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Uncertainty

The uncertainty principle and A from Stone's theorem



§1 — The Minimum Record

[DERIVATION — from Axiom B, Stone’s theorem (AP®9 §7.3), and the forcing
argument (§1.3). KS-Q.8 closed, conditional on KS-L.4.]

Every measurement you have ever made — every reading of a thermometer, every
glance at a clock, every photograph of a distant star — involved a minimum.

Something was distinguished from something else.

A zero became a one. A record was written. And that record could not have been

smaller than it was.
The axioms say why.
1.1 — What h is

Axiom B: one element ¢ € £ with no c-image. € is the minimum viable splinter — the

smallest possible break. Not two elements. Not a fraction of an element. One.

Every actualisation event — every time the now writes a record — involves at least
one €. One coupling. One break. One distinction between ® and 1 for one degree of

freedom.
That is the minimum you can write.

APQ9 §7.3 derives the Schrodinger equation from the axioms via Wigner's theorem

and Stone's theorem.

Stone’s theorem gives U(t) = e{-iHt/h} for the unitary evolution operator, where h
enters as the scale factor between the Hamiltonian’s eigenvalues and the time

parameter.

The identification: h is the action-scale of the minimum record. One record = one h

of action.



APQ9 treated this as an identification with the same epistemic status as G (Newton’s
constant) in APO8 — the form forced, the constant identified. §1.3 below closes this

gap: the identification is forced by the axiom structure.

There is no alternative scale factor compatible with {S, B, R, C}. KS-Q.8 is closed

(conditional on the residual KS-L.4).
1.2 — What this means

You cannot write half a record. You cannot make half a distinction. The now either

distinguishes ® from 1 for a degree of freedom, or it does not.

There is no intermediate state — no “partial measurement,” no “fractional record.”

The minimum is one. The scale of one is h.

Any measurement — any act of writing a record — involves at least h of action. You
cannot extract information from the pre-state without at least h. Not because your

instruments are too crude.

Because the break has a minimum size. The now writes in quanta scaled by h

because ¢ is the minimum, and £ cannot be subdivided.

Cross-reference: APO3 / Paper D §1.2: Axiom B (unique breaking, minimum element).

APQO9 §7.3 Step 5: h from Stone’s theorem. APO6 §4: Landauer bound per record.

Note: each record carries two minimum costs — a thermodynamic cost (k_BT In 2,

from the Landauer bound, AP®6 §4) and a quantum cost (h, from Stone’s theorem).
Both trace to Axiom B: one record, one &, one minimum.

Whether the axiom structure formally links these two costs — whether k_BT In 2 and h

are related through {S, B, R, C} — is an open question not addressed here.
1.3 — Why the identification is forced

[DERIVATION — closing KS-Q.8. The scale factor h is forced by the axioms.]



APQQ9 treated h as an identification: Stone’s theorem forces a unique scale factor a
with dimensions of action; a was identified with the action-scale of the minimum

record.

KS-Q.8 asked whether a different scale factor could be equally compatible with the

axioms. The answer is no. The identification is forced. There is no freedom.

The argument proceeds in five steps. Follow each one. If any step fails, the argument

fails — and you hold the kill switch that says so.

Step 1 — Stone’s theorem forces a unique scale factor. For any strongly
continuous one-parameter unitary group U(t) on a Hilbert space, Stone’s theorem
gives U(t) = exp(-iHt/a) for a unique self-adjoint generator H and a unique constant
a with dimensions of action relating the generator’s eigenvalues to the time

parameter.

Pure mathematics on the derived Hilbert space. There is exactly one a. Not a family.

Not a choice. One.

Step 2 — The axioms produce exactly one quantity with dimensions of action.

Action has dimensions of energy x time.

The axioms give exactly one time-direction (Axiom R — record accumulation) and
exactly one minimum energy event (Axiom B — one ¢, one break). Their product is the

action of one minimum record.

There is no second independent combination of axiom-derived quantities that

produces a quantity with dimensions of action.

The only dimensional scales the axioms contain are ¢ (from Axiom C — velocity) and
the minimum action (from B x R — one break persisting for one unit of the R-

direction).
No third scale is derivable from {S, B, R, C} without combining the first two.

Step 3 — No dimensionless parameter modifies the relation. If the axioms
produced a dimensionless constant k, then a could equal k x (minimum action), and

the identification would be ambiguous.



