
THE SCIENCE THAT
CHANGED THE WORLD
Volume Four — The Things That Keep Us Alive: The

Inventions That Save Us — and the Ones Their Makers
Gave Away

By

MARTIN CARR

INDEPENDENT PUBLISHER



Copyright © 2026 by Martin Carr.

All rights reserved.

No part of this book may be reproduced, digitalized, or transmitted in any form without

written permission from the publisher, except in the case of brief quotations embodied in

critical reviews.

Publisher: Independent Publisher

ISBN Placeholder



TABLE OF CONTENTS

Introduction — The Fence and the Gift 4

Part One — The Fence Taken Down on Purpose 7

The Belt That Volvo Gave Away 8

The Lamp That Was Never Owned 12

Part Two — Surviving the Crash 16

The Cushion of Air 17

The Brake That Refuses to Lock 21

The Glass That Holds Together 25

The Dummy That Dies So You Don't 28

Part Three — The Watchers That Never Sleep 31

The Nose in the Ceiling 32

The Rain That Falls on Fire 36

The Air You Carry 39

Part Four — Taming the Current 42

The Wire That Sacrifices Itself 43

The Trip That Beats the Heartbeat 46

Part Five — Guarding the Body at Work 50

The Blade That Bites Back 51

The Hat and the Glow 55

Part Six — The Smallest Guardian 59

The Cap a Child Can't Open 60

Conclusion — Nobody Owns Safety 63

A Note on Sources and Method 66



INTRODUCTION — THE FENCE AND
THE GIFT

Behind almost every invention that keeps you alive there is a

document almost nobody reads.

It is dry, defensive, and written in a language built to survive lawyers

rather than to be understood. It speaks of "a first restraint means" and

"a frangible closure member" where you or I would say the belt that

held you or the cap the child could not open. It is a patent — the

closest thing we have to the birth certificate of an invention, and, for

twenty years, the fence its owner is allowed to build around it.

This whole series has been about a single quiet event: the morning

that fence comes down. A patent is a bargain with time — twenty

years of monopoly in exchange for telling the world exactly how the

thing works — and then the clock runs out and the invention passes

into the public domain, free for everyone, forever. The medical
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robots, the internet's plumbing, the machinery of spaceflight: each

was fenced off, and each, on its own unremarkable morning, was

handed to all of us.

But this volume is different, and it is different in a way that goes to

the heart of what safety is.

Because safety produced a second kind of story — rarer, stranger,

and more moving. Not the fence that expired on a timer, but the

fence its owner chose to tear down early, on purpose, because they

decided a human life was worth more than a monopoly. Twice in this

book, separated by a century and a half, an inventor or a company

held a patent that could have made them a fortune, looked at what it

was for, and gave it away. In 1815 Humphry Davy refused to patent

the lamp that would save tens of thousands of miners. In 1959 the

Volvo engineer Nils Bohlin invented the modern seatbelt, and Volvo

opened the patent to every carmaker on earth, for free, so that no one

anywhere would die for want of it. Between them stands the whole

argument of this book: that some knowledge is too important to own.

So this volume holds both kinds of gift. The safety inventions whose

patents simply expired, and passed to us on the timer — the airbag,

the anti-lock brake, the smoke detector, the ground-fault interrupter,

the machine guards, the childproof cap. And the ones whose makers

refused to wait for the timer at all.
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Some of these chapters were surfaced from the data. I harvested the

safety classes of the entire patent record — vehicle safety, fire and

rescue, alarms and detectors, protective circuits, machine guards —

nearly two hundred thousand patents, and ranked them by how

heavily later inventions built on each. That ranking turned up

something worth carrying through the whole book. Being one of the

great safety firms — Bosch, Autoliv, Honeywell — made no

difference at all to whether a patent became a landmark. The

breakthroughs came from everywhere: a lone doctor, a power-tool

engineer, a food-processor maker, a professor testing electric shocks

on himself. Nobody owns safety. It is the one field where that is

almost literally true.

A note on what this book is. It is a history for the curious, not a

manual, and nothing in it is safety advice. Where I have chosen

readability over precision, the specialist will find things to quarrel

with. But the point is not the footnotes. The point is the quiet army

of guardians we live inside without noticing — and the handful of

people who built them, and, sometimes, gave them away.

Nobody rings a bell on the day a patent expires, and nobody throws a

parade for the engineer who opened one. The fence comes down, or

is taken down, and almost no one looks up.

This time, look up. Your life may already owe them one.
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PART ONE — THE FENCE TAKEN
DOWN ON PURPOSE

·   ·   ·
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CHAPTER 1

THE BELT THAT VOLVO GAVE AWAY

There is a good chance that a decision made in a Swedish office in

1959 is the reason you are alive to read this sentence.

For the first half of the automobile's life, the car was a beautiful

machine for throwing people through glass. In a crash, the vehicle

stopped and the occupants did not; they kept travelling at whatever

speed they had been doing until something — the steering column,

the dashboard, the windscreen, the road — stopped them instead.

The lap belts that some cars offered were better than nothing, but

they had a cruel flaw: by holding only the hips, they could let the

upper body jackknife violently forward, and in a hard enough crash

they could do serious internal harm even as they saved a life. What

was needed was a belt that restrained both the hips and the chest, that

a person could put on in one motion with one hand, and that would

hold them safely in almost any collision. It sounds simple. For
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decades, nobody had made one that worked and that people would

actually wear.

THE ENGINEER FROM THE EJECTOR SEATS

The man who solved it came to cars from aviation. Nils Bohlin had

spent his career designing ejector seats for Saab's aircraft — the

business of getting a human body out of a machine safely at

enormous speed — and in 1958 Volvo hired him as its first chief

safety engineer. Bohlin looked at the problem the way an aviation

engineer would: the body has to be held at the strong points of the

skeleton, the hips and the shoulder, and the restraint has to be so easy

to use that a person will put it on every single time without thinking.

Anything harder, and they simply won't bother, and a belt unworn

saves nobody.

His answer, arrived at in 1959, was the three-point belt: a single

continuous strap that crosses the chest and the lap and anchors at

three points, buckling at the hip with one hand in one easy motion. It

spread the huge forces of a crash across the ribcage and the pelvis —

the parts of the body built to take them — and it was effortless to

wear. It is, in its essentials, exactly the belt you clipped on the last

time you got into a car. It has barely changed, because it was very

nearly perfect the first time.

THE DECISION THAT DEFINED A COMPANY
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Volvo patented it. And then Volvo did something almost unheard of

in industry, before or since: it left the patent open, and gave the

design away, free, to every other car manufacturer in the world.

The reasoning was as simple as it was radical. A safety invention

that only protects the people who buy your cars is a competitive

advantage. A safety invention that protects everyone is a gift to

humanity — and Volvo decided the second was worth more than the

first. The belt would save far more lives in the hands of the whole

industry than it ever could locked inside one brand, and so the

company chose the lives over the licence. Bohlin's belt was released

to the world without payment or claim, and within years it was

standard equipment across the industry and mandated by law in

country after country.

