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Every time physics has had to
choose between a thing and
the description of the thing,
the description won. Money
repeated the pattern in three
centuries. The physical world
is repeating it now, one
measured variable at a time.
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Money already crossed

S
tart with money, because everyone already

understands it. Open your banking app.

The number on the screen is not a picture

of your money. It is your money. How that came

to be true took three centuries, happened in

public, and left receipts. It is the clearest case

outside physics of a record becoming the thing,

and the conditions can be read off it.
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The record becomes the thing
Three stages. Money finished them. The physical world is in stage two.

1.

The thing
record lags behind, lossy

2.

The receipt
record claims, a person acts with delay

3.

The record is the thing
record leads, world follows

MONEY

done: 1694, 1971,
today

Au

Gold coin
Value is in the metal.

Burn the book, the gold
remains.

PAY  BEARER

Banknote, deposit slip
A claim on gold.

Trade in paper, settle in metal.

$4,312.07

Ledger entry
Nothing behind it.

The number is the money.

PHYS ICAL
WORLD

happening now Plant, river, air
Paper logs, annual reports.

Read years later.

Dashboard, model,
forecast

A claim about the plant.

People act, with lag.

NOx 11.8 ppm

Closed-loop twin
Sensors in, control out.

The setpoint is the state.

Direct ion of causat ion

thing → record

Test  of truth

bite the coin

Direct ion of causat ion

thing → record → slow person
→ thing

Test  of truth

redeem the receipt

Direct ion of causat ion

record → thing

Test  of truth

records reconcile, continuously

Stage 3 needs three things: every bit that matters at the boundary,

a live feed that keeps reconciling, and action that flows from the record.

ead the picture left to right. In each column

the question is the same: where do changes

start, and how do you check that a record is

true? In stage one changes start in the thing and you

check by touching it. In stage two changes still start

in the thing, the record carries most of the attention,

and a person closes the loop slowly. In stage three

changes start in the record and you check by seeing

whether the records agree with each other. Money

has finished the trip. The physical world is in the

middle column.
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Stage one, the thing. A gold coin. The value is

in the metal. A banker’s book records who

holds what, but if the book burns the gold is still

there. The record lags the thing and loses detail.

Changes start in the world and the record fol‐

lows. The test of truth is to bite the coin.

Stage two, the receipt. A goldsmith’s note, later

a banknote, later a deposit slip. A claim on gold.

People trade in paper because it is faster and

lighter, but settlement, the real transfer, still

happens in metal, slowly. The record carries

most of the activity and none of the authority.

The test of truth is to take the receipt to the win‐

dow and redeem it.

Stage three, the record is the thing. In 1933 the

United States ended the dollar’s convertibility to

gold for its own citizens, and in 1971 for foreign

governments. Today a dollar is an entry in a

ledger. Behind the entry stand the issuer’s assets

and the state’s power to tax and to enforce, and

no metal at all. Of every ten dollars in the

United States, roughly nine exist only as ledger

entries; about one is paper or coin. A balance is

not a picture of money. It is the money. When a

bank changes the number, wealth changes, and

goods ship because the number changed.

Changes start in the record. The test of truth is

that the records reconcile with each other, con‐

tinuously. In ledger money, a counterfeit is an

entry that fails to reconcile.

Your balance is not a picture of your money. It is your money.

The gold did not have to vanish for this to hap‐

pen. Three conditions had to arrive.

1
The record held every bit

that mattered.

Who owns how much. Nobody

needed the atoms of the gold.

Ownership was the whole bound‐

ary of what money is.

2
A live feed kept the records

reconciling.

Clearing houses and settlement

systems, running without pause.

A statement from 1998 is not

money. Only the live ledger is.

3
Action flowed from

the record.

Payment became a change in the

ledger. Nothing physical had to

move first.

When all three hold, the record carries more of

the bits that matter than anything else and sits

upstream of every change. By the only physical

test of which one is the original, the record is

the original.

