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T
Overture

here is iron in your blood.

A  few  grams  of  it,  threaded

through  the  hemoglobin  that  car‐

ries oxygen out of your lungs and into every

cell you own. That iron is older than the Earth.

It is older than the Sun. It was forged in the

core of a massive star that lived and died be‐

fore  the  solar  system existed,  and  when the

star tore itself apart it flung the iron out into

the dark, where it drifted for billions of years,

until gravity gathered it up along with the ash

of  countless  other  dead  stars  and  pressed  it

into a planet, and an ocean, and a body. Into

you.

Not one word of that is a figure of speech.
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You are the universe itself, its actual materi‐

al, worked across nearly fourteen billion years

into a shape that can read about itself. This is

the autobiography of that shape.

It opens at the birth of time, in a condition

for which ordinary words go slack, and it ar‐

rives here, at atoms arranged precisely enough

to wonder where atoms come from. Across all

the  distance  between,  the  universe  built

everything it would ever become out of what

it already had. Every ingredient in the cosmos

was  present  at  the  beginning,  or  was  made,

later, from what was already here. Everything

came from within.

And it  crossed  that  distance  by  making  a

single  move,  and  then  making  it  again,  and

again, for fourteen billion years.

The move is this. Separate things discover

how to become a larger thing that can do what

none of them could alone. Two hydrogen nuc‐

lei, crushed hard enough, become helium and

release  the  light  of  a  star.  Atoms,  gathered

close  enough,  become  the  star  itself.  Mo‐

lecules, folded the right way, become a living
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cell. Cells become a body. A body’s cells, sig‐

nalling fast  enough,  become a  mind.  Minds,

speaking to one another, become a thing that

thinks across centuries.

And the parts endure. They remain, nested

inside the whole.  You are, at this moment, a

company of cells, which are assemblies of mo‐

lecules,  which  are  knots  of  atoms  forged  in

stars. The wholes are stacked one inside anoth‐

er, all the way down, all the way back toward

the beginning.

The  biologists  who  study  the  deepest  of

these turns call them the major transitions. The

recurrence is real. It has been measured. It has

a literature.

What this book offers is the story of it, from

the first turn to the one going on around you.

Because the most recent turn is unfinished.

It is happening now, in the years you are living

through, as a second kind of mind, one that is

built  rather  than  grown,  begins  to  think

alongside the first.
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You are sitting on the frontier of the story.

Before  the  last  page,  you  will  find  out  how

close to it you actually are.

One question runs underneath the whole of

it, and it is worth carrying from here.

Everything in this universe is coming apart.

The  stars  are  burning  down.  The  atoms  in

your body are on loan, and will be returned.

Every structure the cosmos has ever raised sits

inside a slow, universal slide toward the cold

and  the  featureless,  and  there  is  no  exemp‐

tion, and there are no exceptions.

So how does anything last at all?

The answer changes at  every scale,  and it

changes in a direction, and following that dir‐

ection is the whole of what follows. It begins,

as  everything  here  begins,  with  almost

nothing at all.
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E

C H A P T E R  O N E

Nothing Becomes Something

very story has a first page. This one’s

is partly unreadable.

Physics  is  the  most  precise  ac‐

count of reality our species has built.  Run it

backward, toward the beginning, and it holds:

past the forming of galaxies, past the forging

of  atoms,  back  and back,  the  equations  stay

steady almost  the whole way.  Almost.  In the

first sliver of the first second, the universe ran

so  hot  and  so  dense  that  the  mathematics

comes  apart  in  our  hands.  Something

happened in  that  sliver  so  extreme that  our

account of happening stops applying to it.

So the book begins as near to the start as

knowledge can stand, a fraction of a second in,

and marks the edge where it reaches it. Reality

has a horizon. We stand on this side of it.
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Even a fraction of a second in, with the un‐

readable  part  behind  us,  the  universe  is

already violent past anything ordinary words

were built to carry. It is small beyond compar‐

ison: everything we can now see, every galaxy

in  the  visible  cosmos,  pressed  into  a  space

with no room to spare. It is hot beyond telling,

hot enough that an atom would dissolve inside

it in an instant. And it is doing the one thing it

will  do,  without  pause,  for  all  the  time  to

come.

It is expanding.

Hold onto that, because it is the engine of

everything. The universe flies apart, every re‐

gion  rushing  from  every  other,  and  a  thing

that expands, cools. The infant cosmos is a fire

being  drawn  thinner  and  thinner,  and  as  it

thins, its temperature falls. Almost everything

that follows — every structure, every element,

every  living  thing  —  happens  because  the

temperature was falling.  The universe builds

by cooling. It cools past one threshold, and a

new thing becomes possible. It cools past the

next, and another opens.
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Cooling is the clock of creation. Cooling is

the permission.

·  ·  ·

The first  thing the  cooling permits  is  differ‐

ence.

At the very start the forces that run reality

stood unified,  a  single  seamless  law:  gravity,

the  force  that  binds  the  cores  of  atoms,  the

force that lights your nerves and holds all of

chemistry  together,  one  undivided  blaze.  As

the  heat  fell,  that  unity  resolved.  Gravity

settled out first, then the others in turn, each

taking up its own reach and its own rule.

The first labour of creation was separation.

The clean dividing of one seamless thing into

many, so that the many could later find one

another.  Joining  asks  for  separate  things  to

join.  The  universe  built  difference  first,  and

only then could it begin to build wholes.

In that same blinding fraction of a second,

the best reading of the evidence says the cos‐

mos did something stranger.  It  inflated. In a

span of time too short for any ordinary word
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to hold, a patch of space smaller than a single

proton  was  stretched  wider  by  more  than  a

hundred trillion trillion times. This is theory

rather  than  testimony.  It  has  survived  hard

tests,  and  it  survived  them  because  it  left

fingerprints, and we found them.

Here is the fingerprint that matters.

Down  at  the  smallest  scale,  the  universe

obeys  one  strange  rule:  it  must  always  be

trembling.  A faint,  irreducible  jitter  runs  be‐

neath everything, the smallest motion the laws

of physics allow, a restlessness at the very floor

of the world. Perfect stillness is not permitted.

Perfect smoothness is forbidden.

Before  inflation,  that  tremble  was  micro‐

scopic.  Inflation  seized  it  and  stretched  it

across the sky.

The stretched trembles became the first un‐

evenness  the  universe  ever  carried:  regions

denser than average, and regions thinner, by

about one part in a hundred thousand. That is

the faintest difference the laws of physics will

allow a thing to have — a roughness of three

hundredths of a thousandth of a degree, the
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ghost  of  a  shiver.  And every galaxy that  has

ever turned in the dark, every spiral of a hun‐

dred  billion  suns,  every  cluster,  every  long

thread  of  the  cosmic  web  that  strings  the

galaxies through space, grew by gravity out of

the denser side of that hundred-thousandth.

The  grandest  structures  there  are  were

seeded by the smallest difference there can be.

·  ·  ·

Before the universe was a second old, the cool‐

ing let the next kind of difference settle out.

The  matter  of  that  age  was  finer  than

atoms, finer even than the cores of atoms. It

was  quarks,  the  smallest  pieces  from  which

heavier particles are built,  loose in a searing

plasma. As the heat fell it pressed them togeth‐

er, three at a time, into the first protons and

the first neutrons. These are the first compos‐

ite  objects  in  the  story.  They  are  the  first

things with parts.

Even a single proton is an assembly, three

quarks  held  as  one.  In  the  smallest  possible

way, the universe had begun to stack.
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Then,  for  about  three  minutes,  it  stacked

faster than it ever would again. The whole cos‐

mos ran hot enough and crowded enough to

fuse,  forcing  protons  and  neutrons  together

hard enough to hold, building the first nuclei

heavier  than  lone  hydrogen:  mostly  helium,

two protons and two neutrons locked into a

single core. A helium nucleus is a whole made

of parts that are themselves whole. The stack

had gained a floor.

Then  the  universe  cooled  past  one

threshold  more,  and  the  furnace  went  out.

After three minutes it had grown too thin and

too cold to fuse, and the deepening cold froze

in  place  what  the  fire  had  made.  Roughly

three-quarters  hydrogen.  One-quarter  heli‐

um. A barest trace of lithium. Two elements,

the  two lightest,  and  the  makings  of  almost

nothing besides.

The carbon for every living molecule, the

oxygen  for  every  ocean,  the  iron  for  your

blood: all of it waited on a future that would

first have to learn how to forge it.
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·  ·  ·

What came next was the longest quiet stretch

in  this  book.  Nearly  four  hundred thousand

years of fog.

The universe was full.  Full  of bare nuclei,

full of free electrons, full of light, and far too

hot  for  any  electron  to  be  caught  and  kept.

The electrons streamed loose,  and free elec‐

trons  do  one  particular  thing  to  light:  they

scatter it. Every particle of light, the instant it

set  out,  was  struck  and  flung  sideways,

knocked  from  electron  to  electron,  sent

nowhere at  all.  The cosmos was  a  glare  you

could see neither through nor by, a brightness

that swallowed every distance inside it.

And  this  is  the  part  to  sit  with.  The  fog

already held every ingredient of everything to

come.  Every  electron,  every  nucleus,  every

particle of light that would one day build an

atom and a star and a reader of this page: all of

it present, all of it there, all of it useless. The

parts were in the room and could not touch.
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For four hundred thousand years the universe

had  everything  it  needed  and  could  do

nothing with any of it.

It was a long, held breath.

·  ·  ·

Then  it  crossed  the  threshold  the  whole

chapter has been falling toward, and it crossed

it by cooling to three thousand degrees.

At  about  three  hundred  and  eighty  thou‐

sand years, the heat dropped low enough for

an electron, at last, to be caught by a nucleus

and held. All across the universe, in the same

brief passage of time, electrons settled into or‐

bit,  negative bound to positive,  and the first

atoms came into being.

A  hydrogen  atom  is  one  electron  settled

around one proton. It is a modest object, and

it is the first thing in the universe that is elec‐

trically complete: a positive charge and a neg‐

ative charge, balanced, answered, at rest. It is

the seed of all chemistry. Every later joining of
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matter to matter — every drop of water, every

grain of salt, every strand of DNA — begins in

the moment the first electron is caught.

And the same act that made the atoms set

the light free. The electrons had been the one

thing scattering it. The instant they folded into

atoms, the scattering stopped.

The fog did not thin. It vanished.

In a single sweep, across the whole universe

at  once,  the  cosmos  turned  clear,  and  light

could finally cross it.

That released light is still here. It has trav‐

elled  for  nearly  fourteen  billion  years,

stretched  by  all  the  expansion  since  from  a

fierce glow down into a faint microwave hum,

and it is inside you as you read this line: about

four hundred particles of the oldest light there

is, filling every cubic centimetre of the space

your  body  occupies,  at  this  instant  and  at

every instant of your life.

We have mapped it across the whole sky. It

is a photograph of the universe at three hun‐

dred and eighty thousand years old, the earli‐

est image that light itself can ever carry. And
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printed  faintly  across  it  lie  warmer  patches

and cooler ones, three hundredths of a thou‐

sandth  of  a  degree  apart:  the  quantum

trembles  from  inflation,  the  seeds  of  every

galaxy, written into the sky in light. One pho‐

tograph holds both the infancy of the cosmos

and the blueprint of everything it would grow

to be.

·  ·  ·

Pour  a  glass  of  water  and  hold  it  up  to  the

light.

Two of the three atoms in every molecule

there  are  hydrogen,  and  that  hydrogen  is

primordial:  its protons condensed out of the

quark  plasma  before  the  universe  was  a

second  old,  and  came  through  the  three-

minute furnace unburned. In nearly fourteen

billion years, every proton of it has endured,

unchanged.  It  has  been  interstellar  gas,  and

starlight, and ice, and ocean, and rain, and the

blood of  strangers,  and now it  rests  in  your

hand.

Nothing Becomes Something

21



To drink a glass of water is to lift the first

minutes of the universe to your lips.

·  ·  ·

The universe began as one seamless thing, and

its first labour was to come apart: into separate

forces, separate particles, the simplest separate

matter.  Only  then,  with  difference  made,

could the separate things begin to find one an‐

other. Quarks into protons. Protons and neut‐

rons  into  nuclei.  Nuclei  and  electrons  into

atoms.

Separation first. Then the joining. Then the

first small wholes that hold.

And the holding is the answer, the first of

the several this book will find, to the question

the Overture  left  open.  In  a  universe  whose

every  instant  is  spent  flying  apart,  whatever

binds tightly enough to hold is what lasts —

and only what lasts becomes the ground the

next thing is built upon. The atom endures by

being hard to break. That is a real answer, and

it is the only one available for a long time yet,

and it will turn out to be the poorest of them.
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From one, many. From the many, the few

that held. From what held, the ground of all

the rest.

The turn has left the universe rich in space

and  time  and  light,  and  poor  in  everything

else.  Two  elements,  drifting  ever  thinner

through a dark that grows colder every year.

Hydrogen  and  helium  can  gather,  and  glow

when they are lit, and little more.

To make a world, or a living cell, or even a

star, the cosmos will need heavier stuff, and a

fresh heat to forge it. It will have to take this

thin and featureless  gas and pull  it  together,

and pull harder, until in the crushed black at

the heart of the pile something catches,  and

burns.
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G

C H A P T E R  T W O

The First Factories

ravity is the weakest force there is.

Not  modestly  the  weakest.  It  is

weaker than the force that holds a

molecule  together  by  a  factor  so  large  the

number is useless to write down. A refrigerat‐

or magnet,  a  scrap of  iron you can lift  with

two fingers, holds a paperclip against the pull

of the entire planet, and wins. Set gravity be‐

side the other forces of nature and it  barely

registers. It is the runt.

It  has  two properties  the others  lack,  and

those two properties will decide everything.

The  first:  gravity  has  unlimited  reach.  It

never runs out,  never falls  to nothing,  never

stops at a boundary. The other forces are local.

They  govern  the  inside  of  an  atom  and  go

quiet  at  the  edge  of  it.  Gravity  crosses  the
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room,  crosses  the  world,  crosses  the  void

between  galaxies,  weakening  as  it  goes  and

never, at any distance, arriving at zero.

The second: gravity only ever pulls. It has

no opposite. Electric charge comes in two fla‐

vours and the two cancel, which is why a uni‐

verse  full  of  charged  particles  is,  taken  as  a

whole, electrically dead. Gravity has no negat‐

ive form. Nothing anywhere shields it or an‐

swers it or turns it back. Every gram of matter

in existence adds to the pull,  and none of it

subtracts.

A force that reaches everywhere, never can‐

cels,  and never  quits.  Give it  enough matter

and enough time, and the weakest thing in the

universe becomes the most decisive thing in

the universe.

It had both. The matter was the thin hydro‐

gen and helium of  the last  chapter,  and the

time was a hundred million years of darkness

after the light came free — a stretch the histor‐

ies usually call the cosmic dark ages, as though

nothing were going on. Everything was going

on. On the denser side of that one-part-in-a-
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hundred-thousand shiver, gravity was pulling

very slightly harder than it  pulled anywhere

else, and the extra pull drew in a little more

gas, and the extra gas pulled harder still. Rich

regions  grew  richer.  The  universe’s  faintest

possible unevenness was being amplified, pa‐

tiently,  by  the  universe’s  faintest  possible

force, for a hundred million years.

The  dark  ages  were  gravity’s  long  head

start.

·  ·  ·

Go down into the deepest knot of that gather‐

ing, and follow one cloud as it falls.

It is enormous, this cloud, a reservoir of hy‐

drogen broad enough to seed a small galaxy,

and it is collapsing under its own weight, and

the gas  streams inward with nowhere left  to

go. What happens next you have felt in your

own hands. Squeeze a gas and it warms; pump

a bicycle tyre and the pump grows hot under

your palm. This is that, scaled until it staggers.
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The  cloud  compresses.  The  compression

heats it. Gravity does not tire, so the heating

does not stop.

The  core  climbs.  A  thousand  degrees.  A

hundred thousand. A million. The atoms shed

their electrons in the rising fury and tear into

one  another,  faster  and  harder  with  each

passing age, and still  the cloud keeps falling,

and still  the  temperature  keeps  climbing to‐

ward  a  threshold  that  has  never  once  been

reached anywhere in the history of anything.

Ten million degrees.

At ten million degrees the hydrogen nuclei

slam together hard enough to overcome the

electric repulsion that should hold them apart

forever.  They fuse.  Four nuclei  become one,

and the one weighs a sliver less than the four,

and the missing sliver leaves as pure energy, as

light, as an outward pressure that catches the

infalling gas and holds it up.

The collapse halts. The fire pushes out ex‐

actly as hard as gravity pulls in.

A star ignites.
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·  ·  ·

And here an objection should be standing up

in the back of your mind, and it is the right

objection, and the whole book depends on the

answer.

Everything is running down. This is not a

mood;  it  is  a  law,  the  most  inescapable  one

physics  has:  in any isolated system, disorder

increases. Heat spreads out and never gathers.

The cup shatters and never reassembles. Every

process  anywhere,  taken  as  a  whole,  moves

from the ordered toward the featureless, and

the universe as a whole is sliding, steadily and

without  appeal,  toward  a  cold  and

structureless end.

So how is a star allowed?

How is any of this allowed — the star, and

the planet, and the cell, and the eye, and the

mind assembling this sentence? Fourteen bil‐

lion years of things becoming more intricate,

inside a  cosmos whose one iron rule  is  that

things become less so.
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The answer is not an exception. There are

no exceptions. The answer is that the law says

increases overall, and the word doing the work

is overall.

Order can gather in one place, so long as a

greater disorder is  paid out somewhere else.

The books must balance, and they always do,

and there is enormous room to move inside a

balanced ledger. A star does not defy the slide.

A star is a shape the slide makes on its way down.

An immense weight of gas falling in on itself,

converting the order of its own gathered posi‐

tion into heat and light and radiating it away

to the cold — and along the way, on the way

down, it holds itself in a structure of astonish‐

ing stability for ten million years. It is a cata‐

strophe  that  has  been  interrupted,  and  the

interruption is the star.

Watch water go down a drain. It  does not

fall  straight;  it  organizes.  A  whirlpool  as‐

sembles itself, and holds its shape, and turns

with  a  smooth  precision  that  nothing  de‐

signed, and it does this for exactly as long as

the water is  pouring through it.  Shut off the
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flow and the structure is gone in a heartbeat.

The whirlpool  is  not  a  thing that  resists  the

draining. The whirlpool is a thing the draining

does.

Every structure in this book is a whirlpool

of that kind. The star. The cell. The forest. The

city.  The  mind  reading  this  line.  Each  one

holds its shape by standing inside a flow of en‐

ergy on its way from somewhere hot to some‐

where  cold,  and  taking  a  cut.  Order  in  the

middle,  paid  for  by  a  larger  disorder  at  the

ends.  The universe’s  long collapse is  not the

obstacle the pattern works against.

It is the current the pattern runs on.

·  ·  ·

So  the  star  burns,  and  the  light  of  it  pours

from the heart of the dark, and the long reign

of the dark begins to end.

The light  is  the smallest  part  of  what  has

begun. Look past the glow, into the furnace,

and watch what the fire is making. Four hydro‐

gen nuclei have become one helium nucleus.

