
A dropped flask, a dirty dish, melted chocolate, defective glue. Four anecdotes about

luck — and not one of them about luck. Invention does not happen at the moment of

insight: it  happens when someone else carries your cord through to the law, to the

assembly line, to the socket. Six halls about why the one who lit it first is not the one

who is remembered.
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💡 Hall 1. Laminated Glass — Where "Chance"
Became the Last Bite in a Long Cord

"The flask fell, but did not shatter. Sometimes luck is just being one step late for a disaster."

Édouard Bénédictus, inventor of laminated glass

Introduction

1903, a laboratory in Paris. The chemist Édouard Bénédictus drops a flask coated with a layer of dried

collodion. It cracks — but does not fly apart. Bénédictus had worked with collodion film for ten years

before that; the fall was not an insight, but the contact of an already charged system with a signal.

This is  not chance,  but a   that became possible only because the system had already hit  a  :

automobiles were gaining speed, ordinary glass turned to shrapnel on impact, thousands paid with

their faces and eyes for every  drive. Bénédictus was not a passer‑by — his Quazabola was already

twisted toward glass‑film adhesion, and any flask in his hands was a dangerous experiment. Flasks

are dropped by thousands of people every day. Laminated glass was achieved by the one whose mind

was already tuned to catch precisely that fracture. Chance is not the cause of invention, but a trigger

that fires only under a prepared finger.

💡 Hall 1. Laminated Glass — Where "Chance" Became the Last Bite in a Long Cord
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Laminated Glass:  in automotive glass

 Before 1903: the dead end of monolithic glass

Automobiles were gaining speed, accidents were increasing. Ordinary glass shattered into sharp

shrapnel on impact, maiming and killing people. Tempered glass broke into small fragments —

no better. Wired glass was cloudy and heavy.  (speed of cars, impact energy) was growing, 

(safety) was lagging,  (the pattern "glass must be monolithic") had hit a dead end. The system

demanded a .

 Drive: the search for unbreakable glass

Engineers and chemists experimented with tempering, wire mesh, coatings. Bénédictus worked

with collodion — a flexible film already used in other fields. The laboratory routine was the -

mode in which Bénédictus accumulated experience.

 Bypass: the dropped flask as a trigger

Bénédictus dropped a flask coated with dried collodion. The flask cracked, but the fragments

adhered  to  the  film.  He  instantly  grasped  the  principle:  two  layers  of  glass  with  an  elastic

interlayer  between  them.  This  was  a   that  bypassed  the  brittleness  of  the  monolith.  He

patented laminated glass (1909). But the true odd cord was not yet complete.

 Second bite (1930s): mandatory windscreens

The Ford Model A and other manufacturers began installing laminated glass. Laws (1930s in

Europe, 1960s in the US) made it mandatory for windscreens. This was the second  — scaling.

 Third bite (1950–2020): from laminated glass to solar‑control, heated, acoustic glass

The evolution of multi‑layer glass continued: new polymers, tinting, heating, acoustic films. Each

bite added  (safety, comfort), expanded  (use in aviation, architecture, electronics). The cord

became  odd  when  laminated  glass  became  the  standard,  and  all  attempts  to  create  "ideal

monolithic glass" had met .

💡 Hall 1. Laminated Glass — Where "Chance" Became the Last Bite in a Long Cord
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 Paradoxes of the "chance" of laminated glass

Paradox 1

Bénédictus "accidentally" dropped a flask, but he had already worked with collodion and glass

for ten years. Thousands of chemists dropped flasks but did not invent laminated glass. 2E: luck

is a prepared mind that fixes a weak signal.

Paradox 2

The first application of laminated glass was not automobiles but gas mask goggles and armoured

windows (war).  The military   accelerated the  .  2E: a  crisis  often brings a technology to

maturity.

Paradox 3

Laminated  glass  was  patented  in  1909,  but  became  mass‑market  only  30  years  later,  when

legislation  forced  it.  The  cord  stretched for  decades.  2E:  an  invention  without  scaling  is  an

unfinished cord.

