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This is Part 1 of 2 — read it first. Part 1 builds the whole idea in plain language. Part
2 will then re-tells the same story at full mathematical rigor, reusing the same terms, the
same running example, and the same “where we are” map, so it will feel familiar rather than
new.

This document is written so that anyone can follow it, whatever their background. It assumes
no prior physics and no mathematics beyond arithmetic. Everything else — ratios, complex
numbers, vectors, “normal modes,” projections — is defined in green Math toolkit notes
exactly where it is first needed.

Cross—references: every technical term in colored type is a link to its plain—language definition in
the Glossary. Click any such term to jump there.
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1 How to read this document

In plain words. Recognition Science (RS) tries to build physics out of one idea: that reality is
comparison — one thing measured against another — and that comparison must be paid for and
booked like money in an account. This guide walks us through one complete act of recognition,
slowly, and shows how something that looks exactly like quantum mechanics comes out the far end.

We do not need to know any of the machinery in advance; each idea is introduced from scratch,
in order, the first time it is needed. A few lightweight signposts recur through the guide, and it
helps to recognize them. Every step opens with a short In plain words statement — the idea with
no symbols — followed by the same one-line “where we are” map of the whole journey, with our
current stop highlighted, so we never lose the thread. A grey Story so far sentence then reminds
us what the previous step established, so we never have to hold the entire argument in our head
at once. When a piece of mathematics is needed — ratios, complex numbers, vectors, “normal
modes,” projections — a green Math toolkit note teaches exactly that piece, from the ground up,
right before it is used, and a blue Picture it note supplies an everyday analogy so we can see the
idea. A single running example, Cell A, is carried through every stage so that each new concept
attaches to the same concrete story, and each step closes with one Remember this sentence worth
keeping. Passages marked Deep dive (safe to skip) hold the careful mathematics and can be passed
over on a first reading without losing the thread; the longer derivations are kept in the appendices
so the main text stays light.

Throughout, I keep two things carefully apart. The first is the picture: space imagined as a
vast grid of little cells (voxels) forming a lattice, each cell keeping an account book, a clock ticking
through discrete phases. This imagery is useful for intuition but is not yet claimed/proved to be
literally the world. The second is the proven core: a set of eight states, a one—step—at—a—time
route through them, a distinguished “slice” of states, and a single operator — and this is what
the mathematics actually establishes. The picture is a faithful model of the proven core, never a
substitute for it, and wherever the two might blur a red What is really proved note says exactly
what is known.

Because RS makes strong claims, it is disciplined about where each ingredient comes from, and
I mark every ingredient as one of four kinds: Imported, meaning borrowed from other RS work as
a starting point; Assumed, a modeling choice made openly here; Derived, something genuinely
proved from what came before; and Not derived, something not obtained here and flagged as
such. Section 16 gathers every ingredient into these four columns on a single page.

2 The whole story in one page

In plain words. Here is the entire journey. Every step is unpacked slowly later.
This same ten—stop map reappears at the top of every step, with our current stop highlighted in
blue, so we always know where we are:

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger

It begins with the observation that comparing two amounts costs something. To compare is
to look at their ratio; agreement is free and disagreement is not, and one sensible rule about how
successive comparisons combine forces a single, unique cost formula, written J. Asking next at
what scale recognition stays consistent with its own bookkeeping turns up one special number, the
golden ratio ¢ ~ 1.618, as the only self-consistent choice.



Recognition then needs room to hold things apart while they interact, and that room is exactly
three dimensions; a location in three dimensions carries three yes/no facts, giving 2% = 8 possible
states — the eight corners of a cube. A complete recognition must visit all eight corners, changing
one fact at a time and returning home, and the shortest such closed route takes exactly eight steps:
the eight—tick Gray cycle.

So far every corner is a plain classical setting. The quantum character appears only once each
corner is allowed to carry a complex amplitude — a size and a phase — so that one full cycle
becomes a list of eight numbers, a state, and advancing by one tick simply rotates the list: the shift
P. Broken into its natural vibration patterns, the cycle reveals four special patterns that come
back negated halfway around; these four make up the slice where quantum behavior lives, and they
carry the built—in factor of ¢ that quantum mechanics runs on.

A single recognition operator, R = IIx P, then runs the whole process: on each tick it advances
the state (a reversible rotation) and commits (keeping the slice and letting the rest fade). Advancing
is reversible; committing is not. Finally, giving each tick a physical duration turns the surviving
slice’s steady rotation into the Schrodinger equation, exactly. That is the entire mechanism; the
rest of the guide earns each clause of it in turn.

What is really proved. This story does not conjure quantum mechanics from nothing, yet (which
I would love to work next). Several ingredients — the complex numbers, the “negated halfway”
rule, the tick’s duration, the Born rule, physical 3D space, the coupling constants — are Assumed
or Not derived. What is genuinely Derived is a conditional result: if we grant those inputs,
then a specific quantum—like system with an exact evolution law follows. This guide labels each
step so we always know which is which.

3 The three starting rules (axioms)

In plain words. Everything below rests on three plain statements. Read them as house rules.