The result is one of the largest life-saving effects of any single

invention in history. The three-point seatbelt is credited with saving

well over a million lives, and it is routinely ranked among the most

cost-effective public-health measures ever devised — a strip of

woven webbing and a buckle, given freely, that has quietly pulled

more people back from death than most drugs or surgeries ever will.

When the German patent office later drew up a list of the handful of

patents that had done the most for humanity in the modern age,

Bohlin's belt was on it.

THE FENCE THAT KEEPS COMING DOWN
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This is where the data in this book meets the history. The original

patent is long expired, but the belt never stopped evolving, and the

record is full of the improvements that followed — among the

most-cited safety patents of all is a 1976 seat-belt retractor from

Mitsubishi Electric, the mechanism that lets the belt reel out gently

as you move and lock hard the instant you don't, so the strap is both

comfortable and, in a crash, unyielding. Later came the pretensioner,

which snatches the last slack out of the belt in the first milliseconds

of an impact. Layer upon layer of engineering, each patented, each in

time expiring into the commons, all built on the foundation Volvo

gave away.

That is the shape of the whole volume in a single object. A company

took its fence down on purpose, because lives mattered more than

the monopoly — and then the ordinary machinery of

patents-and-expiry carried the improvements down to everyone

anyway. The belt you wear was a gift twice over: once given freely

by the people who invented it, and once handed on by the timer that

frees every invention in the end. Clip it on. Someone decided your

life was worth more than their patent.
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CHAPTER 2

THE LAMP THAT WAS NEVER
OWNED

A century and a half before Volvo gave away the seatbelt, an English

chemist made exactly the same choice, in a coal mine, over a lamp

— and the echo between them is the reason both stories belong in

this book.

In the early nineteenth century, coal mining was one of the deadliest

trades on earth, and the thing that killed miners in the greatest

numbers was not the collapse or the flood but the fire. Deep in the

workings, pockets of methane gas — the miners called it "firedamp"

— seeped from the coal, invisible and odourless, and mixed with the

air. A miner needed a flame to see by; a flame was the one thing that

could turn a pocket of firedamp into an explosion that ripped through

the tunnels and killed everyone in them. The candle that let a miner

work was also the candle that could kill him and all his fellows in an

instant. It was an impossible bind: you could not see without light,
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and light could not be trusted underground.

THE GAUZE THAT TAMED THE FIRE

After a series of horrific explosions in the mines of north-east

England, Humphry Davy — one of the most celebrated scientists of

his age — was asked to find a way to give miners light that would

not ignite the gas. In an intense burst of work through the autumn of

1815, he did.

The solution, when he found it, was breathtakingly simple, and it

rested on a single quiet piece of physics. Davy discovered that a

flame would not pass through a fine metal mesh: the wire gauze

conducts heat away so efficiently that the flame on one side cannot

raise the gas on the other side to its ignition point. So he wrapped the

flame of an ordinary oil lamp in a cylinder of fine iron-wire gauze.

The light shone out through the thousands of tiny holes; air and

firedamp could pass in through the mesh and even burn harmlessly

inside the lamp; but the flame could not get out to ignite the gas in

the tunnel. The gauze even became a warning device — when

firedamp was present, the flame inside the lamp changed colour and

grew, telling the miner to get out before he could smell a thing. A

simple metal sleeve had turned the miner's deadliest enemy into a

signal he could read.

THE DECISION NOT TO PROFIT
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Davy was urged to patent the lamp. It would have made him a

wealthy man; every mine in Britain and beyond would have had to

license it. He refused. He had made it, he said, to serve humanity, not

to enrich himself, and he would not put a toll on a thing that saved

lives. The lamp was given freely to the world — unpatented,

unowned, there for any mine and any lampmaker to build.

There is a poignant footnote that makes the choice sharper. At almost

the same moment, a mining engineer named George Stephenson —

who would go on to build the first great railway locomotives — had

independently invented a strikingly similar safety lamp of his own,

and the two men fell into a bitter public dispute over who deserved

the credit. It is a very human coda: even an invention given away for

nothing was still worth fighting over for the honour of it. But the

essential fact stands. Davy could have owned the lamp that saved

tens of thousands of miners across the following century, and he

chose not to.

TWO MEN, ONE GIFT, A HUNDRED AND FIFTY YEARS

APART

Set Davy's lamp of 1815 beside Bohlin's belt of 1959 and you see the

same act performed twice, in two different centuries, over two

different deaths. A miner suffocating in fire; a driver thrown through

a windscreen. A chemist who would not patent; a company that

opened its patent to all. In both, someone held in their hands a thing
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that could save enormous numbers of ordinary people, understood

exactly what it was worth as a monopoly — and gave it away,

because they had decided that some knowledge is simply too

important to own.

Most of this book is about the other kind of gift: the patents that

were kept, and profited from, and then expired on the timer into the

commons, as the bargain always intended. That is the normal way

knowledge comes down to us, and it is a good way. But it is worth

beginning with the two who would not even wait for the timer —

because they remind us what the whole system is ultimately for. The

fence exists to be taken down. Davy and Volvo simply took theirs

down first.
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PART TWO — SURVIVING THE
CRASH

·   ·   ·
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CHAPTER 3

THE CUSHION OF AIR

The idea of catching a human body on a pillow of gas in the fortieth

of a second before it hits the dashboard sounds less like engineering

than like a conjuring trick. That it works at all — that a folded bag of

nylon can be turned into a life-saving cushion faster than you can

blink — is one of the quiet marvels of the modern car, and it took the

better part of forty years and two very different inventors to make it

real.

THE PATENT THAT WAS TOO EARLY

The airbag was first imagined not by a company but by a private

citizen worried about his family. In 1952, an industrial engineer from

Pennsylvania named John Hetrick was out driving with his wife and

daughter when they swerved to avoid an obstacle and he instinctively

threw his arm across his child to hold her back. It set him thinking.
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Drawing on his wartime naval-engineering experience with

compressed air, he sketched a "safety cushion assembly for

automotive vehicles" — a bag that would inflate from stored

compressed air in a crash and cushion the occupants — and in 1953

he was granted US Patent 2,649,311 for it.

It was the right idea and the wrong decade. Hetrick's patent was a

genuine vision of the airbag, but the technology of the day could not

deliver it. Stored compressed air simply could not be released fast

enough; a crash is over in a few hundredths of a second, and a bag

that inflates even a moment too late is useless or worse. Hetrick's

foundational patent expired without ever protecting a product, its

idea sound and its execution impossible. He is a recurring figure in

this series: the pioneer who sees the future clearly and arrives too

soon to build it.

THE BALL IN THE TUBE

What the airbag needed was not a better bag but a better trigger —

something that could recognise a real crash, instantly and reliably,

and tell the bag to fire in the handful of milliseconds available. That

breakthrough came in the late 1960s from a New Jersey engineer

named Allen Breed, who invented a crash sensor of beautiful

mechanical simplicity: a steel ball held in a small tube by a magnet.

In an ordinary bump or hard stop, the ball stayed put. In the sudden

violent deceleration of a genuine crash, the ball tore free of the
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magnet, rolled forward, and closed an electrical contact — firing the

bag. It was rugged, it was cheap, reportedly around five dollars, and

it could tell the difference between a pothole and a catastrophe in a

fraction of a second. Breed's sensor is often called the thing that

finally made the airbag industry possible, and modern electronic

crash sensors are its descendants.

