marks
the boundary of backgroundability rather than a discontinuity in nature. It sits wherever
backgrounding succeeds — which is exactly why it can sit almost anywhere. Taken as the
question of why this outcome rather than that, it fails the very test of well-posedness developed
here: it asks for a frame prior to the frame that first made the alternatives distinguishable — a
sampling of the moment before any sampling. It asks, too, after a property of the atom alone —
the very property the misattribution manufactures.

Taken as the question of which interpretation is true, it exhibits the thesis itself: the rival
interpretations are rival geometries fitted to one and the same ordinal record, and the record, as
ever, does not compel the choice among them. The residue is real; but it is not a gap in physics
awaiting a mechanism. It is the relation between description and structure, encountered at the
place where descriptions are made.

And the movable cut hides one further result — the one on which this essay's two halves meet.
The cut can be drawn almost anywhere, but it must be drawn somewhere, and the somewhere
cannot be supplied from within the physics. Ask any frame to situate itself and the demand only
moves along: the atom is framed by the magnet, the magnet by the laboratory, the laboratory by
the Earth, and each link in the chain is either classical — which is to say, borrowing the body's
exemption — or quantum, and therefore itself sampled rather than sampling. There is no
unsampled sampler in the fabric.

The regress does not run forever, but it does not terminate in a further system either. It terminates
where situation stops being had and starts being lived: the living body, the one standpoint
enacted rather than measured, the frame that is not another sampled thing. This is why the cut's
movability was never a scandal — every placement borrows the same terminus. The body is not
where meaning gets appended to the physics. It is where the physics runs out of frames.

Semantics is not physics

Once a measurement is made, the scientific task is complete. What remains is not another
physical question but a semantic one: what does the measurement mean?

The distinction drawn at the outset now does its work. Meaning is the ground; semantics, the
uptake performed against it. What changes is not what is, but how what is counts.

Physical symmetry breaking answers “what happened?”’; semantic symmetry breaking answers
“why does it matter?” The first works against the ground of physical constraint, the second
against the ground of meaning. Before the second, alternative outcomes are physically distinct

4J. S. Bell, "Against '"Measurement'," Physics World 3 (1990). The "shifty split" is Bell's phrase for the movable
division of the world into system and apparatus.
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but semantically equivalent — they differ without consequence. Semantic symmetry breaking
occurs only for an embodied agent, when one outcome becomes non-substitutable because it
carries risk, loss, effort, or care.

The distinction is easiest to see where one outcome is first physical and then significant. Gravity
and the reference frame make “up or down?”” answerable — a physical symmetry broken, a
scalar that became the case. Then vulnerability breaks a second symmetry on the same
distinction: down becomes “that which one may fall into,” not merely the inverse of up. Gravity
alone distinguishes up from down; vulnerability distinguishes which direction matters. Or take a
clinician’s assay: as a projection it is a value that became the case — faithful, reproducible, and
in itself indifferent — and it becomes significant only when it is taken up as “the disease is
present.” That uptake is not a further measurement. No instrument returns the mattering.

The return of meaning is not the recovery of something physical. To lift the meaning bracket is
not to retrieve a discarded component. Meaning is not in the geometry at all. Bracketing withheld
the question of significance while the world was made to answer; lifting it asks that question
again, of a world that has now answered. That is why meaning can return: the bracket was
provisional, an act of the inquirer, not a foreclosure in the world. Projection forecloses and
cannot be reversed; the phase it discards is not recovered from the scalar. Bracketing and
projection share a shape — each sets a surplus aside to win a definite answer — but they are not
the same act. What projection sets aside is still physics. What bracketing sets aside was never
physics at all.

Meaning is disclosed where distinctions cease to be interchangeable because something can be
lost or gained. A being for whom nothing can be lost or gained has no reason to distinguish. To
be able to lose is to be a self — something held together from within, as a mechanism is not.
Meaning is not something that emerges from complexity or interaction; it is the condition under
which any distinction can matter at all, and therefore the ground from which inquiry itself arises.