Paradox 4

Today  laminated  glass  is  used  in  buildings  (impact‑resistant  windows),  phones  (protective

covers), aviation. It spawned new   (recycling difficulties). 2E: every bypass creates the next

problem.

2E Verdict: a patent is not the victory — the victory is the law

Bénédictus received a patent in 1909. For thirty years laminated glass gathered dust as a curious find

— until  it  was  made mandatory.  It  was  not  chemistry  that  carried the cord to  the  end,  but  war

(armoured glass, gas masks) and legislators who, in the 1930s and 1960s, ordered: install it.

That is the odd bite of this hall: the first blow was struck by Bénédictus, but the last — not by him.

The one who starts the cord is the least likely to earn the final bite.

Luck is not a gift to the world. It is a debt that the world repays thirty years later — if you live long

enough to see the repayment.

The  next  hall  (Hall  2)  will  show  how  the  same  pattern  —  chance  plus  a  chain  of

finishers — worked for penicillin: Fleming recorded the signal, and Florey and Chain

carried the cord through to mass production.

💡 Hall 1. Laminated Glass — Where "Chance" Became the Last Bite in a Long Cord
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Check Yourself

 Comprehension Questions

Bénédictus dropped the flask in 1903, and received the patent in 1909. Laminated glass

became mass‑market only in the 1930s — 30 years after the incident. How many years

passed from discovery to mass deployment? If we take the first law mandating laminated

glass as 1936, how many years did the system wait before the invention became a standard?

Which Triad parameter ( / / ) was the main barrier along that path?

In 1900, there were 8,000 registered cars in the US; in 1910, 468,000. By what percentage

did the car fleet grow in 10 years? Which axis of the Triad (speed, protection, tradition)

received the greatest impulse from this growth, and why did it create a  for monolithic

glass?

Laminated glass consists of two glass layers and one polymer layer. If each layer is 2 mm

thick and the total thickness is 5 mm, what fraction of the total thickness does the polymer

occupy? How does this affect weight and cost compared to monolithic glass of the same

thickness? Which Triad compromise manifests here?

 System Protocols

Protocol "Detection of the prepared mind" (when chance appears to be the cause)

Step 1: Record the event (dropped flask, mould growth) that acted as the trigger.

Step  2: Reconstruct  the  history  of  preparation:  what  the  inventor  had  been  doing  for  the

previous 5–10 years, what  he had already seen, what  accumulations he had made.

Step  3: If  preparation  existed  and  the  trigger  fired  —  the  system  is  ready.  If  there  is  no

preparation — chance will not lead to an invention.

Protocol "From patent to standard" (when an invention does not scale)

Step  1: Check  whether  the  invention  has  systemic  support  (laws,  infrastructure,  market

demand).

Step 2: If not — do not invest in scaling until the context changes (war, crisis, law).

Step  3: When  the  context  matures  —  deploy  aggressively,  using  the  ready  i‑obj  (patent,

prototype, know‑how).

1. 

2. 

3. 
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💡 Hall 2. Penicillin — How Fleming Started the Cord
and Florey and Chain Carried It Through

"Discovery is not in seeing what everyone sees, but in understanding what no one understood."

Alexander Fleming, discussing his "dirty dish"

Introduction

In Hall 1 we saw how chance in Bénédictus's laboratory became the trigger for laminated glass. Now

— penicillin: the same drama, but in three acts.

Alexander Fleming returns from holiday and sees on a forgotten Petri dish a zone where the

mould Penicillium had burned out colonies of staphylococcus. By this time, he had already

been digging into lysozyme and other antibacterial agents for ten years — his eye had been

tuned to precisely such fractures long before the dish itself. The system had already hit a 

by that time: antiseptics either killed the microbe or the patient — medicine had found no

third option, they could not be given intravenously. The -drive was already underway —

Ehrlich and his "magic bullets" had accustomed the laboratory to seeking a substance that

hit the target precisely. Fleming's dish fell into an already heated system. Thousands of

bacteriologists before him had seen mouldy, spoiled dishes and threw them away without

looking. Fleming did not throw it away — because a signal does not exist without a receiver

tuned to precisely that frequency.