With a trigger fast enough, the rest fell into place: not compressed air

but a rapid chemical reaction that generates a burst of gas to inflate

the bag almost instantly, and then vents it just as fast so that it is

already deflating as the body arrives, catching the head and chest on

something soft rather than something hard. When the safety patents

from that era are ranked by influence, the airbag work of the great

carmakers rises high — among the most-cited is a 1991 automobile

air-bag system from Mazda — a marker of how much engineering

poured into perfecting the cushion of air through the 1980s and

1990s, all of it now expired into the commons.

THE FORTY-MILLISECOND MIRACLE

Think about what has to happen, and how fast. The sensor must

detect the crash, decide it is real, and fire the inflator; the inflator

must flood the bag with gas; the bag must burst from its hidden

compartment, unfold, and reach full size — and then begin to deflate

— all before the occupant, thrown forward by the collision, arrives at

the place where the bag now waits. The whole sequence unfolds in
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roughly the time it takes a hummingbird to beat its wings twice. It is

one of the fastest deliberate machines in your daily life, and it sits

silent in your steering wheel and your dashboard for years, doing

nothing, until the one instant it is needed, when it must work

perfectly the first time and the only time. That it so overwhelmingly

does is the accumulated legacy of Hetrick's too-early vision, Breed's

clever ball in a tube, and the decades of patented refinement that

followed them into the public domain.
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CHAPTER 4

THE BRAKE THAT REFUSES TO
LOCK

Every driver's instinct in an emergency is exactly the wrong thing to

do, and for most of the automobile's history that instinct killed

people. The invention in this chapter is a machine that overrides the

panicking human foot several times a second, and it began, like so

much in this book, in the air rather than on the road.

WHY A LOCKED WHEEL IS A RUNAWAY

When you stamp on the brakes in terror, you press as hard as you can

and hold. On older cars, that locked the wheels — stopped them

turning entirely — and a locked wheel is a catastrophe, because a

tyre that is skidding has thrown away most of its grip and, worse, all

of its steering. A car with locked front wheels cannot be steered at

all; it slides straight ahead no matter which way you turn, ploughing

toward whatever you were trying to avoid. Generations of drivers
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were taught to "pump" the brakes by hand — press and release, press

and release — to keep the wheels just short of locking, but almost

nobody could do it well, and nobody at all could do it fast enough in

the half-second of a real emergency.

The anti-lock braking system does it for you, automatically, far faster

than any human could. Sensors watch each wheel; the instant one is

about to lock, the system releases and reapplies that brake many

times a second — pumping the brakes, in effect, dozens of times

faster and more precisely than the most skilled driver — keeping

every tyre right at the edge of grip where it stops best and can still

steer. You keep your ability to swerve even while braking with all

your strength. The strange shuddering pulse you feel through the

pedal is the machine working: the sound of your car refusing, several

times a second, to do the deadly thing your foot is telling it to.

FROM THE RUNWAY TO THE ROAD

Like carbon fibre and the guidance computer, anti-lock braking was

born of aviation, where a locked wheel on landing means a burst tyre

and a runway skid at terrible speed. A British company, Dunlop,

built a mechanical anti-skid system called Maxaret for aircraft in the

early 1950s, and it worked well enough that it cut landing distances

and eliminated blown tyres. Early attempts to bring the idea to cars

— including a Dunlop-derived system on the exotic Jensen FF of the

late 1960s — proved the concept but were too crude, too costly, and
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too unreliable for ordinary vehicles. Mechanical anti-skid could not

quite make the leap to the road.

What made the leap possible was the same thing that made so much

else possible: cheap, reliable digital electronics. In 1978,

Mercedes-Benz and the German engineering firm Bosch introduced

the first modern digital anti-lock braking system, on the Mercedes

S-Class — a system with a small digital controller reading

wheel-speed sensors and modulating the brakes many times a

second. It was the version that finally worked reliably enough for

mass production, and it became the template for the ABS on nearly

every car built since. In the safety-patent record, Bosch's anti-skid

work sits among the most-cited of all — including a 1986

yaw-compensated anti-skid patent that reflects how the system grew

cleverer over time, learning to account not just for each wheel but for

the whole car's motion. All of it, now, is expired and common.

THE MACHINE THAT SAVES YOU FROM YOURSELF

There is something quietly profound about anti-lock braking, and it

points forward to a great deal of modern safety engineering. It is a

machine whose entire job is to disobey the human at the one moment

the human is most certain and most wrong. Every fibre of you, in a

crisis, says press harder and hold; the car, dozens of times a second,

says not quite that hard, not for that long, let the wheel turn so you

can still steer — and it is right, and you are alive because it overruled
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you. It was the first widespread system to take a life-and-death

control decision partly out of the driver's hands and hand it to a

computer, and in that sense it is the direct ancestor of stability

control, automatic emergency braking, and everything else that now

quietly watches over the modern driver. The founding patents have

expired into the commons; the principle they protected — that

sometimes the safest thing a machine can do is refuse your

instruction — is now everyone's to build on.
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CHAPTER 5

THE GLASS THAT HOLDS TOGETHER

Some of the most important safety inventions were discovered by

accident, and then adopted only after someone connected the

accident to a death. Laminated safety glass is both: a chemist's

clumsy morning in 1903, turned into a life-saver only because its

inventor read, a few years later, about the particular horror of what

ordinary glass does to a human body in a car crash.

THE FLASK THAT BROKE BUT HELD

The French chemist Édouard Bénédictus was working in his

laboratory one day in 1903 when he knocked a glass flask off a shelf.

It fell and, by the sound, shattered — but when he looked, the flask

was still holding its shape, cracked into a spiderweb of fragments but

not fallen apart, the pieces held in place by an invisible film. The

flask, he realised, had earlier held a solution of cellulose nitrate, a
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kind of liquid plastic, which had evaporated and left a thin

transparent coating on the inside of the glass. When the glass

shattered, the coating held the shards together. It was a small, strange

laboratory curiosity, and Bénédictus noted it and, at first, moved on.

What brought him back to it was a newspaper. A few years later he

read an account of a car accident in which two young women had

been terribly injured — not by the impact itself but by the flying,

slashing shards of the shattered windscreen. Bénédictus made the

connection at once. The glass in cars was a set of knives waiting to

be thrown; his accidental coated flask had shown how to make glass

that would break without flying apart. In 1909 he filed a patent for

laminated safety glass, and he built it into a product with a name that

described exactly what it was: Triplex — a sandwich of two sheets

of glass with a layer of plastic bonded between them, so that when

the glass breaks, the fragments stay stuck to the plastic instead of

spraying into the faces of the people inside.