The passage from physical description to lived significance is not a temporal process to be
explained away by biology or evolution. When a body falls, physics describes trajectories,
forces, and probabilities; the fall is disclosed at once to the one who falls as danger, loss of
balance, injury. Meaning is not downstream of time and space; it is the ground that motivates the
questions through which time and space are first formulated.

Mathematics encodes symmetry and physics instantiates constraint, but neither can say why an
actualized outcome matters. Quantum mechanics complicates the asking of questions; it does not
complicate the mattering of answers. Semantics cannot arise from mathematics or physics alone
— only where an embodied agent takes up the significance of what has occurred, and only where
meaning is already the ground.

The meaning loop

Meaning inquires. Mathematical symmetry is imposed. Theory and models explore possibilities
without deciding relevance. Physical constraint is operationalized through reference frames,
breaking symmetry and making questions well-posed, in both classical and quantum systems.

Draft last edited: July 19, 2026 Page 13 of 20



Measurement actualizes one outcome and forecloses others. Semantics recognizes significance,
and meaning is disclosed — disclosed, not produced, the prior shown more fully than before.
And meaning inquires again.

This is the meaning loop. Science is the disciplined middle of the loop; meaning opens it and
meaning receives its close. The loop runs the same in the classical and quantum cases; only its
grounding differs — up and down in a habitable world, spin up and spin down in an
operationalized inquiry.

Inquiry comes to rest when a question has been answered well enough to satisfy the purpose for
which it was asked. In physics that purpose is not to disclose what the world ultimately is, but to
establish reliable, shareable answers to well-posed questions under stated conditions. What it
lacks is ontological finality, and it lacks it because physics was never built to supply it.

When physics is asked to settle questions that belong to meaning, inquiry becomes promissory.
Explanations are deferred, interpretations multiply, and rest is postponed without end. The
“crisis” of modern physics is not a failure of method. It is a confusion of domains — description
mistaken for ontological sufficiency, so that inquiry is never permitted to stop.

There is a subtler version of the same mistake, and it is where inquiry most often loses its footing
— the conflation of theory with meaning.

Theory feels close to meaning because it is the first place an inquirer’s interests appear openly —
which distinctions are worth modeling, which variables count, which phenomena are salient.
None of this is forced by mathematics. Theory answers a tacit question: what should we attend
to?

But theory is still not meaning. Theory proposes relevance; meaning bears consequence. A
theorist may abandon a theory at little cost. A person who touches a hot stove cannot abandon
the burn. Theory involves concern, but not vulnerability. Concern can be intellectual;
vulnerability cannot. Theory is where relevance is suggested. Measurement is where relevance is
enforced. Meaning is where it matters that it happened.

Embodiment, finitude, and what has stakes

The loop is an arrival, and the essay could almost rest there. But one term has been bearing
weight from nearly the first page without ever being examined. Vulnerability is what
distinguished which direction matters; the burn was what could not be abandoned; the loop itself
opens and closes in a being for whom something is at stake. And the physics, for its part, ran out
of frames at the living body — the one standpoint enacted rather than measured. Both halves of
the account now point at the same unexamined thing. This section examines it: what must a
being be, for anything to be at stake? The answer is where measurement and meaning stop being
two stories.

To be embodied is to be finite, vulnerable, and mortal. Death is not an accident of embodiment;
it is its inner logic. And here time enters decisively. Time is not merely what flows. It is that
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which ends. Time matters because it runs out. Choice matters because it forecloses. Meaning
attaches to action because not everything can be postponed. Without endings there would be
change, but no urgency — and so no meaning.