1. 

💡 Hall 2. Penicillin — How Fleming Started the Cord and Florey and Chain Carried It Through
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Hall 2. Penicillin:  in three stages

 Before 1928: the dead end of antiseptics

Any infection (from a scratch to pneumonia) was a death sentence. Medicine had hit a ceiling:

antiseptics (phenol, iodine) killed microbes, but also poisoned the patient. They could not be

given  intravenously.   (the  speed  of  infection  spread)  outpaced  therapy,   (the  body's

protection) was breached from within,  (the paradigm of external disinfection) had hit a dead

end.  was mounting. The system was looking for a .

 Drive: Ehrlich and the "magic bullets"

The era of Paul Ehrlich (Nobel laureate 1908) was the -drive of searching for substances that

selectively kill microbes without harming the patient. Fleming was not a passer‑by, but a top

bacteriologist who had spent years experimenting with lysozyme (another antibacterial agent).

His laboratory was tuned to look for zones of bacterial inhibition.

 First bite (Fleming, 1928): record the signal

Fleming left a Petri dish with staphylococcus on the bench and went on holiday. On returning, he

noticed that the mould  Penicillium had inhibited the bacterial colonies around it. He did not

throw the dish away, but recorded the "clear zone". This was the first -bypass: to understand

that  the mould secretes  a  substance that  kills  bacteria.  But the cord was not complete:

Fleming could not isolate pure penicillin in a stable form.

 Second bite (Florey and Chain, 1939–1940): purification technology

Eleven  years  later,  a  group  in  Oxford  under  Howard  Florey  and  Ernst  Chain  rediscovered

Fleming's  work.  They  developed  a  freeze‑drying  (lyophilisation)  method,  obtained  stable

penicillin, and proved its efficacy in mice. This was the second bite, which turned a laboratory

phenomenon into a drug.

 Third bite (World War II): scaling

The US and Great Britain launched mass production of penicillin. By 1945 it had saved millions

of lives. Fleming, Florey and Chain received the Nobel Prize (1945). The cord became odd: the

last bite (scaling) remained with industry and medicine.

💡 Hall 2. Penicillin — How Fleming Started the Cord and Florey and Chain Carried It Through
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 Paradoxes of the "accidental" discovery

Paradox 1

Thousands of bacteriologists before Fleming had seen mould in their dishes, but threw them

away. Fleming did not throw it away, because his mind had already been rewired to look for

zones of inhibition. 2E: a signal does not exist without a tuned receiver.

Paradox 2

Fleming could not finish the cord — he lacked the chemical knowledge and equipment. Without

Florey and Chain, penicillin would have remained a museum exhibit. 2E: the  is a team sport.

Paradox 3

World  War  II  became the  catalyst  for  the  -drive:  without  the  demand for  a  drug  for  the

wounded, mass production would not have been launched so quickly. 2E: sometimes a  (war)

accelerates the .

Paradox 4

Penicillin saved millions, but spawned a new problem — bacterial resistance. Today we are again

in a   (antibiotic resistance) and are looking for a new  . 2E: every bypass creates the next

dead end.

2E Verdict: Fleming's bite — only the first of three

Fleming recorded the signal in 1928, but did not advance further — he lacked the chemistry and

equipment to isolate penicillin in a stable form. For eleven years the cord hung snapped. The second

bite was delivered by Florey and Chain in Oxford — freeze‑drying, purification, tests in mice. The

third  —  not  a  scientist,  but  war:  without  military  demand  for  a  drug  for  the  wounded,  mass

production would not have been launched so quickly.

The 1945 Nobel was given to three people. But that is the odd bite of this hall: the one who records

the signal  first  is  the  least  likely  to  carry  the  cord through to  the  end — because recording and

completion require different competencies, and sometimes different eras.

Discovery is the easy part. Glory goes to the one who did not give up on purification technology.