THE SLOW ADOPTION OF AN OBVIOUS GOOD

You might think a glass that stops windscreens turning into shrapnel

would have been seized upon instantly. It was not. Early laminated

glass was slow and expensive to make, and carmakers, watching

costs, were in no hurry. Its first big use was not in cars at all but in

the eyepieces of gas masks in the First World War, where a shattered

lens meant a dead soldier. Only gradually, as manufacturing
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improved and the toll of windscreen injuries became impossible to

ignore, did laminated glass work its way into the automobile — first

as an option, then as an expectation, then as the law. The plastic

interlayer has changed over the decades, and the patents on each

improvement have expired in their turn, but the principle is exactly

Bénédictus's: bond the glass to a tough transparent film, and a

broken windscreen becomes a cracked but intact sheet instead of a

cloud of blades.

THE KNIVES THAT STAYED SHEATHED

It is one of the least visible safety inventions there is, precisely

because it works by making nothing happen. You have almost

certainly never seen a windscreen shatter into flying glass, and the

reason you haven't is a chemist's clumsy morning a century ago and

the newspaper story that made him remember it. Every windscreen

you have ever sat behind was engineered to break in a way that keeps

its knives sheathed — to spiderweb and sag and hold, rather than

spray. The accident that revealed it, the death that motivated it, the

patent that protected it, and the long slow adoption that finally made

it universal: all of it now sits in the public domain, a piece of safety

so quiet that its whole achievement is that you have never had cause

to notice it.
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CHAPTER 6

THE DUMMY THAT DIES SO YOU
DON'T

Every safety system in a car — the belt, the airbag, the collapsing

steering column, the crumpling body — had to be tested, and there is

only one honest way to know what a crash does to a human body.

You cannot use a living person. And so one of the strangest and most

important tools in the whole history of safety is a machine built to be

a human being at the instant of catastrophe: the crash-test dummy,

which has died, in the laboratories of the world, more times than any

creature in history, so that we do not have to.

STANDING IN FOR THE HUMAN

The problem is stark. To design a car that protects people, engineers

must measure precisely what a crash does — the forces on the skull,

the load on the chest, the way the neck snaps forward, the path the

knees travel. Cadavers had been used, uneasily and with obvious
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limits; live human volunteers could survive only the gentlest

impacts. What was needed was a stand-in: an object that responds to

a crash the way a human body does — the same weight, the same

jointed skeleton, the same give in the flesh, the same fragility in the

same places — but that can be crashed again and again, packed with

instruments, and read like a gauge.

The ancestor of them all came not from the car but from the

aeroplane. In the late 1940s, an inventor named Samuel Alderson,

working with an aviation firm, built a dummy called Sierra Sam to

test ejection seats and pilot harnesses — the punishing forces of

being flung from a jet. From there the idea moved to the road.

Through the 1960s, Alderson developed dummies specifically for car

crashes, and in the early 1970s the car industry and regulators drove

the effort toward a standard: General Motors combined the best

features into the Hybrid series, and the Hybrid III, arriving in 1976,

became the reference human of the crash lab — a precisely specified

body, a certain height and weight, jointed and padded and wired,

against which the safety of cars would be measured for decades.

A BODY MADE OF GAUGES

What makes a crash-test dummy extraordinary is that it is, in effect,

a human body rebuilt as an instrument. Its skull carries

accelerometers to measure the blow to the brain; its chest is built to

compress like a ribcage and to record exactly how far; its neck is
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engineered to bend and load like a real neck; its legs and pelvis are

calibrated to the real thing. In a fraction of a second of staged

violence, it generates a flood of numbers — how hard the head was

struck, how far the chest caved, what the neck endured — and those

numbers are the difference between a car that protects and a car that

kills. The dummy feels nothing, of course. But it stands in, faithfully

and repeatedly, for the person who would.

THE STAND-IN THAT SAVED THE REAL THING

There is a quiet dignity to the crash-test dummy that is easy to miss

behind the slow-motion footage of it flopping into a dashboard. It is

a machine whose entire purpose is to suffer the injury so that a

human never has to — to be thrown into the windscreen ten thousand

times so that the belt and the bag and the collapsing column can be

tuned, before a single real family ever trusts their lives to them.

Every improvement in the survivability of cars over the past

half-century was measured, first, on a body built to be broken. The

dummies grew more humanlike and more sophisticated, each

generation patented and in time expiring into the shared toolkit of the

industry — but the idea at the heart of them is a strange act of

substitution: build a human to destroy, so that the humans can come

home. Behind your safe arrival is a stand-in who took the crash for

you, over and over, and never once complained.
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PART THREE — THE WATCHERS
THAT NEVER SLEEP

·   ·   ·
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CHAPTER 7

THE NOSE IN THE CEILING

There is a small plastic disc on your ceiling that has never once been

thanked, and it is, statistically, one of the most effective life-savers

ever mass-produced. It does nothing at all for years — no light, no

sound, no sign it is even awake — and then, on the one night it is

needed, it screams you out of a burning house while you sleep. The

smoke detector is the purest example in this book of a guardian that

earns its entire keep in a single moment, and its story runs from a

Swiss physicist's cigarette to a battery small enough to put one in

every bedroom.

THE ACCIDENT WITH THE CIGARETTE

The science underneath the commonest smoke detector was, like so

much in this book, discovered by accident. In the 1930s a Swiss

physicist named Walter Jaeger was trying to build a sensor for poison
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gas. His idea was to ionise the air inside a small chamber — to fill it

with electrically charged particles so that a tiny current flowed across

it — and to detect poison gas by the way it disturbed that current. It

did not work; the gas he was hunting had no effect. Frustrated,

Jaeger lit a cigarette — and watched, astonished, as the smoke did

exactly what the poison gas had refused to do. The smoke particles

drifted into his ionisation chamber, attached themselves to the

charged particles, and measurably changed the current. He had failed

to build a gas detector and accidentally built a smoke detector, and

the principle he stumbled onto — that smoke entering an ionised

chamber disturbs a small electric current — is still at work in

millions of homes.

There is a second kind, the photoelectric detector, which works by a

different and equally simple trick: a small beam of light shines

across a chamber, angled away from a light sensor so the sensor sits

in darkness — until smoke drifts in and scatters the light, some of it

onto the sensor, which sees the glow and sounds the alarm.

Ionisation detectors tend to react faster to flaming fires, photoelectric

ones to slow smouldering fires; between them they cover the ways a

house burns.

THE BATTERY THAT PUT ONE IN EVERY HOME

Knowing how to detect smoke was not enough. For decades, smoke

detection meant large, expensive systems, wired into mains power,
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installed in commercial buildings — useful, but far out of reach of

the ordinary home, which is exactly where most people die in fires,

and where they die most often at night, asleep, overcome by smoke

before the flames even reach them. The thing that turned smoke

detection from an industrial system into a universal household

guardian was mundane and decisive: making it small, cheap, and

battery-powered, so it could be stuck to any ceiling in any bedroom

by anyone, with no electrician and no wiring.

That step is associated above all with an American entrepreneur

named Duane Pearsall, whose company developed an affordable

single-station, battery-powered home smoke detector in the

mid-1960s — a self-contained unit that watched one room and ran

on a battery. It was the design that made "a smoke alarm in every

home" a realistic goal rather than a slogan, and over the following

decades, as the detectors got cheaper and the laws caught up, they

spread into hundreds of millions of homes and cut deaths from house

fires dramatically. In the safety-patent record, the most-cited

smoke-detector patents are the later refinements — the

self-diagnosing, self-adjusting detectors of the 1990s that test

themselves and warn you when they are failing or their battery is low

— layers of cleverness built on the simple chambers, and now

expired into the commons.