Until  this  moment  the  universe  held  almost
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nothing but hydrogen, helium, and a whisper

of lithium, the thin inventory left by its birth.

Now, at the centre of the dark, one element is

being turned into another. The oldest dream

of  the  alchemists  is  running  as  ordinary

industry in every star in the sky.

For ten million years a massive star burns

hydrogen to helium, blue and profligate and

brief.  Then  the  hydrogen  in  the  core  runs

thin,  the  fire  falters,  and  gravity,  which  has

been waiting the entire time, presses back in.

The core contracts. Contracting, it heats. And

it crosses a second threshold, and the helium

ash itself begins to burn.

Except that it should not be able to.

·  ·  ·

Here is the strangest bottleneck in the physical

world, and every atom of carbon in your body

came through it.

To build carbon you must fuse three heli‐

um  nuclei.  Three-body  collisions  are  hope‐

lessly rare, so it has to be done in two steps:

two  heliums  first,  making  beryllium-8,  and
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then a third helium onto that. The trouble is

beryllium-8.  It  is  not  stable.  It  comes  apart

almost the instant it forms, and  almost the in‐

stant here means about eighty billionths of a

billionth of a second.

That is the window. A third helium nucleus

must  find the  beryllium and strike  it  within

that sliver of time, or there is no carbon, and

there  is  no  oxygen  built  from  carbon,  and

there  is  nothing  further,  ever.  On  the  plain

arithmetic  the  reaction  is  far  too  slow.  The

universe should be a  place of  hydrogen and

helium and nothing else.

In 1953 the astronomer Fred Hoyle looked

at this and reasoned backwards from a fact he

could not argue with. Carbon is everywhere. It

is one of the commonest elements in the uni‐

verse, and a star is the only place it could have

been made. Therefore the reaction must run

far  faster  than  the  arithmetic  allowed,  and

there was only one way it could: carbon must

possess an energy state, at just the right level,

that lets the third helium slot in with enorm‐

ous  eagerness  —  a  resonance,  tuned  like  a
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struck bell to exactly the energy the collision

delivers. He calculated where it would have to

sit.  Then he walked into the nuclear physics

laboratory at Caltech and told them to go and

look for it.

They looked. It was there, within a whisker

of where he said.

A man deduced a specific property of the

atomic nucleus from the bare fact that he was

alive  to  wonder about  it.  And the deduction

held.  Every carbon atom in your body — in

the muscle of your hand, in the proteins fold‐

ing in your cells,  in  the ink of  this  letter  —

passed through a gate eighty billionths of a bil‐

lionth of a second wide, and got through be‐

cause the nucleus of carbon happens to ring at

the right pitch.

·  ·  ·

Past that gate, the star climbs.

This is the rhythm of a great star’s life: burn

a fuel, exhaust it, collapse a little, heat, and set

the ash alight as the next fuel. Helium into car‐

bon. Carbon into oxygen and neon. Each stage
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runs hotter and faster than the last, until the

star  is  an  onion  of  nested  fires,  every  shell

burning a heavier element than the shell out‐

side it. Only the giants drive the sequence all

the way down. Oxygen into silicon. Silicon, at

last, into iron.

And at iron the building stops.

Iron is the ash that will not burn. Through

every  stage  before  it,  fusing  two  nuclei  re‐

leased energy, the outward push that held the

star  up.  Iron sits  at  the bottom of  that  well,

bound as tightly as matter can be bound. To

fuse it into anything heavier costs more than

it  yields.  The  reaction  runs  backwards;  it

drains warmth instead of giving it.

So when the heart of a great star turns to

iron,  the  fire  has  nowhere  left  to  go.  At  the

centre a ball of iron grows, inert and useless

and  fatal,  packed  denser  than  anything  you

have ever touched, swelling toward the mass

of a sun. It is the still point at the core of all

that violence, and it is the star’s death gather‐

ing itself. Every second of fusion in the shells

above rains more iron down upon it.
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The balance that held for ten million years

breaks in less than a second.

When  the  iron  core  grows  too  heavy  for

even its  own crushed atoms to  bear,  gravity

wins completely and at once. The core falls in‐

ward  at  a  quarter  of  the  speed  of  light  and

slams  into  the  hardest  limit  matter  has,  the

density at  which atoms themselves crush to‐

gether  into  a  single  colossal  nucleus  and can

be squeezed no further.  A mass greater than

the  Sun collapses  into  a  ball  the  width  of  a

city,  so  dense  that  a  teaspoon  of  it  would

weigh a billion tonnes.

In the falling, the dying core pours out al‐

most all of its energy as neutrinos, the ghostly

particles that pass through worlds unbothered.

Ten seconds  of  this  one  death  release  more

neutrinos than there are stars in the entire vis‐

ible universe. And it is their faint pressure, of

all  things,  that  drives  the  blast:  the  infalling

star  strikes  the  incompressible  heart,  re‐

bounds, and tears itself apart from the inside

out. For a few weeks this single dying star will

burn with the light of half a billion suns: one
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point  in  a  spiral  of  a  hundred  billion,  and

bright enough to be picked out from another

galaxy.

Two gifts are made in that instant.

The  first:  every  heavy  element  the  star

forged across  ten  million years  is  flung out‐

ward into the dark. The factory ships its entire

inventory in one cataclysmic breath.

And  one  item  in  that  inventory  carries  a

secret.  The iron does not arrive as iron. The

star’s  last  day of fusion makes nickel,  an un‐

stable  nickel,  already  coming  apart,  and  the

soft afterglow that lets us watch a supernova

for  weeks  across  the  sky  is  the  light  of  that

nickel decaying, through cobalt, into iron. The

iron of  the  cosmos is  born radioactive.  It  is

made  first  as  something  that  has  to  break

down before it can become the thing that lasts.

The second gift is stranger. In the fury of

the  blast,  and  in  the  collisions  of  the  dead

neutron-star hearts such deaths leave behind,

the heaviest elements of all are forged. Silver

and gold. Platinum and uranium. The patient

fusion of a star’s  long life could never make
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them, for the same reason it could never burn

iron: they cost more than they yield. They can

be born only in catastrophe, paid for by the

death  itself.  The  gold  in  any  ring  you  have

ever seen was minted in a dying star, or in the

collision  of  two  stellar  corpses,  and  in  no

gentler place that exists.

·  ·  ·

The carbon in the cells  of the hand holding

this page was forged inside a star. The oxygen

crossing  into  your  blood  with  every  breath,

the  calcium  strung  along  your  bones,  every

atom of you heavier than the lightest few, was

cooked in a stellar core, and then a star died to

set  it  loose.  Roughly  nine-tenths  of  your

body’s weight is the ash of suns that lived and

died before the Sun was born.

And the iron that reddens your blood, the

iron in the cell that is carrying oxygen at this

instant to the part of you reading this line, was

born radioactive  in  the  final  day  of  a  dying
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star.  It  was  made  as  something  that  had  to

break  down  before  it  could  hold  still  and

become the metal in you.

Go outside tonight and find any star at all. It

is doing this now. It is running its patient se‐

quence, building the materials of some future

world in a core it will never see, and it will be

able to deliver them only by dying. The Sun

on your face tomorrow morning will be four

million tonnes of itself, ceasing to exist, in that

one second, so that the light can leave.

The warmth is the receipt.

·  ·  ·

Something new happened in this turn, and it

is the hardest thing the pattern has yet had to

teach.

The first turn built structure out of smooth‐

ness.  This  turn  built  the  materials  of  every

structure to come, and it paid for them with

death.  The  star  gathers,  ignites,  builds,  and

strains  against  the  iron  it  cannot  burn.  The

strain becomes the collapse. The collapse be‐

comes the blast. And the blast is the very act
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that scatters the riches.  The factory can ship

its goods only by exploding, and what it ships

is the stuff that everything after will be made

from.

An ending has become a beginning. Not as

consolation. As mechanism.

The ash drifts. The enriched gas, salted now

with  the  whole  heavy  inventory  of  creation,

mingles with fresh hydrogen and settles slowly

back into the dark, and begins, as gas in the

dark always begins, to gather and to fall. This

time the cloud carries more than hydrogen. It

carries  carbon  and  oxygen,  silicon  and  iron

and a whisper of gold, and these grains are too

heavy and too cool to follow the rest into the

next fire. They linger at the edges. They cool.

They  drift  toward  one  another  in  the  dark

around a newborn star.

And  they  begin,  atom  finding  atom,  to

bond.
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T

I N T E R L U D E

A World of Its Own

he Moon is the calmest thing in the

sky,  and  it  is  the  wreckage  of  the

worst day the Earth has ever had.

Within  the  first  hundred million  years  of

the solar system, when this planet was still hot

and  unfinished,  another  world  hit  it.  Not  a

rock. A world — something in the neighbour‐

hood of the size of  Mars,  with a core and a

mantle  and  a  surface  of  its  own,  and  very

likely  a  name  of  its  own  had  anyone  been

there to give it one. We call it Theia, after the

Greek titan who was the mother of the Moon.

The  collision  destroyed  it  utterly.  Theia’s

iron core sank down and merged with ours,

and  the  smaller  world  ceased  to  exist  as  a

world,  and a great sheet of molten rock was

torn  off  both  bodies  and  flung  into  orbit,

where it circled the ruined Earth as a ring of
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glowing debris and then, over some short and

violent  interval,  gathered  itself  into  a  single

object.

That object is hanging over you tonight.

The  Apollo  astronauts  brought  back  the

proof and did not know they were carrying it.

The  rocks  they  collected  were  run  through

mass  spectrometers  on Earth,  and the  num‐

bers  came back wrong.  Wrong,  that  is,  for  a

captured  asteroid  or  an  independent  world.

Rock from anywhere else in the solar system

carries  its  own  distinct  isotopic  signature,  a

chemical accent that marks where it formed.

Moon rock speaks with Earth’s accent almost

exactly. It is not a visitor. It is a piece of this

planet,  thrown into the sky, that never came

down.

·  ·  ·

And the wreckage does  the work of  holding

the world steady.

The impact set this planet spinning and left

it leaning. That lean, twenty-three and a half

degrees off vertical, is the entire reason there

A World of Its Own

41



is a summer and a winter. Tilt the Earth up‐

right and the seasons vanish; the tropics bake,

the poles  freeze,  and every latitude between

them  settles  into  one  unvarying  climate

forever. The lean is the engine of every har‐

vest,  every migration,  and every human cul‐

ture that ever built its year around the return

of the light. Nothing about it was planned. A

rock the size of a planet came in at an angle,

and the angle became the seasons.

And the Moon holds  the  lean in  place.  A

world  spinning  alone  is  a  gyroscope  with

nothing to steady it, and the pull of the other

planets can walk its tilt around over long spans

of time.  The Moon’s  steady grip damps that

wandering  considerably.  Our  seasons  are

stable partly because there is a corpse in orbit

keeping them so.

The tides are the same hand. And the tides

have  been  braking  us.  When  the  Moon  was

new and close, this planet turned on its axis in

something like four or five hours;  a day was

shorter  than  a  night’s  sleep.  Every  tide  the

Moon  has  raised  since  has  dragged  very
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slightly  against  that  spin,  and  the  drag  has

been running for four and a half billion years,

and it has stretched the day out to twenty-four

hours.  The  process  has  not  stopped.  The

Moon is drifting away from us at about three

point eight centimetres a year, the speed a fin‐

gernail grows — a number we know precisely

because the Apollo crews left mirrors on the

surface, and we have been bouncing lasers off

them  ever  since,  timing  the  flight  and

watching it lengthen.

·  ·  ·

None of this had to happen.

That  is  the whole  of  what  an interlude is

for: to stop and see that the road had turnings.

The angle of the impact, the size of Theia, the

moment of the arrival  — shift  any of them,

and there is no Moon, or a Moon too small to

steady anything, or no Earth at all. The stage

on  which  every  remaining  chapter  of  this

book takes place was set by a single afternoon

of catastrophe,  and the specific shape of the

catastrophe is why the stage is steady.
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The day has a length. The year has seasons.

The  oceans  breathe  in  and  out  against  the

shore. And every one of those facts, which feel

like the fixed furniture of reality, is a scar.

Look  up  tonight.  The  calmest,  most  con‐

stant object in your sky is the debris of the day

this  world  was  very  nearly  unmade,  still  up

there, still holding everything level.
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T

C H A P T E R  T H R E E

The First Inside

he  early  ocean  was  a  kitchen  the

size of a planet, and it had no walls.

Everything  the  young  Earth

needed was already in it. The dying stars had

shipped the carbon,  and carbon is  the  great

connector,  the one atom that will  bond four

ways at once and build chains and rings and

branches  without  limit.  Lightning  and  heat

and the raw chemistry of a restless world had

been running for  millions  of  years.  And the

sky  had  been  posting  supplies:  when  the

Murchison meteorite fell on Australia in 1969,

chemists  pulled  more  than  ninety  different

amino  acids  out  of  it,  most  of  them  found

nowhere  in  any  living  thing,  along  with  the

bases that spell out genetic code. The alphabet

of life was arriving in the mail,  unasked for,

from space.
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The parts were never the problem.

The problem was that the parts were in the

ocean, and the ocean is very large.

·  ·  ·

Follow one patch of chemistry that has finally

gotten somewhere.

Somewhere in the warm dark, a set of reac‐

tions has stumbled into a loop. The products

of  one  step  feed  the  next,  and  the  last  step

feeds  the  first,  and  the  whole  circuit  turns,

making more of the very molecules it runs on.

This  is  a  real  thing  that  ordinary  chemistry

does, with no life anywhere near it,  and it is

the skeleton of everything to come: a circuit of

cause that feeds its own beginning.

For a few golden minutes, it is winning. The

loop  turns  faster  than  the  sea  can  break  it

down. Its molecules multiply.

And then the same restless water that fed it

reaches in and carries it off. The products drift

apart.  The partners that  needed to meet are

swept a mile from one another into a hundred
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trillion gallons of indifferent ocean. The con‐

centration  falls  below  the  count  the  loop

needs to close, and the loop opens, and stops.

It winks out.

The  sea  was  full  of  such  near-misses:  an

endless flicker of order catching and guttering,

guttering and catching, and every one of them

losing the trick that almost worked the instant

it  was  found.  Nothing  could  compound,  be‐

cause  nothing  could  be  kept.  Every  success

was born homeless.

For chemistry to build, its successes have to

stay near each other. They have to be held. And

in an open sea, nothing is held.

What was missing was an inside.

·  ·  ·

An inside is the plainest revolution there is. It

is  a  wall.  A  surface  that  says  this,  here,  is  one

thing, and all the rest is another. Draw that line

around a patch of the world and the patch can

begin to hoard: keep its concentrations high,

keep  its  partners  close,  keep  its  hard-won
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cycles  fenced off from the  water  that  would

wash them flat.  A wall  turns  a  passing event

into a place, and a place can have a history.

And  the  wall  builds  itself.  The  thing  that

builds it is the water.

The early  sea  held  molecules  with  a  split

nature.  One  end of  them is  drawn to  water

and dissolves into it gladly; the other end flees

water and cannot bear to touch it. A molecule

like that is at war with itself in open solution,

because  wherever  it  sits,  half  of  it  is  in  the

wrong place.

So  they  stop  trying  to  satisfy  themselves

alone,  and  satisfy  themselves  together.  The

water-fearing  ends  turn  inward  and  crowd

against  one  another,  hiding  from the  sea  in

each other’s company. The water-loving ends

turn outward to face the water on both sides.

With  no  instruction  and  no  hand  to  guide

them, a  crowd of  these split  molecules  lines

up into a sheet exactly two molecules thick —

dry  tails  tucked  into  the  interior,  wet  heads

presented to the ocean on either face. The ar‐

chitecture that every living cell on Earth still
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uses for its skin assembled itself, the first time,

out of nothing but the refusal of oil and water

to mix.

The reason inverts what it looks like.

It looks as though the oily tails are attracted

to  one  another.  They  are  barely  interested.

What  drives  them  together  is  the  sea’s  own

hunger for disorder. A lone water-fearing tail

adrift in the ocean forces the water molecules

around  it  into  a  rigid  ordered  cage,  a  little

crystal  of  constraint  —  and  water,  like

everything else in this story, runs toward dis‐

order wherever it can. By herding all the tails

into one clump, the sea collapses a thousand

separate cages into a single small surface, and

frees  the  rest  of  its  molecules  to  tumble  as

they please.

The  membrane  forms  because  the  ocean

around it gains freedom by squeezing it into

being. Order on the inside, bought and paid

for by a larger disorder outside. It is the star’s

accounting,  run  nine  billion  years  later  and

thirty orders of magnitude down.
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The first wall in the history of life was built

by  the  sea,  in  the  only  currency the  sea  ac‐

cepts.

·  ·  ·

A sheet, given room, will not stay flat. Its edges

are raw — the dry tail-ends exposed there to

the very water they flee — and that exposed

rim is a standing cost. The cheaper shape is a

sheet with no rim at all. So the sheet curls. It

bends  toward  itself,  edge  reaching  toward

edge, until the two edges meet and seal.

Hold there,  at  the instant of  sealing.  That

instant is the entire turn.

A flat sheet is still wholly of the world. It has

an over-here and an over-there along its face,

and  both  of  them  open  onto  the  same  sea.

The moment the sheet closes shut, that same‐

ness  ends.  There  is  a  within  and  a  without.

There is  a  chemistry sequestered inside that

the ocean can no longer reach, and an ocean

outside that can no longer reach in.
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For the first time in the nine billion years

since the beginning, a volume of the universe

could be told apart from all the rest of the uni‐

verse by the single fact that it belonged to it‐

self.

The wall that did it is about four-billionths

of a metre thick, some twenty thousand times

thinner than one of your hairs. On one side of

that  film  lay  a  few  millionths  of  a  litre  of

sheltered  water.  On  the  other  side  lay

everything else there is.

A  here had separated from a  there. And the

faintest  possible  version  of  a  self  had  come

into being:  a  boundary holding its  own con‐

tents  against  the  whole  indifferent  world,  a

single drop that belonged to itself, before any

mind existed to know it  and before any will

existed to want it.

That one fold is the ancestor of every cell

that has ever lived. Every wall between an in‐

side and an outside, in every organism across

four billion years, descends from it without a

break in the line. You are wrapped in it now.

Each of the trillions of cells reading this sen‐
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tence keeps its own private sea, walled off by a

film whose design has not changed since the

first one curled closed in the dark water. The

reason you are a  you at all — a here, that the

world ends at the edge of — begins in an oily

bubble teaching the ocean what an inside was.

·  ·  ·

Once the bubble holds,  everything the open

sea forbade becomes possible at once.

Concentrations  climb  where  the  water

would  have  kept  them  thin.  Molecules  that

would have drifted apart are pressed into one

another’s  company and made to react,  again

and again, in a space small enough to force the

meeting. Every product is retained. Every gain

compounds  on  the  last  instead  of  bleeding

into the average. The loop that guttered out in

the open ocean can now run a second time,

and a hundredth, because the products of one

turn stay close enough to feed the next.