This is not only a fact about how endings feel — and it is why the physics must return once more
before the account can close. Time is the one parameter that lives on both sides of this essay: the
coordinate in every equation of motion, and the substance of finitude, the thing that runs out. If
those were the same thing, mortality would be a property of a coordinate, and stakes would
dissolve back into mechanics. They are not the same thing, and the clock itself — read with the
framework now in hand — is the proof. Time is not a primitive flow that clocks happen to
register. It is literally defined by phase. A day is one rotation of the Earth; a year, one orbit; and
since 1967 the second itself has been fixed as 9,192,631,770 periods of a transition in cesium.
Every precise clock we have ever built is a phasor, and we read it by counting its turnings.

The clock is the reference frame that instantiates the time axis — the abstraction-in-use, phasor
fused with counting — exactly as the magnet instantiates the spin axis. Time is to the clock what
the spin axis is to the magnet: the instantiated parameter, not the instrument. And this is a quietly
striking result: time as science uses it — the metric, the count, the coordinate — is not world-
given the way gravity is. It is instrument-instantiated, and the clock, like the magnet, cannot be
forgotten. Lived duration — the time that runs out, the ground this section began from — is
another matter: what the clock instantiates is the measure, not the mortality.

A conserved phase, taken by itself, does not run out. It returns — reversible, endless, losing
nothing. So the phase alone gives only the first of our two sentences, time as what flows. What
ends is not the turning but the reading of it. Finitude enters where the conserved rotation is
projected to a scalar value: the outcome actualized, the alternatives foreclosed, the act unable to
be run backward. The clock’s turning is endless; the measurement that fixes a moment is the
irreversible thing.

Time as flow is the conserved phase; time as ending is its projection. Since every measurement is
an act in time, and time is itself a projected axis, measurement is irreversible for the same reason
time is — one structure, seen at two registers.

Every measurement fixes an outcome and excludes what might have been. In this sense each
measurement is a small death: it forecloses what might have been. For embodied beings, life is
lived within that horizon of endings. Physics registers it only indirectly, through irreversibility
and entropy. Meaning depends on it directly.

Vulnerability is not merely a fact about soft creatures. It belongs to the structure of things, not
only to sentiment. Robert Rosen distinguished the organism from the machine by a structural
property he called closure to efficient causation. The shape recalls the one the line revealed — an
ordering that presupposes what it cannot generate. Algebra's closure and Rosen's are two
relations sharing a shape, not one relation twice: the correspondence is analogy, not identity. In
living form: the dynamics of an organism presuppose a self-sustaining loop that no dynamics can
produce.
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In a machine, the reason any component exists points outside it — to the designer, the maker, the
environment; its unity is borrowed. In an organism the loops of efficient causation close:
components entail each other in turn, so the whole accounts for itself from within, in a way no
machine can. Remove a part and you do not have the organism minus a part; you have a
different, usually non-viable, thing.

This is what it means to have something at stake. A being with internal closure can lose itself,
because it is a self — a whole that its own processes sustain and that its own failure can end. A
mechanism has nothing at stake, because it was never a self to begin with; its consequence
always lay outside it. Vulnerability is the lived face of closure to efficient causation. Meaning
arises where there is a self that can be helped or harmed, and there is a self only where causation
has closed into a whole that can fail.

This is also why inquiry has the shape it does. A question arises where a distinction matters for a
vulnerable being. An answer arrives as an actualization that forecloses possibilities. That
foreclosure reshapes the field of relevance and opens a new question. Time advances not because
something flows, but because something has ended and cannot be recovered. The cycle is real
and inescapable — but it is not self-grounding. It cannot explain why questioning is possible,
why answers bind, or why anything matters.

The circularity of inquiry presupposes intelligibility; it cannot produce it. Attempts to close the
cycle from within — by treating physics, or information, or inference, as self-sustaining —
collapse into circular description rather than explanation. They invoke being in practice while
denying it in principle. Existence is affirmed not by a diagram but because the world answers us
consistently over time. "Now" is not a geometric object. It is a semantic relationship between a
knower and the world, and there is no science without it.