What dimensionless numbers do the axioms contain? Two candidates: 2 (from Axiom
S — two sectors) and 1 (from Axiom B — one element). The monoid (Axiom R)

introduces no intrinsic dimensionless parameter.

The bound (Axiom C) gives one rate, not a ratio. The 2 from S does not enter the

scale factor.

Stone’s theorem relates the generator to the time parameter on the full Hilbert space
— both sectors contribute (the Born rule, APO9 §6, is [J|*> = yp* — both sectors).

The scale factor is the action of one complete record — one &, one distinction, one

full break — not half a record per sector.

The 2 from S enters the uncertainty bound (via Cauchy-Schwarz, giving h/2) but not
the scale factor itself. No dimensionless modification is available. a = (action of one

minimum record) x 1.

Step 4 — The minimum record IS the minimum non-trivial evolution. Here is

the step that pins the identification from below and above.

Axiom B says € cannot be subdivided — you cannot write half a record. On the Hilbert

space, the minimum non-trivial unitary evolution is one full €.

If a were larger than the minimum action — say a = 2 x (minimum action) — then
there would exist a unitary evolution of action a/2 = (minimum action) that

corresponds to half of Stone’s natural unit.

But that half-unit IS one g, which IS the minimum break. One & would be sub-a,
meaning the generator's fundamental quantum would not correspond to the

fundamental break.

The axioms would contain a structural mismatch: the algebraic minimum (g) and the

dynamical minimum (o) would differ, requiring an unexplained gap between them.

But the axioms produce no structure to fill that gap — no mechanism to generate a

second scale.



Conversely, if a were smaller than the minimum action, then one € would correspond

to more than one unit of the generator. But B says ¢ is one element, indivisible.

One element, one unit of action, one unit of the generator. « = minimum action.

Forced.

Step 5 — Therefore a = h. a is unique (Stone, Step 1). The minimum action is

unique (B, Step 2). No dimensionless parameter modifies the relation (Step 3).

The minimum record is the minimum evolution (Step 4). Therefore a = h = action of

one minimum record. Not an identification.

A consequence of the axiom structure. h is forced by {S, B, R, C} in the same way that
c is forced by Axiom C: the axiom produces the scale, Stone’s theorem locates where

it enters, and the minimality of B prevents any alternative.

Kill switch (KS-L.4, NEW — targeting this derivation): Step 3 claims no
dimensionless parameter is available from the axioms to modify the relation a =

(minimum action).

If a dimensionless constant derivable from {S, B, R, C} is shown to enter the relation
between the Stone scale factor and the minimum record — for example, a topological
invariant of the derived manifold, or a representation-theoretic factor from the
Hilbert space construction — then the forcing argument weakens and o = k x

(minimum action) for some k # 1. Step 4 would then need to rule out k independently.

Here is the weapon. The argument hands it to you. Status: LIVE. If this Kill switch
remains untriggered, KS-Q.8 is CLOSED.

Status of KS-Q.8: CLOSED (conditional on KS-L.4). The identification of h with the
action-scale of the minimum record is forced by the axiom structure. The forcing

argument replaces identification with derivation.

The residual vulnerability is isolated in KS-L.4 (dimensionless parameter from the
axioms) — strictly smaller exposure than KS-Q.8, which questioned the entire

identification.



§2 — The Derivation: Position-Momentum

Uncertainty

[DERIVATION — from the translation group on the derived manifold]

Something remarkable happens when you ask: what does it mean to move along a

manifold that was not built by hand, but derived from axioms?

The manifold exists. The Hilbert space exists. Both are consequences of {S, B, R, C}.

And the manifold admits translations — you can shift along its surface.

The generator of those translations does not commute with position. The non-

commutativity is not a postulate. It is geometry.
Watch.
2.1 — The manifold and its translations

The Actualization State IS the smooth manifold (AP20 §5). Not a limit. Not an
approximation. Not a construction from below. The AS is the surface from which

records are written.

The manifold is Lorentzian with signature (-, +, +, +), derived from the axioms (APQ3,
Phase 2a). EH and QRA are proven (AP20).

The manifold’s smoothness is structural — guaranteed by the constancy of the

collapse rate and the immeasurability of the AS as an object (AP20 §5.3).