THE SCREAM THAT WAKES THE SLEEPING
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The genius of the smoke detector is that it addresses the specific way

fire kills. People imagine dying in flames; far more often, fire kills

quietly, with smoke, in the dark, while its victims are asleep and

never wake. The detector's whole job is to notice the smoke before

the sleeper would and to make a noise loud enough to drag them out

of sleep and out of the house in the minutes that decide everything. It

is a machine that watches over you precisely when you are least able

to watch over yourself. It costs a few pounds, runs on a battery, and

asks nothing but a test now and then and a fresh cell once a year.

And on the one night in a lifetime it is needed, the small unthanked

disc on the ceiling will do the single most important thing anyone

has ever done for you: it will wake you up in time.

35



CHAPTER 8

THE RAIN THAT FALLS ON FIRE

Long before there were smoke detectors to wake the sleeping, there

was a quieter and even older idea: a ceiling that would notice a fire

on its own and put water on it before anyone even arrived. The

automatic fire sprinkler is one of the oldest devices in this book, and

one of the most consistently effective — a piece of Victorian

ingenuity, sitting silent overhead in the buildings you pass through

every day, waiting to rain on a fire the instant it starts.

THE FACTORY THAT WATERED ITSELF

The nineteenth century was an age of factories that burned — great

timber-and-machinery buildings packed with flammable materials, in

which a small fire in the night could become a total loss and a mass

grave by morning. The problem was time: a fire discovered late was

a fire already lost, and there was rarely anyone watching in the dark
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hours when fires so often began. What was needed was a system that

did not depend on a human noticing at all — that would detect the

fire by its own heat and act on it automatically, right at the spot

where it started, whether anyone was there or not.

An American named Henry Parmelee, trying to protect his own

piano factory, built an early automatic sprinkler in the 1870s. But it

was Frederick Grinnell who, licensing and then transforming

Parmelee's idea, produced in the 1880s the automatic sprinkler that

became the template for all that followed — and whose name still

hangs, quite literally, over a great many of our heads. Grinnell kept

improving it, and around 1890 arrived at the glass-disc design that is

essentially the sprinkler still in use today.

THE PLUG THAT MELTS AT THE FIRE'S TOUCH

The elegance of the sprinkler is that each head is its own independent

fire detector and its own independent fire extinguisher, needing no

wiring, no electronics, and no human at all. Each sprinkler head sits

on a pressurised water pipe, held shut by a small plug — in the

classic design, a tiny glass bulb filled with liquid, or a link of fusible

metal. The plug is engineered to give way at a specific temperature.

When a fire breaks out beneath it, the rising heat warms that one

head; when the air reaches the trigger temperature, the little bulb

bursts or the metal link melts, the plug releases, and water sprays out

of that head alone, directly onto the fire below.

37



MARTIN CARR

That last detail is the one most people get wrong, thanks to films:

sprinklers do not all go off at once, drenching a whole building

because someone burned the toast. Each head is triggered only by the

heat directly beneath it, so in the overwhelming majority of real fires

only one or two heads ever open — the ones right over the flames —

dousing the fire while it is still small and leaving the rest of the

building dry. It is a system of thousands of tiny, patient, independent

sentinels, each minding its own patch of ceiling, each ready to act

alone.

THE SILENT OVERHEAD ARMY

Look up in almost any shop, office, hotel, car park, or warehouse and

you will see them: the small brass heads with their glass bulbs,

spaced across the ceiling, doing nothing, for years, for decades. They

are one of the great unsung reasons that fires in modern buildings so

rarely become the mass-casualty catastrophes that were routine in the

nineteenth century. A sprinkler-protected building very seldom burns

to the ground, because the fire is met with water in the first minutes,

at the source, automatically, before it can grow — often before the

fire brigade has even been called. Grinnell's founding patents expired

well over a century ago; the idea has been free for the taking for

longer than almost anything else in this book, refined ten thousand

times and still, at its heart, exactly his: a plug that melts at the fire's

touch, and lets the water fall.
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THE AIR YOU CARRY

There are places a human being cannot breathe — the smoke-filled

building, the flooded mine, the toxic tank, the airless height — and

reaching them to save the people trapped there means carrying your

own air with you. The self-contained breathing apparatus, and its

gentler domestic cousin the breathing mask, are the inventions that

let a rescuer walk into air that would kill them, and let a sleeping

patient keep breathing through the night. It is a quieter corner of

safety than the crash or the fire, but it is where a great deal of rescue

actually happens.

WALKING INTO AIR THAT KILLS

The firefighter walking into a burning building faces an enemy more

immediate than the flames: the smoke. Fire consumes oxygen and

fills the air with poisons — carbon monoxide above all — and a
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lungful of that air can drop a person in moments. For a rescuer to

enter and search a smoke-filled building, to reach the people

overcome inside, they must bring air that the fire cannot touch. The

self-contained breathing apparatus does exactly that: a tank of

compressed breathable air worn on the back, a mask sealed over the

face, a regulator that delivers each breath on demand. It turns a

firefighter into something a little like the spacesuited astronaut of the

previous volume — a human sealed inside a portable envelope of

survivable air, able to work for a while in an environment that would

otherwise kill them in minutes. The same idea, in sturdier forms, lets

miners escape a gas-filled shaft and workers enter toxic tanks; the

whole discipline of rescue in unbreathable air rests on the ability to

carry your atmosphere with you.

THE MASK THAT BREATHES FOR THE SLEEPER

There is a gentler branch of the same tree, and the safety-patent

record surfaces it strongly. Among the most-cited patents in the

rescue-and-breathing class are the respiratory masks of companies

like ResMed and Respironics — the masks at the heart of the

machines that treat sleep apnoea, a condition in which a sleeping

person's airway repeatedly collapses and they stop breathing, dozens

or hundreds of times a night, straining the heart and starving the

brain of oxygen. The treatment, continuous positive airway pressure,

works by gently pushing air through a sealed mask to hold the

airway open, so the sleeper keeps breathing all night without waking.
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The hardest part, it turns out, is the mask: getting a comfortable,

leak-proof seal on a sleeping human face, night after night, is a

genuinely difficult engineering problem, and the most-cited patents

in this corner are precisely about the shape and seal and venting of

that mask. It is safety of a domestic, nightly kind — not a rescuer

charging into smoke, but a machine quietly keeping an ordinary

person breathing in their own bed — and its foundational patents,

like the rest, have expired into the commons.