Historians add a twist that strengthens the point.

Ledgers came first. Mesopotamian temples kept

credit accounts two thousand years before the

first coins, and the islanders of Yap counted a

great stone lost at sea as money for generations,

because the record of who owned it survived. The

coin was an interlude. Money did not so much

cross as return, and what it returned to was al‐

ways a convention: money becomes more fully

money as its substance recedes, and in the end

money is whatever a community counts as

money. The physical world cannot return that

way, because atoms are not a convention. That is

where the analogy will break, and a later section

says exactly where.



Five everyday objects carry the whole idea, and
any of them will do for explaining it.

The bank balance.
It is not a picture of money. It is the money. The same is being built for

the air.

68
The thermostat.
The simplest stage-three object, in every house. The number on the wall is

a record of a temperature that does not exist yet. The room becomes what

the record says. A thermostat is money for heat.

The deed.
A deed is not a description of ownership. It is the ownership. Lose the

house in a fire and the land is still yours. Lose the records with no backup

and ownership becomes a dispute.

1998

The old statement.
A bank statement from 1998 is history, not money. A model with no live

feed is history, not the plant. Both turn into fiction within days.

The counterfeit.
In ledger money, an entry that fails to reconcile. In the physical world: a

spoofed sensor, a drifted model, a green claim with no feed behind it.

Money is the clearest case. It is not the first. Physics has been doing the same thing for a

century and a half, quietly, and it is where the rule is easiest to see whole.



P
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What physics keeps doing
hysics has a habit nobody wrote down as a rule. A quantity enters as book‐

keeping, a convenience for making the equations consistent. Decades later it

turns out to be the most real thing in the room. The table lists a dozen cases.

Each row names what was taken as the thing, what entered as a device, and

what happened.

W HEN
TAK EN  A S  T HE
T H ING

ENT E RE D  A S  A  D EV I C E W HAT  HA PPEN E D

1856

to 1888

particles acting on
each other across
empty space

the field, which Maxwell first
offered as a “physical analogy,”
not a hypothesis

Maxwell gives the field energy and
momentum; Hertz makes waves in it. Light is
a field.

1865

to 1877

heat and its flow entropy, a quantity Clausius
defined as heat divided by
temperature

Boltzmann: entropy counts the arrangements
of atoms. The quantity is a census.

1900

to 1923

continuous light Planck’s quantum of energy,
which he called an act of
desperation

Einstein, then Compton: the quantum is a
particle.

1905

to 1909

matter as a
continuum

the atom, which Mach called a
useful fiction and Ostwald
rejected

Einstein’s theory of Brownian motion and
Perrin’s measurements make atoms
countable. Ostwald concedes in 1909.

1908

to 1915

gravity, a force
acting in space and
time

Minkowski’s four-dimensional
geometry, which Einstein called
superfluous learnedness

Einstein builds general relativity on it. The
geometry is the gravity.

1928

to 1932

the electron alone Dirac’s holes in a sea of negative
energy, a device to rescue his
equation

Anderson finds the positron. The hole is a
particle. The sea itself was later dropped.

1930

to 1956

the known particles Pauli’s neutrino, invented so that
energy would still add up

Cowan and Reines detect it.

1929

to 1983

forces as given the gauge field, introduced so
the equations stay consistent
under a change of description

Its quanta are found: gluons in 1979, the W
and Z in 1983.

1964

to 1969

protons and neutrons
as elementary

quarks, which Gell-Mann
allowed might be purely
mathematical

Deep inelastic scattering at SLAC: the proton
has hard points inside.

1964

to 2012

mass as a given
property

the Higgs field, a mathematical
way to give particles mass

The Higgs boson is found at CERN.

1929

to 2012

matter and energy information, an abstraction Szilard ties it to heat; Landauer sets the
price, kT ln(2) per bit erased; Bérut
measures it in 2012.