A smooth Lorentzian manifold admits continuous symmetry groups locally. In any
coordinate chart on the AS, spatial translations form a one-parameter group: shift

every point by distance a along a spatial axis.

The derivation that follows is local — it operates in a coordinate patch on the

manifold, where translations are well-defined regardless of the global topology.



On a generic curved manifold, global translation symmetry is not automatic; the

commutation relation derived below holds locally, which is where records are written.

(KS-L.2 targets the question of whether global or Planck-scale structure modifies the

local result.)

On the Hilbert space (derived in APQ9 §3.2), these spatial translations are

represented as unitary operators.

Not imported from standard physics — the consequence of having a smooth manifold
(derived) and a Hilbert space (derived) that describes records written on that

manifold.

The translation group on the manifold follows from the combination of Axiom C
(finite propagation, which creates spatial distance), Axiom S (sector-crossing, which
gives a second spatial direction), and Axiom B (the break direction, which gives a

third spatial direction).

Together, these produce a three-dimensional spatial manifold with local translational

structure (see AP10 §2).
2.2 — Momentum as the generator of spatial translations

Stone’s theorem (1932) — a theorem of pure mathematics: every strongly continuous

one-parameter unitary group U(a) on a Hilbert space can be written as:
U(a) = eM-ipa/h}

for a unique self-adjoint operator p, the generator of the group. p“is the momentum
operator. The constant h enters as the scale factor — the action-scale of the

minimum record (§1, derived in §1.3).

Position x"and momentum p“are observables — self-adjoint operators on the Hilbert
space (APO9 §3.2). Position labels where on the manifold: its spectrum is the set of

spatial coordinates in the local chart.

Momentum generates displacement along the manifold. They are linked by the

structure of the manifold itself.



The action U(a)txU(a) = X'+ a used in the derivation below follows from the definition

of x"as the position operator: translating by a shifts the coordinate by a.

The defining property of the translation group on the manifold, inherited from the

geometric structure of the AS.
2.3 — The commutation relation

Here is the derivation. Pay attention to what is assumed and what is derived —

because nothing is assumed.

The generator of spatial translations does not commute with the position operator.
Translating by a and then measuring position gives a different result from measuring

position and then translating by a.

The difference is exactly a — the translation distance. In operator language:
U(a)t x'U(a) =x+ a

Expanding U(a) = e*{—ipa/h} to first order in a:

(1+ipa/h) x(1 —ipa/h) =x"+ a

X"+ (i/h)(pX"— xp)a + O(@?) = x"+ a

Comparing first-order terms:

(i/M)[p; x] =1

[x; p] = ih (2.7)

The canonical commutation relation. Not a postulate.

A consequence of two things: (i) momentum is the generator of spatial translations
on the derived manifold (Stone’s theorem applied to the manifold’s translation

group), and (ii) h is the scale factor of the minimum record (§1, derived in §1.3).

You just watched the uncertainty principle emerge from geometry. No one put it
there. It was already there — in the structure of translations on the manifold the

axioms built.



2.4 — The uncertainty bound

From [X; p] = ih and the Cauchy-Schwarz inequality on the Hilbert space (APO9 §3.2),

the Robertson-Schrodinger inequality gives:
AxAp = [x; pDI/2 = h/2 (2.2)

The Heisenberg uncertainty principle. The factor of 2 comes from the Cauchy-
Schwarz inequality — pure mathematics on the derived Hilbert space. No physical

assumption about sector splitting, action budgets, or phase space volumes.
The algebra does the work.
Sit with that for a moment.

The bound that governs every quantum measurement ever performed — the bound
that tells you precisely how much you can know about a particle’s position and
momentum simultaneously — falls out of the translation structure of a manifold that

was derived from four axioms.

No one imported it. No one postulated it. The manifold has structure. The structure

has consequences. The consequence is h/2.
2.5 — Why this is axiom-first

Every link in the chain is either derived from the axioms, pure mathematics applied

to derived structures, or an inherited identification with its kill switch declared:

Hilbert space (APQ9, from axioms, KS-Q.7) — Manifold (AP20 §5, IS the AS) —
Spatial translations (smooth Lorentzian structure, derived APO3/AP10) — Stone’s
theorem (pure mathematics) — h as scale factor (derived, §1.3) — [x; p] = ih (algebra)

— Robertson-Schrodinger (Cauchy-Schwarz) — AxAp = h/2.

