BENEDICT RATTIGAN



SRR
s

YT aenin o D

A b ; 4

it i il / 7
sic : ik : Ve If'//l
s e 2 ; -

[Praas




Edge of Chaos:
Unveiling 1 ife's Hidden Symmetry

Benedict Rattigan

Lilustrated by Alexcandra Miron



Benedict Rattigan is Director of the Schweitzer Institute, an environmental-ethics think
tank affiliated with Peterhouse, University of Cambridge. His work sits at the
intersection of ethics, symmetry and the ways complex systems hover between order and
chaos, and has already given rise to interdisciplinary conferences, a dedicated journal,
and an Oxford-based volume of essays engaging with his ideas.

Over several decades he has developed dynamic symmetry theory, which proposes that
living and social systems thrive in moving bands where things are just ordered enough to
hold together and just variable enough to change. Instead of treating the universe as
either a rigid machine or a string of accidents, it suggests that complexity and
adaptability emerge from the continual interplay between stabilising forces and
exploratory ones.
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What if many of the systems we care about — from bodies and brains to markets,
institutions and daily routines — only work well in a narrow band between rigidity and
disorder? In Edge of Chaos, writer and theorist Benedict Rattigan develops Edge theory, a
framework for noticing how stability and variability must continually hold each other in
check if systems are to stay alive and able to change.

Drawing on scenes from intensive-care units and trading floors, protest squares and
classrooms, family kitchens and climate-stressed coasts, Rattigan shows how the same
pattern recurs in very different settings. Hearts that fail when they become too regular,
democracies that hollow out when rules crush dissent or when power spills into the
streets, organisations that swing between bureaucracy and drift: each becomes a way of
asking the same question — how much structure, how much variability, and for whom?

This is not a book of equations or management slogans. It is a patient, story-driven
exploration of what it means to live and govern at the edge, where systems can still
adapt without coming apart. Clear, humane and quietly radical, Edge of Chaos gives
readers a new way to think about resilience, risk and change in a world that refuses to sit
still.
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Preface by Denis Noble CBE FRS
Department of Physiology, Anatomy and Genetics, University of Oxford

When Benedict “Red” Rattigan first came to see me in my laboratory at Oxford in 2019,
our conversation had an oddly familiar feel. A few years earlier, in a lecture at the Royal
Society and in a paper that followed, I had argued that living systems owe much of their
adaptability to what earlier genetics often treated as an adversary: randomness. I
described how cells, organs and organisms can harness stochasticity—using fluctuations
to generate stability, to explore alternatives, and to sustain creativity in physiology. As
Rattigan set out his account of dynamic symmetry theory, I found myself recognising, in
a different vocabulary, a pattern I had been tracing from the vantage point of biology.

Rattigan is a philosopher by training, although his route to philosophy passed through
physics, ethics and the history of ideas. For nearly thirty years, he explained, he had been
developing what he now called dynamic symmetry theory, or Edge theory: an attempt to
formalise the intuition that systems remain alive and responsive only by maintaining a
moving balance between stabilising forces and exploratory ones. Where I had focused
on hearts, genomes and neuronal networks, he had been following the same kind of
balance in brains and crowds, institutions and markets, and even in the way fundamental
physics is framed. The surprise, for me, was not a dramatic revelation so much as the
steady realisation that we had been circling the same organising idea from different sides.

He also told me something else that matters to this story. Edge theory has not grown in
isolation from practice. Rattigan set up the Schweitzer Institute—now affiliated with
Peterhouse, Cambridge—as a research hub for the theory, a place where physicists,
biologists, social scientists and philosophers could explore how this balance between
order and disorder appears in their own domains. The Institute’s emphasis on
environmental ethics and institutional resilience already pointed to one of Edge theory’s
distinctive features: it is as concerned with how systems ought to be sustained as with
how they in fact behave.

It would be easy to think of Edge theory as simply the latest flourish on existing “edge
of chaos” ideas. Red himself is careful to acknowledge how much he owes to the
pioneers of complexity science, who showed that many systems exhibit their richest,
most adaptive behaviour in a narrow band between rigidity and noise. But it is not
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accurate to say that Edge theory merely elaborates those proposals. It refines them,
synthesises them, and then goes several layers deeper.

The first refinement concerns what sits on the “edge”. Early edge-of-chaos work,
influential though it was, tended to treat the interesting regime as a narrow band in
parameter space: a region where, for certain values of a control parameter, cellular
automata or networks exhibit complex patterns rather than freezing or disintegrating,
That was a powerful insight, but it left several questions hanging. How do we recognise
analogous regimes in high-dimensional, messy systems—hospitals, ecosystems,
economies—where we cannot easily tune a single knob? How do we avoid treating “the
edge” as a slogan for “somewhere between extremes” rather than a structural
description?

Edge theory answers by insisting that we attend not only to where a system sits, but to
what kinds of processes are coupled. It distinguishes, in each concrete case, between
stabilising processes (those that maintain coherence, constraints, regularities) and
exploratory processes (those that introduce variability, noise, innovation). In dynamic
symmetry, the central question is: how are those classes of process linked, and how does
that linkage change over time? Rather than a single critical band, we have a multi-scale
pattern of couplings that can be described, compared across domains, and sometimes
measured.

The second step is synthesis. Over the last few decades, different fields have developed
their own partial languages for this balance: self-organised criticality in physics,
homeostasis and hormesis in physiology, flow and overload in psychology, resilience and
tipping points in ecology, ambidexterity in organisational theory. Edge theory does not
replace those vocabularies; it shows how many of them can be seen as specific instances
of a more general structure. By treating symmetry as dynamic—as something continually
broken and restored—it offers a framework in which these local notions can be related
without being flattened into a single metaphor. What emerges is not a universal equation,
but a shared grammar: ways of talking about bands of viable behaviour, early-warning
signatures as systems approach thresholds, and design choices that move systems closer
to or further from their productive edges.

The deeper layers appear when Edge theory turns to physics and to questions of scale.
Traditional uses of symmetry in physics are primarily static. They tell us that certain
transformations leave the equations invariant, and they underwrite conservation laws and
classification schemes. Edge theory keeps that heritage, but asks how symmetries are
expressed, broken and reconfigured as one moves across levels. At the quantum scale,
we encounter superposition, interference and entanglement—forms of order that look,
to classical intuition, like structured disorder. At larger scales, those possibilities are
constrained and averaged in ways that produce the smooth geometry of general relativity
and the comparatively predictable trajectories of everyday objects.

On Rattigan’s view, the quantum-—gravity divide may be understood not as a clash
between incompatible theories, but as a change of symmetry regime: the same
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underlying principle of balance manifests differently as fluctuations are harnessed and
channelled across scales. The details of that programme belong elsewhere in this book
and in his technical papers. What matters here is the shape of the claim: that from
quantum fields to curved spacetime, from brains to markets, we are dealing again and
again with systems that work best in a narrow band between rigidity and disorder, where
order and variability continually hold each other in check.

The same principle has more immediate traction in the life sciences. In my own work, I
had long argued that noise can be creative in physiology: that fluctuations in ion
channels, heart-rate variability or gene expression are not merely tolerable imperfections,
but essential ingredients in robust function. Edge theory provides a more systematic
language for that claim. It shows how signals of order and signals of variation can be
paired to diagnose whether a system is hovering near a healthy edge or sliding towards
breakdown. The Dynamic Symmetry Index, which Red and his collaborators have been
developing, is one such family of measures: it asks, for a given system, what counts as
structure, what counts as fluctuation, and how their relationship changes as conditions
shift. The important point is not the specific formulae, which will vary across
applications, but the habit of mind: never to look at averages without also looking at
variability, and never to praise stability without asking what it is shutting down.