Axiom (Distinction). Something can be told apart from something else. (Without any difference
there is nothing to notice, nothing to record.)

Axiom (Ledger balance). Every act of recognition is booked as a matched pair — a debit and
an equal credit — so a closed loop of recognitions adds up to zero. (Nothing is created for free.)

Axiom (Least cost). Of all the ways a thing could be arranged, the one that actually happens is
the cheapest to recognize.

Picture it. Think of double—entry bookkeeping. Distinction: there is something to write down.
Ledger balance: every entry has a matching counter—entry, so the books always balance over a full
cycle. Least cost: nature is thrifty — it picks the lowest—cost option. That is the whole foundation.

The rest of the guide shows how far these three rules can carry us.
4 Step 1 — Comparing costs something: the function J

Where we are: distinction — cost ./ — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger



Story so far: we have three house rules — a difference exists, it is booked in balanced debit/credit
pairs, and nature is thrifty. Now we turn “comparison” into an actual number.

In plain words. To “recognize” here means to compare: we never see an absolute number, we see
one amount measured against another. Compare two amounts and we get a ratio. If they match,
the ratio is 1 and the comparison is free. The further the ratio is from 1 — in either direction —
the more the mismatch “costs.” We want a formula J for that cost. Remarkably, one reasonable
rule forces the formula completely.

Math toolkit — ratios. A ratio is one number divided by another: comparing a to b gives
x =a/b. If a = b the ratio is 1 (perfect match). Being “twice too big” is x = 2; “twice too small”
isx = % These are the same size of mistake in opposite directions, so we will want a cost that
treats  and 1/x equally.

The three axioms pin down three features of the cost J(x):
(1) No cost at a match: J(1) =0.

(2) Same either way: J(z) = J(1/x) — over— and under—shooting by the same factor cost the
same. (These are the debit and credit columns of the ledger.)

(3) Comparisons combine consistently. If we make two comparisons in a row, the total cost
must not depend on how we bracket them. Writing that requirement down gives one equation
relating J(zy), J(z/y), J(x), and J(y).

Theorem (There is only one cost formula). The only cost obeying (1)-(3) (with the natural cali-
bration that fizes the units) is

(z—1)

J(m):%(er%)—l:T. (1)

The full derivation is a short classical argument; it is in Appendix A for those who want it. You
do not need it to continue.

Picture it. J is a valley with its bottom at x = 1. Sit exactly at a match and we pay nothing.
Drift either way — too big or too small — and we climb the valley wall; the cost grows the same
on both sides. Small mismatches cost a little (about % (error)?), big ones cost a lot. It behaves like
the energy stored in a stretched spring.

Example (A concrete number). Compare a thing to something 1.6 times bigger: = = 1.6 gives
J = %(1.6—1—0.625) —1 = 0.11. Compare to the golden ratio ¢ ~ 1.618 and the cost is J(¢) =~ 0.118.
Compare a thing to its exact match and the cost is 0.

Our running example. Cell A, the one cell we will follow all the way to a quantum wave. Right now
Cell A is comparing a bond with its neighbor at ratio v = ¢ ~ 1.618, so this one comparison costs it
J(p) =~ 0.118. Hold onto Cell A.

Deep dive (safe to skip) — why this cost is “natural”. Written as J(x) = (x — 1)2/(2x), the cost is
convex with J(1) = 0 and J"(1) = 1, which makes it a legitimate generator of an f—divergence: for probability
lists p,q, Dj(pllq) = >, 90 J(Pa/qa) is a distance-like score whose leading term is the Fisher-Rao metric of
statistics. So J sits naturally beside relative entropy and x2. This is suggestive, not load—bearing: it does
not by itself pick a statistical model, a gap that returns in Section 11.

Remember this. Comparison has one price, J(z) = £(z +1/z) — 1: zero at a perfect match, and
the same whether we overshoot or undershoot.



5 Step 2 — A special scale: the golden ratio ¢

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger

Story so far: comparison has a single, unique price J, cheapest at a perfect match.

In plain words. The cost J says how much a comparison costs. The next question is: at what
scale is recognition consistent with itself? Recognition has to pay for its own bookkeeping, so we
look for a scale unchanged by “add one unit and compare again.” There is exactly one such positive
scale, and it is the famous golden ratio.

Requiring x to equal 1 + % (the scale that reproduces itself under this step) gives 22 = z + 1,
whose positive solution is

1+5
2

1
~ 1.618, 0 =p+1, o=14—. (2)
@

Picture it. ¢ is the scale that “looks the same after we zoom by one recognition step.” It is a fixed
point, not a taste — which is why golden-ratio structure keeps reappearing later.

Our running example. Cell A’s bond sits at exactly this special scale, © = p — that is the reason we chose
that ratio for it in Step 1.

Deep dive (safe to skip) — the RS natural units. Once @ is fized, RS reads off natural units in which
the tick and the elementary length are 1, and

c=1, h=p%~0090, G:‘%, kr = Inp.

We do not need these numbers to follow the mechanics; they are what later turn the eight-tick count into a
physical clock (Section 14).

Remember this. One scale reproduces itself under recognition — the golden ratio ¢ ~ 1.618,
obeying ¢? = ¢ + 1.