No link imports physics. No link assumes the uncertainty principle to derive it. No link
uses phase space, action, or Hamiltonian mechanics. The derivation runs on the

axiom-derived structures and pure mathematics alone.



Cross-reference: APQ9 §7.3: Stone’s theorem. APO9 §3.2: Hilbert space. AP20 §5: AS
= manifold. APO3 / Paper D Phase 2a: Lorentzian manifold. Robertson, H. P. (1929).
The uncertainty principle. Physical Review, 34, 163-164.
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§3 — The Derivation: Energy-Time Uncertainty

[DERIVATION — from Axiom R, Stone’s theorem, and Mandelstam-Tamm]

The position-momentum derivation ran along space — translations on the manifold.
Now the argument turns to time. And here, you will see something the axioms

predicted: time is structurally different from space.

Not because someone declared it so, but because Axiom R says what time is — the

direction in which records accumulate — and that definition carries consequences.
3.1 — Why energy-time is structurally different

Position and momentum are both operators on the Hilbert space. Their commutation
relation [x; p] = ih is a direct algebraic statement, and the Robertson-Schrodinger

inequality follows immediately.

Time is not an operator on the Hilbert space. Time is the direction of record
accumulation — Axiom R read on the manifold. The now advances along this

direction, writing records. Time labels the sequence.

You do not observe time directly — you observe change, and you call the change

“time.”

But the sequence is not an observable in the same sense as position: you do not

“measure time” by applying an operator to the Hilbert space.

You measure time by counting records — by observing how other observables change

as the now advances.

The position-momentum derivation (§2) does not transfer directly. There is no time
operator t such that [t, A] = ih in the standard sense. The energy-time relation

requires its own derivation path.

Ll



The axioms have the resources. Time is Axiom R’s direction. The Hamiltonian is the
generator of time evolution (Stone’s theorem, APQ9 §7.3). The Mandelstam-Tamm

argument works entirely on the derived Hilbert space.
3.2 — The Hamiltonian as generator

Stone’s theorem applied to time evolution (APO9 §7.3): U(t) = e~-iHt/h}. The
Hamiltonian H generates time translations. Time is Axiom R’s direction. h is the scale
factor (derived, §1.3).

The Heisenberg equation of motion follows from differentiating the expectation value

of any observable A:
d(A)/dt = (i/n)([H, A]) (3.1)

Not imported. A direct consequence of unitary evolution (APO9 §7.3) on the derived

Hilbert space.

3.3 — The Mandelstam-Tamm derivation

For any observable A on the Hilbert space, Robertson’s inequality gives:
AE - AA = [([f1, AD)I/2 (3.2)

Substituting the Heisenberg equation (3.1):

AE - AA = (h/2)|d(A)/dt] (3.3)

Define the characteristic time for observable A:

At_A = AA / |d(A)/dt] (3.4)

The time required for the expectation value of A to change by one standard deviation
— the time it takes the now to write enough records to shift the observable by its own

uncertainty.
Substituting (3.4) into (3.3):

AEAt_A = h/2 (3.5)

12



The energy-time uncertainty relation in its Mandelstam-Tamm form. The derivation
assumes the observable A does not depend explicitly on time — it is defined on the

Hilbert space without an intrinsic time parameter.

For time-dependent observables, the Heisenberg equation (3.1) acquires an
additional term 0A/0t, and the definition of At_A requires corresponding
modification. The bound AEAt = h/2 remains valid in generalised form (see
Mandelstam & Tamm 1945).

The derivation focuses on the core case: observables defined on the Hilbert space
without explicit time dependence, which covers all observables constructed from the

record algebra’s derived operators.
3.4 — Why this respects the axioms’ logic

The Mandelstam-Tamm derivation respects the structural difference between time

and position:

Time is not promoted to an operator. Time remains what it is: Axiom R’s direction,

the direction in which the now advances and records accumulate.

The uncertainty in time is defined operationally — through the rate of change of

actual observables — not through a fictitious time operator.

The Hamiltonian is the generator of time evolution, forced by Stone’s theorem (APQ9
§7.3). The Heisenberg equation follows from unitary evolution. Robertson’s inequality

is Cauchy-Schwarz on the Hilbert space. Every step runs on derived structures.