1973

to 1975

a black hole’s
surface area

a formal analogy to entropy,
which its authors warned not to
take literally

Hawking: black holes radiate. The area is
entropy.
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H

A dozen promotions in a century and a half.

Newer results, listed in the notes at the back,

point the same way: the everyday world as a set of

agreeing copies, the quantum state as a property

of the thing itself, and model universes whose

whole interior is written on their boundary.

The other direction has its own list. Caloric, phlo‐

giston, the luminiferous aether, absolute time:

each was taken as a thing and turned out to be

nothing. A few cases sit between the lists (the

notes at the back go through them), and they

share one feature. What each predicted survived

and moved into a successor theory, while the en‐

tity itself did not. Philosophers have a name

for that, structural realism. What survives the

overturning of a theory is its structure, not

its furniture.

So what separates the promoted from the

demoted at the time, before the successor

theory exists?

Status follows the bits.

03

Status follows the bits
ere is the rule the table supports. What

gets promoted is whatever carries bits

of its own: something that can change

on its own and show up in a measure‐

ment. What gets demoted is whatever has none,

however useful it is for the sums.

Two cases show it. The field carries bits of its own:

shake a charge and radiation leaves, carrying en‐

ergy that was nowhere else. The aether carried

none: the best version of it predicted every exper‐

iment, but nothing about the aether itself ever

showed up in one. The neutrino was caught on its

own; Bohr’s orbits never were. The rule can be ap‐

plied the day a quantity is proposed, which “it

turned out to be indispensable” cannot.

The rule is old; the notes give its lineage. What is

new is noticing how far it reaches, and two results

carry it.

The first is Landauer’s, from the table: a record is

physical. A bit is a state of some part of the world,

and erasing it costs at least kT ln(2) of heat, about

3 × 10−21 joules at room temperature, three bil‐

lionths of a trillionth of a joule. This settles

nothing about whether quarks exist. It settles that

every description is itself a piece of the world,

with a price.

9 in 10
dollars in the United States

that exist only as ledger

entries

10
bits of microscopic state

in the Earth (a 1 followed

by 51 zeros)

kT ln(2)
the minimum heat to

erase one bit, about 3 ×

10−21 joules at room

temperature

51
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The second is what it means for a record to be

about something: a record is about a thing to the

degree that the two move together. Call that the

shared bits. A record with no shared bits is about

nothing. A record with every bit, at the thing’s

own density, is not a record. It is a second copy of

the thing, the map at a mile to the mile that

Borges’s cartographers finished and the people

used as the country. Every map, model, photo‐

graph and memory sits between those ends.

Now ask the old question: which is real, the thing

or its description? The question has no content

until two quantities are supplied. How many of

the bits that matter to the purpose at hand do the

two share? And which way do changes flow? A

plant holds more bits than its model and changes

start in the plant, so the plant is the original. A

ledger holds every bit that matters about a sum of

money and changes start in the ledger, so the

ledger is the original. Originality is not a property

a thing has. It is a relation: more of the bits that

matter, and upstream.

Originality is not a property a thing has. It is a relation: more of the bits
that matter, and upstream.

Half of that relation is in the eye of the beholder.

Which bits matter depends on the purpose: the

controller’s objective, the regulator’s limit, the

owner’s claim. The other half is not. Which way

changes flow is a fact about the world, and it can

be tested by intervening. The debate over things

and descriptions was never about a wall in nature.

It was about an asymmetry of information, and

physics kept finding the asymmetry ran the other

way from what everyone assumed.

One set of numbers keeps the picture honest.

Earth holds about 1051 bits of microscopic state (a

1 followed by 51 zeros). A copy at one bit per atom

would take roughly ten Earths of matter, and

packed as tightly as physics allows those bits are a

black hole the width of an atom with the mass of a

fifty-kilometre asteroid. Every record that exists is

lossy, including nature’s. What humans add is not

copying. It is memory, speed and reach.
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The physical world is crossing

T
he physical world is at stage two and entering stage three, and the same

three conditions decide when a variable crosses.