Beyond physiology, Edge theory sheds light on collective intelligence and institutional
design. Organisations that are tightly scripted may look efficient in the short term but
prove brittle in the face of novelty; those that are entirely “flat” indulge variation but fail
to stabilise learning. Red’s case studies—from publishing houses and local authorities to
protest movements and parliaments—show how patterns of interaction near an
edge-of-chaos regime can foster resilience and performance. The same analysis applies
to online platforms and information flows: echo chambers and pure cacophony are both
failures of dynamic symmetry, in different directions.

Ethical and environmental questions follow quickly. If ecosystems, economies and
political orders all rely on maintaining workable bands between rigidity and disorder,
then driving them far outside those bands is not simply an error of judgement; it is an
ethical failure. The Schweitzer Institute’s work on environmental ethics reflects this
conviction. It treats the preservation of dynamic symmetries—not just of species counts
or temperature targets—as a responsibility, because those symmetries are what allow
systems to absorb shocks without collapsing. One can disagree about policy, but the
underlying insight—that the quality of our interventions should be judged by whether
they sustain or erode these balances—is, I think, an important one.

Our collaborations since 2019 have taken these ideas into a series of shared projects.
The volume The Language of Symmetry, which we co-wrote with colleagues at Oxford,
brought together scientists and scholars from many fields to explore how balance and
asymmetry appear in forms, processes and theories. A subsequent seminar at Balliol
College continued this debate, and we are now preparing for a meeting at the Royal
Society devoted to “Edge of Chaos: Exploring Dynamic Symmetry Theory”, at which
the theory will be tested and, no doubt, challenged. None of this constitutes proof that
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Edge theory will endure. It does, however, indicate that the framework has enough grip
on real problems to merit serious attention.

Edge of Chaos, the book you are about to read, is Red’s attempt to present this systems
idea to a wider public without diluting it into slogans. He does not promise a master key
that will unlock every door. Instead, he invites you into specific situations: a man on a
ventilator whose body must be kept within viable ranges; a crowd on the steps of a
parliament, where policing and protest teeter between containment and crisis; a market
that drifts from calm into panic; classrooms, families and workplaces that oscillate
between suffocation and drift. In each case, the same puzzle lies just beneath the surface:
why do so many of the systems we care about—from bodies and minds to markets,
institutions and daily routines—only seem to function well when they occupy their own
“good zones”, a surprisingly narrow middle band between “too tight” and “too loose”,
and why is it so easy for them to fall off it?

I would readily recommend this book both to reflective general readers and to scientists
who enjoy seeing familiar ideas refracted through a skilled storyteller’s lens. Its technical
passages are brief and clearly marked; the main text leans on narrative and concrete
cases rather than on formalism. It offers no easy formulas or slogans. But readers who
stay with the argument as it moves across different domains will, I think, find that it
alters their habits of attention. They will begin to notice, in many corners of life, the
interplay between stabilising and exploratory forces, and to ask how that balance might
be shaped with greater care.

From a lifetime in science, I have learned that the most important advances often come
from seeing a pattern that was there all along but unnamed. Dynamic symmetry may be
such a pattern for our time. It offers a way of understanding how creation—from cell
division and neural firing to artistic work and institutional reform—shares a common
geometry of balance in motion. We are not outside observers of that geometry. We are
part of it: organisms whose own hearts, brains and societies depend on the same delicate
oscillations that Edge theory describes.

If future work confirms even a portion of what Edge theory suggests, it could
contribute to a shift in worldview comparable, in spirit, to earlier revolutions. Copernicus
taught us that the centre of the universe is not where we stand. Edge theory hints that
the “centre” is not a location at all, but any region in which dynamic equilibrium is
maintained—where systems hold just enough order to cohere and just enough disorder
to remain alive.

However abstract that may sound, it is not an idea that lives only in equations or thought
experiments. It shows itself first, and most vividly, in the texture of ordinary experience
—precisely the kind of scenes with which this book begins.

Denis Noble
Balliol College, Oxford
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1. On the Steps of Power

Before the crowd gathered and the cameras switched on, Washington D.C. lay under
cold, clear air and the low hum of generators.

On the Ellipse, just south of the White House, loudspeakers were already mounted on
scaffolding. Flags snapped in the wind: American flags, flags bearing a single name, flags
with slogans and symbols that had migrated from fringe message boards into the centre
of national life. People arrived in twos and threes at first, then in loose streams, then in
steady flows. Some had driven through the night from distant states. Others had come
from nearby suburbs, carrying coffee and folding chairs. Many wore thick coats in the
red, white and blue of the flag; some had camouflage gear, others suits and overcoats.

For a time, the soundtrack was almost festive: classic rock, country songs, patriotic
anthems. As the crowd thickened, the words from the stage hardened. Speakers told
them that something precious was being stolen. They spoke of a system rigged against
them, of enemies within, of politicians who had failed their basic duty. They described
the coming hours as a last chance. Language tuned over weeks and years on television,
radio and social media was now concentrated in a single place. Each new phrase landed
not just in individual minds but in a crowd that was starting to sway and shout in unison.

For many of the people there, the day began as a rally - an exercise in presence, a way of
being counted. They raised their phones to film, laughed with strangers, adjusted hats
and handmade signs. They listened for their favourite lines and repeated them. Yet down
among the legs and bodies, other details hinted at a different energy. Some individuals
wore protective gear that had no obvious place at a peaceful demonstration. There were
helmets, goggles, tactical vests. A few people had walkie-talkies clipped to their collars.
Others carried flagpoles that were, if you looked closely, thicker and heavier than the

usual kind.

The city beyond the Ellipse was, for now, going about its business. Office workers
logged on from spare rooms, school classes met online, buses ran their routes. Inside the
Capitol building up the hill, staffers prepared for a day that was, on paper, procedural.
The chambers would meet in joint session to count electoral votes. It was a moment of
constitutional theatre - significant, but normally sedate. The assumption, baked into the
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routines of clerks and police officers, was that protest and politics would run on parallel
tracks. People could shout outside and business would continue inside.

Around midday, the crowd began to move. The speeches ended, the music shifted, and
streams of people peeled away from the Ellipse and headed towards the Capitol. It was
not a single, disciplined march; it was a current, uneven and branching, flowing along
streets, past statues and fences, towards a white dome that had become the focus of
their anger. Some sang or chanted as they walked. Others strode in silence. A few jogged
ahead, phones held high to capture the sight of thousands of bodies converging on the
seat of federal power.

On the Capitol grounds, barriers had been set out: metal fences linked in long lines, a
tamiliar, temporary perimeter. Police officers in fluorescent jackets stood behind them in
small knots, scanning the approaching crowd. For years, those barriers and a modest
number of officers had been enough to keep demonstrations at a safe distance. The
unspoken contract was simple. You come this far and no further; you shout; you go

home. The building behind us is symbolically yours, but physically off limits.

As the first lines of marchers reached the perimeter, that contract began to strain. From
the front of the crowd, the Capitol steps looked close. The barriers appeared flimsy:
waist-high fences, loosely joined. The officer lines looked thin. People pressed up, trying
to see, trying to film, trying to get closer. Those behind, unable to see the front, kept
advancing. Within minutes, the density near the barricades rose. The sound changed.
Individual voices were swallowed in a low, continuous roar as shouts and chants bounced
off the stone facades and the hard winter sky.

Somewhere near the front, a man leaned on a barrier, testing it. It shifted. Others saw
and joined him. A fence that had been designed to channel and slow bodies began to
bow. Officers shouted and pushed back. For a while, the system held. A few steps won, a
tew lost, a line redrawn a few metres further on. But the equation had altered. What had
been a clear line between here and there was now a zone of contact in which neither
side was sure of the new rules.