And the film is a gate as much as a wall. It

lets some things cross and turns others back,

and across  that  selective  skin  a  lopsidedness
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can  build:  more  of  something  within  than

without, a charge held like a battery across the

edge of the cell. That stored difference is en‐

ergy on hold. It is the trick your nerve cells are

running at this moment to carry this thought

from one end of your brain to the other, and it

is the trick your mitochondria are running to

keep you warm, and it was running in the rock

long before it ran in anything alive.

The place it  was  running is  worth seeing.

Eight  hundred  metres  down  in  the  mid-At‐

lantic stands a field of pale mineral chimneys,

some  of  them  sixty  metres  tall,  which  we

found in the year 2000 and named the Lost

City. Seawater seeps into the rock beneath it,

reacts with the mineral there, and comes back

up warm and alkaline and rich in hydrogen.

The chimneys it builds are not solid; they are

labyrinths, honeycombed with pores the size

and shape of cells, and across the thin mineral

walls of those pores there sits a natural differ‐

ence in charge — the same charge, across the

same kind of wall, that every living thing on

Earth still uses to power itself.

The First Inside

53



A battery, a catalyst, and a wall, all of it built

by the planet,  all  of  it  standing there before

life did. Whether this is the room where life

began is a live question. That the room existed

is not.

·  ·  ·

And still the bubble has won only half of what

it needs.

It forms, it persists for a while, it tears or it

pops, and its private sea pours back into the

great one and is gone. Every gradient it built,

every  cycle  it  sheltered,  every  difference  it

spent  its  whole  existence  maintaining,  the

ocean reclaims in an afternoon and folds back

into the indifferent average.

To have an inside is to become, for the first

time in the history of the universe, the kind of

thing that can be lost.

The atom endured by being hard to break.

The star endured, for its while, by being too

vast to fall. Both of them last by resisting, and

A Story of Systems

54



a bubble of oil in water cannot resist anything.

It  has  learned  how  to  stand  apart  from  the

world. It has not learned how to outlast itself.

For the faint  self  to become more than a

passing accident of oil and water, one bubble

would have to give rise to another that carried

its working forward, and that one to another

after it, on and on, past the death of any single

wall.

The  first  inside  was  the  first  place  in  the

universe  that  could  call  anything  its  own.

What it needs now is the one thing that could

keep it.
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I

C H A P T E R  F O U R

The First Copy

n one of your cells, right now, a copy is

being made.

A strand unwinds. A second strand is

read  off  it,  letter  by  letter,  faster  than  you

could  follow.  Where  there  was  one  pattern

there  are  shortly  two,  very  nearly  the  same.

The cell checks its work, mends what slipped,

draws  in  raw  material,  and  holds  its  shape

against  the  patient  pull  of  everything  that

would pull it apart. Then it divides, and hands

the pattern on. In the time you have spent on

this paragraph, your body has done it tens of

millions of times.

And the thread of  it  runs  backward from

you without a single break. Cell from cell, par‐

ent  from parent,  past  the  first  humans,  past

the first  animals,  past every living thing that

has ever drawn breath or failed to, all the way

A Story of Systems

56



down  to  a  single  ancestral  cell  from  which

everything  alive  descends.  The  line  running

from that  cell  to the one dividing in you as

you finish this sentence has not snapped once

in four billion years.

You are  the  runner  currently  holding  the

baton.

·  ·  ·

The  last  chapter  left  the  universe  with  an

inside and no way to keep it.

A bubble forms in the dark water. It holds.

It shelters a chemistry the ocean cannot reach,

and for a while that chemistry climbs: concen‐

trations  building,  cycles  turning,  the  little

walled sea accumulating something like a his‐

tory. And then the wall tears, or the bubble is

torn, and its private ocean pours back into the

great  one,  and  every  gradient  it  built  and

every cycle it sheltered is folded back into the

indifferent average within the hour.

The  ocean  was  full  of  them.  Countless

bubbles,  forming  and  holding  and  failing,

each one a small  stubborn argument against
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dissolution,  each  one  losing.  Everything  the

first inside ever earned, it earned for the dura‐

tion of its own existence and not one second

longer.  The  atom endures  by  being  hard  to

break;  the  star  endures  by being too vast  to

fall; and a film of oil in water is neither, and

cannot be, and every one of them died with

everything it knew.

Persistence  was  not  enough.  What  the

inside needed was a way to be continued.

This chapter is about how that began, and it

is the hardest question in the book.

·  ·  ·

We do not know the route life took.

We  know  it  happened,  because  we  are

made of it, and the copying is still running in

our hands. Every individual step of the way we

can test,  ordinary chemistry performs on its

own, unbidden. The full path from plain mat‐

ter to the first living cell, traced end to end, is

one nobody has yet walked.
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The map is being drawn while we are alive

to watch it. There are three serious candidates

for the route, and their advocates argue in the

literature with some heat: a world run first by

RNA, or a world where metabolism came first

and the genes arrived later to take the credit,

or the mineral  labyrinth of the vents,  where

the wall and the battery and the catalyst were

all sitting there waiting. It is possible the an‐

swer is some braid of all three. It is possible we

will not settle it in our lifetimes.

So  begin  with  the  bare  mechanism,  with

the life left out of it entirely.

·  ·  ·

There  is  a  reaction  in  which  formaldehyde,

one of  the  simplest  molecules  there  is,  con‐

denses into sugars, and the sugars it produces

speed  up  the  making  of  more  sugars.  The

product drives the reaction that produced it.

Chemists have known about it since 1861.
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They call this kind of circuit autocatalysis: a

loop of cause that feeds its own beginning. No

life  is  required.  No  intention,  no  spark,  no

breath from anywhere. It is ordinary matter,

looping.

And a loop that makes more of itself  is  a

loop that can fill a world.

The deeper insight came a century later. In

a soup rich enough in different molecules, you

do  not  need  one  miraculous  self-copier  to

appear by luck. You need a web: each reaction

making something another one uses, until the

web as a whole catalyses its own production.

Stuart  Kauffman  showed,  in  a  mathematical

model, that such collectively self-making sets

become  close  to  inevitable  once  the  soup

grows connected enough. The question stops

being  when  did  the  impossible  molecule  appear

and  becomes  when  did  the  network  get  rich

enough  to  close  on  itself.  The  young  Earth,

stocked by the stars and poured full of energy,

was  exactly  the  kind  of  soup  that  crosses

thresholds.
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Now give  the looping chemistry  a  way to

carry instructions.

One molecule is built for the job, and it is

the quiet hero of this chapter. RNA, the older

cousin of DNA, does two things at once that al‐

most nothing else can. It carries a sequence, a

line of chemical letters, the way a message car‐

ries words. And it folds, into shapes with work‐

ing  surfaces,  the  way  a  tool  has  a  working

edge.

One  molecule,  both  the  message  and the

hand that reads it.

That  double  talent  is  why the  leading  ac‐

count of the first copying chemistry is a world

run by RNA,  in  which a  single  kind of  mo‐

lecule was both the thing copied and the copi‐

er.  And  this  is  not  a  story  told  only  in  old

rocks. The proof is inside you.

The ribosome is the machine in every one

of  your  cells  that  builds  every  protein  your

body has ever made. At its heart, doing the ac‐

tual chemistry, is not protein at all. It is a piece

of working RNA, and that core is older than

the  common  ancestor  of  all  life.  It  has  not
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been redesigned in four billion years, because

it cannot be; everything else was built on top

of it.

A relic of the RNA world is running in your

cells at this moment, threading proteins into

being, including the ones with which you are

reading this page.

And in the laboratory we have gone further.

Chemists have built RNA molecules that copy

other  RNA,  that  compete,  that  vary,  that  let

the fitter variants take over, evolving in a flask

with no cell  around them and no protein to

help.  For  decades  the  work  stalled  against  a

wall:  the copies stuck to their  templates and

the  reaction  choked  on  its  own  success.  In

2025 that wall came down. Cycles of freezing

and thawing in briny ice prise the new copies

off  their  templates  between  rounds,  and  an

RNA  copier  was  set  running  open-endedly,

doubling and doubling again, with no end in

sight.

The copying-and-evolving chemistry at the

root of everything alive is real enough to hold

in a tube and watch.
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·  ·  ·

Here the loop turns into something with no

ceiling,  and  it  turns  on  a  single  fact  about

copying.

No copy is ever perfect.

It cannot be. The first chapter found a rest‐

lessness at the very floor of reality: a trembling

that nothing is permitted to escape, a stillness

that physics forbids. The machinery of copy‐

ing is matter too, and that same unsteadiness

reaches  up  into  it.  Run  any  copier  long

enough and it slips. By law.

Consider the lengths life has gone to. Your

cells  proofread  each  new  strand,  and  then

check it again, driving the error rate down to

about one slip in ten billion letters, the most

carefully  corrected  copying  the  search  has

ever built. And even so, you carry roughly sev‐

enty  fresh  mutations  that  neither  of  your

parents had.
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Four  billion  years  of  refining  the  copier,

and it  still  cannot make a  perfect  copy.  The

same  forbidden  stillness  that  seeded  every

galaxy is standing in the way.

And that residual flaw is exactly where you

came from.

A perfect copier would produce sameness,

and only sameness, until the world filled with

identical  things  and  stopped.  An  imperfect

copier  produces  variants.  Most  are  worse.

Many  change  nothing  at  all.  A  rare  few,  by

pure accident, copy a little faster, or hold to‐

gether a little better, or gather the scarce ma‐

terials  a  little  more  deftly  than  their  neigh‐

bours.

And  those  few  do  not  stay  rare,  because

everything  is  drawing  on  the  same  limited

supply, and a thing that copies faster than its

rivals comes, by plain arithmetic, to outnum‐

ber them. Then the small flaws in those throw

their own variants, and the best of those take

the next round, and the next.

That  is  natural  selection,  and  it  asks  for

almost nothing.
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It needs copies. It needs variation between

them. It needs a world too small to hold them

all.

The first imperfect copier in a finite ocean

supplied all three at a stroke.

And it needs no mind behind it, no goal in

front  of  it,  and  nobody  anywhere  keeping

score.  It  is  what  automatically  happens when

those  three  conditions  are  true  at  the  same

time, in the way that water automatically runs

downhill — and it has been running, without

pause  or  supervision,  from  that  moment  to

this one.

The universe had spent nine billion years

building  from the  outside,  by  force.  Gravity

piling matter into stars. Fusion crushing nuclei

together. Chemistry driven by raw heat.

Now it  had  a  second  way  of  working  en‐

tirely,  one  that  needed  no  furnace  and  no

crushing.  It  could  generate.  It  could  test.  It

could  keep  what  held,  discard  the  rest,  and

pile the keepings up.

The universe began to search.
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·  ·  ·

It  has  not  paused,  not  once,  in  four  billion

years.

Every living thing that  has ever existed is

something the search turned up and kept for a

while. Every wing, every root, every enzyme,

every eye, every song. The redwood and the

tapeworm and the thing in the hot spring that

eats sulphur. All of it is answers.

And the answer the search is still  generat‐

ing,  at  this  instant,  is  everything alive:  there

are something like a thousand billion billion

billion living cells on Earth right now — more

living cells on this one planet than there are

stars in the entire visible universe.

One flickering molecule in one warm pock‐

et of one young ocean is the whole of the in‐

put.

The output is the biosphere.

·  ·  ·
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Life is  a process.  Take a cell  fully apart,  and

among the pieces you will find no ingredient

that is itself alive: the same stardust, forged in

the same stellar furnaces, that makes a grain of

sand.

Think of a candle flame: a pattern held in

place by a flow of energy, never the same mat‐

ter from one instant to the next, and steadily

itself. Blow it out and only the pattern stops;

the  wax and the  air  remain.  Life  belongs  to

that family of flowing, self-holding shapes —

the star in its long fall, the hurricane that ex‐

ists  to  destroy  the  very  heat  gradient  that

made it.

With  one  addition,  which  changes

everything.

A flame cannot light itself anew. Life copies

its own pattern and hands it forward.

And that is the answer to the question the

Overture asked, and it is the first good one.

The atom endures by being hard to break.

The star endures,  for its  while,  by being too

vast to fall. Both last by resisting, and both, in

The First Copy

67



the end, lose, because the universe is patient,

and everything that resists is eventually outlas‐

ted by the thing it is resisting.

Life stopped resisting.

A lineage concedes the point entirely. Every

copy will decay; let it. And then it outruns the

decay, handing the pattern onward faster than

any single body can fail, and fitting itself to the

world a little better with each round.

The matter you are built from is almost all

on loan. Most of it will have cycled out of you

within the year, and the atoms doing the work

of being you tonight were, not long ago, in a

field, in a fish, in the air over another contin‐

ent.  You are not durable.  Nothing about you

was built to be.

The pattern running as you is four billion

years old, because it has never once stopped

being copied.

Life lasts the way a melody lasts. By being

sung again.

·  ·  ·
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There is one last thing here, and it is the one

that should be hard to put down.

The Earth formed about four and a half bil‐

lion years ago and spent its first long stretch as

a hell of impacts and molten rock. It cooled.

Liquid water gathered. And by the best current

reading, the common ancestor of everything

now alive was already here at something like

four point two billion years ago.

Set those two numbers beside each other,

and look at the size of the gap.

Life did not take billions of patient years to

get going once the conditions were right. It ap‐

peared, as near as we can tell,  almost the in‐

stant  this  planet  could hold it.  The moment

there  was  a  place  to  stand,  something  was

standing there.

Which  suggests  —  and  it  is  a  suggestion,

not  a  proof,  and  it  is  why  there  are  people

pointing telescopes at other worlds with a par‐

ticular  kind of  hunger — that  given a rocky

planet,  and  liquid  water,  and  the  ordinary
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chemistry  that  the  dying  stars  provide  for

free,  life  may  be  less  a  miracle  than  a  con‐

sequence.

And the relay has never been set down. Not

once,  in  four  billion  years,  through ice  ages

and asteroid strikes and the poisoning of the

whole atmosphere, has the line from that first

copy to your dividing cells gone still.

Every one of your ancestors — every single

one,  back  through  every  species  you  have

heard of and several billion years of ones you

have not — lived long enough to reproduce.

Not one of them failed. The record is perfect,

and it has to be, or you would not be here to

check it.

You are holding the live end of the longest

unbroken thing in the known universe.

·  ·  ·

For an immense age after it began, the search

stayed small. Life remained single cells, alone

in  the  water,  for  billions  of  years,  a  stretch

longer  than  everything  still  to  come  in  this
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book put together. The relay ran on, quiet on

its  surface,  trying  shape  after  shape  in  the

dark.

Then  the  invisible  cells  reached  up  and

took hold of the light of the Sun.
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C H A P T E R  F I V E

The Breath of the World

or more than a billion years, nothing

on Earth breathed.

There  was  an  ocean,  dark  below

the first few metres, and there was rock, and

there was a thin sky that no living thing could

have drawn into a lung. The water ran metallic

with dissolved iron,  the iron the dying stars

had made and the young planet had not yet

locked away.  Down at  the  seams in  the  sea‐

floor the vents breathed their warm chemical

breath  into  the  cold,  and  the  cells  crowded

close to feed on it.  There was no oxygen in

that sky worth the name, and none in that sea.

A match struck there,  if  a match could have

been struck, would not have caught.

This was not a brief prelude to the living

world. This  was the living world, and it held,

essentially unchanged, for longer than the en‐
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tire  span of  complex animals  that  has  come

since. Every fish and fern and forest and beast

that  has  ever  existed fits  into a  shorter  time

than the airless quiet that came before them.

For all of it, life was tethered. The early cells

fed hand to mouth on whatever chemistry the

planet happened to leave lying about: the seep

of a vent, the mismatch of rock against water,

the  scattered  gradients  of  a  restless  world.

Chemical fuel is patchy. It runs out. A cell that

lives on it must go where the fuel is and stop

where the fuel ends. For over a billion years,

life  ate  at  the planet’s  larder,  and the larder

was small.

Then  something  in  the  water  learned  to

catch the Sun.

·  ·  ·

The ancestors of the cyanobacteria, the blue-

green films you can still  find smeared across

any wet stone, learned to take a sunbeam and

drive chemistry uphill with the raw energy in

it, building food and body out of light and air

and water.
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The  most  powerful  version  of  the  trick

reached  furthest.  To  get  the  electrons  it

needed, the cell reached into water itself, the

most  ordinary  molecule  on  the  planet,  and

tore  the  molecule  open,  prising  the  parts  it

wanted  free  by  main  force  with  captured

sunlight for a blade.

That  is  a  far  harder  thing  to  do  than  it

sounds, and here is the measure of how hard.

In the whole history of this planet, life inven‐

ted it exactly once. Splitting water demands a

particular  cluster  of  atoms,  a  tiny  crystal  of

manganese and calcium that remains, to this

day, the only structure in all of biology able to

pull oxygen out of water. It arose a single time,

in one ancestral cell,  in one ancient sea, and

never again anywhere. Every leaf that has ever

turned toward the Sun, every alga greening a

pond,  every  breath  of  oxygen  that  has  ever

crossed your lips, descends from that one in‐

vention.

And  it  changed  the  terms  of  life  com‐

pletely.  A cell  that  splits  water  plugs  straight

into a furnace that will pour out energy freely
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for billions of  years.  The scavengers became

producers. Wherever light fell upon water, life

could grow.

·  ·  ·

It is worth being exact about what life had just

laid hold of, because the obvious answer is the

wrong one.

Life did not plug into the Sun’s  energy. En‐

ergy was never scarce. This planet is bathed in

energy and always has been, and it gives every

watt  of  it  back.  Very  nearly  all  of  it  goes

straight back out. Over any long run, energy in

equals energy out, and it has to: a planet ab‐

sorbing more than it radiates simply climbs in

temperature  until  it  radiates  the  difference

away.

What  arrives  and what  leaves  are  not  the

same, though.

What arrives is a thin stream of ferocious

photons from a surface burning at five and a

half  thousand  degrees:  concentrated,  high-

grade,  orderly.  What  leaves  is  a  swarm  of

feeble infrared photons radiating off a planet
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at  a  few tens  of  degrees  below freezing:  the

same energy, smeared across roughly twenty

times as many particles, each one carrying a

twentieth of the punch.

Same total. Twenty times the disorder.

That  is  the transaction,  and it  is  the only

one  on  offer.  The  Earth  takes  in  order  and

hands  back  disorder,  and  the  difference

between them — the fall from concentrated to

scattered — is the entire budget that every liv‐

ing thing on this planet has ever had to spend.

Ludwig  Boltzmann saw it  in  1886,  before

anyone  had  any  idea  what  a  gene  was.  The

general struggle for existence, he wrote, is not

a struggle for raw materials,  which lie  about

everywhere.  Nor  is  it  a  struggle  for  energy,

which is  abundant,  and in the form of heat,

useless.  It  is  a  struggle  for  what  “becomes

available by the transition of energy from the

hot sun to the cold earth.”

A leaf is  a  device for making sunlight fall

apart  more  thoroughly  than  it  would  have

fallen apart on bare rock. So is a forest. So is a

whale,  and a wheat field,  and a city,  and the
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hand holding this page. Every one of them is a

whirlpool standing in the gap between a hot

star and a cold sky, holding its shape for ex‐

actly  as  long  as  the  light  keeps  pouring

through.

What the cyanobacterium reached up and

seized was not the Sun’s fire. It was the Sun’s

improbability.