Stage one. A plant, a river, the air over a city.

The records are paper logs and annual reports,

read by regulators years later. Lossy, lagging.

The world moves and the record follows.

Stage two, where most of the world is now.

Sensors feed a dashboard. A model forecasts.

The record claims something about the plant

and a person acts on it, with delay. Everyone

looks at the screen, but the settlement, the

valve turned or the permit changed, is physical

and slow. This is the banknote era of the physi‐

cal world.
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Stage three, arriving. A closed-loop twin: a

running model of the plant, fed by sensors

without pause, whose state a controller acts on.

The model holds the bits that matter at the

plant’s boundary: what crosses the fence line,

the stack, the outfall. The controller moves

valves to hold the plant at the model’s setpoint

(the value the record says a variable should

have), squeezing the gap between target

and plant down to noise. Within that band,

changes now start in the record. The setpoint is

the state.

C ON D I T I ON MON E Y P H Y S I C A L  WOR LD

Every bit that matters, at the

boundary

ownership, not gold atoms what crosses the fence line, not the atoms

inside

A live feed that keeps reconciling clearing and settlement sensor data faster than the plant makes new
information

Action flows from the record payment is a ledger
change

control is a setpoint change

Two results from control engineering make

the analogy precise, and both can be said in

plain words.

The first is from 1960, by Rudolf Kalman, whose

filter steers every GPS. If the model is right, the

history of what you measure tells you everything

about the state inside, and the same mathematics,

run the other way, says the controls can steer it.

That matters here because a plant, unlike a ledger,

has lag: by the time a spike reaches the stack or

the fence line it is too late to stop it. Holding the

boundary steady means seeing and steering the

inside before harm crosses the line.

The second is from 1990, by two physicists at the

Naval Research Laboratory, and it answers the ob‐

vious objection. Weather and rivers are chaotic:

small errors grow until prediction fails. But chaos

does not destroy synchronization. A copy of a

chaotic system, fed one live variable from the

original, locks onto everything it cannot see and

stays locked. Checked for this essay on the text‐

book chaotic system: a copy that started badly

wrong locked on within four time units and held

for the rest of the run; a copy with no feed, started

one millionth wrong, was unrecognizable by fif‐

teen. Prediction died. Synchronization did not.

(The copy must be a faithful model, and the lock is

only as exact as the model.)

A chaotic plant and two copies.

Prediction died. Synchronization did not.

The price of stage three is then a theorem, not an

aspiration. A plant can be tracked or stabilized

over a channel only if the feed carries at least the

plant’s own rate of producing new information

(its entropy rate, in bits per second). Below that

floor, no model is good enough. Above it, a mod‐

est model can be. Most process units are not

chaotic like weather; they are stable and con‐

stantly disturbed, and there the floor is set by how
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fast unmeasured disturbances push the plant

out of tolerance. Either way, the minimum

sensor bandwidth is set by the plant, not by

anyone’s ambition.

There is also a test for whether a variable has

crossed, and it is the philosopher’s test from ear‐

lier: intervene. Change the twin’s setpoint, not the

plant, and watch whether the plant follows; or

perturb the twin’s estimate of the state and watch

whether the controller drives the plant the other

way to compensate. Either way, changes start in

the record. Stuxnet showed the dark version in

2010: the attack hijacked the controller’s record to

spin centrifuges to destruction while feeding oper‐

ators a replayed recording of normal operation so

they would not step in. And on the 737 MAX, a sin‐

gle faulty sensor fed a false angle-of-attack record

into a closed loop that pitched a real airliner into

the ground. A record that steers is the thing, for

good or ill.

A record that steers is the thing, for good or ill.