For those deeper in the crowd, information came in fragments. A cry went up that
someone had been hit with a baton. Another that someone had broken through. Those
reports, half-heard and half-believed, rolled backwards through the mass, sharpening the
sense that this was no longer a standard day in the politics of protest. People climbed
walls and scaffolding to get a better view, and the sight of a handful of bodies on the
Capitol steps — someone waving a flag from a previously unreachable balcony, another
person pushing on a window — fed back into the crowd’s sense of what was now

possible.

The crush grew tighter. At certain points on the western side, people were pressed so
close together that feet barely touched the ground. Those at the back, still arriving, had
no sense of the pressure at the front, whilst those at the front could no longer step back
if they wanted to. The crowd had become, in places, a single physical object: thousands
of individuals, but moving as if they were one. From the viewpoint of a camera perched
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on a boom or a helicopter, the scene looked like an undulating mass, flowing up towards
the building. From the viewpoint of a Capitol Police officer at a doorway, it looked like
an unpredictable line of faces and arms, some shouting, some pleading, some swinging.

Radios crackled with clipped messages. Reinforcements were requested and delayed.
Units that might have been available were pinned down elsewhere. The plans drawn up
for expected protests had not fully anticipated this mixture of numbers, anger and
coordination. Protest did not turn into riot in a single, crisp instant; it was a series of
small thresholds crossed. A barricade lifted, a window smashed, a door forced, a baton
drawn and used, a chemical irritant sprayed. In each case, what had been imaginable as a
boundary in people’s minds shifted. If one person could climb through a broken
window, more could follow. If one police line had given way, another might.

Inside the building, staffers locked doors, pushed cabinets across corridors, ushered
lawmakers to safer rooms. Secret passageways and secure locations, designed for rare
contingencies, were suddenly in use. The formal script of the day — phrases to be read
into microphones, votes to be tallied — was interrupted by the sound of footsteps,
shouted instructions, alarms. The physical reality of the building, so often a backdrop to
televised proceedings, became the main character. For a few hours, a political system that
had prided itself on continuity and procedure was visibly close to losing control of its
own seat. The rituals by which conflict is usually contained — debate, voting, legal
challenge — had, for that brief period, been supplemented by an attempt to exert
pressure through physical presence inside a space that was meant to be symbolically
open but physically restricted. The gap between how things were meant to work and
what was happening on the ground was suddenly obvious.

It was not the first time something like this had happened in history. More than two
centuries earlier, in another capital, a different crowd gathered with grievances of its
own. In the summer of 1789, Paris was tense. Food prices were high. Rumours spread
quickly through markets and cafés. The Estates-General, convened in Versailles for the
first time in more than a century, had stalled. The king had dismissed a popular minister.
Troops were visible on the edges of the city. People talked not just of hardship but of
plots.

On 14 July, a large crowd formed and moved towards a fortress on the eastern edge of
the city — the Bastille. It was a thick-walled, medieval structure that had served as a
prison and an armoury. In the popular imagination, it represented arbitrary royal power.
Few people knew exactly how many prisoners were inside. That was not the point. The
Bastille was a symbol that could be seen and touched.

The scene outside the fortress was in some ways familiar: negotiations with the
governor; demands for arms and the removal of cannon; confusion about orders;
hesitant use of force. From the ramparts, soldiers watched the gathering crowd and
waited for clear instructions. From the streets, people watched the movements on the
walls and tried to interpret them. As hours passed, tension rose. Shots were fired, first
sporadically, then in earnest. Some in the crowd fell. Others, enraged, pressed forward.
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In the end, the Bastille’s defences were overwhelmed. Some soldiers and officials were
killed in the chaos. The governor was seized and later executed. The prison was stormed,
its prisoners freed, its stones later dismantled and carried away as relics and building
material.

The fall of the Bastille quickly took on meanings that went beyond the day itself. It
became, and remains, a national symbol of popular action against unjust authority.
Underneath the later decrees and constitutions lay a change of assumption about where
authority resided. A fortress that had once embodied royal power had been physically
opened, and with it a set of expectations about who could act and where.

Once you start to look, these moments recur: a square occupied, a palace gate pushed, a
line of police on a bridge, a convoy of tractors blocking a motorway. Each case has its
own history, grievances and outcomes. Yet they all expose, in a very literal way, the
arrangements by which a society tries to keep conflict within bounds. Rules about who
may stand where, how close bodies can come to buildings, how force may be used, are
usually background conditions. On days like these, they are dragged into the foreground.

That is why images of people on the steps of parliaments and presidential palaces carry
such charge. They show a system that normally keeps contestation at a managed
distance, suddenly operating without its usual buffers. For a short time, the structure is
there on the stone steps, in the thin lines of officers and improvised barricades, in the
crowded corridors of a legislature meant to be secure. The edges of that system are no
longer theoretical; they are under people’s feet.
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2. Bodies on the Brink — Medicine and Mortality

In the small hours of the morning, an intensive care unit is at its quietest and its most
exposed.

The corridor lights are dimmed. The cleaners have finished. Visitors have gone home.
Behind glass doors, machines continue their patient work: pumps click, ventilators sigh,
monitors beep in irregular patterns. A nurse walks slowly along the row of beds,
glancing up at each screen in turn. It looks calm, but nothing here is settled.

In one of the rooms, a man in his late sixties lies almost completely still. A tube runs
into his throat. His chest rises and falls with the rhythm set by a ventilator. Transparent
bags of fluid and drugs hang on a stand at his bedside, their contents dripping steadily
through thin lines into veins in his arms and neck. On the monitor above him, numbers
and traces tell a story no one would want to read unaided: heart rate, blood pressure,
oxygen saturation, the concentration of carbon dioxide in his breath.

He was admitted twelve hours earlier with sepsis — a serious infection that has spread
into his bloodstream. Before that, he was someone’s husband, someone’s friend, perhaps
someone’s grandfather. He came to hospital with a fever and confusion. On the ward,
his blood pressure dropped, his breathing became laboured, his kidneys began to fail.

The response was swift: antibiotics, oxygen, fluids, then a transfer up to intensive care.

Now;, at three in the morning, everything hangs on numbers that shift from second to
second.

The nurse checks his blood pressure: 88 over 50. That is low. Her eyes flick to the
syringe pump delivering a drug that tightens blood vessels and pushes pressure up. She
turns the dial a fraction of a turn. Too much of that drug, and his fingers and toes will
begin to die from lack of blood. Too little, and his brain and kidneys will be starved. She
checks his urine output, his temperature, the latest blood test on the computer. She
writes a note, then moves to the next bed.

What she and the rest of the team are trying to do is hold his body in a region where it
can still repair itself. They are helping his systems do what they normally do without any
conscious effort: keep vital variables within workable limits, despite the assault.
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Doctors call this homeostasis. It is the business of keeping things “the same” enough
for life to continue. Your body has preferred ranges for temperature, blood sugar, blood
pressure, acidity, oxygen levels, and hundreds of other quantities. They are not fixed
points, like marks on a ruler. You can be a little warmer or a little cooler, a little higher or
a little lower, and still be fine. The systems that maintain those preferred ranges —
hormones, nerves, local chemical signals — are constantly nudging you back when you
drift too far.

In sepsis, that quiet, complex regulation is under attack from two sides.

The infection itself — bacteria or viruses in the bloodstream — can damage organs
directly. But the bigger problem is often the body’s own response. Faced with spreading
pathogens, the immune system floods the body with inflammatory signals. Blood vessels
widen. Their normally tight walls become leakier. Fluid seeps out into tissues. The heart
tinds it harder to maintain pressure. Organs that rely on a steady flow of oxygenated
blood start to suffer.

Seen from the outside, that process shows up as falling blood pressure, faster breathing,
changes in urine output and mental state. Seen from the inside, it is a loss of balance
between signals that push and signals that restrain. The forces that try to fight infection
and maintain blood flow no longer match one another in a way that keeps the system
steady. Too much of one group, and the body burns itself out. Too much of the other,
and the infection spreads unchecked.