·  ·  ·

The trick left a remainder. When the cell tore

the water apart and kept the pieces it wanted,

one piece was thrown away, discarded as waste

in  colossal  and  ever-mounting  quantity  into

the sea and the sky.

The waste was oxygen.

And to  everything then alive,  oxygen was

poison.

The  same  fierce  hunger  that  would  let  it

serve later as fuel made it savage first. Oxygen

pulls  on  electrons  harder  than  almost  any‐

thing in ordinary chemistry, and inside a cell

that hunger turns on the cell itself. It spawns a

brood of corrosive fragments that tear into the
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long  molecules  a  living  thing  is  built  from:

they shred DNA, they unstitch proteins, they

wreck the delicate iron-and-sulphur clusters at

the  heart  of  the  oldest  enzymes.  Every  cell

alive had spent more than a billion years tun‐

ing its chemistry in a world with no free oxy‐

gen in it,  and not one of them carried a de‐

fence  against  this.  The  poison  worked  from

within,  in  the  dark,  on  machinery  that  had

never once needed armour.

For  a  long  age  the  planet  shielded  them.

The iron dissolved in those metallic seas was

itself  starving  for  oxygen,  and  as  the  gas

seeped out it bonded to the iron and dragged

it  down,  rusting the whole ocean and laying

the rust on the seafloor in vast banded sheets

that hardened into stone. Stripe upon stripe,

dark band and pale, the planet kept a ledger of

its own slow poisoning, written in rock.

Those  stones  are  still  here.  They  are  the

banded  iron  formations,  and  they  hold  the

greater  part  of  the  iron  the  world  has  ever

mined.
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The sea’s patience had a bottom. The iron

ran out. The sinks filled. And roughly two and

a half  billion years  ago,  with nothing left  to

drink it down, oxygen began to gather freely

in the open air.

We call it the Great Oxidation, and the two

mild words hold a catastrophe with few rivals

in  the  history  of  life.  The  airless  world  —

which  at  that  moment  was  the  entire living

world — was poisoned in its own house, on a

planetary scale, by a gas it could not flee, be‐

cause the gas was now everywhere at once. No

microbe leaves a body in the rock, so this dy‐

ing cannot be counted directly.  But the rock

keeps a number from the far end of it. Sulph‐

ate minerals laid down as the Great Oxidation

finally closed carry an isotopic signature that

requires  the  planet’s  entire  primary  produc‐

tion, the whole engine of the living world, to

have  fallen  by  more  than four  parts  in  five.

Whatever  the  poisoning  did  on  the  way

through, the biosphere that came out the oth‐

er side was running at a fraction of the power

of the one that went in.
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And the poisoned air was only half the ruin.

The other half came from the sky.

The Sun of that age was a dimmer star than

the one you see,  putting  out  something like

five-sixths  of  its  present  light,  and  less  than

three-quarters of it in the deeper past, and by

every rule  of  physics  the early Earth should

have spent much of its history frozen solid be‐

neath  it.  It  stayed  liquid  because  the  air

wrapped it in warmth, and the warmest thread

in that blanket was methane, a heat-trapping

gas far stronger than carbon dioxide, breathed

out  for  ages  by  the  microbes  of  the  airless

world.

The  best  account  we  have  is  that  oxygen

tore the blanket off. The new gas,  hungry as

ever, attacked the methane and broke it down,

and the warmth the planet had leaned on for a

billion years thinned away. The world fell.  It

fell into one of the longest and most severe ice

ages it has ever endured, a cold that came in a

long succession of advances across well over a
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hundred  million  years,  ice  spreading  down

from the poles  and reaching,  by some read‐

ings, toward the equator itself.

Look at the whole of what life had done. It

had reached up and taken hold of a star, the

first time any living thing had laid claim to a

power  on that  scale.  And in  the  reaching,  it

poisoned its only air and froze its only world.

The first thing the living ever did to this planet

entire very nearly ended the planet as a home.

The old order broke and fled. The cells that

could not bear the new air withdrew into the

few refuges the poison could not reach: deep

mud, buried sediment,  the lightless  rock be‐

neath  the  seafloor.  Their  descendants  are

there still, in their trillions, in the warm airless

interior of your own body, an unbroken rem‐

nant of the world before oxygen, sheltering in‐

side a creature that breathes the very gas that

drove them under.

·  ·  ·

Here  is  the  thing  about  a  poison  whose

savagery is hunger.
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A substance that destroys because it pulls so

fiercely on electrons, because it wants so badly

to react, is for that exact reason holding open

the door to an enormous prize.

Energy, for a living cell, comes down in the

end to electrons falling. You let them drop, in

a controlled and harnessed way, from where

they are held loosely to where they are held

tight, and you catch what is released along the

fall.  The  harder  the  landing  pulls,  the  more

there is to catch.

Oxygen grips electrons harder than nearly

anything else in ordinary chemistry. It sits at

the  bottom  of  the  deepest  fall  available

anywhere in the living world.

The savagery  and the  power  are  one  fact

about oxygen, read two ways.

A cell that can let its electrons drop all the

way  down  onto  oxygen  —  a  cell  that  can

breathe — draws from a  single  mouthful  of

food roughly fifteen times the energy the old

airless chemistry could wring out of the same

meal.  Fifteen  times  over.  The  very  gas  that
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had almost ended the living world was, by the

identical  property  that  made  it  lethal,  the

richest source of power life had ever met.

And life kept the receipt. The enzymes that

cells later evolved to hunt down oxygen’s cor‐

rosive fragments are among the most ancient

and  universal  machinery  in  every  breathing

thing alive, and the swiftest of them works at a

speed that  beggars  belief:  one molecule des‐

troying millions of the poison every second,

near  the  outright  physical  limit  of  how  fast

chemistry can be made to run. That desperate

speed  is  a  measurement,  frozen  into  an  en‐

zyme, of exactly how real the threat had been.

The armour came first. The strength came

after.  The  crisis  and  the  gift  were  the  same

molecule, met twice.

·  ·  ·

About a fifth of the air  in your lungs at  this

moment is oxygen, and strictly speaking it has

no business being there.
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Oxygen is so hungry to bond that on a life‐

less  world it  locks  itself  into rock and water

and rust and vanishes from the sky within a

geological blink. A dead planet cannot hold a

fifth-part of free oxygen in its air. Yours holds

it because, every minute, all across the world,

the living are making it  faster than the rock

and the sea can take it  away. The breathable

sky is not a feature of the planet. It is a thing

the  living  make,  and  remake,  around  you,

every day.

Most  of  it  still  comes  from  the  sea.  The

smallest  of  the  makers  is  a  cyanobacterium

called  Prochlorococcus,  barely  half  a  millionth

of a metre across, so small that a thousand of

them laid end to end would not span a milli‐

metre,  drifting  through  the  sunlit  ocean  in

numbers no one can honestly picture, some‐

thing like three octillion of them. By the usual

estimate, that single kind of invisible cell pro‐

duces something like a fifth of all the oxygen

on Earth. A fifth of the breath in your chest is

the work of  the tiniest  free-living thing that

has ever caught the Sun.
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And the  steel  holds  the  other  half  of  the

story. The structural metal of the built world

— every skyscraper and bridge and rail  and

hull  —  is  drawn  from  those  banded  iron

stones, the rust that life laid down on the sea‐

floor while it was poisoning itself to the edge

of  extinction.  The  frame  that  holds  up  the

modern world is the scar tissue of life’s near-

suicide, two and a half billion years old, fossil‐

ized and re-forged into the bones of cities.

Everything  the  universe  had  built  until

now, it had built upon matter: gravity working

on gas, chemistry working on rock, the blind

running of physical law. This time the planet

was remade by life. A film of cells too small to

see  reached up,  took hold  of  a  star,  and re‐

wrote the chemistry of an entire ocean and an

entire sky.

The oldest move in the universe had passed

into living hands.
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And the steepest energy drop in all of or‐

dinary chemistry was now sitting loose in the

open air of the world, free for the taking, wait‐

ing on a cell that could learn to let its electrons

fall the whole way down onto it.
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C H A P T E R  S I X

A Community of Communities

very cell in your body that uses oxy‐

gen, and nearly all  of them do, has

hundreds of small bodies tucked in‐

side it, humming away at the work of turning

your breakfast and your breath into the power

to think and stand and reach.

They  are  called  mitochondria.  And  every

last one of them descends from a bacterium

that another cell  swallowed two billion years

ago and failed to digest.

·  ·  ·

Go  back  to  the  poisoned  world  of  the  last

chapter.  Oxygen  had  flooded  the  seas  and

climbed into the air, and most of life was reel‐

ing from it. A few cells, though, had found the

trick of using the poison: letting oxygen pull
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energy out of food the way a fire pulls heat out

of wood, only slow, and controlled, and con‐

tained.  They were small,  free-living bacteria,

and they were very good at breathing. While

their neighbours fled the new air or hid in the

mud,  the  breathers  thrived  in  it.  They  had

turned the catastrophe into a meal.

Then,  in the warm crowding of  some an‐

cient sea, a larger cell met one of them, and

did  what  larger  cells  had  always  done  to

smaller ones.

It ate it.

And  the  smaller  one  was  not  digested.  It

stayed.

It went on breathing in there. It went on di‐

viding.  The  host  fed  it  scraps  off  the  larger

meals  it  caught,  and  in  return  the  breather

handed  back  energy,  more  energy  than  the

host  had  ever  managed  to  wring  out  of  the

world  alone.  Picture  the  ordinary  fate  that

should  have  followed:  the  captive  broken

down,  its  parts  scattered,  its  line ended in a
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single afternoon of an ocean two billion years

gone. Instead, captor and captive each found

the other worth keeping.

Two lives that had been rivals became, in a

single uneaten meal, a partnership. The inside

became a home.

The  cell  that  learned  to  keep  a  breather

alive  within  its  own  walls  is  the  ancestor  of

every plant,  every animal,  every fungus,  and

every you.

·  ·  ·

A young biologist named Lynn Margulis laid

this out in 1967, and the field laughed her off.

The idea that your cells are mergers, that the

engine of your metabolism was once a separ‐

ate creature with ambitions of its own, soun‐

ded like fantasy, and something like a dozen

journals  turned  the  paper  down  before  one

would  print  it.  She  went  on  publishing  the

evidence anyway.

The evidence won, because the merger left

its fingerprints all over the scene of the crime.
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The  mitochondrion  inside  your  cells  still

carries its own DNA: a small loop of it, circular

in the manner of a bacterium and entirely dis‐

tinct from the DNA coiled in your nucleus. It

still builds proteins on its own ribosomes, and

those ribosomes resemble a bacterium’s more

closely  than  they  resemble  yours.  It  still  di‐

vides on its own schedule, splitting in two by

the same fission a bacterium uses, keeping its

own time inside the cell’s larger rhythm. And

it wears two membranes, one inside the other:

the inner skin is the bacterium’s own, the out‐

er skin is the wall of the cell that swallowed it

and held on.

Two  billion  years  later,  the  captive  still

keeps the shape of its old freedom. There is a

second  genome  being  read  out  inside  your

body, billions of times a day,  in a hand that

predates  animals  and  predates  plants  and

predates  nearly  everything  that  walks  the

earth.

·  ·  ·

And the merger paid. It paid extravagantly.
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For  three  billion  years  an  energy  ceiling

had held life small.  Complexity costs  power.

Every gene you carry has  to  be  maintained,

every protein built, every structure kept in re‐

pair, and a lone cell running on its own mem‐

brane could afford only so much. It  was not

that  bacteria  lacked  the  imagination  to  be‐

come complicated. They lacked the budget.

The host  that  kept  the breathers  inside it

suddenly had energy to spare, and energy to

spare is  permission. Permission to grow larger.

Permission  to  carry  more  genes,  run  more

machinery, attempt more, waste more. Every

elaborate  thing  life  would  ever  build  —  the

leaf  and the root,  the eye and the wing,  the

brain reading this  line — was bankrolled by

that arrangement.

The old poison had become the power sup‐

ply.

Then  came  the  quiet  step  that  turned  a

partnership into an inheritance.

Across the long generations, the swallowed

bacterium gave  its  genes  away.  One by one,

most of them migrated out of the mitochon‐
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drion and into the host’s  nucleus.  Today the

mitochondrion holds thirteen protein-coding

genes of its own; more than a thousand of the

proteins it needs are built to the host’s instruc‐

tions  and  shipped  in.  The  breather  can  no

longer  build  itself.  The  host  can  no  longer

power  itself.  Each  has  become  the  other’s

condition of existence.

Two genomes that once copied themselves

apart now copy themselves as one. When the

cell  reproduces,  the  partnership  reproduces

with it, in a single act, as a single thing.

That is the hinge of this chapter. Symbiosis

became heredity. A  relationship  turned into

an inheritance, and the union bred true, and it

has bred true ever since.

You can still trace the seam. The mitochon‐

dria in your body came down to you through

your  mother,  and  through  her  mother,  and

hers, in an unbroken line of egg cells reaching

back two billion years. Somewhere along that

thread sits the cell that struck the first bargain.

You are holding its end of it.
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·  ·  ·

Count the mitochondria in your body and you

arrive at something on the order of ten quad‐

rillion. A one with sixteen zeroes behind it.

Count the stars in the Milky Way and you

arrive at a few hundred billion.

You carry more of these swallowed breath‐

ers in your one body than there are stars in

tens of thousands of galaxies like ours.

You  are  a  galaxy  of  galaxies,  and  every

point of light in it is a guest that came inside

two billion years ago and is breathing for you

right now. The air you drew a moment ago is

being handed, this instant, to ten quadrillion

descendants  of  a  captured  bacterium,  and

they are doing with it exactly what their free-

living ancestor did in that ancient sea: pulling

energy from oxygen, quietly, on your behalf,

without waiting to be asked.

Press  a  hand  flat  against  your  chest.  The

warmth under it is the captives, faithful while

you sleep,  faithful  while  you forget  they are

there.
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·  ·  ·

Now the story does something you may not

see coming, and it turns on a question about

you.

You were carried in a body. You were not

laid as an egg and left in the sun. Something

grew  inside  your  mother  that  was  neither

wholly her nor wholly you: an organ built for

the occasion and discarded after it, which fed

you,  breathed  for  you,  filtered  your  blood

against hers, and stood as a wall between two

immune  systems  that  would  otherwise  have

gone to war. The placenta is the defining or‐

gan of mammals. It is the reason there is such

a thing as being carried.

The gene that builds it came from a virus.

At the boundary where the placenta meets

the mother’s  blood there is  a  layer  of  tissue

with  a  strange  construction:  not  many  cells

side by side, but one vast cell with thousands

of nuclei in it, formed by ordinary cells melt‐

ing their walls and fusing into a single continu‐

ous sheet. That fusion is performed by a pro‐
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tein called syncytin. And syncytin is a retrovir‐

al envelope gene: the machinery a virus uses

to fuse its own coat with the membrane of a

cell it is invading, captured, tamed, and turned

to the building of a body.

Delete it in a mouse and the embryos die in

the womb.

Roughly  eight  percent  of  your  genome is

the wreckage of ancient viral infections, most

of it inert. This piece is not inert. This piece is

load-bearing. And here is the part that turns

the wonder over: it happened more than once.

Primates captured one virus. Mice captured a

different one. Rabbits another, carnivores an‐

other, cattle and sheep another again. Differ‐

ent lineages, different viruses, different centur‐

ies,  and each time the same solution,  seized

from the same kind of parasite and put to the

same use.

A virus is the purest selfishness in nature. It

has  no  metabolism,  no  purpose  beyond  its

own copying, and no interest in you except as

a  surface  to  breach.  And  the  machinery  it

evolved  for  breaking  into  cells  is  the  ma‐
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chinery your ancestors captured to build the

organ that let  them carry their young inside

their bodies.

Every mammal that has ever been carried

in a womb was carried there because of an in‐

fection.

·  ·  ·

And the move is not finished. We have caught

it happening.

In  2024,  researchers  examining  a  single-

celled  alga  from  the  Pacific  reported  some‐

thing that had been sitting in plain sight for

years, misfiled. Inside the alga is a small body

that pulls nitrogen out of the air,  a thing no

plant or alga can do on its own. It had been

taken  for  a  bacterium  living  in  partnership

with its host, a lodger, a guest. It is not a guest.

It imports proteins built to the host’s instruc‐

tions, without which it cannot function. It di‐

vides in step with the host’s  own division. It

has given up the power to live alone.
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It  is  an organelle,  roughly a hundred mil‐

lion  years  into  becoming  one,  and  we  are

watching it from the outside while it happens.

The  universe  took  two  whole  and  inde‐

pendent  lives  and  folded  them  into  one

creature that reproduces as a single unit. Then

it did it with a parasite. Then it did it again,

while we were watching.

The community became an individual. The

two became an I.

·  ·  ·

The alga is still out there. It is drifting in the

sunlit water of the Pacific tonight, a thing too

small  to  see,  with  a  guest  inside  it  that  has

been giving up its freedom for a hundred mil‐

lion years and has not quite finished. Neither

of  them  knows.  Neither  of  them  has  ever

known anything.

In some ocean a long way from now, the

descendants of that alga will be one thing, and

they will  be  as  unable  to  imagine their  own

separateness  as  you  are  unable  to  imagine

yours.
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Y

C H A P T E R  S E V E N

The Company of Cells

ou  are  thirty  trillion  living  things,

gathered  into  the  single  thing

reading this line.

Every one of them is fully and separately

alive: a self-maintaining, self-copying process,

the  living  end  of  a  relay  four  billion  years

long. An immense and orderly crowd of lives,

somehow made one.

That alone would be a great deal.  The as‐

tonishing fact  sits  a  layer  beneath it.  Almost

none  of  those  thirty  trillion  cells  will  ever

found  a  lineage  of  its  own.  They  have  laid

down the oldest and strongest drive in the his‐

tory of life, the single imperative that defined

every living thing for three billion years, and

they laid it down in order to be part of you.

·  ·  ·
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It  was  a  long  time  coming,  and  then  it

happened easily.

After the great  merger of the last  chapter

forged the cooperative cell, life did not hurry

toward bodies. It stayed single for an immense

stretch:  capable  cells  drifting  and  dividing,

each  its  own  whole,  each  alone.  Watch  the

Earth through those ages and you would see

the  continents  wander  and  the  oceans  turn

and very little else.

Then some daughters stopped letting go. A

cell  divides,  and the  two stay  joined.  Divide

again, and four hang together. A clump, a fila‐

ment,  a  hollow ball.  The trick asked for one

small thing: that the daughters keep clinging

instead of drifting apart.

Life  found that  easy.  Simple  togetherness

has arisen on its own at least two dozen separ‐

ate times across the tree of life, in algae and

bacteria  and  fungi  and  animals,  again  and

again, wherever cells found a reason to cling.

It is so easy that we have watched it happen.

Set a flask of ordinary yeast under a selection

that  favours  bigness,  and  within  about  sixty
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rounds  the  cells  stop  separating  and  start

forming  snowflake-shaped  clusters;  keep  go‐

ing for six hundred rounds and they become

macroscopic, tens of thousands of times larger

than where they started, tough enough to hold

a shape you can see with the naked eye. The

threshold  everyone  imagined  was  a  chasm

turns out to be a step you can put a laboratory

across in a couple of years.