CARRYING YOUR ATMOSPHERE

What links the firefighter's tank and the sleeper's mask is a single

idea that runs, in fact, through much of this whole series: that when

the surrounding environment cannot sustain a human being, you

engineer a small, personal, survivable envelope and carry it with

them. The spacesuit did it for the vacuum; the breathing apparatus

does it for smoke and gas and the collapsing airway. It is one of the

most fundamental moves in all of safety — do not fix the whole

hostile world, just wrap the one fragile person in enough survivable

air to get them through — and the machinery that does it, from the

rescuer's cylinder to the patient's mask, is now shared, expired, and

free for the next generation to build upon.
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CHAPTER 10

THE WIRE THAT SACRIFICES ITSELF

The most important safety device in the history of electricity is also

the humblest: a short piece of wire, thinner than the rest, deliberately

built to be the weakest link — designed, that is, to destroy itself the

instant things go wrong, so that nothing else has to. The fuse, and its

reusable descendant the circuit breaker, are the reason that the

electricity threaded through the walls of every building you enter has

not, long ago, burned most of them down.

THE WEAKEST LINK, ON PURPOSE

Electricity is astonishingly useful and quietly murderous. Push too

much current through a wire — because something has

short-circuited, or too many appliances are drawing at once, or a

fault has developed — and the wire heats up. Push enough, and it

heats until the insulation smoulders and the whole thing becomes a
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fire inside the wall, out of sight, where no one will notice until the

building is alight. In the early days of electrical wiring this was not a

hypothetical danger but a leading cause of fires. The current that lit

the lamp could, unchecked, burn the house down around it.

The fuse is the beautifully simple answer, and it was there almost

from the beginning of electrical distribution — Thomas Edison

himself patented an early form. A fuse is nothing but a deliberately

weak spot in the circuit: a short length of thin wire or metal strip,

chosen so that it will melt at a current lower than the one that would

endanger the rest of the wiring. Run normal current through it and

nothing happens. But let the current surge toward a dangerous level,

and the fuse — the weakest link, placed there on purpose — heats up

faster than anything else and melts, breaking the circuit and cutting

the power before the real wiring in the walls can overheat. It is a

sacrificial device, engineered to fail first and fail safe, so that its

small, cheap, deliberate destruction prevents a large and catastrophic

one.

THE SWITCH THAT RESETS

The fuse has one inconvenience: once it has done its job, it is

destroyed, and you must replace it. The circuit breaker solves that by

achieving the same protection with a mechanism that trips instead of

melting — an electromagnetic or thermal switch that senses a

dangerous current and snaps the circuit open, and that can simply be
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switched back on once the fault is fixed. The row of breakers in the

consumer unit in your home is a bank of these automatic guardians,

each watching one circuit, each ready to cut the power in an instant if

that circuit draws more than it safely should. In the safety-patent

record, the protective-circuit class is thick with these devices, among

the most-cited being electronic circuit breakers of the 1990s that

added intelligence to the basic trip — and, as with everything here,

their foundational patents have long since passed into the commons.

THE UNSEEN SACRIFICE IN THE WALL

Every building you have ever been inside was kept from burning, in

part, by a device designed to destroy itself or throw itself open at the

first sign of danger. It is one of the oldest safety ideas there is —

build in a weak point that will fail first, deliberately and safely, so

the failure is small and controlled instead of large and catastrophic

— and it echoes, if you listen, the ablative heat shield of the previous

volume, another thing that saves by sacrificing itself. You have

almost certainly never seen the fuse blow or the breaker trip that

prevented a fire in a wall you were standing next to. That is the

point. The humblest guardian in this book is a piece of wire that

agreed to be the first to die.
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CHAPTER 11

THE TRIP THAT BEATS THE
HEARTBEAT

The fuse and the breaker protect the building — they trip when the

current is high enough to start a fire. But there is a second, subtler

electrical danger that they cannot catch, because it kills a person at

currents far too small to bother a fuse. Guarding against that —

against the shock that stops a human heart — took a different and far

more sensitive invention, and it came from a professor who studied

electric shock so closely that he tested it on himself.

THE CURRENT TOO SMALL TO TRIP A FUSE

Here is the terrible gap. It takes a substantial current — many amps

— flowing for a while to heat a wire enough to start a fire, and that is

what a fuse or breaker is set to catch. But it takes a tiny current — a

small fraction of an amp, flowing for a fraction of a second —

passing through a human body across the heart to throw it into
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fibrillation and kill. A person touching a faulty appliance in a wet

bathroom, or a frayed cord with damp hands, can be electrocuted by

a current so small that the building's fuse never even notices. The

ordinary protective devices are blind to the very current that kills

people, because that current is far below the level that threatens the

wiring. For decades, this was simply an accepted hazard of

electricity and water: bathrooms, kitchens, pools, building sites, all

quietly lethal.

WATCHING WHAT GOES AND WHAT COMES BACK

The ground-fault circuit interrupter closes that gap with a beautifully

clever idea. In a healthy circuit, the current flowing out along the live

wire exactly equals the current flowing back along the neutral —

every electron that leaves comes home. But if some of the current is

leaking to earth through a person's body — someone being

electrocuted — then less comes back than went out, because that

missing current is flowing through the human to the ground. The

GFCI does nothing but watch, continuously, for that imbalance: it

compares the outgoing and returning current, and the instant they fail

to match — the instant even a tiny amount goes missing, as it would

through a body — it trips the circuit, in a fraction of a second, fast

enough to cut the power before the shock can stop the heart. It does

not care about fire-level currents; it is tuned to the whisper of a few

milliamps going astray, the electrical signature of a person in the

circuit.
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The device was invented by Charles Dalziel, a professor of electrical

engineering at the University of California, Berkeley, who developed

the first practical electronic ground-fault interrupter in 1961. Dalziel

had spent years studying, with grim precision, exactly how much

electric current does what to the human body — running

experiments, by some accounts on animals and even on himself, to

establish the thresholds of danger — and it was that hard-won

knowledge of how little current it takes to kill, and how fast you

must cut it, that let him design a device sensitive and quick enough

to beat a stopping heart. In the safety-patent record his descendants

are everywhere: the arc-fault and ground-fault interrupters of the

following decades, all now expired into the commons.

THE GUARDIAN IN THE WET PLACES

If you have ever noticed the socket with the little "test" and "reset"

buttons in a bathroom or kitchen, or the slightly chunky plug on an

outdoor tool or a hairdryer, you have met Dalziel's invention. It is

watching, right now, for the tiny imbalance that means a human

being has become part of the circuit, ready to cut the power faster

than your heart can be stopped. It is one of the most sensitive

guardians in this book — tuned not to the current that burns a

building but to the far smaller current that kills a person — and it has

quietly made lethal the once-lethal combination of electricity and

water. A professor who studied shock until he understood exactly

how little it takes to kill built the thing that now trips before it can.
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His founding patent is long expired; the guardian in the wet places

belongs to everyone.
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CHAPTER 12

THE BLADE THAT BITES BACK

The workplace has always been where machines meet flesh, and for

most of industrial history the machines won. The spinning blade, the

punching press, the grinding gear did not care what fed into them,

and they took fingers, hands, and lives by the thousand. The quiet

revolution of machine safety — the guards, the interlocks, the

mechanisms that make a machine refuse to hurt the person operating

it — is one of the least celebrated and most humane bodies of

invention in this book, and the patent data surfaces it from an

unexpected place: not the great industrial-safety firms, but the

makers of the tools in your shed and your kitchen.