That is why the nurse’s small twist of a dial in the middle of the night matters so much.
It is an attempt to restore a live balance between responses that have drifted apart. If it
works, the man’s numbers will creep back towards their usual ranges. His immune system
will still be active, but not so wildly that it destroys as much as it saves. His organs will
keep receiving what they need long enough for antibiotics and time to do their work.

If it fails, he may move into a state where the lines on the screen flatten: regular in the
worst sense, with no variation left that the body can use.

From intensive care, step out briefly into a different kind of clinic.

You are sitting opposite a cardiologist in a consulting room. There is a poster of a heart
on the wall, bright red arteries branching across its surface. On the desk in front of you
is a tablet displaying a graph. It does not show your heart rate in beats per minute. It
shows the tiny fluctuations in the time between your heartbeats.

The trace looks, at first glance, like a slightly irregular saw-tooth. Peaks and troughs are
close together; the numbers on the axis show differences measured in fractions of a
second. The cardiologist explains that this is a record of your heart-rate variability over
the past five minutes. You wore a small device that captured each beat precisely and sent
the data here.
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Many people assume that a healthy heart should beat like a metronome. That is not quite
true. In a healthy person at rest, the intervals between beats are not identical. They
lengthen a little as you breathe in and shorten as you breathe out. They shift as your
body responds to tiny changes: a thought, a sound outside, the need to move slightly in
your chair. Your heart is under the influence of multiple branches of the nervous
system, each sending its own signals. The result is a kind of controlled irregularity.

Cardiologists have learned that this subtle variation — the way your heart does not beat —
can be as important as its average rate. A heart whose beat-to-beat intervals show almost
no variation at all is often a sign of trouble. It can indicate that one branch of the
nervous system is dominating, that the heart has lost some of its ability to respond
quickly to changing demands. In some conditions, low heart-rate variability predicts
worse outcomes; in others, an improvement in variability is a sign that treatments are
working.

From the perspective of Edge theory, which will be named more explicitly later, this is
not simply the same story as sepsis told at a different scale. Here, the interest is less in
dramatic collapse and more in the background texture of a signal. A heart that is too
regular is as worrying as one that is wildly irregular, but for different reasons. Health, in
this setting, shows up as a rhythm that can stretch and contract from moment to
moment without losing coherence. The small deviations between beats are a running
commentary on how ready the system is to adjust.

Now change the scene once more, to a sports field on an overcast afternoon.

A group of amateur runners are warming up on a track. Among them is a woman in her
forties who started running in her thirties to manage stress. She has a watch that
measures her heart rate and, in simple form, her heart-rate variability. Over the past year,
she has noticed that on weeks when she sleeps well and keeps stress manageable, her
watch shows more variation between beats at rest, and she feels better on her runs. On
weeks when she sleeps badly, works late and worries constantly, the numbers flatten. Her
resting heart rate might even be slightly lower on those days, but the variability is down.
She feels, subjectively, more “wired” and less resilient.

Her coach has learned to adjust her training accordingly. When her variability is good, he
will set tougher intervals, pushing her close to her limits. When it drops, he pulls back,
prescribing easier runs or a day off. In doing so, he is treating those fluctuations not as
noise but as information about how close she is to a threshold where useful stress
becomes harmful strain.

This hints at an idea doctors and physiologists have been working with for some time:
hormesis. It is the observation that small doses of certain stresses — exercise, brief
tasting, temperature changes — can be beneficial, triggering repair and adaptation, while
both constant comfort and chronic overload can be damaging.
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Take muscles. If you never place them under any extra load, they weaken. If you
suddenly lift weights far beyond what you are used to, you injure yourself. But if you
regularly nudge them beyond their usual range and then give them time to recover, they
become stronger. The same pattern holds for bones, for certain aspects of the immune
system, and for psychological resilience. A life entirely free of challenge is not a recipe
for health. Nor is a life of continual strain.

Medicine has long had names for some of these patterns. Homeostasis for the
maintenance of internal variables within workable ranges. Hormesis for the benefits of
intermittent stress. Allostatic load for the wear and tear that builds up when systems are
asked to respond too often for too long.

To see how this plays out over a lifetime, imagine a GP surgery on a weekday morning,

An older man in his late seventies sits opposite his doctor. He has come in because he
has been “not quite right” for a few weeks. Nothing specific. He is more tired than usual.
Climbing the stairs leaves him more breathless. His appetite is off. A small cut on his leg
from a bit of gardening took longer to heal than he expected.

On paper, these symptoms could be caused by many things. The GP listens, examines
him, orders some blood tests. But she is also doing something less formal: assessing his
physiological reserve.

Physiological reserve is a term clinicians use to describe how much extra capacity a
person has beyond what is needed for ordinary life. When you are young and healthy,
you can tolerate quite a lot: a bad night’s sleep, a heavy cold, a stressful week, and you
bounce back. Your heart, lungs, kidneys, immune system and brain all have room to take
a hit and recover. As you age, or if you develop chronic illnesses, that spare capacity
shrinks. The same insult — a minor infection, a short hospital stay, a new medication —
can have a much larger impact.

If you watch the trajectories of many older people, you see this pattern clearly. For years,
they cope with challenges with only small dips and recoveries. Then, at some point, a
relatively minor event leads to a disproportionate decline. A fall leads to a hip fracture;
the hip fracture leads to time in bed; time in bed leads to muscle loss; muscle loss leads
to loss of independence. Each step is understandable, but the overall effect is a shift
from one plateau to another, lower one.

What has changed is not just one number on a blood test, but the thickness of the
margin within which the body can move without failing. When reserve is high, there is
room for experiments and shocks. When it is thin, the same push sends the system over
an edge.

The GP, even if she never uses that language, is thinking about these margins. She may
decide to be more cautious with medications that could lower blood pressure or affect
balance. She may refer the man for physiotherapy to build strength, or for vaccinations
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to reduce the chance of infections that could tip him into hospital. She is not just
treating current symptoms; she is trying to widen, or at least protect, his reserve.

Chronic stress is another way in which bodies are pushed towards their limits.

Stress responses, in themselves, are not enemies. They are how bodies mobilise energy
and attention to handle threats and challenges. When something alarming happens, your
heart rate rises, your breathing quickens, your pupils widen, blood is shunted to muscles,
sugar is released into the bloodstream. Hormones such as adrenaline and cortisol help
orchestrate this response. For minutes or hours, you are in a state that prioritises action
over digestion, retrieval of memories over long-term repair.

If these episodes are occasional and time-limited, and if there are periods of genuine
recovery in between, the system as a whole remains healthy. The trouble comes when
stress responses are triggered so frequently or last so long that the machinery of
recovery never fully catches up. Cortisol stays higher than it should. Blood pressure sits
above its usual range. Sleep is broken. Inflammation rises. Over months and years, that
“allostatic load” can contribute to cardiovascular disease, metabolic problems,
depression and anxiety.

People in this state often describe feeling both exhausted and unable to relax, tired but
wired. Their bodies, in effect, are living very close to a drop, with little room for extra
shocks.

For clinicians, whether in intensive care or in a consulting room, much of the work is
about that hidden room for manoeuvre. The nurse at three in the morning is using
machines and drugs to buy time for a body whose ordinary controls are overwhelmed.
The cardiologist reading a variability trace is asking how much flexibility is left in a
patient’s responses before they are pushed into trouble. The GP weighing up treatment
options for an older man is thinking, quietly, about how much more strain his organs
and muscles can tolerate.

Physiological reserve is where all these concerns meet. It is the difference between
coping and crashing, between a temporary dip and a permanent loss of function. It
rarely appears as a single number on a chart. It shows itself in how quickly someone
recovers from an infection, how steady they are after standing up, how deeply they sleep
after a hard week, how far they can be pushed in rehab before exhaustion sets in.