The next hall will show how nature has already solved the problem of adhesion — and

what happens when man tries to copy those solutions, cutting up the hundred chips of

adhesion differently from the gecko and the mussel.

💡 Hall 2. Penicillin — How Fleming Started the Cord and Florey and Chain Carried It Through
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Check Yourself

 Comprehension Questions

Fleming noticed the mould in 1928. Florey and Chain obtained stable penicillin in 1940.

How many years passed between these events? By what factor is this longer than the time

Bénédictus waited between the dropped flask (1903) and the patent (1909)? What lesson

about the cord of bites?

In 1945, penicillin was produced at a rate of 10⁸ units per month. If in 1942 it was 10⁵ units,

by what factor did production grow in 3 years? Which Triad parameter ( / / ) enabled

this growth, and which axis was the main bottleneck before the war?

In 1945, the Nobel Prize was awarded to Fleming, Florey and Chain. But mass production

was launched by industrial chemists who did not receive the prize. If we count that the cord

has 3 bites (discovery, purification, scaling), how many bites were made by the Nobel

laureates, and how many remained behind the scenes? What conclusion about the

recognition of inventions?

 System Protocols

Protocol "Chain of bites" (when an invention requires finishers)

Step  1: Determine  which  competencies  are  needed  to  complete  the  invention:  discovery

(recording the signal), purification/engineering (stable form), scaling (production, logistics).

Step 2: If one person does not have all three competencies — do not expect him to finish the

cord. Look for a finisher at every stage.

Step 3: Pass the i‑obj (patent, sample, data) to the next link, without trying to do everything

yourself.

Protocol "Using a crisis to accelerate "

Step 1: Monitor external  (wars, epidemics, economic crises) — they create demand for rapid

solutions.

Step 2: If  the invention is  already ready in laboratory form but does not  scale  — deploy it

aggressively during the crisis, when competitors are frozen.

Step 3: Lock in  (infrastructure, standards) during the crisis, so that after it the system cannot

return to the old .

1. 

2. 

3. 
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💡 Hall 3. Adhesion — How the Gecko, the Mussel and
Man Cut Up a Hundred Chips of Adhesion

"The gecko does not  know physics  — it  just  runs across the ceiling.  But  its  feet  have already

calculated quantum forces over 50 million years."

From a bioengineer's notes, 2008

💡 Hall 3. Adhesion — How the Gecko, the Mussel and Man Cut Up a Hundred Chips of Adhesion
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Introduction

One hundred million sheets of plywood in American homes are glued according to a blueprint read

from the mussel. Not one of them lies underwater.

A direct copy of the same blueprint — a synthetic protein with DOPA residues — holds 4 N/cm² in

water, almost like the original, and costs $500 per gram. It never left the laboratory. One mechanism,

two fates: the exact copy is dead, the free retelling became the industry standard.

Hall 2 showed: a snapped cord is carried through by finishers — Florey and Chain came to Fleming.

But who is the finisher when the first bite was delivered not by a laboratory, but by half a billion years

of selection, the blueprint has been in the public domain since 1981 and is not locked by any patent?

For twenty‑five years no one unfolded it. Then they did — and not where they were looking.

💡 Hall 3. Adhesion — How the Gecko, the Mussel and Man Cut Up a Hundred Chips of Adhesion
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The cord of adhesion: four bites and one miss

1981 and 2000 — two blueprints taken from the carrier

J.  Herbert  Waite  analyses  the  byssus  of  the  mussel  Mytilus  edulis and  publishes  the

composition: a protein with DOPA residues that polymerises in salt water (Science, 1981). Holds

5 N/cm² on a wet rock — where no dry composition works. Cost: synthesis consumes up to 20%

of the metabolic budget, and detachment is impossible without tissue destruction.  The Split

(model):  50,  10,  40 — a Syringe by chemistry.

Nineteen years later, the group of Robert Full and Kellar Autumn measures the force of a single

gecko seta (Nature, 2000): 10 N/cm² on smooth glass, detachment at near‑zero energy cost, no

chemistry, only van der Waals forces of geometry. On dusty wood, the same foot holds 2 N/cm².