THE MACHINE THAT DOES NOT CARE

A powered blade spinning at thousands of revolutions a minute is a

perfectly indifferent thing. It will cut wood or a finger with exactly
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the same ease, and the older philosophy of the workshop put the

entire burden of not being cut on the human — on their care, their

skill, their attention, none of which survive a single tired moment or

slipped grip. Generations of workers paid for that philosophy in

fingers and hands. The better idea, which took a long time to take

hold, was to stop relying on the human being careful and instead

build the caution into the machine itself: to guard the dangerous part

so a hand cannot reach it, to sense when something is wrong and

stop, to make the machine fail safe rather than fail bloody.

There are two great families of machine safety, and the safety-patent

record surfaces both. The first is the guard and interlock: a physical

barrier over the dangerous part, wired so that the machine simply

will not run when the guard is open. When the patents in the

machine-safety class are ranked by influence, one of the most-cited

is a magnetic safety interlock — from Cuisinart, the food-processor

company — the mechanism that stops the blades of a food processor

dead unless the lid is properly locked in place, so the spinning blade

and your fingers can never be in the bowl at the same time. It is

domestic, almost mundane, and it represents a profound principle:

the machine checks that the guard is in place before it will move at

all.

THE TOOL THAT SENSES THE MISTAKE

The second family is more active still: the machine that senses a
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hazard developing and reacts. Among the most-cited machine-safety

patents is an anti-kickback control from Black & Decker — a device

to sense the sudden dangerous "kickback" that can throw a power

tool violently back at its operator when a blade binds, and to react

before it can injure. This is the deeper idea: not merely a passive

barrier, but a machine actively watching for the specific moment of

danger and intervening faster than the human could. Its modern

descendants are the powered tools that can sense the electrical

signature of flesh touching a spinning blade and stop it in

milliseconds, before it can do more than nick the skin — the same

philosophy as the anti-lock brake and the airbag sensor, brought to

the workshop: a machine that watches for the instant of catastrophe

and acts to prevent it.

NOBODY OWNS THE GUARDED BLADE

Here is where this chapter quietly proves the finding that runs

through the whole volume. When I ranked the safety patents by

influence, the machine-safety landmarks came not from some

dedicated industrial-safety giant but from a food-processor maker

and a power-drill company — from firms that made ordinary

consumer tools and, in the course of it, worked out how to stop those

tools maiming the people who used them. Safety was not the

property of specialists; it was invented wherever a machine met a

hand. The guard, the interlock, the anti-kickback sensor: their

founding patents have expired into the commons, and the principle
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beneath them — that the machine, not just the human, should be

responsible for the human's safety — is now everyone's. Every

powered tool you pick up that stops when a guard opens, or senses a

hand and refuses to bite, carries that inheritance.

54



CHAPTER 13

THE HAT AND THE GLOW

Not all safety is a clever mechanism. Some of the most effective

life-saving inventions are almost embarrassingly simple objects — a

hard shell for the head, a fabric that shines in a headlight — and their

power lies precisely in their simplicity, their cheapness, and the sheer

number of people who can be protected by something that costs

almost nothing. This chapter is about two of them: the hard hat and

the high-visibility material, the humblest guardians in the book, and

among the most widely worn.

THE SHELL OVER THE SKULL

The construction site, the mine, the shipyard, the factory floor:

everywhere heavy things are lifted and worked overhead, the falling

object is a constant killer, and the human skull is a poor defence

against a dropped tool or a swung load. The hard hat is the ancient,
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obvious answer made modern — a rigid shell worn over the head to

turn a fatal blow into a survivable one, spreading and deflecting the

force of an impact that would otherwise crack the skull beneath.

Its modern form is credited to Edward Bullard, who, after the First

World War, adapted the idea of the protective military helmet into a

"hard-boiled hat" for industrial workers in the early twentieth

century, and built a company around it. The hard hat's genius is not

complexity but coverage: it is cheap enough to give to every worker

on a site, simple enough to need no training, and effective enough to

turn a category of routine industrial death into a category of

near-misses. The suspension inside — the webbing that holds the

shell away from the skull so the shell can deform and absorb a blow

without transmitting it straight to the head — is the real engineering,

and it has been refined and patented and re-patented over the

decades. But the object remains what it always was: a hard shell that

stands between a falling world and a fragile head.

THE FABRIC THAT OWNS THE DARK

The second humble guardian addresses a different killer: being

unseen. The worker on the roadside at night, the cyclist in the rain,

the emergency crew on the hard shoulder — for all of them, the

greatest danger is simply not being noticed by a driver in time. The

answer is a material that throws light back at its source:

retroreflective fabric, which uses tiny glass beads or precisely shaped

56



THE SCIENCE THAT CHANGED THE WORLD

prisms to bounce a car's headlight beam straight back toward the

driver's eyes, so that a person wearing it seems to blaze out of the

darkness far brighter than anything around them. A strip of this

material on a vest turns a nearly invisible human figure into an

unmissable glowing shape at the exact moment, and from the exact

direction, that matters — in the beam of the oncoming car.

The development of practical retroreflective materials is bound up

with the work of companies like 3M, whose reflective sheeting

transformed road signs and safety clothing alike, and the

high-visibility vest built from such fabric has since become one of

the most ubiquitous safety garments on earth. It is a piece of cloth. It

needs no power, no mechanism, no training. And it has saved an

enormous and uncountable number of the people whose work puts

them in the path of traffic, simply by making them impossible not to

see.

THE POWER OF THE CHEAP AND SIMPLE

There is a lesson in the hat and the vest that the cleverer chapters of

this book can obscure. Not all safety comes from sophistication.

Some of the greatest reductions in human death and injury have

come from objects of almost insulting simplicity — a shell, a strip of

glowing cloth — whose whole power is that they are cheap enough

to be universal. A brilliant safety mechanism that only the wealthy

can afford saves few; a crude one that everyone can wear saves
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multitudes. The hard hat and the high-visibility vest protect more

working people, every single day, than almost any intricate device in

this volume, and they do it for the price of a sandwich. Their patents,

on the shells and the suspensions and the reflective sheeting, have

expired in their turn into the commons — but their real lesson was

never in the patent. It was that the most democratic safety is often the

simplest.
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CHAPTER 14

THE CAP A CHILD CAN'T OPEN

The last guardian in this book is the smallest, and it protects the

smallest of us. It is the cap on a bottle of pills — the one that adults

curse as they push and turn and push and turn — and it exists

because a doctor grew tired of watching small children die of

curiosity. It is the perfect closing example of the theme that has run

through the whole volume: a life-saving invention from an ordinary

person, aimed at an everyday death, so quiet that its whole success is

measured in the catastrophes that no longer happen.

THE DEATH OF CURIOSITY

Small children explore the world with their mouths. A bottle of

brightly coloured pills, a container of medicine that smells faintly

sweet, a bottle of household chemical left within reach — to a

toddler these are not dangers but temptations, and for most of the
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twentieth century they were a leading cause of accidental death and

injury in the very young. A child left alone for two minutes with a

bottle of adult medication could swallow a fatal dose before anyone

noticed. The pills were necessary; the children were curious; and the

ordinary cap, which any adult could open and therefore any

determined toddler could eventually manage too, stood no chance

between them. It was a quiet, steady, heartbreaking toll of the very

young, and it was widely regarded as simply one of the sad hazards

of a house with both medicine and children in it.