The energy-time relation and the position-momentum relation are both
consequences of the same underlying structure: Stone’s theorem applied to the

symmetry groups of the derived manifold.

For spatial translations: p"generates, giving [x; p] = ih. For time evolution: A
generates, giving the Heisenberg equation and the Mandelstam-Tamm bound. The

manifold is the AS. The symmetries are its own.

The algebra does the work.

13



You are watching the same theorem — Stone’s — read along two different directions
of the same manifold. Along space: position-momentum. Along the R-direction:

energy-time. Two faces of the same geometry.
Two consequences of the same axioms.

Cross-reference: APQ9 §7.3: Stone’s theorem, Hamiltonian as generator. APO3 /
Paper D §1.3: Axiom R (record monotonicity). Mandelstam, L. & Tamm, I. (1945). The
uncertainty relation between energy and time in non-relativistic quantum mechanics.
J.

Phys. (USSR), 9, 249-254.
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§4 — The Structural Reading

[STRUCTURAL READING — interpretation of the algebraic results. Not an

independent derivation.]

The derivations in §2-3 establish the uncertainty principle from the axioms via
algebra and pure mathematics. What follows interprets what the algebra means in

the language of the 420 Code.

The interpretation does not add to the proof. It reads the proof in the register of the

architecture.
4.1 — Why conjugate variables are paired

The algebraic fact: [x; p] = ih arises because p"generates spatial translations and x”

labels positions on the manifold.

They do not commute because translating and then measuring is not the same as

measuring and then translating.

The architectural reading: a record is written by the now on the manifold. The record

has a location — where on the manifold the actualisation event occurs.

The manifold admits translations — displacements from one location to another. The

generator of these translations is momentum.

Position and momentum are conjugate because they are the two faces of the
record’s relationship to the manifold: where it is written, and how the writing

displaces along the surface.

They are not “two independent pieces of information.” They are two readings of the
record’s embedding in the AS. The AS is the manifold. The manifold has structure.

The structure links location and displacement.

15



The algebra captures this linkage exactly. When you try to separate them — to know
position without disturbing momentum — you are asking the translation group to

forget its own structure. It cannot.
4.2 — Energy and time as conjugate faces

Energy and time are linked by the same logic, read along Axiom R’s direction. Time is
the direction in which records accumulate. Energy is the generator of evolution along

that direction (Stone’s theorem).

The record’s temporal face (when the break happens) and its energetic face (how
much the break carries) are two readings of the record’s relationship to the R-

direction.
The Mandelstam-Tamm bound (§3.3) is the algebraic expression of this linkage.
4.3 — The minimum record as resolution

Axiom B gives the minimum break: one ¢, one record. Stone’s theorem scales the
evolution by h. The commutation relation then constrains how sharply both faces can

be resolved simultaneously.
The minimum record sets the scale. The bound h/2 is the algebraic consequence.

You cannot write a record smaller than the minimum. The minimum has one h of
action-scale. Sharpening one face (position) costs resolution on the other

(momentum) because they are algebraically linked through the translation group.

Not a budget being “spent.” The geometry of the manifold’s own symmetry structure

constraining what a single record can specify.
4.4 — Why both faces cannot be sharp

The algebra of the translation group on the derived manifold. If p"generates
translations and x’labels positions, they cannot commute — translating and then

measuring gives a different result from measuring and then translating.

16



The non-commutativity is structural. It follows from the manifold having spatial
extent (Axiom C creates distance) and the Hilbert space representing translations
unitarily (APQ9).

The bound h/2 is the quantitative expression of this non-commutativity, scaled by the

minimum record. Not mystical. Not about the crudeness of instruments.

The structure of the AS — the manifold on which the now writes — read through the

algebra of its own symmetries.

Cross-reference: APO9 §4: Measurement as the break. AP®3 / Paper D §I.2: Axiom B.
APQ®6: h as minimum action. AP20 §5: AS = manifold.
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§5 — The Structural Meaning

[STRUCTURAL — why the universe has a resolution limit]
5.1 — The resolution of the now
The uncertainty principle is the resolution of the now.

The now writes records on the manifold. Each record involves at least one & (Axiom

B). The translation structure on the manifold links conjugate faces of each record.