The Split (model):  40,  50,  10 — a Syringe by geometry.

Both blueprints have been taken from a living carrier and put on paper. Neither is locked by a

patent. Next — man's turn.

 The miss: the form was copied, not the mechanism

The  first  wave  of  copies  strikes  head‑on  —  reproduce  the  object.  A  synthetic  tape  with  a

microstructure  holds  3  N/cm²  instead  of  ten,  and  disintegrates  on  dust  and  moisture.  A

synthetic DOPA protein holds 4 N/cm² in water — 80% of the original — and costs $500 per

gram. The Split of the copy:  45,  30,  25 — a Blob. Neither extreme is retained, and

both are lost.

The dead end here is not in physics: 80% of the original strength is an excellent result. The dead

end is in the currency that the copy did not account for. For the mussel, its adhesion costs a fifth

of its daily budget, and that is acceptable — because the alternative for it is "washed off by the

surf". For a factory, the same price is prohibitive: it pays dollars per gram and compares not with

death, but with formaldehyde resin at a cent.

For twenty‑five years, an open, free, reproducible blueprint lay undeployed on any industrial

substrate.

 Man's first bite: the mechanism moves to a different Room

Kaichang  Li  at  Oregon  State  University  takes  from  Waite's  work  not  the  protein,  but  the

principle: DOPA attaches to a surface through a specific chemical group, and that group can be

grafted onto anything cheap enough. He grafts it onto soy protein — a raw material priced as an

agricultural commodity.

The resulting glue does not hold underwater and does not even approach 5 N/cm². For plywood,

that is not needed. What is needed is different: bonding veneer without formaldehyde. Columbia

Forest Products converted all its plants to this formulation in 2006 — one year before California

adopted the formaldehyde emission regulation, and three years before the first phase came into

force. The budget restructuring happened before the mandate.

To date, over one hundred million panels have been glued using this blueprint. The mussel's

mechanism won on a substrate where there is no water, no rock, and no surf.

💡 Hall 3. Adhesion — How the Gecko, the Mussel and Man Cut Up a Hundred Chips of Adhesion
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 Second bite: the gecko goes into gripping, not into tape

The  gecko  line  repeats  the  same  route  with  a  delay.  Fifteen  years  of  attempts  to  make  a

"universal dry adhesive" yield laboratory samples and not a single production. Then Metin Sitti

spins out a company from Carnegie Mellon that, since 2015, has been producing microstructured

adhesive  in  series  —  but  not  as  household  tape,  but  as  a  gripping  element  for  industrial

manipulators, where what is valued is precisely what the gecko can do and glue cannot: pick up,

transfer, release without trace, repeat one hundred thousand times.

Both  lines  reached  production  by  the  same move.  In  both  cases,  what  worked  was  not  the

adhesive  force,  but  the  match  of  the  extreme  with  the  currency  of  a  particular  Room:  for

plywood,  the  currency  is  the  absence  of  formaldehyde;  for  the  manipulator,  reversibility.  In

neither of the two Rooms was the winner the strongest glue on the market.

 Paradoxes of adhesion

Paradox 1

The gecko seizes the ceiling: 10 N/cm² at near‑zero detachment cost — a mode unavailable to

any glue. On dusty wood, the same foot holds 2 N/cm². If an extreme on one axis buys a niche at

the cost of all others — what exactly does the system gain when it abandons the extreme for the

middle?

Paradox 2

Byssus holds the mussel in the surf where nothing dry can hold, and costs it 20% of its daily

budget plus total loss of mobility. For the mollusc, this price is acceptable; for a factory, it is

prohibitive. Why does the same number in one Room count as an investment, and in another as

a death sentence?

Paradox 3

A synthetic DOPA protein reproduces the original at 80% and costs $500 per gram. A soy glue

reproduces one mechanism from the blueprint and glues plywood for pennies. Why did the exact

copy turn out to be more expensive than the free retelling — and what does that say about which

layer of someone else's solution is even worth copying?