PUSH DOWN AND TURN

A Canadian paediatrician named Henri Breault refused to accept that.

Working in the 1960s and seeing child after child poisoned by

household medicines, he set out to make a container that a small

child could not open — and, crucially, that an adult still could.

Working with an engineer, Peter Hedgewick, he developed the

mechanism that is now so familiar it is almost invisible: the cap that

must be pushed down and turned at the same time to open. It sounds

trivial, and its brilliance is exactly that it is not quite trivial. The

simultaneous push-and-turn requires a combination of strength,

coordination, and understanding that a young child's hands and mind

cannot yet manage, but that an adult performs almost without

thought. Breault's design — he called it the "Palm N' Turn" — was

patented in 1967, and it worked.
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The effect was dramatic and measurable. Where child-resistant caps

were adopted, accidental child poisonings fell steeply — by figures

reported around ninety per cent in Breault's own region — and as

laws made the caps mandatory on medicines and dangerous

household products, that reduction spread across whole countries. A

simple change to how a lid opens quietly saved a very large number

of small children who would otherwise have died of nothing more

than being children.

THE CATASTROPHE THAT DOESN'T HAPPEN

The childproof cap is the perfect note to end on, because it embodies

everything this volume has been about. It came not from a giant

corporation or a safety agency but from one doctor who was tired of

watching children die. It addresses not a dramatic catastrophe but a

quiet, everyday one. Its success is invisible by nature — measured

entirely in the poisonings that no longer occur, the small children

who grew up because a lid was slightly harder to open. And its

founding patent, like all the others in this book, has expired into the

commons, so that the mechanism protecting children is free for every

maker of every bottle to use. Every time you fumble with a pill

bottle, briefly annoyed, you are holding a small monument to a

paediatrician's refusal to accept a preventable death — and to the

idea, running through this entire volume, that the whole point of

cleverness is to keep ordinary people alive.
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CHAPTER 15

CONCLUSION — NOBODY OWNS
SAFETY

At the start of this book I said that the safety inventions came from

everywhere, and that the data proved it. It is worth ending on exactly

why that matters, because it is the deepest thing this volume has to

say.

When I harvested the safety patents from the entire public record —

nearly two hundred thousand of them — and ran them through the

same analysis I have used across this series, looking for what

predicts a landmark invention, one result stood out and refused to go

away. Being one of the great safety companies made no difference at

all. Whether a patent came from an industrial giant or from nobody

in particular had essentially no bearing on whether it became a

foundation that others built upon. The breakthroughs came, over and

over, from the edges: a lone Canadian doctor with the childproof

cap; a Berkeley professor who studied electric shock on himself; a
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food-processor company and a power-drill company working out

how to stop their tools maiming people; a chemist who dropped a

flask; a physicist who lit a cigarette in front of a failed gas detector.

Safety is the one field in this whole series where the data says,

almost literally, that nobody owns it.

And then, twice, someone who could have owned it chose not to.

Humphry Davy refused to patent the lamp that saved the miners.

Volvo opened the seatbelt to the entire world. Across a century and a

half, two of the most consequential safety inventions ever made were

deliberately given away by the people who could have grown rich on

them, because they had decided that a human life was worth more

than a monopoly. Those two gifts sit at the head of this book not as

exceptions but as the clearest possible statement of what all the rest

of it means.

Because the deep argument of this whole series has been that the

patent is a fence with a timer — that everything behind it is on its

way, by design, to becoming ours, and that the twenty-year

monopoly is only the price we pay to get things invented and

published in the first place. Every other volume has been about that

timer running out: the medical robots, the internet's plumbing, the

machinery of spaceflight, all passing to us on the morning their

fences fell. This volume has that too — the airbag, the anti-lock

brake, the smoke detector, the ground-fault interrupter, the machine

guards, the childproof cap, every one now expired into the commons
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and free for anyone to build upon.

But safety adds something the other volumes could only hint at. It

shows us the fence taken down not by the timer but by choice — by

people who looked at what they had made, understood that it could

keep strangers alive, and decided that was worth more than the

licence. That is the same instinct the patent system was built to

serve, arriving early and arriving freely, without waiting for the

clock. The guardians we live inside — the belt, the bag, the lamp, the

alarm, the cap — are the accumulated work of ordinary inventors

from everywhere, some of whom gave their gift away outright and

the rest of whom have, in time, had it handed on to all of us anyway.

You came home safe today, most likely, without a single thought for

any of them. That is exactly how they were designed to work. But

now, perhaps, you know a few names to think of — Bohlin and

Davy, Breault and Dalziel, Bénédictus and Breed, and the countless

unnamed others — and you know the quiet truth they all, in their

different ways, believed: that the things which keep us alive were

never really meant to be owned.

65



A NOTE ON SOURCES AND METHOD

This book, like the others in the series, is a hybrid. Some chapters

draw on data: I harvested the safety classes of the entire public patent

record — vehicle safety, brakes, fire and rescue, alarms and

detectors, protective circuits, and machine-safety devices, nearly two

hundred thousand patents in all — and ranked them by how many

later inventions cited each one, a rough but honest measure of

influence. That analysis surfaced the specific patents named in these

pages — among them a Mitsubishi seat-belt retractor, a Mazda

airbag system, Bosch anti-skid braking, self-diagnosing smoke

detectors, a Westinghouse electronic circuit breaker, ResMed and

Respironics respiratory masks, and the Cuisinart and Black &

Decker machine-safety mechanisms — all real, all drawn from the

public record, and all long expired. It also produced the finding that

anchors the book: that being a major safety manufacturer had

essentially no power to predict a landmark patent.
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Other chapters are told from history, because the greatest safety

stories are older than the citation-rich record or were never patented

at all: Humphry Davy's miners' safety lamp of 1815, which he

refused to patent; Nils Bohlin's three-point seatbelt of 1959, which

Volvo gave away; John Hetrick's early airbag patent and Allen

Breed's crash sensor; Édouard Bénédictus and laminated safety glass;

Samuel Alderson and the crash-test dummy; Walter Jaeger and

Duane Pearsall and the smoke detector; Henry Parmelee and

Frederick Grinnell and the fire sprinkler; Charles Dalziel and the

ground-fault interrupter; Edward Bullard and the hard hat; and Henri

Breault and the childproof cap. These accounts are drawn from

widely available published sources and reflect the author's best

understanding; where I have simplified or rounded a date, I have

tried not to distort. Nothing in this book is safety advice.

The deeper argument is the one that runs through the whole series,

with one addition this volume alone could make. A patent is not a

wall but a gate with a timer — and, just occasionally, a gate that its

owner chooses to open early, for nothing, because some knowledge

is too important to keep. The things that keep us alive have come to

us both ways: on the timer, and as a gift. This book has been an

attempt to notice them, and the people who made them, before the

next time one of them quietly saves your life.

67