In medicine, it is often this reserve, more than any single reading, that decides who can
be brought back from the brink and who cannot.
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3. Minds Between Order and Overwhelm
Months before the Games, in the training pool, she could hardly miss.

Morning after morning, the diver climbed the steps, walked to the end of the
springboard and hit her marks. The walk was always the same length, the number of
breaths the same, the rocking of the board under her toes familiar. From the side of the
pool, her coach watched her turn and enter the water with barely a splash. They had a
shorthand for what they were aiming at: “automatic”. The movements had to be so
practised that, on the day, she would not have to think about them.

That day has now arrived.

The arena is full. Lights glare off the water. Cameras on long arms sweep and pause.
There is a low murmur from the crowd between dives, then a hush as each athlete steps
torward. Her name is called. She walks up the stairs.

Nothing has changed about the physical task. The board is the same length. The distance
to the water is the same. The set of the routine is the same: approach, jump, tuck, twist,
straighten. Yet as she stands at the end of the board, something in her experience has

shifted.

She is suddenly aware of the feel of the board under her feet in a way she never is in
training, The slight tackiness of the surface. The sound of air vents in the ceiling. A
patch of colour in the stands that catches her eye. Her mind, which during countless
practice dives has simply moved from one cue to the next, now runs ahead. She sees, in
her mind, a possible mistake. She sees herself entering the water badly. She sees,
unbidden, newspaper headlines she has not yet given anyone cause to write.

Her heart rate climbs. Her breathing, which should be even and quiet, becomes shallow.
Muscles that should be loose enough to let her move easily begin to tighten. Instead of
teeling ready, she feels as if she is tuning into too many signals at once.

Sports psychologists sometimes call this “choking”. It is a rough term for an everyday
experience at the highest level: performing worse under pressure than you usually do in
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practice. The movements have not vanished. They are still there, encoded in hours of
repetition. But the way attention and arousal are organised has changed.

There is a curve, often drawn on whiteboards in sports centres and psychology lectures,
that links performance to arousal. At very low levels of arousal — when you are half
asleep, bored, uninterested — performance is poor. You are not alert; you miss cues; you
are slow to react. As arousal rises — when you care, when the task matters — performance
improves. You are focused. You filter out distractions. You time your actions well. Then,
beyond a certain point, performance drops again. You become too keyed up. You
over-react to small events. Your attention narrows too much or flickers too often. You
make mistakes you have not made in years.

That curve describes one kind of edge for minds. Within a certain range of activation,
you can bring everything you have to a task. Outside it, you either cannot get going or
you cannot keep yourself from getting in your own way.

The diver at the end of the board, in that crucial moment, has slipped out of her usual
range. She has become too aware of herself.

There is a kind of attention that helps with skilled action, and a kind that hinders it.
When you first learn a complex movement, you have to think about each step. Where to
put your feet. When to breathe. How far to swing your arms. As you practise, those
instructions move into the background. You no longer need to name them. Your
attention can be on a small number of cues — the feeling of the board, the timing of
your jump — and on the goal. Under extreme pressure, especially when you start
worrying about the consequences of failure, attention can start to turn in on itself again.
You begin supervising movements that usually work well without your help.

Minds are built to toggle between different modes of control. Sometimes you want
deliberate, conscious oversight. That is useful when you are learning something new, or
when you need to change a habit. Sometimes you want what psychologists call
automaticity: the ability to let well-learned actions run by themselves while you focus
elsewhere. In high-stakes situations, the mechanism that normally decides when to
switch modes can misjudge. It can drag you back into a style of thinking that is helpful
for learning but unhelpful for performance.

For the diver, the problem is not that she cares. It is that her concern has tipped into
over-monitoring. Her mind has shifted from doing to watching herself do, from feeling
the elastic bounce of the board to running through imagined commentaries of what
might go wrong,

Shift now to a quieter setting,

Imagine a professional sitting at a tidy desk on a Monday morning, Their calendar is full.
Their email inbox is relatively uncluttered because they manage it carefully. On the wall is
a whiteboard with three neatly written lists: ““Today”, “This week”, “This quarter”. Each
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list has clear items, each item has a box next to it. This person reads productivity books
and has tried different systems. Friends and colleagues admire their organisational skills.

On each of those lists, nestled among the emails to answer and the forms to fill in, is a
bigger item. “Start outline for grant proposal”. “Draft strategy document for team”.
“Call X about possible collaboration”. These are not ten-minute tasks. They require
attention, judgement, decisions. They are somewhat uncertain. There is no immediate
teedback. The person knows they are important. They also know they are hard.

As the morning progresses, they tick off smaller items. They reply to emails. They
schedule meetings. They tweak a slide deck for a presentation next week. They adjust the
formatting of a document that could have been left as it was. The boxes next to these
tasks fill with neat ticks. The bigger items remain untouched.

By the afternoon, they feel tense and oddly tired. They have “been busy” all day, but the
thing that actually matters has not been started. A part of their mind knows this and is
quietly reprimanding them. Another part reaches for another small task to drown that
teeling out. The system is caught between avoidance and guilt.

Here, the difficulty is not the same as the diver’s. The professional is not flooded by a
sudden spike of nervous energy. Their day is tightly structured. The problem is that the
structure is skewed. They have built a lattice of routine around the low-stakes parts of
their work and left the demanding task floating without a clear place. The result is a
mind that is constantly occupied yet rarely engaged at the level that big projects require.

Psychologists talk about executive function: the cluster of abilities that let you plan,
prioritise, resist impulses, and hold things in mind. They also talk about avoidance,
especially in anxiety and perfectionism: the tendency to move away from tasks that carry
a risk of failure, even when you know that avoiding them will make things worse. In this
office, the two are locked together. Executive skills are being used to defend against
discomfort. Lists and schedules, which could support deep work, are deployed to keep
the day safely full of things that can be finished in minutes.

Flow, in this context, is almost entirely missing. Many people know the term. It describes
those periods when you are deeply immersed in something difficult but manageable,
when time seems to pass differently, when you are neither straining nor bored. Flow
tends to appear when three conditions are met: the task is clear, feedback is available,
and the challenge level is matched, roughly, to your current ability.

If a task is too easy, you do not enter flow; you become bored. If it is too hard,
especially if the consequences of failure feel high, you become anxious. The person at
the desk rarely finds that middle ground for their important work. They live mostly at
two poles: the mild comfort of small, solvable tasks and the background hum of worry
about the projects that never quite begin.

Over time, this pattern can shade into something heavier.
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Picture someone whose work is in public view: a doctor, a teacher, a manager, a
journalist. Over months and years, their days have become longer. Emails arrive late into
the evening and early in the morning, The devices that deliver those emails share space
with messages from friends and family, news alerts, social media notifications. The edges
between work and home have blurred.

At first, they cope. They reply from the sofa, from the train, from the side of the pitch
during a child’s football match. They tell themselves they are staying on top of things.
Colleagues praise their responsiveness. They are known to be “reliable”.

Gradually, certain signs appear. They start waking in the early hours with a sense of
dread, thoughts about things left undone circling in their mind. They feel short with
people they used to enjoy talking to. Tasks that once seemed routine now seem strangely
hard. They make more mistakes. They drink an extra coffee in the morning and a glass
of wine at night to take the edge off.

This is not yet a crisis like the one in intensive care. There is no single moment when
everything fails. It is a drawn-out drift towards a place where the mind’s usual ways of
keeping balance no longer suffice.

Clinicians talk about burnout when a cluster of features appear together: emotional
exhaustion, cynicism or detachment, and a sense of reduced effectiveness. Burnout is
not exactly the same as depression, though they can overlap. It is strongly linked to
chronic workplace stress that has not been adequately managed. It affects not just
individuals but the systems they work in: burnt-out doctors are more likely to make
errors; burnt-out teachers are more likely to leave their profession; burnt-out managers

find it hard to lead.