The unsituated real

Every error this essay has corrected has been one error wearing different coats. The determinate
orientation assigned to the atom alone; the value assignment that survives exactly as long as
there is no arrangement; the structure the record was supposed to contain with no one to
recognize it; the reference frame "in principle," standing free of the practice that makes it
operative; the sampler that samples without being situated.’ In each case, something was
attributed out of frame that exists only in situation.

The error deserves a name: substantialism® — the thesis that the real is what stands on its own,
what needs no situation; that the most real thing is the unsituated real, the thing framed by

5 In order: the misattribution of being ("Quantum reference frames," "Measurement forecloses"); the Kochen—
Specker result (the footnote to the misattribution passage), which upgrades the misattribution from error to
contradiction; tomography and underdetermination ("Faithful is not exhaustive"); the "in principle" temptation
("Physical reference frames'") — the error's first appearance in the essay, and a classical one, which is why
substantialism cannot be dismissed as a quantum artifact; and the regress ("The harder question"). The five escalate:
a value, a theorem about values, a structure, an abstraction, and finally the standpoint itself.

® The term is used in the sense just defined, and in no other. It names the pattern this essay has caught in specific
moves rather than a school with members. It is kin to what Cassirer opposed as substance-concepts (Substance and
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nothing; the view from nowhere made ontology. So stated, the thesis and this essay's findings
meet head-on. The self-standing substance that needs no frame is precisely what never appears in
any measurement — not because instruments are too coarse, but because it is the thing the whole
argument shows cannot be found.

To be is to be situated. To be situated is to participate — in a frame, an arrangement, a whole one
does not exhaust. What substantialism takes for reality's ground floor is satisfied by nothing real.

Nor is this idealism returned by the back door. Where the frame is situated is not a free choice
and not mind-made: the cut is movable only across a range the world permits; it must be placed
somewhere; and where it can finally rest is fixed by what a body is, not by what an inquirer
prefers. There is no view from nowhere precisely because every view is a somewhere, and
somewheres are real — embodied, structured, answerable. Situation is a fact about being, not a
fact about choice.

Notice, last, the form the argument has taken, because the form is the strongest thing about it.
This essay never argued for participation. It found, at every turn, that substantialism could not be
spoken even while being attempted — that every effort to situate reality nowhere had to be
corrected back into a frame. That is not the refutation of a false theory. It is the discovery that a
demand is empty: "the unsituated real" names nothing, and the naming fails not once but every
time, which is how one learns the failure is structural. Substantialism is not wrong the way a bad
theory is wrong. It is the category error this essay caught creeping into the classical field, grown
to full size — and at full size it is unsayable, found so by the repeated failure to make it name
anything.

Recognition and disclosure

A question has been waiting since the Introduction. Meaning, we said there, stands to science as
a circle stands to its projections: whole before any projection is taken, never recovered from
them, disclosed more fully as each is added. What began as an image has since become the literal
content of the physics — a turning geometry that no accumulation of scalar records recovers. So
the question is now due on both registers at once: if the circle is never recovered from its
projections, how is it reached at all? No finite set of measurements entails the geometry they are
projections of. Many geometries fit any finite record. And yet the geometry is not a free
invention, because a recognized geometry is answerable: it must predict beyond the
measurements that suggested it, or it dissolves.

That is the principle this essay has been enacting all along: description underdetermines
structure, and recognition — answerable, never compelled — is how the gap is crossed.
Understanding apprehends the invariant that faithful description projects but does not entail. And
it is the epistemic counterpart of the misattribution of being: as determinacy belongs to the atom-
instrument whole and not to the atom alone, so structure is disclosed to recognition and not

Function), and to the substance metaphysics the process tradition has long criticized. It should not be confused with
substantivalism in the philosophy of spacetime — the thesis that spacetime exists independently of its material
contents — a nearby word for an unrelated dispute.
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contained in the record alone. Knowing and being each exceed the scalar record, and in the same
shape.