Where the analogy breaks is exactly where it

should. Money’s thing was always a convention,

so the record could take over completely. Atoms

are not a convention. The record becomes the

thing only for the variables that are measured,

modeled and controlled, only within the reach of

the actuators, and only while the feed is open. Cut

the feed and the twin reverts to stage two within

the horizon over which unmeasured disturbances

accumulate: hours to days for a process unit,

about two weeks for weather. So “the record is the

thing” is never a statement about a whole plant. It

is a statement about a set of boundary variables,

and the set grows with sensors, bandwidth and

actuators. Whatever is left unmeasured outside

that set stays in stage one, invisible to the loop

that steers.

05

What this changes
If status follows the bits, four things follow for anyone building the record of the

physical world.
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01 Measurement is the scarce input, not mod‐

eling. Models are cheap and getting cheaper. The

feed is what holds a twin to the world, and its

floor is set by the plant. The money system spent

three centuries building clearing houses, not bet‐

ter theories of gold. The physical world needs its

clearing houses: sensors at the boundary, running

faster than the world changes.

02 Truth, for records, is reconciliation with a

physical anchor. Philosophers call agreement

among records the coherence theory of truth,

and have long noted its defect: records can agree

with each other and all be wrong. The anchor re‐

pairs it. One of the records is the thing itself at its

boundary, read live. This is how ledger money

works, and it is what the newest physics says an

everyday fact is: a state that many independent

copies agree on. It has a cost worth admitting: a

claim that is true but unmeasured counts here as

unreconciled, not as true. A green claim with no

live feed behind it is not called false. It is called un‐

reconciled, which is what a counterfeit is.

03 The one hazard is a record that reconciles

only with itself. In 2008 the credit records agreed

with each other and not with the houses, and the

houses won. Madoff’s statements reconciled with

one another for years. A French philosopher ar‐

gued in the 1970s that money cut loose from gold

had become a sign pointing only at other signs.

He was half right: cut loose from its anchor, a

record does refer only to other records. He was

wrong about what follows. The result is not a sta‐

ble world of signs but 2008 credit and model col‐

lapse, and the physical boundary liquidates it in

the end. Models trained on the output of other

models drift the same way; the effect has a name

now, model collapse. A world filling with syn‐

thetic records needs its anchor more than ever,

and the anchor is physical: the boundary mea‐

surement, kept live.

In 2008 the credit records agreed with each other and not with the houses, and the
houses won.

04 The fast harms become reachable.

Environmental harm moves in minutes to sea‐

sons. Law moves in years. For most of its history

the environmental record was a stage-one record,

read long after the fact (hourly stack monitors un‐

der the 1990 Acid Rain Program moved part of it

to stage two), and it protected only against harms

slow enough to wait for it. A stage-three environ‐

mental record runs faster than the harm it steers.

Thermostats and steam governors have done this

for their small worlds for two centuries. Nothing

has done it for the biosphere.

The essay is two claims joined. In physics, status follows the bits a quantity carries of its own. In engi‐

neered records, a record becomes the thing when it holds every bit that matters, stays reconciled, and

acts. The joint is one word, upstream: in both, what is real is what the changes start from. In physics,

the order was always there in nature, and experiments simply discover that what looked like book‐

keeping was upstream all along; in money and engineered twins, humans build the loop that puts the

record upstream. Money crossed when the ledger could do those three things. The physical world

crosses the same way, one measured variable at a time.
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What is established, what is new

E S TA B L I SH E D .  The twelve rows are standard history.

The boundary results of Maldacena and successors

hold in anti-de Sitter model universes, not yet in ours.

The Pusey, Barrett and Rudolph theorem rests on two

assumptions, that systems have physical states and

that separately prepared systems are independent,

and those who hold the quantum state to be knowledge

give up one of them. Zurek’s record theory is demon‐

strated on a few qubits, not on refineries. Landauer’s

cost was measured directly in 2012 and is still ques‐

tioned by a few philosophers. Kalman’s theorems,

Pecora and Carroll’s synchronization and the data-rate

theorem are textbook results. The money figures are

from the Federal Reserve: about 2.4 trillion dollars of

currency against an M2 money stock of about 23.3 tril‐

lion, so roughly nine dollars in ten are ledger entries.