Modern life adds a twist that older stress models did not account for: digital channels
that effectively remove off-switches. When work can always find you, and when your
devices are designed to attract your attention, the responsibility for maintaining healthy
boundaries shifts more onto individual judgement. Some workplaces recognise this and
put policies in place: no emails after a certain hour, mandatory time off, protected
breaks. Others do not. Either way, the mental machinery involved is the same: an
interplay between systems that react to signals of threat or demand and systems that tell
you when to stop.

In cognitive neuroscience, these systems are often described in terms of networks. One
network responds to salient events — things that stand out, things that might be
dangerous or rewarding. Another sustains attention on tasks. Another is more active
when you are at rest, mind-wandering, In healthy functioning, these networks take turns.
When you need to concentrate, the task network ramps up and suppresses the others.
When you are resting, the mind-wandering network explores memories, plans and
imaginings. Chronic stress, anxiety and burnout are associated with alterations in how
these networks are coordinated. In some studies, the network that responds to threats is
active more often; in others, the task-focused and mind-wandering networks fail to
separate cleanly.
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You do not need to know the names of these networks to feel what it is like when they
are out of sync. It is the sense that you are never fully “on” and never fully “off”. You
cannot engage deeply with work because you are tired and distracted, but you cannot
relax because part of your mind is still scanning for emails. You are neither
under-stimulated nor usefully challenged. You are stuck in a narrow, unhelpful zone.

Seen through the kinds of patterns this book is concerned with, minds need room to
move between states. Too much tightening — too much control, too much
self-inspection, routines that leave no slack — can lead to paralysis, perfectionism,
avoidance. Too much scatter — too many inputs, too many demands, too many shifts in
attention — can lead to overwhelm, anxiety, burnout. The useful territory is not a single
sweet spot but a moving region where you can focus when you need to, stand back when
you need to, and shift between deliberate effort and easy, practised action.

The diver on the board, the professional at the desk and the worker sliding towards
burnout are not living the same story, but they share this problem of movement. In each
case, a particular pattern of attention and effort that once served them has become rigid.
The diver’s gift for care and preparation curdles into self-consciousness. The plannet’s
love of order becomes a way of never starting the work that matters. The reliable
colleague’s dedication leaves no space for recovery.

None of these minds are simply “too much” of anything in the abstract. They are
caught in specific loops. The diver loops between imagining failure and trying to correct
for mistakes she has not yet made. The office worker loops between small tasks and
private scolding. The burnt-out professional loops between fatigue and more effort,
without enough time in which systems can reset.

If you return, finally, to the diving pool, you can see all of this in a single picture.

She stands at the end of the board. The water below looks no different from the training
pool, but the air feels thicker. For a moment, she stares into the bright rectangle, hearing
the crowd fall quiet. Somewhere in the stands, a camera lens adjusts. Somewhere in the
building, a monitor waits to show her entry in slow motion. She cannot make any of that
g0 away.

What she can still feel, if she lets herself, is the spring under her feet and the rhythm of
the breaths she has taken a thousand times before. The board dips once, twice. Her toes
curl on the familiar surface. The space between noticing the noise and committing to the
jump is where her mind’s own edge now sits.

26



4. Families, Friends and Fragile Bonds
Sunday evening, six o’clock, roast in the oven, glasses clinking in the kitchen.

The family has fallen into the same ritual for years. Two adult children visiting, one with
a partner in tow; parents moving around one another in a familiar choreography of
plates, gravy, small arguments about whether the potatoes are done. The table is laid with
care. There are three conversations going at once about traffic, weather and television.

What there is not, and never is, is talk about money, illness or the eldest son’s recent
separation. Those topics circle invisibly above the table like planes that can never be
cleared to land.

When a silence opens, it is filled quickly. The father asks about a football score. The
mother offers more potatoes. Someone passes the salt. When the separated son
mentions, lightly, that he has viewed a flat on his own, his father nods and says, “Ah,
right, property prices are outrageous now,” and they are off again, safely, on London
house prices.

No one has dictated these rules out loud. There is no written list of forbidden topics on
the fridge. The pattern has been learnt over years through small signals: a raised eyebrow,
a change in tone, a subject dropped and never revived. If pressed, each family member
might say, “We just don’t like drama,” or, “T'his is time to relax.” Underneath, something
more specific is at work. There is a shared understanding — half conscious, half tacit —
that certain feelings and questions cannot be brought into this room without threatening
the whole arrangement.

Family therapists sometimes talk about “homeostasis” in families: the ways in which
patterns of behaviour keep the system in a familiar state. Just as bodies regulate
temperature and blood pressure, families regulate closeness and distance, anger and
affection, who cares for whom and who is allowed to need help. That regulation is not
always healthy. A body can keep its temperature steady at the cost of overworking some
organs; a family can keep apparent peace at the cost of silencing members or freezing
roles.
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At this Sunday table, homeostasis is maintained by steering away from topics that might
cause strong emotion. The effect is a kind of fixed script. Everyone knows their place.
The mother is the organiser, the one who calls to check who is coming. The father is the
one who can be relied on to talk about work, sport and news, but not about feelings.
The daughter is the “easy” one, who smooths over awkwardness with jokes. The son is
the one about whom things are not asked.

On the surface, this arrangement works. The dinners happen. There are no scenes.
Underneath, pressure builds. The son feels unseen and starts to come less often. The
daughter learns, without anyone spelling it out, that bringing her own worries to the
table is selfish. The parents may feel faintly puzzled, years later, that their adult children
live lives they know very little about.

From the point of view of Edge theory, this is a small system that has drifted into
over-control. There is plenty of structure — roles, routines, implicit rules — and very little
room for disruption. The zone where difficult things can be spoken without everything
falling apart has been treated as dangerous ground. The result is a brittle kind of calm.
One sharp push — a diagnosis, a bankruptcy, a revelation — and the family may find it has
no practice in handling real shocks together.

If thatis one side of the edge, the other is visible in a very different kind of relationship.
Imagine a friendship that began intensely.

Two people meet at university, at work, or through a shared interest. For a while, they
speak almost every day. Messages fly back and forth. They share secrets quickly. They
talk late into the night about hopes, fears, projects. Each feels they have found someone
who “really gets it”.

Then the thythm changes.

One of them begins to reply less often. A message sits unread for days. Plans to meet
are postponed and not re-made. When they do see one another, the conversation is
fragmentary. Occasionally, there is another burst of closeness — a long phone call, a
flurry of messages — then another retreat. The other friend feels off-balance. Are they
important or not? Have they done something wrong? Should they push for more contact
or back away?

From the outside, this looks like a relationship without much scaffolding, There are no
agreed routines, no shared expectations about how often they will talk or what they can
ask of one another. From the inside, it can feel like being on unstable ground. The mind
tries to fill in the gaps: “They must be angry; they must be busy; they must have found
someone better to talk to.”” Sometimes, of course, they are simply overwhelmed or
distracted. Sometimes they are wary of being “tied down”. Sometimes they are repeating
patterns from earlier in life in which closeness was unpredictable.
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Psychology offers a vocabulary for these patterns: some people expect others to be
broadly available; some brace for disappointment; some protect themselves by keeping
their distance. Real lives rarely fit neatly into boxes, but the habits formed in eartly
relationships often echo later on. In a friendship like this, one person may lean towards
keeping options open and bristling at demands, while the other leans towards seeking
reassurance and fearing loss. Together, they create a rhythm that swings between
intensity and absence. There is movement, but little dependability.

What is missing is not feeling, but a shared frame: a sense of what counts as normal
contact, what can be asked, how to say “I need more than this” without the whole thing
collapsing. Without that, each new silence is interpreted afresh, and each renewed burst
of contact feels like a reprieve rather than part of a pattern.

