The Comma in the Market Why Financial
Systems Never Rest, and What That Lets Us
Predict

J. Konstapel, Leiden, 5 September 2026

Abstract

Piano tuners have known for three millennia that the books never balance: twelve pure fifths
overshoot seven octaves by 1.35 percent, the comma of Pythagoras, and no tuning ever makes it
vanish. The Vacuum.Net theory reads this deficit as physics. Doubling and tripling — the process
ladder and the structure ladder — never coincide, because log,3 is irrational; they nearly coincide at
fixed record depths, and every near-closure leaves a protected remainder. By Baker's theorem the
remainder can never rush to zero; it is the guaranteed, inexhaustible tension of every closed
structure. This essay carries that result into the system humanity calls the economy. Financial
markets form a ladder of windings ordered by closing time — equity in days, credit in years,
institutions in decades — and because no winding closes perfectly, every winding loads, holds,
discharges and rests, forever. The eternal cycle of boom and crisis is not a market defect; it is the
comma at economic scale. On that foundation the essay reports a double-blind empirical campaign
across 150 years and eighteen countries which yields two frozen, blind-proven sensors — credit
loading, reading systemic crises one year ahead, and market loading, reading five-day equity
discharges at daily resolution — and removes six others, including the entire space-weather layer.
From survivals and removals together, three laws emerge: loading reads discharge and never price;
predictive information flows only from deep to shallow; each layer warns on the horizon of its own
closing time. The laws combine into a foreseeability criterion that fixes, in advance, which winding
levels of the world admit prediction with presently recorded history — and the essay closes with the
open question of whether the forbidden bands of the closure ladder and the foreseeability boundary
of the prediction ladder are two faces of one law.

1. The deficit that never closes

Take the two simplest operations a structure can perform on itself: doubling and tripling. In music
they are the octave (frequency ratio 2:1) and the pure fifth (ratio 3:2), and the oldest quantitative
discovery of civilisation is that they never meet. Twelve fifths span 3'%/212 and seven octaves span
27; their ratio, 3'2/2!° = 1.0136, is the Pythagorean comma. Stacking fifths never lands exactly on an
octave — not after twelve steps, not ever — because the equation 3* = 2™ has no solution in whole

numbers. The obstruction is the irrationality of log,3: tripling can never be exactly repaid in
doublings.

What number theory adds to the tuner's craft is structure and protection. The depths at which the
two ladders come closest are not arbitrary: they are the continued-fraction convergents of log,3 —
the pairs (2,3), (5,8), (12,19), (41,65), (53.,84), (306,485) — and by Khinchin's classical record
property each convergent is a strict best-possible approximation: no shallower depth ever does
better. The residues shrink along the ladder — 11.1 percent, 5.35, 1.35 (the comma itself, at the
musical pair twelve-against-nineteen), 1.15,0.21,0.10 — but two theorems govern how they
shrink. Baker's theorem on linear forms in logarithms bounds the deficit from below: it can decay
only polynomially in depth, never faster, so no depth exists at which the mismatch effectively



vanishes. And Mihdilescu's theorem — the proof of Catalan's old conjecture — states that 8 and 9
are the only consecutive perfect powers in the whole of arithmetic: the near-closure that misses by
exactly one unit, 32 — 23 = 1, occurs once, at the very first rung, and never again. The ladder opens
with the best chance it will ever get, and the deficit it carries afterwards is mathematically
indestructible.

The Vacuum.Net theory (Konstapel 2026a) reads this arithmetic as the ground plan of persistence.
Everything that exists is a closed winding of one strand; the structure ladder triples and the process
ladder doubles; stable closure is available only at the record depths; and every closure, being a near-
closure, retains a remainder that cannot be paid off. That remainder is not waste. It is the
endowment.

2. Address, tension, and the four states

The theory's structural law — the two-layer law — assigns every closure two categorically distinct
parts. The closed part is its address: topology, frozen at the moment of closure, unchanged ever
after. The open part is its tension: the unpayable remainder, dynamic, and the only layer in which
anything happens.

Now imagine the counterfactual that the arithmetic forbids: a perfect closure. Nothing left to settle
— no gradient, no flow, no motion. An address without a remainder is, in every sense that matters,
dead. Baker's theorem therefore carries a physical reading: it is a mathematical guarantee that
tension never runs out. Because no winding closes perfectly, every winding lives on its own deficit
— and a structure that permanently carries tension it cannot discharge at once must cycle. It loads,
it holds, it discharges, it rests, and it begins again. The four states are not a behavioural observation
about certain systems; they are what carrying an unpayable remainder looks like in time.