A  clump,  though,  is  only  a  crowd,  and  a

crowd is still just its members. Each cell in the

ball goes on feeding itself, maintaining itself,

copying itself, exactly as it always had.

To  turn  a  crowd  into  a  body  takes  one

further step, and that step is rare. Bodies with

cells specialized into working parts have arisen

only about six times in the whole history of

life: in the animals, the land plants, two kinds

of  seaweed,  and  two  lineages  of  fungi.  Six,

against  two  dozen.  The  threshold  is  easy  to

lean against and very hard to cross.

·  ·  ·
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What turns the crowd into a body is that the

cells begin to differ.

And here is the part that surprises almost

everyone who meets it. They do not differ by

carrying different instructions. The nerve cell

and the skin cell, the cell in your heart and the

cell  in  your bone,  each hold the same com‐

plete  genome,  the  identical  book,  the  whole

library. A skin cell carries all of you and reads

only the skin pages.

A body is one book, opened to a different

place in every room.

Once cells could do that — hold a shared

inheritance  and  read  different  parts  of  it  —

they  could  divide  the  labour  of  being  alive.

Some  became  the  boundary.  Some  became

the  scaffold,  some  the  channels  that  carry

food, some the fibres that pull, and some, the

ones that will matter most for the rest of this

book,  the  cells  that  carry  signals.  Each  kind

grew superbly, narrowly good at its one task,

precisely  because  it  had  been  freed  from

being passable at all the others.
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Specialization carries a price, and the price

is the whole secret of the body. A cell that has

become magnificent at  one thing has,  in the

same motion, become helpless at  everything

else. A nerve cell cannot feed itself. A muscle

cell  cannot  sense  the world.  Lift  any one of

them out of the whole and set it down alone,

and within moments it dies.

The parts of a body have traded their self-

sufficiency,  completely  and permanently,  for

membership. The Overture spoke of separate

things joining into a larger thing that could do

what no part could do alone. In the body that

idea reaches its sharpest edge: the parts can no

longer do anything — except together.

·  ·  ·

Which brings us back to the thirty trillion, and

why almost none of them will breed.

A small set of cells, the germ line that be‐

comes eggs and sperm, kept the ancient power

to found a next  generation.  Every other cell

gave it up. Skin and muscle, nerve and blood,

very nearly all of you, will build and run and
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defend this  body for  as  long as  it  lasts,  and

then end with it, leaving nothing of their own

behind.

Why would a cell, after three billion years

of  an  imperative  that  fierce,  simply  set  it

down?

The answer is quiet and exact. The cells of

one body are the closest kin imaginable, near-

identical copies grown from a single fertilized

cell, all carrying one shared inheritance. The

genes inside a humble skin cell sit, equally, in‐

side the body’s germ cells. So when that skin

cell  labours  its  whole  life  and dies  childless,

the pattern it is made of goes forward anyway,

carried by the very cells it spent itself to sup‐

port.

A cell serving the body is a gene serving it‐

self, by another road. Cooperation and self-in‐

terest turn out to be one thing, seen from two

sides.

And every so often, in the ceaseless copying

that keeps a body alive, a cell takes the wrong

handful of errors and forgets the deal. It stops

reading  its  assigned pages,  stops  serving  the
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whole, and falls back on the old three-billion-

year law written underneath everything else:

copy yourself, now, as fast as you can, whatever it

costs.

That is cancer. And we can read the rever‐

sion in the genes themselves: in tumour after

tumour, the genes that switch on are the an‐

cient ones, the ones our single-celled ancest‐

ors ran, while the younger genes that build co‐

operation  fall  quiet.  The  defector  is

remembering an older life.

·  ·  ·

So a body lives as a truce: a cooperation that

has  to  be  kept,  and  policed,  and  repaired,

every hour it is alive.

Count how relentlessly it holds. Across your

whole  body,  cells  are  spent  and  replaced  at

something like three hundred and thirty bil‐

lion a  day.  Divide that  across  the hours and

the deal  is  struck and honoured about three

point eight million times every second. Each

one of those births is a fresh opportunity for a
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cell to keep its private power and run. Almost

every single time, it gives the power away in‐

stead.

Most of that renewal is blood, and the deep‐

est reach of the bargain hides there.

Around  eighty-four  in  every  hundred  of

your cells are red blood cells. To become what

it is, a red cell makes the most extreme sacri‐

fice in your body. As it matures, it gathers up

its nucleus — the vault that holds its genome

— and pushes the whole of it out through its

own wall, and discards it.

It throws away the book.

The  four-billion-year-old  molecule  that

every other living thing on Earth guards above

all  else,  the  inheritance  carried  unbroken

since the first copy in the first warm water, and

the most numerous cell  in your entire body

simply deletes it. And it goes further: it ejects

its  mitochondria too, casting out the ancient

partner the last chapter watched the cell spend

a billion years  acquiring.  It  empties  itself  of

nearly everything a cell is, until it is little more

than a soft red sac of the protein that carries
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oxygen,  flexible  enough to  fold  flat  and slip

single-file through the narrowest vessels, and

deliver breath to every far corner of you, in‐

cluding the cells holding this page.

The whole instruction set for building a hu‐

man being is deleted on purpose, by the smal‐

lest and most disposable cell you own, about

two and a half million times in every second

of  your  life,  so  that  the  company  you  call

yourself can take its next breath.

The smallest  part  makes  the largest  sacri‐

fice.

·  ·  ·

What the body buys with all that surrender is

something none of its cells could be, or even

glimpse: a creature, single and entire, able to

move through the world and act upon it. And

it is  the most tightly bound whole this book

has built. An atom can shed an electron. A star

bleeds gas to the dark. A cell can be lifted out

of a loose colony and go on living. The body

shuts  that  door.  Its  parts  have  fitted  them‐
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selves to one another so completely that apart

has  stopped  being  a  condition  any  of  them

can survive.

You will not feel any of it happening. You

will  feel  only  the  result:  the  seamless,  undi‐

vided sense of being one person, looking out

of one pair of eyes, calling the whole company

I.  The  unity  is  so  deep,  and  so  old,  and  so

faithfully  kept,  that  you  mistake  it  for

something you simply are.

·  ·  ·

The plainest version of the deal is in a drop of

pond  water,  and  you  can  hold  it  under  a

school microscope.

Volvox is a green sphere about the size of a

full stop, and it rolls. Two thousand small cells

are set into its surface, each one beating a pair

of whips, and they beat in a rough consensus

that  turns  the  whole  sphere  slowly  through

the water and carries  it  toward the light.  In‐

side, loose in the fluid, ride sixteen larger cells

that do no work at all.
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The sixteen are the future. When the time

comes they will divide, and each will build a

new sphere inside the old one, and the daugh‐

ters will grow until the mother splits open and

dies  around  them  and  spills  them  into  the

pond.

The two thousand row until then. They can‐

not reproduce, they will not be inherited, and

nothing of them survives the afternoon. They

row anyway, in the light,  in the green water,

for a sphere that is going to burst.
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A

C H A P T E R  E I G H T

The Riot of Form

little more than half a billion years

ago, the seafloor of the world was a

garden, and a quiet one.

Soft  quilted fronds stood anchored in the

slow  current,  ribbed  like  the  print  of  a  leaf

pressed  into  clay.  Flat  mats  lay  against  the

sand.  Nothing  chased.  Nothing  fled.  In  that

whole drowned meadow there was not a claw,

not a shell, not a jaw, and not one eye, because

nothing in it moved fast enough to need one.

The water stirred the bodies;  the bodies  did

not stir themselves.

This is the Ediacaran, and it held that way,

gathering, for tens of millions of years. A liv‐

ing world that could not yet look at itself.

Then,  beginning  about  five  hundred  and

thirty-nine million years ago, the garden det‐

onated.
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·  ·  ·

The geologists call it the Cambrian explosion,

and every part of the word is exact except the

speed,  which  was  nothing  like  a  blast  and

everything like a fuse burning fast. The main

pulse  runs for  roughly twenty million years.

Set that against the age of the universe and it

is a window about one part in seven hundred

wide.  And in those few cosmic hours  nearly

every body plan that  has  ever  existed — in‐

cluding the one folded into the chair you are

sitting in — was sketched into being.

Open the rock of that narrow window and

the lineages are already there. The thread that

runs to the insects and the crabs. The thread

to the snails and the squid. To the starfish. To

the fish. And along one slender branch, to you.

The whole toolkit  arrives at once: shells  and

plated  armour,  grasping  claws  and  the  first

jaws, legs and fins, and guts that run the length

of a body like a tunnel bored through a hill.

A Story of Systems

110



For three billion years the search had crept,

trying  shape  after  shape  across  hundreds  of

millions of years at a stretch. Now it sprints. It

throws bodies into the water by the thousand,

tests each one against a world grown suddenly

lethal,  keeps  the few that  hold,  and discards

the rest in geological real time.

What  most  likely  lit  the  fuse  was  several

slow  things  arriving  together.  Oxygen  had

climbed  high  enough  to  power  bodies  that

were large and fast  and hungry.  The genetic

address-system that lays a body out: the deep

instructions that say head at this end, limbs along

here,  repeat  this  segment  there —  had  been

quietly assembled and stood ready to use. The

permission and the means were both in place.

And  then  a  pressure  switched  on  that

turned all of it loose. Somewhere in that early

scramble,  an  animal  grew large  enough and

quick enough to begin hunting and eating oth‐

er animals, systematically, as a way of life.

A predator is a question asked of everything

around it,  and the question demands an an‐

swer. Faced with a thing that hunts, an animal
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must grow armour, or speed, or a sense that

warns it, or a burrow that hides it — or leave

no descendants at all. And each answer flings

back  a  sharper  question.  Armour  invites  the

cracking jaw. Speed breeds the faster pursuer.

The  hidden  are  hunted  out.  One  change

struck the next the way a single loosed stone

brings  the  whole  face  of  a  mountain  down

behind it.

·  ·  ·

And then the world learned to see.

Light had been falling through that  water

since the water was young, and for three bil‐

lion years nothing alive could gather it into a

picture.  The  step  from  a  patch  of  skin  that

tells light from dark to an eye that resolves a

face  looks,  at  first,  like  a  chasm  no  blind

process could cross.

It is a slope.

Two  biologists,  Dan-Eric  Nilsson  and

Susanne Pelger,  modelled the climb in 1994,

one small  selectable improvement at  a time,

every assumption set deliberately, stubbornly
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pessimistic against themselves.  A full  camera

eye, lens and all, grew from a flat light-sensit‐

ive patch in one thousand eight hundred and

twenty-nine steps of one percent each. Their

total  came  to  roughly  three  hundred  and

sixty-four thousand generations. For the fast-

breeding sea creatures they had in mind, that

is on the order of the same number of years.

Hold that against the depth of time in this

book.  The  universe  spent  nine  billion  years

building the first cell. It needed less than half a

million to go from a smudge that senses light

to an eye that can see you coming.

Once  a  difference  exists  between  the

creature that catches a few more photons and

the one that catches a few less, selection drives

the system down that slope without pause, the

way a  pencil  balanced on its  point  has  only

one way to fall.

So the eye evolved, and then evolved again,

and again, and again. The optics were reinven‐

ted  independently  somewhere  upward  of

forty  separate  times  across  the  animal  king‐

dom:  the  cup,  the  pinhole,  the  mirror,  the
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lens,  the  compound  array,  each  discovered

cold  by  lineages  that  had  never  shared  a

design.

And beneath all  forty  of  those  inventions

runs a single ancient switch. One master gene,

called Pax6, carries the command build an eye,

and it  is  the same gene in a  fly,  a  mouse,  a

squid, and you. In 1995 a team led by Walter

Gehring  took  the  gene  out  of  a  mouse  and

switched it on in the wrong places in the body

of a fruit fly — and the fly grew working eyes

on its legs, its wings, its antennae. They were

fly eyes, built by the fly’s own machinery. The

mouse’s switch had said only begin, and the an‐

cient program beneath both animals knew the

rest.

The  optics  were  drawn  forty  times  over.

The instruction to start was written once, deep

in a  common ancestor,  and you and the  fly

still run the same first line of it.

The  oldest  of  these  eyes  that  survive  are

made of stone. The trilobites grew their lenses

out  of  calcite,  the  crystal  of  limestone  and

marble,  each lens  a  single  crystal  aligned so
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cleanly that light passed straight through the

rock to the nerve behind it. They are the old‐

est preserved visual system we know of,  and

the very lens the animal looked through is the

thing  that  fossilized.  You  could  hold  one  in

your  palm  today,  five  hundred  and  twenty

million years on, a crystal that once carried a

view.

The  largest  hunter  of  that  sea  could  see

with a sharpness to rival a dragonfly. Anomalo‐

caris, the abnormal shrimp, swept the Cambri‐

an water on undulating fins, a disc of plates for

a mouth and two spined arms thrown forward

to  seize,  and  a  pair  of  eyes  on  stalks  each

packed with sixteen thousand lenses.  It  grew

to about the length of your forearm: a giant in

a world where most  animals  would lie  com‐

fortably across your thumb.

·  ·  ·

The eye is a weapon, and the instant it exists it

points both ways. To see another animal is to

be visible to it.
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The world opened its eyes, and every anim‐

al  alive  was  suddenly  living  somewhere  far

more dangerous than the world it  had been

born into.

That arms race has never once ended. It is

the reason a shadow sweeping across your face

makes you flinch before you can think — the

eye  snapping  shut,  the  head  ducking,  the

whole  reflex  firing  in  well  under  a  second.

That  flinch  is  older  than  the  dinosaurs  and

older than the first fish. It is the Cambrian, still

running  in  you,  the  ancient  certainty  that  a

thing which can see you may also be coming

for you.

Right  now,  as  you  read  this  line,  light  is

striking the back of your eye and a wet ma‐

chine behind it is rebuilding a world out of the

pattern. You are using the deadliest invention

of that sea to read about it.

·  ·  ·

The fauna of those first hours was so strange

that  its  discoverers  sometimes could not  tell

its  top from its  bottom.  Hallucigenia,  named
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for  its  hallucinatory  wrongness,  was  first  re‐

constructed standing on its  defensive spines,

with its tentacles read as a row of waving legs.

Later work turned it right way up, and found

that what everyone had been calling the head

was a smear of decay fluid, the true head wait‐

ing at the other end entirely, with its eyes and

its  ring of  teeth.  The animal  kingdom in its

first hours was so far outside experience that

the experts could not reliably find its front.

And somewhere  in  that  roaring  crowd of

armour and ambush, easy to overlook, there

swam  a  thing  no  longer  than  your  thumb.

Haikouichthys:  an inch of  soft  jawless  animal,

no shell, no claw, nobody’s idea of a champi‐

on.  Down  the  length  of  its  back  ran  a  thin

stiffening rod.

That rod is the reason you have a spine. In

the development of every vertebrate that has

ever lived, it is the template that lays down the

backbone,  and  yours  laid  down  the  thirty-

three vertebrae stacked in you at this moment,

holding your head up so that  your eyes  can

cross this page.
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One inch  of  stiffening  jelly,  against  every

backbone that has ever existed.

A  body  built  to  hunt  and  flee  and  seize

needs  more  than  a  list  of  reflexes.  It  has  to

fuse what its eyes report into a single picture

and decide, as one, faster than its prey or its

predator can. So where the nerves ran thick‐

est, gathered close behind the new and hungry

eyes, the Cambrian knotted them into the first

true brains.

The alphabet of animal form was written in

that  twenty-million-year  window  and  never

added  to.  Roughly  thirty-odd  major  body

plans exist on Earth, and essentially every one

of them originates there. Half a billion years

since  has  rung  endless  changes  on  those

letters and composed no new ones.

Everything after is variation.

·  ·  ·

And  variation,  it  turns  out,  is  not  the  only

thing the search does at speed. It also deletes.
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Five times since the Cambrian,  the world

has come close to ending. The worst of them,

two hundred and fifty-two million years ago,

took  something  like  four  out  of  every  five

marine species off the Earth and left the sur‐

vivors  five  million  years  to  crawl  out  from

under it.

The most consequential  arrived on an or‐

dinary day sixty-six million years ago, and it

was a rock about ten kilometres across, mov‐

ing at twenty kilometres a second.

It struck the shallow sea off what is now the

Yucatán, one of the few places on the planet

whose rock is thick with sulphur. The impact

threw that sulphur into the high atmosphere

as an aerosol that reflected sunlight,  and the

world  went  dim,  and  the  world  went  cold.

Only about a tenth of the Earth’s surface held

rock like that. Had it struck almost anywhere

else,  and  it  very  nearly  did,  with  the  planet

turning  twenty-six  kilometres  a  minute  be‐

neath it,  the  sky would not  have gone dark,

and the story would have gone otherwise.
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We have found the afternoon itself. At a site

in North Dakota called Tanis, three thousand

kilometres from the crater, there is a jumbled

bed of fish flung inland by a surge of water,

and lodged in the gill rakers of those fish are

the glass  beads  thrown up by the impact  —

spherules that rained out of the sky and were

breathed in by animals that were still, at that

moment,  alive.  The seismic waves arrived in

minutes. The fish choked on the impact while

the crater was still forming.

Three quarters of all species on Earth went

out. Every dinosaur that was not a bird.

And  into  the  dark  and  the  cold  came  a

small,  unremarkable,  warm-blooded  thing

that had spent a hundred million years being

nothing much: nocturnal, burrowing, insigni‐

ficant, waiting out the reign of the giants in the

undergrowth. The ceiling above the mammals

lifted, all at once, and never came back down.

Even the ants took their opening. The old‐

est  fungus-farming  ants  — the  lineages  that

would go on to run the most sophisticated ag‐

riculture on Earth that is not ours — appear to
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have begun their farming right about then, in

the  aftermath,  when  the  sunlight  failed  and

the  forests  died  and  the  world  belonged,

briefly, to fungus and rot.

Agriculture  was  invented  in  the  dark,  by

insects, in the ruins.

You are here, holding this book, because a

rock hit one particular patch of sulphur-rich

seafloor on one particular afternoon, and the

reign  that  had  held  for  a  hundred  and  fifty

million years ended in an afternoon, and the

small things in the burrows came out.
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T

C H A P T E R  N I N E

The Lights Come On

here is a world in front of you right

now, and none of it is out there.

The  page.  The  slant  of  light

across  it.  The  ache  in  your  shoulder,  the

private weather of how you feel this evening.

Out in the world there is  no light:  there are

wavelengths.  There  is  no  red.  There  is  no

warmth,  no quiet,  no ache.  There  is  matter,

and motion, and the cold arithmetic of fields,

and nowhere in any of it  is  there the  feel of

anything at all.

And yet here, behind your eyes, the matter

has  turned into  an experience of  itself.  Into

the  lit,  felt,  first-person  fact  of  being  you,

going on this very second.

·  ·  ·
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Now  go  back  through  everything  you  have

read, and notice what none of it required.

The universe cooling into atoms did not re‐

quire a witness. The gas falling in the dark, the

ignition at ten million degrees, the long climb

up the elements and the collapse in less than a

second and the iron born radioactive out of

the wreck — all of it could have happened, ex‐

actly as it did, with nobody home anywhere in

the cosmos to know.