The same push-and-pull appears in groups slightly larger than two.

Picture a group of six people gathered around a meeting table in an office. They are
working on a project that matters to their organisation. There are deadlines,
stakeholders, and a limited budget. On paper, they have clearly defined roles. One is the
project manager, one the subject expert, one the analyst, one the designer, and so on.

In practice, meetings are uncomfortable.

When someone raises a concern — “I don’t think we can deliver this by the end of the
quarter” — the room goes quiet. Eyes flick to the project manager, who smiles tightly and
says, “Let’s stay positive. We’ve committed to this, so we’ll find a way.” When someone
asks for clarification about who is responsible for a risky task, the answer is vague:
“Were all responsible.” When someone disagrees with a senior person’s idea, the
disagreement is softened into nothing by phrases like “maybe” and “sort of”.

At the end of each meeting, everyone feels a little on edge. They walk back to their
desks with the sense that important things were not quite said. They talk more freely in
pairs in the kitchen, where real doubts are aired and some solutions are floated. But
those conversations rarely make it back into the formal room. Over time, people start to
“manage around” the team, making informal agreements and working late to avoid
awkward discussions.

Organisational research has a phrase for one of the missing ingredients here:
psychological safety, the shared belief that you can speak up with ideas, questions or
mistakes without being punished or humiliated. When that is high, people are more likely
to share early warnings, to admit uncertainty, and to challenge plans. When it is low, they
stay quiet, and errors or bad assumptions persist.

In this project team, the bones of a structure are there — meetings, titles, deadlines — but
the channels for real information to flow are blocked. Everyone is walking on eggshells.
As with the family dinner, the appearance of harmony hides the fact that the group has
no practised way of handling conflict. The edge where differences could be brought into
the open and worked with has been fenced off. The likely result, sooner or later, is a
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more serious failure: a missed deadline, a blown budget, a product that does not work as
intended.

Family systems theorists often emphasise that what matters is not individual
personalities but patterns of interaction. Every group develops ways of handling
tension. Some protest; some withdraw; some triangulate — bringing in a third person to
diffuse or redirect negative feelings. Over time, these patterns can harden. People find
themselves having the same argument, playing the same roles (“the responsible one”,
“the difficult one”, “the peacemaker”) regardless of the specific topic.

You can think of relationships as moving along a line from very tightly scripted to very
loose.

On the tightly scripted end, relationships are governed by fixed expectations. “We don’t
talk about money” “You always do the cooking” “I’'m the one who has to be
reasonable.” These rules can provide stability, but they can also trap people. New
information — a redundancy, a coming-out, a change of belief — has nowhere to go. The
system responds not by adapting but by rejecting or minimising,

At the loose end, there are so few shared expectations that nothing holds. Plans are
constantly made and cancelled. People enter and leave scenes without explanation.
Commitments are vaguely worded and often broken. Conflicts are sidestepped not
because they are taboo, but because no one wants to invest the energy to define anything
clearly. Relationships can feel exciting for a while and then mysteriously fall apart.

Healthy ties of all kinds seem to occupy a shifting middle region between these
extremes. There is enough predictability that people know where they stand, and enough
tlexibility that roles and rules can change when they need to.

Take a long-term couple, for example.

They might have weekly routines — who cooks when, who handles which bills, who takes
the children to school — that give structure to their days. They might also have an
understanding that these roles can be renegotiated when circumstances change: when
one is ill, when work demands shift, when children arrive or move out. They might have
topics that are difficult but not forbidden, tackled in small doses rather than left to erupt.
They might have rituals for apology and repair after an argument.

In small teams, the balance appears in different form. Teams that perform well over time
tend to have a few shared routines — regular check-ins, clear decision-making processes,
basic agreements about how to raise concerns — and a culture that allows those routines
to be questioned. They have leaders who can set direction and also hear feedback. They
have roles that are defined enough that people know what is expected and loose enough
that people can step beyond them when needed.

There is no single recipe for achieving this. Different cultures and personalities will
produce different shapes. In some families, humour plays a central role in easing difficult
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conversations. In others, shared activities — walking the dog, cooking together, watching
a match — provide a frame within which topics can be broached less directly. In some
teams, written documents and processes are the backbone; in others, trust is built more
through informal conversation.

When relationships tip too far towards fixed scripts, certain warning signs tend to
appear: important topics that never get mentioned, the same patterns of complaint
recurring without change, roles that feel fixed regardless of how people actually grow.
When they tip too far towards looseness, other sighs emerge: plans that rarely solidity
into action, friendships that feel intense but unreliable, teams where everyone is “busy”
but no one is sure what is being achieved together.

People often experience both states as a kind of tiredness. In rigid systems, it is the
tiredness of carrying unsaid things and unchanging roles. In diffuse systems, it is the
tiredness of constantly having to re-negotiate everything from scratch.

In practice, movement towards something more liveable often begins with small, specific
experiments rather than grand declarations. A family might agree that one Sunday a
month, part of the meal will be “for real news”, and commit to listening without
immediately fixing or dismissing. A friendship might put a simple rhythm in place — a
standing coffee every fortnight — to reduce the swings between intensity and silence. A
team might introduce a regular, time-boxed slot at the end of a meeting where people
can raise concerns, and leaders might commit to responding without defensiveness.

Power and personality shape what is possible. In families and teams where one person
holds most of the authority or is unwilling to shift, others” attempts to adjust the pattern
may be blocked. In those situations, the edge may need to be found not within the
existing system but in decisions about whether to stay, to step back, or to change the
system more fundamentally.

Return, finally, to that Sunday table.

The plates are stacked. The gravy boat is nearly empty. The television murmurs faintly in
the next room. The eldest son mentions, almost in passing, that the flat he went to see
has a second bedroom. For a moment, the room stills. His sister looks up. His mother’s
hand pauses over the dish. His father has a choice between asking, “For who?” and
reaching again for the safe topic of house prices. The next sentence he picks will not
change the whole history of this family, but it will decide whether, for once, one of
those circling planes is allowed to come in to land.
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5. Crowds, Traffic and Collective Flow
The motorway is moving, but only just.

You are in the middle lane on a weekday evening, two hours later than you meant to
leave. Ahead of you is a stream of red tail-lights, stretching as far as you can see. They
brighten, dim, brighten again, in a kind of slow pulse. You roll forward a few metres,
then brake. Roll, brake. The radio murmurs, then cuts to travel news announcing “heavy
congestion between junctions 8 and 11 due to volume of traffic”. No accident reported.
No lane closure. Just “volume”.

There is a particular kind of frustration that comes with this. You look for a cause. A
jack-knifed lorry. A police car. Road works. Anything that would make sense of the time
you are losing. But when, after half an hour of stop-start, the queue suddenly thins and
speed picks up, there is nothing. No wreckage, no flashing lights. Just open road.

It feels as if the jam came from nowhere and went back there again.

Traffic engineers have spent decades studying this kind of “phantom jam”. You can
recreate it on a test track by placing a dozen cars in a circle and asking the drivers to
maintain a constant speed. At first, the circle flows smoothly. Then one driver, perhaps
distracted for a moment, brakes a little harder than necessary. The driver behind them,
leaving less distance than they thought, brakes slightly harder still. The one behind them
does the same, and so on. Within a minute or two, a dense cluster of cars forms, moving
slowly around the circle, while the rest of the track remains emptier. The jam is now a
thing in itself, moving backwards through the line of traffic even though every driver is
trying, in their own way, to move forwards.

The key ingredients are simple. There is a certain density of cars on the road. Each
driver has a reaction time and a preferred distance to the car in front. Each responds to
the car immediately ahead rather than to the whole pattern. Small variations — a slightly
late brake, a slightly cautious driver — are amplified. The result is an emergent structure: a
wave of slowing and stopping that no one person intended.