This is the bridge to everything that follows. Wherever a persistent structure is found cycling
through accumulation and release — a star, a fault line, a heart, a market — the theory recognises
the same signature: a near-closed winding servicing its comma.

3. The ladder humanity calls the economy

Financial systems are such structures, and they arrange themselves, without being asked, into a
ladder ordered by closing time. An equity trade opens and settles in days: the shallowest winding,
where discharge is visible as the multi-day crash. A loan is a loop opened at creation and closed at
repayment; the outstanding credit stock is stored tension, and the credit winding closes in years,
discharging as the systemic banking crisis. Money and liquidity — the holding layer itself — close
in months, discharging as the funding squeeze and the bank run. Real estate closes in fifteen to
twenty years. The institutional and monetary regime — the unit of account, the peg, the rule — is a
winding whose address is meant to stay frozen for decades, and whose discharge is the regime
break. Above it stand demographic, technological and civilisational windings that close on scales no
observer outlives.

Human beings experience directly only the band of this ladder that brackets a human life, and they
have converted the experienced band into specialised vocabularies: market sentiment, credit cycles,
business cycles, institutional change. Finance, economics and sociology are the names given to
adjacent rungs of one physical ladder by observers who stand on it. Seen from the theory there is
one ladder, one pair of layers, four states — and one comma, expressed at every rung as the fact that
no market, no credit system and no monetary regime ever reaches rest. The eternity of the boom-



bust cycle, which economics treats alternately as pathology and as mystery, is here a theorem:
structures that cannot close perfectly cannot stop cycling.

Two operational statements follow before any data are consulted. First, the deep windings load the
shallow ones: tension accumulated in slow layers is released through fast ones, which is why fast
layers show the violence and slow layers keep the memory. Second — a consequence of the two-
layer law — prediction has a direction. A measurement is a comparison against a reference, and a
reference functions only if it is quasi-frozen on the time scale of what it measures. A winding that
closes in years is, on the scale of days, effectively an address: frozen enough to serve as a yardstick
for the fast layer's discharges. The reverse is impossible: on the scale of years, the fast winding is
pure tension and can be nobody's yardstick. Predictive information can flow only from deep to
shallow. Tension may flow back upward — a crash burdens the credit system — but foresight
cannot.

4. The empirical campaign

These statements were put to 150 years of data under one uniform discipline. Every candidate
sensor is a loading variable of some winding; every target is a discharge. Parameters are estimated
on a calibration period and then frozen; nothing is ever re-estimated. Every frozen model faces two
disjoint blind windows, because twice in this campaign a single favourable window flattered a
hypothesis that the second window destroyed. A candidate survives only if it improves prediction in
both. The removal rule is constitutive — no literature pedigree and no mechanistic elegance confers
protection — and it is wielded here as a research tool, not as an apology: every removal cuts the
theory's outline sharper.

The data are public and long: the Jorda-Schularick-Taylor Macrohistory panel (eighteen countries,
1870-2020, with dated systemic crises), the Shiller monthly series from 1871, a daily S&P 500
series from 1927, the definitive daily geomagnetic Ap record from 1957, and the SILSO sunspot
series from 1749.

Two sensors survived everything. Credit loading — the three-year growth of the credit-to-GDP
ratio, frozen on data to 1960 —

logit P(crisis in year t+1) = =3.206 + 0.029 - L(t)

— reads systemic crises one year ahead in both blind windows (AUC 0.751 in 1961-1990, 0.698 in
1991-2020), beats the BIS-style credit-gap benchmark that underlies the Basel III countercyclical
buffer in both, decisively on probability quality (Brier 0.020 and 0.026 against 0.178 and 0.142),
and survived a third independent split (0.755,0.733). Behind an elevated signal the crisis frequency
runs at roughly four times base rate. And market loading — sixty-day realised volatility with the
drawdown below the trailing one-year high, frozen on 1957-1990 —

logit P(discharge within 5 trading days) = —3.744 + 2.024 - g0 + 5.783 - DD3s,

— detects five-day discharges at daily resolution and strengthens out-of-sample: AUC 0.679 in
calibration, 0.711 and 0.726 in the two blind windows, with discharge frequency on top-decile
signal days of 15.7 and 22.3 percent against a 4—6 percent base rate.