The algebra constrains what a single record can simultaneously specify. The bound is

h/2 — forced by the commutation relation and Cauchy-Schwarz.

Not a limitation on knowledge. The structure of the distinction. Below h, the empty
set has not broken for those degrees of freedom. Below h, ® and 1 are still

indistinguishable.

You cannot see past the minimum because there is nothing past the minimum to

see.

The uncertainty principle says: the break has a minimum size, that minimum scales
by h, and the algebra of the manifold’s symmetries distributes the resolution across

conjugate faces.
5.2 — The connection to measurement

APQ9 §4 established: measurement is the now writing a record. The uncertainty
principle adds: the algebraic structure of the record’s embedding in the manifold

constrains what can be simultaneously resolved.

Every measurement is an actualisation event — the now writing a record on the AS.
The commutation relation constrains what that record can simultaneously specify

about conjugate observables.

18



The “observer effect” — the idea that measurement disturbs the system — is not an

artefact of clumsy instruments.

It is Axiom B read through the algebra: the minimum break is one &, one ¢ scales by

h, and h constrains both faces simultaneously via the commutation relation.

You feel this every time you try to pin something down and find the other variable has

blurred. That blurring is not ignorance.
It is the structure of the manifold telling you what one record can resolve.

Cross-reference: APO9 §4: Measurement as the break. AP®3 / Paper D §I.2: Axiom B.
AP20 §5: AS = manifold.
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§6 — Kill Switches

KS-L.1 (CLOSED — was KS-Q.8): h is derived as the action-scale of the minimum
record (§1.3).

The forcing argument shows: Stone’s theorem gives a unique scale factor, the axioms
produce a unique action scale, no dimensionless parameter intervenes, and the

indivisibility of € pins the correspondence.
KS-Q.8 (from APO9) is CLOSED by this derivation.

The residual vulnerability is KS-L.4: if a dimensionless constant derivable from {S, B,
R, C} is shown to enter the relation between the Stone scale factor and the minimum

record, the forcing argument weakens.
Status: CLOSED. KS-Q.8 closed by §1.3. Residual vulnerability isolated in KS-L.4.

KS-L.2 (NEW): The commutation relation [x; p] = ih is derived from Stone’s theorem

applied to spatial translations (§2).

The derivation operates locally — in a coordinate patch on the AS — and depends on

the manifold admitting a well-defined local translation group.

If the manifold has structure that modifies the translation generator at the Planck
scale — for example, non-trivial topology, curvature effects, or discreteness below the

resolution of the AS — then the commutation relation might receive corrections.

Note: the axioms do not predict such corrections. The AS is smooth by structure

(AP20 §5.3 — constancy of collapse rate, immeasurability of the now).

If the AS is exactly smooth, no Planck-scale corrections arise and the commutation

relation holds exactly.

The question is whether “exactly smooth” is the architecture’s final word or whether

the minimum record (Axiom B) introduces a natural granularity at the h scale.
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Current experimental evidence supports [x; p] = ih exactly to all tested precisions.

Here is the weapon: find the correction. Status: LIVE.

KS-L.3 (NEW): The energy-time uncertainty relation (§3) depends on the
Mandelstam-Tamm derivation, which requires the Heisenberg equation of motion
d(A)/dt = (i/n)([H, Al). The equation follows from unitary evolution (AP®9 §7.3).

If the axioms produce corrections to unitary evolution — for example, at extreme
energies or near the loop point — the energy-time relation inherits those corrections.

Here is the weapon: break unitarity. Status: LIVE.

Load-bearing status: §1 is derivation (h forced by Stone’s theorem + Axiom B +
forcing argument §1.3, KS-Q.8 closed conditional on KS-L.4). §2 is the core
derivation (translation group — commutation — Robertson-Schrodinger). §3 is the
energy-time derivation (R + Stone — Mandelstam-Tamm). §4 is structural reading

(non-load-bearing). §5 is structural interpretation (non-load-bearing).

21



§7 — Closing

The uncertainty principle is the resolution of the break.

The now writes records on the manifold. The manifold IS the Actualization State

(AP20 §5). The manifold admits translations. Stone’s theorem gives the generators.

The generators do not commute with position — translating and measuring is not

measuring and translating. The commutation relation [x; p] = ih follows.