6 Step 3 — Why three dimensions, and why eight states

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger

Story so far: we have a unique cost J and a self-consistent scale o — both about a single com-
parison. Now we ask where recognition lives.

In plain words. For two things to be recognized as distinct while they interact, there has to be
room to hold them apart without their crossing. Two closed loops can be linked like chain links
only in three dimensions: in two there is no room (they must cross), in four or more they always
slip apart. So the recognition arena is 3D. And in 3D a location carries three independent yes/no
facts (one per direction), giving 2 x 2 x 2 = 8 possibilities — the eight corners of a cube.

Math toolkit — bits and the cube. A bit is a single yes/no (written 0 or 1). Three bits
together, like babibg, give 23 = 8 combinations: 000,001,010,011,100,101,110,111. Picture each
combination as a corner of a cube. Two corners are joined by an edge when they differ in exactly
one bit — i.e. we can get from one to the other by flipping a single yes/no.



Theorem (Eight states). In three dimensions a location has 23 = 8 parity states: the corners of a
cube.

Picture it. Think of a clock with eight positions instead of twelve, where the positions are the
corners of a cube. “Eight” is not chosen for convenience — it is 23, and the 3 is the dimension that
lets recognition hold things apart.

Our running example. Cell A is one of these little cubes; its state is one of the eight corners.

What is really proved. In this operator—level story the “3D, eight—state” schedule is Imported
from the broader RS program (and, at the program level, parts of the “D = 3” argument still
rest on definitional bridges rather than a single finished computation). The cube is a configuration
space — the set of possible states — not a claim that we literally live inside this cube.

Remember this. Recognition needs three dimensions, and a spot then has 23 = 8 states — the
eight corners of a cube.

7 Step 4 — The route: one flip at a time (the Gray cycle)

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger

Story so far: a spot in space is a cube of eight states (three bits). Now we find the route a
recognition takes through them.

In plain words. A complete recognition must visit every one of the eight states and come back
home, and one house rule makes it tidy: each tick flips exactly one bit. We may only step along a
cube edge, never cut across. The shortest closed route that visits all eight corners this way takes
exactly eight steps and is called a Gray cycle.

Math toolkit — a Gray code. A Gray code (after Frank Gray, Bell Labs, 1947 — nothing to do
with “greyscale”) is an ordering of the bit combinations in which each entry differs from the next
by only one flipped bit. Going around the cube one edge at a time and returning to the start is a
Gray cycle. One such route is

000 — 001 — 011 — 010 — 110 — 111 — 101 — 100 — 000,

and we can check each arrow flips a single bit.

Figure 1 draws this route on the cube.

Our running example. Cell A now walks this eight—step loop: one bit flips each tick and a cost J is posted
each time. After eight ticks Cell A is home and its ledger has balanced to zero.

7.1 A built—in handedness

In plain words. Count how often each of the three bits flips over one loop: one bit flips four
times, the other two flip twice each — a 4:2:2 split. Because the three directions are not treated
equally, the loop has a handedness: going forward and going backward are genuinely different. RS
proposes this asymmetry as the seed of the tiny matter/antimatter imbalance (“CP violation”) in
physics, even though the cost J itself is perfectly even. This is still an open end so far.

Remember this. One recognition is an eight—step loop through all corners, one flip per tick (the
Gray cycle) — and the loop is subtly one-handed.



Figure 1: The eight—tick Gray cycle. Light grey lines are the cube’s edges; the thick blue arrows
are the recognition route; red numbers are the tick order. Every step crosses one edge (one bit
flips), and the loop closes after eight ticks.

8 The picture: lattice, voxels, and the ledger

Where we are: distinction — cost J — scale o — 3D — 8 ticks — the wave —

modes — the slice — operator — Schrodinger
Story so far: one recognition is an eight-step Gray loop through the cube of states. Now we give

that structure its RS names.

In plain words. Now attach the physical imagery. Imagine space not as smooth but as a vast
grid of tiny cells. Each cell is a “voxel” (a 3D pixel) and keeps its own little account book, the
“ledger,” with three bits in it. Physics, in this picture, is voxels endlessly comparing notes with
their neighbors and paying the cost J for every mismatch.

« Recognition lattice: space as a 3D grid of cells.
e Voxel: one cell — the smallest thing that can hold a state.

e Ledger: the cell’s account book of three bits, so it sits at one of the eight cube corners. Each
comparison posts a matched debit and credit of size J(z) and flips one bit. Over a full eight—tick
loop the postings cancel to zero (the books balance).

What is really proved. The lattice/voxel imagery is the Assumed picture. The RS papers
deliberately do not claim the cube is literally physical space or that voxels are proven objects.
What is Derived is the algebra of an eight—state account with a one—flip—per—tick route — not
that we live inside the cube. Enjoy the picture for intuition; lean on the math for claims.

Remember this. The names: a voxel is a cell, its ledger is the three bits, and the postings over
one loop cancel to zero.

9 Step 5 — The state becomes a wave (the register)

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger



Story so far: space is a grid of vozxels, each walking the eight—step loop over its cube of states.
Now we let the state become a wave.