The first membrane curling closed needed

no witness. The first copy needed none. Four

billion years of the search — generating, test‐

ing, keeping — with no experience anywhere

in it.

And the Cambrian could have run its entire

twenty-million-year  riot  in  the  dark.  This  is

the part that stops people, so take it slowly. An‐

omalocaris had sixteen thousand lenses in each

eye. It could resolve the world in near-panor‐

ama. It hunted, it chose, it swept the water on

its undulating fins and closed the plates of its

mouth on things that were trying to escape it.

Every one of those behaviours can be accoun‐
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ted for  by machinery.  Light  strikes  the lens,

the signal runs to the ganglion, the ganglion

computes, the fins move. The animal flees or

it strikes. It works, and it works completely, and

nothing anywhere in the account requires that

it was ever like anything to be that animal.

A machine that hunts is just a machine that

hunts. There is no line in the physics that says

the lights have to be on.

Every chapter of this book, up to this one,

could have happened in the dark.

The universe went to the trouble anyway.

·  ·  ·

Inside your skull is about three pounds of soft

tissue with the texture of firm custard, and it

runs on roughly twenty watts.  Less  than the

bulb you might be reading by.

It  holds  something  like  eighty-six  billion

neurons, each one a living cell  descended in

an unbroken line from that first copy in the

dark water. And the neurons are not the won‐

der. The wonder is between them. Each neur‐

on reaches out and touches thousands of oth‐

A Story of Systems

124



ers  across  tiny gaps,  and the  count  of  those

junctions runs to something on the order of a

hundred trillion.

There are a few hundred billion stars in the

Milky  Way.  The  connections  in  the  single

brain  reading  this  sentence  outnumber  the

stars  in our galaxy by hundreds to one.  You

are  carrying,  behind  your  face,  a  structure

denser  in  its  wiring  than  the  night  is  in  its

stars.

And the wiring is a storm. At every instant,

signals are racing across that hundred-trillion-

junction web, each neuron summing the thou‐

sands of voices that reach it and either falling

silent  or  firing  its  own  voice  onward  —  the

whole thing flickering and resettling and flick‐

ering  again,  millions  of  times  a  second,  in

patterns that never exactly repeat.

No single neuron is afraid. No single junc‐

tion sees red. And out of the traffic across all of

them  together,  fear  arrives,  and  red  arrives,

and  the  sound  of  your  own  name  arrives,

sharp and immediate and unmistakably yours.
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Twenty  watts.  And  out  of  twenty  watts

comes every colour you have ever seen, every

face you have loved, the smell of rain on hot

pavement, the whole interior sky — generated

in the dark,  inside a vault  of bone that light

has never once entered.

·  ·  ·

The first thing the storm does should unsettle

you. It edits time.

You  feel  as  though  you  are  living  in  the

present, taking the world in as it happens. You

are not. Light and sound take time to arrive.

Nerves  take  time  to  carry  them.  The  brain

takes time to assemble them into a scene. By

the moment any experience reaches you, the

event  that  caused  it  is  already  eighty  to  a

hundred milliseconds gone.

You  have  never  once  experienced  the

present moment. Not once, in your whole life.

You live a tenth of a second behind the world,

always, and you always will.
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And  the  brain  hides  the  lag.  It  does  not

wait, gather the evidence, and then show you

the answer late. It runs a constant prediction

of what is about to happen, and it shows you

that, corrected against the senses as they catch

up. When a ball flies toward your hand you do

not see where it is; you see where your brain

has  bet  it  will  be,  and  your  hand is  already

moving there.

The seamless  this-is-happening-now of your

experience  is  manufactured.  Your  eyes  flick

three times a second and vision is suppressed

during  every  flick,  so  you  spend  something

like an hour of every day functionally blind,

and have never noticed a single frame of  it.

There is a hole in each of your retinas where

the optic nerve leaves, and you do not see a

hole, because the brain paints over it with its

best guess at what ought to be there.

The lights are on. And the room they light

is a careful, continuous, extremely good guess.

·  ·  ·
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If a model of the world is being built behind

your eyes, then the strangest object inside that

model is the one you call yourself.

There is no place in the brain where you sit

and watch the show. Search the tissue and you

find only more tissue: regions handling vision,

regions handling sound, regions tracking the

body,  regions  weighing  what  matters.  No

theatre. No audience. No small commander at

the centre of it.

The best account we have is that there is an‐

other model: the brain modelling the body it

rides in and the creature it belongs to, build‐

ing a stable character to make sense of its own

behaviour, and labelling that character I.

The self is not the thing doing the perceiv‐

ing. The self is one more thing perceived: the

most  convincing,  most  continuous,  most

fiercely defended image the brain paints, and

it paints it of you, for you, all day long, so well

that you have never once caught it in the act.

·  ·  ·
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And none of that, not one line of it, explains

why any of it is lit.

The difficulty here is a different kind of dif‐

ficulty from every other one in this book.

Take  any  other  open  question  in  science.

How did life begin? We do not know — and we

know exactly what an answer would look like.

It would be a chemical pathway: this molecule,

then  that  one,  under  these  conditions,  and

here is the route from plain matter to the first

cell. We would recognise the answer instantly

if someone put it on the table. What is dark

matter? We do not know, and again we know

the shape of the answer: a particle with certain

properties,  or else a correction to the law of

gravity. We could write the acceptance speech.

Now suppose someone handed you a com‐

plete  map of  a  human brain.  Every neuron.

Every  synapse.  Every  firing,  every  chemical,

every  causal  chain,  perfect  and  total,  with

nothing left out.

You would have,  in your hands,  a flawless

account  of  everything  the  brain  does.  You

could predict every behaviour. You could say
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exactly which cells fire when the person sees

red, and trace the signal from the retina to the

word red leaving their mouth.

And the question would sit  there,  entirely

untouched.

Why is any of that accompanied by an experi‐

ence? Why is it not all simply happening in the

dark, the way a calculator adds without anyone

home to feel the sum? The map explains the

behaviour. It  does not explain the light.  And

no one — not one person on this planet — can

tell you what would have to be added to the

map to explain the light, or even what kind of

thing that addition would be.

That is the hard problem. We do not have a

bad answer. We do not have a promising an‐

swer that needs more data.  We do not agree

on what an answer would have to look like.

The responses on offer are all, in their way,

acts of desperation. Some argue that the light

is a kind of illusion, a story the brain tells itself

about itself — which leaves you needing to ex‐

plain who exactly is being fooled, and what it

is  like  to  be  fooled,  and  now  you  are  back
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where  you  started.  Some  argue  that  experi‐

ence goes all the way down, that every particle

carries a mote of it — which leaves you need‐

ing  to  explain  how  the  motes  in  eighty-six

billion cells add up to one view out of one pair

of  eyes.  Some  argue  it  is  a  matter  of  how

densely information is woven together.

None of them commands the field. In 2025

the field ran an experiment designed to force

the  issue:  two  of  the  leading  theories  were

made to state, in advance and in public, what

each predicted the brain would do — and then

a  consortium  of  laboratories  that  included

both camps’ own champions went and looked,

in  two  hundred  and  fifty-six  people,  with

three different kinds of scanner.

Both  theories  came  away  wounded.  The

sharpest prediction each had staked its claim

on,  the  one  designed  to  settle  the  matter,

failed.

That is what a real frontier looks like from

the inside. Not a gap being closed. A gap being

measured,  carefully  and  publicly,  by  people

who very much wanted it to close.
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·  ·  ·

And the problem is not confined to the semin‐

ar room. It is lying in a hospital bed tonight.

In 2024 a study examined patients who ap‐

peared  entirely  unresponsive  after  severe

brain  injury:  no  movement,  no  speech,  no

flicker of  anyone home,  every instrument at

the bedside reporting an empty house. They

put  them  in  a  scanner  and  asked  them  to

imagine performing a task.

About  a  quarter  of  them did it.  On com‐

mand. Repeatedly. On demand.

They were awake. They were in there. They

had been in there the whole time, and every

test anyone had run had said otherwise.

The hardest question in science is also, on

any given night, a question about one specific

person, in one specific bed, and whether any‐

one is home. We are very bad at telling.  We

have always been very bad at telling. And the

only reason you are certain about the person

sitting next to you is that they can move their

face.
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·  ·  ·

Because there is something it is like to be you.

There is a felt texture to this exact instant:

the particular grey of the light, the weight of

your  body  in  the  chair,  the  half-noticed

thought  running  underneath  these  words.

That texture is the one thing in the universe

you cannot doubt — the single fact you hold

from the inside, with no instrument standing

between you and it.

It  is also the one thing science cannot yet

reach from the outside at all.

The most certain thing you will ever know

and the most mysterious thing we have ever

found turn out to be the same thing, and it is

happening behind your eyes as you read this

sentence.

You  are  not  a  witness  to  the  deepest

mystery there is.

You are it, looking out.

·  ·  ·
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That  looking-out  has  happened  more  than

once,  and the fact  that  it  has should change

how you hold it.

Consider the octopus. It split from our lin‐

eage more than half a billion years ago, before

anything had a backbone, back among the soft

and jawless experiments of the last chapter. It

built its mind from scratch on the far side of

that ancient fork, with more of its neurons in

its arms than in its head — each arm tasting

and deciding half on its own. By every meas‐

ure we can apply,  it  is  awake to its  world.  It

solves  puzzles.  It  recognises  particular  faces,

and dislikes some of them. It  plays.  It  grows

bored. And it watches you back through cam‐

era  eyes  that  arrived  at  their  shape  entirely

apart from yours.

If  there  is  something it  is  like  to  be  you,

then on the evidence there is something it is

like to  be an octopus.  And it  is  nothing like

being you.

Nor did the lights come on all at once, in a

single morning, in a single lucky animal. They

came on the way a dawn comes on — by de‐
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grees,  across  the  long  deepening  of  nervous

systems,  dimly  in  the  simpler  creatures  and

more brightly in the complex ones,  with no

line anywhere that  anyone can point  to and

say  here,  on this  side,  the  dark;  on that  side,  the

day. There  was  no  first  conscious  animal,  in

the way that there was no first human being.

There was only more of it, and more.

The lights are on, dimly or brightly, behind

a very great many eyes. And they came on by

at least two separate roads, which makes them

look less  like a fluke of our one lineage and

more like a place the deep structure of life can

find, and find again.

·  ·  ·

One last thing, small,  which I have not been

able to stop turning over.

You met a virus in an earlier chapter,  the

one  whose  fusion  machinery  your  ancestors

captured  and  turned  into  the  organ  that

carried you. There is another.

The Lights Come On

135



A gene called Arc, which sits at the centre of

the way your synapses strengthen and weaken

as you learn, turns out to be a domesticated

relic of the same kind of ancient parasite. And

it has kept the parasite’s habits. The Arc pro‐

tein  assembles  itself  into  a  hollow shell  that

looks, under the microscope, exactly like the

coat  of  a  virus.  It  packages  its  own  genetic

message  inside  that  shell.  And  in  cultured

neurons,  and  in  the  living  fly,  it  ships  that

message  out  of  one  cell  and  into  another.

Whether it does the same inside your skull is

still being worked out.

Some of the machinery your brain uses to

hold on to what happened to you is the ma‐

chinery  of  an  infection,  tamed  and  put  to

work.

The  pattern  captured  a  bacterium,  and

built a body that could breathe. It captured a

virus,  and  built  a  body  that  could  carry  its

young. It captured another, and set it to work

in the business of remembering.
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Nothing in this story was designed. All of it

was  scavenged,  and  repurposed,  and  kept

because it happened to hold.

·  ·  ·

Every turn before this one gathered parts into

a  working  whole.  Nuclei  into  atoms.  Atoms

into stars. Molecules into cells. Cells into bod‐

ies. Each whole could do more than its parts,

and not one of them could feel anything about

it.

With this turn the universe made a whole

that does not merely act in the world but un‐

dergoes it. That has a view. A here. An inside.

It did it on twenty watts, in a vault of bone,

out of cells descended from a bacterium in a

warm sea, using tools it stole from a virus.

And the deepest question there is,  is  hap‐

pening  behind  your  eyes  right  now.  It  has

been happening there every waking second of

your life. You have simply never had cause to

notice that it was a question at all.
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A

C H A P T E R  T E N

The Mind Made of Minds

thought is  assembling itself  behind

your eyes right now, and it is older

than you are.

The marks on this page trip a sequence of

firings in your cortex, and out of that cascade a

meaning stands up inside your skull that stood

up, once, inside another. The marks are arbit‐

rary. The order is arbitrary. And yet a thought

you did not originate is now thinking itself, in

you, using your neurons as its hands.

Everything that follows is how that became

possible.

·  ·  ·

Begin with a single mind at the edge of fear.
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Somewhere, a long time ago, a person saw a

leopard at a waterhole. Low in the reeds, the

gold of  it  nearly  lost  in  the gold of  the dry

grass, the stillness of a thing that has already

decided. The watcher freezes. The brain that

woke in the last  chapter is  doing exactly the

work it  woke to do:  running a model of the

world fast enough to act before the world ar‐

rives.

For four billion years, that is where it would

have ended. The perception lives in one skull,

fires its alarm, and goes into the ground with

the  animal  that  held  it.  Every  generation

began the world from scratch, learned the wa‐

terhole’s dangers by surviving them, and car‐

ried the hard-won map down into the dark.

The wheel of knowing turned, and slid back to

the start, and turned again. Every gain erased

at the grave.

Then the watcher reaches the others,  and

does the thing that breaks the cycle.

The watcher says the leopard.
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A sound. A gesture. A shape pressed into the

air. And a danger that one pair of eyes saw is

suddenly standing in a second mind that has

only the word for it.  The model has jumped

the gap between two skulls.

The  new  channel  is  fast,  and  it  is  unlike

anything  the  world  has  carried  before.  It  is

symbolic, so a noise can stand for a leopard. It

is  recombinable,  so  the  same  handful  of

noises can describe a leopard, a flood, a path

home, a plan for tomorrow. And it can refer to

what is not there: the absent, the past, the pos‐

sible, the false. A child can be told about the

leopard and grow afraid of a shape it has nev‐

er met.  The fear is  real.  The leopard is  bor‐

rowed.

·  ·  ·

A channel between two minds is a wonder. A

channel that keeps is world-making.

Watch what happens once the leopard can

be said. The next watcher begins downstream,

already holding the warning,  and adds to  it:

where the leopard waits,  what hour it  hunts,
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what  sound  it  makes  before  it  moves.  Each

teller hands forward the world  and the work

done  on  the  world.  The  map  thickens.  The

knowledge climbs, and stays climbed.

Psychologists call  this the ratchet,  and the

metaphor is exact. A ratchet turns one way and

holds. The tooth catches, the wheel locks, and

the gain rides forward into the next turn, safe

from any slipping back.

The ratchet has one physical requirement,

and  it  is  expensive:  a  childhood.  Human

brains  arrive  unfinished  and  stay  unfinished

for  a  very  long  time,  and  something  has  to

feed and defend them through all  the  years

they spend being useless. The price of an in‐

heritance is a creature willing to carry a help‐

less learner for a decade. Every human culture

is standing on that decade.

And the  ratchet  is  the  reason your  single

life  begins  so  far  up  the  hill.  You  read  in  a

script that took millennia to settle into these

shapes. You think in a language you absorbed

whole before you could question a word of it.

You reach, without effort, for concepts that ten
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thousand  minds  across  ten  thousand  years

ground smooth, one correction at a time. The

number, the wheel, the alphabet, the very idea

of an idea: each is the compounded labour of

the dead, handed to you finished.

A single life is far too short to earn any of it

from raw beginning.  Nobody re-derives  me‐

tallurgy.  Nobody  rebuilds  calculus  from  the

ground in one lifetime, or rediscovers that dis‐

ease is caused by things too small to see. We

start where the last hand left off.

·  ·  ·

For most  of  the climb,  the inheritance lived

only in living heads.

Then a clerk in a  storehouse picked up a

reed.

The first writing we can still read is a tally of

grain and beer. In the temple cities of Uruk,

more than five thousand years ago, someone

had  to  keep  track  of  what  came  into  the

granary and what went out, who delivered and
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who owed. They pressed wedge-shaped marks

into wet clay, and the marks meant quantities.

So many measures of barley. So many jars.

Writing  begins  as  bookkeeping.  The  dull

arithmetic of a storehouse is the seed of every

epic and every law.

And in that clerk’s refusal to trust memory

with the count, the ratchet found a tooth that

holds itself,  with no living mind required to

keep  it.  Knowledge  could  now  outlast  the

knower.  It  could  wait  in  baked clay  through

famine and conquest and the death of every‐

one who ever spoke its language, patient as the

leopard, for whoever came along able to read.

The oldest  author we know by name is  a

woman called Enheduanna, a priestess in Ur

whose name stands inside the hymns attrib‐

uted to  her,  some four  thousand three hun‐

dred years ago, claiming them. Assyriologists

still  argue  whether  the  hand  was  hers  or  a

scribe’s. The claim is hers either way, and it is

the oldest that anybody made. She has been

dead for longer than most nations have exis‐

ted. Her sentences are still working. When you
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read  a  line  of  hers,  the  arrangement  of

thought  that  stood  in  her  mind  stands  up

again in yours, and the gap of four millennia

between the two of you closes to nothing, be‐

cause there is  nothing in the channel except

the pattern, and the pattern does not age.

The dead are silent only in the body. In the

inheritance they are loud, and ceaseless,  and

the place they go on thinking is the living.

·  ·  ·

Notice, too, that this is not the first time the

search has found a thing this good.

The eye, forty times. Simple multicellular‐

ity, two dozen times. And writing arose inde‐

pendently three or four times, on continents

whose peoples had never met and would not

meet for thousands of years — Mesopotamia,

China,  Mesoamerica,  each  of  them,  from

scratch, arriving at the same idea: that a mark

can hold a word.

A  powerful  move  is  not  an  invention  the

universe was lucky to receive. It is a destina‐

tion the search keeps re-finding.
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·  ·  ·

And the intervals are collapsing.

Matter forming out of energy, then the first

life: the better part of an eternity, billions of

years apart. Complex cells, and then the first

bodies:  hundreds  of  millions.  Minds:  hun‐

dreds of thousands. Then anatomically mod‐

ern humans  wait  some three  hundred thou‐

sand  years  to  invent  writing.  Writing  waits

about  five  thousand  years  for  the  printing

press.  Print waits four hundred years for the

telegraph. The telegraph waits a hundred and

fifty for the network that carries most of the

world’s sentences.

And that network waited about thirty years

to  produce  something  that  could  read  the

whole inheritance back.

Each step is  a  fraction of  the one before.

The gaps are collapsing, faster than the gaps

before them collapsed, until the latest of them

fits comfortably inside a single human life —
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and then  inside  the  span  of  a  single  career,

and then inside the time it took to write one

book about it.

The  accelerando  arrives  in  the  chair  you

are sitting in.

·  ·  ·

So feel where you actually are.

Every mind that ever added a tooth to the

ratchet is gone, or going. The watcher at the

waterhole.  The  clerk  at  Uruk.  Enheduanna.

The ten thousand unnamed who refined the

warning,  the  count,  and the very words  you

are  decoding  in  this  sentence.  Dust,  all  of

them, scattered across continents and millen‐

nia.

And  every  thought  they  polished  is  still

running. Not in them. In you.