Six candidates died. The interest-rate term spread helps one era and harms the other. An annual

sunspot layer collapses the moment the truncated window that flattered it is extended. An annual Ap
layer harms significantly where it does not idle. The six-day geomagnetic storm window — Ap > 29
with decaying weights, the strongest claim of the space-weather-and-markets literature — shows no



effect on 8,360 calibration days and two blind windows: the calibration sign points the wrong way
and the discharge AUC falls below one half; the relationship does not replicate, and the space-
weather layer is withdrawn from the financial instrument. A cascade interaction of equity crash with
credit loading reproduces the theoretically expected pattern spectacularly in one window (29 .4
percent crisis frequency after loaded crashes, against a 1.0 percent base) and inverts in the other —
because on an annual grid the crash and the crisis of 2008 fall in the same cell: a yearly lag cannot
see a sequence that unfolds within months. And a real-estate loading variable pointed at next-year
banking crises harms in both windows — a sensor aimed at a target that was never on its own rung.

5. Three laws

Drawn together, the survivals and the removals trace three laws.

Loading reads discharge, never tension. Across every test, no variable of any layer improved
return forecasts; the same variables, pointed at discharges, succeeded or failed on their merits.
Where the price stands tomorrow is not readable in advance; when accumulated loading releases is.
The comma explains why this must be so: the tension layer is the living, unclosed remainder — the
part of the system that is genuinely open — while discharge is a state transition of a loaded
winding, and state transitions announce themselves through the loading. An instrument built on this
law is a storm warner, not a price oracle, as a structural property.

Predictive information flows one way. Derived from the frozen-reference requirement before the
campaign and untouched by it: the deep winding can serve as the shallow winding's yardstick, never
the reverse. The crash may load the credit system; foresight still flows only downward.

The horizon law. A loading layer warns on the horizon of its own closing time. Credit, closing in
years, warns at one year; the market winding, closing in days, warns at one week. The law explains
two of the removals from the inside — an annual grid cannot resolve a within-year cascade, and a
fifteen-year winding cannot be scored against next-year crises — and it hands every future sensor
its pass-fail line before construction: an institutional sensor, if valid, must warn on the scale of
years.

6. The foreseeability boundary

The three laws combine into a criterion that can be stated in advance of any regression. A winding
level is foreseeable if and only if its discharges are dated, repeated events in available records; a
loading variable exists at its own depth or deeper, carrying a quasi-frozen reference; and the
measurement grid is finer than the discharge process.

Run the criterion down the ladder and the map draws itself. Market microstructure is foreseeable in
principle, given tick data. The equity and credit rungs are foreseeable and now proven. The money-
and-liquidity rung is foreseeable and immediately testable: the historical panel carries loan-to-
deposit ratios and non-core funding shares, the classical loading variables of funding fragility. The
real-estate rung is foreseeable against its own discharges on its own multi-year horizon. The
institutional rung is foreseeable at the margin: recorded history contains just enough regime breaks
to fill two blind windows. Above that rung the criterion fails, and it fails computably: foreseeability
ends where the closing time of a winding, multiplied by the number of discharges a double-blind
protocol requires, exceeds the length of recorded history. Demographic and civilisational windings
discharge too rarely inside the record. They remain physics — the same strand, the same four states,
the same comma — but physics without testable repetition until the record lengthens.



The boundary explains the disciplinary map of the human sciences. Humanity experiences the
windings inside its own foreseeability boundary and calls them economics, finance and sociology; it
experiences the rungs at the boundary as history, and the rungs above as fate. The partition into
disciplines is an artefact of where the observer stands on the ladder and how long his archives are.

7. One law twice?

A question remains open, and it is the most interesting one this programme now owns. The closure
ladder of §1 has forbidden bands: between the record depths, no stable closure exists — the
universe itself, needing naive depth 252, must take the rung above, at 306. The prediction ladder of
§6 has a forbidden zone of its own: above the institutional rung, no foreseeability exists. Both
statements say that not every depth is available; both draw their line from an arithmetic of
insufficiency — the one from the irrationality of log,3, the other from the finiteness of the record
against the spacing of closing times. Whether this kinship is a coincidence of form or the same law
seen twice — availability of depth, once for closure and once for knowledge — is not settled here.
It is registered as the programme's next theoretical target, with a concrete first approach: express
both ladders in the same unit (closing time in units of record length against depth in units of
convergent spacing) and see whether the boundaries transform into each other.

8. Closing

The piano tuner knew the first half: nothing closes completely. The second half took the theory: the
deficit is protected, it is felt more sharply at every depth, and it is the tension that everything living
in the net runs on. Carried into the economy, the comma becomes the reason markets never rest, the
four states become the shape of their eternity, and the ladder of windings becomes readable — two
rungs deep so far, with frozen equations that announce the lightning a week and a year ahead, and a
computed boundary that says how much further down the ladder prediction can still be pushed. The
books never balance. That is not the flaw in the system. It is the system.
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