In plain words. So far each corner is a plain classical setting. Quantum structure enters the
moment we allow a cell to carry not just “which corner” but a complex amplitude at each tick — a
size and a phase. One full cycle is then a list of eight complex numbers. That list is the state, and
advancing one tick simply rotates the list by one slot.

Math toolkit — complex numbers and phase. A complex number packages two real numbers
as one: a size (how big) and a phase (an angle, like a clock hand’s direction). Write it as z = re:
size r, angle 6. Multiplying by €% just rotates the clock hand by # without changing its length. The
special number i is a quarter turn (90°), and i2 = —1 is a half turn (180°, i.e. pointing the opposite
way). Phases are how waves interfere — two hands pointing the same way add up; opposite ways
cancel. This is the one piece of “imaginary” math quantum mechanics runs on, and later it will
appear on its own, not by decree.

Math toolkit — a state as a vector. A vector here just means an ordered list of numbers. Our
state is a list of eight complex numbers, 1) = (v, ... ,17), one per tick — we write ¢ € C® and call
C?8 the register. The “length” of the state and the “overlap” between two states are measured with
an inner product (| ¢) = 3,V ¢¢ (a weighted dot product for complex lists). Overlaps are what
will later become probabilities.

Definition (The state (chord)). A recognition cycle carrying a complex amplitude at each of the
eight ticks is a state vector, or chord, 1 € C8.

The dynamics is the shift P: advance every tick by one slot, (Pv)(t) = (¢t — 1), wrapping
around after eight. It is reversible: we can always shift back.

Math toolkit — reversible (unitary) operations. An operation is reversible (mathematicians
say unitary) if it never loses information and preserves all lengths and overlaps — we can always
undo it. Rotating a list of numbers is reversible; erasing part of it is not. Keep this distinction in
mind: the recognition operator will be built from one reversible move and one rreversible move.

Picture it. The shift is a carousel: it turns the whole eight—seat ring by one seat. Do it eight
times and everything is back where it started; nothing is lost along the way.

Our running example. Cell A’s state is now a list of eight complex numbers — a size and a phase at each
tick of its loop.

9.1 Normal modes: the natural vibration patterns

In plain words. Any wave on the eight—seat ring can be broken into eight pure “vibration pat-
terns,” just as any sound is a mix of pure tones. These special patterns are the ones the shift treats
most simply: a tick doesn’t scramble them, it only turns each one’s phase by a fixed angle. This
decomposition is the discrete Fourier transform, and it is the unique natural basis for the cycle.

Math toolkit — normal modes / Fourier. A complicated vibration can always be written as
a sum of simple, pure ones (“modes”), like a chord written as its separate notes. For our eight—slot
ring the pure modes are labeled k = 0,1,...,7. Mode k = 0 is “flat” (the same everywhere); higher
k wiggle faster. Splitting a state into these modes is the discrete Fourier transform (DFTg). Its
usefulness: the shift acts on each pure mode just by rotating its phase, never by mixing modes.



Theorem (The natural basis). The discrete Fourier transform is the unique reversible basis that
makes the shift act on each mode my, by a pure phase,

Pm; = wé’“ my,, wg = e /4, (3)

(The algebra behind this is in Appendix B.) The key fact to carry forward: one tick multiplies
mode k by the phase angle ”Tk.

Remember this. Let each tick carry a complex amplitude and one loop becomes a wave of eight
numbers, built from eight pure modes; a tick just rotates each mode’s phase.

10 Step 6 — The quantum slice (the sector)

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger

Story so far: a cell’s state is a wave of eight numbers, built from eight pure vibration modes. Now
we single out the four that behave quantum.

In plain words. Now the crucial move. We keep only the modes that come back negated halfway
around the loop — that is, after four ticks a state should point exactly the opposite way. Only
the “odd” modes (k = 1,3,5,7) do that. Those four modes form the special slice where everything
quantum happens.

Why negated? Four ticks multiply mode k by (w§)* = (—1)*, which is —1 exactly when k is
odd. So on the four odd modes,

PY = T (halfway = flip), P8 = 4T (full loop = home). (4)

Picture it. Picture a child on a swing. At the top of the backswing it is momentarily the “opposite”
of the top of the foreswing; only after a full there—and—back is it truly home. The quantum slice
behaves the same way: halfway around it returns as its own negative, and only a full eight—tick loop
brings it back. This “comes back only after two loops” behavior is exactly how a spinf% particle
behaves.

Our running example. Split Cell A’s wave into its slice part (the four odd modes — the quantum part)
and its off-slice part (everything else).

Picture it. Where i comes from. Here is the payoff of the “negated halfway” rule: it creates the
imaginary unit. Call two ticks one “beat.” Two beats (four ticks) give —1, so one beat, squared,
equals —1 — which is exactly the defining property of i. So the ¢ that quantum mechanics needs
is not smuggled in; it is literally the operation “advance two ticks.”