BOR ROWE D ,  W I TH  C R E D I T .  That what survives the‐

ory change is structure, not substance: Poincaré,

Worrall (1989), Ladyman and Ross (2007), Floridi (2008).

That a pattern is real when it lets you predict with

fewer bits than the raw data: Dennett (1991). That an

entity is real when you can use it to change something

else: Hacking (1983). That a record is about a thing to

the degree the two are correlated: Dretske (1981), on

Shannon. That money becomes more fully money as

its substance recedes: Simmel (1900); that the end of

gold convertibility made money a sign referring only

to other signs: Baudrillard (1976); that money is what‐

ever a community counts as money: Searle (1995); that

financial models make markets conform to them

rather than describe them: MacKenzie (2006). That

ledgers predate coins: Innes (1913), Graeber (2011),

Martin (2013). That a regulator needs as much variety

as what it regulates, and must contain a model of it:

Ashby (1956), Conant and Ashby (1970). That a twin

can only be held to a plant over a channel carrying the

plant’s information rate: the data-rate theorem (Nair

and Evans 2004, Tatikonda and Mitter 2004). That a dig‐

ital twin of a city approaches but may never reach the

city: Batty (2018), Tomko and Winter (2019). That mod‐

els trained on models collapse: Shumailov and col‐

leagues (2024). The map used as the country: Borges

(1946). Wheeler’s “it from bit” is the slogan the whole

table illustrates. Korzybski’s “the map is not the terri‐

tory” is the folk principle this essay qualifies: the map

is not the territory until it holds every bit that matters,

stays reconciled and acts, and then it is.

N EW,  A S  FA R  A S  A  S E A RC H  O F  TH E  L I T E RATU R E

SHOWS .  Two things, and they are modest. The three-

condition checklist for when a record has crossed (ev‐

ery bit that matters at the boundary, live reconcilia‐

tion, action from the record), read off money and ap‐

plied to the physical world. And the explicit chain

from the physics table through money to the closed-

loop twin, with originality defined as a relation

(shared bits that matter, and direction of change) that

can be tested by intervention. Each link has a named

ancestor above. The chain is the contribution.

C ON JE C TU R E ,  MA RK E D  A S  SU C H .  That “carries bits

of its own” is all there ever was to the thing-versus-de‐

scription distinction is an induction from the table,

and the hard cases (Bohr’s orbits, the equant, absolute

space, the Dirac sea) show that predictive content and

entity status can come apart; the criterion sorts those

cases, but it was chosen with them in view. The sort‐

ing: the field radiates on its own and the aether never

showed itself; the neutrino was caught and the phase

of Bohr’s orbit never appeared in a spectral line;

Ptolemy’s equant and Newton’s absolute space each en‐

coded a real regularity (the bucket experiment, for ab‐

solute space) that a successor carried better; the Dirac

sea had no bits of its own while the hole in it did;

gauge symmetry is a redundancy of description while

the gauge field’s physical modes are real and were

found. Which bits matter is relative to a purpose, and

the essay owns that. The claim that building a corre‐

lated record stitches two regions closer in one holo‐

graphic ledger, which would make a digital twin a

small act of weaving spacetime, follows from the

boundary results only if they extend to our universe,

and no test exists today.

SC A L E  O F  TH E  NUMB E R S .  Earth’s 1051 bits (a 1 fol‐

lowed by 51 zeros), the ten Earths, the atom-sized black

hole, and a refinery’s roughly 1028 bits per second (a 1

followed by 28 zeros) of radiated entropy, almost none

of it about the plant, are order-of-magnitude figures

from standard constants, recomputed in a companion

script. Nothing in the argument moves if any of them

is off by a factor of a thousand.
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