Newton did not deduce the inverse-square law from the accumulated positions; he recognized the
structure the positions were traces of, and it then predicted — in Halley's hands — the return of a
comet no one had yet seen return. Kepler did not deduce the ellipse; he recognized what the
measurements had been pointing at all along. John Henry Newman called this faculty the illative
sense — the way accumulated evidence resolves into a certitude that no single inference could
compel and that remains, throughout, answerable to being wrong.

Recognition is the rational middle between two positions that fail, and they fail in the same way:
each secretly depends on what it denies. Entailment claims the evidence forces the geometry,
with no act of the knower required; but the record selects among geometries only for an inquirer
who has already brought them, so every claimed entailment rides on the recognition it denies.
Instrumentalism claims the geometry is a useful fiction; but a fiction that predicts an unseen
comet and an undiscovered planet is not behaving like a fiction — it borrows the predictive
success of the real while refusing to pay for it. One denies the knower and borrows the knower;
the other denies the world and borrows the world. Recognition pays both debts openly — an act
of the knower, answerable to the world — and takes that success as what it is: answerable
evidence of real structure the presentations have been disclosing all along. It is not a weaker kind
of knowing but the honest account of how understanding works, wherever a structure is first seen
rather than derived.

Recognition is more than one act, and the acts must not be allowed to blur. Within inquiry,
recognition is scientific through and through — Kepler's ellipse, Newton's law: which structure
the record traces, seen and held answerable to prediction; not a departure from science but its
crown; the bracketing of significance was never a bracketing of judgment. Distinct from it is the
uptake the meaning loop closed on — the assay taken as "the disease is present." Uptake
concerns significance, not structure: it asks what the outcome means for the one who bears it,
and it is performed in every clinic and kitchen without any crossing of thresholds. And at the
threshold stands a recognition of a third kind: not which structure the record traces, nor what the
outcome means for its bearer, but what the structure finally is — and that one, science cannot
perform. Three acts, one shape — a step beyond the record that no description compels — which
is why they are so easily mistaken for one another: the first, science performs constantly; the
second, life performs constantly; the third is the crossing this essay approaches and does not
make. The argument runs among the three.

And all three are acts of an embodied knower. A mechanism does not recognize; it registers. It
manipulates scalar values by rules, and the values mean nothing to it, because nothing is at stake
for it in getting them right.

Recognition requires standing somewhere — occupying a position relative to the geometry, as
each of our two observers did — and living with the consequence of the stance. It is the mode of
knowing proper to a being that has closed upon itself and can therefore be answerable, that can
be wrong and suffer the wrongness. This is why the scalar record, however complete, does not
amount to understanding on its own. Understanding is what recognition wins: the structure held
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as what the record is a projection of — and, like the act that wins it, it lives only in someone with
skin in the game.

Science presupposes an ordering — the assumption that its measurements are measurements of’
something, ordered presentations of a structure rather than noise. And meaning is prior to inquiry
in just this way: the observables we order are not merely physical events but events that already
matter, and their ordering no more generates that meaning than the ordering of arithmetic
generates the rotation it presupposes. What the line is to rotation, the whole enterprise of
scientific inquiry is to meaning — an ordering that expresses a prior it cannot produce.

Science refines the ordering. Kepler’s ordering of Tycho’s positions was finer than what came
before, and each refinement discloses more of the structure the positions were always tracing —
but the structure itself does not change, for if refining could reach it, it would be generated from
within, and it is precisely what no ordering generates. What changes is not the structure but how
much of it has been recognized.

So science refines our grasp without founding what it grasps. The morning star and the evening
star were always one body; learning it was Venus did not make the meaning, only changed what
there was to be met. That is the whole of the asymmetry: disclosure deepens without limit;
generation never occurs.’