Deep dive (safe to skip) — two names for the same slice. The slice can be pinned down two ways, a
nice consistency check. (Biggest) it is the largest space on which “two ticks squared” equals —I. (Smallest) in
the language of cyclotomic factors it is the smallest faithful block of the 8—cycle, the ®g block, of dimension
©(8) = 4. Same four—dimensional slice, from opposite directions.

Remember this. Keep the four modes that flip sign halfway around — the quantum slice — and
the built—in ¢ of quantum mechanics comes free with them.

10



11 An honest gap: are the two worlds actually connected?

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger

Story so far: we now have a wave and, inside it, a special four—-mode quantum slice. Before
building the operator, one honest caveat.

In plain words. It is tempting to think Step 1 (the cost J) and Steps 5-6 (the wave, the slice)
are already the same story, because both produce a “sum of squares.” They are not — at least, not
for free. This is the most important honesty point in the whole guide, so it gets its own section.

2

e The cost world: small mismatches cost about %(error) — a sum of squares.

e The wave world: how far a state sits outside the slice is also measured by a sum of squares
(the defect).

Two sums of squares looking alike is not a physical connection. To actually identify them we
need a bridge — an adapter ® — that maps “mismatch directions” to “wave directions” without
distortion. If such a bridge exists, the two match up (and, as a real constraint, at most six mismatch
directions can be accommodated). But which bridge is the physical one is not settled here.

What is really proved. The two “sum of squares” facts are Derived. The bridge between
them is Assumed: the adapter, its orientation, and the matching of mismatch directions to wave
directions are not Derived. Everything downstream that reads the operator as a consequence of
the cost inherits this “if”” This is exactly the dashed link in Figure 2: the top row (cost world) and
bottom row (wave world) are joined by an assumption, not a proof.

Remember this. The cost world and the wave world line up only through an assumed bridge (the
adapter), not a proof — so everything after this point is “if the bridge holds.”

distinction —> cost J —> scale ¢ —> 3D —> 8 ticks

fay . .
wave C® —> modes —> slice —> operator R —> Schrodinger

Figure 2: The intended spine of the argument, as a pipeline. The top row is the cost world,
the bottom row is the wave world. They differ in how firmly each arrow is established, and —
importantly — they are joined only by the dashed adapter, which is Assumed, not Derived. The
chain has not been checked end to end as a single, fully forced derivation; Section 16 gives the
step—by—step accounting.

12 Step 7 — The recognition operator: advance, then commit

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger

11



Story so far: we have a wave, a quantum slice inside it, and (assuming the bridge) a link to the
cost. Now one operator runs the whole thing.

In plain words. One recognition step does two things, in order: advance the wave one tick
(reversible), then commit by keeping the part that lies in the quantum slice and letting the rest
fade (not reversible). In symbols,

R= 1y P . (5)
~—~ S~~~
commit advance

Math toolkit — projection (the “commit”). A projection keeps the part of a state that lies
in a chosen slice and throws away the rest — like dropping the shadow of an object onto a wall, or
keeping only certain notes of a chord. Do it twice and nothing further happens (the shadow of a
shadow is the same shadow); that “once is enough” property, H% = IIx;, is the mathematical mark
of a real commitment. Here IIy, keeps the four quantum-—slice modes and discards the rest, which
we call the defect.

Picture it. Advance is the reversible heartbeat — the carousel turning one seat. Commit is the
irreversible decision — keep what belongs to the quantum slice, discard the rest. Every recognition
step is one heartbeat fused to one decision.

12.1 Why the commit cannot be reversible

In plain words. We might hope a gentle reversible operation could quietly settle a state into
the slice. It cannot. A reversible move only rearranges what is off-slice; it can never shrink the
total off—slice amount for every state. So genuine settling requires an irreversible commit. (Proof
sketch: a reversible move keeps a certain total fixed; if a sum of non—negative pieces can’t grow yet
has a fixed total, none of them can shrink.)

Picture it. We cannot unmix coffee by stirring. Stirring (reversible) moves the cream around but
never un—mixes it. Reducing the “off—slice” mess needs a genuinely different, one-way operation
— the commit.

12.2 The soft commit and the fade rate )\

In plain words. Instead of deleting the off-slice part in one go, the realistic version just fades it
each tick by a factor A between 0 and 1. The slice part is untouched (and keeps rotating forever);
the off—slice part shrinks a little every tick and, after many ticks, is gone.

Proposition (Fading and survival). Under the soft operator, an off-slice piece of size a becomes
\'a after n ticks, so its probability weight \*"|a|?> — 0. The in-slice piece keeps full size for all n.

Splitting the start state into its in—slice part sy and off-slice part ¢y, the exact evolution is
beautifully simple:

| Yn = P"sg+ \"P"co. | (6)

The in—slice part rotates forever at full strength; the off—slice part rotates too but bleeds away as
A?". The chance the step is “accepted” rises toward ||sg||? as the rest fades.

12



Picture it. Two things happen at once, cleanly separated: the good (in—slice) part is a spinning top
that never slows; the bad (off-slice) part is an echo dying away. What survives is pure, coherent,
quantum motion.

Our running example. Apply the operator to Cell A: its slice part keeps rotating at full strength, while its
off—slice part shrinks by \ each tick and, after many loops, is gone.