Paradox 4

The mussel's  blueprint  was  published in  1981,  not  protected by patent,  reproducible  by  any

laboratory  —  and  lay  idle  for  twenty‑five  years.  In  2006  it  was  deployed  on  an  industrial

substrate in one year. What changed in that year — the blueprint, or the Room into which it was

finally brought?

💡 Hall 3. Adhesion — How the Gecko, the Mussel and Man Cut Up a Hundred Chips of Adhesion
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2E Verdict: they copied the wrong layer

Two blueprints were taken from living carriers and published — 1981 and 2000. Then fifteen years of

head‑on copying: reproduce the object, get 3 N/cm² instead of ten and $500 per gram. None of those

copies reached production. Two others did — the soy glue that does not work underwater at all, and

the gripper that is three times weaker than the original. Both won by abandoning the copying of form

and taking the mechanism.

The twist  is  that  victory here was not  brought by chemistry.  The soy glue was not  waiting for  a

formula improvement — it  was waiting for a formaldehyde regulation, exactly as laminated glass

waited thirty years for the mandatory windscreen law in Hall 1. One difference: Bénédictus waited for

the order, while Columbia Forest Products restructured all its plants one year before the order was

written. Restructuring under a foreseen dead end costs tempo, but buys the Room entirely.

Nature does not give away the solution — it gives away the mechanism. The Room for it has to be

found by yourself, and almost never is it the one from which the blueprint was taken.

The next hall (Hall 4) will show the same move in pure form: there, the Room will be

sought not by someone else's blueprint, but by its own reject — a glue that did not hold

packaging and became adhesive tape, without changing by a gram.

💡 Hall 3. Adhesion — How the Gecko, the Mussel and Man Cut Up a Hundred Chips of Adhesion
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Check Yourself

 Comprehension Questions

The gecko holds 10 N/cm², its synthetic copy — 3 N/cm². The mussel holds 5 N/cm², the

synthetic DOPA protein — 4 N/cm². Calculate the fraction of retained strength in both

cases. The copy with the better percentage did not reach production; the copy with the

worse percentage did. Therefore, the retained‑strength fraction is not a predictor of

deployment. Which parameter is — name it and show it in both cases.

Byssus costs the mussel 20% of its daily metabolic budget. If the budget is 100 energy units,

calculate the remainder for everything else. Now convert the same fraction to a factory: a

production facility spending a fifth of its cost on glue competes with a facility spending

about one percent on glue. By what factor does the burden differ, and why is this number

not a distortion for the mussel, but is for the factory?

The blueprint was published in 1981, deployed in 2006; in the time since, over 100 million

panels have been glued using it. Calculate the idle time of the cord in years and the average

annual output after deployment. Compare the idle time with the 30 years of laminated glass

(Hall 1) and the 11 years of penicillin (Hall 2). What do all three pauses have in common —

and in what currency is what was lacking during those years measured?

 System Protocols

Protocol "Layer separation" (when copying someone else's working solution)

Step 1: Decompose the prototype into three layers: the object (what is visible), the mechanism

(what makes it work), the Room (in which environment and in which currency it wins).

Step 2: Check which layer you are copying. Copying the object gives at most 80% of the strength

and the full price tag of the original — this is cargo‑cult copying.

Step 3: Take  the  mechanism and re‑match a  substrate  and a  Room for  it.  If  the  substrate

remains the same — you have not copied, you have reproduced.

Protocol "Currency switch" (when a solution hits a price barrier, not a physics barrier)

Step  1: Name  the  currency  in  which  the  prototype  pays  for  its  extreme  (energy,  mobility,

irreversibility, cost per gram).

Step 2: Find a  Room where this  currency is  cheaper and the gain is  more valuable:  where

reversibility is more important than strength, where absence of toxicity is more important than

durability, where repeatability is more important than peak value.

Step 3: If such a Room is being created by regulation or law — restructure production before its

adoption, not after. Restructuring after compulsion is late by a tempo and goes to a competitor.

1. 

2. 

3. 
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