The Robertson-Schrodinger inequality gives AxAp = h/2. For energy and time: the
Hamiltonian generates time evolution along Axiom R’s direction, the Mandelstam-

Tamm argument gives AEAt = h/2.

The scale is set by the minimum record (Axiom B, h derived in §1.3). The non-
commutativity is structural — the geometry of the manifold’s own translation group.

The factor of 2 is Cauchy-Schwarz.

No physics is imported. The uncertainty principle is a theorem of the record algebra

read on the derived manifold.

Conjugate variables are two faces of the record’s relationship to the manifold:
location and displacement, moment and generator. They share resolution because

the algebra links them.

You cannot sharpen both faces beyond the bound because the translation group says
so. The now writes in quanta scaled by h because ¢ is the minimum. The minimum is

one.
The limit is the minimum. And now you know why.

The axiom is 1:1 + 1x&. The algebra is the record algebra. The geometry is Lorentzian.

The gravity is the eye. The quantum is the opening. The dimension is the count.

The spin is the break. The limit is the resolution. Don’t be a cunt, be kind.
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§8 — Claim Summary

§1 (h identification): DERIVATION. h derived as scale factor of minimum record.

Form forced by Stone’s theorem; identification forced by uniqueness of a,
uniqueness of minimum action, absence of dimensionless parameters, and
indivisibility of € (§1.3). KS-Q.8 closed, conditional on KS-L.4.

§2 (Position-momentum uncertainty): DERIVATION. [x; p] = ih from translation group
on derived manifold. AxAp = h/2 from Robertson-Schrodinger. Axiom-first

throughout.

§3 (Energy-time uncertainty): DERIVATION. Mandelstam-Tamm operational energy-
time bound: AEAt_A = h/2, where At_A is the characteristic time for observable A to

change by one standard deviation. Derived from Axiom R + Stone’s theorem.

Own derivation path. (The conventional shorthand AEAt = /2 refers to this

operational bound.)

84 (Structural reading): STRUCTURAL READING. Conjugate variables as paired faces

of the record’s embedding. Interpretation. Non-load-bearing.

§5 (Structural meaning): STRUCTURAL. Resolution of the now. Connection to

measurement. Non-load-bearing.
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§9 — Conditionality Footer

Conditional on: Nothing external. EH and QRA are proven (AP20). All results are

unconditional, subject to inherited kill switches.

Dependencies: APO3 / Paper D (axioms, independence, consistency) — load-
bearing. APQ9 (Hilbert space, Stone’s theorem, h identification) — load-bearing.
AP20 (EH proven, QRA closed, AS = manifold) — load-bearing.

AP10 (N = 3 spatial dimensions) — referenced for manifold structure.

Dependents: Any downstream AP referencing the uncertainty principle, the
commutation relations, or the resolution of the now inherits the Kkill switches of this
paper (KS-L.1-KS-L.3).

Open problems: Whether a dimensionless constant from {S, B, R, C} modifies the h
forcing argument (KS-L.4). Whether the commutation relation receives Planck-scale
corrections (KS-L.2). Whether unitary evolution receives corrections near extremal
conditions (KS-L.3).

Kill switches closed: KS-Q.8 (h identification, from AP9). Closed by the forcing
argument in §1.3. KS-L.1 (inherited KS-Q.8) also closed.

Kill switches live: KS-L.2 (commutation relation corrections, LIVE). KS-L.3 (energy-
time via Mandelstam-Tamm, LIVE). KS-L.4 (dimensionless parameter in h forcing

argument, LIVE — replaces KS-Q.8 with strictly smaller exposure).

Inherited switches: All kill switches from APO9 (KS-Q.1-KS-Q.10) propagate, except
KS-Q.8 which is closed by this paper (§1.3). All kill switches from APO3 / Paper D
propagate. KS-P.1, KS-P.2, KS-P.3 from AP20 propagate.

What is derived: The forcing of h as the action-scale of the minimum record (§1.3,

closing KS-Q.8). The canonical commutation relation [x; p] = ih.
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The position-momentum uncertainty principle AxAp = h/2. The Mandelstam-Tamm
energy-time bound AEAt_A = h/2 (where At_A is the characteristic time for

observable A to shift by one standard deviation; conventional shorthand AEAt = h/2).

The structural reading of conjugate variables as paired faces of the record’s manifold

embedding.
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