What is really proved. The no—go (commit must be irreversible), the fading law, and the exact
formula (6) are Derived. That a single fade rate A suffices (rather than a different rate per off-slice
mode) is Assumed. Why A has the value it does is Not derived.

Remember this. One operator, R = advance then commit, runs recognition: the slice rotates
forever, the rest fades — and the commit must be irreversible.

13 One recognition, from start to finish

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger

Story so far: everything is now on the table. Let us run Cell A through one whole recognition,
end to end.

In plain words. Put it together and watch one cell complete one recognition (think of Cell A).

1. Start. The cell holds a wave vy over the eight corners. Split it into slice modes (k = 1,3,5,7)
and off-slice modes (k = 0,2,4,6).

2. Each tick. Apply ﬁ)\: advance one corner along the Gray route (Figure 1), keep the slice,
fade the rest by A, and post the cost J to the ledger as one bit flips.

3. Halfway (tick 4). The slice part returns as its own negative — the swing at the far end of
its arc.

4. Full loop (tick 8). The slice part is home (+); the ledger balances to zero; the off-slice part
has faded by 3.

5. Many loops. The off-slice part vanishes and is emitted as a record; the surviving slice part
rotates on — and that rotation is exactly Schrédinger evolution (next section).

advance commit
Ssz‘te — > onecorner keep slice, — post J — Yng1
" (reversible) fade rest x A\ fo ledger

\ //

repeat: 8 ticks = one loop; ledger balances to O

14 Step 8 — Where quantum mechanics comes from

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger
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Story so far: the operator keeps the slice rotating and fades the rest. Now we read off what that
surviving rotation is.

In plain words. On the surviving slice, one tick rotates each mode’s phase by a fixed angle. Call
each tick a duration 79 and that per-tick phase becomes “energy x time + h” — which is exactly
the recipe of the Schrodinger equation. So the slice does not just resemble quantum evolution; on
the slice it is quantum evolution, tick by tick.

Matching the tick’s phase to a Schrédinger step assigns each mode k an energy

hmk
Er. = >0 7
k 47_0 = U, ( )

and stringing the ticks together gives, in the smooth limit, the familiar law

L ov

1 9t = H 1, (8)

where the energy operator H has those energies. (The short argument, and two honest caveats
about it, are in Appendix C.)

Picture it. The eight—state loop is a film reel; each tick is one frame. The energy of a mode is just
how fast its phase advances per frame. Playing the frames smoothly “fills in” the motion between
them — and that filled—in motion is Schrédinger’s equation. Quantum dynamics is the smooth
playback of a discrete clock.

Our running example. Cell A’s surviving slice is now a genuine quantum wave, evolving in time by
Schriodinger’s equation. That is the end of Cell A’s journey.

14.1 Probabilities: the Born rule

In plain words. The one thing an experiment reports is the overlap between two states, squared.
Read that overlap as the chance of going from one state to another and you have the Born rule of
quantum mechanics:

Pr(yp — ¢) = [(v| 9)[*. (9)

What is really proved. The energies (7) and the Schrodinger law (8) are Derived. Reading the
squared overlap as a probability is Assumed (the Born rule is an interpretation consistent with
the math, not itself proved here).

Remember this. Give each tick a duration and the surviving slice obeys the Schrédinger equation
exactly. Quantum mechanics is the smooth playback of the recognition clock.

15 Measurement is the fading part

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger

Story so far: on the slice, recognition is Schrédinger evolution. One loose end remains: what an
observer actually sees.
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In plain words. Measurement is not an extra rule bolted on. It is the commit half of the same
operator. Tick by tick, the off-slice part is faded and emitted out of the cell; what leaves is
the irreversible record an observer reads as “the outcome.” The in—slice part stays coherent and
quantum; the off—slice part decoheres into a classical result. One operator, two halves: advance is
ordinary quantum evolution, commit is measurement.

What is really proved. The clean, one—shot commit is what the math formalizes. The soft,
gradual “decoherence/record” reading is the RS interpretation connecting the operator to the mea-
surement literature — Assumed/Not derived rather than Derived.

Remember this. Measurement is the commit half of the same operator: the emitted, faded off—
slice part is the classical record. Evolution and measurement are one operator.

16 The ledger of honesty (one page)

In plain words. Here is the whole story sorted into the four columns. This is the page that lets
the strong claims be trusted, precisely because it is equally clear about the weak ones.

Imported The coherent—comparison cost with its calibration; the “3D, eight—tick,
one—flip” route.

Assumed The complex wave space C8 and its overlaps; treating one cycle as one
instantaneous state; the “negated halfway” rule; the adapter bridging
cost to waves; a single fade rate \; the physical scales and the tick’s
duration; the Born rule.

Derived The unique cost formula J; the four—dimensional quantum slice; that
the commit must be irreversible; the exact fading/evolution law (6); the
Schrodinger evolution on the slice; that the slice is a genuine quantum
system (rich enough to host any finite quantum dynamics).

Not derived Why space is 3D (at the deepest level); why nature uses complex Hilbert
space and the Born rule; the microscopic origin of the mismatch law, the
adapter, and \; the actual force strengths; the smooth-space (contin-
uum) limit, relativity, and quantum field theory.