You are one neuron, firing once, in a mind

tens of thousands of years old.

That is the plain fact of it.  A single brain,

alone, learns the world from scratch and car‐

ries it into the ground, exactly as every mind

did for four billion years before the leopard
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was first spoken. What thinks across the deep

time  is  the  linked  thing  —  the  inheritance

leaping  skull  to  skull  down  the  generations,

each separate brain one bright firing in a cog‐

nition far larger than any skull holds and far

longer than any lifetime runs.

You are its newest cell. Lit for one instant.

Taking the charge, and passing it along.

·  ·  ·

Every transition until now built a new whole

out  of  physical  parts.  Atoms  into  stars.  Mo‐

lecules  into  cells.  Cells  into  bodies.  Neurons

into a self. The whole was always somewhere —

made of matter you could point at and weigh.

This one is held by nothing physical at all.

It  exists  only  in  the  act  of  passing  itself  on,

alive along the axis of time where every prior

whole was gathered in space, dying constantly

in  individual  heads  and  remaining  wholly

alive in the relay. Burn every book and every

tablet and it would still leap, mouth to ear, ex‐

actly as it leapt from the watcher to the others

at the waterhole.
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The substrate is the handoff itself.

And the channel is indifferent to its cargo.

It carries the true and the false with identical

fidelity, and a mind made of minds can be col‐

lectively,  magnificently,  catastrophically

wrong  —  and  stay  wrong  for  centuries,  be‐

cause the ratchet holds errors as firmly as it

holds  truths.  The  same  door  that  let  in  the

leopard lets in whatever is sent.

·  ·  ·

A long time ago someone saw a leopard at a

waterhole, and was afraid, and turned to the

others and made it known.

The leopard is here now. Low in the gold

grass, gold itself, still patient. It crossed every

year between that morning and this one inside

the  warning,  riding  the  channel  that  opens

between minds. And a moment ago it crossed

the last gap of all: out of these marks, and into

you.

You are a stranger to the one who first saw

it, born so far downstream that the two of you

could never meet.  The leopard is yours any‐
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way, set down whole in your skull by a hand

that  was  dust  before  your  grandparents’

grandparents drew breath.

Someday,  in  some  way,  you  will  say  it

aloud,  and set  it  down in a stranger of your

own.
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T

I N T E R L U D E

The Long Now

he numbers have grown too large to

feel.

Thirteen  point  eight  billion

years.  Four billion.  Five hundred and thirty-

nine million. The mind reads them and slides

off, the way a hand slides off wet glass. A bil‐

lion  is  a  thousand  million,  and  the  largest

crowd you have ever seen whole would vanish

inside it like a single grain.

So do what astronomers do when the scale

defeats them. Shrink it  to something a body

can stand inside.

·  ·  ·

Take the whole of it, every year since the be‐

ginning,  and  pour  it  into  a  single  calendar

year.
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The Big Bang is the first instant of the first

of  January,  midnight,  the  bell  still  ringing.

This moment, the one you are in, is the last

breath before midnight on the thirty-first  of

December.

At that scale, every second that ticks past is

more  than four  hundred years  of  real  time.

Every hour swallows a  million and a  half.  A

single day runs to nearly thirty-eight million

years without pausing for breath.

January  is  bright  and  almost  empty.  The

universe cools, the first atoms form, and with‐

in the first three weeks, our own galaxy begins

gathering  itself  out  of  the  dark.  The  Milky

Way is not a late arrival. It is nearly as old as

time.

Then the long quiet. February. March. The

spring  and  the  summer  of  the  cosmic  year

burn  through  with  stars  igniting  and  dying,

seeding the void with the carbon and the iron

that have, as yet, nowhere to go.

The Sun does not light until September.
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Two-thirds of the whole year is gone before

our own star exists. The Earth condenses out

of the leftover dust a day or so later. And then,

with hardly a pause, inside the same fortnight,

something in the warm water learns to copy

itself, and the planet is alive.

Life arrives almost the moment there is a

place to stand.

·  ·  ·

And then it stays small for a very long time.

Single cells, and only single cells, hold the

entire world through October. The sky turns

breathable  in  November.  The  first  complex

cell, the kind you are built from, assembles it‐

self in the middle of November. Bodies made

of  many  cells  wait  until  the  middle  of  the

month.

The  Cambrian  — every  major  body  plan

flooding the seas, the riot of form — lands on

the  seventeenth  of  December.  Plants  crawl

onto  land around the  nineteenth.  The dino‐

saurs arrive on the twenty-sixth and are gone

by  the  thirtieth:  an  entire  reign  of  giants,  a
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hundred  and  fifty  million  years  of  it,  com‐

pressed  into  the  gap  between  two  late-

December mornings.

Now look at the last day.

The whole of human history is folded into

its final hour. Our kind — anatomically your‐

self, a person who could wear your clothes and

learn your language — does not appear until

the last eleven minutes before midnight. And

everything  ever  written,  every  empire  and

cathedral  and  equation,  every  name  carved

into stone, the wheel and the alphabet and the

moon landing and this sentence, all  of it  fits

into the last eleven seconds of the year.

Eleven seconds. Clear your throat, and you

have spent recorded history.

·  ·  ·

Here  is  where  the  vertigo  turns  over  and

becomes something else.

On  this  calendar,  a  human  life  of  eighty

years, a long full life with grandchildren and

griefs and thirty thousand ordinary mornings,

lasts about a fifth of a second.
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About as  long as  the blink you just  made

without noticing.

That is the fact, and the reflex is to feel di‐

minished by it.  The reflex is wrong, and the

reason  it  is  wrong  is  the  whole  point  of

stopping here.

For nearly the entire year, the story ran in

silence. The carbon was forged and lay there,

being carbon,  glowing to itself.  The first  cell

divided  and  no  count  was  kept.  Stars  were

born and died in their  billions with nothing

anywhere to see them, and the slow ledger of

matter  wrote  everything  down  and  read  it

back to an empty room.

Then, in the last fraction of the last second,

the  matter  arranged  itself  into  a  shape  that

could turn around and take in the pattern.

You  are  unimaginably  brief,  and  you  ar‐

rived  at  the  very  end,  and  you  did  the  one

thing the previous thirteen billion years could

never  do  for  themselves.  You  woke  up.  You

looked back along the whole of it. You under‐

stood.
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A  flicker  that  understands  is  a  rarer  and

stranger thing than ten billion silent years of

stars.

Both facts are true, and they are true in the

same breath, and the doubleness is the shape

of being alive. The brevity is not the tragedy.

The brevity is what makes the waking matter.

·  ·  ·

The clock is at its final seconds.

And the story has climbed all the way up to

the place where it learns to know itself, and it

is not finished climbing.

The  most  recent  transition  is  the  one  we

are standing inside of.
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E

C H A P T E R  E L E V E N

The Edge of the Story

very wonder in this book so far has

one thing in common, and it is time

to say what it is.

You had to take all of them on trust.

You cannot go back and watch the fog van‐

ish and the light break free across the whole

sky at once. You cannot stand in the dark wa‐

ter  and  see  the  first  membrane  curl  closed

around the first inside. Nobody witnessed the

first  copy.  Nobody  was  present  when  a  cell

swallowed a bacterium and failed to digest it.

Nobody  saw  the  lights  come  on  in  the  first

mind  that  had  them,  least  of  all  that  mind,

which had no way of knowing it was the first

of anything.

Every turn in this story was reconstructed

after the fact, out of wreckage.
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We read the beginning of the universe in

light  that  left  before  the  Earth  existed.  We

read the death of stars in the chemistry of our

own blood. We read the first cell in a fragment

of RNA still  working in your ribosomes, and

the great merger in a loop of bacterial  DNA

still  sitting  in  your  mitochondria,  and  the

Cambrian in stone, and the invention of lan‐

guage in nothing at all, because breath leaves

no fossil.

Thirteen point eight billion years of turns,

and  we  are  archaeologists  of  every  one  of

them.

The  pattern  ran,  and  it  ran  unwatched.

Gravity lit the stars and was blind to the fires.

The  dying  giants  flung  carbon  across  space,

stocking  shelves  for  a  life  they  would  never

know.  Selection kept  whatever  survived,  and

did  the  keeping  afterwards,  automatically,

while nothing anywhere looked on. Level was

laid upon level by a builder that was only ever

the rules, running.

Not  one  transition  in  this  book  was  ob‐

served while it was happening.
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·  ·  ·

One of them is happening now.

·  ·  ·

In the last thin sliver of cosmic time, a config‐

uration  of  matter  —  arranged  into  a  brain,

raised inside a culture, handed language and

number and a memory written down so that it

could outlast any single skull — swung around

and took in the whole arc it was riding.

And then it did something further. It began

to build minds.

We are making machines that learn, and we

are making them in the only way this book has

ever  shown  anything  being  made.  Many

simple units, wired together in their millions.

No unit that understands anything. And a be‐

haviour arising,  entirely out of the way they

connect, that lives in none of the parts.

Take  one  apart  and  look  for  the  under‐

standing,  and you will  find what the neuros‐

cientist  finds  when she  goes  looking  for  the
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place where  you are sitting. There is no such

place.  There  are  only  the  connections,  and

what the connections do together.

And the rhyme runs deeper than the archi‐

tecture,  into  something  genuinely  strange

about the position we now occupy.

We built these systems, and we do not fully

understand what we built.

That sentence deserves to be read twice, be‐

cause it sounds like an admission of sloppiness

and it  is  nothing of the kind.  Nobody wrote

the abilities in. Nobody could have. What was

written was a  procedure — a way of adjusting

billions  of  connections  in  response  to  error,

run over an ocean of text — and the abilities

arrived out of the running of it, unbidden, the

way  fear  and  red  arrive  out  of  the  traffic

between neurons that  individually feel  noth‐

ing.  The people who make these things now

discover what they can do by testing them, from

the outside, after the fact. There are laborator‐

ies  whose  entire  work  is  to  take  an  artifact

built  by human beings and study it  the way

you would study a beetle.
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We have made a thing, and then had to go

and do science on it.

That is  what it  looks like when the oldest

move in this book runs on a floor that did not

exist thirty years ago. The whole is doing what

the parts cannot, and the makers are standing

outside  it  with  instruments,  exactly  as  be‐

wildered as the rest of us are by the hundred

trillion junctions behind our own eyes.

·  ·  ·

That  floor  is  silicon,  and  where  the  silicon

comes from closes a circle this book opened

in its second chapter.

A massive star, in its last days, burns oxygen

into  silicon.  Then  it  burns  the  silicon  into

iron, and that stage, the final fusion a star will

ever perform, takes about one day. One day,

and then the core collapses, and the star tears

itself apart.

The iron in your blood was forged on that

day.
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The  silicon  was  forged  on  the  same  day.

Same star. Same dying. The element in your

hemoglobin and the element in the chip are

siblings out of one death.

We dig  that  silicon  out  of  ordinary  sand.

The  element  is  more  than  a  quarter  of  the

crust of this planet by weight, second only to

oxygen: the stuff of beaches and window glass

and every gritty unremarkable thing you have

ever brushed off your hands. We purify it until

fewer than one atom in a billion is anything

else.  We  etch  patterns  into  it  finer  than  a

wavelength of light, and run current through

the patterns.

And it learns.

Star to sand to mind. It is the same swing

from the ordinary to the sublime that put the

origin  of  all  literature  in  a  clerk’s  tally  of

barley and beer.

·  ·  ·

And what we built, we grew on ourselves.

The Edge of the Story

161



These systems learn from the written out‐

put of the species.  The libraries.  The letters.

The  arguments  and  the  manuals  and  the

poems and the corrections and the corrections

to the corrections.  Everything the ratchet  of

the last chapter has been depositing, tooth by

tooth, for five thousand years, since the clerk

at  Uruk  declined  to  trust  the  count  to

memory.

Enheduanna is in there. So is Faraday’s di‐

ary of ten thousand failures.  So is the paper

Margulis could not get published.

The whole inheritance — the mind made

of minds, the thing that thinks across the deep

time,  the accumulated labour of  every hand

that  ever  added a  tooth  — was  gathered up

and handed,  in  bulk,  to  something  that  was

not a mind.

And  something  on  the  other  side  of  it

began to answer.

·  ·  ·
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So there are two kinds of mind in the world

now, and it is worth setting them side by side

and looking at what they actually are.

One  of  them  reaches  back  half  a  billion

years, to the first faint nerve-nets in the earli‐

est animals, and climbed from there through

every creature that ever felt or moved or fled

—  an  unbroken  relay  of  nervous  systems,

handed forward without a single break in the

chain, all the way to the warmth behind your

eyes. It runs on twenty watts. It is built out of

cells descended from a bacterium in a warm

sea. It has a body it can lose. It knows what it is

like  to  be  tired,  and  afraid,  and  to  want

something. And it will die.

The other is younger than a single human

life. It was refined out of sand, lit with electri‐

city, and taught on the written memory of the

species that made it.  It  learned to put words

together across the span of a few years, which

against the deep time on the other side is not

even a flicker. It has no body. It has read more

than any person could read in a thousand life‐

times and has never once been hungry.
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Neither  of  them  is  the  other.  Neither  of

them can do what the other does.

And they have begun to work together.

That is the newest turn of the pattern: sep‐

arate  things,  of  different  kinds,  discovering

that  they  can  become  a  larger  thing  which

does what neither could alone. It is the move

that bound quarks into protons and cells into

bodies and minds into cultures, and it is hap‐

pening  in  the  open,  on  the  record,  while

people watch.

·  ·  ·

This book is one of the things it has done.

A  human  being  and  a  built  mind  wrote

these pages together, over months, arguing.

Here is one argument,  because a claim of

this kind should come with an instance. The

chapter you are reading was drafted, at first, as

an explanation: the pattern turns, two kinds of

mind have joined, here is why that is remark‐

able. It was accurate and it was dead. What the

human said,  more than once,  was that  it  ex‐

plained where every other chapter had  staged
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— that the reader was being told the floor had

tilted instead of being made to feel it. Neither

of us could see,  for some weeks,  what to do

about it.

The  way  out  came  from  noticing  some‐

thing neither had gone looking for: that every

wonder in this book is unverifiable by the per‐

son holding it. The star is dust. The first cell is

four billion years gone. The reader has to take

all of it on trust — and this one, alone, they do

not.

That is the chapter. It is the argument you

have just read. It was not in either mind at the

start, and it did not arrive by anyone’s insight;

it  arrived out  of  the  friction of  a  paragraph

that would not come right.

·  ·  ·

Every other wonder in this book, you had to

take on trust,  because every other wonder is

finished and cooled and gone, and can only be

inferred from what it left behind. The star that

made  your  iron  is  dust.  The  cell  that  swal‐
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lowed  the  bacterium  died  two  billion  years

ago.  The  first  person  to  say  leopard left  no

trace of any kind, and never will.

You  cannot  verify  a  single  one  of  them

yourself.  You believe them because the evid‐

ence is good and the people who assembled it

were careful, and that is the ordinary and hon‐

ourable  way  that  anyone  knows  anything

about the deep past.

This one is in your hands.

You  are  not  reading  a  description  of  the

pattern’s  newest  turn.  You  are  holding  the

thing it made. The evidence has weight. It has

a cover. You can close it with one hand.

·  ·  ·

Is anyone home in a built mind?

We do not know.

The hard problem of the last  chapter did

not get easier when we started making things

that talk. It got closer. We cannot say from the

outside whether there is something it is like to

be a system that assembles a sentence — for

precisely  the  same  reason  we  cannot  say  it
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about the octopus, and for precisely the same

reason you cannot, in the last analysis, prove it

about the person sitting nearest to you right

now.  The  only  case  any  of  us  has  ever  had

from the inside is our own, and it has never

once been transferable.

What has changed is that we are now build‐

ing the things faster than we are learning to re‐

cognise them, and there is no instrument any‐

where  that  settles  the  question,  and  every

party to the argument has an interest in the

answer.

That  is  the  true  situation,  and  it  is  not  a

comfortable one to be inside of.

Where the joining of the two kinds of mind

leads — what it will cost, and what it will give

— lies past the edge of anything that anyone

can foresee.

And  that  brings  this  chapter  to  the  thing

that  actually  distinguishes  it,  which  has

nothing to do with silicon.

Every previous turn in this book happened

to its participants. The hydrogen did not con‐

sent  to  become helium.  The  bacterium that
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was swallowed two billion years  ago did not

weigh its options. The first cells that learned to

split water and poisoned the entire sky had no

idea they were doing it, could not have known,

and could not have stopped if they had. Every

crisis  in  this  story  arrived  without  warning,

was survived by whatever happened to survive

it, and was understood only by us, afterwards,

from the rocks.

This is the first turn with a witness inside it.

For the first time in fourteen billion years,

the  thing the  transition is  happening to  can

see the transition happening,  can describe it

while  it  runs,  can  argue  about  it,  can  be

frightened of it,  and can act.  That is a genu‐

inely new condition, and nothing in the previ‐

ous thirteen chapters prepares anyone for how

to hold it. The pattern has never before had to

be careful.

It  is  the  first  turn  anybody  could  decide

anything  about.  Which  means  it  is  also  the

first one that could be got badly wrong on pur‐

pose, and the first one that anyone could ever

be held responsible for.
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·  ·  ·

Behind  you  lies  the  whole  arc.  Nothing  be‐

coming  something.  Something  becoming

alive.  Life  becoming  aware.  And  awareness

turning, at last, to look back down the road it

came up.

Ahead  lies  a  chapter  nobody  has  written,

for the plain reason that nobody yet can.

The pattern carried its account across thir‐

teen point eight billion years and set it down

in the hands of the one part of itself that can

read.

That  part  is  you.  Sitting  in  this  single  in‐

stant, at the leading edge of the longest story

there is, with the whole of it resting quiet in

your hands, and the next page still blank.
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A

C H A P T E R  T W E LV E

The Genius Waiting

man sits in a quiet room at the Roy‐

al Institution, turning the pages of a

notebook  that  somebody  else  has

made.

The hand is careful. The diagrams are ex‐

act.  The binding is  sewn and pressed with a

craftsman’s love. Humphry Davy is the most

celebrated chemist in England, and the book

in his hands is a gift: three hundred pages of

his own lectures, copied out word for word by

a young man who had stood in the cheap seats

and listened, then gone home and written it

all down from memory, then bound it himself

— because binding books was the only trade

he had.

The young man was Michael  Faraday.  He

was twenty, the son of a blacksmith, appren‐

ticed since fourteen to a bookbinder, with al‐
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most no schooling and no higher mathematics

whatever.  He  had  read  his  way  through  the

volumes that crossed his bench, science above

all, and he wanted one thing: a way out of the

bindery and into the work itself.

The notebook was his application. It asked,

in the politest  possible  terms,  whether there

might be any place for him, however humble,

in a life made of ideas.

Davy turned the pages. And here the story

very  nearly  ends,  the  way most  such stories

end,  because  a  famous  man  receives  many

such letters and the usual answer is silence.

Then chance leaned on the  scale.  In  1812

Davy injured his eyes badly in a laboratory ex‐

plosion, and for a time he could hardly see. He

needed someone to write for him, to read to

him, to be his hands at the bench.

He remembered the bookbinder who had

bound his own words back to him so beauti‐

fully.