On a real motorway, the picture is messier. There are lorries and motorbikes, different
speeds, people changing lanes, gradients and junctions. But the core pattern remains.

32



When traffic density is low, small braking events are absorbed quickly. There is enough
space for everyone to adjust without passing the disturbance on. When density reaches a
certain point, the system behaves differently. Tiny delays propagate backwards through
the flow. Each driver, responding just a fraction behind the one in front, makes the
brake-and-roll pattern more pronounced.

Engineers sometimes talk about “capacity” — the number of vehicles a stretch of road
can handle per hour. That number is not fixed. It depends on how closely cars follow
one another, how smoothly they accelerate and brake, how many junctions there are, and
how disciplined lane use is. There is a region of densities where traffic is heavy but fluid.
Above that region, traffic becomes unstable. The same road, with the same number of
lanes and the same speed limit, can either carry cars smoothly or spend hours clogging
up, depending on how close it is to that edge.

This is one kind of critical regime. The system is neither empty nor gridlocked. Itis in a
zone where small changes can have large effects.

You can feel something similar in crowds on foot.

Think of leaving a large concert or football match. The final chord or whistle goes.
People clap, cheer, pack up bags, put on coats. Then, almost at once, tens of thousands
of people begin to move towards a finite number of exits. At first, it feels relaxed. You
shuffle along with those around you, swapping comments about the performance or the
result. The crowd is dense, but there is room to turn your head, to stop and tie a
shoelace, to let someone pass.

As you approach a bottleneck — a narrow gate, a set of turnstiles, a tunnel — the feel of
the crowd changes. The space between bodies shrinks. Your feet, which were moving by
choice, are now moving because those behind you are pushing. If someone in front
slows or stops, the pressure from behind makes it hard for you to do the same. Sound
changes: individual voices are drowned out by a general rising murmur. The air feels
warmer.

Crowd scientists pay close attention to density: how many people occupy each square
metre of space. At low densities, people can move independently. They can choose their
own paths and speeds. At medium densities, they interact more — jostling, negotiating,
forming lines — but still retain agency. At high densities — above around four or five
people per square metre — a different mode appears. Bodies are pressed close enough
together that forces transmit mechanically through the crowd. A push in one place can
cause movement several metres away. Individuals may no longer be able to move their
arms freely or control their direction. At extremely high densities, people can be lifted
off their feet, carried against their will, and crushed.

Many tragedies in stadiums, on pilgrimage routes and at festivals have followed this path:
rising numbers in constrained spaces, creeping density, then a point at which movement
becomes less a matter of choice and more a matter of physics. The shift is often gradual
until, suddenly, it is not.
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Crowd behaviour is not only about bodies. There is also a social dimension. People in
groups pick up cues from those around them about what is normal and what is
dangerous. If others are calm and moving steadily, you are more likely to relax. If others
are shouting, pushing, or looking fearful, your own arousal rises. Emotion can spread
through a crowd as quickly as physical pressure.

This is especially evident at protests.

A march can start in a peaceful, even festive mood. People carry signs, chant slogans,
drum. Police walk alongside. The route has been agreed. Then something shifts. It might
be a small group breaking away, throwing objects or taunting officers. It might be a line
of police advancing to move people off a roadway. It might be the arrival of mounted
units or armoured vehicles. Whatever the trigger, the feel of the crowd changes. Some
people surge forward. Others stop and turn. A few start to run. Fear and anger spread.

From any single person’s point of view, the decision to move, to shout, to throw
something, or to leave often happens quickly, based on partial information. You hear a
bang, see people running, and do not know what caused it. You act on the motion
around you. In that way, the pattern of the crowd can change faster than anyone can
explain what is happening,

There is a family resemblance here to the motorway jam.

In both cases, individuals respond to local cues: the brake lights just ahead, the backs and
shoulders immediately around them, the tone in a nearby voice. Each response is
understandable. Each is small. Together, they add up to large-scale shifts: a wave of
stopping that rolls back through traffic, a surge or sway that travels through thousands
of bodies, a protest that moves from chanting to confrontation.

Not all crowds are in physical space. Many of the most intense “crowds” in
contemporary life exist online, on platforms where people gather, watch, and react.

Think of a social media post that goes viral for the wrong reasons. Someone,
somewhere, posts a photograph, a sentence, a short video that offends, shocks or angers.
At first, it is seen by a small circle. A handful of people reply or share it with comments.
Then someone with more followers notices and amplifies it. Within hours, thousands of
people are replying, quote-tweeting, posting their own versions.

For any individual participating, the act is small. You click, type a sentence, hit “send”.
The consequences feel remote. But as more and more people do the same, a collective
effect appears. The original poster receives hundreds or thousands of messages. Their
name circulates on other platforms. Search results link them to the controversy.
Employers, family, and friends become aware. In extreme cases, addresses may be
shared, threats made, real-world consequences follow.

Researchers studying online outrage have noted that the dynamics have parallels with
physical crowd phenomena. Each person has a threshold at which they are moved to
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respond, and that threshold is influenced by how many others they see responding.
Seeing many expressions of anger increases the chance that you will feel and express
anger. When a topic dominates your feed, it occupies more of your attention, pushing
other content aside.

The platforms themselves shape these patterns. Their algorithms often amplify content
that generates strong reactions, because engagement keeps people on the site. That can
create feedback loops: outrage leads to more visibility, which leads to more outrage. An
online “space” around a controversial post can become saturated with reactions, leaving
little room for nuance or for other topics.

If you step back from these examples, a common structure comes into view. Systems
that involve many interacting units — cars, bodies, accounts — can operate in two broad
modes. Over a wide range, small disturbances fade. A late brake ripples a few metres and
disappears. A brief hesitation at a turnstile is absorbed. A sharp comment online is seen
by a few and forgotten. Near certain thresholds, however, the same small events can set
off waves: jams, surges, storms of replies.

Physics enters first in the simplest cases. On a lightly used road, drivers are basically free
particles. At higher densities, waves of slowing and starting move through the line. In a
crowded walkway, people are individuals until pressure and confinement bind them into
a single, shifting mass. The maths that describes these shifts does not know anything
about football or concerts or politics. It cares about density, speed, delay.

Social behaviour layers on top of this. In a protest or a stadium exit, people are not only
bodies. They are also watching, interpreting, copying. The decision to push, to hold
back, to sing, to run, is shaped by stories, expectations, and past experience. Physical
thresholds — how many people can safely occupy a staircase — combine with
psychological ones — when fear outweighs trust.

Design and management sit quietly in the background of all these scenes. The width and
placement of slip roads, the timing of lights, the existence of hard shoulders, the
number and angle of stadium exits, the presence or absence of clear instructions, the
way an online platform highlights or hides certain posts: all of these influence where the
system’s dangerous thresholds lie. A road layout that tolerates a few sharp brakes without
snarling up; a concourse that lets crowds thin before they meet a gate; a moderation
policy that slows the spread of the most inflammatory content by adding friction — these
are all ways of nudging a system away from the edge at which it starts to behave
unpredictably.

For the individual caught inside, though, what matters is often more immediate.

You, in the car, inching forward between junctions 8 and 11, are part of a long, slow
wave you did not choose. You, in the tunnel after a match, feel the press of shoulders
and the sway of the crowd, your feet moving in time with those around you because
there is no space to do otherwise. You, watching a row flare online, see your screen fill
with the same names and phrases, and feel your own attention pulled along.
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At a certain density on that stadium ramp, if someone two metres ahead stumbles, you
will not be able to stop in time. The people behind you will not be able to stop either.
For a few frightening seconds, the whole group will move as if it were one object, its
weight and direction determined less by intention than by the physics of packed bodies
on a slope. That is the point beyond which design and planning, not individual
willpower, decide how the story ends.
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