What is really proved. The commonest mistake is to slide an Assumed or Not derived item
into the Derived column — e.g. “RS derives quantum mechanics” or “it predicts the Hamiltonian.”
It does neither. What is genuinely earned is a conditional synthesis: grant the imported and
assumed inputs, and a specific quantum-like slice with an exact evolution law follows. And to
the natural question “is the pipeline of Figure 2 really forced?” — as one continuous end—to—end
derivation, not yet; as a list of individually labeled steps of mixed provenance, this table is the
honest accounting.
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17 Summary

: the mechanism on one page

Thing What it is Its job in one recognition
Axioms distinction, ledger bal- the only inputs

ance, least cost
Cost J(z) sz+1/z)—1 the price of a mismatch of ratio x
Scale ¢ (1++/5)/2 the self-consistent scale
3D / cube 23 = 8 states the arena; eight corners
8-tick shortest full loop one complete recognition
Gray cycle one flip per tick the route 0,1, 3,2,6,7,5,4; handed
Ledger account book posts J; balances to 0 per loop
Register C8 the wave (state) eight complex amplitudes
Modes pure vibration patterns the shift only rotates each one’s phase
Slice odd modes 1,3,5,7 the quantum part; negated halfway
R=TyP advance then commit runs one recognition step
Off-slice x A" the fading part becomes the measurement record
Ey = hrk /41 the energies make each tick one Schrodinger step
CPpt the space of true states one point = one physical state

18 Where to go next: Part 2

Where we are: distinction — cost J — scale ¢ — 3D — 8 ticks — the wave —
modes — the slice — operator — Schrodinger

We now have the complete mechanism, in plain language. If we want the same story told
with full mathematical rigor — exact statements, short proofs, the precise sector spectrum, and a
single “conditional-synthesis” theorem that says in one place exactly what is and is not earned —
read Part 2, RS_Recognition_Process_Expert.pdf. It deliberately reuses every term, the same
running example (Cell A), and the same ten—stop “where we are” map, so it reads as a natural
continuation rather than a fresh start. A physicist can read Part 2 alone, but anyone else will find
it far easier having read Part 1 first.

A The full cost derivation (calibrated d’Alembert)
I derive Eq. (1) from properties (1)—(3). The consistency requirement in (3) is the closure law
J(zy) + J(x/y) = 2J(x)J(y) + 2J(z) + 2] (y).

Define the lift G(x) = J(z) 4+ 1. Substituting J = G — 1 and simplifying gives the multiplicative
d’Alembert equation
G(zy) + G(z/y) = 2G(z) G(y).

Pass to additive variables z = e*,y = ! and set H(u) = G(e%); then

H(s+t)+H(s—t)=2H(s)H(t),
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whose continuous solutions are cos(uu), cosh(Au), or the constant 1. Evenness (from J(z) =
J(1/x)) and positivity with a genuine minimum at z = 1 exclude the oscillatory and constant
branches, leaving H (u) = cosh(Au), i.e. J(x) = cosh(Alnx)—1. Calibrating the curvature J”(1) =1
forces A =1, so

J(z) = cosh(lnz) — 1= %(w—i—%) -1. O

The single normalization J”(1) = 1 removes the last freedom: this is the precise sense in which .J
has no free parameters.

B The shift spectrum and P* = —]

Let P be the cyclic shift on C8. The eight vectors my(t) = 8_1/2w§t with wg = e 2™/8 gatisfy
(Pmy)(t) = my(t — 1) = wg¥my(t); either shift convention gives spectrum {w§}7_, the eighth
roots of unity, and the requirement Ej > 0 fixes the sign as in Eq. (3). The eigenvalues are
distinct, so the modes form an orthonormal eigenbasis — the uniqueness of DFTg (the natural-
basis theorem). For odd k, (wk)* = e=™* = —1, so on the odd modes P* = —T and P® = +1I; for
even k one gets +1, so the even modes lack the spinorial behavior and form the natural off—slice
complement.

C From ticks to Schrodinger, and two caveats

On the slice the tick multiplies mode k by w§ = ¢ ™k/4 Matching this to a Schrédinger step
e~ iEkTo/h gives F), = hrk/(47y). Packaged basis—free, the energy operator is a principal matrix
logarithm of the shift, H = %log(P\slice), which is self-adjoint with Ej, > 0. Stringing ticks
together and expanding for slow modes yields ifi Opp = H 1) in the smooth limit.

Two caveats are themselves proved, not swept away. (i) Branch ambiguity: many self-adjoint
operators reproduce the same ticks (we may add multiples of 27 to each phase); the principal choice
is the unique smallest one — a mathematical selection, not a demonstrated physical law. (ii) No
cheap continuum limit: a fixed non-trivial shift has |H|| ~ 1/7, so shrinking 75 — 0 blows the
energy up; recovering ordinary continuous space and time would need a whole refinement program
not carried out here.