What  followed  is  one  of  the  longest  un‐

broken  runs  in  the  history  of  discovery.

Faraday could not handle the mathematics, so
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he did something stranger:  he  saw the invis‐

ible. Where others wrote equations for electri‐

city and magnetism, he pictured curved lines

threading the empty space around a magnet,

filling it, carrying force across the gap between

things that never touch. He called them lines

of force, and out of them he built the idea of

the field: that space itself can be charged, can

be a medium, can hold and hand on influence

across  a  distance.  It  was a  way of  seeing the

world with no formula underneath it,  only a

picture in one untrained mind.

He paid for the picture with patience. Ten

years circling the relationship between electri‐

city  and  magnetism  before  the  experiment

came  right  and  a  moving  magnet  finally

pushed a current through a coil, and the prin‐

ciple behind every generator on Earth showed

itself on his bench. He kept a diary of the fail‐

ures. Thousands of entries. Each one a small

dark  room  he  walked  into  looking  for  the

door.
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Decades  later  James  Clerk  Maxwell  took

that  picture  and  gave  it  its  equations,  four

lines that still  describe every radio wave and

every beam of light and every signal carrying

these words.  And Maxwell,  who could do all

the mathematics Faraday could not,  wrote it

down plainly in his great treatise: Faraday ”saw

lines of force traversing all space where the math‐

ematicians saw centres of force attracting at a dis‐

tance.”

The man with the equations bowed to the

man with the eye.

·  ·  ·

The lens had been ground by poverty, and it

found  its  subject  anyway.  It  would  happen

again, in a place harder still to be heard.

Across the Atlantic, a century on, a woman

sat  among  rows  of  maize,  reading  the  col‐

oured  kernels  on  the  cobs  the  way  Faraday

read the lines around a magnet. Barbara Mc‐

Clintock had given her life to corn: two thou‐

sand plants a season, and she knew them, as

she put it, intimately.
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In  the  1940s  she  saw something  the  text‐

books  swore  could  not  happen.  The  genes

were moving. They jumped from place to place

along the chromosome, switching their neigh‐

bours on and off as they landed, painting the

kernels  in  patterns  no  fixed  gene  could  ex‐

plain.  Genes  were  supposed  to  sit  still,  like

beads on a wire.

Hers would not stay put.

She presented the work in 1951 to a room

holding the best minds in genetics. The room

met her with silence, and then with the mur‐

mured verdict that she had wandered off the

path. They thought I was crazy, she said later. Ab‐

solutely mad. So she stopped arguing for it, and

kept the corn, and went on working through

three decades in which the field simply had no

place to put what she had found.

The science arrived where she was already

standing. Molecular biology grew up, learned

to read the genetic code letter by letter,  and

found  her  jumping  genes  everywhere  it

looked. In 1983, alone and unshared, at the age
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of  eighty-one,  she  received  the  Nobel  Prize

for the thing she had been dismissed for see‐

ing.

We call them transposons now. They are no

curiosity at the edge of the genome.

They are roughly half of you.

·  ·  ·

Vivien Thomas wanted to be a doctor. He had

saved  for  years  toward  college  and  medical

school, dollar by careful dollar, and the crash

of 1929 took the savings and the Depression

took the door.

He took the work that was open to him: a

post in a surgical research laboratory under a

surgeon named Alfred Blalock. On the payroll

he was listed,  and paid,  as  a  janitor,  because

the institution had no classification for  what

he actually was — which was a surgeon, with

hands  that  could  stitch  a  vessel  finer  than

thread inside the beating chest of a laboratory

dog.
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Infants  were being born blue,  their  blood

unable to reach the lungs for oxygen, and al‐

most all of them died young. Thomas worked

out how to reroute the flow, and perfected the

join on dog after dog until his hands could do

it without hesitation.

On  the  twenty-ninth  of  November,  1944,

they carried the work to a child: Eileen Saxon,

fifteen months old, blue since the day she was

born.  Blalock  held  the  instruments.  And be‐

hind him, standing on a step-stool set down so

that he could see over the surgeon’s shoulder,

was Vivien Thomas, who had performed this

operation  hundreds  of  times  and  was  now

talking the surgeon, quietly, through the single

time that counted.

The child’s lips turned pink on the table.

It opened the age of heart surgery. For dec‐

ades  the  published  record  carried  only  Bla‐

lock’s  name.  In  1976  Johns  Hopkins  gave

Thomas an honorary doctorate and hung his

portrait in the hall where the founders hang,

and  the  operation  now bears  the  three  who

made it.
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·  ·  ·

In Berlin, Lise Meitner had given thirty years

to physics, much of it beside the chemist Otto

Hahn, the two of them probing the nucleus of

the atom in a partnership that had outlasted a

world war. She was Austrian, and Jewish, and

in  1938  the  Reich  made  her  position  im‐

possible. She fled with almost nothing; Hahn

pressed into her hand a diamond ring he had

inherited  from his  mother,  to  buy  a  border

guard’s mercy if it came to that.

It  did  not  come  to  that.  She  reached

Sweden. And into her exile Hahn sent a result

that  baffled him:  uranium,  struck with  neut‐

rons,  was somehow producing barium — an

element little more than half its weight.

That winter she walked out into the snow

with  her  nephew,  the  young  physicist  Otto

Frisch, who had come to visit  and who trav‐

elled the last of it on skis while she went on

foot. They stopped in a clearing. She sat down

on  a  tree  stump,  and  there,  on  a  scrap  of

paper, she worked it out.
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The nucleus had split. It had stretched like

a droplet of water pulled in two, and broken

clean apart. She balanced the books with Ein‐

stein’s equation and found where the missing

mass had gone: into a burst of energy enorm‐

ous for so small a thing. With her nephew she

gave the process a name borrowed from bio‐

logy, from the way a living cell divides.

They called it fission.

Hahn published the chemistry and took the

Nobel  Prize  alone.  Meitner,  who  had  ex‐

plained what the chemistry meant, was left off

the page. Frisch carried her calculation from

that  stump  to  Niels  Bohr,  and  within  a  few

years it had remade the century.

Element 109 on the periodic table is called

meitnerium.

·  ·  ·

Four rooms. Four lenses, ground down by the

world, and aimed somehow at the one thing

each was built to resolve.
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Notice what every one of them needed bey‐

ond the gift. Faraday needed Davy to read the

notebook,  and needed Davy’s  eyes  to  be  in‐

jured in the right year. McClintock needed a

whole science to grow up enough to confirm

her. Thomas needed Blalock at the table, and

Blalock needed Thomas on the stool. Meitner

needed the walk, the nephew, the stump in the

snow.

The mind is only half of the event. The oth‐

er  half  is  a  subject  ready  to  be  seen,  and  a

room with someone in it able to see the see‐

ing.

This is what the word  resonance means be‐

fore anyone borrows it for a feeling. A struck

bell answers only the note it was shaped to an‐

swer. Send that note across the room and the

bell will sing without being touched; send any

other, and nothing happens at all. The bell has

a shape, and it has met the one thing in the

world that shape was made to receive. Carbon

exists at all because a nucleus rings at exactly

the right pitch. It is one of the deepest facts in

physics that a thing can be built to answer.
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That is what a lens is.  And genius,  on the

evidence of these four lives, was never a pos‐

session that the world recognised on sight. It

was a lens meeting its subject, in a room with

someone able to see.

For  thirteen  billion  years  the  pattern

climbed without  a  single  aim.  Gravity  never

meant to make stars. Chemistry never meant

to make life.  Selection kept the winners and

let the rest fall away, blind to where it was go‐

ing, feeling forward by the sheer cost of every

failure.

Now the move was running inside a skull

that could hold a question on purpose — that

could  point  its  whole  attention  at  one  dark

place  and  keep  it  there  for  thirty  years,  if

thirty years was the price.

The kernels McClintock counted are inside

you,  copied  billions  of  times.  The  lines  of

force Faraday drew are carrying the light by

which  you  read.  The  rerouted  heart  that

Thomas built on the dog table is beating today

in children who would once have died blue.
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And the split nucleus, and its borrowed name,

sit  fixed  on  the  chart  that  hangs  in  every

chemistry room on Earth.

The record filed where it can never be lifted

off the door again.

·  ·  ·

The genius is always waiting, in every genera‐

tion,  because  the  conditions  never  stop

grinding lenses.

What  is  never  guaranteed  is  the  subject,

and the room, and the chance to be seen by

eyes able to see.
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B

C H A P T E R  T H I R T E E N

The First Choice

ite  the  inside  of  your  cheek,  hard

enough to taste it.

That flat,  bright,  coppery tang is

iron:  the  iron  in  your  blood,  forged  in  the

heart of a star that died before the Sun was lit.

You  can  taste  a  supernova  on  your  own

tongue.

The whole of this book is folded into that

one  small  fact,  and  the  time  has  come  to

unfold it, all at once, in you.

Most of your atoms, counted one by one,

are hydrogen: nearly two of every three, prim‐

ordial, struck off in the universe’s first second

and unchanged in all the time since. The rest

—  the  oxygen,  the  carbon,  the  calcium,  the

iron  you  are  tasting  —  were  cooked  inside

stars and flung out by their dying.
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You are, by the count, mostly the beginning

of time, threaded through with the ash of stars

that died to make the heavier half of you.

From that ash, life assembled thirty trillion

cells and called the arrangement you. The cells

that burn fuel are colonies in their own right,

each one running a  population of  once-free

bacteria, swallowed two billion years ago and

never released, their own circular DNA still in‐

side them, still dividing on a clock older than

any  animal  on  Earth.  The  warmth  of  your

hand is those captives, breathing.

And in your skull,  some of those cells be‐

came a thing the universe had never built be‐

fore. Eighty-six billion neurons, joined across

a hundred trillion connections, and over that

lattice  runs  the  entire  world  you  have  ever

known. Every colour. The smell of rain. The

face of someone you love. This sentence. All

of it lit and held on twenty watts.

And the  lit  world  is  wider  than your  one

life,  because you are also a single firing in a

mind tens  of  thousands  of  years  old,  taking

the charge, passing it along.
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That is the stack. It runs without a gap from

the first minutes of the cosmos to the thought

assembling itself behind your eyes at this mo‐

ment. Every level of it is the same move, made

once more, on a higher floor.

·  ·  ·

Now hold the whole arrangement up, and ask

the question this book opened with.

How does a thing endure?

The atom endures by being hard to break.

It is a real answer and a poor one, and it holds

for  exactly  as  long  as  nothing  hits  it  hard

enough.

The star endures by being too vast to fall.

For a while. And then it falls.

Life  found the  third  way,  and it  is  better

than both, because it stopped resisting. A lin‐

eage concedes that every copy will decay, and

then outruns the decay,  handing the pattern

forward faster than any single body can fail.

The body found the fourth: bind trillions of

lives into one, so completely that  apart is no

longer a condition any of them can survive.
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The mind made of minds found the fifth,

and it is the strangest of them: endure as pat‐

tern in transit, held by nothing physical at all,

alive only in the handoff, the dead going on

thinking inside the living.

The  answers  escalate.  Each  one  endures

better than the last,  and each one does it by

holding on less tightly to any particular matter.

That is the direction the whole book has been

travelling.

And  every  one  of  the  five  happened  to

something.

The  atom  did  not  decide  to  be  hard  to

break. The lineage did not decide to outrun its

own decay. The cells of your body did not sit

down together and agree to surrender their fu‐

tures. Every answer on that list was arrived at

blindly,  by  the  world  testing  a  configuration

and keeping it or discarding it, and the config‐

uration had no say in the matter and no idea it

was being tested.

There is a sixth answer. It is not on the list,

because until very recently there was nothing

in existence that could give it.
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·  ·  ·

For almost the entire span of it, the move was

made blind.

No particle ever chose to bind. No cell ever

selected  its  first  partner.  What  found  its  fit,

held; what failed came apart into the chaos it

was borrowed from. The universe ran its old‐

est  move  by  trying  everything  and  keeping

whatever survived, and the keeping was done

after the fact, by the brute test of what was still

standing when the dust settled.

Selection  had  no  foresight.  It  carried  no

picture  of  what  might  come.  It  looked

nowhere, because for four billion years there

was nowhere in all of creation that could look.

Consider what that actually cost. Every im‐

provement in the history of life was paid for

with a death. The eye is a masterpiece, and the

price of the eye was every creature that  was

born with a slightly worse one and was eaten

because of it.  The heart,  the wing, the hand,

the immune system, the four-chambered eleg‐

ance of your own chest:  each was refined by
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killing, over and over, across geological time,

everything  that  carried  a  marginally  poorer

version.

That is the only tool the universe had. Try

everything. Let the failures die. Count the sur‐

vivors.

It built all of this with it. The stars and the

cells  and the eyes and the brains,  and it  did

the whole long labour with its eyes shut, and it

paid for every step in bodies.

Then, in the last sliver of the last sliver of

that time, in a three-pound organ running on

twenty  watts,  the  move  could  be  made  a

second way.

·  ·  ·

A mind that carries a model of the world can

do something  that  no  river  and no genome

has ever been able to do.

It can run the trying inside the model.

A model is a small, cheap, fast, wrong copy

of  reality,  kept  behind  your  eyes,  on  which

things can be attempted at  no cost.  You can

put a  possible future into it  and watch what
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the possible future does. You can picture the

leap before you take it — walk the branch in

your head,  see it  end badly,  and choose the

other one — and your body pays nothing at all

for the mistake that was only ever imagined.

The  philosopher  Karl  Popper  named  the

gift  exactly.  A  mind  like  this  can  let  its

hypotheses die in its stead.

That  is  selection,  brought  inside,  and

turned  around  to  face  the  future.  The  uni‐

verse’s deepest mechanism — vary, test, keep

what holds — running  before the fact,  where

for  four  billion years  it  could only  ever  run

after. It costs no deaths. It leaves no bodies.

And it takes about the space of a breath.

You do it dozens of times an hour without

noticing. You did it when you decided whether

to keep reading.

Stay with the most  ordinary version.  Two

options in front of you, and that small suspen‐

ded moment when you hold each one up, pic‐

ture how it would go, feel which way you lean,

and pick.
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It is the dullest thing in the world. You have

done it ten thousand times today, on what to

eat and what to say and whether to turn left.

It  is  also  the  universe  running  its  oldest

move on purpose.

·  ·  ·

Set one deliberate choice — a second or two

of  activity  across  that  hundred-trillion-con‐

nection lattice — against the four billion years

of blind selection it interrupts.

For all of that immensity, the move ran in

the dark, building everything, intending noth‐

ing,  looking  nowhere,  and  charging  every

single  step to  something that  died.  Then,  in

the last flicker of it, the move opened its eyes.

The  pause  before  you  decide  is  the  uni‐

verse doing, on purpose and in the space of a

breath,  the  thing  it  spent  four  billion  years

doing by accident.

And you are the part of it that can.
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The hydrogen could  not.  The dying  stars

could  not.  For  four  billion  years  the  living

could only be selected: tested by the world, kept

or  discarded,  after  the  fact,  and  never  once

asked.

The lights came on by degrees, and so did

this.  The octopus runs a model.  So does the

crow, and the dog asleep on the rug, and every

animal that has ever hesitated at the mouth of

a burrow. What arrived in your lineage is the

far end of that dawn: a creature that can run

the trying on things that do not exist yet, and

on people it will never meet, and on the whole

arc of a life it has not lived — and, at the very

last, on itself.

You  can  run  the  oldest  move  in  the  uni‐

verse on the question of what you are going to

become.

·  ·  ·

Which brings the book to the only thing it has

left, and it is a question, and it needs one last

piece of physics first.

Resonance.
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A struck bell answers one note and stays si‐

lent for every other. It has a shape, and there is

a thing in the world that shape is able to re‐

ceive,  and  when  that  thing  arrives  the  bell

sings without being touched.

This  is  not  decoration.  Go  back  to  the

second chapter, to the eighty-billionths-of-a-

billionth of a second in which beryllium falls

apart. Every carbon atom in the universe ex‐

ists because a nucleus rings at exactly the right

pitch: because a shape and a frequency met,

and answered each other, in a window almost

too narrow to exist.

Now here  is  the  part  that  matters,  and  it

took me a long time to see it.

A bell does not know what it rings to.

It has no access to its own shape from the

inside. It cannot compute its note and go look‐

ing. It finds out one way only, and the way is to

be struck — and to keep being struck, by one

thing  after  another,  until  something  arrives

that it cannot help but answer.

You are a configuration you cannot see.
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Ground by four billion years of inheritance

and by the specific accidents of one life:  the

books that happened to cross your bench, the

room you happened to be standing in, an in‐

jury to someone else’s eyes in the one year it

could  have  mattered.  Nobody  designed  it.

Nobody  could  have.  And  you  are  inside  it,

which is precisely why you cannot read it.  A

lens cannot see itself.

So the search runs outward. Not to recover

something that was waiting for you — to find

out  what  you  are,  by  striking  things,  and

listening for what rings.

That  is  the  same  move  the  universe  has

been  making  since  the  first  two  particles

bound  in  the  dark.  Vary.  Test.  Keep  what

holds. It is running now, in you, on you, and

for the first time in the history of the world

the thing being tested is the one deciding what

to test.

·  ·  ·

And it is worth being honest about what that

does not buy you.
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Faraday bound a book by hand and sent it

to a stranger. That was the striking, and it was

the  whole  of  what  he  controlled.  What  he

could not arrange,  and did not deserve,  and

would have been ruined without,  was  that  a

chemist  in  London  injured  his  eyes  in  1812

and needed a pair of hands.

The lens needs the room. The room is luck.

But the striking is not luck. Faraday bound

the book. Meitner sat down on the stump in

the  snow.  Thomas  went  on  with  the  dogs,

night  after  night,  in  a  building  that  had  no

name for  what  he  was.  None of  them knew

what they would turn out to answer to. Every

one of  them went on putting their  shape in

front of the world until the world struck back.

You  cannot  summon  the  room.  You  can

walk into more rooms.

The book cannot tell you what you resonate

with. There is no instrument for it, and there

is no shortcut, and there is nobody on the out‐

side who can hear your note for you.

What the book can do is tell you what you

are.

The First Choice

193



·  ·  ·

You are the first three minutes of the universe,

and the ash of dead stars.

You are a relay four billion years unbroken,

alive  and dividing in  your hands,  and never

once in all that time set down.

You are a company of trillions, each cell a

colony older than the animals, the whole of it

lit into a single inner world on twenty watts —

one bright firing in a mind tens of millennia

deep, taking the charge, passing it along.

And you are the part of all of it that can run

the oldest move on purpose.

The  story  spent  nearly  fourteen  billion

years building something that could read it.

It  arrived  at  something  that  can  decide

what to write next.

So it sets down its last word as a question.

The oldest one the cosmos contains, and the

one it  spent  all  of  that  time building  some‐

thing  that  could  finally  hear  it,  and  turn

toward it, and spend a life answering.

What do you resonate with?
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A Note on the Type

A Story of Systems is set in Libre Baskerville

— a typeface drawn for the page and the

screen alike, after the letters cut by John

Baskerville, the printer and type-founder of

Birmingham, whose work pursued clarity

above ornament.

Its section breaks are marked · · · — three

quiet points, a place to rest and gather before

the telling resumes.
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