And this shape — recognition that discloses without generating, a structure fixed and
inexhaustible that an ordering approaches but does not produce — is not peculiar to mathematics
or to physics. Newman, whose illative sense we have already borrowed, found the same shape in
the life of doctrine: development that discloses what was always contained without adding to it,
recognition that deepens while the deposit itself stands unchanged.

The correspondence across these registers — the mathematical, the scientific, the theological —
is real, and too close for accident. It is not entailment. The mathematics does not prove the
theology, and nothing here compels the passage from one register to the next. The argument
walks to the threshold and stops. The crossing is a different kind of act, and it is the reader's own.

Conclusion

The simple question of up or down reveals the whole structure. No distinction becomes real as a
distinction without a reference frame. No reference frame becomes meaningful without
vulnerability. No vulnerability exists without embodiment. And no embodiment is intelligible
apart from time understood as finitude.

7 Two contemporary usages can be measured against this asymmetry. Where what is said to emerge — meaning,
mattering, the standpoint, the geometry — is among the priors the describing register presupposes, "emergence"
names a generation that never occurs: the dependency runs the other way, and what deepens is disclosure. (The
modest use of the word, for coarse-grained patterns a finer description already contains, is untouched.) Likewise
"generative" artificial intelligence: such systems generate as an ordering generates — new instances, further record,
projections within structure-spaces their designers brought. What they extend is the register; what the register
presupposes they no more generate than the tables generated the orbit. The word is true of tokens and false of priors.
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When meaning is collapsed into description, what is lost is the capacity to receive what we most
care about — what Josef Pieper called leisure: not idleness, but the openness in which reality is
received rather than endlessly pressed for answers. Burdened with supplying a meaning it cannot
supply, inquiry loses that openness and goes restless. Acts of vulnerability, commitment, and
irreversible consequence are then treated as functions to be optimized — not because they have
become less than they are, but because the capacity to receive them as more has been
surrendered.

Because meaning is disclosed where vulnerability and care are real, the highest human acts —
chief among them love — cannot be reduced to function, inference, optimization, or utility. Love
is the return of one closure toward another, and there is nothing in the scalar register it could be.

The measurement problem, then, is not a failure of physics. It is a reminder of its proper scope.
Physics can describe the structure of questions and the constraints on answers. The recognition
of the structure its descriptions point to, and of what it finally is, is not physics' to perform. It
belongs to the knower, and to the being on which physics is inescapably dependent.

Seen whole, the argument has three movements. First, the mathematics clears the ground: it
shows that the faithful projection is not the whole and so it demolishes the claim that
measurement has settled the question of what is. It puts nothing in that claim's place; it removes
an obstruction. Second, the clearing has consequences. A civilization that takes the projection for
the whole will optimize what it ought to receive, and build engines that manipulate the scalar
record with nothing at stake — that register without recognizing — and mistake them for minds
— misattributing to the mechanism what exists, if it exists at all, only in a larger whole. Third,
the cleared ground opens onto a threshold: the structure the projection points to, and what that
structure finally is. The mathematics reaches the threshold and cannot cross it. That crossing is
neither demolition nor description but recognition of another kind, and it is left, as it must be, to
whoever stands at the edge. The gap this essay has met at every register — between record and
geometry, between form and being, between evidence and assent — is not its obstacle but its
subject: real, structural, and the very space in which recognition, judgment, and gift are possible
at all.

Any inquiry that denies one of these conditions — frame, vulnerability, embodiment, finitude —
collapses into one of three failures: formalism, behaviorism, or the explaining-away of the
significance that inquiry presupposes. Being is primary, intelligibility is given, and science is a
participation in that intelligibility. Ens, verum, scientia. Science does not generate meaning. It
discloses the meaning the order was expressing all along. It is meaning’s most disciplined
response to uncertainty.

The scholastic ordering ens > verum > scientia, and its aptness to this argument, I owe to Bruno
Bérard.
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