Fully quantum (Wigner and Weyl). Two classical theorems certify the slice is a genuine
quantum system, not an analogy. Wigner: any symmetry that preserves the transition probabilities
is a unitary (or antiunitary) — the same rulebook as textbook quantum mechanics. Weyl: the slice
carries a complete set of operators, so every finite quantum dynamics is representable on it. Read
correctly, this is representability, not prediction: the slice is rich enough to host any finite quantum
system, but it does not by itself pick out the couplings.

D Pointers into the formal development

For cross—checking against the machine—checked source, the objects above appear (in the
IndisputableMonolith Lean library and companion papers) as follows.
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Concept here Where it lives

Axioms; the pipeline papers/RS_Geometry_0f_Meaning.tex; source.txt
Cost J, calibration Cost.*; LogicAsFunctionalEquation; App. A
Scale ¢ PhiForcing*

D = 3 via linking Foundation/AlexanderDuality.lean

8-tick, Gray cycle Patterns/GrayCycle.lean

Handedness [4, 2, 2] Foundation/GrayCodeChirality.lean

Modes, Pmy, = whm;, LightLanguage/Basis/DFT8.1lean

Slice, Iy, R Foundation/RecognitionOperator.lean

P* = —T on the slice shift_four_eq_neg_on_quarterTurnCore
Schrodinger, Ey, Foundation/SchrodingerDerivation.lean

Adapter gap; no-go; Wign- Thapa & Washburn, Mathematics (2026), ms. 4418437
er/Weyl

E Glossary of terms

Plain—language definitions, in order of appearance. Each is the target of the colored links used
throughout.

Recognition process
One complete comparison cycle: a closed eight—step walk over the cube of states that posts to
the ledger and advances the state via the recognition operator.

Recognition lattice
The picture of space as a 3D grid of cells (voxels) that compare with their neighbors. Imagery,
not a proven physical object.

Voxel
One cell of the lattice: a “3D pixel” holding one three-bit state.

Parity state
One of the 23 = 8 settings of three bits; a corner of the cube.

Ledger
A cell’s account book (three bits). Each comparison posts a matched debit/credit of size J; over
a closed loop the postings cancel to zero (balance).

Recognition event (posting)
One elementary comparison written to the ledger: a ratio is registered, its cost J is booked, and
one bit flips.

Cost J
The unique price of a mismatch, J(z) = 2(z + 1/z) — 1: zero at a match, symmetric in 2 and
1/x, growing with mismatch.

Golden ratio ¢
The scale ¢ = (14 +/5)/2 ~ 1.618, unchanged by “add one and re-compare” (p? = ¢ + 1).
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RS natural units
Units with the tick, length, and ¢ set to 1, in which & = ¢ =% and G = ¢°/7; they turn the tick
count into a physical clock.

Tick / eight—tick loop
One time step; a complete recognition is the shortest closed loop through all eight states, of
length 8.

Gray cycle
An ordering of the states in which each differs from the next by one flipped bit; the loop
0,1,3,2,6,7,5,4 around the cube.

Handedness (chirality)
The asymmetry of the directed loop (bit flips split 4:2:2), so forward and backward differ; RS’s
proposed seed of CP violation.

Register C®
The state space: a list of eight complex numbers, one per tick.

Chord (state)
A specific such list 1 € C® — a size and phase at each tick.

Shift P
The reversible move that advances every tick by one slot; repeated eight times it returns to start.

Modes (DFTyg)
The eight pure vibration patterns of the loop; the shift rotates each one’s phase without mixing
them.

Neutral (balanced) states
States whose eight amplitudes sum to zero — the “no net posting” condition from the balance
axiom.

Slice (quantum sector)
The four odd modes (k = 1,3,5,7) that come back negated halfway around (P* = —1I); where
quantum behavior lives.

Projector Iy (commit)
The operation that keeps the slice and discards the rest; doing it twice changes nothing.

Off—slice part (defect)
The discarded/faded remainder. Its emitted, faded content is the measurement record.

Adapter
The assumed bridge matching “mismatch directions” (cost world) to “wave directions” (slice
world). Needed to connect J to the operator; its physical choice is not derived.

Recognition operator R
One step, R = IIxP: advance (reversible) then commit (irreversible). Its soft form fades the
off—slice part by A per tick.

Quantum instrument
The proper two—outcome completion of the soft commit: one branch is the accepted update, the
other is the emitted measurement record.
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Space of true states CPS
What is left after removing the overall size and the unobservable overall phase from the balanced

states; each point is one genuine physical state.

Energy operator H
The operator whose energies Ey = hrk/(4719) make each tick one step of Schrodinger evolution.

Born rule
Reading the squared overlap |(1 | $)|? as the probability of going from one state to another.

Measurement record
The irreversible emission of the faded off-slice part; the classical outcome produced by the

commit.

Forcing
A step whose outcome is uniquely fixed by what came before, with no free knob.

Coherence energy

The basic recognition energy scale E.op = ¢ °.

One last reminder: the proven parts are the cost formula, the quantum slice, the irreversible commit,
the exact evolution law, and the Schridinger dynamics on the slice. The “vozels fill real space”
picture and the gradual-decoherence reading are the Recognition Science interpretation — valuable
for intuition, but assumptions rather than theorems.
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